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WAFER PROCESSING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a wafer pr ocessing 

method for dividing a wafer along a plurality of di vision 

lines to obtain a plurality of individual device ch ips, 

the division lines being formed on the front side o f the 

wafer to thereby define a plurality of separate reg ions 

where a plurality of devices are individually forme d. 

Description of the Related Art 

        In a fabrication process for device chips t o be 

used in electronic equipment such as mobile phones and 

personal computers, a plurality of crossing divisio n 

lines (streets) are first set on the front side of a 

wafer formed of a semiconductor, for example, there by 

defining a plurality of separate regions on the fro nt 

side of the wafer.  In each separate region, a devi ce such 

as an integrated circuit (IC), a large-scale integr ated 

circuit (LSI), and a light emitting diode (LED) is next 

formed.  Thereafter, a ring frame having an inside opening 

is prepared, in which an adhesive tape called a dic ing 

tape is previously attached in its peripheral porti on to 

the ring frame (the back side of the ring frame) so  as to 
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close the inside opening of the ring frame.  Therea fter, a 

central portion of the adhesive tape is attached to  the 

back side of the wafer such that the wafer is 

accommodated in the inside opening of the ring fram e.  In 

this manner, the wafer, the adhesive tape, and the ring 

frame are united together to form a frame unit.  

Thereafter, the wafer included in this frame unit i s 

processed to be divided along each division line, t hereby 

obtaining a plurality of individual device chips 

including the respective devices. 

        For example, a laser processing apparatus i s used 

to divide the wafer (see Japanese Patent Laid-Open No. 

H10-305420).  The laser processing apparatus includ es a 

chuck table for holding the wafer through the adhes ive 

tape and a laser processing unit for applying a las er 

beam to the wafer held on the chuck table, the lase r beam 

having an absorption wavelength to the wafer.  In d ividing 

the wafer by using this laser processing apparatus,  the 

frame unit is placed on the chuck table, and the wa fer is 

held through the adhesive tape on the upper surface  of 

the chuck table.  In this condition, the chuck tabl e and 

the laser processing unit are relatively moved in a  

direction parallel to the upper surface of the chuc k 

table.  At the same time, the laser beam is applied  from 
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the laser processing unit to the wafer.  When the l aser 

beam is applied to the wafer, laser ablation occurs  to 

form a division groove in the wafer along each divi sion 

line, thereby dividing the wafer along each divisio n line. 

        Thereafter, the frame unit is transferred f rom the 

laser processing apparatus to another apparatus for  

applying ultraviolet light to the adhesive tape to 

thereby reduce the adhesion of the adhesive tape.  

Thereafter, each device chip is picked up from the 

adhesive tape.  As a processing apparatus capable o f 

producing the device chips with high efficiency, th ere is 

a processing apparatus capable of continuously perf orming 

the operation for dividing the wafer and the operat ion 

for applying ultraviolet light to the adhesive tape  (see 

Japanese Patent No. 3076179, for example).  Each de vice 

chip picked up from the adhesive tape is next mount ed on 

a predetermined wiring substrate or the like. 

 

SUMMARY OF THE INVENTION 

        The adhesive tape includes a base layer for med from 

a polyvinyl chloride sheet, for example, and an adh esive 

layer formed on the base layer.  In the laser proce ssing 

apparatus, the laser beam is applied to the wafer u nder 

the conditions where each division groove can be re liably 
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formed in the wafer so as to have a depth from the front 

side to the back side of the wafer, in order to rel iably 

divide the wafer by laser ablation.  As a result, t he 

adhesive layer of the adhesive tape attached to the  back 

side of the wafer is melted by the heat due to the 

application of the laser beam to the wafer at the 

position below or around each division groove forme d in 

the wafer, and a part of the adhesive layer melted is 

fixed to the back side of each device chip obtained  from 

the wafer.  In this case, in the step of picking up  each 

device chip from the adhesive tape, ultraviolet lig ht is 

applied to the adhesive tape to reduce the adhesion  of 

the adhesive tape.  However, the part of the adhesi ve 

layer melted and fixed to the back side of each dev ice 

chip attached to the adhesive tape is yet left on t he 

back side of each device chip picked up from the ad hesive 

tape.  As a result, the quality of each device chip  is 

degraded. 

        The present invention has been made in view  of such 

problems, and it is therefore an object of the pres ent 

invention to provide a wafer processing method whic h can 

prevent the adherence of the adhesive layer to the back 

side of each device chip obtained from a wafer, the reby 

suppressing a degradation in quality of each device  chip 
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due to the adherence of the adhesive layer. 

        In accordance with an aspect of the present  

invention, there is provided a wafer processing met hod 

for dividing a wafer along a plurality of division lines 

to obtain a plurality of individual device chips, t he 

division lines being formed on a front side of the wafer 

to thereby define a plurality of separate regions w here a 

plurality of devices are individually formed.  The wafer 

processing method includes a ring frame preparing s tep of 

preparing a ring frame having an inside opening for  

accommodating the wafer, a polyester sheet providin g step 

of positioning the wafer in the inside opening of t he 

ring frame and providing a polyester sheet on a bac k side 

of the wafer and on a back side of the ring frame, a 

uniting step of heating the polyester sheet as appl ying a 

pressure to the polyester sheet after performing th e 

polyester sheet providing step, thereby uniting the  wafer 

and the ring frame through the polyester sheet by 

thermocompression bonding to form a frame unit in a  

condition where the front side of the wafer and the  front 

side of the ring frame are exposed upward, a dividi ng 

step of applying a laser beam to the wafer along ea ch 

division line, the laser beam having an absorption 

wavelength to the wafer, after performing the uniti ng 
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step, thereby forming a division groove in the wafe r 

along each division line to divide the wafer into t he 

individual device chips, and a pickup step of heati ng the 

polyester sheet in each region of the polyester she et 

corresponding to each device chip, pushing up each device 

chip from the polyester sheet side to pick up each device 

chip from the polyester sheet after performing the 

dividing step. 

        Preferably, the uniting step includes a ste p of 

applying infrared light to the polyester sheet, the reby 

performing the thermocompression bonding. 

        Preferably, the polyester sheet is larger i n size 

than the ring frame, and the uniting step includes an 

additional step of cutting the polyester sheet afte r 

heating the polyester sheet, thereby removing a par t of 

the polyester sheet outside the outer circumference  of 

the ring frame. 

        Preferably, the pickup step includes a step  of 

expanding the polyester sheet to thereby increase a  

spacing between any adjacent ones of the device chi ps. 

        Preferably, the polyester sheet is formed o f a 

material selected from the group consisting of 

polyethylene terephthalate and polyethylene naphtha late. 

        In the case that the polyester sheet is for med of 
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polyethylene terephthalate, the polyester sheet is 

preferably heated in the range of 250°C to 270°C in  the 

uniting step.  In the case that the polyester sheet  is 

formed of polyethylene naphthalate, the polyester s heet 

is preferably heated in the range of 160°C to 180°C  in 

the uniting step. 

        Preferably, the wafer is formed of a materi al 

selected from the group consisting of silicon, gall ium 

nitride, gallium arsenide, and glass. 

        In the wafer processing method according to  a 

preferred embodiment of the present invention, the wafer 

and the ring frame are united by using the polyeste r 

sheet having no adhesive layer in place of an adhes ive 

tape having an adhesive layer, thereby forming the frame 

unit composed of the wafer, the ring frame, and the  

polyester sheet united together.  The uniting step of 

uniting the wafer and the ring frame through the 

polyester sheet is realized by thermocompression bo nding.  

After performing the uniting step, a laser beam hav ing an 

absorption wavelength to the wafer is applied to th e 

wafer to thereby form a division groove in the wafe r 

along each division line by laser ablation, so that  the 

wafer is divided along each division line to obtain  

individual device chips attached to the polyester s heet.  
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Thereafter, in each region of the polyester sheet 

corresponding to each device chip, the polyester sh eet is 

heated, each device chip is then pushed up from the  

polyester sheet side and then picked up from the 

polyester sheet.  Each device chip picked up is nex t 

mounted on a predetermined mounting substrate or th e like.  

Note that, when the polyester sheet is heated in pi cking 

up each device chip, the adhesion of the polyester sheet 

is lowered, and a load applied to each device chip can be 

reduced. 

        In performing laser ablation to the wafer, the heat 

due to the application of the laser beam to the waf er is 

transmitted to the polyester sheet at the position below 

or near each division groove.  However, since the 

polyester sheet has no adhesive layer, there is no 

problem that the adhesive layer may be melted to be  fixed 

to the back side of each device chip.  That is, acc ording 

to one aspect of the present invention, the frame u nit 

can be formed by using the polyester sheet having n o 

adhesive layer, so that an adhesive tape having an 

adhesive layer is not required.  As a result, it is  

possible to prevent the problem that the quality of  each 

device chip is degraded by the adherence of the adh esive 

layer to each device chip. 
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        Thus, the wafer processing method according  to one 

aspect of the present invention can exhibit the eff ect 

that the adhesive layer does not adhere to the back  side 

of each device chip obtained from the wafer, thereb y 

suppressing a degradation in quality of each device  chip 

due to the adherence of the adhesive layer. 

        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 depicting a pref erred 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a schematic perspective view of a  wafer; 

        FIG. 2 is a schematic perspective view depi cting a 

manner of positioning the wafer and a ring frame on  a 

holding surface of a chuck table; 

        FIG. 3 is a schematic perspective view depi cting a 

polyester sheet providing step; 

        FIG. 4 is a schematic perspective view depi cting a 

uniting step; 

        FIG. 5 is a schematic perspective view depi cting a 
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modification of the uniting step; 

        FIG. 6 is a schematic perspective view depi cting 

another modification of the uniting step; 

        FIG. 7A is a schematic perspective view dep icting a 

manner of cutting the polyester sheet after perform ing 

the uniting step; 

        FIG. 7B is a schematic perspective view of a frame 

unit formed by performing the step depicted in FIG.  7A; 

        FIG. 8 is a schematic perspective view depi cting a 

dividing step; 

        FIG. 9 is a schematic perspective view depi cting a 

manner of loading the frame unit to a pickup appara tus 

after performing the dividing step; 

        FIG. 10A is a schematic sectional view depi cting a 

standby condition where the frame unit is fixed to a 

frame support table set at an initial position in a  

pickup step using the pickup apparatus depicted in FIG. 

9; and 

        FIG. 10B is a schematic sectional view depi cting a 

working condition where the frame support table hol ding 

the frame unit with the polyester sheet is lowered to 

expand the polyester sheet in the pickup step. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
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        A preferred embodiment of the present inven tion 

will now be described with reference to the attache d 

drawings.  There will first be described a wafer to  be 

processed by a wafer processing method according to  this 

preferred embodiment.  FIG. 1 is a schematic perspe ctive 

view of a wafer 1.  The wafer 1 is a substantially disc-

shaped substrate formed of a material such as silic on 

(Si), silicon carbide (SiC), gallium nitride (GaN),  and 

gallium arsenide (GaAs).  The wafer 1 may be formed  of any 

other semiconductor materials.  Further, the wafer 1 may 

be formed of a material such as sapphire, glass, an d 

quartz.  Examples of the glass include alkaline gla ss, 

nonalkaline glass, soda lime glass, lead glass, 

borosilicate glass, and silica glass.  The wafer 1 has a 

front side 1a and a back side 1b.  A plurality of c rossing 

division lines 3 are formed on the front side 1a of  the 

wafer 1 to thereby define a plurality of respective  

separate regions where a plurality of devices 5 suc h as 

ICs, LSIs, and LEDs are formed.  The crossing divis ion 

lines 3 are composed of a plurality of parallel div ision 

lines 3 extending in a first direction and a plural ity of 

parallel division lines 3 extending in a second dir ection 

perpendicular to the first direction.  In the proce ssing 

method for the wafer 1 according to this preferred 
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embodiment, laser ablation is performed to form a 

plurality of crossing division grooves along the 

respective crossing division lines 3 in the wafer 1 , 

thereby dividing the wafer 1 into a plurality of 

individual device chips each including the device 5 . 

        The laser ablation is performed by using a laser 

processing apparatus 12 (see FIG. 8).  Prior to loa ding 

the wafer 1 into the laser processing apparatus 12,  the 

wafer 1 is united with a polyester sheet 9 (see FIG . 3) 

and a ring frame 7 (see FIG. 2) to thereby form a f rame 

unit 11 (see FIG. 8).  Thus, the wafer 1 is loaded in the 

form of the frame unit 11 into the laser processing  

apparatus 12 and then processed by the laser proces sing 

apparatus 12 to obtain the individual device chips,  in 

which each device chip is supported to the polyeste r 

sheet 9.  Thereafter, the polyester sheet 9 is expa nded to 

thereby increase the spacing between any adjacent o nes of 

the device chips.  Thereafter, each device chip is picked 

up by using a pickup apparatus.  The ring frame 7 i s 

formed of a rigid material such as metal, and it ha s a 

circular inside opening 7a having a diameter larger  than 

that of the wafer 1.  The outside shape of the ring  frame 

7 is substantially circular.  The ring frame 7 has a front 

side 7b and a back side 7c.  In forming the frame u nit, 
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the wafer 1 is accommodated in the inside opening 7 a of 

the ring frame 7 and positioned in such a manner th at the 

center of the wafer 1 substantially coincides with the 

center of the inside opening 7a. 

        The polyester sheet 9 is a flexible (expand able) 

resin sheet, and it has a flat front side and a fla t back 

side.  The polyester sheet 9 is a circular sheet ha ving a 

diameter larger than the outer diameter of the ring  frame 

7.  The polyester sheet 9 has no adhesive layer.  T he 

polyester sheet 9 is a sheet of a polymer (polyeste r) 

synthesized by polymerizing dicarboxylic acid (a co mpound 

having two carboxyl groups) and diol (a compound ha ving 

two hydroxyl groups) as a monomer.  Examples of the  

polyester sheet 9 include a polyethylene terephthal ate 

sheet and a polyethylene naphthalate sheet.  The po lyester 

sheet 9 is transparent or translucent to visible li ght.  

As a modification, the polyester sheet 9 may be opa que.  

Since the polyester sheet 9 has no adhesive propert y, it 

cannot be attached to the wafer 1 and the ring fram e 7 at 

room temperature.  However, the polyester sheet 9 i s a 

thermoplastic sheet, so that, when the polyester sh eet 9 

is heated to a temperature near its melting point u nder a 

predetermined pressure in a condition where the pol yester 

sheet 9 is in contact with the wafer 1 and the ring  frame 
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7, the polyester sheet 9 is partially melted and th ereby 

bonded to the wafer 1 and the ring frame 7.  That i s, by 

applying heat and pressure to the polyester sheet 9  in 

the condition where the polyester sheet 9 is in con tact 

with the wafer 1 and the ring frame 7, the polyeste r 

sheet 9 can be bonded to the wafer 1 and the ring f rame 7.  

Thusly, in the processing method for the wafer 1 

according to this preferred embodiment, all of the wafer 

1, the ring frame 7, and the polyester sheet 9 are united 

by thermocompression bonding as mentioned above, th ereby 

forming the frame unit. 

        The steps of the processing method for the wafer 1 

according to this preferred embodiment will now be 

described.  Prior to uniting the wafer 1, the polye ster 

sheet 9, and the ring frame 7, a polyester sheet 

providing step is performed by using a chuck table 2 

having a holding surface 2a depicted in FIG. 2.  FI G. 2 is 

a schematic perspective view depicting a manner of 

positioning the wafer 1 and the ring frame 7 on the  

holding surface 2a of the chuck table 2.  That is, the 

polyester sheet providing step is performed on the 

holding surface 2a of the chuck table 2 as depicted  in 

FIG. 2.  The chuck table 2 has a circular porous me mber 

having a diameter larger than the outer diameter of  the 
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ring frame 7.  The porous member constitutes a cent ral 

upper portion of the chuck table 2.  The porous mem ber has 

an upper surface functioning as the holding surface  2a of 

the chuck table 2.  A suction passage (not depicted ) is 

formed in the chuck table 2, in which one end of th e 

suction passage is connected to the porous member.  

Further, a vacuum source 2b (see FIG. 3) is connect ed to 

the other end of the suction passage.  The suction passage 

is provided with a selector 2c (see FIG. 3) for swi tching 

between an ON condition and an OFF condition.  When  the ON 

condition is established by the selector 2c, a vacu um 

produced by the vacuum source 2b is applied to a 

workpiece placed on the holding surface 2a of the c huck 

table 2, thereby holding the workpiece on the chuck  table 

2 under suction. 

        In the polyester sheet providing step, the wafer 1 

and the ring frame 7 are first placed on the holdin g 

surface 2a of the chuck table 2 as depicted in FIG.  2.  At 

this time, the front side 1a of the wafer 1 is orie nted 

downward, and the front side 7b of the ring frame 7  is 

also oriented downward.  In this condition, the waf er 1 is 

positioned in the inside opening 7a of the ring fra me 7.  

Thereafter, as depicted in FIG. 3, the polyester sh eet 9 

is provided on the back side 1b (upper surface) of the 
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wafer 1 and on the back side 7c (upper surface) of the 

ring frame 7.  FIG. 3 is a schematic perspective vi ew 

depicting a manner of providing the polyester sheet  9 on 

the wafer 1 and the ring frame 7.  That is, as depi cted in 

FIG. 3, the polyester sheet 9 is provided so as to fully 

cover the wafer 1 and the ring frame 7.  In the pol yester 

sheet providing step, the diameter of the polyester  sheet 

9 is set larger than the diameter of the holding su rface 

2a of the chuck table 2.  Unless the diameter of th e 

polyester sheet 9 is larger than the diameter of th e 

holding surface 2a, there may arise a problem such that, 

when the vacuum from the vacuum source 2b is applie d to 

the holding surface 2a of the chuck table 2 in a un iting 

step to be performed later, the vacuum may leak fro m any 

gap between the polyester sheet 9 and the holding s urface 

2a because the holding surface 2a is not fully cove red 

with the polyester sheet 9, so that a pressure cann ot be 

properly applied to the polyester sheet 9. 

        In the processing method for the wafer 1 ac cording 

to this preferred embodiment, a uniting step is nex t 

performed in such a manner that the polyester sheet  9 is 

heated to unite the wafer 1 and the ring frame 7 th rough 

the polyester sheet 9 by thermocompression bonding.   FIG. 

4 is a schematic perspective view depicting the uni ting 
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step according to this preferred embodiment.  As de picted 

in FIG. 4, the polyester sheet 9 transparent or 

translucent to visible light is provided so as to f ully 

cover the wafer 1, the ring frame 7, and the holdin g 

surface 2a of the chuck table 2, which are all depi cted 

by broken lines in FIG. 4.  In the uniting step, th e 

selector 2c is operated to establish the ON conditi on 

where the vacuum source 2b is in communication with  the 

porous member of the chuck table 2, i.e., the holdi ng 

surface 2a of the chuck table 2, so that a vacuum 

produced by the vacuum source 2b is applied to the 

polyester sheet 9 provided on the chuck table 2.  

Accordingly, the polyester sheet 9 is brought into close 

contact with the wafer 1 and the ring frame 7 by th e 

atmospheric pressure applied to the upper surface o f the 

polyester sheet 9. 

        Thereafter, the polyester sheet 9 is heated  in a 

condition where the polyester sheet 9 is sucked by the 

vacuum source 2b, thereby performing thermocompress ion 

bonding.  In this preferred embodiment depicted in FIG. 4, 

for example, the heating of the polyester sheet 9 i s 

effected by a heat gun 4 provided above the chuck t able 2.  

The heat gun 4 includes heating means such as a hea ting 

wire and an air blowing mechanism such as a fan.  
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Accordingly, the heat gun 4 can heat ambient air an d blow 

the heated air.  In a condition where the vacuum fr om the 

vacuum source 2b is applied to the polyester sheet 9, the 

heat gun 4 is operated to supply hot air 4a to the upper 

surface of the polyester sheet 9.  Accordingly, whe n the 

polyester sheet 9 is heated to a predetermined 

temperature, the polyester sheet 9 is bonded to the  wafer 

1 and the ring frame 7 by thermocompression bonding . 

        Another method for heating the polyester sh eet 9 

may be adopted.  For example, any member heated to a 

predetermined temperature may be pressed on the pol yester 

sheet 9 against the wafer 1 and the ring frame 7.  FIG. 5 

is a schematic perspective view depicting such a 

modification of the uniting step.  As depicted in F IG. 5, 

the polyester sheet 9 transparent or translucent to  

visible light is provided so as to fully cover the wafer 

1, the ring frame 7, and the holding surface 2a of the 

chuck table 2, which are all depicted by broken lin es in 

FIG. 5.  In this modification depicted in FIG. 5, a  heat 

roller 6 including a heat source is used.  More 

specifically, the vacuum produced by the vacuum sou rce 2b 

is first applied to the polyester sheet 9, so that the 

polyester sheet 9 is brought into close contact wit h the 

wafer 1 and the ring frame 7 by the atmospheric pre ssure 
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applied to the upper surface of the polyester sheet  9. 

        Thereafter, the heat roller 6 is heated to a 

predetermined temperature, and next placed on the h olding 

surface 2a of the chuck table 2 at one end lying on  the 

outer circumference of the holding surface 2a as de picted 

in FIG. 5.  Thereafter, the heat roller 6 is rotate d about 

its axis to roll on the chuck table 2 through the 

polyester sheet 9 from the above one end to another  end 

diametrically opposite to the above one end.  As a result, 

the polyester sheet 9 is bonded to the wafer 1 and the 

ring frame 7 by thermocompression bonding.  In the case 

that a force for pressing the polyester sheet 9 is 

applied by the heat roller 6, the thermocompression  

bonding is effected at a pressure higher than atmos pheric 

pressure.  Preferably, a cylindrical surface of the  heat 

roller 6 is coated with fluororesin.  Further, the heat 

roller 6 may be replaced by any iron-like pressure member 

having a flat base plate and containing a heat sour ce.  In 

this case, the pressure member is heated to a 

predetermined temperature to thereby provide a hot plate, 

which is next pressed on the polyester sheet 9 held  on 

the chuck table 2. 

        Still another method for heating the polyes ter 

sheet 9 may be adopted in the following manner.  FI G. 6 is 
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a schematic perspective view depicting such another  

modification of the uniting step.  As depicted in F IG. 6, 

the polyester sheet 9 transparent or translucent to  

visible light is provided so as to fully cover the wafer 

1, the ring frame 7, and the holding surface 2a of the 

chuck table 2, which are all depicted by broken lin es in 

FIG. 6.  In this modification depicted in FIG. 6, a n 

infrared lamp 8 is provided above the chuck table 2  to 

heat the polyester sheet 9.  The infrared lamp 8 ca n apply 

infrared light 8a having an absorption wavelength t o at 

least the material of the polyester sheet 9.  Also in the 

modification depicted in FIG. 6, the vacuum produce d by 

the vacuum source 2b is first applied to the polyes ter 

sheet 9, so that the polyester sheet 9 is brought i nto 

close contact with the wafer 1 and the ring frame 7  by 

the atmospheric pressure applied to the upper surfa ce of 

the polyester sheet 9.  Thereafter, the infrared la mp 8 is 

operated to apply the infrared light 8a to the poly ester 

sheet 9, thereby heating the polyester sheet 9.  As  a 

result, the polyester sheet 9 is bonded to the wafe r 1 

and the ring frame 7 by thermocompression bonding. 

        When the polyester sheet 9 is heated to a 

temperature near its melting point by performing an y one 

of the above methods, the polyester sheet 9 is bond ed to 
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the wafer 1 and the ring frame 7 by thermocompressi on 

bonding.  After bonding the polyester sheet 9, the 

selector 2c is operated to establish the OFF condit ion 

where the communication between the porous member o f the 

chuck table 2 and the vacuum source 2b is canceled.   

Accordingly, the suction holding by the chuck table  2 is 

canceled. 

        Thereafter, the polyester sheet 9 is circul arly cut 

along the outer circumference of the ring frame 7 t o 

remove an unwanted peripheral portion of the polyes ter 

sheet 9.  FIG. 7A is a schematic perspective view 

depicting a manner of cutting the polyester sheet 9 .  As 

depicted in FIG. 7A, a disc-shaped (annular) cutter  10 is 

used to cut the polyester sheet 9.  The cutter 10 h as a 

central through hole 10a in which a rotating shaft 10b is 

fitted.  Accordingly, the cutter 10 is rotatable ab out the 

axis of the rotating shaft 10b.  First, the cutter 10 is 

positioned above the ring frame 7.  At this time, t he 

rotating shaft 10b is set so as to extend in the ra dial 

direction of the chuck table 2.  Thereafter, the cu tter 10 

is lowered until the outer circumference (cutting e dge) 

of the cutter 10 comes into contact with the polyes ter 

sheet 9 placed on the ring frame 7.  That is, the 

polyester sheet 9 is caught between the cutter 10 a nd the 
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ring frame 7, so that the polyester sheet 9 is cut by the 

cutter 10 to form a cut mark 9a.  Further, the cutt er 10 

is rolled on the polyester sheet 9 along a circular  line 

set between the inner circumference of the ring fra me 7 

(i.e., the periphery of the inside opening 7a of th e ring 

frame 7) and the outer circumference of the ring fr ame 7, 

thereby circularly forming the cut mark 9a along th e 

above circular line.  As a result, a predetermined central 

portion of the polyester sheet 9 is surrounded by t he 

circular cut mark 9a.  Thereafter, a remaining peri pheral 

portion of the polyester sheet 9 outside the circul ar cut 

mark 9a is removed.  That is, an unwanted periphera l 

portion of the polyester sheet 9 including an outer most 

peripheral portion outside the outer circumference of the 

ring frame 7 can be removed. 

        The cutter 10 may be replaced by an ultraso nic 

cutter for cutting the polyester sheet 9.  Further,  a 

vibration source for vibrating the cutter 10 at a 

frequency in an ultrasonic band may be connected to  the 

cutter 10.  Further, in cutting the polyester sheet  9, the 

polyester sheet 9 may be cooled to be hardened in o rder 

to facilitate the cutting operation.  By cutting th e 

polyester sheet 9 as mentioned above, a frame unit 11 

depicted in FIG. 7B is formed, in which the frame u nit 11 
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is composed of the wafer 1, the ring frame 7, and t he 

polyester sheet 9 united together.  That is, the wa fer 1 

and the ring frame 7 are united with each other thr ough 

the polyester sheet 9 to form the frame unit 11 as 

depicted in FIG. 7B.  FIG. 7B is a schematic perspe ctive 

view of the frame unit 11 in a condition where the front 

side 1a of the wafer 1 and the front side 7b of the  ring 

frame 7 are exposed upward. 

        In performing the thermocompression bonding  as 

mentioned above, the polyester sheet 9 is heated 

preferably to a temperature lower than or equal to the 

melting point of the polyester sheet 9.  If the hea ting 

temperature is higher than the melting point of the  

polyester sheet 9, there is a possibility that the 

polyester sheet 9 may be melted to such an extent t hat 

the shape of the polyester sheet 9 cannot be mainta ined.  

Further, the polyester sheet 9 is heated preferably  to a 

temperature higher than or equal to the softening p oint 

of the polyester sheet 9.  If the heating temperatu re is 

lower than the softening point of the polyester she et 9, 

the thermocompression bonding cannot be properly 

performed.  Accordingly, the polyester sheet 9 is h eated 

preferably to a temperature higher than or equal to  the 

softening point of the polyester sheet 9 and lower than 
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or equal to the melting point of the polyester shee t 9.  

Further, there is a case that the softening point o f the 

polyester sheet 9 may be unclear.  To cope with suc h a 

case, in performing the thermocompression bonding, the 

polyester sheet 9 is heated preferably to a tempera ture 

higher than or equal to a preset temperature and lo wer 

than or equal to the melting point of the polyester  sheet 

9, the preset temperature being lower by 20°C than the 

melting point of the polyester sheet 9. 

        In the case that the polyester sheet 9 is a  

polyethylene terephthalate sheet, the heating tempe rature 

in the uniting step is preferably set in the range of 

250°C to 270°C.  Further, in the case that the poly ester 

sheet 9 is a polyethylene naphthalate sheet, the he ating 

temperature in the uniting step is preferably set i n the 

range of 160°C to 180°C. 

        The heating temperature is defined herein a s the 

temperature of the polyester sheet 9 to be heated i n 

performing the uniting step.  As the heat sources i ncluded 

in the heat gun 4, the heat roller 6, and the infra red 

lamp 8 mentioned above, some kind of heat source ca pable 

of setting an output temperature has been put into 

practical use.  However, even when such a heat sour ce is 

used to heat the polyester sheet 9, the temperature  of 
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the polyester sheet 9 does not reach the output 

temperature set above in some case.  To cope with s uch a 

case, the output temperature of the heat source may  be 

set to a temperature higher than the melting point of the 

polyester sheet 9 in order to heat the polyester sh eet 9 

to a predetermined temperature. 

        After performing the uniting step mentioned  above, 

a dividing step is performed in such a manner that the 

wafer 1 in the condition of the frame unit 11 is 

processed by laser ablation to form a plurality of 

crossing division grooves along the plural crossing  

division lines 3 in the wafer 1, thereby dividing t he 

wafer 1 into individual device chips.  The dividing  step 

is performed by using a laser processing apparatus 12 

depicted in FIG. 8 in this preferred embodiment.  F IG. 8 

is a schematic perspective view depicting the divid ing 

step.  As depicted in FIG. 8, the laser processing 

apparatus 12 includes a laser processing unit 14 fo r 

performing laser ablation to the wafer 1 and a chuc k 

table (not depicted) for holding the wafer 1.  The laser 

processing unit 14 includes a laser oscillator (not  

depicted) for generating a laser beam 16 having an 

absorption wavelength to the wafer 1 (having a wave length 

absorptive to the wafer 1).  The chuck table has an  upper 
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surface as a holding surface for holding the wafer 1.  The 

chuck table is movable in a direction parallel to t he 

upper surface thereof, that is, movable in a feedin g 

direction.  The laser beam 16 generated from the la ser 

oscillator in the laser processing unit 14 is appli ed to 

the wafer 1 held on the chuck table.  The laser pro cessing 

unit 14 further includes a processing head 14a havi ng a 

mechanism for focusing the laser beam 16 at a 

predetermined vertical position in the wafer 1. 

        In performing laser ablation to the wafer 1 , the 

frame unit 11 is placed on the chuck table in the 

condition where the front side 1a of the wafer 1 is  

exposed upward.  Accordingly, the wafer 1 is held t hrough 

the polyester sheet 9 on the chuck table.  Thereaft er, the 

chuck table is rotated to make the division lines 3  

extending in the first direction on the front side 1a of 

the wafer 1 parallel to a feeding direction in the laser 

processing apparatus 12.  Further, the chuck table and the 

laser processing unit 14 are relatively moved to ad just a 

relative position, thereby positioning the processi ng 

head 14a directly above an extension of a predeterm ined 

one of the division lines 3 extending in the first 

direction.  Thereafter, the laser beam 16 is applie d from 

the processing head 14a to the wafer 1.  At the sam e time, 
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the chuck table and the laser processing unit 14 ar e 

relatively moved in the feeding direction parallel to the 

upper surface of the chuck table.  As a result, the  laser 

beam 16 is applied to the wafer 1 along the predete rmined 

division line 3, thereby performing laser ablation along 

the predetermined division line 3.  Accordingly, a 

division groove 3a is formed in the wafer 1 along t he 

predetermined division line 3 by the laser beam 16.   The 

division groove 3a has a depth from the front side 1a to 

the back side 1b of the wafer 1.  In this dividing step, 

the laser beam 16 may be applied under the followin g 

processing conditions.  The following processing 

conditions are merely illustrative. 

        Wavelength: 355 nm 

        Repetition frequency: 50 kHz 

        Average power: 5 W 

        Feed speed: 200 mm/s 

        After forming the division groove 3a along the 

predetermined division line 3, the chuck table and the 

laser processing unit 14 are moved in an indexing 

direction perpendicular to the feeding direction to  

similarly perform laser ablation along the next div ision 

line 3 extending in the first direction.  Thereafte r, 

laser ablation is similarly performed along all of the 
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other division lines 3 extending in the first direc tion.  

Thus, a plurality of similar division grooves 3a ar e 

formed along all of the division lines 3 extending in the 

first direction.  Thereafter, the chuck table is ro tated 

90 degrees about its vertical axis perpendicular to  the 

holding surface thereof to similarly perform laser 

ablation along all of the division lines 3 extendin g in 

the second direction perpendicular to the first dir ection.  

Thus, a plurality of similar division grooves 3a ar e 

formed along all of the division lines 3 extending in the 

second direction.  In this manner, the plural cross ing 

division grooves 3a having a depth from the front s ide 1a 

to the back side 1b of the wafer 1 are formed in th e 

wafer 1 along the respective crossing division line s 3, 

so that the wafer 1 is divided by these division li nes 3a 

to obtain the individual device chips. 

        When the laser processing unit 14 is operat ed to 

perform laser ablation to the wafer 1, processing d ust is 

generated from the wafer 1 at the position where th e 

laser beam 16 is applied.  This processing dust sca tters 

around this laser applying position to adhere to th e 

front side 1a of the wafer 1.  Although the front s ide 1a 

of the wafer 1 is cleaned by using a cleaning unit to be 

hereinafter described after performing the laser ab lation 



29 

to the wafer 1, it is not easy to completely remove  this 

processing dust adhering to the front side 1a of th e 

wafer 1.  If the processing dust is left on each de vice 

chip obtained from the wafer 1, the quality of each  

device chip is degraded.  To cope with this problem , a 

water-soluble liquid resin may be previously applie d to 

the front side 1a of the wafer 1, in which this wat er-

soluble liquid resin functions as a protective film  for 

protecting the front side 1a of the wafer 1.  In th e case 

that the liquid resin is previously applied to the front 

side 1a of the wafer 1, the processing dust scatter ing in 

performing the laser ablation adheres to the upper 

surface of the liquid resin applied.  That is, the 

processing dust is prevented from directly adhering  to 

the front side 1a of the wafer 1.  After performing  the 

laser ablation, the wafer 1 is cleaned by using the  

cleaning unit.  At this time, the processing dust c an be 

removed together with the liquid resin applied in 

cleaning the wafer 1. 

        That is, the laser processing apparatus 12 may 

include such a cleaning unit (not depicted).  In th is case, 

the wafer 1 processed by the laser processing unit 14 as 

mentioned above is transferred to the cleaning unit  and 

then cleaned by the cleaning unit.  For example, th e 
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cleaning unit includes a cleaning table having a ho lding 

surface for holding the frame unit 11 and a cleanin g 

water nozzle adapted to be horizontally moved back and 

forth above the frame unit 11 held on the holding s urface 

of the cleaning table.  The cleaning water nozzle 

functions to supply a cleaning water such as pure w ater 

to the wafer 1.  The cleaning table is rotatable ab out its 

axis perpendicular to the holding surface thereof.  In 

operation, the cleaning table is rotated about its axis 

and at the same time the cleaning water is supplied  from 

the cleaning water nozzle to the wafer 1.  During t his 

supply of the cleaning water, the cleaning water no zzle 

is horizontally moved back and forth along a path p assing 

through the position directly above the center of t he 

holding surface of the cleaning table.  Accordingly , the 

entire surface of the front side 1a of the wafer 1 can be 

cleaned by the cleaning water. 

        After performing the dividing step or the c leaning 

step, a pickup step is performed to pick up each de vice 

chip from the polyester sheet 9.  The pickup step i s 

performed by using a pickup apparatus 18 depicted i n FIG. 

9.  FIG. 9 is a schematic perspective view depictin g a 

manner of loading the frame unit 11 to the pickup 

apparatus 18.  As depicted in FIG. 9, the pickup ap paratus 
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18 includes a cylindrical drum 20 and a frame holdi ng 

unit 22 having a frame support table 26 provided ar ound 

the cylindrical drum 20.  The cylindrical drum 20 h as an 

inner diameter larger than the diameter of the wafe r 1 

and an outer diameter smaller than the inner diamet er of 

the ring frame 7 (the diameter of the inside openin g 7a).  

The frame support table 26 of the frame holding uni t 22 

is an annular table having a circular inside openin g 

larger in diameter than the drum 20.  That is, the frame 

support table 26 has an inner diameter larger than the 

outer diameter of the drum 20.  Further, the frame support 

table 26 has an outer diameter larger than the oute r 

diameter of the ring frame 7.  The inner diameter o f the 

frame support table 26 is substantially equal to th e 

inner diameter of the ring frame 7.  The frame supp ort 

table 26 has an upper surface as a supporting surfa ce for 

supporting the ring frame 7 thereon through the pol yester 

sheet 9.  Initially, the height of the upper surfac e of 

the frame support table 26 is set equal to the heig ht of 

the upper end of the drum 20 (see FIG. 10A).  Furth er, the 

upper end portion of the drum 20 is surrounded by t he 

inner circumference of the ring frame 7 in this ini tial 

stage. 

        A plurality of clamps 24 are provided on th e outer 
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circumference of the frame support table 26.  Each clamp 

24 functions to hold the ring frame 7 supported on the 

frame support table 26.  That is, when the ring fra me 7 of 

the frame unit 11 is placed through the polyester s heet 9 

on the frame support table 26 and then held by each  clamp 

24, the frame unit 11 can be fixed to the frame sup port 

table 26.  The frame support table 26 is supported by a 

plurality of rods 28 extending in a vertical direct ion.  

That is, each rod 28 is connected at its upper end to the 

lower surface of the frame support table 26.  An ai r 

cylinder 30 for vertically moving each rod 28 is 

connected to the lower end of each rod 28.  More 

specifically, the lower end of each rod 28 is conne cted 

to a piston (not depicted) movably accommodated in the 

air cylinder 30.  Each air cylinder 30 is supported  to a 

disc-shaped base 32.  That is, the lower end of eac h air 

cylinder 30 is connected to the upper surface of th e 

disc-shaped base 32.  Accordingly, when each air cy linder 

30 is operated in the initial stage, the frame supp ort 

table 26 is lowered with respect to the drum 20 fix ed in 

position. 

        Further, a pushup mechanism 34 for pushing up each 

device chip supported to the polyester sheet 9 is 

provided inside the drum 20.  The pushup mechanism 34 has, 
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at an upper end thereof, a heater 34a including a h eat 

source such as a Peltier device or a heating wire.  

Further, a collet 36 (see FIG. 10B) capable of hold ing 

each device chip under suction is provided above th e drum 

20.  Both the pushup mechanism 34 and the collet 36  are 

movable in a horizontal direction parallel to the u pper 

surface of the frame support table 26.  The collet 36 is 

connected through a selector 36b (see FIG. 10B) to a 

vacuum source 36a (see FIG. 10B). 

        In the pickup step, each air cylinder 30 in  the 

pickup apparatus 18 is first operated to adjust the  

height of the frame support table 26 such that the height 

of the upper end of the drum 20 becomes equal to th e 

height of the upper surface of the frame support ta ble 26.  

Thereafter, the frame unit 11 transferred from the laser 

processing apparatus 12 is placed on the drum 20 an d the 

frame support table 26 in the pickup apparatus 18 i n a 

condition where the front side 1a of the wafer 1 of  the 

frame unit 11 is oriented upward.  Thereafter, each  clamp 

24 is operated to fix the ring frame 7 of the frame  unit 

11 to the upper surface of the frame support table 26.  

FIG. 10A is a schematic sectional view depicting a 

standby condition where the frame unit 11 is fixed to the 

frame support table 26 set at the initial position.   At 
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this time, the plural division grooves 3a have alre ady 

been formed in the wafer 1 in the dividing step, so  that 

the wafer 1 has already been divided into a plurali ty of 

individual device chips 1c (see FIG. 10B). 

        Thereafter, each air cylinder 30 is operate d to 

lower the frame support table 26 of the frame holdi ng 

unit 22 with respect to the drum 20.  As a result, the 

polyester sheet 9 fixed to the frame holding unit 2 2 by 

each clamp 24 is expanded radially outward as depic ted in 

FIG. 10B.  FIG. 10B is a schematic sectional view 

depicting a working condition where the frame suppo rt 

table 26 holding the ring frame 7 with the polyeste r 

sheet 9 is lowered to expand the polyester sheet 9.   When 

the polyester sheet 9 is expanded radially outward as 

mentioned above, the spacing between any adjacent o nes of 

the device chips 1c supported to the polyester shee t 9 is 

increased as depicted in FIG. 10B.  Accordingly, th e 

contact between the adjacent device chips 1c can be  

suppressed, and each device chip 1c can be easily p icked 

up.  Thereafter, a target one of the device chips 1 c is 

decided, and the pushup mechanism 34 is next moved to a 

position directly below this target device chip 1c as 

depicted in FIG. 10B.  Furthermore, the collet 36 i s also 

moved to a position directly above this target devi ce 
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chip 1c as depicted in FIG. 10B.  Thereafter, the h eater 

34a is operated to increase a temperature and is br ought 

into contact with a region of the polyester sheet 9  

corresponding to the target device chip 1c to heat the 

region.  Further, the pushup mechanism 34 is operat ed to 

push up the target device chip 1c through the polye ster 

sheet 9.  Further, the selector 36b is operated to make 

the collet 36 communicate with the vacuum source 36 a.  As 

a result, the target device chip 1c is held under s uction 

by the collet 36 and thereby picked up from the pol yester 

sheet 9.  Such a pickup operation is similarly perf ormed 

for all the other device chips 1c.  Thereafter, eac h 

device chip 1c picked up is mounted on a predetermi ned 

wiring substrate or the like for actual use. 

        Note that, when the region of the polyester  sheet 9 

is heated by the heater 34a, for example, the 

corresponding region is heated at a temperature clo se to 

a melting point of the polyester sheet 9.  Since th e 

polyester sheet 9 reduces the adhesion during a per iod in 

which the polyester sheet 9 has a temperature close  to 

the melting point thereof, a load applied to each d evice 

chip is reduced in peeling off each device chip fro m the 

polyester sheet 9. 

        In the case of forming the frame unit 11 by  using 
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an adhesive tape, heat generated by the application  of 

the laser beam 16 in the dividing step is transmitt ed to 

the adhesive tape, so that the adhesive layer of th e 

adhesive tape is melted and fixed to the back side of 

each device chip.  Accordingly, in this case, there  is a 

problem that the adherence of the adhesive layer to  each 

device chip causes a degradation in quality.  To th e 

contrary, in the wafer processing method according to 

this preferred embodiment, the frame unit 11 can be  

formed by using the polyester sheet 9 having no adh esive 

layer, in which the polyester sheet 9 is attached t o the 

wafer 1 and the ring frame 7 by thermocompression b onding.  

That is, an adhesive tape having an adhesive layer is not 

required.  As a result, it is possible to prevent a  

degradation in quality of each device chip due to t he 

adherence of the adhesive layer to the back side of  each 

device chip. 

        The present invention is not limited to the  above 

preferred embodiment, but various modifications may  be 

made within the scope of the present invention.  Fo r 

example, while the polyester sheet 9 is selected fr om a 

polyethylene terephthalate sheet and a polyethylene  

naphthalate sheet in the above preferred embodiment , this 

is merely illustrative.  That is, the polyester she et 
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usable in the present invention may be formed of an y 

other materials (polyesters) such as polytrimethyle ne 

terephthalate, polybutylene terephthalate, or 

polybutylene naphthalate. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

of the scope of the claims are therefore to be embr aced 

by the invention.  
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WHAT IS CLAIMED IS: 

        1.  A wafer processing method for dividing a wafer 

along a plurality of division lines to obtain a plu rality 

of individual device chips, the division lines bein g 

formed on the front side of the wafer to thereby de fine a 

plurality of separate regions where a plurality of 

devices are individually formed, the wafer processi ng 

method comprising: 

        a ring frame preparing step of preparing a ring 

frame having an inside opening for accommodating th e 

wafer; 

        a polyester sheet providing step of positio ning the 

wafer in the inside opening of the ring frame and 

providing a polyester sheet on a back side of the w afer 

and on a back side of the ring frame; 

        a uniting step of heating the polyester she et as 

applying a pressure to the polyester sheet after 

performing the polyester sheet providing step, ther eby 

uniting the wafer and the ring frame through the 

polyester sheet by thermocompression bonding to for m a 

frame unit in a condition where the front side of t he 

wafer and the front side of the ring frame are expo sed 

upward; 

        a dividing step of applying a laser beam to  the 
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wafer along each division line, the laser beam havi ng an 

absorption wavelength to the wafer, after performin g the 

uniting step, thereby forming a division groove in the 

wafer along each division line to divide the wafer into 

the individual device chips; and 

        a pickup step of heating the polyester shee t in 

each region of the polyester sheet corresponding to  each 

device chip, pushing up each device chip from the 

polyester sheet side to pick up each device chip fr om the 

polyester sheet after performing the dividing step.  

        2.  The wafer processing method according t o claim 

1, wherein the uniting step includes a step of appl ying 

infrared light to the polyester sheet, thereby perf orming 

the thermocompression bonding. 

        3.  The wafer processing method according t o claim 

1, wherein the polyester sheet is larger in size th an the 

ring frame, and the uniting step includes an additi onal 

step of cutting the polyester sheet after heating t he 

polyester sheet, thereby removing a part of the pol yester 

sheet outside an outer circumference of the ring fr ame. 

        4.  The wafer processing method according t o claim 

1, wherein the pickup step includes a step of expan ding 

the polyester sheet to thereby increase a spacing b etween 

any adjacent ones of the device chips. 
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        5.  The wafer processing method according t o claim 

1, wherein the polyester sheet is formed of a mater ial 

selected from the group consisting of polyethylene 

terephthalate and polyethylene naphthalate. 

        6.  The wafer processing method according t o claim 

5, wherein the polyester sheet is formed of polyeth ylene 

terephthalate, and the polyester sheet is heated in  the 

range of 250°C to 270°C in the uniting step. 

        7.  The wafer processing method according t o claim 

5, wherein the polyester sheet is formed of polyeth ylene 

naphthalate, and the polyester sheet is heated in t he 

range of 160°C to 180°C in the uniting step. 

        8.  The wafer processing method according t o claim 

1, wherein the wafer is formed of a material select ed 

from the group consisting of silicon, gallium nitri de, 

gallium arsenide, and glass. 

  


