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PROCESSING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a laser pr ocessing 

apparatus that performs processing by irradiating a  wafer 

with a laser beam, the wafer including a device reg ion 

having a plurality of devices demarcated by a plura lity 

of intersecting planned dividing lines and formed o n the 

top surface of the wafer and a peripheral surplus r egion 

surrounding the device region. 

Description of the Related Art 

        A wafer in which a device region having a p lurality 

of devices such as integrated circuits (ICs), or la rge-

scale integration (LSI) divided by a plurality of 

intersecting planned dividing lines and a periphera l 

surplus region surrounding the device region are fo rmed 

on the top surface of the wafer is formed into a de sired 

thickness by grinding the undersurface of the wafer , and 

is thereafter divided into individual device chips by a 

dicing apparatus or a laser processing apparatus.  Each of 

the divided device chips is used in an electric app aratus 

such as a mobile telephone, or a personal computer.  

        Because transportation and additional proce ssing of 
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a wafer are difficult when the wafer is thinned, th e 

present applicant has proposed a technology that gr inds 

an undersurface part corresponding to a device regi on and 

forms a ring-shaped reinforcing portion on an 

undersurface part corresponding to a peripheral sur plus 

region (see Japanese Patent Laid-Open No. 2015-1472 31, 

for example). 

        When the wafer is divided into individual d evice 

chips, the ring-shaped reinforcing portion becomes an 

obstacle.  Thus, the ring-shaped reinforcing portio n is 

removed by irradiating a boundary portion between t he 

device region and the peripheral surplus region wit h a 

laser beam. 

 

SUMMARY OF THE INVENTION 

        However, because additional processing of c oating 

the top surface or undersurface of the wafer with a  

metallic film or the like may be performed, the pow er of 

the laser beam applied to the wafer needs to be adj usted 

as appropriate according to the material of a subst rate 

of the wafer, the material of the film with which t he 

wafer is coated, and the like.  There is thus a pro blem in 

that the adjustment is troublesome. 

        It is accordingly an object of the present 
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invention to provide a laser processing apparatus t hat 

enables the power of a laser beam applied to a wafe r to 

be adjusted easily. 

        In accordance with an aspect of the present  

invention, there is provided a laser processing app aratus 

for performing processing by irradiating a wafer wi th a 

laser beam, the wafer including a device region hav ing a 

plurality of devices demarcated by a plurality of 

intersecting planned dividing lines and formed on a  top 

surface of the wafer and a peripheral surplus regio n 

surrounding the device region.  The laser processin g 

apparatus includes a chuck table configured to hold  the 

wafer, a laser beam irradiating unit configured to apply 

the laser beam to a boundary portion between the de vice 

region and the peripheral surplus region of the waf er 

held by the chuck table, and a moving mechanism 

configured to move the chuck table and the laser be am 

irradiating unit relative to each other, the laser beam 

irradiating unit including a laser oscillator confi gured 

to oscillate a laser, a condenser configured to con dense 

the laser beam emitted from the laser oscillator, a nd a 

plasma light detector configured to detect plasma l ight 

emitted from a region subjected to the processing b y 

application of the laser beam. 
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        Preferably, the laser processing apparatus further 

includes a beam splitter disposed between the conde nser 

and the laser oscillator, and configured to branch the 

plasma light and guide the plasma light to a branch  path, 

in which the plasma light detector is disposed on t he 

branch path.  Preferably, the top surface or an 

undersurface of the wafer is coated with a metallic  film, 

and the laser beam irradiating unit further include s 

power setting means for setting power of the laser beam 

by selecting a kind of material.  Preferably, the l aser 

beam irradiating unit further includes error issuin g 

means for issuing an error when a kind of material 

identified on a basis of the plasma light detected by the 

plasma light detector and the kind of material sele cted 

by the power setting means are different from each other.  

Preferably, a recessed portion is formed on an 

undersurface part corresponding to the device regio n of 

the wafer and a ring-shaped reinforcing portion for med in 

a projecting shape on an undersurface part correspo nding 

to the peripheral surplus region of the wafer, and a base 

of the ring-shaped reinforcing portion is irradiate d with 

the laser beam.  Preferably, the laser beam irradia ting 

unit stops applying the laser beam when the plasma light 

detector ceases to detect the plasma light. 
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        According to the present invention, the las er beam 

irradiating unit includes the plasma light detector  that 

detects the plasma light.  The power of the laser b eam 

applied to the wafer can therefore be adjusted easi ly on 

the basis of a result of detection of the plasma li ght 

emitted from the region subjected to the processing  by 

the application of the laser beam. 

        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 

        FIG. 1 is a perspective view of a processin g 

apparatus including a laser processing apparatus 

according to an embodiment of the present invention ; 

        FIG. 2 is a perspective view of a wafer to be 

processed by the processing apparatus depicted in F IG. 1; 

        FIG. 3 is a perspective view of a wafer cas sette 

table and the like depicted in FIG. 1; 

        FIG. 4 is a perspective view of a hand depi cted in 
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FIG. 1; 

        FIG. 5 is a perspective view of a frame hou sing 

unit and the like depicted in FIG. 1; 

        FIG. 6A is a perspective view of a tape aff ixing 

unit and the like in a state in which a frame table  

depicted in FIG. 1 is located at a lowered position ; 

        FIG. 6B is a perspective view of the tape a ffixing 

unit and the like in a state in which the frame tab le 

depicted in FIG. 1 is located at a raised position;  

        FIG. 7 is an exploded perspective view of a  tape 

compression-bonding unit depicted in FIG. 1; 

        FIG. 8 is a sectional view depicting a stat e in 

which the pressing of a tape by a pressing roller i s 

started in a tape compression-bonding step; 

        FIG. 9 is a sectional view depicting a stat e in 

which the pressing of the tape by the pressing roll er is 

ended in the tape compression-bonding step; 

        FIG. 10 is a perspective view of a reinforc ing 

portion removing unit depicted in FIG. 1; 

        FIG. 11A is a sectional view of a frame sup porting 

portion in a case where strong permanent magnets of  a 

temporary placement table depicted in FIG. 1 are lo cated 

at a raised position; 

        FIG. 11B is a sectional view of the frame 
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supporting portion in a case where the strong perma nent 

magnets of the temporary placement table depicted i n FIG. 

1 are located at a lowered position; 

        FIG. 12A is a perspective view of a holding  unit of 

the laser processing apparatus depicted in FIG. 1; 

        FIG. 12B is a perspective view of a first r aising 

and lowering table depicted in FIG. 12A as viewed f rom 

below; 

        FIG. 13 is a block diagram depicting a 

configuration of a laser beam irradiating unit; 

        FIG. 14A is a graph depicting an example of  signals 

input to a control unit; 

        FIG. 14B is a table depicting relation betw een the 

wavelength of plasma light, the material of a regio n 

subjected to laser processing, and the power of a l aser 

beam; 

        FIG. 15 is a schematic diagram depicting a state in 

which the base of the wafer is irradiated with the laser 

beam in a reinforcing portion removing step; 

        FIG. 16 is a perspective view of a separati ng unit 

of the reinforcing portion removing unit depicted i n FIG. 

1. 

        FIG. 17 is a schematic diagram depicting a state in 

which a reinforcing portion is separated from the w afer 
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in a reinforcing portion removing step; 

        FIG. 18 is a perspective view of a discardi ng unit 

of the reinforcing portion removing unit depicted i n FIG. 

1; 

        FIG. 19 is a perspective view of an inverti ng 

mechanism of a no-ring unit unloading unit depicted  in 

FIG. 1; 

        FIG. 20 is a perspective view of a no-ring unit 

supporting unit and a push-in unit of the no-ring u nit 

unloading unit depicted in FIG. 1; and 

        FIG. 21 is a perspective view depicting a s tate in 

which a no-ring unit housing step is performed. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        A laser processing apparatus according to a n 

embodiment of the present invention will hereinafte r be 

described with reference to the drawings by taking as an 

example a processing apparatus including the laser 

processing apparatus according to the present inven tion. 

        Making description with reference to FIG. 1 , the 

processing apparatus indicated in entirety by refer ence 

numeral 2 includes a wafer cassette table 8 mounted  with 

a wafer cassette 6 housing a plurality of wafers, a  wafer 

unloading unit 10 that unloads a wafer from the waf er 
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cassette 6 mounted on the wafer cassette table 8, a nd a 

wafer table 12 that supports the top surface side o f the 

wafer unloaded by the wafer unloading unit 10. 

        FIG. 2 depicts a wafer 4 to be processed by  the 

processing apparatus 2.  Formed on a top surface 4a  of the 

wafer 4 are a device region 18 having thereon a plu rality 

of devices 14 such as ICs, or LSIs demarcated by pl anned 

dividing lines 16 in a lattice shape and a peripher al 

surplus region 20 surrounding the device region 18.   In 

FIG. 2, a boundary portion 22 between a device regi on 18 

and a peripheral surplus region 20 is indicated by a 

chain double-dashed line for convenience.  In actua lity, 

however, the line indicating the boundary portion 2 2 does 

not exist.  A circular recessed portion 23 is forme d on a 

part of an undersurface 4b which part corresponds t o the 

device region 18 of the wafer 4.  A ring-shaped 

reinforcing portion 24 is formed in a projecting sh ape on 

a part of the undersurface 4b which part correspond s to 

the peripheral surplus region 20 of the wafer 4.  T he 

thickness of the peripheral surplus region 20 is la rger 

than the thickness of the device region 18.  In add ition, 

a notch 26 indicating a crystal orientation is form ed in 

the circumferential edge of the wafer 4.  The top s urface 

4a or the undersurface 4b of the wafer 4 may be coa ted 
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with a metallic film of aluminum, copper, or the li ke. 

        As depicted in FIG. 3, the cassette 6 house s a 

plurality of wafers 4 at intervals in an upward-dow nward 

direction in a state in which the top surfaces 4a a re 

oriented upward.  The wafer cassette table 8 in the  

present embodiment has a top 28 mounted with the ca ssette 

6 and a support plate 30 supporting the top 28.  

Incidentally, the top 28 may be freely raised and 

lowered, and a raising and lowering mechanism for 

positioning the top 28 at an optional height by rai sing 

or lowering the top 28 may be provided. 

        Continuing the description with reference t o FIG. 

3, the wafer unloading unit 10 includes a Y-axis mo vable 

member 32 movable in a Y-axis direction indicated b y an 

arrow Y in FIG. 3 and a Y-axis feed mechanism 34 th at 

moves the Y-axis movable member 32 in the Y-axis 

direction.  The Y-axis feed mechanism 34 includes a  ball 

screw 36 coupled to a lower end of the Y-axis movab le 

member 32 and extending in the Y-axis direction and  a 

motor 38 that rotates the ball screw 36.  The Y-axi s feed 

mechanism 34 converts rotary motion of the motor 38  into 

rectilinear motion by the ball screw 36, and transm its 

the rectilinear motion to the Y-axis movable member  32.  

The Y-axis feed mechanism 34 thereby moves the Y-ax is 
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movable member 32 in the Y-axis direction along a p air of 

guide rails 40 extending in the Y-axis direction.  

Incidentally, an X-axis direction indicated by an a rrow X 

in FIG. 3 is a direction orthogonal to the Y-axis 

direction, and a Z-axis direction indicated by an a rrow Z 

in FIG. 3 is an upward-downward direction orthogona l to 

the X-axis direction and the Y-axis direction.  An XY 

plane defined by the X-axis direction and the Y-axi s 

direction is substantially horizontal. 

        As depicted in FIG. 3, the wafer unloading unit 10 

in the present embodiment includes a transporting a rm 42 

and a hand 44 that is disposed at a distal end of t he 

transporting arm 42, and which supports the undersu rface 

4b of the wafer 4 housed in the wafer cassette 6 an d 

inverts the top side and the underside of the wafer  4.  

The transporting arm 42 is provided on the upper su rface 

of the Y-axis movable member 32, and is driven by a n 

appropriate driving source (not depicted) such as a n air 

driving source, or an electric driving source.  Thi s 

driving source drives the transporting arm 42 to po sition 

the hand 44 at an optional position in each of the X-axis 

direction, the Y-axis direction, and the Z-axis 

direction, and vertically inverts the hand 44. 

        Making description with reference to FIG. 4 , the 



12 

hand 44 is preferably a Bernoulli pad that generate s a 

negative pressure by jetting air and thus supports the 

wafer 4 in a noncontact manner.  The hand 44 in the  

present embodiment is in a C-shape as a whole.  A 

plurality of air jetting ports 46 connected to a 

compressed air supply source 413 are formed in one 

surface of the hand 44.  A plurality of guide pins 48 are 

attached to the peripheral edge of the hand 44 at 

intervals in a circumferential direction.  Each gui de pin 

48 is configured to be movable in the radial direct ion of 

the hand 44. 

        As depicted in FIG. 3 and FIG. 4, the wafer  

unloading unit 10 positions the hand 44 on the 

undersurface 4b side (lower side) of the wafer 4 wi thin 

the wafer cassette 6 mounted on the wafer cassette table 

8, thereafter generates a negative pressure on one 

surface side of the hand 44 on the basis of a Berno ulli 

effect by jetting a compressed air from the air jet ting 

ports 46 of the hand 44, and thus sucks and support s the 

wafer 4 by the hand 44 from the undersurface 4b sid e in a 

noncontact manner.  Horizontal movement of the wafe r 4 

sucked and supported by the hand 44 is regulated by  each 

guide pin 48.  Then, the wafer unloading unit 10 un loads 

the wafer 4 sucked and supported by the hand 44 fro m the 



13 

wafer cassette 6 by moving the Y-axis movable membe r 32 

and the transporting arm 42. 

        As depicted in FIG. 4, the wafer unloading unit 10 

in the present embodiment includes a notch detectin g unit 

50 that detects the position of the notch 26 of the  wafer 

4.  It suffices for the notch detecting unit 50 to have, 

for example, a configuration including a light emit ting 

element 52 and a light receiving element 54 arrange d at a 

distance from each other in the upward-downward dir ection 

and a driving source (not depicted) that rotates at  least 

one of the guide pins 48 of the hand 44. 

        The light emitting element 52 and the light  

receiving element 54 can be attached to the Y-axis 

movable member 32 or a transportation path via 

appropriate brackets (not depicted).  In addition, when 

the guide pin 48 is rotated by the driving source, the 

rotation of the guide pin 48 causes a rotation of t he 

wafer 4 sucked and supported by the hand 44.  In or der to 

transmit the rotation from the guide pin 48 to the wafer 

4 reliably, the outer circumferential surface of th e 

guide pin 48 rotated by the driving source is prefe rably 

formed of an appropriate synthetic rubber. 

        The notch detecting unit 50 can detect the position 

of the notch 26 by rotating the wafer 4 by the driv ing 
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source via the guide pin 48 in a state in which the  wafer 

4 is sucked and supported by the hand 44 and the ou ter 

circumference of the wafer 4 is positioned between the 

light emitting element 52 and the light receiving e lement 

54.  Thus, the orientation of the wafer 4 can be ad justed 

to an optional orientation. 

        As depicted in FIG. 3, the wafer table 12 i s 

disposed so as to be adjacent to the wafer unloadin g unit 

10.  The wafer table 12 in the present embodiment i ncludes 

an annular supporting portion 56 that supports the 

peripheral surplus region 20 of the wafer 4 and lea ves a 

part on the inside of the peripheral surplus region  20 in 

a noncontact state, and a frame supporting portion 58 

that is disposed on the periphery of the annular 

supporting portion 56 and supports an annular frame  64 

(see FIG. 5) to be described later.  A plurality of  

suction holes 60 arranged at intervals in a 

circumferential direction are formed in the upper s urface 

of the annular supporting portion 56.  Each suction  hole 

60 is connected to suction means (not depicted).  A  part 

radially inward of the annular supporting portion 5 6 in 

the wafer table 12 is a circular recess 62 recessed  

downward. 

        After the hand 44 inverts the top side and the 
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underside of the wafer 4 by inverting the wafer 4 b y 

180°, and the wafer 4 is mounted on the wafer table  12 in 

a state in which the top surface 4a of the wafer 4 is 

oriented downward, the peripheral surplus region 20  of 

the wafer 4 is supported by the annular supporting 

portion 56, and the device region 18 of the wafer 4  is 

located on the recess 62.  Therefore, even when the  wafer 

4 is mounted on the wafer table 12 in a state in wh ich 

the top surface 4a having the devices 14 formed the reon 

is oriented downward, the devices 14 and the wafer table 

12 do not come into contact with each other, so tha t 

damage to the devices 14 is prevented.  In addition , after 

the wafer table 12 supports the peripheral surplus region 

20 by the annular supporting portion 56, the wafer table 

12 generates a suction force in each suction hole 6 0 by 

actuating the suction means, and thus sucks and hol ds the 

peripheral surplus region 20.  The wafer table 12 t hereby 

prevents positional displacement of the wafer 4. 

        Making description with reference to FIG. 5 , the 

processing apparatus 2 further includes a frame hou sing 

unit 66 that houses a plurality of ring-shaped annu lar 

frames 64 in which an opening portion 64a for housi ng the 

wafer 4 is formed, a frame unloading unit 68 that u nloads 

an annular frame 64 from the frame housing unit 66,  and a 
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frame table 70 that supports the annular frame 64 

unloaded by the frame unloading unit 68. 

        As depicted in FIG. 5, the frame housing un it 66 in 

the present embodiment includes a housing 72, a rai sing 

and lowering plate 74 raisably and lowerably dispos ed 

within the housing 72, and the raising and lowering  

mechanism (not depicted) for raising or lowering th e 

raising and lowering plate 74.  A Z-axis guide memb er 78 

extending in the Z-axis direction is disposed on a side 

surface on a far side in the X-axis direction of th e 

housing 72 in FIG. 5.  The raising and lowering pla te 74 

is raisably and lowerably supported by the Z-axis g uide 

member 78.  The raising and lowering mechanism for raising 

or lowering the raising and lowering plate 74 is di sposed 

within the Z-axis guide member 78.  It suffices for  the 

raising and lowering mechanism to have, for example , a 

configuration including a ball screw coupled to the  

raising and lowering plate 74 and extending in the Z-axis 

direction and a motor that rotates the ball screw.  A door 

76 to which a handle 76a is attached is provided to  a 

side surface on a near side in the X-axis direction  of 

the housing 72 in FIG. 5.  At the frame housing uni t 66, 

when the handle 76a is gripped and the door 76 is o pened, 

annular frames 64 can be housed within the housing 72.  In 
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addition, an opening portion 80 is provided to an u pper 

end of the housing 72. 

        As depicted in FIG. 5, the annular frames 6 4 formed 

of a ferromagnetic substance are housed within the 

housing 72 so as to be stacked on the upper surface  of 

the raising and lowering plate 74.  The frame unloa ding 

unit 68 unloads an annular frame 64 at the top of t he 

plurality of stacked annular frames 64 from the ope ning 

portion 80 of the housing 72.  In addition, after t he 

annular frame 64 is unloaded from the opening porti on 80, 

the frame housing unit 66 raises the raising and lo wering 

plate 74 by the raising and lowering mechanism as 

appropriate, and positions an annular frame 64 at t he top 

in such a position as to be unloadable by the frame  

unloading unit 68. 

        Continuing the description with reference t o FIG. 

5, the frame unloading unit 68 includes an X-axis g uide 

member 82 fixed to an appropriate bracket (not depi cted) 

and extending in the X-axis direction, an X-axis mo vable 

member 84 supported by the X-axis guide member 82 s o as 

to be movable in the X-axis direction, an X-axis fe ed 

mechanism (not depicted) that moves the X-axis mova ble 

member 84 in the X-axis direction, a Z-axis movable  

member 86 supported by the X-axis movable member 84  so as 
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to be movable in the Z-axis direction, and a Z-axis  feed 

mechanism (not depicted) that moves the Z-axis mova ble 

member 86 in the Z-axis direction.  It suffices for  the X-

axis feed mechanism of the frame unloading unit 68 to 

have a configuration including a ball screw coupled  to 

the X-axis movable member 84 and extending in the X -axis 

direction and a motor that rotates the ball screw.  It 

suffices for the Z-axis feed mechanism to have a 

configuration including a ball screw coupled to the  Z-

axis movable member 86 and extending in the Z-axis 

direction and a motor that rotates the ball screw. 

        The Z-axis movable member 86 of the frame u nloading 

unit 68 has a holding unit 88 that holds the annula r 

frame 64.  The holding unit 88 in the present embod iment 

includes a rectangular board 90 and a plurality of 

suction pads 92 arranged on the lower surface of th e 

board 90.  Each suction pad 92 is connected to suct ion 

means (not depicted). 

        The frame unloading unit 68 sucks and holds  the 

annular frame 64 at the top which annular frame 64 is 

housed in the frame housing unit 66 by the suction pads 

92 of the holding unit 88, and thereafter moves the  X-

axis movable member 84 and the Z-axis movable membe r 86.  

The frame unloading unit 68 thereby unloads the suc ked 
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and held annular frame 64 at the top from the frame  

housing unit 66. 

        As depicted in FIG. 5, the frame table 70 i s 

supported by a Z-axis guide member 94 so as to be 

raisable and lowerable between a lowered position 

indicated by a solid line and a raised position ind icated 

by a chain double-dashed line.  An appropriate driv ing 

source (for example, an air driving source or an el ectric 

driving source) that raises or lowers the frame tab le 70 

between the lowered position and the raised positio n is 

attached to the Z-axis guide member 94.  The frame table 

70 is configured to receive the annular frame 64 un loaded 

by the frame unloading unit 68 at the lowered posit ion. 

        As depicted in FIG. 1 and FIG. 5, the proce ssing 

apparatus 2 includes a tape affixing unit 98 (see F IG. 1) 

that is disposed above the frame table 70 and affix es a 

tape 96 to the annular frame 64, a tape-affixed fra me 

transporting unit 100 (see FIG. 5) that transports the 

annular frame 64 to which the tape 96 is affixed (w hich 

frame may hereinafter be referred to as a “tape-aff ixed 

frame 64’”) to the wafer table 12, positions the op ening 

portion 64a of the annular frame 64 at the undersur face 

4b of the wafer 4 supported by the wafer table 12, and 

mounts the tape-affixed frame 64’ on the wafer tabl e 12, 
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and a tape compression-bonding unit 102 (see FIG. 1 ) that 

compression-bonds the tape 96 of the tape-affixed f rame 

64’ to the undersurface 4b of the wafer 4. 

        Making description with reference to FIG. 6 A and 

FIG. 6B, the tape affixing unit 98 in the present 

embodiment includes a roll tape supporting unit 104  that 

supports a roll tape 96R wound with the tape 96 bef ore 

usage, a tape winding unit 106 that winds the tape 96 

already used, a tape extracting unit 108 that extra cts 

the tape 96 from the roll tape 96R, a compression b onding 

unit 110 that compression-bonds the extracted tape 96 to 

the annular frame 64, and a cutting unit 112 that c uts 

the tape 96 extending off the outer circumference o f the 

annular frame 64 along the annular frame 64. 

        As depicted in FIG. 6A and FIG. 6B, the rol l tape 

supporting unit 104 includes a support roller 114 

supported by an appropriate bracket (not depicted) so as 

to be rotatable about an axis extending in the X-ax is 

direction.  The support roller 114 supports the rol l tape 

96R wound in a cylindrical shape such that a peelin g 

paper 116 for protecting the adhesive surface of th e tape 

96 is attached to the adhesive surface of the tape 96. 

        The tape winding unit 106 includes a windin g roller 

118 supported by an appropriate bracket (not depict ed) so 
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as to be rotatable about an axis extending in the X -axis 

direction and a motor (not depicted) that rotates t he 

winding roller 118.  As depicted in FIG. 6A and FIG . 6B, 

the tape winding unit 106 winds the already used ta pe 96, 

in which a circular opening portion 120 correspondi ng to 

a part affixed to the annular frame 64 is formed, b y 

rotating the winding roller 118 by the motor. 

        Continuing the description with reference t o FIG. 

6A and FIG. 6B, the tape extracting unit 108 includ es an 

extracting roller 122 disposed below the support ro ller 

114 of the roll tape supporting unit 104, a motor ( not 

depicted) that rotates the extracting roller 122, a nd a 

driven roller 124 that rotates as the extracting ro ller 

122 rotates.  The tape extracting unit 108 extracts  the 

tape 96 sandwiched between the extracting roller 12 2 and 

the driven roller 124 from the roll tape 96R by rot ating 

the driven roller 124 together with the extracting roller 

122 by the motor. 

        The peeling paper 116 is peeled off the tap e 96 

passed between the extracting roller 122 and the dr iven 

roller 124.  The peeled peeling paper 116 is wound by a 

peeling paper winding unit 126.  The peeling paper winding 

unit 126 in the present embodiment includes a peeli ng 

paper winding roller 128 disposed above the driven roller 
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124 and a motor (not depicted) that rotates the pee ling 

paper winding roller 128.  In addition, the tape 96  from 

which the peeling paper 116 is peeled is guided to the 

winding roller 118 via a guide roller 130 disposed at a 

distance from the extracting roller 122 in the Y-ax is 

direction. 

        The compression bonding unit 110 includes a  

pressing roller 132 disposed so as to be movable in  the 

Y-axis direction and a Y-axis feed mechanism (not 

depicted) that moves the pressing roller 132 in the  Y-

axis direction.  The Y-axis feed mechanism of the 

compression bonding unit 110 can be formed by an 

appropriate driving source (for example, an air dri ving 

source or an electric driving source). 

        As depicted in FIG. 6, the cutting unit 112  

includes a Z-axis guide member 134 fixed to an 

appropriate bracket (not depicted) and extending in  the 

Z-axis direction, a Z-axis movable member 136 suppo rted 

by the Z-axis guide member 134 so as to be movable in the 

Z-axis direction, and a Z-axis feed mechanism (not 

depicted) that moves the Z-axis movable member 136 in the 

Z-axis direction.  It suffices for the Z-axis feed 

mechanism of the cutting unit 112 to have a configu ration 

including a ball screw coupled to the Z-axis movabl e 
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member 136 and extending in the Z-axis direction an d a 

motor that rotates the ball screw. 

        In addition, the cutting unit 112 includes a motor 

138 fixed to the lower surface of a distal end of t he Z-

axis movable member 136 and an arm piece 140 rotate d by 

the motor 138 about an axis extending in the Z-axis  

direction.  A first and a second suspended piece 14 2a and 

142b are attached to the lower surface of the arm p iece 

140 at a distance from each other.  A circular cutt er 144 

is supported by the first suspended piece 142a so a s to 

be rotatable about an axis orthogonal to the Z-axis  

direction.  A pressing roller 146 is supported by t he 

second suspended piece 142b so as to be rotatable a bout 

an axis orthogonal to the Z-axis direction. 

        Before the frame table 70 that has received  the 

annular frame 64 from the frame unloading unit 68 i s 

positioned from the lowered position (position depi cted 

in FIG. 6A) to the raised position (position depict ed in 

FIG. 6B), the tape affixing unit 98 extracts the ta pe 96 

not yet used by the extracting roller 122 and the d riven 

roller 124.  Then, the frame table 70 is positioned  at the 

raised position to such a degree that the pressing roller 

132 of the compression bonding unit 110 can press t he 

tape 96 against the annular frame 64.  The annular frame 
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64 is brought into contact with the pressing roller  132 

via the tape 96.  Then, the pressing roller 132 is rolled 

in the Y-axis direction while the pressing roller 1 32 

presses the adhesive surface of the tape 96 against  the 

annular frame 64.  The tape 96 extracted from the r oll 

tape 96R by the tape extracting unit 108 can be the reby 

compression-bonded to the annular frame 64. 

        After the tape 96 is compression-bonded to the 

annular frame 64, the tape affixing unit 98 lowers the Z-

axis movable member 136 of the cutting unit 112 by the Z-

axis feed mechanism, presses the cutter 144 against  the 

tape 96 on the annular frame 64, and presses the an nular 

frame 64 from above the tape 96 by the pressing rol ler 

146.  Next, the arm piece 140 is rotated by the mot or 138, 

and the cutter 144 and the pressing roller 146 are moved 

so as to describe a circle along the annular frame 64.  

The tape 96 extending off the outer circumference o f the 

annular frame 64 can be thereby cut along the annul ar 

frame 64.  In addition, because the pressing roller  146 

presses the annular frame 64 from above the tape 96 , 

positional displacement of the annular frame 64 and  the 

tape 96 is prevented while the tape 96 is cut.  The n, 

after the frame table 70 is lowered, the already us ed 

tape 96 in which a circular opening portion 120 
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corresponding to a part affixed to the annular fram e 64 

is formed is wound by the tape winding unit 106. 

        As depicted in FIG. 5, the tape-affixed fra me 

transporting unit 100 includes a Y-axis guide membe r 148 

fixed to an appropriate bracket (not depicted) and 

extending in the Y-axis direction, a Y-axis movable  

member 150 supported by the Y-axis guide member 148  so as 

to be movable in the Y-axis direction, a Y-axis fee d 

mechanism (not depicted) that moves the Y-axis mova ble 

member 150 in the Y-axis direction, a Z-axis movabl e 

member 152 supported by the Y-axis movable member 1 50 so 

as to be movable in the Z-axis direction, and a Z-a xis 

feed mechanism (not depicted) that moves the Z-axis  

movable member 152 in the Z-axis direction.  It suf fices 

for the Y-axis feed mechanism of the tape-affixed f rame 

transporting unit 100 to have a configuration inclu ding a 

ball screw coupled to the Y-axis movable member 150  and 

extending in the Y-axis direction and a motor that 

rotates the ball screw.  It suffices for the Z-axis  feed 

mechanism to have a configuration including a ball screw 

coupled to the Z-axis movable member 152 and extend ing in 

the Z-axis direction and a motor that rotates the b all 

screw. 

        The Z-axis movable member 152 of the tape-a ffixed 



26 

frame transporting unit 100 has a holding unit 154 that 

holds the tape-affixed frame 64’.  The holding unit  154 in 

the present embodiment includes a rectangular board  156 

and a plurality of suction pads 158 provided to the  lower 

surface of the board 156.  Each suction pad 158 is 

connected to suction means (not depicted). 

        The tape-affixed frame transporting unit 10 0 sucks 

and holds, by each suction pad 158 of the holding u nit 

154, the upper surface of the tape-affixed frame 64 ’ 

supported by the frame table 70 in a state in which  the 

adhesive surface of the tape 96 is oriented downwar d.  By 

moving the Y-axis movable member 150 and the Z-axis  

movable member 152, the tape-affixed frame transpor ting 

unit 100 transports the tape-affixed frame 64’ suck ed and 

held by the holding unit 154 from the frame table 7 0 to 

the wafer table 12, positions the opening portion 6 4a of 

the annular frame 64 at the undersurface 4b of the wafer 

4 supported by the wafer table 12, and mounts the t ape-

affixed frame 64’ onto the wafer table 12. 

        The tape compression-bonding unit 102 will be 

described with reference to FIGS. 7 to 9.  As depic ted in 

FIG. 7, the tape compression-bonding unit 102 inclu des an 

upper chamber 160 disposed above the wafer table 12 , a 

lower chamber 162 that houses the wafer table 12, a  
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raising and lowering mechanism 164 that produces a closed 

state in which the upper chamber 160 is lowered and  set 

in contact with the lower chamber 162 and an opened  state 

in which the upper chamber 160 is separated from th e 

lower chamber 162, a vacuum unit 166 that evacuates  the 

upper chamber 160 and the lower chamber 162 in the closed 

state, and an atmosphere opening unit 168 that open s the 

upper chamber 160 and the lower chamber 162 to the 

atmosphere. 

        As depicted in FIG. 7, the upper chamber 16 0 in the 

present embodiment includes a circular top 170 and a 

cylindrical side wall 172 suspended from the 

circumferential edge of the top 170.  The raising a nd 

lowering mechanism 164 that can be formed by an 

appropriate actuator such as an air cylinder is fit ted to 

the upper surface of the top 170.  Arranged in a ho using 

space defined by the lower surface of the top 170 a nd the 

inner circumferential surface of the side wall 172 are a 

pressing roller 174 for pressing the tape 96 of the  tape-

affixed frame 64’ against the undersurface 4b of th e 

wafer 4 supported by the wafer table 12, a supporti ng 

piece 176 that rotatably supports the pressing roll er 

174, and a Y-axis feed mechanism 178 that moves the  

supporting piece 176 in the Y-axis direction. 
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        The Y-axis feed mechanism 178 includes a ba ll screw 

180 coupled to the supporting piece 176 and extendi ng in 

the Y-axis direction and a motor 182 that rotates t he 

ball screw 180.  The Y-axis feed mechanism 178 conv erts 

rotary motion of the motor 182 into rectilinear mot ion by 

the ball screw 180, and transmits the rectilinear m otion 

to the supporting piece 176.  The Y-axis feed mecha nism 

178 thereby moves the supporting piece 176 along a pair 

of guide rails 184 extending in the Y-axis directio n. 

        As depicted in FIG. 7, the lower chamber 16 2 has a 

cylindrical side wall 186.  An upper portion of the  side 

wall 186 is opened.  A lower portion of the side wa ll 186 

is closed.  A connection opening 188 is formed in t he side 

wall 186.  A vacuum unit 166 that can be formed by an 

appropriate vacuum pump is connected to the connect ion 

opening 188 via a flow passage 190.  The flow passa ge 190 

is provided with the atmosphere opening unit 168 th at can 

be formed by an appropriate valve that can open the  flow 

passage 190 to the atmosphere. 

        The tape compression-bonding unit 102 lower s the 

upper chamber 160 by the raising and lowering mecha nism 

164 in a state in which the tape 96 of the tape-aff ixed 

frame 64’ is positioned at the undersurface 4b of t he 

wafer 4 supported by the wafer table 12.  The tape 
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compression-bonding unit 102 thereby brings a lower  end 

of the side wall 172 of the upper chamber 160 in co ntact 

with an upper end of the side wall 186 of the lower  

chamber 162, sets the upper chamber 160 and the low er 

chamber 162 in the closed state, and brings the pre ssing 

roller 174 in contact with the tape-affixed frame 6 4’. 

        Next, the tape compression-bonding unit 102  

evacuates the inside of the upper chamber 160 and t he 

lower chamber 162 by actuating a vacuum pump consti tuting 

the vacuum unit 166 in a state in which the valve 

constituting the atmosphere opening unit 168 is clo sed.  

As depicted in FIG. 8 and FIG. 9, the tape compress ion-

bonding unit 102 thereafter rolls the pressing roll er 174 

in the Y-axis direction by the Y-axis feed mechanis m 178.  

The tape compression-bonding unit 102 thereby 

compression-bonds the tape 96 to the undersurface 4 b of 

the wafer 4 to produce a frame unit U. 

        When the pressing roller 174 compression-bo nds the 

tape 96 to the undersurface 4b of the wafer 4, a sm all 

gap is formed between the wafer 4 and the tape 96 a t the 

base of the ring-shaped reinforcing portion 24.  Ho wever, 

because the wafer 4 and the tape 96 are compression -

bonded to each other in a state in which the inner of the 

upper chamber 160 and the lower chamber 162 is evac uated, 
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the pressure of the small gap between the wafer 4 a nd the 

tape 96 is lower than an atmospheric pressure.  Whe n the 

atmosphere opening unit 168 is opened after the tap e 96 

is compression-bonded, the atmospheric pressure pre sses 

the tape 96 against the wafer 4.  Consequently, the  gap 

between the wafer 4 and the tape 96 at the base of the 

reinforcing portion 24 is eliminated, and the tape 96 

closely adheres to the undersurface 4b of the wafer  4 

along the base of the reinforcing portion 24. 

        As depicted in FIG. 1 and FIG. 10, the proc essing 

apparatus 2 further includes a frame unit unloading  unit 

192 that unloads, from the wafer table 12, the fram e unit 

U in which the tape 96 of the tape-affixed frame 64 ’ and 

the undersurface 4b of the wafer 4 are compression- bonded 

to each other by the tape compression-bonding unit 102, a 

reinforcing portion removing unit 194 that cuts and  

removes the ring-shaped reinforcing portion 24 from  the 

wafer 4 of the frame unit U unloaded by the frame u nit 

unloading unit 192, a no-ring unit unloading unit 1 96 

(see FIG. 1) that unloads the no-ring unit from whi ch the 

ring-shaped reinforcing portion 24 is removed from the 

reinforcing portion removing unit 194, and a frame 

cassette table 200 (see FIG. 1) mounted with a fram e 

cassette 198 that houses the no-ring unit unloaded by the 
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no-ring unit unloading unit 196. 

        As depicted in FIG. 10, the frame unit unlo ading 

unit 192 in the present embodiment includes a frame  unit 

holding unit 202 including a wafer holding unit 202 a that 

holds the wafer 4 while exposing the whole or a par t of 

the periphery of the wafer 4 and a frame holding un it 

202b that holds the annular frame 64, and a transpo rting 

unit 206 that transports the frame unit holding uni t 202 

to a temporary placement table 204. 

        The wafer holding unit 202a of the frame un it 

holding unit 202 includes a circular board 208 and a 

suction piece 210 fitted to the lower surface of th e 

board 208.  A plurality of suction holes (not depic ted) 

are formed in the lower surface of the suction piec e 210.  

Each suction hole is connected to suction means (no t 

depicted).  The shape of the suction piece 210 may,  for 

example, be a circular shape having a smaller diame ter 

than the wafer 4.  The frame holding unit 202b incl udes a 

plurality of projecting pieces (four projecting pie ces in 

the present embodiment) 212 projecting radially out ward 

from the peripheral edge of the board 208 of the wa fer 

holding unit 202a at intervals in a circumferential  

direction and suction pads 214 attached to the lowe r 

surfaces of the projecting pieces 212.  Each suctio n pad 
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214 is connected to suction means (not depicted). 

        The transporting unit 206 includes an X-axi s guide 

member 216 fixed to an appropriate bracket (not dep icted) 

and extending in the X-axis direction, an X-axis mo vable 

member 218 supported by the X-axis guide member 216  so as 

to be movable in the X-axis direction, an X-axis fe ed 

mechanism (not depicted) that moves the X-axis mova ble 

member 218 in the X-axis direction, a Z-axis movabl e 

member 220 supported by the X-axis movable member 2 18 so 

as to be movable in the Z-axis direction, a Z-axis feed 

mechanism (not depicted) that moves the Z-axis mova ble 

member 220 in the Z-axis direction, a Y-axis movabl e 

member 222 supported by the Z-axis movable member 2 20 so 

as to be movable in the Y-axis direction, and a Y-a xis 

feed mechanism (not depicted) that moves the Y-axis  

movable member 222 in the Y-axis direction.  The bo ard 208 

of the wafer holding unit 202a is coupled to a dist al end 

of the Y-axis movable member 222.  It suffices for each of 

the X-axis, Y-axis, and Z-axis feed mechanisms of t he 

transporting unit 206 to have a configuration inclu ding a 

ball screw and a motor that rotates the ball screw.  

        The frame unit unloading unit 192 further i ncludes 

an imaging unit 224 that images the periphery of th e 

wafer 4 of the frame unit U held by the frame unit 
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holding unit 202 and an illuminating unit 400 that faces 

the imaging unit 224 and is disposed at a position at 

which the wafer 4 is interposed between the illumin ating 

unit 400 and the imaging unit 224.  The imaging uni t 224 

in the present embodiment is disposed between the w afer 

table 12 and the temporary placement table 204, and  

images the periphery of the wafer 4 of the frame un it U 

held by the frame unit holding unit 202 from below the 

wafer 4. 

        The frame unit unloading unit 192 unloads t he frame 

unit U held by the frame unit holding unit 202 from  the 

wafer table 12 by actuating the transporting unit 2 06 in 

a state in which the suction piece 210 of the wafer  

holding unit 202a sucks and holds the wafer 4 from the 

undersurface 4b side (tape 96 side) and the suction  pads 

214 of the frame holding unit 202b suck and hold th e 

annular frame 64.  When the suction piece 210 of th e wafer 

holding unit 202a sucks and holds the wafer 4, the 

suction piece 210 does not cover all of the undersu rface 

4b side of the wafer 4, that is, the undersurface 4 b of 

the wafer 4 has a part not sucked by the suction pi ece 

210 and the whole or a part of the periphery of the  wafer 

4 is exposed. 

        In addition, the frame unit unloading unit 192 in 
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the present embodiment actuates the transporting un it 

206, and measures the coordinates of at least three  

points of the periphery of the wafer 4 by imaging, by the 

imaging unit 224, at least three positions of the e xposed 

part (part not covered by the suction piece 210) of  the 

periphery of the wafer 4 of the frame unit U held b y the 

frame unit holding unit 202.  The frame unit unload ing 

unit 192 obtains the central coordinates of the waf er 4 

on the basis of the measured coordinates of the thr ee 

points.  In the present embodiment, because the who le or a 

part of the periphery of the wafer 4 sucked and hel d by 

the suction piece 210 is exposed, the contour of th e 

wafer 4 can be imaged clearly by illuminating the e xposed 

part of the periphery of the wafer 4 by the illumin ating 

unit 400 from above the wafer 4, and imaging the ex posed 

part of the periphery of the wafer 4 by the imaging  unit 

224 from below the wafer 4.  Thus, the central coor dinates 

of the wafer 4 can be obtained precisely.  Then, th e frame 

unit unloading unit 192 makes the center of the waf er 4 

coincide with the center of the temporary placement  table 

204, and temporarily places the frame unit U on the  

temporary placement table 204. 

        As depicted in FIG. 10, the temporary place ment 

table 204 is disposed at a distance from the wafer table 
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12 in the X-axis direction.  The temporary placemen t table 

204 in the present embodiment includes an annular 

supporting portion 226 that supports the peripheral  

surplus region 20 of the wafer 4 of the frame unit U and 

leaves a part on the inside of the peripheral surpl us 

region 20 in a noncontact state, and a frame suppor ting 

portion 228 that is disposed on the periphery of th e 

annular supporting portion 226 and supports the ann ular 

frame 64.  The frame supporting portion 228 include s 

strong permanent magnets 402 having a stronger magn etic 

force than permanent magnets 424 of a first raising  and 

lowering table 420 to be described later, and a det aching 

unit 404 that detaches the annular frame magnetical ly 

held by the strong permanent magnets 402. 

        As depicted in FIG. 10, the strong permanen t 

magnets 402 are housed in an upper end of a frame b ody 

406 of the frame supporting portion 228 at interval s in 

the circumferential direction.  Making description with 

reference to FIG. 11A and FIG. 11B, a strong perman ent 

magnet 402 in the present embodiment includes a 

cylindrical main portion 402a that magnetically hol ds the 

annular frame by an upper end surface and an annula r 

flange portion 402b that extends radially outward f rom a 

lower end of the main portion 402a.  In addition, t he 
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strong permanent magnet 402 is housed in a housing hole 

406a of the frame body 406 so as to be movable in t he 

upward-downward direction between a raised position  

depicted in FIG. 11A and a lowered position depicte d in 

FIG. 11B.  As is understood by reference to FIGS. 1 1A and 

11B, the upper surface of the strong permanent magn et 402 

and the upper surface of the frame body 406 are flu sh 

with each other at the raised position, and the upp er 

surface of the strong permanent magnet 402 is posit ioned, 

for example, approximately 5 mm below the upper sur face 

of the frame body 406 at the lowered position.  

Incidentally, the frame body 406 is formed of a non -

magnetic substance. 

        As depicted in FIGS. 11A and 11B, a partiti on wall 

408 is provided in an intermediate portion in the u pward-

downward direction of the housing hole 406a of the frame 

body 406.  The partition wall 408 partitions the ho using 

hole 406a of the frame body 406 into an upper side 

housing chamber 410 housing the strong permanent ma gnet 

402 and a lower side housing chamber 412 housing th e 

detaching unit 404.  A through opening 408a is form ed in a 

central portion of the partition wall 408. 

        A projecting portion 410a that protrudes ra dially 

inward is formed on the upper end side of the upper  side 



37 

housing chamber 410.  As depicted in FIG. 11A, when  an 

upward force is applied from the detaching unit 404  to 

the strong permanent magnet 402, an upper end of th e 

flange portion 402b of the strong permanent magnet 402 is 

caught on a lower end of the projecting portion 410 a, and 

thereby the strong permanent magnet 402 is position ed at 

the raised position.  On the other hand, as depicte d in 

FIG. 11B, when a downward force is applied from the  

detaching unit 404 to the strong permanent magnet 4 02, 

the lower surface of the strong permanent magnet 40 2 

comes into contact with the upper surface of the 

partition wall 408, and thereby the strong permanen t 

magnet 402 is positioned at the lowered position.  In 

addition, an upper opening 412a and a lower opening  412b 

are formed in the lower side housing chamber 412 at  a 

distance from each other in the upward-downward 

direction. 

        Continuing the description with reference t o FIGS. 

11A and 11B, the detaching unit 404 in the present 

embodiment includes a rod 414 extending downward fr om a 

lower end of the strong permanent magnet 402 throug h the 

through opening 408a, a piston 416 fixed to a lower  end 

of the rod 414 and disposed in the lower side housi ng 

chamber 412, a coil spring 418 disposed under the p iston 
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416, and a compressed air supply source 413 connect ed to 

the upper opening 412a of the lower side housing ch amber 

412. 

        The detaching unit 404 applies an upward fo rce to 

the strong permanent magnet 402 by stopping supply of 

compressed air from the compressed air supply sourc e 413 

to the lower side housing chamber 412 and pushing u p the 

piston 416 upward by the coil spring 418.  Conseque ntly, 

the detaching unit 404 raises the strong permanent magnet 

402 with respect to the frame body 406, and positio ns the 

strong permanent magnet 402 at the raised position at 

which the strong permanent magnet 402 can magnetica lly 

hold the annular frame 64 mounted on the frame supp orting 

portion 228.  In addition, the detaching unit 404 a pplies 

a downward force to the strong permanent magnet 402  by 

supplying compressed air from the compressed air su pply 

source 413 to the lower side housing chamber 412 an d 

thereby depressing the piston 416 downward.  Conseq uently, 

the detaching unit 404 lowers the strong permanent magnet 

402 with respect to the frame body 406, and positio ns the 

strong permanent magnet 402 at the lowered position  at 

which the annular frame 64 mounted on the frame 

supporting portion 228 can be detached from the str ong 

permanent magnet 402.  Incidentally, an air is disc harged 
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from the lower opening 412b by depressing the pisto n 416 

downward. 

        As depicted in FIG. 10, a plurality of suct ion 

holes 229 arranged at intervals in the circumferent ial 

direction are formed in the upper surface of the an nular 

supporting portion 226 of the temporary placement t able 

204.  Each suction hole 229 is connected to suction  means 

(not depicted).  In addition, the annular supportin g 

portion 226 is configured to be raisable and lowera ble 

between a raised position (position depicted in FIG . 10) 

at which the upper surface of the annular supportin g 

portion 226 and the upper surface of the frame supp orting 

portion 228 are flush with each other and a lowered  

position at which the upper surface of the annular 

supporting portion 226 is positioned, for example, 

approximately 5 to 10 mm below the upper surface of  the 

frame supporting portion 228.  It suffices for rais ing and 

lowering mechanism (not depicted) for raising and 

lowering the annular supporting portion 226 to be a n 

appropriate actuator such as an air cylinder.  A pa rt 

radially inward of the annular supporting portion 2 26 is 

a circular recess 230 recessed downward.  It is pre ferable 

that the frame supporting portion 228 of the tempor ary 

placement table 204 include a heater (not depicted) , and 
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that the tape 96 be softened by heating the tape 96  of 

the frame unit U temporarily placed on the temporar y 

placement table 204 by the heater so that the tape 96 is 

made to adhere to the base of the ring-shaped reinf orcing 

portion 24 more closely due to the atmospheric pres sure. 

        The processing apparatus 2 in the present 

embodiment includes a temporary placement table 

transporting unit 232 that transports the temporary  

placement table 204 in the Y-axis direction.  The 

temporary placement table transporting unit 232 inc ludes 

a Y-axis guide member 234 extending in the Y-axis 

direction, a Y-axis movable member 236 supported by  the 

Y-axis guide member 234 so as to be movable in the Y-axis 

direction, and a Y-axis feed mechanism 238 that mov es the 

Y-axis movable member 236 in the Y-axis direction.  The 

temporary placement table 204 is fixed to an upper 

portion of the Y-axis movable member 236.  The Y-ax is feed 

mechanism 238 includes a ball screw 240 coupled to the Y-

axis movable member 236 and extending in the Y-axis  

direction and a motor 242 that rotates the ball scr ew 

240.  The temporary placement table transporting un it 232 

converts rotary motion of the motor 242 into rectil inear 

motion by the ball screw 240, and transmits the 

rectilinear motion to the Y-axis movable member 236 .  The 
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temporary placement table transporting unit 232 the reby 

transports the temporary placement table 204 in the  Y-

axis direction together with the Y-axis movable mem ber 

236. 

        As depicted in FIG. 1, the reinforcing port ion 

removing unit 194 includes a laser processing appar atus 

500 that forms a cutting groove by applying a laser  beam 

to the base of the ring-shaped reinforcing portion 24 

formed on the periphery of the wafer 4, and a separ ating 

unit 248 that separates the ring-shaped reinforcing  

portion 24 from the cutting groove.  The laser proc essing 

apparatus 500 includes a holding unit 502 that hold s the 

wafer 4, a laser beam irradiating unit 504 that app lies 

the laser beam to the boundary portion 22 between t he 

device region 18 and the peripheral surplus region 20 of 

the wafer 4 held by the holding unit 502, and a mov ing 

mechanism 506 that moves the holding unit 502 and t he 

laser beam irradiating unit 504 relative to each ot her. 

        As depicted in FIG. 1, the holding unit 502  of the 

laser processing apparatus 500 is disposed above th e 

temporary placement table 204 so as to be movable i n the 

X-axis direction and movable in the Z-axis directio n.  

Making description with reference to FIG. 12A and F IG. 

12B, the holding unit 502 includes an X-axis guide member 
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258 fixed to an appropriate bracket (not depicted) and 

extending in the X-axis direction, an X-axis movabl e 

member 260 supported by the X-axis guide member 258  so as 

to be movable in the X-axis direction, and a Z-axis  

movable member 262 supported by the X-axis movable member 

260 so as to be movable in the Z-axis direction.  A  

support shaft 264 extending downward is rotatably 

supported from the lower surface of a distal end of  the 

Z-axis movable member 262.  A circular first raisin g and 

lowering table 420 is fixed to a lower end of the s upport 

shaft 264. 

        As depicted in FIG. 12B, the first raising and 

lowering table 420 includes a small-diameter wafer 

holding unit 422 that is smaller than the outside 

diameter of the wafer 4 and exposes the ring-shaped  

reinforcing portion 24, a frame supporting portion 426 

including permanent magnets 424 that magnetically h old 

the annular frame 64, and a space 428 that is provi ded 

between the wafer holding unit 422 and the frame 

supporting portion 426 and diffuses leakage light o f the 

laser beam. 

        Continuing the description with reference t o FIG. 

12B, the wafer holding unit 422 is disposed on a ce ntral 

portion of the lower surface of the first raising a nd 
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lowering table 420, and the diameter of the wafer h olding 

unit 422 is slightly smaller than the diameter of t he 

device region 18 (circular recessed portion 23) of the 

wafer 4.  A circular suction chuck 430 formed of a porous 

material is provided to a lower end of the wafer ho lding 

unit 422.  The suction chuck 430 is connected to su ction 

means (not depicted). 

        The frame supporting portion 426 is dispose d on a 

peripheral portion of the first raising and lowerin g 

table 420.  A plurality of permanent magnets (four 

permanent magnets in the present embodiment) 424 ar e 

provided to a lower end of the frame supporting por tion 

426 at intervals in the circumferential direction.  The 

magnetic force of the permanent magnets 424 is weak er 

than the magnetic force of the strong permanent mag nets 

402 of the temporary placement table 204.  In addit ion, an 

annular recess recessed upward is formed between th e 

wafer holding unit 422 and the frame supporting por tion 

426 on the lower surface of the first raising and 

lowering table 420.  This recess forms the space 42 8 that 

diffuses leakage light of the laser beam. 

        Making description with reference to FIG. 1 2A, the 

moving mechanism 506 of the laser processing appara tus 

500 includes an X-axis feed mechanism (not depicted ) that 
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moves the X-axis movable member 260 of the holding unit 

502 in the X-axis direction, a Z-axis feed mechanis m (not 

depicted) that moves the Z-axis movable member 262 of the 

holding unit 502 in the Z-axis direction, and a mot or 266 

that is attached to the upper surface of the distal  end 

of the Z-axis movable member 262, and rotates the s upport 

shaft 264 of the holding unit 502 about an axis ext ending 

in the Z-axis direction.  It suffices for each of t he X-

axis and Z-axis feed mechanisms of the moving mecha nism 

506 to have a configuration including a ball screw and a 

motor that rotates the ball screw.  When the holdin g unit 

502 of the laser processing apparatus 500 holds the  frame 

unit U temporarily placed on the temporary placemen t 

table 204, the moving mechanism 506 positions the f rame 

unit U above the laser beam irradiating unit 504 by  

raising the holding unit 502 and moving the holding  unit 

502 in the X-axis direction. 

        As depicted in FIG. 10, the laser beam irra diating 

unit 504 of the laser processing apparatus 500 incl udes a 

housing 508 disposed so as to be adjacent to the 

temporary placement table 204 in the X-axis directi on.  

Making description with reference to FIG. 13, mount ed in 

the housing 508 are a laser oscillator 510 that 

oscillates a laser, a condenser 512 that condenses a 
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laser beam LB emitted from the laser oscillator 510 , a 

beam splitter 516 that is disposed between the cond enser 

512 and the laser oscillator 510, and branches plas ma 

light P emitted from a region processed by the 

application of the laser beam LB and guides the pla sma 

light P to a branch path 514, and a plasma light de tector 

518 that is disposed on the branch path 514 and det ects 

the plasma light P.  As depicted in FIG. 13, the la ser 

beam irradiating unit 504 in the present embodiment  

includes an attenuator 520 that adjusts the power o f the 

laser beam LB emitted from the laser oscillator 510  and a 

mirror 522 that reflects the laser beam LB adjusted  in 

power by the attenuator 520 and transmitted by the beam 

splitter 516, and guides the laser beam LB to the 

condenser 512.  Incidentally, in FIG. 13, for conve nience, 

the condenser 512 is depicted in the form of a cond ensing 

lens. 

        The laser oscillator 510 and the attenuator  520 are 

electrically connected to a control unit 524 consti tuted 

by a computer.  The control unit 524 controls the 

operation of the laser oscillator 510 and the atten uator 

520.  As depicted in FIG. 13, the control unit 524 is 

electrically connected with power setting means 526  for 

setting the power of the laser beam LB by selecting  a 
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kind of material.  The power setting means 526 is, for 

example, provided to an operating panel (not depict ed) 

for operating the processing apparatus 2.  An opera tor can 

set the power of the laser beam LB by selecting a k ind of 

material through the power setting means 526 provid ed to 

the operating panel. 

        For example, when the operator selects sili con as a 

kind of material through the power setting means 52 6, the 

power setting means 526 sets 1.0 W as a power at wh ich 

appropriate laser processing is performed for silic on.  

When the operator selects aluminum, the power setti ng 

means 526 sets the power to 2.0 W.  When the operat or 

selects copper, the power setting means 526 sets th e 

power to 2.5 W.  It is to be noted that combination s 

between the kinds of materials and the power of the  laser 

beam LB are determined optionally, and are not limi ted to 

the above-described combinations. 

        Then, the control unit 524 adjusts the powe r of the 

laser beam LB by controlling the attenuator 520 so as to 

attain the power set by the power setting means 526 .  

Incidentally, while the power setting means 526 may  be 

configured to set the power according to the materi al 

selected by the operator as described above, the op erator 

may be allowed to set an optional power together wi th the 
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material through the power setting means 526. 

        The beam splitter 516 can be constituted by  a 

dichroic mirror that transmits light having a wavel ength 

(for example, 355 nm) of the laser beam LB emitted from 

the laser oscillator 510, and reflects light (for 

example, the plasma light P) having a wavelength ot her 

than the wavelength of the laser beam LB and guides  the 

light to the branch path 514. 

        The plasma light detector 518 includes a 

diffraction grating 528 that disperses the plasma l ight P 

guided to the branch path 514 by the beam splitter 516 in 

directions different for respective wavelengths, an d an 

image sensor 530 that receives the plasma light P 

dispersed in the directions different for the respe ctive 

wavelengths by the diffraction grating 528. 

        The image sensor 530 has a plurality of lig ht 

receiving elements arranged linearly.  Each light 

receiving element is configured to receive the plas ma 

light P dispersed in the directions different for t he 

respective wavelengths.  The wavelength of the rece ived 

plasma light P differs depending on the position of  the 

light receiving element.  The image sensor 530 is 

electrically connected to the control unit 524.  Th e image 

sensor 530 is configured to output a signal indicat ing 
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the optical intensity of the plasma light P receive d by 

each light receiving element to the control unit 52 4.  

Incidentally, the plasma light detector 518 may not  

necessarily be configured to detect the plasma ligh t P 

guided to the branch path 514 by the beam splitter 516.  

That is, the plasma light detector 518 may not be 

disposed on the branch path 514.  For example, the plasma 

light detector 518 may be disposed in such a positi on as 

to be able to directly detect the plasma light P em itted 

from the region processed by the application of the  laser 

beam LB.  Then, in this case, the beam splitter 516  may be 

omitted from the laser beam irradiating unit 504. 

        When the signal is output from the image se nsor 530 

of the plasma light detector 518 to the control uni t 524, 

the control unit 524 identifies the material of the  

region subjected to laser processing by the applica tion 

of the laser beam LB on the basis of the plasma lig ht P 

detected by the image sensor 530.  For example, as 

depicted in FIG. 14A and FIG. 14B, the control unit  524 

identifies the material of the region subjected to the 

laser processing as silicon in a case where a signa l S1 

is output which indicates a high optical intensity of a 

component having a wavelength of 251 nm in the dete cted 

plasma light P.  The control unit 524 identifies th e 
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material as aluminum in a case where a signal S2 is  

output which indicates a high optical intensity of a 

component having a wavelength of 395 nm in the dete cted 

plasma light P.  The control unit 524 identifies th e 

material as copper in a case where a signal S3 is o utput 

which indicates a high optical intensity of a compo nent 

having a wavelength of 515 nm in the detected plasm a 

light P.  Incidentally, the control unit 524 stores , in 

advance, a table indicating relation between the 

wavelength of the plasma light P and the material o f the 

region subjected to the laser processing. 

        Then, when the kind of the material identif ied on 

the basis of the plasma light P detected by the pla sma 

light detector 518 and the kind of material selecte d by 

the power setting means 526 are different from each  

other, the control unit 524 issues an error by actu ating 

error issuing means 532 (see FIG. 13).  The error i ssuing 

means 532 is electrically connected to the control unit 

524.  The error issuing means 532 may, for example,  be a 

monitor that displays an error message, a speaker t hat 

emits a warning sound associated with the error, or  a 

warning lamp that illuminates or blinks in the case  of 

the error. 

        Alternatively, instead of issuing an error,  the 
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control unit 524 may be configured to adjust the po wer of 

the laser beam LB to an appropriate value correspon ding 

to the material (for example, a value depicted in a  table 

of FIG. 14B) by controlling the attenuator 520 when  the 

kind of the material identified on the basis of the  

plasma light P detected by the plasma light detecto r 518 

and the kind of material selected by the power sett ing 

means 526 are different from each other. 

        Making description with reference to FIG. 1 0, the 

laser processing apparatus 500 includes a suction n ozzle 

534 that sucks debris produced when the wafer 4 is 

irradiated with the laser beam LB and suction means  (not 

depicted) connected to the suction nozzle 534.  As 

depicted in FIG. 10, the condenser 512 extends upwa rd 

from the upper surface of the housing 508 so as to be 

inclined to the suction nozzle 534 side.  This supp resses 

falling of the debris produced at the time of the 

application of the laser beam LB onto the condenser  512.  

In addition, the suction nozzle 534 extends upward from 

the upper surface of the housing 508 so as to be in clined 

to the condenser 512 side. 

        In the laser processing apparatus 500, afte r the 

permanent magnets 424 of the frame supporting porti on 426 

of the first raising and lowering table 420 hold th e 
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annular frame 64 of the frame unit U in which the t ape 96 

is heated by the heater of the frame supporting por tion 

228 of the temporary placement table 204 and the ta pe 96 

thus closely adheres to the base of the ring-shaped  

reinforcing portion 24, and the suction chuck 430 o f the 

wafer holding unit 422 sucks and holds the wafer 4,  the 

Z-axis movable member 262 and the X-axis movable me mber 

260 are moved to raise the frame unit U held by the  first 

raising and lowering table 420 and move the frame u nit U 

in the X-axis direction.  The frame unit U is there by 

positioned above the laser beam irradiating unit 50 4. 

        Incidentally, when the first raising and lo wering 

table 420 of the holding unit 502 holds the frame u nit U, 

the strong permanent magnets 402 are separated from  the 

annular frame 64 by positioning the strong permanen t 

magnets 402 of the frame supporting portion 228 of the 

temporary placement table 204 at the lowered positi on, so 

that the magnetic force acting on the annular frame  64 

mounted on the temporary placement table 204 from t he 

permanent magnets 424 of the first raising and lowe ring 

table 420 which permanent magnets are in contact wi th the 

annular frame 64 is stronger than the magnetic forc e 

acting on the annular frame 64 mounted on the tempo rary 

placement table 204 from the strong permanent magne ts 402 
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of the temporary placement table 204. 

        In addition, as depicted in FIG. 13 and FIG . 15, 

the laser processing apparatus 500 applies the lase r beam 

LB to the base of the ring-shaped reinforcing porti on 24 

formed on the periphery of the wafer 4 while the mo tor 

266 of the moving mechanism 506 rotates the frame u nit U 

held by the first raising and lowering table 420.  The 

laser processing apparatus 500 thereby forms a ring -

shaped cutting groove 256 along the base of the 

reinforcing portion 24 by ablation processing.  In 

addition, the laser processing apparatus 500 sucks the 

debris produced by the ablation processing by the s uction 

nozzle 534. 

        Then, when the plasma light P is not detect ed in 

the plasma light detector 518 (when no signal is ou tput 

from the image sensor 530), the control unit 524 

determines that the cutting groove 256 is formed in  the 

wafer 4 (that the wafer 4 is cut completely), and s tops 

the application of the laser beam LB.  Hence, the l aser 

beam LB is prevented from being applied although th e 

wafer 4 is already cut. 

        In addition, the moving mechanism 506 of th e laser 

processing apparatus 500 moves the frame unit U hav ing 

the cutting groove 256 formed at the base of the 
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reinforcing portion 24 to the temporary placement t able 

204 by moving the frame unit U in the X-axis direct ion 

and the Z-axis direction.  Incidentally, the debris  

adheres to the periphery of the wafer 4 due to the 

application of the laser beam LB.  It is thus prefe rable 

to make only the strong permanent magnets 402 act a nd 

stop the suction of the annular supporting portion 226 of 

the temporary placement table 204 when the frame un it U 

is transferred from the first raising and lowering table 

420 to the temporary placement table 204.  This pre vents 

adhesion of the debris to the suction holes 229 of the 

annular supporting portion 226.  Further, it is pre ferable 

to position the annular supporting portion 226 at t he 

lowered position from a viewpoint of preventing adh esion 

of the debris to the suction holes 229. 

        As depicted in FIG. 1, the separating unit 248 is 

disposed at a distance from the holding unit 502 in  the 

Y-axis direction in a movable range of the Y-axis 

direction of the temporary placement table 204.  Ma king 

description with reference to FIG. 16 and FIG. 18, the 

separating unit 248 includes ultraviolet ray irradi ating 

units 270 (see FIG. 16) that reduce the adhesive fo rce of 

the tape 96 by irradiating a part of the tape 96 wh ich 

part corresponds to the cutting groove 256 with 
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ultraviolet rays, a second raising and lowering tab le 272 

(see FIG. 16) that sucks and holds the inside of th e 

wafer 4 while exposing the ring-shaped reinforcing 

portion 24 to the periphery of the second raising a nd 

lowering table 272, and supports the annular frame 64, a 

separator 274 (see FIG. 16) that separates the ring -

shaped reinforcing portion 24 by acting on the peri phery 

of the ring-shaped reinforcing portion 24, and a 

discarding unit 276 (see FIG. 18) onto which the 

separated ring-shaped reinforcing portion 24 is 

discarded. 

        As depicted in FIG. 16, the separating unit  248 in 

the present embodiment includes a Z-axis guide memb er 278 

fixed to an appropriate bracket (not depicted) and 

extending in the Z-axis direction, a Z-axis movable  

member 280 supported by the Z-axis guide member 278  so as 

to be movable in the Z-axis direction, and a Z-axis  feed 

mechanism (not depicted) that moves the Z-axis mova ble 

member 280 in the Z-axis direction.  It suffices fo r the 

Z-axis feed mechanism to have a configuration inclu ding a 

ball screw coupled to the Z-axis movable member 280  and 

extending in the Z-axis direction and a motor that 

rotates the ball screw. 

        The lower surface of a distal end of the Z- axis 
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movable member 280 supports a support piece 282, an d 

rotatably supports a support shaft 286.  The above-

described second raising and lowering table 272 is 

coupled to the support shaft 286.  A motor 284 that  

rotates the second raising and lowering table 272 

together with the support shaft 286 is attached to the 

upper surface of the distal end of the Z-axis movab le 

member 280.  A pair of the above-described ultravio let ray 

irradiating units 270 is attached to the support pi ece 

282 in the present embodiment at a distance from ea ch 

other in the Y-axis direction. 

        The second raising and lowering table 272 h as a 

circular shape.  The diameter of the second raising  and 

lowering table 272 is slightly smaller than the dia meter 

of the device region 18 (the circular recessed port ion 

23) of the wafer 4.  A plurality of suction holes ( not 

depicted) are formed in the lower surface of the se cond 

raising and lowering table 272.  Each suction hole is 

connected to suction means. 

        In addition, the above-described separator 274 is 

fitted to the support piece 282.  The separator 274  

includes a pair of movable pieces 288 arranged on t he 

lower surface of the support piece 282 at a distanc e from 

each other so as to be movable in the longitudinal 
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direction of the support piece 282 and a pair of fe ed 

means 290 for moving the pair of movable pieces 288 .  Each 

of the pair of feed means 290 can be formed by an 

appropriate actuator such as an air cylinder, or an  

electric cylinder. 

        The separator 274 includes a pair of sandwi ching 

rollers 292a and 292b supported by each movable pie ce 288 

at a distance from each other in the upward-downwar d 

direction and a Z-axis feed mechanism 294 that move s the 

upper sandwiching roller 292a in the Z-axis directi on.  

The Z-axis feed mechanism 294 can be formed by an 

appropriate actuator such as an air cylinder, or an  

electric cylinder.  Each of the sandwiching rollers  292a 

and 292b is supported by a movable piece 288 so as to be 

rotatable about an axis extending in the X-axis 

direction.  A pressing roller 298 is fitted to the upper 

sandwiching roller 292a via a support shaft 296. 

        Making description with reference to FIG. 1 8, the 

discarding unit 276 includes a belt conveyor 300 th at 

transports the separated ring-shaped reinforcing po rtion 

24 and a dust box 302 that houses the ring-shaped 

reinforcing portion 24 transported by the belt conv eyor 

300.  The belt conveyor 300 is positioned by an 

appropriate actuator (not depicted) at a collecting  
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position at which the belt conveyor 300 extends 

substantially horizontally (position indicated by a  solid 

line in FIG. 18) and a standby position at which th e belt 

conveyor 300 extends substantially vertically (posi tion 

indicated by a chain double-dashed line in FIG. 18) .  A 

door 304 to which a handle 304a is attached is prov ided 

to a side surface on a near side in the X-axis dire ction 

of the dust box 302 in FIG. 18.  A crusher (not dep icted) 

that crushes the collected ring-shaped reinforcing 

portion 24 is attached to the inside of the dust bo x 302.  

The dust box 302 allows crushed waste of the ring-s haped 

reinforcing portion 24 housed in the dust box 302 t o be 

extracted when the handle 304a is gripped and the d oor 

304 is opened. 

        When the temporary placement table 204 on w hich the 

frame unit U having the cutting groove 256 formed a t the 

base of the reinforcing portion 24 is temporarily p laced 

is positioned below the separating unit 248 by the 

temporary placement table transporting unit 232, as  

depicted in FIG. 17, the separating unit 248 sucks and 

holds the undersurface 4b side of the wafer 4 of th e 

frame unit U by the second raising and lowering tab le 

272, and sandwiches the annular frame 64 by the 

sandwiching rollers 292a and 292b of the separator 274.  
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The separating unit 248 thereafter reduces the adhe sive 

force of the tape 96 affixed to the ring-shaped 

reinforcing portion 24 by applying ultraviolet rays  from 

the pair of ultraviolet ray irradiating units 270, and 

separates the ring-shaped reinforcing portion 24 fr om the 

frame unit U by rotating the frame unit U by the mo tor 

284 together with the support shaft 286 and the sec ond 

raising and lowering table 272 with respect to the 

separator 274 while pressing the ring-shaped reinfo rcing 

portion 24 downward by the pressing rollers 298.  T he belt 

conveyor 300 transports the separated reinforcing p ortion 

24 to the dust box 302, where the separated reinfor cing 

portion 24 is collected.  Incidentally, the separat or 274 

may be rotated with respect to the frame unit U whe n the 

reinforcing portion 24 is separated. 

        As depicted in FIG. 1, the no-ring unit unl oading 

unit 196 is disposed so as to be adjacent to the 

reinforcing portion removing unit 194.  Making desc ription 

with reference to FIG. 19 and FIG. 20, the no-ring unit 

unloading unit 196 in the present embodiment includ es an 

inverting mechanism 308 (see FIG. 19) that includes  a 

frame holding unit 306 that faces the no-ring unit 

supported by the second raising and lowering table 272 

and holds the annular frame 64, and which mechanism  moves 
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toward the frame cassette table 200 and inverts the  frame 

holding unit 306, a no-ring unit supporting unit 31 0 (see 

FIG. 20) that supports the no-ring unit inverted by  the 

inverting mechanism 308 such that the top surface 4 a of 

the wafer 4 is oriented upward, and a push-in unit 312 

(see FIG. 20) that advances and houses the no-ring unit 

supported by the no-ring unit supporting unit 310 i nto 

the frame cassette 198 mounted on the frame cassett e 

table 200. 

        As depicted in FIG. 19, the inverting mecha nism 308 

includes a Y-axis guide member 314 extending in the  Y-

axis direction, a Y-axis movable member 316 support ed by 

the Y-axis guide member 314 so as to be movable in the Y-

axis direction, a Y-axis feed mechanism (not depict ed) 

that moves the Y-axis movable member 316 in the Y-a xis 

direction, an arm 318 supported by the Y-axis movab le 

member 316 so as to be movable in the Z-axis direct ion, 

and a Z-axis feed mechanism (not depicted) that mov es the 

arm 318 in the Z-axis direction.  It suffices for e ach of 

the Y-axis and Z-axis feed mechanisms of the invert ing 

mechanism 308 to have a configuration including a b all 

screw and a motor that rotates the ball screw. 

        The above-described frame holding unit 306 is 

supported by the arm 318 so as to be vertically 
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invertible, and a motor 320 that vertically inverts  the 

frame holding unit 306 is attached to the arm 318.  The 

frame holding unit 306 in the present embodiment in cludes 

a board 324 rotatably supported by the arm 318 via a pair 

of rotary shafts 322 and a plurality of suction pad s 326 

attached to one surface of the board 324.  Each suc tion 

pad 326 is connected to suction means (not depicted ).  In 

addition, one rotary shaft 322 is coupled to the mo tor 

320. 

        The inverting mechanism 308 sucks and holds  the 

lower surface of the annular frame 64 of the no-rin g unit 

U’ supported by the second raising and lowering tab le 272 

by the suction pads 326 in a state in which the suc tion 

pads 326 are oriented upward.  The inverting mechan ism 308 

thus receives the no-ring unit U’ from the second r aising 

and lowering table 272.  In addition, the inverting  

mechanism 308 directs the top surface 4a of the waf er 4 

upward by inverting the frame holding unit 306 by t he 

motor 320, and thereafter moves the no-ring unit U’  held 

by the frame holding unit 306 toward the frame cass ette 

table 200 by moving the Y-axis movable member 316. 

        As depicted in FIG. 20, the no-ring unit su pporting 

unit 310 in the present embodiment includes a pair of 

support plates 328 supported so as to be movable in  the 
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X-axis direction via appropriate brackets (not depi cted) 

and distance adjusting means (not depicted) for adj usting 

a distance in the X-axis direction between the pair  of 

support plates 328.  The distance adjusting means c an be 

formed by an appropriate actuator such as an air 

cylinder, or an electric cylinder. 

        The pair of support plates 328 supporting t he no-

ring unit U’ is fitted with a heater (not depicted) .  In a 

state in which the distance between the pair of sup port 

plates 328 is narrowed, the pair of support plates 328 

heats the tape 96 of the no-ring unit U’ by the hea ter, 

and thereby removes a slack or a wrinkle in the tap e 96 

which slack or wrinkle is caused by removing the 

reinforcing portion 24. 

        Continuing the description with reference t o FIG. 

20, the push-in unit 312 in the present embodiment 

includes a Y-axis guide member 330 extending in the  Y-

axis direction, a Y-axis movable member 332 support ed by 

the Y-axis guide member 330 so as to be movable in the Y-

axis direction, and a Y-axis feed mechanism (not 

depicted) that moves the Y-axis movable member 332 in the 

Y-axis direction.  The Y-axis movable member 332 in cludes 

a base portion 334 supported by the Y-axis guide me mber 

330, a column 336 extending upward from the upper s urface 
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of the base portion 334, and a pressing piece 338 

attached to an upper end of the column 336.  It suf fices 

for the Y-axis feed mechanism of the push-in unit 3 12 to 

have a configuration including a ball screw coupled  to 

the Y-axis movable member 332 and extending in the Y-axis 

direction and a motor that rotates the ball screw. 

        As depicted in FIG. 21, the no-ring unit su pporting 

unit 310 increases the distance between the pair of  

support plates 328 by the distance adjusting means before 

receiving the no-ring unit U’, and thereafter recei ves 

the no-ring unit U’ held by the suction pads 326.  Then, 

when the no-ring unit supporting unit 310 receives the 

no-ring unit U’, the push-in unit 312 advances and houses 

the no-ring unit U’ supported by the no-ring unit 

supporting unit 310 into the frame cassette 198 pla ced on 

the frame cassette table 200 by the pressing piece 338 by 

moving the Y-axis movable member 332 in the Y-axis 

direction by the Y-axis feed mechanism. 

        The frame cassette 198 depicted in FIG. 1 a nd FIG. 

21 houses a plurality of no-ring units U’ at interv als in 

the upward-downward direction in a state in which t he top 

surfaces 4a of the wafers 4 are oriented upward.  A s 

depicted in FIG. 20 and FIG. 21, the frame cassette  table 

200 includes a mounting unit 340 on which the frame  
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cassette 198 is mounted and a raising and lowering unit 

342 that positions the mounting unit 340 at an opti onal 

height by raising or lowering the mounting unit 340 .  It 

suffices for the raising and lowering unit 342 to h ave a 

configuration including a ball screw coupled to the  

mounting unit 340 and extending in the Z-axis direc tion 

and a motor that rotates the ball screw. 

        Description will next be made of a processi ng 

method in which the processing apparatus 2 as descr ibed 

above is used to integrate the wafer 4 with the ann ular 

frame 64 by affixing the dicing tape 96 to the 

undersurface 4b of the wafer 4 having the ring-shap ed 

reinforcing portion 24 formed in a projecting shape  on a 

part of the undersurface 4b which part corresponds to the 

peripheral, and remove the ring-shaped reinforcing 

portion 24 from the wafer 4 by cutting the ring-sha ped 

reinforcing portion 24. 

        In the present embodiment, first, as depict ed in 

FIG. 1 and FIG. 3, a wafer cassette mounting step i s 

performed which mounts the wafer cassette 6 housing  a 

plurality of wafers 4 on the wafer cassette table 8 .  The 

cassette 6 houses the plurality of wafers 4 at inte rvals 

in the upward-downward direction in a state in whic h the 

top surfaces 4a are oriented upward. 
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        In addition, as depicted in FIG. 1 and FIG.  5, a 

frame housing step is performed which houses a plur ality 

of ring-shaped annular frames 64 in which an openin g 

portion 64a for housing a wafer 4 is formed into th e 

frame housing unit 66.  The frame housing step may be 

performed before the wafer cassette mounting step, or may 

be performed after the wafer cassette mounting step . 

        In the frame housing step, the raising and lowering 

plate 74 of the frame housing unit 66 is lowered to  an 

optional position, thereafter the door 76 is opened  while 

the handle 76a is gripped, and the plurality of ann ular 

frames 64 are housed in a stacked manner on the upp er 

surface of the raising and lowering plate 74.  In 

addition, an annular frame 64 at a top is positione d in 

such a position as to be unloadable by the frame 

unloading unit 68 by adjusting the height of the ra ising 

and lowering plate 74 as appropriate. 

        After the wafer cassette mounting step and the 

frame housing step are performed, a wafer unloading  step 

is performed which unloads a wafer 4 from the wafer  

cassette 6 mounted on the wafer cassette table 8. 

        Making description with reference to FIG. 3 , in the 

wafer unloading step, first, the Y-axis movable mem ber 32 

is positioned in the vicinity of the wafer cassette  table 
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8 by actuating the Y-axis feed mechanism 34 of the wafer 

unloading unit 10.  Next, the hand 44 having the ai r 

jetting ports 46 oriented upward is positioned on t he 

undersurface 4b side (lower side) of the wafer 4 wi thin 

the wafer cassette 6 by driving the transporting ar m 42.  

When the hand 44 is positioned on the undersurface 4b 

side of the wafer 4, a gap is provided between the 

undersurface 4b of the wafer 4 and the hand 44, and  each 

guide pin 48 is positioned outward in the radial 

direction. 

        Next, a negative pressure is generated on o ne 

surface side of the hand 44 on the basis of a Berno ulli 

effect by jetting a compressed air from the air jet ting 

ports 46 of the hand 44, and the wafer 4 is thus su cked 

and supported by the hand 44 from the undersurface 4b 

side in a noncontact manner.  Next, each guide pin 48 is 

moved inward in the radial direction, and thereby 

horizontal movement of the wafer 4 sucked and suppo rted 

by the hand 44 is regulated by each guide pin 48.  Then, 

the wafer 4 sucked and supported by the hand 44 is 

unloaded from the wafer cassette 6 by moving the Y- axis 

movable member 32 and the transporting arm 42 of th e 

wafer unloading unit 10. 

        After the wafer unloading step is performed , a 
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notch detecting step is preferably performed which 

detects the position of the notch 26 of the wafer 4 .  In 

the notch detecting step, as depicted in FIG. 4, th e 

outer circumference of the wafer 4 sucked and suppo rted 

by the hand 44 is positioned between the light emit ting 

element 52 and the light receiving element 54 of th e 

notch detecting unit 50.  Next, the position of the  notch 

26 of the wafer 4 is detected by rotating the wafer  4 by 

the driving source via the guide pin 48.  Thus, the  

orientation of the wafer 4 can be adjusted to an op tional 

orientation. 

        After the notch detecting step is performed , a 

wafer supporting step is performed which supports, by the 

wafer table 12, the top surface 4a side of the wafe r 4 

unloaded by the wafer unloading unit 10. 

        Making description with reference to FIG. 3 , in the 

wafer supporting step, first, the top surface 4a of  the 

wafer 4 is oriented downward by vertically invertin g the 

hand 44 of the wafer unloading unit 10.  Next, the 

peripheral surplus region 20 of the top surface 4a of the 

wafer 4 sucked and supported by the hand 44 is brou ght 

into contact with the annular supporting portion 56  of 

the wafer table 12 by moving the Y-axis movable mem ber 32 

and the transporting arm 42 of the wafer unloading unit 
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10.  At this time, the device region 18 of the top surface 

4a of the wafer 4 is located on the recess 62 of th e 

wafer table 12.  Thus, the devices 14 and the wafer  table 

12 do not come into contact with each other, so tha t 

damage to the devices 14 is prevented. 

        Next, a suction force is generated in each suction 

hole 60 by actuating the suction means of the wafer  table 

12, and the peripheral surplus region 20 of the top  

surface 4a of the wafer 4 is thereby sucked and hel d.  

Next, the suction and support of the wafer 4 by the  hand 

44 is released, and the hand 44 is separated from t he 

wafer table 12.  The wafer 4 is thus transferred fr om the 

wafer unloading unit 10 to the wafer table 12.  Bec ause 

the wafer 4 transferred to the wafer table 12 is su cked 

and held by each suction hole 60, the position of t he 

wafer 4 is not shifted. 

        In addition, after the wafer cassette mount ing step 

and the frame housing step are performed, a frame 

unloading step is performed which unloads an annula r 

frame 64 from the frame housing unit 66 in parallel  with 

the wafer unloading step and the wafer supporting s tep. 

        Making description with reference to FIG. 5 , in the 

frame unloading step, first, the suction pads 92 of  the 

holding unit 88 are brought into contact with the u pper 
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surface of an annular frame 64 at the top which ann ular 

frame is housed in the frame housing unit 66 by mov ing 

the X-axis movable member 84 and the Z-axis movable  

member 86 of the frame unloading unit 68.  Next, a suction 

force is generated in the suction pads 92 by actuat ing 

the suction means of the frame unloading unit 68, a nd the 

annular frame 64 at the top is thereby sucked and h eld by 

the suction pads 92.  Then, the annular frame 64 at  the 

top which annular frame is sucked and held by the s uction 

pads 92 of the holding unit 88 is unloaded from the  frame 

housing unit 66 by moving the X-axis movable member  84 

and the Z-axis movable member 86 of the frame unloa ding 

unit 68. 

        After the frame unloading step is performed , a 

frame supporting step is performed which supports t he 

annular frame 64 unloaded by the frame unloading un it 68 

by the frame table 70. 

        Continuing the description with reference t o FIG. 

5, in the frame supporting step, first, the annular  frame 

64 sucked and held by the suction pads 92 is brough t into 

contact with the upper surface of the frame table 7 0 by 

moving the X-axis movable member 84 and the Z-axis 

movable member 86 of the frame unloading unit 68.  At this 

time, the frame table 70 is positioned at the lower ed 
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position (position indicated by a solid line in FIG . 5).  

Next, the annular frame 64 is mounted onto the fram e 

table 70 by releasing the suction force of the suct ion 

pads 92 of the frame unloading unit 68.  Then, the holding 

unit 88 is separated from above the frame table 70 by 

moving the X-axis movable member 84 and the Z-axis 

movable member 86 of the frame unloading unit 68. 

        After the frame supporting step is performe d, a 

tape affixing step is performed which affixes the t ape 96 

to the annular frame 64. 

        Making description with reference to FIGS. 6A and 

6B, in the tape affixing step, first, before the fr ame 

table 70 is moved from the lowered position (positi on 

depicted in FIG. 6A) to the raised position (positi on 

depicted in FIG. 6B) at which the tape 96 can be af fixed 

to the annular frame 64, the tape 96 is extracted f rom 

the roll tape 96R, and the tape 96 from which the p eeling 

paper 116 is peeled is positioned above the frame t able 

70.  Incidentally, the adhesive surface of the tape  96 

located above the frame table 70 is oriented downwa rd. 

        Next, the frame table 70 is raised to such a degree 

that the pressing roller 132 of the compression bon ding 

unit 110 of the tape affixing unit 98 can press the  tape 

96 against the annular frame 64 from above.  Then, the 
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pressing roller 132 is rolled in the Y-axis directi on 

while the pressing roller 132 presses the adhesive 

surface of the tape 96 against the annular frame 64 .  The 

tape 96 extracted from the roll tape 96R by the tap e 

extracting unit 108 can be thereby compression-bond ed to 

the annular frame 64. 

        Next, the cutter 144 and the pressing rolle r 146 of 

the cutting unit 112 of the tape affixing unit 98 a re 

lowered, the cutter 144 is pressed against the tape  96 on 

the annular frame 64, and the annular frame 64 is p ressed 

by the pressing roller 146 from above the tape 96.  Next, 

the cutter 144 and the pressing roller 146 are move d so 

as to describe a circle along the annular frame 64 by 

rotating the arm piece 140 by the motor 138.  The t ape 96 

extending off the outer circumference of the annula r 

frame 64 can be thereby cut along the annular frame  64.  

In addition, because the pressing roller 146 presse s the 

annular frame 64 from above the tape 96, positional  

displacement of the annular frame 64 and the tape 9 6 is 

prevented while the tape 96 is cut.  Incidentally, the 

already used tape 96 in which a circular opening po rtion 

120 is formed is wound by the tape winding unit 106 . 

        After the tape affixing step is performed, a tape-

affixed frame transporting step is performed which 
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transports the annular frame 64 to which the tape 9 6 is 

affixed to the wafer table 12, positions the openin g 

portion 64a of the annular frame 64 at the undersur face 

4b of the wafer 4 supported by the wafer table 12, and 

mounts the tape-affixed frame 64’ on the wafer tabl e 12. 

        In the tape-affixed frame transporting step , first, 

the frame table 70 is moved from the raised positio n to 

the lowered position.  Next, the Y-axis movable mem ber 150 

and the Z-axis movable member 152 of the tape-affix ed 

frame transporting unit 100 (see FIG. 5) are moved to 

bring each suction pad 158 of the holding unit 154 of the 

tape-affixed frame transporting unit 100 into conta ct 

with the upper surface of the tape-affixed frame 64 ’ (see 

FIG. 7) supported by the frame table 70 in a state in 

which the adhesive surface of the tape 96 is orient ed 

downward. 

        Next, a suction force is generated in the s uction 

pads 158 by actuating the suction means of the tape -

affixed frame transporting unit 100, and thereby th e 

upper surface of the tape-affixed frame 64’ is suck ed and 

held by the suction pads 158.  Next, the tape-affix ed 

frame 64’ sucked and held by the suction pads 158 i s 

unloaded from the frame table 70 by moving the Y-ax is 

movable member 150 and the Z-axis movable member 15 2 of 
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the tape-affixed frame transporting unit 100. 

        Next, the tape-affixed frame 64’ sucked and  held by 

the suction pads 158 of the tape-affixed frame 

transporting unit 100 is transported to the wafer t able 

12.  As depicted in FIG. 7, the opening portion 64a  of the 

annular frame 64 is positioned at the undersurface 4b of 

the wafer 4 supported by the wafer table 12, and th e 

tape-affixed frame 64’ is brought into contact with  the 

frame supporting portion 58 of the wafer table 12.  At 

this time, the adhesive surface of the tape 96 of t he 

tape-affixed frame 64’ is oriented downward, and th e 

undersurface 4b of the wafer 4 is oriented upward a nd 

faces the adhesive surface of the tape 96. 

        Next, the suction force of the suction pads  158 of 

the tape-affixed frame transporting unit 100 is rel eased, 

and thereby the tape-affixed frame 64’ is mounted o n the 

frame supporting portion 58 of the wafer table 12.  Then, 

the holding unit 154 is separated from above the wa fer 

table 12 by moving the Y-axis movable member 150 an d the 

Z-axis movable member 152 of the tape-affixed frame  

transporting unit 100. 

        After the tape-affixed frame transporting s tep is 

performed, a tape compression-bonding step is perfo rmed 

which compression-bonds the tape 96 of the tape-aff ixed 
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frame 64’ to the undersurface 4b of the wafer 4. 

        Making description with reference to FIGS. 7 to 9, 

in the tape compression-bonding step, first, the ra ising 

and lowering mechanism 164 of the tape compression-

bonding unit 102 lowers the upper chamber 160, and brings 

the lower end of the side wall 172 of the upper cha mber 

160 into contact with the upper end of the side wal l 186 

of the lower chamber 162.  Consequently, the upper chamber 

160 and the lower chamber 162 are set in the closed  

state, and the pressing roller 174 is brought into 

contact with the tape-affixed frame 64’.  Then, as 

depicted in FIG. 8, an upper end of the ring-shaped  

reinforcing portion 24 of the wafer 4 adheres to th e 

adhesive surface of the tape 96 of the tape-affixed  frame 

64’. 

        Next, the inside of the upper chamber 160 a nd the 

lower chamber 162 is evacuated by actuating the vac uum 

unit 166 in a state in which the atmosphere opening  unit 

168 of the tape compression-bonding unit 102 is clo sed.  

Next, as depicted in FIG. 8 and FIG. 9, the tape 96  is 

compression-bonded to the undersurface 4b of the wa fer 4 

by rolling the pressing roller 174 of the tape 

compression-bonding unit 102 in the Y-axis directio n.  A 

frame unit U in which the undersurface 4b of the wa fer 4 
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and the tape 96 are compression-bonded to each othe r can 

be thereby produced.  Next, the atmosphere opening unit 

168 is opened, and the atmospheric pressure makes t he 

tape 96 closely adheres to the undersurface 4b of t he 

wafer 4 along the base of the ring-shaped reinforci ng 

portion 24.  Then, the raising and lowering mechani sm 164 

raises the upper chamber 160.  Incidentally, the su ction 

force applied to the wafer 4 by the wafer table 12 is 

lost by evacuating the inside of the upper chamber 160 

and the lower chamber 162.  However, the position o f the 

wafer 4 is not shifted in the tape compression-bond ing 

step because the upper end of the ring-shaped reinf orcing 

portion 24 of the wafer 4 adheres to the adhesive s urface 

of the tape 96 of the tape-affixed frame 64’ when t he 

upper chamber 160 and the lower chamber 162 are set  in 

the closed state. 

         After the tape compression-bonding step is  

performed, a frame unit unloading step is performed  which 

unloads the frame unit U in which the tape 96 of th e 

tape-affixed frame 64’ and the undersurface 4b of t he 

wafer 4 are compression-bonded to each other from t he 

wafer table 12. 

        Making description with reference to FIG. 5 , in the 

frame unit unloading step, first, the transporting unit 



75 

206 of the frame unit unloading unit 192 is actuate d to 

bring the lower surface of the suction piece 210 of  the 

wafer holding unit 202a of the frame unit holding u nit 

202 into contact with the tape 96 on the undersurfa ce 4b 

side of the wafer 4, and bring the suction pads 214  of 

the frame holding unit 202b into contact with the a nnular 

frame 64. 

        Next, a suction force is generated in the s uction 

piece 210 of the wafer holding unit 202a and the su ction 

pads 214 of the frame holding unit 202b.  Consequen tly, in 

a state in which the whole or a part of the periphe ry of 

the wafer 4 is exposed, the suction piece 210 of th e 

wafer holding unit 202a sucks and holds the wafer 4  from 

the undersurface 4b side (tape 96 side), and the su ction 

pads 214 of the frame holding unit 202b suck and ho ld the 

annular frame 64.  Next, the suction and holding of  the 

wafer 4 by the wafer table 12 is released.  Then, t he 

frame unit U held by the frame unit holding unit 20 2 is 

unloaded from the wafer table 12 by actuating the 

transporting unit 206. 

        After the frame unit unloading step is perf ormed, a 

temporary placing step is performed which makes the  

center of the wafer 4 coincides with the center of the 

temporary placement table 204, and temporarily plac es the 
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frame unit U on the temporary placement table 204. 

        Making description with reference to FIG. 1 0, in 

the temporary placing step, first, the frame unit U  held 

by the frame unit holding unit 202 is positioned ab ove 

the imaging unit 224.  Next, the transporting unit 206 of 

the frame unit unloading unit 192 is actuated, and the 

imaging unit 224 images at least three positions of  the 

exposed part of the periphery of the wafer 4 of the  frame 

unit U held by the frame unit holding unit 202.  Wh en the 

imaging unit 224 images the wafer 4 from below, the  

illuminating unit 400 illuminates the wafer 4 from above 

the wafer 4.  The coordinates of at least three poi nt of 

the periphery of the wafer 4 are thereby measured.  Next, 

the central coordinates of the wafer 4 are obtained  on 

the basis of the measured coordinates of the three 

points.  Because the whole or a part of the periphe ry of 

the wafer 4 sucked and held by the suction piece 21 0 of 

the wafer holding unit 202a is exposed, the contour  of 

the wafer 4 can be imaged clearly by illuminating t he 

exposed part of the periphery of the wafer 4 from a bove 

by the illuminating unit 400, and imaging the expos ed 

part of the periphery of the wafer 4 from below by the 

imaging unit 224.  Thus, the central coordinates of  the 

wafer 4 can be obtained precisely. 
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        Next, the transporting unit 206 is actuated  to 

position the center of the wafer 4 at the center of  the 

annular supporting portion 226 of the temporary pla cement 

table 204, bring the peripheral surplus region 20 o f the 

top surface 4a of the wafer 4 into contact with the  upper 

surface of the annular supporting portion 226 of th e 

temporary placement table 204, and bring the lower 

surface of the annular frame 64 into contact with t he 

upper surface of the frame supporting portion 228 o f the 

temporary placement table 204.  The annular frame 6 4 is 

held by the magnetic force of the strong permanent 

magnets 402.  At this time, each of the strong perm anent 

magnets 402 and the annular supporting portion 226 is 

positioned at the raised position.  Next, a suction  force 

is generated in each suction hole 229 by actuating the 

suction means of the temporary placement table 204.   The 

peripheral surplus region 20 of the top surface 4a of the 

wafer 4 is thereby sucked and held.  In addition, a t this 

time, though the top surface 4a of the wafer 4 is 

oriented downward, the device region 18 is located on the 

recess 230 of the temporary placement table 204.  T hus, 

the devices 14 and the temporary placement table 20 4 do 

not come into contact with each other, so that dama ge to 

the devices 14 is prevented. 
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        Next, the suction and holding of the wafer 4 by the 

wafer holding unit 202a is released, and the suctio n and 

holding of the annular frame 64 by the frame holdin g unit 

202b is released.  The frame unit U is thereby tran sferred 

from the frame unit unloading unit 192 to the tempo rary 

placement table 204.  Next, the heater of the frame  

supporting portion 228 is actuated, and the heater heats 

the tape 96 of the frame unit U temporarily placed on the 

temporary placement table 204.  Consequently, the t ape 96 

is softened, and the tape 96 is made to closely adh ere to 

the base of the ring-shaped reinforcing portion 24 of the 

wafer 4. 

        After the temporary placing step is perform ed, a 

reinforcing portion removing step is performed whic h cuts 

and removes the ring-shaped reinforcing portion 24 from 

the wafer 4 of the frame unit U unloaded by the fra me 

unit unloading unit 192. 

        Making description with reference to FIG. 1 , FIG. 

10, and FIGS. 12A and 12B, in the reinforcing porti on 

removing step, first, the lower surfaces of the per manent 

magnets 424 of the first raising and lowering table  420 

are brought into contact with the upper surface of the 

annular frame 64 of the frame unit U temporarily pl aced 

on the temporary placement table 204 by moving the X-axis 
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movable member 260 and the Z-axis movable member 26 2 of 

the holding unit 502 of the laser processing appara tus 

500, and the annular frame 64 is held by the magnet ic 

force of the permanent magnets 424.  In addition, t he 

lower surface of the suction chuck 430 is brought i nto 

contact with the undersurface 4b side (tape 96 side ) of 

the wafer 4, and the wafer 4 is held by the suction  force 

of the suction chuck 430. 

        Next, the first raising and lowering table 420 

sucking and holding the frame unit U is raised afte r the 

strong permanent magnets 402 of the temporary place ment 

table 204 are positioned at the lowered position an d the 

suction force of the annular supporting portion 226  is 

released.  As described above, the magnetic force o f the 

permanent magnets 424 of the first raising and lowe ring 

table 420 is weaker than the magnetic force of the strong 

permanent magnets 402 of the temporary placement ta ble 

204.  When the strong permanent magnets 402 are pos itioned 

at the lowered position, the strong permanent magne ts 402 

are separated from the annular frame 64.  Thus, the  

magnetic force of the strong permanent magnets 402 acting 

on the annular frame 64 is weakened.  The frame uni t U can 

therefore be detached from the temporary placement table 

204 easily. 
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        Next, the X-axis movable member 260 and the  Z-axis 

movable member 262 of the holding unit 502 are actu ated, 

and as depicted in FIG. 13 and FIG. 15, the frame u nit U 

held by the first raising and lowering table 420 is  

positioned above the laser beam irradiating unit 50 4.  

Next, a condensing point of the laser beam LB is 

positioned at the base of the ring-shaped reinforci ng 

portion 24 of the wafer 4 of the frame unit U. 

        Next, the base of the ring-shaped reinforci ng 

portion 24 of the wafer 4 is irradiated with the la ser 

beam LB set at an appropriate power by the power se tting 

means 526 while the motor 266 of the moving mechani sm 506 

rotates the first raising and lowering table 420 an d the 

frame unit U.  Consequently, a ring-shaped cutting groove 

256 can be formed by performing the ablation proces sing 

on the base of the ring-shaped reinforcing portion 24 of 

the wafer 4.  Leakage light of the laser beam LB pa ssing 

through the wafer 4 and the tape 96 is diffused in the 

space 428 between the wafer holding unit 422 and th e 

frame supporting portion 426.  An adverse effect of  the 

leakage light on the devices 14 of the wafer 4 is 

therefore reduced.  In addition, when the wafer 4 i s 

irradiated with the laser beam LB, a suction force is 

generated in the suction nozzle 534 by actuating th e 
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suction means of the laser beam irradiating unit 50 4, and 

the suction nozzle 534 thereby sucks the debris pro duced 

by the ablation processing.  Then, when the plasma light P 

is not detected in the plasma light detector 518, t he 

control unit 524 determines that the cutting groove  256 

is formed in the wafer 4, and stops the application  of 

the laser beam LB.  Hence, the laser beam LB is pre vented 

from being applied although the wafer 4 is already cut. 

        When the wafer 4 is irradiated with the las er beam 

LB, the following processing conditions, for exampl e, can 

be set. 

        Wavelength of the laser beam: 355 nm 

        Power of the laser beam: 1 to 2.5 W 

        Repetition frequency of the laser beam: 100  kHz 

        Rotational speed of the motor: 60 rpm 

        An error is issued from the error issuing m eans 532 

in a case where the kind of the material identified  by 

the control unit 524 on the basis of the plasma lig ht P 

detected by the plasma light detector 518 and the k ind of 

material selected by the power setting means 526 ar e 

different from each other when the wafer 4 is irrad iated 

with the laser beam LB.  Thus, the operator can cor rect 

the power of the laser beam LB to an appropriate va lue 

corresponding to the material of the region subject ed to 
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the laser processing through the power setting mean s 526.  

Alternatively, the control unit 524 may adjust the power 

of the laser beam LB to the appropriate value. 

        The error is issued, for example, when the operator 

selects silicon by the power setting means 526 in a  case 

where the material of the wafer 4 is silicon and th e top 

surface 4a of the wafer 4 is coated with a metallic  film 

of aluminum or copper.  Then, when the metallic fil m on 

the top surface 4a of the wafer 4 is irradiated wit h the 

laser beam LB, the kind of the material (aluminum o r 

copper) identified by the control unit 524 on the b asis 

of the plasma light P detected by the plasma light 

detector 518 and the kind of material (silicon) sel ected 

by the power setting means 526 are different from e ach 

other, and therefore the error is issued. 

        After the cutting groove 256 is formed in t he wafer 

4, the lower surface of the annular frame 64 of the  frame 

unit U held by the first raising and lowering table  420 

is brought into contact with the upper surface of t he 

frame supporting portion 228 of the temporary place ment 

table 204 by moving the X-axis movable member 260 a nd the 

Z-axis movable member 262 of the holding unit 502.  Thus, 

the annular frame 64 is held by the magnetic force of the 

strong permanent magnets 402 positioned at the rais ed 
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position.  At this time, in order to prevent the de bris 

adhering to the periphery of the wafer 4 from adher ing to 

the suction holes 229, it is preferable not to gene rate a 

suction force in the suction holes 229 of the annul ar 

supporting portion 226, and it is preferable to pos ition 

the annular supporting portion 226 at the lowered 

position in advance. 

        Next, the suction force of the suction chuc k 430 of 

the first raising and lowering table 420 is release d, and 

thereafter the first raising and lowering table 420  is 

raised.  As described above, the magnetic force of the 

permanent magnets 424 of the first raising and lowe ring 

table 420 is weaker than the magnetic force of the strong 

permanent magnets 402 of the temporary placement ta ble 

204.  The annular frame 64 is therefore transferred  from 

the permanent magnets 424 to the strong permanent m agnets 

402.  Then, when the first raising and lowering tab le 420 

is raised, the frame unit U is held on the temporar y 

placement table 204, and is separated from the firs t 

raising and lowering table 420.  The frame unit U i s thus 

transferred from the first raising and lowering tab le 420 

to the temporary placement table 204. 

        Next, the temporary placement table transpo rting 

unit 232 positions the temporary placement table 20 4 
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receiving the frame unit U below the separating uni t 248 

of the reinforcing portion removing unit 194 (see F IG. 

10).  Incidentally, at this time, the belt conveyor  300 of 

the discarding unit 276 is positioned at the standb y 

position in advance.  Next, the second raising and 

lowering table 272 of the separating unit 248 is lo wered, 

and thereby the lower surface of the second raising  and 

lowering table 272 is brought into contact with the  tape 

96 on the undersurface 4b part of the wafer 4.  Nex t, a 

suction force is generated in the lower surface of the 

second raising and lowering table 272, and thereby the 

second raising and lowering table 272 sucks and hol ds the 

undersurface 4b side of the wafer 4 of the frame un it U. 

        Next, after the strong permanent magnets 40 2 of the 

temporary placement table 204 are positioned at the  

lowered position, the second raising and lowering t able 

272 sucking and holding the wafer 4 of the frame un it U 

is raised.  Next, the temporary placement table 204  is 

moved to a position below the first raising and low ering 

table 420.  Thereafter, as depicted in FIG. 17, the  pair 

of feed means 290 and the Z-axis feed mechanisms 29 4 of 

the separator 274 are actuated, and thereby the upp er and 

lower sandwiching rollers 292a and 292b sandwich th e 

annular frame 64 in the upward-downward direction.  In 
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addition, the belt conveyor 300 of the discarding u nit 

276 is positioned from the standby position to the 

collecting position. 

        Next, the adhesive force of the tape 96 adh ering to 

the ring-shaped reinforcing portion 24 is reduced b y 

applying ultraviolet rays from the pair of ultravio let 

ray irradiating units 270, and the motor 284 rotate s the 

frame unit U together with the support shaft 286 an d the 

second raising and lowering table 272 with respect to the 

separator 274 while the pressing rollers 298 press the 

ring-shaped reinforcing portion 24 downward.  The r ing-

shaped reinforcing portion 24 can be thereby separa ted 

from the frame unit U.  The belt conveyor 300 trans ports 

the reinforcing portion 24 dropped from the frame u nit U 

to the dust box 302, where the reinforcing portion 24 is 

collected.  Incidentally, the separator 274 may be rotated 

with respect to the frame unit U when the reinforci ng 

portion 24 is separated. 

        After the reinforcing portion removing step  is 

performed, a no-ring unit unloading step is perform ed 

which unloads the no-ring unit U’ from which the ri ng-

shaped reinforcing portion 24 is removed from the 

reinforcing portion removing unit 194. 

        In the no-ring unit unloading step, first, the belt 



86 

conveyor 300 of the discarding unit 276 of the 

reinforcing portion removing unit 194 is positioned  from 

the collecting position to the standby position.  N ext, 

the frame holding unit 306 of the inverting mechani sm 308 

(see FIG. 19) of the no-ring unit unloading unit 19 6 is 

positioned below the no-ring unit U’ sucked and hel d by 

the second raising and lowering table 272. 

        Next, the arm 318 is raised in a state in w hich the 

suction pads 326 of the frame holding unit 306 are 

oriented upward, and thereby the suction pads 326 o f the 

frame holding unit 306 are brought into contact wit h the 

lower surface side of the annular frame 64 of the n o-ring 

unit U’ that is supported by the second raising and  

lowering table 272 and in which the top surface 4a of the 

wafer 4 is oriented downward. 

        Next, a suction force is generated in the s uction 

pads 326 of the frame holding unit 306, and the suc tion 

pads 326 thereby suck and hold the annular frame 64  of 

the no-ring unit U’.  Next, the suction and holding  of the 

no-ring unit U’ by the second raising and lowering table 

272 is released.  The no-ring unit U’ is thereby 

transferred from the second raising and lowering ta ble 

272 of the reinforcing portion removing unit 194 to  the 

frame holding unit 306 of the no-ring unit unloadin g unit 
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196. 

        After the no-ring unit unloading step is pe rformed, 

a no-ring unit housing step is performed which hous es the 

no-ring unit U’ unloaded by the no-ring unit unload ing 

unit 196. 

        In the no-ring unit housing step, first, th e no-

ring unit U’ sucked and held by the frame holding u nit 

306 is vertically inverted by vertical inversion of  the 

inverting mechanism 308 of the no-ring unit unloadi ng 

unit 196.  Consequently, the no-ring unit U’ is pos itioned 

below the frame holding unit 306, and the top surfa ce 4a 

of the wafer 4 is oriented upward. 

        Next, the no-ring unit U’ is brought into c ontact 

with the upper surfaces of the pair of support plat es 328 

of the no-ring unit supporting unit 310 by moving t he Y-

axis movable member 316 and the arm 318 of the inve rting 

mechanism 308.  At this time, the distance between the 

pair of support plates 328 is decreased by the dist ance 

adjusting means, and the pair of support plates 328  is in 

close contact with each other.  Next, the suction a nd 

holding of the no-ring unit U’ by the frame holding  unit 

306 is released, and thereby the no-ring unit U’ is  

mounted on the pair of support plates 328.  Next, t he tape 

96 of the no-ring unit U’ is heated by actuating th e 
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heater fitted to each of the support plates 328.  A  warp 

or a wrinkle in the tape 96 which warp or wrinkle i s 

caused by removing the reinforcing portion 24 is th ereby 

removed.  Then, the frame holding unit 306 sucks an d holds 

the no-ring unit U’ again and raises the no-ring un it U’. 

        Next, after the distance adjusting means in creases 

the distance between the pair of support plates 328 , the 

no-ring unit U’ is mounted on the upper surfaces of  the 

support plates 328.  Then, as depicted in FIG. 21, the 

pressing piece 338 of the push-in unit 312 pushes t he no-

ring unit U’ supported by the no-ring unit supporti ng 

unit 310, and thereby advances and houses the no-ri ng 

unit U’ into the frame cassette 198 placed on the f rame 

cassette table 200.  As described above, the proces sing 

apparatus 2 facilitates work of integrating the waf er 4 

with the annular frame 64 by affixing the dicing ta pe 96 

to the undersurface 4b of the wafer 4 having the ri ng-

shaped reinforcing portion 24 formed in a projectin g 

shape on the part of the undersurface 4b which part  

corresponds to the peripheral, and facilitates remo val of 

the ring-shaped reinforcing portion 24 from the waf er 4 

by cutting the ring-shaped reinforcing portion 24.  

Excellent productivity is thus achieved. 

        As described above, in the laser processing  
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apparatus 500 of the processing apparatus 2, the po wer of 

the laser beam LB applied to the wafer 4 can be adj usted 

easily on the basis of a result of detection of the  

plasma light P emitted from the region subjected to  

processing by the application of the laser beam LB.  

        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. 



90 

WHAT IS CLAIMED IS: 

        1.  A laser processing apparatus for performing 

processing by irradiating with a laser beam, the laser 

processing apparatus comprising: 

        a chuck table configured to hold a wafer; 

        a laser beam irradiating unit configured to apply 

the laser beam to a boundary portion between a device 

region and a peripheral surplus region of the wafer held 

by the chuck table; and 

        a moving mechanism configured to move the chuck 

table and the laser beam irradiating unit relative to 

each other, 

        the laser beam irradiating unit including 

                a laser oscillator configured to oscillate a 

laser, 

                a condenser configured to condense the laser 

beam emitted from the laser oscillator, 

                a plasma light detector configured to detect 

plasma light emitted from a region subjected to the 

processing by application of the laser beam, 

power setting means for setting power of the 

laser beam by selecting a kind of material, and 

error issuing means for issuing an error 

when the kind of material identified on the basis of the 
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plasma light detected by the plasma light detector and 

the kind of material selected by the power setting means 

are different from each other,  

wherein the wafer includes the device region having 

a plurality of devices demarcated by a plurality of 

intersecting planned dividing lines and formed on a top 

surface of the wafer and the peripheral surplus region 

surrounding the device region. 

        2.  The laser processing apparatus according to 

claim 1, further comprising: 

        a beam splitter disposed between the condenser and 

the laser oscillator, and configured to branch the plasma 

light and guide the plasma light to a branch path, 

wherein 

        the plasma light detector is disposed on the branch 

path. 

        3.  The laser processing apparatus according to 

claim 1, wherein 

        the top surface or an undersurface of the wafer is 

coated with a metallic film. 

 4. The laser processing apparatus according to 

claim 1, wherein 

 the error issuing means is electrically connected 

to a control unit, and 
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 the error issuing means comprises  

  a monitor that displays an error message; 

  a speaker that emits a warning sound 

associated with the error; or 

  a warning lamp that illuminates or blinks in 

a case of the error. 

        5.  The laser processing apparatus according to 

claim 1, wherein 

        a recessed portion is formed on an undersurface 

part corresponding to the device region of the wafer and 

a ring-shaped reinforcing portion formed in a projecting 

shape on an undersurface part corresponding to the 

peripheral surplus region of the wafer, and a base of the 

ring-shaped reinforcing portion is irradiated with the 

laser beam. 

        6.  The laser processing apparatus according to 

claim 1, wherein 

        the laser beam irradiating unit stops applying the 

laser beam when the plasma light detector ceases to 

detect the plasma light. 

 7. The laser processing apparatus according to 

claim 5, wherein the laser processing apparatus further 

comprises a reinforcing portion removing unit that cuts 

and removes the ring-shaped reinforcing portion from the 
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wafer. 

 


