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METHOD OF REMOVING CARRIER PLATE 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a method o f 

removing a carrier plate from a workpiece that is 

disposed on a face side of the carrier plate with a  

temporary adhesive layer interposed therebetween. 

Description of the Related Art 

        Electronic appliances exemplified by mobile  phones 

and personal computers include as their indispensab le 

components device chips having devices such as elec tronic 

circuits.  Device chips are fabricated by demarcati ng the 

face side of a wafer made of a semiconductor materi al 

such as silicon into a plurality of areas with a gr id of 

projected dicing lines or streets on the wafer, for ming 

devices in the respective areas, and then dividing the 

wafer along the projected dicing lines. 

        Device chips thus fabricated are secured to  mother 

substrates for chip size packages (CSP), electrical ly 

connected to terminals on the mother substrates by a 

process such as wire bonding, and then encapsulated  by a 

molding resin.  The device chips thus encapsulated by the 

molding resin provide packaged devices that protect  the 
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device chips from external factors including shocks , 

light, heat, water, etc. 

        Recent years have seen the advent of a pack aging 

technology called Fan-Out Wafer Level Packaging (FO WLP) 

that forms package terminals outside of the area of  

device chips using a wafer-level redistribution 

technology (see, for example, JP2016-201519A).  The re has 

also been proposed a packaging technology called Fa n-Out 

Panel Level Packaging (FOPLP) for manufacturing pac kaged 

devices all together at the level of panels, typica lly 

glass substrates for use in the manufacture of liqu id 

crystal panels, larger in size than wafers. 

        According to FOPLP, a redistribution layer (RDL) is 

formed on a face side of a carrier plate as a tempo rary 

substrate with a temporary adhesive layer interpose d 

therebetween, and device chips are joined to the 

redistribution layer.  Then, the device chips are 

encapsulated by a molding resin, producing a packag ed 

panel.  Thereafter, the packaged panel is thinned b y 

grinding or the like and then divided into packaged  

devices. 

 

SUMMARY OF THE INVENTION 

        According to FOPLP, after the packaged pane l is 
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divided into packaged devices, the carrier plates a re 

removed from the packaged devices.  Specifically, t he 

package devices are picked up from the respective c arrier 

plates.  However, if the packaged devices are small  in 

size, then it is difficult to pick up the package d evices 

from the carrier plates. 

        It might be an option to peel off and remov e the 

carrier plate from the packaged panel before the pa ckaged 

panel is divided into packaged devices.  However, s ince 

the bonding strength of the temporary adhesive laye r is 

rather strong, it would be difficult to peel off th e 

carrier plate from the packaged panel without causi ng 

damage to the packaged panel and the carrier plate.  

        It is therefore an object of the present in vention 

to provide a method of removing a carrier plate eas ily 

from a workpiece such as a packaged panel. 

        In accordance with an aspect of the present  

invention, there is provided a method of removing a  

carrier plate from a workpiece of a disk-shaped com posite 

substrate in which the workpiece is disposed on a f ace 

side of the carrier plate with a temporary adhesive  layer 

interposed therebetween.  The method includes a ste p 

forming step of forming a step protruding laterally  from 

the carrier plate more on a reverse side of the car rier 
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plate than on the face side of the carrier plate, b y 

removing an outer circumferential portion of the 

workpiece, an outer circumferential portion of the 

temporary adhesive layer, and a face-side side of a n 

outer circumferential edge of the carrier plate, a 

starting point region forming step of forming a sta rting 

point region that acts as a starting point in peeli ng off 

the carrier plate from the workpiece, by removing a  

partial region of the workpiece that is adjacent to  the 

outer circumferential portion of the workpiece, a h olding 

step of, after the step and the starting point regi on 

have been formed, holding the workpiece from above with a 

holding unit while the workpiece is positioned abov e the 

carrier plate, and a carrier plate removing step, a fter 

the workpiece has been held by the holding unit, pe eling 

off and removing the carrier plate from the workpie ce by 

applying a downward force from a pusher to the step  to 

move the carrier plate in a direction away from the  

workpiece. 

        In the aspect of the present invention, the  carrier 

plate removing step may include peeling off and rem oving 

the carrier plate from the workpiece by applying th e 

downward force to the step after applying a fluid t o the 

temporary adhesive layer that is exposed between th e 
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workpiece and the carrier plate or while applying a  fluid 

to the temporary adhesive layer that is exposed bet ween 

the workpiece and the carrier plate. 

        In the aspect of the present invention, the  carrier 

plate removing step may include applying the downwa rd 

force to the step while the workpiece and the carri er 

plate are immersed in a liquid.  Further, the liqui d may 

contain a surface active agent. 

        In the aspect of the present invention, the  carrier 

plate removing step may include applying the downwa rd 

force to the step while the workpiece and the carri er 

plate are immersed in the liquid and while vibratio ns are 

being applied to the pusher. 

        In the aspect of the present invention, the  carrier 

plate removing step may include applying the downwa rd 

force to the step while the workpiece and the carri er 

plate are immersed in the liquid and while vibratio ns are 

being applied to the liquid. 

        In the method of removing a carrier plate a ccording 

to the aspect of the present invention, a step prot ruding 

laterally from the carrier plate more on a reverse side 

of the carrier plate than on the face side of the c arrier 

plate is formed by removing an outer circumferentia l 

portion of the workpiece, an outer circumferential 



6 

portion of the temporary adhesive layer, and a face -side 

side of an outer circumferential edge of the carrie r 

plate, and a starting point region that acts as a 

starting point in peeling off the carrier plate fro m the 

workpiece is formed by removing a partial region of  the 

workpiece that is adjacent to the outer circumferen tial 

portion of the workpiece.  Consequently, the carrie r plate 

can easily be peeled off and removed from the workp iece 

with the starting point region acting as a starting  point 

for starting to peel off the carrier plate, by hold ing 

the workpiece from above with the holding unit and 

applying a downward force to the step.  Since the 

gravitational force acting on the carrier plate is also 

used in addition to the downward force applied to t he 

step, no large force is required to remove the carr ier 

plate from the workpiece. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing preferre d 

embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view illustrating a  

structural example of a disk-shaped composite subst rate 

including a carrier plate and a workpiece; 

        FIG. 2A is a cross-sectional view illustrat ing the 

structural example of the composite substrate; 

        FIG. 2B is a fragmentary enlarged cross-sec tional 

view of a portion of the composite substrate illust rated 

in FIG. 2A; 

        FIG. 3A is a cross-sectional view illustrat ing a 

manner in which a carrier plate side of the composi te 

substrate is held in place; 

        FIG. 3B is a cross-sectional view illustrat ing a 

manner in which a step is formed in the carrier pla te; 

        FIG. 4A is a plan view illustrating a manne r in 

which the step has been formed in the carrier plate  on an 

entire outer circumferential portion thereof; 

        FIG. 4B is a cross-sectional view illustrat ing the 

manner in which the step has been formed in the car rier 

plate on the entire outer circumferential portion 

thereof; 

        FIG. 5 is a plan view illustrating a manner  in 

which a starting point region has been formed in th e 

workpiece; 
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        FIG. 6A is a cross-sectional view illustrat ing a 

manner in which the workpiece is held in place from  

above; 

        FIG. 6B is a cross-sectional view illustrat ing a 

manner in which a downward force is applied to the step; 

        FIG. 6C is a cross-sectional view illustrat ing a 

manner in which the carrier plate has been peeled o ff 

from the workpiece; 

        FIG. 7 is a plan view illustrating a starti ng point 

region formed by a method of removing a carrier pla te 

according to a first modification; 

        FIG. 8A is a cross-sectional view illustrat ing a 

manner in which a carrier plate is peeled off from a 

workpiece by a method of removing a carrier plate 

according to a second modification; and 

        FIG. 8B is a cross-sectional view illustrat ing a 

manner in which a carrier plate is peeled off from a 

workpiece by a method of removing a carrier plate 

according to a third modification. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        Preferred embodiments of the present invent ion will 

be described below with reference to the accompanyi ng 

drawings.  FIG. 1 illustrates in perspective a stru ctural 
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example of a disk-shaped composite substrate 1 used  in a 

method of removing a carrier plate according to a 

preferred embodiment of the present invention.  FIG . 2A 

illustrates in cross section the structural example  of 

the composite substrate 1.  FIG. 2B illustrates in 

fragmentary enlarged cross section a portion of the  

composite substrate 1 illustrated in FIG. 2A. 

        The composite substrate 1 includes a carrie r plate 

3 made of an insulating material such as soda glass , 

borosilicate glass, or quartz glass.  The carrier p late 3 

has a first surface, i.e., a face side, 3a that is 

generally flat and a second surface, i.e., a revers e side, 

3b that is opposite the first surface 3a.  The carr ier 

plate 3 is of a disk shape that is circular as view ed 

from the first surface 3a or the second surface 3b side.  

The carrier plate 3 has a thickness of 2 mm or smal ler, 

typically 1.1 mm, for example. 

        According to the present embodiment, the ca rrier 

plate 3 is made of an insulating material such as s oda 

glass, borosilicate glass, or quartz glass.  Howeve r, the 

carrier plate 3 is not limited to any particular ma terial, 

structure, size, etc.  For example, a plate made of  

semiconductor, ceramic, resin, metal, etc. may be u sed as 

the carrier plate 3. 
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        A workpiece 7 is disposed on the first surf ace 3a 

of the carrier plate 3 with a temporary adhesive la yer 5 

interposed therebetween.  The temporary adhesive la yer 5 

is formed of a metal film, an insulating film, etc.  

stacked on the first surface 3a generally in its en tirety, 

and has a function to bond the carrier plate 3 and the 

workpiece 7 to each other.  The temporary adhesive layer 5 

may be formed of a resin film, etc. functioning as an 

adhesive. 

        The temporary adhesive layer 5 has a thickn ess of 

20 µm or smaller, typically 5 µm, for example.  The  

temporary adhesive layer 5 includes a central porti on 5a 

bonding the carrier plate 3 and the workpiece 7 to each 

other and an outer circumferential portion 5b cover ing a 

first surface 3a side of an outer circumferential e dge of 

the carrier plate 3.  The outer circumferential por tion 5b 

of the temporary adhesive layer 5 is fixed to the c arrier 

plate 3 and cannot easily be peeled off. 

        When the carrier plate 3 is peeled off and removed 

from the workpiece 7, the central portion 5a of the  

temporary adhesive layer 5 is separated into a firs t 

portion 5c (see FIG. 6C) adhering to the carrier pl ate 3 

and a second portion 5d (see FIG. 6C) adhering to t he 

workpiece 7.  Before peeling off and removing the c arrier 
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plate 3 from the workpiece 7, it is desirable to re move 

the outer circumferential portion 5b fixed to the c arrier 

plate 3 in order to separate the central portion 5a  

appropriately. 

        The workpiece 7 is also referred to as a pa ckaged 

panel, a packaged wafer, or the like, for example.  The 

workpiece 7 includes a redistribution layer (RDL), not 

illustrated, held against the central portion 5a of  the 

temporary adhesive layer 5, a plurality of device c hips 9 

joined to the redistribution layer, and a molding r esin 

layer 11 that encapsulates the device chips 9 

individually.  The workpiece 7 is of a disk shape s imilar 

to the carrier plate 3, for example.  The workpiece  7 has 

a thickness of 1.5 mm or smaller, typically 0.6 mm,  for 

example. 

        The workpiece 7 has a first surface, i.e., a face 

side, 7a remote from the temporary adhesive layer 5 .  The 

first surface 7a may be processed by a grinding pro cess 

or the like.  Projected dicing lines are establishe d in 

regions in the workpiece 7 that lie between adjacen t ones 

of the device chips 9.  When the workpiece 7 is div ided 

along any desired ones of the projected dicing line s, for 

example, the workpiece 7 is divided into a pluralit y of 

workpiece pieces each including one or more of the device 
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chips 9. 

        When the workpiece 7 or each of the workpie ce 

pieces is divided along all the projected dicing li nes, a 

plurality of packaged devices corresponding to the 

respective device chips 9 are obtained.  The workpi ece 7 

is not limited to any particular material, structur e, 

size, etc.  For example, the workpiece 7 may primar ily 

include an interconnect layer, and may not include device 

chips 9, a molding resin layer 11, etc. 

        In the method of removing a carrier plate a ccording 

to the present embodiment, a step is initially form ed in 

an outer circumferential portion of the carrier pla te 3 

by removing an outer circumferential edge of the ca rrier 

plate 3 on the first surface 3a side as well as an outer 

circumferential portion of the workpiece 7 and the outer 

circumferential portion 5b of the temporary adhesiv e 

layer 5 (step forming step).  FIG. 3A illustrates i n cross 

section the manner in which the carrier plate 3 sid e of 

the composite substrate 1 is held in place, and FIG . 3B 

illustrates in cross section the manner in which a step 

is formed in the carrier plate 3. 

        A cutting apparatus 2 illustrated in FIGS. 3A and 

3B is used to form a step in the outer circumferent ial 

portion of the carrier plate 3.  The cutting appara tus 2 
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includes a chuck table 4 for holding the composite 

substrate 1 thereon.  The chuck table 4 includes a 

cylindrical frame 6 made of a metal material exempl ified 

by stainless steel, for example, and a holding plat e 8 

made of a porous material and disposed on an upper 

portion of the frame 6. 

        The holding plate 8 has an upper surface as  a 

holding surface 8a for attracting the carrier plate  3 of 

the composite substrate 1 under suction and holding  the 

carrier plate 3 thereon.  The holding plate 8 has a  lower 

surface held in fluid communication with a suction source 

12 through a fluid channel 6a defined in the frame 6, a 

valve 10, and so on.  When the valve 10 is opened, a 

negative pressure from the suction source 12 acts t hrough 

the fluid channel 6a and the holding plate 8 on the  

holding surface 8a thereof. 

        The chuck table 4, i.e., the frame 6, is co upled to 

a rotary actuator, not illustrated, such as an elec tric 

motor.  The chuck table 4 is rotatable about a rota tional 

axis generally perpendicular to the holding surface  8a by 

forces generated by the rotary actuator.  The chuck  table 

4, i.e., the frame 6, is supported by a processing feed 

mechanism, not illustrated, and movable in processi ng 

feed directions generally parallel to the holding s urface 
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8a. 

        As illustrated in FIG. 3B, a cutting unit 1 4 is 

disposed above the chuck table 4.  The cutting unit  14 

includes a spindle 16 having a rotational axis gene rally 

parallel to the holding surface 8a.  An annular cut ting 

blade 18 made of abrasive grains dispersed in a bin der is 

mounted on one end of the spindle 16. 

        Another end of the spindle 16 is coupled to  a 

rotary actuator, not illustrated, such as an electr ic 

motor.  The cutting blade 18 mounted on the one end  of the 

spindle 16 is rotatable about its own axis by force s 

generated by the rotary actuator.  The cutting unit  14 is 

supported by a lifting and lowering mechanism, not 

illustrated, and an indexing feed mechanism, not 

illustrated, for example, and movable in vertical 

directions generally perpendicular to the holding s urface 

8a and indexing feed directions generally perpendic ular 

to the vertical directions and the processing feed 

directions. 

        For forming a step in the outer circumferen tial 

portion of the carrier plate 3, the carrier plate 3  of 

the composite substrate 1 is held in place with the  

workpiece 7 exposed upwardly.  Specifically, as 

illustrated in FIG. 3A, the second surface 3b of th e 
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carrier plate 3 is held in contact with the holding  

surface 8a of the chuck table 4, and then the valve  10 is 

opened to allow the negative pressure from the suct ion 

source 12 to act on the holding surface 8a.  The ca rrier 

plate 3 of the composite substrate 1 is held under 

suction on the chuck table 4, exposing the workpiec e 7 

upwardly. 

        Next, the cutting blade 18 is caused to cut  into 

the outer circumferential portion of the composite 

substrate 1, removing the outer circumferential por tion 

of the workpiece 7, the outer circumferential porti on 5b 

of the temporary adhesive layer 5, and the first su rface 

3a side of the outer circumferential edge of the ca rrier 

plate 3.  Specifically, as illustrated in FIG. 3B, the 

chuck table 4 and the cutting unit 14 are adjusted in 

their relative positions, and the cutting blade 18 as it 

is rotating is caused to cut into the outer 

circumferential portion of the composite substrate 1.  

Then, the chuck table 4 is rotated about its centra l axis. 

        According to the present embodiment, the ch uck 

table 4 and the cutting unit 14 are adjusted in the ir 

relative positions to position a lower end of the c utting 

blade 18 in a position lower than the first surface  3a of 

the carrier plate 3 and higher than the second surf ace 3b 
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thereof.  According to the present embodiment, more over, 

the chuck table 4 is rotated by one revolution or m ore. 

        In this manner, the outer circumferential p ortion 

of the workpiece 7, the outer circumferential porti on 5b 

of the temporary adhesive layer 5, and the first su rface 

3a side of the outer circumferential edge of the ca rrier 

plate 3 are removed fully circumferentially around the 

composite substrate 1, thereby forming a step 3c (s ee 

FIGS. 4A, 4B, etc.) in the outer circumferential po rtion 

of the carrier plate 3 where the second surface 3b side 

protrudes more laterally, i.e., more radially outwa rdly 

with respect to the carrier plate 3, than the first  

surface 3a side. 

        According to the present embodiment, the st ep 3c is 

formed in the carrier plate 3 by having the cutting  blade 

18 cut into the carrier plate 3.  However, the step  3c may 

be formed otherwise.  For example, the step 3c may be 

formed in the carrier plate 3 by a laser ablation p rocess 

that uses a laser beam having a wavelength that is 

absorbed by the carrier plate 3.  In this case, a l aser 

processing apparatus, i.e., a laser processing unit , for 

applying a laser beam having a wavelength that is 

absorbed by the carrier plate 3, etc. is used inste ad of 

the cutting apparatus 2, i.e., the cutting unit 14.  
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        FIG. 4A illustrates in plan the manner in w hich the 

step 3c has been formed in the carrier plate 3 on t he 

entire outer circumferential portion thereof.  FIG.  4B 

illustrates in cross section the manner in which th e step 

3c has been formed in the carrier plate 3 on the en tire 

outer circumferential portion thereof.  According t o the 

present embodiment, the step 3c is formed in the ca rrier 

plate 3 on the entire outer circumferential portion  

thereof.  However, the step according to the presen t 

invention may be formed in the carrier plate on at least 

a portion of the outer circumferential portion ther eof. 

        The step 3c has a width, i.e., the width of  an 

overlap between the carrier plate 3 and the cutting  blade 

18, set to a desired value insofar as it does not 

adversely affect packaged devices to be produced fr om the 

workpiece 7.  In view of the ease with which to rem ove the 

carrier plate 3, the width of the step 3c should 

preferably be set to a value in the range from 0.2 mm to 

5 mm. 

        After the step 3c has been formed in the ca rrier 

plate 3 on the outer circumferential portion thereo f, a 

partial region of the workpiece 7 that is adjoined to the 

new outer circumferential edge of the workpiece 7, i.e., 

a partial region of the workpiece 7 that is adjacen t to 
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the outer circumferential portion of the workpiece 7 that 

has been removed upon the formation of the step 3c,  is 

additionally removed to form a starting point regio n that 

acts as a starting point in peeling off the carrier  plate 

3 from the workpiece 7 (starting point region formi ng 

step).  FIG. 5 illustrates in plan the manner in wh ich a 

starting point region 7b has been formed in the wor kpiece 

7. 

        For forming the starting point region 7b in  the 

workpiece 7, the cutting apparatus 2 described abov e is 

used, for example.  Specifically, the carrier plate  3 of 

the composite substrate 1 is held on the chuck tabl e 4 

such that the workpiece 7 of the composite substrat e 1 is 

exposed upwardly.  Then, the cutting blade 18 as it  is 

rotating is caused to cut into the workpiece 7 and the 

temporary adhesive layer 5, while at the same time the 

chuck table 4 and the cutting unit 14 are moved 

relatively to each other. 

        A partial region of the workpiece 7 is thus  

additionally removed, thereby forming the starting point 

region 7b that acts as a starting point in peeling off 

the carrier plate 3 from the workpiece 7.  Accordin g to 

the present embodiment, as illustrated in FIG. 5, t he 

workpiece 7 is cut straight at a position correspon ding 
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to a chord of a circle representing the profile of the 

workpiece 7, forming the starting point region 7b t hat 

has corners at both ends thereof. 

        In this case, forces applied to peel off th e 

carrier plate 3 concentrate on the corners of the 

starting point region 7b, making it easy to peel of f the 

carrier plate 3.  Stated otherwise, if it were not for the 

starting point region 7b, forces applied to peel of f the 

carrier plate 3 would be dispersed on a curved, i.e ., 

arcuate, outer circumferential edge of the workpiec e 7 

and would not appropriately act on the carrier plat e 3. 

        According to the present embodiment, the cu tting 

blade 18 is caused to cut into the workpiece 7 to f orm 

the starting point region 7b.  However, the startin g point 

region 7b may be formed otherwise.  For example, th e 

starting point region 7b may be formed by a laser 

ablation process that uses a laser beam having a 

wavelength that is absorbed by the workpiece 7. 

        After the starting point region 7b has been  formed, 

the workpiece 7 of the composite substrate 1 is hel d in 

place from above (holding step).  FIG. 6A illustrat es in 

cross section the manner in which the workpiece 7 i s held 

in place from above.  For holding the workpiece 7 i n place 

from above, a peeling apparatus 22 illustrated in F IG. 6A, 
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etc. is used.  The peeling apparatus 22 includes a holding 

unit 24 for holding the workpiece 7 of the composit e 

substrate 1 in place from above. 

        The holding unit 24 includes a lower portio n having 

a holding surface 24a that is of substantially the same 

size as the first surface 7a of the workpiece 7.  T he 

holding surface 24a is connected to a suction sourc e, not 

illustrated, through a fluid channel, not illustrat ed, a 

valve, not illustrated, and so on.  When the valve is 

opened, a negative pressure from the suction source  acts 

through the fluid channel and the valve on the hold ing 

surface 24a.  The holding unit 24 is supported by a  

lifting and lowering mechanism, not illustrated, an d 

movable in the vertical directions. 

        For holding the workpiece 7 from above, as 

illustrated in FIG. 6A, while the workpiece 7 is 

positioned above the carrier plate 3, the holding s urface 

24a of the holding unit 24 is brought into contact with 

the first surface 7a of the workpiece 7.  Then, the  valve 

is opened to apply the negative pressure from the s uction 

source to the holding surface 24a.  The workpiece 7  of the 

composite substrate 1 is now held in place from abo ve by 

the holding unit 24. 

        According to the present embodiment, the fi rst 
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surface 7a of the workpiece 7 is directly held in c ontact 

with the holding surface 24a of the holding unit 24 .  

However, a porous sheet or the like may be interpos ed 

between the first surface 7a of the workpiece 7 and  the 

holding surface 24a of the holding unit 24.  The po rous 

sheet thus interposed is effective to prevent the 

workpiece 7 from being damaged, contaminated, or 

otherwise adversely affected by the holding surface  24a 

that would otherwise directly contact the workpiece  7. 

        Furthermore, offcuts produced from the work piece 7 

when the starting point region 7b was formed tend t o 

remain on the composite substrate 1.  Therefore, wh en the 

holding unit 24 is to hold the workpiece 7, the hol ding 

unit 24 may hold the portion of the workpiece 7 exc ept 

for those offcuts.  Needless to say, the holding un it 24 

may hold the entire workpiece 7 including those off cuts. 

        After the workpiece 7 has been held in plac e from 

above, a downward force is applied to the step 3c t o peel 

off and remove the carrier plate 3 from the workpie ce 7 

(carrier plate removing step).  FIG. 6B illustrates  in 

cross section the manner in which a downward force is 

applied to the step 3c, and FIG. 6C illustrates in cross 

section the manner in which the carrier plate 3 has  been 

peeled off from the workpiece 7.  For peeling off t he 
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carrier plate 8 from the workpiece 7, the peeling 

apparatus 22 is also used. 

        As illustrated in FIG. 6B, the peeling appa ratus 22 

includes a rod-shaped pusher 26 disposed at a posit ion 

corresponding to the step 3c of the composite subst rate 1 

held by the holding unit 24.  The pusher 26 is supp orted 

by a lifting and lowering mechanism that is differe nt 

from the lifting and lowering mechanism for moving the 

holding unit 24, for example, and is movable vertic ally 

independently of the holding unit 24. 

        For removing the carrier plate 3 from the w orkpiece 

7, both the holding unit 24 and the pusher 26 are m oved 

upwardly, lifting the composite substrate 1 held by  the 

holding unit 24.  The second surface 3b of the carr ier 

plate 3 is now exposed downwardly.  Next, while the  

holding unit 24 is being kept in the upper position , the 

pusher 26 is moved downwardly to bring a lower end 

thereof into contact with the step 3c.  Stated othe rwise, 

the pusher 26 applies a downward force to the step 3c of 

the carrier plate 3. 

        As described above, the workpiece 7 of the 

composite substrate 1 is held in place from above b y the 

holding unit 24.  Therefore, when the pusher 26 app lies 

the downward force to the step 3c of the carrier pl ate 3, 
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the carrier plate 3 is peeled off and drops from th e 

workpiece 7 with the temporary adhesive layer 5 at the 

boundary.  In other words, the carrier plate 3 is m oved in 

a direction away from the workpiece 7.  According t o the 

present embodiment, since the outer circumferential  

portion 5b of the temporary adhesive layer 5 fixed to the 

carrier plate 3 has been removed upon the formation  of 

the step 3c, the carrier plate 3 can easily be peel ed off 

and removed from the workpiece 7. 

        According to the present embodiment, furthe rmore, 

as the starting point region 7b with the corners ha s been 

formed in the workpiece 7, the forces applied to pe el off 

the carrier plate 3 concentrate on the corners of t he 

starting point region 7b, making it easy to peel of f the 

carrier plate 3 from the workpiece 7.  For making t he 

forces applied to peel off the carrier plate 3 act more 

strongly on the corners of the starting point regio n 7b, 

the pusher 26 may apply the downward force to a por tion 

of the step 3c that is adjacent to the starting poi nt 

region 7b, i.e., a portion of the step 3c that is 

positioned radially outwardly of the starting point  

region 7b.  In this manner the carrier plate 3 can more 

easily be peeled off and removed from the workpiece  7. 

        With the method of removing a carrier plate  
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according to the present embodiment, as described a bove, 

the outer circumferential portion of the workpiece 7, the 

outer circumferential portion 5b of the temporary 

adhesive layer 5, and the first surface, i.e., the face 

side, 3a side of the outer circumferential edge of the 

carrier plate 3 are removed, thereby forming the st ep 3c 

in the outer circumferential portion of the carrier  plate 

3 where the second surface 3b side of the carrier p late 3 

protrudes more laterally than the first surface 3a side 

thereof, and the partial region of the workpiece 7 that 

is adjoined to the new outer circumferential edge o f the 

workpiece 7, i.e., the partial region of the workpi ece 7 

that is adjacent to the outer circumferential porti on of 

the workpiece 7 that has been removed upon the form ation 

of the step 3c, is removed to form the starting poi nt 

region 7b that acts as the starting point in peelin g off 

the carrier plate 3 from the workpiece 7. 

        When the workpiece 7 is then held in place from 

above by the holding unit 24 and the downward force  is 

applied to the step 3c, the carrier plate 3 can eas ily be 

peeled off and removed from the workpiece 7 with th e 

starting point region 7b acting as the starting poi nt for 

starting to peel off the carrier plate 3.  Since th e 

gravitational force acting on the carrier plate 3 i s also 



25 

used in addition to the downward force applied to t he 

step 3c, no large force is required to remove the c arrier 

plate 3 from the workpiece 7. 

        The present invention is not limited to the  above 

embodiment, but various changes and modifications m ay be 

made therein.  According to the above embodiment, f or 

example, the starting point region 7b is formed in the 

workpiece 7 after the step 3c has been formed in th e 

outer circumferential portion of the carrier plate 3.  

However, the step 3c may be formed in the outer 

circumferential portion of the carrier plate 3 afte r the 

starting point region 7b has been formed in the wor kpiece 

7.  In this case, the starting point region 7b is f ormed 

by removing a partial region of the workpiece 7 tha t is 

adjacent to the outer circumferential portion of th e 

workpiece that is to be removed when the step 3c is  

formed. 

        According to the present embodiment, the wo rkpiece 

7 is cut straight at the position corresponding to the 

chord of the circle representing the profile of the  

workpiece 7, forming the starting point region 7b t hat 

has the corners at both ends thereof.  According to  the 

present invention, the shape, etc. of the starting point 

region may be changed insofar as it allows appropri ate 
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forces to act on the carrier plate to peel off the 

carrier plate.  FIG. 7 illustrates in plan a starti ng 

point region 7c formed by a method of removing a ca rrier 

plate according to a first modification. 

        The procedure, etc. of the method of removi ng a 

carrier plate according to the first modification i s the 

same as the procedure, etc. of the method of removi ng a 

carrier plate according to the above embodiment exc ept 

for a procedure, etc. for forming the starting poin t 

region 7c.  Therefore, the procedure, etc. for form ing the 

starting point region 7c will mainly be described b elow, 

and the detailed description of other procedures, e tc. 

will be omitted below. 

        The starting point region 7c illustrated in  FIG. 7 

is formed by a laser ablation process that uses a l aser 

beam having a wavelength that is absorbed by the 

workpiece 7.  Specifically, the laser beam is appli ed to 

the workpiece 7 for cutting, off the workpiece 7, a  

partial region of the workpiece 7 that is adjacent to the 

outer circumferential edge of the workpiece 7 that has 

been removed upon the formation of the step 3c, or the 

outer circumferential edge of the workpiece 7 that is to 

be removed upon the formation of the step 3c. 

        In this manner, the partial region of the w orkpiece 
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7 is removed to form the starting point region 7c t hat 

acts as a starting point in peeling off the carrier  plate 

3 from the workpiece 7.  According to the first 

modification, as illustrated in FIG. 7, the workpie ce 7 

is cut to remove a semicircular region therefrom, f orming 

the starting point region 7c that has corners.  Acc ording 

to the first modification, the starting point regio n 7c 

is formed by the laser ablation process using the l aser 

beam.  However, the starting point region 7c may be  formed 

otherwise. 

        According to a further alternative, for exa mple, a 

groove may be formed in a partial region of the wor kpiece 

7 that is adjacent to the outer circumferential edg e of 

the workpiece 7 to remove the partial region, there by 

forming a starting point region having corners.  Th e 

formation of the groove is not limited to any parti cular 

process.  However, a process of causing a cutting b lade to 

cut into the workpiece 7, a laser ablation process that 

uses a laser beam having a wavelength that is absor bed by 

the workpiece 7, or the like, for example, may be u sed. 

        The pusher 26 according to the above embodi ment is 

movable vertically independently of the holding uni t 24.  

However, it is sufficient if the pusher 26 is movab le 

relatively to at least the holding unit 24. 
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        For example, the pusher 26 may be fixed to a 

housing, not illustrated, of the peeling apparatus 22, 

and the pusher 26 may be moved relatively to the ho lding 

unit 24 by moving only the holding unit 24.  Althou gh the 

single pusher 26 is used in the above embodiment, a  

plurality of pushers 26 may be used. 

        When the carrier plate 3 is to be peeled of f from 

the workpiece 7, a fluid may be applied to the temp orary 

adhesive layer 5 that is exposed between the carrie r 

plate 3 and the workpiece 7.  FIG. 8A illustrates i n cross 

section the manner in which the carrier plate 3 is peeled 

off from the workpiece 7 by a method of removing a 

carrier plate according to a second modification. 

        The method of removing a carrier plate acco rding to 

the second modification have many features in commo n with 

the method of removing a carrier plate according to  the 

above embodiment.  Therefore, the differences will mainly 

be described below, and the detailed description of  the 

common features will be omitted below.  As illustra ted in 

FIG. 8A, a nozzle 32 is disposed laterally of the h olding 

unit 24 of the peeling apparatus 22 that is used in  the 

second modification.  The nozzle 32 is connected to  a 

supply source, not illustrated, of a fluid 34 throu gh a 

fluid channel, not illustrated, a valve, not illust rated, 
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and so on. 

        After the nozzle 32 has applied the fluid 3 4 to the 

temporary adhesive layer 5 that is exposed between the 

carrier plate 3 and the workpiece 7, or while the n ozzle 

32 is applying the fluid 34 to the temporary adhesi ve 

layer 5 that is exposed between the carrier plate 3  and 

the workpiece 7, the pusher 26 applies a downward f orce 

to the step 3c, peeling off the carrier plate 3 mor e 

easily from the workpiece 7.  The fluid 34 applied between 

the carrier plate 3 and the workpiece 7 may be air,  water, 

or the like, for example.  However, the fluid 34 is  not 

limited to any particular kind, etc. 

        When the carrier plate 3 is to be peeled of f from 

the workpiece 7, the carrier plate 3 and the workpi ece 7 

may be immersed in a liquid.  FIG. 8B illustrates i n cross 

section the manner in which the carrier plate 3 is peeled 

off from the workpiece 7 by a method of removing a 

carrier plate according to a third modification.  T he 

method of removing a carrier plate according to the  third 

modification have many features in common with the method 

of removing a carrier plate according to the above 

embodiment.  Therefore, the differences will mainly  be 

described below, and the detailed description of th e 

common features will be omitted below. 
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        As illustrated in FIG. 8B, a bath 42 having  a size 

large enough to house the carrier plate 3 and the 

workpiece 7 therein is disposed below the holding u nit 24 

of the peeling apparatus 22 that is used in the thi rd 

modification.  The bath 42 stores a liquid 44 such as 

water therein. 

        While the carrier plate 3 and the workpiece  7 are 

immersed in the liquid 44 in the bath 42, the pushe r 26 

applies a downward force to the step 3c, peeling of f the 

carrier plate 3 from the workpiece 7.  The carrier plate 3 

as it is peeled off from the workpiece 7 falls in t he 

liquid 44.  As a result, the carrier plate 3 is sub jected 

to a less shock from the fall than it falls in the air.  

Therefore, damage to the carrier plate 3, vibration s of 

the peeling apparatus 22, etc. are prevented. 

        The liquid 44 may contain a surface active agent.  

The surface active agent that may be contained in t he 

liquid 44 may be an anionic surface active agent, a  

cationic surface active agent, or the like that is likely 

to enter the temporary adhesive layer 5.  If the su rface 

active agent that is likely to enter the temporary 

adhesive layer 5 is contained in the liquid 44, the n the 

temporary adhesive layer 5 can easily be separated from a 

region where the surface active agent has entered, 
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allowing the carrier plate 3 to be peeled off more easily 

from the workpiece 7. 

        According to the third modification, when t he 

pusher 26 applies a downward force to the step 3c a fter 

the carrier plate 3 and the workpiece 7 have been 

immersed in the liquid 44, vibrations such as ultra sonic 

waves may be applied to the pusher 26.  Specificall y, 

while vibrations such as ultrasonic waves are being  

applied to the pusher 26, the pusher 26 applies a 

downward force to the step 3c.  In this case, the a ction 

of the vibrations transmitted from the pusher 26 ma kes it 

easier to peel off the carrier plate 3 from the wor kpiece 

7. 

        Similarly, when the pusher 26 applies a dow nward 

force to the step 3c after the carrier plate 3 and the 

workpiece 7 have been immersed in the liquid 44, 

vibrations such as ultrasonic waves may be applied to the 

liquid 44.  Specifically, while vibrations such as 

ultrasonic waves are being applied to the liquid 44 , the 

pusher 26 applies a downward force to the step 3c.  In 

this case, the action of the vibrations transmitted  from 

the liquid 44 makes it easier to peel off the carri er 

plate 3 from the workpiece 7. 

        In addition, the second modification may be  
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combined with the third modification.  Specifically , 

before or after the carrier plate 3 and the workpie ce 7 

are immersed in the liquid 44, a fluid may be appli ed to 

the temporary adhesive layer 5 that is exposed betw een 

the carrier plate 3 and the workpiece 7.  In this c ase, 

similarly, it is made easier to peel off the carrie r 

plate 3 from the workpiece 7. 

        The structures, methods, etc. according to the 

above embodiments may be appropriately changed or 

modified insofar as the changes or modifications fa ll 

within the scope of the invention. 

        The present invention is not limited to the  details 

of the above described preferred embodiments.  The scope 

of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 

be embraced by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A method of removing a carrier plate fr om a 

workpiece of a disk-shaped composite substrate in w hich 

the workpiece is disposed on a face side of the car rier 

plate with a temporary adhesive layer interposed 

therebetween, comprising: 

        a step forming step of forming a step protr uding 

laterally from the carrier plate more on a reverse side 

of the carrier plate than on the face side of the c arrier 

plate, by removing an outer circumferential portion  of 

the workpiece, an outer circumferential portion of the 

temporary adhesive layer, and a face-side side of a n 

outer circumferential edge of the carrier plate; 

        a starting point region forming step of for ming a 

starting point region that acts as a starting point  in 

peeling off the carrier plate from the workpiece, b y 

removing a partial region of the workpiece that is 

adjacent to the outer circumferential portion of th e 

workpiece; 

        a holding step of, after the step and the s tarting 

point region have been formed, holding the workpiec e from 

above with a holding unit while the workpiece is 

positioned above the carrier plate; and 

        a carrier plate removing step, after the wo rkpiece 
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has been held by the holding unit, peeling off and 

removing the carrier plate from the workpiece by ap plying 

a downward force from a pusher to the step to move the 

carrier plate in a direction away from the workpiec e. 

        2.  The method of removing a carrier plate 

according to claim 1, wherein the carrier plate rem oving 

step includes peeling off and removing the carrier plate 

from the workpiece by applying the downward force t o the 

step after applying a fluid to the temporary adhesi ve 

layer that is exposed between the workpiece and the  

carrier plate or while applying a fluid to the temp orary 

adhesive layer that is exposed between the workpiec e and 

the carrier plate. 

        3.  The method of removing a carrier plate 

according to claim 1, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 

while the workpiece and the carrier plate are immer sed in 

a liquid. 

        4.  The method of removing a carrier plate 

according to claim 3, wherein the liquid contains a  

surface active agent. 

        5.  The method of removing a carrier plate 

according to claim 2, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 



35 

while the workpiece and the carrier plate are immer sed in 

a liquid. 

        6.  The method of removing a carrier plate 

according to claim 5, wherein the liquid contains a  

surface active agent. 

        7.  The method of removing a carrier plate 

according to claim 3, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 

while the workpiece and the carrier plate are immer sed in 

the liquid and while vibrations are being applied t o the 

pusher. 

        8.  The method of removing a carrier plate 

according to claim 3, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 

while the workpiece and the carrier plate are immer sed in 

the liquid and while vibrations are being applied t o the 

liquid. 

        9.  The method of removing a carrier plate 

according to claim 4, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 

while the workpiece and the carrier plate are immer sed in 

the liquid and while vibrations are being applied t o the 

pusher. 

        10.  The method of removing a carrier plate  
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according to claim 4, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 

while the workpiece and the carrier plate are immer sed in 

the liquid and while vibrations are being applied t o the 

liquid. 

        11. The method of removing a carrier plate 

according to claim 5, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 

while the workpiece and the carrier plate are immer sed in 

the liquid and while vibrations are being applied t o the 

pusher. 

        12.  The method of removing a carrier plate  

according to claim 5, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 

while the workpiece and the carrier plate are immer sed in 

the liquid and while vibrations are being applied t o the 

liquid. 

        13.  The method of removing a carrier plate  

according to claim 6, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 

while the workpiece and the carrier plate are immer sed in 

the liquid and while vibrations are being applied t o the 

pusher. 

        14.  The method of removing a carrier plate  
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according to claim 6, wherein the carrier plate rem oving 

step includes applying the downward force to the st ep 

while the workpiece and the carrier plate are immer sed in 

the liquid and while vibrations are being applied t o the 

liquid. 


