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METHOD OF PROCESSING WORKPIECE 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a method o f 

processing a workpiece. 

Description of the Related Art 

        Disc-shaped workpieces such as semiconducto r wafers 

or the like with a large number of devices formed o n face 

sides are divided along projected dicing lines betw een 

the devices into individual semiconductor chips.  T here is 

known in the related art a technology according to which 

a workpiece fixed to an expandable sheet that close s an 

opening in an annular frame is divided into chips b y 

expanding the expandable sheet.  There is also know n in 

the related art a technology according to which a 

workpiece that has been divided into chips by dicin g, 

dicing before grinding (DBG), or the like is secure d to 

an annular frame by an expandable sheet, and therea fter, 

the expandable sheet is expanded to increase the 

distances between the adjacent chips.  According to  a 

known expanding process used in the above technolog ies, 

the expandable sheet is expanded by pushing the wor kpiece 

upwardly in a direction away from the annular frame  while 
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the annular frame is being held in place (see, for 

example, Japanese Patent Laid-Open No. 2006-049591) . 

 

SUMMARY OF THE INVENTION 

        The above expanding process has been proble matic in 

that, since the area of the expandable sheet that l ies on 

its own radially outwardly of the workpiece is more  

stretchable than the area of the expandable sheet t hat is 

affixed to the workpiece, the expansion of the expa ndable 

sheet fails to contribute sufficiently to dividing the 

workpiece and forming intervals between the adjacen t 

chips.  In view of these shortcomings, it has been 

proposed to expand an expandable sheet in four dire ctions 

before the expandable sheet is secured to an annula r 

frame.  However, as the proposed process requires t hat the 

expandable sheet be secured to the annular frame af ter 

the expandable sheet has been expanded, the propose d 

process is not applicable to cases where an expanda ble 

sheet has been secured to an annular frame in advan ce.  

        It is therefore an object of the present in vention 

to provide a method of processing a workpiece for 

promoting expansion of the area of an expandable sh eet 

that is affixed to a workpiece when the expandable sheet 

supporting the workpiece is expanded. 
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        In accordance with an aspect of the present  

invention, there is provided a method of processing  a 

plate-shaped workpiece that has division initiating  

points formed therein along projected dicing lines 

thereon or that has been divided into a plurality o f 

chips, the workpiece being disposed in an opening o f an 

annular frame and supported on an expandable sheet having 

a thermosetting property and fixed to the annular f rame, 

thereby making up a frame unit, the expandable shee t 

being expanded to divide the workpiece into individ ual 

chips from the division initiating points or to inc rease 

distances between the adjacent chips.  The method o f 

processing a plate-shaped workpiece includes a 

thermosetting step of heating an area of the expand able 

sheet around the workpiece to a predetermined tempe rature 

or higher and thereafter cooling the heated area of  the 

expandable sheet to make the area harder than befor e the 

area has been heated, and after the thermosetting s tep, 

an expanding step of expanding the area of the expa ndable 

sheet around the workpiece in planar directions to divide 

the workpiece into the chips or to increase distanc es 

between the adjacent chips. 

        Preferably, the expandable sheet includes a  base 

layer and an adhesive layer, the base layer or the 
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adhesive layer being made of a thermosetting resin.   

Preferably, the thermosetting step is carried out o n 

areas of the expandable sheet that exist in directi ons in 

which the expandable sheet is to be expanded more t han in 

other directions. 

        Preferably, the method of processing a plat e-shaped 

workpiece further includes, after the expanding ste p, a 

slack removing step of heating again the area of th e 

expandable sheet around the workpiece that has been  

slacked to shrink the slacked area of the expandabl e 

sheet. 

        According to the present invention, expansi on of 

the area of the expandable sheet that is affixed to  the 

workpiece can be promoted when the expandable sheet  

supporting the workpiece is expanded. 

        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 some pre ferred 

embodiments of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 
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        FIG. 1 is a perspective view illustrating b y way of 

example a frame unit as a target to be processed by  a 

method of processing a workpiece according to an 

embodiment of the present invention; 

        FIG. 2 is an enlarged fragmentary cross-sec tional 

view of the frame unit illustrated in FIG. 1; 

        FIG. 3 is a perspective view illustrating a  

configuration example of an expanding apparatus use d in 

the method of processing a workpiece according to t he 

embodiment; 

        FIG. 4 is an exploded perspective view of t he 

configuration example of the expanding apparatus 

illustrated in FIG. 3; 

        FIG. 5 is a flowchart of the sequence of th e method 

of processing a workpiece according to the embodime nt; 

        FIG. 6 is a cross-sectional view illustrati ng a 

portion of the expanding apparatus that is in a sta te in 

a thermosetting step of the method of processing a 

workpiece illustrated in FIG. 5; 

        FIG. 7 is a cross-sectional view illustrati ng the 

portion of the expanding apparatus that is in a sta te 

subsequent to the state illustrated in FIG. 6 in th e 

thermosetting step of the method of processing a 

workpiece illustrated in FIG. 5; 
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        FIG. 8 is a cross-sectional view illustrati ng the 

portion of the expanding apparatus after an expandi ng 

step of the method of processing a workpiece illust rated 

in FIG. 5; 

        FIG. 9 is a perspective view illustrating a  

configuration example of a heating and cooling unit  of an 

expanding apparatus used in a method of processing a 

workpiece according to a first modification; 

        FIG. 10 is a plan view illustrating by way of 

example a workpiece as a target to be processed by a 

method of processing a workpiece according to a sec ond 

modification; 

        FIG. 11 is an enlarged fragmentary cross-se ctional 

view of a workpiece whose chip interval is expanded  by a 

method of processing a workpiece according to a thi rd 

modification; 

        FIG. 12 is a flowchart of the sequence of a  method 

of processing a workpiece according to a fourth 

modification; 

        FIG. 13 is a cross-sectional view illustrat ing a 

portion of an expanding apparatus that is in a stat e in a 

slack removing step of the method of processing a 

workpiece illustrated in FIG. 12; and 

        FIG. 14 is a cross-sectional view illustrat ing the 



7 

portion of the expanding apparatus after the slack 

removing step of the method of processing a workpie ce 

illustrated in FIG. 12. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        Preferred embodiments of the present invent ion will 

hereinafter be described in detail below with refer ence 

to the drawings.  The present invention is not limi ted to 

the details of the embodiments described below.  Th e 

components described below cover those which could easily 

be conceived by those skilled in the art and those which 

are essentially identical to those described above.   

Furthermore, the arrangements described below can b e used 

in appropriate combinations.  Various omissions, 

replacements, or changes of the arrangements may be  made 

without departing from the scope of the present inv ention. 

(Embodiment) 

        A method of processing a workpiece 201 acco rding to 

an embodiment of the present invention will hereina fter 

be described below with reference to the drawings.  First, 

a configuration of a frame unit 200 as a target to be 

processed according to the present embodiment and a  

configuration of an expanding apparatus 10 used in the 

method of processing the workpiece 201 will be desc ribed 
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below.  FIG. 1 illustrates by way of example the fr ame 

unit 200 as a target to be processed by the method of 

processing the workpiece 201 according to the embod iment.  

FIG. 2 illustrates in enlarged fragmentary cross se ction 

the frame unit 200 illustrated in FIG. 1.  FIG. 3 

illustrates in perspective a configuration example of the 

expanding apparatus 10 used in the method of proces sing 

the workpiece 201 according to the embodiment.  FIG . 4 

illustrates in exploded perspective the configurati on 

example of the expanding apparatus 10 illustrated i n FIG. 

3. 

        The workpiece 201 as a target to be process ed 

according to the embodiment is divided into a plura lity 

of chips 202 illustrated in FIG. 1 by the expanding  

apparatus 10 illustrated in FIGS. 3 and 4.  The wor kpiece 

201 according to the embodiment will hereinafter be  

described as being divided by the expanding apparat us 10 

into the chips 202 along modified layers 208 formed  in 

the workpiece 201.  The workpiece 201 is in the for m of a 

wafer such as a disc-shaped semiconductor wafer, an  

optical device wafer, or the like including a subst rate 

203 of silicon (Si), sapphire (Al 2O3), gallium arsenide 

(GaAs), silicon carbide (SiC), or the like.  The wo rkpiece 

201 includes a plurality of projected dicing lines 204 
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formed on a face side 206 of the substrate 203 and a 

plurality of devices 205 formed in respective areas  

demarcated on the face side 206 by the projected di cing 

lines 204 that intersect with each other in a grid 

pattern. 

        As illustrated in FIG. 2, the workpiece 201  

includes a function layer 209 deposited on a face s ide of 

the substrate 203.  According to the embodiment, th e 

function layer 209 includes low-dielectric-constant  

insulating films (hereinafter referred to as “low-k  

films”) such as films of an inorganic substance suc h as 

SiOF, BSG (SiOB), or the like or films of an organi c 

substance as polymer films such as of a polyimide-b ased 

or parylene-based polymer, and an electrically cond uctive 

film of electrically conductive metal.  The low-k f ilms 

and the electrically conductive film are layered to gether 

into the devices 205.  The electrically conductive film 

provides circuits of the devices 205.  Specifically , the 

devices 205 include the low-k films that are layere d 

together and the electrically conductive film that is 

layered between the low-k films.  The function laye r 209 

in the projected dicing lines 204 include the low-k  films 

and is free of the electrically conductive film exc ept in 

test element groups (TEGs).  The TEGs refer to asse ssment 
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elements for spotting a design problem or a product ion 

problem that may occur in the devices 205. 

        The workpiece 201 is supported on an annula r frame 

210 by an expandable sheet 211.  The annular frame 210 has 

an opening larger in diameter than the workpiece 20 1.  The 

expandable sheet 211 has an outer circumferential e dge 

portion affixed to a reverse side of the annular fr ame 

210.  The workpiece 201 is positioned at a predeter mined 

position in the opening of the annular frame 210 an d has 

a reverse side 207 affixed to the expandable sheet 211.  

The workpiece 201 is thus secured to the expandable  sheet 

211 and secured to the annular frame 210 by the 

expandable sheet 211. 

        The expandable sheet 211 is made of an exte nsible 

and contractible resin, and has a thermosetting pro perty 

by which it is cured when heated and cooled and a 

thermoshrinking property by which it is shrunk when  

heated.  The expandable sheet 211 may include a bas e layer 

made of an extensible and contractible synthetic re sin, 

and an adhesive layer layered on the base layer and  made 

of an extensible and contractible and adhesive synt hetic 

resin, for example.  At least either one of the bas e layer 

or the adhesive layer is made of a thermosetting re sin.  

The expandable sheet 211 may be mixed with an antio xidant. 
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        According to the embodiment, the expandable  sheet 

211 is affixed to the reverse side 207 of the workp iece 

201 to secure the workpiece 201 in position.  Accor ding to 

the present invention, however, the expandable shee t 211 

may be affixed to the face side 206 of the workpiec e 201 

to secure the workpiece 201 in position.  Furthermo re, a 

die-attach film may be interposed between the expan dable 

sheet 211 and the workpiece 201. 

        When a laser beam having a wavelength trans mittable 

through the substrate 203 is applied from the rever se 

side 207 side to the workpiece 201 along the projec ted 

dicing lines 204, modified layers 208 are formed as  

division initiating points along the projected dici ng 

lines 204 within the substrate 203.  The modified l ayers 

208 refer to regions where density, refractive inde x, 

mechanical strength, or other physical properties a re 

different from those in surrounding regions.  The m odified 

layers 208 represent, for example, melted regions, 

cracked regions, dielectric breakdown regions, vari ed 

refractive index regions, or regions where those re gions 

are present together.  According to the embodiment,  the 

modified layers 208 have a less mechanical strength  than 

the other regions of the substrate 203. 

        The workpiece 201 with the modified layers 208 
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formed therein along the projected dicing lines 204 , the 

expandable sheet 211 affixed to the reverse side 20 7 of 

the workpiece 201, and the annular frame 210 to whi ch the 

outer circumferential edge portion of the expandabl e 

sheet 211 is affixed jointly make up the frame unit  200.  

In other words, the frame unit 200 includes the wor kpiece 

201, the expandable sheet 211, and the annular fram e 210. 

        When external forces are applied to the wor kpiece 

201 with the modified layers 208 formed therein, th e 

workpiece 201 is divided along modified layers 208 

beneath the projected dicing lines 204 into the 

individual chips 202 incorporating the respective d evices 

205.  The chips 202 include respective portions of the 

substrate 203 and the respective devices 205 dispos ed on 

the respective portions of the substrate 203.  Acco rding 

to the embodiment, the chips 202 are of a square sh ape as 

viewed in plan.  According to the present invention , the 

chips 202 may be of a rectangular shape as viewed i n plan. 

        The external forces applied to divide the w orkpiece 

201 into the individual chips 202 are produced by t he 

expanding apparatus 10 illustrated in FIGS. 3 and 4 .  The 

expanding apparatus 10 includes a chamber 20, a chu ck 

table 30, a frame holder 40, a chip interval formin g unit 

50, a heating unit 60, and a control unit 80.  X 
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directions and Y directions illustrated in FIGS. 3 and 4 

are included in horizontal directions and extend 

perpendicularly to each other. 

        The chamber 20 is shaped as a box having an  upper 

opening.  The chamber 20 houses therein the chuck t able 30, 

a frame rest plate 41 of the frame holder 40, and t he 

chip interval forming unit 50.  The chamber 20 has a 

loading/unloading slot, not shown, for loading and 

unloading the frame unit 200 therethrough, the 

loading/unloading slot being openable and closable by an 

opening/closing lid 21.  The upper opening of the c hamber 

20 is closed by a lid 22 that covers the heating un it 60 

from above. 

        The chamber 20 should preferably be hermeti cally 

sealed with the upper opening closed by the lid 22 and 

the loading/unloading slot closed by the opening/cl osing 

lid 21.  The expanding apparatus 10 may include a n itrogen 

supply source for supplying an inactive gas of nitr ogen 

to the chamber 20.  By introducing nitrogen into th e 

chamber 20 to purge oxygen from the chamber 20, the  

expandable sheet 211 is kept out of contact with ox ygen 

and hence prevented from being degraded by oxygen w hen 

heated and cooled in a thermosetting step ST1 to be  

described later. 
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        The chuck table 30 holds the chips 202 unde r 

suction on a holding surface 31 thereof through the  

expandable sheet 211 while the chips 202 remain spa ced at 

increased intervals therebetween.  The chuck table 30 is 

shaped as a circular plate or disc.  The chuck tabl e 30 

has the holding surface 31 for holding under suctio n 

thereon the workpiece 201 of the frame unit 200 thr ough 

the expandable sheet 211.  The holding surface 31 i s made 

of a porous material such as porous ceramic or the like.  

A vacuum suction source, not shown, is held in 

communication with the holding surface 31 to apply 

suction forces or a vacuum to the holding surface 3 1. 

        The frame unit 200 is delivered to the chuc k table 

30 by a delivery unit, not shown.  On the chuck tab le 30, 

the reverse side 207 of the workpiece 201 is placed  on 

the holding surface 31 through the expandable sheet  211 

of the frame unit 200.  When suction forces are app lied 

from the vacuum suction source to the holding surfa ce 31, 

the chuck table 30 can hold the reverse side 207 of  the 

workpiece 201 under suction on the holding surface 31. 

        The frame holder 40 holds and secures the a nnular 

frame 210 of the frame unit 200.  The frame holder 40 

includes the frame rest plate 41 and a frame pressi ng 

plate 42. 
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        The frame rest plate 41 has an opening 411 defined 

therein that is of a circular shape as viewed in pl an and 

is in the form of a square plate having an upper su rface 

412 lying flat parallel to horizontal directions.  The 

frame rest plate 41 is vertically fixed in position  by 

its four corners supported by respective legs 43 di sposed 

in the chamber 20.  The inside diameter of the open ing 411 

in the frame rest plate 41 is equal to the inside 

diameter of the annular frame 210.  The chuck table  30 is 

disposed in the opening 411 in the frame rest plate  41.  

The opening 411 is coaxial with the chuck table 30.   The 

annular frame 210 of the frame unit 200 that is del ivered 

by the delivery unit, not shown, is placed on the u pper 

surface 412 of the frame rest plate 41. 

        The frame pressing plate 42 is in the form of a 

square plate having substantially the same dimensio ns as 

the frame rest plate 41.  The frame pressing plate 42 has 

a circular opening 421 defined centrally therein th at is 

of the same dimension as the opening 411.  The fram e 

pressing plate 42 is fixed in the chamber 20.  The frame 

holder 40 secures the annular frame 210 in position  by 

sandwiching the annular frame 210 between the frame  rest 

plate 41 and the frame pressing plate 42.  

        The chip interval forming unit 50 expands t he 
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expandable sheet 211 by moving the workpiece 201 wi th 

respect to the frame holder 40 in a vertical direct ion 

perpendicular to the face side 206 of the workpiece  201.  

By expanding the expandable sheet 211, the chip int erval 

forming unit 50 divides the workpiece 201 along the  

projected dicing lines 204 into the chips 202, incr easing 

the intervals between the adjacent chips 202 to des ired 

distances.  The chip interval forming unit 50 gas a  table 

lifting and lowering unit 53 and a push-up member 5 1.  The 

table lifting and lowering unit 53 moves the chuck table 

30 in vertical directions perpendicular to the hold ing 

surface 31. 

        The push-up member 51 is of a hollow cylind rical 

shape.  The push-up member 51 has an outside diamet er 

smaller than the inside diameter of the annular fra me 210 

that is placed on the upper surface 412 of the fram e rest 

plate 41.  The push-up member 51 has an inside diam eter 

larger than the diameters of the workpiece 201 affi xed to 

the expandable sheet 211 and the chuck table 30.  T he 

push-up member 51 is disposed radially outwardly of  the 

chuck table 30 that is disposed radially inwardly o f the 

push-up member 51.  The push-up member 51 is dispos ed 

coaxially with the chuck table 30.  Rollers 511, sh own in 

FIGS. 6 through 8, are rotatably mounted on an uppe r end 
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of the push-up member 51 and disposed in a plane ly ing 

flush with the holding surface 31 of the chuck tabl e 30.  

The rollers 511 reduce friction between the push-up  

member 51 and the expandable sheet 211 when the pus h-up 

member 51 pushes the expandable sheet 211 upwardly.   

According to the embodiment, the push-up member 51 is 

lifted and lowered in unison with the chuck table 3 0 by 

the table lifting and lowering unit 53. 

        The expandable sheet 211 is expanded in pla nar 

directions when the rollers 511 and the holding sur face 

31 are lifted in union with each other from a posit ion 

flush with the upper surface 412 of the frame rest plate 

41.  The table lifting and lowering unit 53 expands  the 

expandable sheet 211 in the planar directions by li fting 

the push-up member 51 with the rollers 511 mounted on its 

upper end and the chuck table 30 having the holding  

surface 31, in unison with each other.  

        The heating unit 60 heats the area of the 

expandable sheet 211 that lies around the workpiece  201 

to a predetermined temperature or higher.  The heat ing 

unit 60 includes a disc-shaped unit body 61, a plur ality 

of heat sources 62 mounted on the unit body 61, a 

rotating unit 63, and a lifting and lowering unit 6 4. 

        The unit body 61 is disposed above the chuc k table 
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30 and coaxially with the chuck table 30.  The unit  body 

61 can be rotated about a central axis parallel to the 

vertical directions by the rotating unit 63.  The u nit 

body 61 can be lifted and lowered by the lifting an d 

lowering unit 64. 

        The heat sources 62 are disposed at equal a ngular 

intervals circumferentially on an outer marginal ed ge 

portion of the unit body 61.  The heat sources 62 a re 

disposed in respective positions that vertically fa ce an 

annular area 212 of the expandable sheet 211 that e xtends 

between an inner edge of the annular frame 210 and an 

outer edge of the workpiece 201 as the frame unit 2 00 is 

held by the chuck table 30 and the frame holder 40.   The 

heat sources 62 locally heat the annular area 212 o f the 

expandable sheet 211 that extends between the inner  edge 

of the annular frame 210 and the outer edge of the 

workpiece 201.  According to the embodiment, the he ating 

unit 60 is illustrated as having four heat sources 62.  

According to the present invention, however, the nu mber 

of heat sources 62 may not necessarily be limited t o four.  

According to the embodiment, the heat sources 62 ar e of 

the type radiating infrared rays downwardly to heat  the 

annular area 212 of the expandable sheet 211, e.g.,  

infrared ceramic heaters for radiating infrared ray s when 
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heated by a voltage applied thereto.  According to the 

present invention, however, the heat sources 62 are  not 

limited to such infrared heaters. 

        The rotating unit 63 moves the heat sources  62 

circumferentially around the workpiece 201.  Accord ing to 

the embodiment, the rotating unit 63 rotates the un it 

body 61 to move heat sources 62 circumferentially a round 

the workpiece 201.  However, the heat sources 62 ma y be 

moved circumferentially relatively to the unit body  61. 

        The lifting and lowering unit 64 adjusts th e 

distance between the heat sources 62 of the heating  unit 

60 and the expandable sheet 211.  According to the 

embodiment, the lifting and lowering unit 64 lifts and 

lowers the unit body 61 to adjust the distance betw een 

the heat sources 62 and the expandable sheet 211.  However, 

the heat sources 62 may be moved vertically relativ ely to 

the unit body 61. 

        The control unit 80 controls the components  

described above of the expanding apparatus 10, i.e. , the 

chip interval forming unit 50 and the heating unit 60, 

etc. to enable the expanding apparatus 10 to proces s the 

workpiece 201.  The control unit 80 is a computer, for 

example, having an arithmetic processing device hav ing a 

microprocessor such as a central processing unit (C PU), a 
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storage device having a memory such as a read only memory 

(ROM) or a random access memory (RAM), and an 

input/output interface device.  The control unit 80  is 

connected to a display unit, not shown, such as a l iquid 

crystal display device for displaying states of 

processing operation, images, etc., and an input un it, 

not shown, used by the operator for registering 

processing detail information, etc.  The input unit  

includes at least one of external input devices inc luding 

a touch panel incorporated in the display unit, a 

keyboard, etc. 

        The control unit 80 controls, for example, the 

heating unit 60 to apply a voltage to the heat sour ces 62 

to heat the heat sources 62 to a predetermined 

temperature.  The control unit 80 controls, for exa mple, 

the rotating unit 63 to move the heat sources 62 

circumferentially around the workpiece 201.  The co ntrol 

unit 80 controls, for example, the lifting and lowe ring 

unit 64 to adjust the distance between the heat sou rces 

62 and the expandable sheet 211.  While the heating  unit 

60 is heating the expandable sheet 211, the control  unit 

80 may control the lifting and lowering unit 64 to lift 

and lower the heat sources 62 to adjust the amount of 

heat applied to the expandable sheet 211. 
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        The control unit 80 controls, for example, the chip 

interval forming unit 50 to move the chuck table 30  and 

the frame holder 40 between an expanded position an d a 

proximity position.  The expanded position refers t o a 

position in which the chuck table 30 and the frame holder 

40 are spaced from each other along their central a xis, 

expanding the expandable sheet 211.  More specifica lly, 

the expanded position represents positions of the c huck 

table 30 and the frame holder 40 at the time the ho lding 

surface 31 of the chuck table 30 and the upper surf ace 

412 of the frame rest plate 41 of the frame holder 40 are 

spaced from each other along the central axis.  The  

proximity position refers to a position in which th e 

chuck table 30 and the frame holder 40 are close to  each 

other.  More specifically, the proximity position 

represents positions of the chuck table 30 and the frame 

holder 40 at the time the holding surface 31 of the  chuck 

table 30 and the upper surface 412 of the frame res t 

plate 41 of the frame holder 40 lie flush with each  other. 

        A method of expanding the expandable sheet 211 to 

divide the workpiece 201 along the projected dicing  lines 

204 into the plurality of chips 202, increasing the  

intervals between the adjacent chips 202 to desired  

distances, on the expanding apparatus 10 according to the 



22 

embodiment will be described below.  FIG. 5 is a fl owchart 

of the sequence of the method of processing the wor kpiece 

201 according to the embodiment.  As illustrated in  FIG. 5, 

the method of processing the workpiece 201 includes  the 

thermosetting step ST1 and an expanding step ST2. 

        FIG. 6 illustrates in cross section a porti on of 

the expanding apparatus 10 that is in a state in th e 

thermosetting step ST1 of the method of processing the 

workpiece 201 illustrated in FIG. 5.  The thermoset ting 

step ST1 is a step of heating the area of the expan dable 

sheet 211 around the workpiece 201 to a predetermin ed 

temperature or higher and then cooling the heated a rea to 

make it harder than before it has been heated. 

        According to the embodiment, in the thermos etting 

step ST1, the control unit 80 controls the 

opening/closing lid 21 (see FIG. 3) to open the 

loading/unloading slot of the chamber 20, and contr ols 

the delivery unit, not shown, to load the frame uni t 200 

with the modified layers 208 formed therein along t he 

projected dicing lines 204 as illustrated in FIG, 2  

through the loading/unloading slot into the chamber  20 in 

which the frame unit 200 is delivered to a position  above 

the chuck table 30.  Then, the control unit 80 cont rols 

the delivery unit to place the reverse side 207 of the 
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workpiece 201 on the holding surface 31 with the 

expandable sheet 211 interposed therebetween and to  place 

the annular frame 210 on the upper surface 412 of t he 

frame rest plate 41. 

        Next, the control unit 80 controls the fram e holder 

40 to secure the annular frame 210 in position by 

sandwiching the annular frame 210 between the frame  rest 

plate 41 and the frame pressing plate 42.  The cont rol 

unit 80 actuates the lifting and lowering unit 64 t o 

lower the unit body 61 of the heating unit 60, brin ging 

the heat sources 62 thereof closely to the expandab le 

sheet 211.  At this time, since the upper surface 4 12 of 

the frame rest plate 41, the holding surface 31 of the 

chuck table 30, and the rollers 511 mounted on the upper 

end of the push-up member 51 are positioned flush w ith 

each other, the rollers 511 abut against the annula r area 

212 of the expandable sheet 211. 

        Then, in the thermosetting step ST1, the an nular 

area 212 of the expandable sheet 211 around the wor kpiece 

201 is heated to a predetermined temperature or hig her.  

The predetermined temperature is in the range from 60°C 

to 100°C, for example.  Specifically, the control u nit 80 

controls the heating unit 60 to apply a voltage to the 

heat sources 62, thereby heating the heat sources 6 2 to a 
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predetermined temperature that is a preset constant  

temperature.  The heated heat sources 62 radiate in frared 

rays.  As illustrated in FIG. 6, the control unit 8 0 heats 

the heat sources 62 while keeping the heat sources 62 

close to the annular area 212 of the expandable she et 211.  

The control unit 80 also controls the rotating unit  63 to 

rotate the heating unit 60 about its central axis t o move 

the heat sources 62 circumferentially along the ann ular 

area 212. 

        At this time, the control unit 80 may contr ol the 

lifting and lowering unit 64 of the heating unit 60  under 

conditions preset by the operator.  The control uni t 80 

controls the lifting and lowering unit 64 to lift a nd 

lower the unit body 61, thereby adjusting the verti cal 

distance between the heat sources 62 and the expand able 

sheet 211.  Specifically, the control unit 80 incre ases 

the amount of heat applied to the expandable sheet 211 by 

shortening the distance between the annular area 21 2 of 

the expandable sheet 211 and the heat sources 62 of  the 

heating unit 60, or reduces the amount of heat appl ied to 

the expandable sheet 211 by increasing the distance  

between the annular area 212 of the expandable shee t 211 

and the heat sources 62 of the heating unit 60.  Th e 

control unit 80 may adjust the heating time during which 
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the heating unit 60 heats the annular area 212 of t he 

expandable sheet 211 under conditions preset by the  

operator. 

        FIG. 7 illustrates in cross section the por tion of 

the expanding apparatus 10 that is in a state subse quent 

to the state illustrated in FIG. 6 in the thermoset ting 

step ST1 of the method of processing the workpiece 201 

illustrated in FIG. 5.  Next in the thermosetting s tep ST1, 

the annular area 212 of the expandable sheet 211 ar ound 

the workpiece 201 is cooled to make itself harder t han 

before it has been heated.  Specifically, the contr ol unit 

80 controls the heating unit 60 to stop heating the  heat 

sources 62.  As illustrated in FIG. 7, the control unit 80 

controls the lifting and lowering unit 64 to lift t he 

unit body 61 of the heating unit 60, spacing the he at 

sources 62 thereof away from the annular area 212 o f the 

expandable sheet 211.  According to the embodiment,  in the 

thermosetting step ST1, the annular area 212 of the  

expandable sheet 211 is cooled by being left at the  

normal temperature for a predetermined period of ti me.  

Since the expandable sheet 211 has a thermosetting 

property, it is hardened when cooled after it has b een 

heated.  In other words, the annular area 212 of th e 

expandable sheet 211 becomes harder than the area o f the 
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expandable sheet 211 that is affixed to the workpie ce 201. 

        FIG. 8 illustrates in cross section the por tion of 

the expanding apparatus 10 after the expanding step  ST2 

of the method of processing the workpiece 201 illus trated 

in FIG. 5.  The expanding step ST2 is a step of exp anding 

the expandable sheet 211 on and around the workpiec e 201 

in planar directions. 

        In the expanding step ST2, the chuck table 30 and 

the frame holder 40 are first moved along the centr al 

axis perpendicular to the face side 206 of the work piece 

201.  Specifically, the control unit 80 controls th e table 

lifting and lowering unit 53 of the chip interval f orming 

unit 50 to lift the push-up member 51 and the chuck  table 

30 in unison with each other.  At this time, since the 

expandable sheet 211 has an outer circumferential e dge 

portion fixed between the frame rest plate 41 and t he 

frame pressing plate 42, the annular area 212 of th e 

expandable sheet 211 is expanded in the planar dire ctions.  

Furthermore, as the rollers 511 on the upper end of  the 

push-up member 51 reduce friction between the push- up 

member 51 and the expandable sheet 211, the expanda ble 

sheet 211 is expanded in its entirety in the planar  

directions.  In the expanding step ST2, as a result  of the 

expansion of the expandable sheet 211, radial tensi le 
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forces act on the expandable sheet 211. 

        When the radial tensile forces act on the 

expandable sheet 211 that is affixed to the reverse  side 

207 of the workpiece 201, the workpiece 201 is divi ded 

along the projected dicing lines 204 from the modif ied 

layers 208 illustrated in FIG. 2 that act as divisi on 

initiating points.  Gaps or spaced intervals are th us 

formed in the workpiece 201 between the adjacent de vices 

205, dividing the workpiece 201 into the plurality of 

chips 202.  At this time, since the annular area 21 2 of 

the expandable sheet 211 is harder than the area of  the 

expandable sheet 211 that is affixed to the workpie ce 201, 

subsequent expansion of the annular area 212 of the  

expandable sheet 211 is limited whereas subsequent 

expansion of the area of the expandable sheet 211 t hat is 

affixed to the workpiece 201 is promoted. 

        In the method of processing the workpiece 2 01 

according to the embodiment, as described above, be fore 

the expandable sheet 211 is expanded, the annular a rea 

212 of the expandable sheet 211 around the workpiec e 201 

is heated and cooled for curing until it is made ha rder 

by curing than before it has been heated.  The expa nsion 

of the area of the expandable sheet 211 that is aff ixed 

to the workpiece 201 is thus promoted. 
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(First modification) 

        A method of processing the workpiece 201 ac cording 

to a first modification of the present invention wi ll be 

described below with reference to the drawings.  FI G. 9 

illustrates in perspective a configuration example of a 

heating and cooling unit 60-2 of an expanding appar atus 

10-2 used in the method of processing the workpiece  201 

according to the first modification.  Those parts 

illustrated in FIG. 9 that are identical to those 

according to the embodiment are denoted by identica l 

reference characters, and their description will be  

omitted below. 

        The expanding apparatus 10-2 used in the me thod of 

processing the workpiece 201 according to the first  

modification is different from the expanding appara tus 10 

according to the embodiment illustrated in FIGS. 3 and 4 

in that it includes a heating and cooling unit 60-2  

instead of the heating unit 60.  As with the heatin g unit 

60, the heating and cooling unit 60-2 includes a un it 

body 61, heat sources 62, a rotating unit 63, and a  

lifting and lowering unit 64.  The unit body 61, th e heat 

sources 62, the rotating unit 63, and the lifting a nd 

lowering unit 64 of the heating and cooling unit 60 -2 are 

structurally identical to the unit body 61, the hea t 
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sources 62, the rotating unit 63, and the lifting a nd 

lowering unit 64 of the heating unit 60, and their 

description will be omitted below.  The heating and  

cooling unit 60-2 is different from the heating uni t 60 

in that it includes a plurality of cooling fans 65.  

        The cooling fans 65 are disposed at equal a ngular 

intervals circumferentially on an outer marginal ed ge 

portion of the unit body 61.  The cooling fans 65 a re 

disposed in respective positions that vertically fa ce the 

annular area 212 of the expandable sheet 211 that e xtends 

between the inner edge of the annular frame 210 and  the 

outer edge of the workpiece 201 as the frame unit 2 00 is 

held by the chuck table 30 and the frame holder 40.   The 

cooling fans 65 sends air downwardly to locally coo l the 

annular area 212 of the expandable sheet 211 that e xtends 

between the inner edge of the annular frame 210 and  the 

outer edge of the workpiece 201.  According to the first 

modification, the heating and cooling unit 60-2 is 

illustrated as having four cooling fans 65.  Accord ing to 

the present invention, however, the number of cooli ng 

fans 65 may not necessarily be limited to four.  Al so, 

according to the first modification, the cooling fa ns 65 

are illustrated as alternating with the heat source s 62 

circumferentially on an outer edge portion of the u nit 
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body 61.  However, the present invention is not lim ited to 

such a layout. 

        In the thermosetting step ST1 according to the 

first modification, as with thermosetting step ST1 

according to the embodiment illustrated in FIG. 6, the 

annular area 212 of the expandable sheet 211 that l ies 

around the workpiece 201 is heated to a predetermin ed 

temperature or higher.  According to the embodiment , 

thereafter, the annular area 212 of the expandable sheet 

211 is cooled by being left at the normal temperatu re for 

a predetermined period of time, as illustrated in F IG. 7, 

as described above.  According to the first modific ation, 

however, the annular area 212 of the expandable she et 211 

is positively cooled.  Specifically, the control un it 80 

controls the heating and cooling unit 60-2 to stop 

heating the heat sources 62.  Then, while the heat sources 

62 of the heating and cooling unit 60-2 remain clos e to 

the annular area 212 of the expandable sheet 211, t he 

control unit 80 controls the heating and cooling un it 60-

2 to cause the cooling fans 65 to send air downward ly by 

applying a voltage to the cooling fans 65, for exam ple.  

In the method of processing the workpiece 201 accor ding 

to the first modification, inasmuch as the annular area 

212 of the expandable sheet 211 is positively coole d by 
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the air sent from the cooling fans 65, the time req uired 

by the thermosetting step ST1 is shortened. 

        After the thermosetting step ST1 according to the 

first modification has been carried out and before the 

expanding step ST2 is carried out, the control unit  80 

controls the lifting and lowering unit 64 to lift t he 

unit body 61 of the heating and cooling unit 60-2.  

Alternatively, the control unit 80 may control the 

lifting and lowering unit 64 to lift the unit body 61 of 

the heating and cooling unit 60-2 simultaneously wh en the 

push-up member 51 and the chuck table 30 are lifted  in 

the expanding step ST2. 

(Second modification) 

        A method of processing a workpiece 201-2 ac cording 

to a second modification of the present invention w ill be 

described below with reference to the drawings.  FI G. 10 

illustrates in plan by way of example the workpiece  201-2 

as a target to be processed by the method of proces sing 

the workpiece 201-2 according to the second modific ation.  

Those parts illustrated in FIG. 10 that are identic al to 

those according to the embodiment are denoted by 

identical reference characters, and their descripti on 

will be omitted below. 

        The workpiece 201-2 is divided into the ind ividual 
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chips 202 along the projected dicing lines 204 from  the 

modified layers 208 that act as division initiating  

points.  The workpiece 201-2 has devices 205 formed  

thereon that are of a rectangular shape each.  Each  of the 

devices 205 has a longitudinal length 214 larger th an a 

transverse length 215 thereof.  On the workpiece 20 1-2, 

the number of the projected dicing lines 204 that e xtend 

parallel to a first direction 221 parallel to the 

longitudinal directions of the devices 205 is large r than 

the number of the projected dicing lines 204 that e xtend 

parallel to a second direction 222 parallel to the 

transverse directions of the devices 205.  When the  

expandable sheet 211 is expanded, since the chips 2 02 are 

spaced from each other in directions perpendicular to the 

projected dicing lines 204, the expandable sheet 21 1 is 

expanded to a larger extent in directions perpendic ular 

to the projected dicing lines 204 of the larger-num ber 

group.  On the workpiece 201-2 according to the sec ond 

modification, the number of the projected dicing li nes 

204 perpendicular to the second direction 222 is la rger 

than the number of the projected dicing lines 204 

perpendicular to the first direction 221.  Therefor e, when 

the expandable sheet 211 of the frame unit 200 incl uding 

the workpiece 201-2 is expanded, the expandable she et 211 
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is expanded to a larger extent in the second direct ion 

222 than it is expanded in the first direction 221.  

        In the thermosetting step ST1 of the method  of 

processing the workpiece 201-2 according to the sec ond 

modification, the control unit 80 first controls th e 

heating unit 60 to heat portions of the annular are a 212 

of the expandable sheet 211 that are positioned at both 

ends in the second direction 222 to a predetermined  

temperature or higher.  In other words, the control  unit 

80 controls the heating unit 60 to heat areas of th e 

expandable sheet 211 that exist in directions in wh ich 

the expandable sheet 211 is to be expanded more tha n in 

other directions.  Then, the control unit 80 cools the 

portions of the annular area 212 of the expandable sheet 

211 that are positioned at both ends in the second 

direction 222, making the portions harder than befo re 

they have been heated.  By thus making the portions  of the 

annular area 212 of the expandable sheet 211 that a re 

positioned at both ends in the second direction 222 , 

harder than the other portions of the annular area 212, 

subsequent expansion of the annular area 212 of the  

expandable sheet 211 in the second direction 222 is  

limited.  In this manner, the method of processing the 

workpiece 201-2 according to the second modificatio n can 



34 

promote subsequent expansion of the area of the 

expandable sheet 211 that is affixed to the workpie ce 201 

in the second direction 222. 

(Third modification) 

        A method of processing a workpiece 201-3 ac cording 

to a third modification of the present invention wi ll be 

described below with reference to the drawings.  FI G. 11 

illustrates in enlarged fragmentary cross section a  

portion of the workpiece 201-3 whose chip interval is 

expanded by the method of processing the workpiece 201-3 

according to the third modification.  Those parts 

illustrated in FIG. 11 that are identical to those 

according to the embodiment are denoted by identica l 

reference characters, and their description will be  

omitted below. 

        The workpiece 201-3 according to the third 

embodiment has division grooves 216 defined between  the 

adjacent devices 205, and is divided into the indiv idual 

chips 202 from the division grooves 216.  The divis ion 

grooves 216 may be formed according to an ablation 

process by applying a laser beam having a wavelengt h that 

can be absorbed by the workpiece 201-3 to the workp iece 

201-3 along the projected dicing lines 204 (see FIG . 1 or 

10) or according to a cutting process by causing a 
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cutting blade to cut into the workpiece 201-3 along  the 

projected dicing lines 204. 

        In the thermosetting step ST1 according to the 

third modification, as with the thermosetting step ST1 

according to the embodiment, the annular area 212 o f the 

expandable sheet 211 that lies around the workpiece  201 

is heated to a predetermined temperature or higher,  and 

thereafter cooled to make itself harder than before  it 

has been heated.  The annular area 212 of the expan dable 

sheet 211 around the workpiece 201-3 is made harder  than 

the area of the expandable sheet 211 that is affixe d to 

the chips 202 and the areas of the expandable sheet  211 

that lie between the adjacent chips 202. 

        In the expanding step ST2, the chip interva l 

forming unit 50 (see FIG. 4 etc.) of the expanding 

apparatus 10 expands the expandable sheet 211 of th e 

frame unit 200, increasing the intervals between th e 

adjacent chips 202 to desired distances.  At this t ime, 

the annular area 212 of the expandable sheet 211 ar ound 

the workpiece 201-3 has been made harder than the a rea of 

the expandable sheet 211 that is affixed to the chi ps 202 

and the areas of the expandable sheet 211 that lie 

between the adjacent chips 202.  Consequently, in t he 

method of processing the workpiece 201-3 according the 
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third modification, subsequent expansion of the ann ular 

area 212 of the expandable sheet 211 is limited whe reas 

subsequent expansion of the areas of the expandable  sheet 

211 between the adjacent chips 202 is promoted. 

(Fourth modification) 

        A method of processing the workpiece 201 ac cording 

to a fourth modification of the present invention w ill be 

described below with reference to the drawings.  FI G. 12 

is a flowchart of the sequence of the method of 

processing the workpiece 201 according to the fourt h 

modification.  As illustrated in FIG. 12, the metho d of 

processing the workpiece 201 includes the thermoset ting 

step ST1, the expanding step ST2, and a slack remov ing 

step ST3.  In other words, the method of processing  the 

workpiece 201 further includes the slack removing s tep 

ST3 in addition to the method of processing the wor kpiece 

201 according to the embodiment. 

        FIG. 13 illustrates in cross section a port ion of 

the expanding apparatus 10 that is in a state in th e 

slack removing step ST3 of the method of processing  the 

workpiece 201 illustrated in FIG. 12.  FIG. 14 illu strates 

in cross section the portion of the expanding appar atus 

10 after the slack removing step ST3 of the method of 

processing the workpiece 201 illustrated in FIG. 12 .  The 
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slack removing step ST3 is a step of heating again and 

shrinking a slacked area of the expandable sheet 21 1 

around the workpiece 201 after the expanding step S T2 is 

performed. 

        The slack removing step ST3 is carried out 

subsequently by the expanding apparatus 10 used to carry 

out the thermosetting step ST1 and the expanding st ep ST2 

according to the embodiment or the first modificati on.  In 

the slack removing step ST3 according to the fourth  

embodiment, while the slack in the expandable sheet  211 

is being removed, the expandable sheet 211 needs to  

remain expanded.  After the expanding step ST2 illu strated 

in FIG. 8, radial tensile forces act on the expanda ble 

sheet 211.  At this time, the annular area 212 of t he 

expandable sheet 211 extends straight in cross sect ion 

from the lower surface of the annular frame 210 tow ard 

the upper surfaces of the rollers 511. 

        First, the control unit 80 actuates the vac uum 

suction source to attract the holding surface 31 of  the 

chuck table 30 under suction.  The chuck table 30 h olds 

the reverse side 207 of the workpiece 201 under suc tion 

on the holding surface 31 with the expandable sheet  211 

interposed therebetween.  The control unit 80 thus keeps 

the intervals between the adjacent chips 202. 
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        Next, the control unit 80 controls the tabl e 

lifting and lowering unit 53 of the chip interval f orming 

unit 50 to lower the push-up member 51 and the chuc k 

table 30 in unison with each other.  At this time, because 

the outer circumferential edge portion of the expan dable 

sheet 211 is fixed in position between the frame re st 

plate 41 and the frame pressing plate 42, and the c entral 

area of the expandable sheet 211 is held under suct ion, 

the expandable sheet 211 forms a slacked portion 21 3 in 

the annular area 212, as illustrated in FIG. 13.  A t this 

time, the control unit 80 controls the lifting and 

lowering unit 64 to lower the unit body 61 of the h eating 

unit 60 simultaneously with the chuck table 30. 

        In the slack removing step ST3, the control  unit 80 

heats the heat sources 62 of the heating unit 60 ag ain to 

a predetermined temperature by applying a voltage t o the 

heat sources 62.  The predetermined temperature is a 

preset constant temperature and may not necessarily  be 

the same as the heating temperature in the thermose tting 

step ST1.  The heated heat sources 62 radiate infra red 

rays.  As illustrated in FIG. 13, the control unit 80 

brings the heat sources 62 of the heating unit 60 c losely 

to the annular area 212 of the expandable sheet 211  and 

heats the heat sources 62 again.  The control unit 80 
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controls the rotating unit 63 to rotate the heating  unit 

60 about its central axis to move the heat sources 62 

circumferentially along the annular area 212 of the  

expandable sheet 211.  At this time, the control un it 80 

may control the lifting and lowering unit 64 of the  

heating unit 60 under conditions preset by the oper ator.  

For example, the control unit 80 may adjust the dis tance 

between the heat sources 62 and the expandable shee t 211 

for increasing the amount of heat applied to the ar ea 

that is slacked to a large extent and reducing the amount 

of heat applied to the area that is slacked to a sm all 

extent. 

        In the slack removing step ST3, the control  unit 80 

controls the heating unit 60 to heat the annular ar ea 212 

of the expandable sheet 211 expanded in the expandi ng 

step ST2.  As the expandable sheet 211 shrinks when  heated, 

the slack in the expandable sheet 211 is removed wh en the 

slacked portion 213 is heated, as illustrated in FI G. 14. 

        When the slack in the expandable sheet 211 has been 

removed, the slack removing step ST3 comes to an en d.  

After the slack removing step ST3, the control unit  80 

lifts the heating unit 60, stops heating the heat s ources 

62, and stops actuating the vacuum suction source.  The 

control unit 80 controls the frame holder 40 to rel ease 
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the annular frame 210.  Inasmuch as the slack in th e 

expandable sheet 211 that has been expanded is remo ved, 

even when the holding surface 31 of the chuck table  30 

stops holding the frame unit 200 under suction, the  

intervals between the adjacent chips 202 are kept. 

        In the method of processing the workpiece 2 01 

according to the fourth modification, as described above, 

the expandable sheet 211 that has been slacked by t he 

expansion between the annular frame 210 around the 

workpiece 201 and the plurality of chips 202 is shr unk by 

being heated again by the heating unit 60, thereby 

removing the slack in the expandable sheet 211.  At  this 

time, as the heat sources 62 used for heating the 

expandable sheet 211 in the thermosetting step ST1 and 

the heat sources 62 used for heating the expandable  sheet 

211 again in the slack removing step ST3 are shared  in 

common, the heat sources 62 are used efficiently. 

        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 processing a plate-shaped w orkpiece 

that has division initiating points formed therein along 

projected dicing lines thereon or that has been div ided 

into a plurality of chips, the workpiece being disp osed 

in an opening of an annular frame and supported on an 

expandable sheet having a thermosetting property an d 

fixed to the annular frame, thereby making up a fra me 

unit, the expandable sheet being expanded to divide  the 

workpiece into individual chips from the division 

initiating points or to increase distances between the 

adjacent chips, the method comprising: 

        a thermosetting step of heating an area of the 

expandable sheet around the workpiece to a predeter mined 

temperature or higher and thereafter cooling the he ated 

area of the expandable sheet to make the area harde r than 

before the area has been heated; and 

        after the thermosetting step, an expanding step of 

expanding the area of the expandable sheet around t he 

workpiece in planar directions to divide the workpi ece 

into the chips or to increase distances between the  

adjacent chips. 

        2.  The method of processing a plate-shaped  

workpiece according to claim 1, wherein the expanda ble 
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sheet includes a base layer and an adhesive layer, the 

base layer or the adhesive layer being made of a 

thermosetting resin. 

        3.  The method of processing a plate-shaped  

workpiece according to claim 1, wherein the thermos etting 

step is carried out on areas of the expandable shee t that 

exist in directions in which the expandable sheet i s to 

be expanded more than in other directions. 

        4.  The method of processing a plate-shaped  

workpiece according to claim 1, further comprising:  

        after the expanding step, a slack removing step of 

heating again the area of the expandable sheet arou nd the 

workpiece that has been slacked to shrink the slack ed 

area of the expandable sheet. 

  


