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CHIP MANUFACTURING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a chip 

manufacturing method for manufacturing chips by div iding 

a wafer in which a substrate and a laminate are 

laminated. 

Description of the Related Art 

        Semiconductor chips are generally manufactu red by 

dividing a wafer along streets (planned dividing li nes) 

set on a front surface of a substrate, the wafer 

including the substrate formed of a semiconductor s uch as 

silicon (Si) and a laminate of a Low-k film and a 

conductive layer or the like formed on the front su rface 

of the substrate.  Incidentally, a test element gro up 

(TEG) may be formed in partial regions of the lamin ate 

which regions are on the streets.  In order to divi de the 

wafer along the streets, laser-processed grooves ar e 

first formed along the streets by, for example, app lying, 

along the streets, a pulsed laser beam having a 

wavelength absorbed by the substrate and the lamina te.  In 

the laser-processed grooves, the laminate is partly  

removed, so that the front surface of the substrate  is 
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exposed along the streets. 

        After the laser-processed grooves are forme d, 

modified layers in which mechanical strength is dec reased 

are formed within the substrate by moving a condens ing 

point of a pulsed laser beam having a wavelength 

transmitted through the substrate and the wafer rel ative 

to each other along the streets in a state in which  the 

condensing point is positioned within the substrate .  

Incidentally, at this time, cracks extending to the  front 

surface side of the substrate with the modified lay ers as 

a starting point are also formed.  After the modifi ed 

layers are formed, the cracks are further extended by 

applying an external force to the wafer by grinding  or 

the like.  The wafer is thereby divided into a plur ality 

of semiconductor chips (see Japanese Patent Laid-Op en No. 

2007-173475, for example). 

        However, when the laser-processed grooves a re 

formed in the laminate, the front surface side of t he 

substrate may be affected by a thermal effect of th e 

laser beam, and consequently the crystal orientatio n of a 

partial region of the substrate which region is in 

proximity to a bottom portion of a processed groove  may 

change.  The extending direction of the cracks exte nding 

with the modified layers as a starting point depend s on 
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the crystal orientation of the substrate.  Thus, wh en a 

change in the crystal orientation occurs, the crack s 

appear on the front surface of the substrate in suc h a 

manner as to avoid the laser-processed grooves, so that 

the wafer is not divided along the streets (that is , a 

processing defect occurs). 

        For this problem, a processing method in wh ich the 

laser-processed grooves are formed along the street s 

after the modified layers are formed, and the wafer  is 

thereafter divided by grinding the back surface sid e of 

the substrate is conceivable.  It is conceivable th at, if 

this processing method is adopted, abnormal extensi on of 

the cracks due to a change in the crystal orientati on can 

be suppressed.  However, after the modified layers are 

formed with a back surface of the wafer exposed upw ard, 

the laser-processed grooves need to be formed with a 

front surface of the wafer exposed upward, and the 

substrate needs to be thereafter ground with the ba ck 

surface of the wafer exposed upward again.  Thus, w ork of 

inverting the wafer upside down needs to be perform ed at 

least twice during a period from the formation of t he 

modified layers to the grinding.  Productivity is 

consequently decreased. 
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SUMMARY OF THE INVENTION 

        The present invention has been made in view  of such 

problems.  It is an object of the present invention  to 

divide a wafer reliably by suppressing abnormal ext ension 

of cracks when dividing the wafer having a laminate  on 

the front surface of a substrate, and reduce the nu mber 

of times of inverting the wafer upside down. 

        In accordance with an aspect of the present  

invention, there is provided a chip manufacturing m ethod 

for manufacturing chips by dividing a wafer includi ng a 

device formed in each region demarcated by a plural ity of 

intersecting planned dividing lines set on a front 

surface of a substrate and a laminate formed at lea st on 

the plurality of planned dividing lines, the chip 

manufacturing method including a modified layer for ming 

step of forming a modified layer along the planned 

dividing lines and forming a crack extending from t he 

modified layer to a front surface side of the subst rate 

by applying, along the planned dividing lines, a fi rst 

laser beam having a wavelength transmitted through the 

substrate, in a state in which a back surface side of the 

substrate is exposed and a condensing point of the first 

laser beam is positioned within the substrate from the 

back surface side of the substrate, a grinding step  of 
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thinning the wafer to a predetermined thickness by 

grinding the back surface side of the substrate exp osed 

in the modified layer forming step, after the modif ied 

layer forming step, and a laser-processed groove fo rming 

step of forming a laser-processed groove in the lam inate 

by applying, along the planned dividing lines, a se cond 

laser beam having a wavelength absorbed by the subs trate, 

from a front surface side of the wafer, after the 

grinding step. 

        In the laser-processed groove forming step,  the 

laser-processed groove may be formed in such a mann er as 

to cover the crack extending from the modified laye r to 

the front surface side of the wafer. 

        In the laser-processed groove forming step,  the 

laser-processed groove may be formed in such a mann er as 

not to divide the laminate completely.  In the lase r-

processed groove forming step, the laser-processed groove 

may be formed in such a manner as to divide the lam inate 

completely. 

        In the modified layer forming step, the cra ck 

extending to the front surface side of the wafer ma y be 

formed in such a manner as not to sever the laminat e.  In 

the modified layer forming step, the crack extendin g to 

the front surface side of the wafer may be formed i n such 
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a manner as to sever the laminate. 

        The chip manufacturing method may further i nclude a 

tape affixing step of affixing a tape having elasti city 

to the back surface side of the substrate, after th e 

grinding step but before the laser-processed groove  

forming step, and an expanding step of expanding th e tape 

affixed to the back surface side of the substrate, after 

the laser-processed groove forming step. 

        The chip manufacturing method according to one 

aspect of the present invention performs the modifi ed 

layer forming step and the grinding step in order i n a 

state in which the back surface side is exposed, an d 

further performs the laser-processed groove forming  step 

in a state in which the front surface side is expos ed, 

after the grinding step.  Thus, the number of times  of 

inversion of the wafer in a period from the modifie d 

layer forming step to the laser-processed groove fo rming 

step can be reduced to one.  In addition, because t he 

laser-processed groove forming step is performed af ter 

the modified layer forming step, abnormal extension  of 

the crack due to a change in crystal orientation ca n be 

suppressed.  It is therefore possible to reduce the  number 

of times that the wafer is inverted upside down, an d 

reliably divide the wafer having the laminate on th e 
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front surface of the substrate, along the planned 

dividing lines. 

        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 wafer; 

        FIG. 2 is a flowchart of a chip manufacturi ng 

method according to a first embodiment; 

        FIG. 3 is a partially sectional side view d epicting 

a modified layer forming step; 

        FIG. 4A is an enlarged sectional view of th e wafer, 

the enlarged sectional view depicting an example of  

cracks; 

        FIG. 4B is an enlarged sectional view of th e wafer, 

the enlarged sectional view depicting another examp le of 

the cracks; 

        FIG. 5 is a perspective view depicting a gr inding 

step; 
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        FIG. 6A is an enlarged sectional view depic ting an 

example of the wafer obtained after the grinding st ep; 

        FIG. 6B is an enlarged sectional view depic ting 

another example of the wafer obtained after the gri nding 

step; 

        FIG. 7 is a diagram depicting an outline of  a 

peeling step; 

        FIG. 8 is a partially sectional side view d epicting 

a laser-processed groove forming step; 

        FIG. 9A is an enlarged sectional view of th e wafer, 

the enlarged sectional view depicting laser-process ed 

grooves; 

        FIG. 9B is an enlarged sectional view of th e wafer, 

the enlarged sectional view depicting laser-process ed 

grooves having a sufficiently large width; 

        FIG. 10A is an enlarged sectional view of t he 

wafer, the enlarged sectional view depicting two la ser-

processed grooves; 

        FIG. 10B is an enlarged sectional view of t he 

wafer, the enlarged sectional view depicting wide l aser-

processed grooves; 

        FIG. 11A is an enlarged sectional view of t he 

wafer, the enlarged sectional view depicting laser-

processed grooves in a first stage; 
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        FIG. 11B is an enlarged sectional view of t he 

wafer, the enlarged sectional view depicting laser-

processed grooves in a second stage; 

        FIG. 12 is a flowchart of a chip manufactur ing 

method according to a second embodiment; 

        FIG. 13 is an enlarged sectional view of th e wafer, 

the enlarged sectional view depicting laser-process ed 

grooves not reaching a front surface of a substrate ; 

        FIG. 14A is a partially sectional side view  of an 

expanding apparatus; and 

        FIG. 14B is a partially sectional side view  of the 

expanding apparatus that has undergone an expanding  step. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        Embodiments according to one aspect of the present 

invention will be described with reference to the 

accompanying drawings.  FIG. 1 is a perspective vie w of a 

wafer 11 to be processed.  The wafer 11 includes a 

substantially disk-shaped substrate 13.  The substr ate 13 

is formed by a semiconductor material such as Si.  It is 

to be noted that there are no limitations on the 

material, shape, structure, size, and the like of t he 

substrate 13.  For example, the substrate 13 may be  formed 

by another semiconductor material (GaAs, InP, GaN, or the 
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like) or a material such as sapphire, glass, cerami c, 

resin, or a double oxide (LiNbO 3 or LiTaO 3). 

        The diameter of the substrate 13 in the pre sent 

example is approximately 300 mm (12 inches).  The 

thickness of the substrate 13 from a front surface 13a to 

a back surface 13b is approximately 700 µm.  However, the 

diameter and thickness of the substrate 13 are not 

limited to those in the present example.  A plurali ty of 

planned dividing lines (streets) 17 are set in a la ttice 

manner on the front surface 13a of the substrate 13 .  A 

device 19 such as an integrated circuit (IC) is for med in 

each of regions demarcated by the planned dividing lines 

17 intersecting one another.  The external shape of  the 

device 19 in the present example is a rectangular s hape 

of 4 mm × 5 mm.  However, there are no limitations on the 

kind, quantity, shape, structure, size, and the lik e of 

the device 19. 

        A laminate 15 including a low dielectric co nstant 

insulator layer (insulating layer formed of what is  

generally called a Low-k material) and a conductive  layer 

formed of metal is formed on the front surface 13a of the 

substrate 13.  The thickness of the laminate 15 is,  for 

example, approximately a few micrometers, and is 

sufficiently thin as compared with the thickness of  the 
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substrate 13 that has not yet been processed.  The 

laminate 15, including the planned dividing lines 1 7, is 

formed on the whole of the front surface 13a.  Regi ons of 

the laminate 15 in which regions the devices 19 are  

formed protrude more than regions in which the plan ned 

dividing lines 17 are set. 

        Description will next be made of a method o f 

manufacturing a plurality of device chips (chips) 3 5 (see 

FIG. 9A and the like) by dividing the wafer 11 into  units 

of the devices 19.  FIG. 2 is a flowchart of a meth od of 

manufacturing the device chips 35 according to a fi rst 

embodiment.  First, a first protective tape 21 is a ffixed 

to the laminate 15 side of the wafer 11 (that is, a  front 

surface 11a of the wafer 11) and one surface of an 

annular frame 23 (see FIG. 3) made of metal which a nnular 

frame has an opening portion of a diameter larger t han 

that of the wafer 11 (tape affixing step S10). 

        In the present example, a wafer unit 25 is formed 

in which the wafer 11 is thus supported by the annu lar 

frame 23 via the first protective tape 21.  However , the 

annular frame 23 is not essential.  The first prote ctive 

tape 21 having substantially the same diameter as t hat of 

the wafer 11 may be affixed to the front surface 11 a 

side.  The first protective tape 21 is, for example , a 
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resin-made film in which a glue layer (adhesive lay er) is 

provided on a base material layer formed of resin.  In the 

present example, the base material layer is formed of a 

polyolefin resin, and the adhesive layer is formed of an 

ultraviolet (UV) curable resin. 

        After the tape affixing step S10, modified layers 

13c are formed in the substrate 13 by using a first  laser 

processing apparatus 2 (modified layer forming step  S20).  

The first laser processing apparatus 2 depicted in FIG. 3 

is used in the modified layer forming step S20.  Th e first 

laser processing apparatus 2 includes a disk-shaped  chuck 

table 4 having a circular holding surface 4a that h olds 

the front surface 11a side of the wafer 11 under su ction.  

The chuck table 4 includes a disk-shaped frame body  and a 

disk-shaped porous plate (not depicted) having a di ameter 

smaller than that of the frame body. 

        A negative pressure from a suction source s uch as 

an ejector acts on the porous plate via a flow pass age 

(not depicted) formed in the frame body.  The chuck  table 

4 is configured to be rotatable about a predetermin ed 

rotational axis.  The rotation of the chuck table 4  is 

performed by a rotational driving source (not depic ted) 

that rotates a base member on which the chuck table  4 is 

mounted.  In addition, the chuck table 4 is configu red to 
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be movable along a processing feed direction 6 and an 

indexing feed direction orthogonal to the processin g feed 

direction 6 in a horizontal plane.  Movement in the  

processing feed direction 6 is performed by an X-ax is 

direction moving mechanism of a ball screw type.  M ovement 

in the indexing feed direction is performed by a Y- axis 

direction moving mechanism of a ball screw type. 

        On the side of the chuck table 4, a plurali ty of 

clamp mechanisms 8 are provided along the circumfer ential 

direction of the chuck table 4.  A head section 12 of a 

laser beam irradiating unit 10 is provided above th e 

holding surface 4a.  The laser beam irradiating uni t 10 

includes a laser oscillator (not depicted) and the head 

section 12 including a condensing lens (not depicte d).  A 

pulsed laser beam (first laser beam) 14 having a 

wavelength transmitted through the substrate 13 is 

applied from the head section 12 toward the holding  

surface 4a. 

        In the modified layer forming step S20, fir st, the 

front surface 11a side of the wafer 11 is held unde r 

suction by the holding surface 4a, and the annular frame 

23 is held by each clamp mechanism 8.  At this time , a 

back surface 11b of the wafer 11 (that is, the back  

surface 13b of the substrate 13) is exposed upward.   Then, 
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an offset of the planned dividing lines 17 with res pect 

to the processing feed direction 6 (what is general ly 

called a θ offset) is corrected by rotating the chuck 

table 4 as appropriate.  Next, a condensing point 1 4a of 

the laser beam 14 and the chuck table 4 are moved 

relative to each other along the processing feed 

direction 6 in a state in which the condensing poin t 14a 

is positioned at a predetermined depth within the 

substrate 13 from the back surface 13b side of the 

substrate 13.  In the modified layer forming step S 20, 

processing conditions are set as follows, for examp le, 

and the wafer 11 is processed. 

        Wavelength of the laser beam: 1064 nm 

        Average power: 1 W 

        Pulse repetition frequency: 100 kHz 

        Processing feed speed: 800 mm/s 

        Distance from the condensing point to the f ront 

surface of the substrate: 70 µm 

        Number of pass(es): 1 

        Incidentally, the number of pass(es) means the 

number of time(s) that the laser beam 14 is applied  along 

one planned dividing line 17.  However, the number of 

passes may be set to two or more, and two or more 

modified layers 13c may be formed at different dept h 
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positions closer to the front surface 13a side than  the 

back surface 13b.  For example, it is preferable to  set 

the number of passes to three, and form three modif ied 

layers 13c at different depth positions closer to t he 

front surface 13a side than the back surface 13b.  In 

addition, a distance from the condensing point 14a to the 

front surface 13a of the substrate 13 (that is, a 

distance from the modified layer 13c to the front s urface 

13a) is adjusted as appropriate in such a manner as  to be 

larger than a finished thickness of the substrate 1 3.  For 

example, in a case where the finished thickness of the 

substrate 13 is 50 µm, the distance from the modified 

layer 13c to the front surface 13a of the substrate  13 is 

adjusted to 70 µm or the like. 

        After the modified layer 13c is formed alon g one 

planned dividing line 17, the chuck table 4 is inde xing-

fed by a predetermined length in the indexing feed 

direction, and a modified layer 13c is similarly fo rmed 

along another planned dividing line 17 adjacent to the 

one planned dividing line 17.  After modified layer s 13c 

are formed along all of the planned dividing lines 17 

along one direction, the chuck table 4 is rotated b y 90 

degrees by the rotational driving source, and modif ied 

layers 13c are similarly formed along all of the pl anned 



16 

dividing lines 17 along another direction orthogona l to 

the one direction.  The modified layers 13c refer t o 

regions of mechanical strength lower than that of r egions 

in which no modified layer 13c is formed in the sub strate 

13.  In the modified layer forming step S20, when t he 

modified layers 13c are formed, cracks 13d extend f rom 

the modified layers 13c to the front surface 13a si de and 

the back surface 13b side. 

        FIG. 4A is an enlarged sectional view of th e wafer 

11, the enlarged sectional view depicting an exampl e of 

the cracks 13d formed by performing the modified la yer 

forming step S20 according to the above-described 

processing conditions.  In the example depicted in FIG. 

4A, the cracks 13d reach the front surface 13a of t he 

substrate 13, but do not sever the laminate 15.  In  a case 

where the cracks 13d do not sever the laminate 15 a s 

mentioned above, the wafer 11 is not divided into t he 

individual device chips 35, and therefore movement of the 

device chips 35 does not occur at a time of a tape 

affixing step S50 to be described later.  Incidenta lly, 

the same is true for a case where the cracks 13d do  not 

sever the laminate 15 and the extension of the crac ks 13d 

is stopped within the laminate 15.  When the moveme nt of 

the device chips 35 does not occur, intervals betwe en the 



17 

device chips 35 are uniform, and there is thus an 

advantage in that a laser-processed groove forming step 

S70 to be described later is performed easily as co mpared 

with a case where the intervals between the device chips 

35 vary due to the movement of the device chips 35.  

        However, the cracks 13d may be formed in th e 

laminate 15, and the laminate 15 may be divided by the 

cracks 13d, by application of one or a plurality of  the 

following: increasing at least one of pulse energy and 

repetition frequency; bringing the condensing point  14a 

close to the front surface 13a; and decreasing proc essing 

feed speed, for example.  For example, as depicted in FIG. 

4B, the laminate 15 can be divided by the cracks 13 d by 

forming the modified layers 13c at a position furth er 

closer to the front surface 11a side than in the ab ove-

described example.  This provides an advantage of b eing 

able to divide the wafer 11 more reliably.  FIG. 4B  is an 

enlarged sectional view of the wafer 11, the enlarg ed 

sectional view depicting another example of the cra cks 

13d.  Incidentally, in the examples depicted in FIG . 4A 

and FIG. 4B, the cracks 13d do not reach the back s urface 

11b (that is, the back surface 13b). 

        After the modified layer forming step S20, the back 

surface 11b side exposed in the modified layer form ing 
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step S20 is ground, an external force is applied to  the 

back surface 11b side, and the wafer 11 is thinned to a 

predetermined finished thickness (grinding step S30 ).  A 

grinding apparatus 20 depicted in FIG. 5 is used in  the 

grinding step S30.  The grinding apparatus 20 inclu des a 

disk-shaped chuck table 22.  The chuck table 22 has  a 

structure similar to that of the above-described ch uck 

table 4.  Repeated description of the chuck table 2 2 will 

therefore be omitted. 

        A rotational driving source (not depicted) is 

coupled to a lower portion of the chuck table 22, a nd the 

chuck table 22 is rotated at high speed about a 

predetermined rotational axis 24.  A grinding unit 26 is 

provided above a holding surface of the chuck table  22.  

The grinding unit 26 includes a cylindrical spindle  28.  

An upper end portion of the spindle 28 is provided with a 

motor (not depicted).  A lower end portion of the s pindle 

28 is provided with a disk-shaped mounter 30. 

        An annular grinding wheel 32 is coupled to a lower 

surface of the mounter 30.  The grinding wheel 32 i ncludes 

an annular wheel base 34 made of metal.  A pluralit y of 

grinding stones 36 are fixed to the bottom surface side 

of the wheel base 34 along the circumferential dire ction 

of the wheel base 34.  The grinding stones 36 are, for 
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example, formed by mixing abrasive grains of diamon d, 

cubic boron nitride (cBN), or the like in a binding  

material of metal, ceramic, resin, or the like.  FI G. 5 is 

a perspective view depicting the grinding step S30.   

Before the grinding step S30 is performed, however,  the 

first protective tape 21 is first cut out along the  

contour of the wafer 11 without the wafer unit 25 b eing 

inverted upside down, and a wafer unit 27 of the wa fer 11 

and the first protective tape 21 is thereby formed.   

Incidentally, the first protective tape 21 does not  need 

to be cut out in a case where the annular frame 23 is not 

used in the tape affixing step S10. 

        Next, in the grinding step S30, the grindin g unit 

26 is grinding-fed downward at a predetermined grin ding 

feed speed (for example, 0.5 µm/s) in a state in which 

the front surface 11a side is held under suction by  the 

chuck table 22, the chuck table 22 is rotated at a high 

speed (for example, 100 rpm), and further, the grin ding 

wheel 32 is rotated at a predetermined speed (for 

example, 3000 rpm) while grinding water such as pur e 

water is supplied to a processing point.  Consequen tly, 

the back surface 13b side is ground, and the substr ate 13 

is thinned to a predetermined finished thickness (f or 

example, approximately 50 µm).  FIG. 6A is an enlarged 
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sectional view depicting an example of the wafer 11  

obtained after the grinding step S30. 

        The external force applied to the wafer 11 in the 

grinding step S30 causes the cracks 13d to extend t o the 

front surface 13a and the back surface 13b of the 

substrate 13, and, for example, as depicted in FIG.  6A, 

each crack 13d continues from the front surface 13a  to 

the back surface 13b.  Incidentally, in a case wher e the 

cracks 13d are already formed also in the laminate 15 

(see FIG. 4B) or in a case where the external force  

applied to the wafer 11 in the grinding step S30 is  

relatively large, the cracks 13d may continue from the 

front surface 11a to the back surface 11b of the wa fer 11 

(see FIG. 6B).  FIG. 6B is an enlarged sectional vi ew 

depicting another example of the wafer 11 obtained after 

the grinding step S30. 

        After the grinding step S30, the wafer 11 i s 

transported to a tape reaffixing apparatus (not 

depicted).  The tape reaffixing apparatus performs a UV 

irradiating step S40 and a tape affixing step S50 t o be 

described later.  The tape reaffixing apparatus inc ludes a 

UV irradiating unit.  The UV irradiating unit inclu des a 

table formed of a transparent material that transmi ts UV.  

A UV lamp is disposed below the table. 
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        In the UV irradiating step S40 after the gr inding 

step S30, first, the wafer 11 is transported onto t he 

table while the front surface 11a side of the wafer  11 

remains oriented downward.  Then, the adhesive forc e of 

the first protective tape 21 is decreased by irradi ating 

the first protective tape 21 with UV.  The tape rea ffixing 

apparatus includes an affixing unit that affixes a second 

protective tape 29 to the wafer 11 or the like; and  a 

cutting-out unit for cutting out the second protect ive 

tape 29 affixed to the wafer 11 or the like into a 

circular shape.  The cutting-out unit includes an a rm and 

a cutting blade provided to a distal end portion of  the 

arm. 

        After the UV irradiating step S40, in a sta te in 

which an annular frame 31 made of metal which annul ar 

frame has a diameter larger than that of the wafer 11 is 

disposed on the periphery of the wafer 11, the affi xing 

unit affixes the second protective tape 29 to one s urface 

of the annular frame 31 and the back surface 11b si de of 

the wafer 11 (tape affixing step S50).  Next, the c utting-

out unit cuts out the second protective tape 29 int o a 

predetermined diameter.  The tape reaffixing appara tus 

further includes an inversion moving unit that vert ically 

inverts the wafer 11 and a peeling unit for peeling  the 
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first protective tape 21.  The wafer 11 having the second 

protective tape 29 affixed to the back surface 11b side 

is vertically inverted by the inversion moving unit , and 

is transported to a holding table of the peeling un it. 

        Consequently, the first protective tape 21 is 

exposed upward, and the second protective tape 29 i s held 

under suction by the holding table.  Then, the peel ing 

unit peels off the first protective tape 21 whose 

adhesive force is decreased in the UV irradiating s tep 

S40 (peeling step S60).  Thus, the wafer 11 is tran sferred 

from the first protective tape 21 to the second 

protective tape 29, and a wafer unit 33 (see FIG. 7 ) in 

which the wafer 11 is supported by the annular fram e 31 

via the second protective tape 29 is formed.  FIG. 7 is a 

diagram depicting an outline of the peeling step S6 0.  

Incidentally, as with the first protective tape 21,  the 

second protective tape 29 is a resin-made film in w hich a 

glue layer (adhesive layer) is provided on a base 

material layer formed of resin.  However, the secon d 

protective tape 29 is a film having elasticity, in 

particular. 

        After the peeling step S60, a laser-process ed 

groove forming step S70 which forms a laser-process ed 

groove 15a (see FIG. 8) along each planned dividing  line 
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17 is performed.  A second laser processing apparat us 40 

depicted in FIG. 8 is used in the laser-processed g roove 

forming step S70.  The second laser processing appa ratus 

40 includes a chuck table 42 similar to the chuck t able 4 

and clamp mechanisms 44 similar to the clamp mechan isms 

8.  Incidentally, a rotational driving source, an X -axis 

direction moving mechanism, a Y-axis direction movi ng 

mechanism, and the like are provided as in the firs t 

laser processing apparatus 2.  A head section 48 of  a 

laser beam irradiating unit 46 is provided above a 

holding surface 42a. 

        The laser beam irradiating unit 46 includes  a laser 

oscillator (not depicted) and the head section 48 

including a condensing lens (not depicted).  A puls ed 

laser beam (second laser beam) 50 having a waveleng th 

absorbed by the substrate 13 and the laminate 15 is  

applied from the head section 48 toward the holding  

surface 42a.  The laser beam 50 has an intensity 

distribution close to a Gaussian distribution in a plane 

perpendicular to the optical axis of the condensing  lens 

in the laser beam irradiating unit 46. 

        When the laser-processed groove forming ste p S70 is 

to be performed, first, a coating and cleaning appa ratus 

(not depicted) is used to apply a water-soluble res in 
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formed of polyvinyl alcohol or the like to the whol e of 

the front surface 11a side, and thereby form a prot ective 

film (not depicted).  Next, the back surface 11b si de of 

the wafer 11 is held under suction by the holding s urface 

42a of the second laser processing apparatus 40, an d the 

annular frame 31 is held by each clamp mechanism 44 .  

Incidentally, at this time, the front surface 11a o f the 

wafer 11 is exposed upward. 

        Then, after an offset of the planned dividi ng lines 

17 with respect to the processing feed direction 6 is 

corrected by rotating the chuck table 4, a condensi ng 

point 50a of the laser beam 50 and the chuck table 4 are 

moved relative to each other along the processing f eed 

direction 6 in a state in which the condensing poin t 50a 

is positioned at the front surface 11a.  FIG. 8 is a 

partially sectional side view depicting the laser-

processed groove forming step S70.  In the laser-pr ocessed 

groove forming step S70, processing conditions are set as 

follows, for example, and the wafer 11 is processed . 

        Wavelength of the laser beam: 355 nm 

        Average power: 2 W 

        Pulse Repetition frequency: 200 kHz 

        Processing feed speed: 400 mm/s 

        Number of pass(es): 1 
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        Next, the condensing point 50a is positione d at the 

front surface 11a in such a manner as to be superim posed 

on a region irradiated with the laser beam 14 in th e 

modified layer forming step S20 in a thickness dire ction 

A1 (see FIG. 9A) of the wafer 11, and the laser bea m 50 

is applied along each planned dividing line 17.  La ser-

processed grooves 15a are thereby formed.  FIG. 9A is an 

enlarged sectional view of the wafer 11, the enlarg ed 

sectional view depicting an example of the laser-

processed grooves 15a. 

        The laminate 15 is ablation-processed, so t hat a 

laser-processed groove 15a in which the laminate 15  is 

removed (that is, the laminate 15 is completely sev ered) 

from the front surface 11a of the wafer 11 to the f ront 

surface 13a of the substrate 13 is formed along eac h 

planned dividing line 17 in the laminate 15.  After  laser-

processed grooves 15a are formed along all of the p lanned 

dividing lines 17, the coating and cleaning apparat us is 

used again to clean the protective film by pure wat er or 

the like together with debris produced during the l aser 

processing, and thereafter dry the protective film.   A 

plurality of device chips 35 obtained by dividing t he 

wafer 11 along the plurality of planned dividing li nes 17 

are thus formed. 
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        In the present embodiment, the modified lay er 

forming step S20 and the grinding step S30 are perf ormed 

in a state in which the back surface 11b side is ex posed, 

and after the grinding step S30, the laser-processe d 

groove forming step S70 is performed in a state in which 

the front surface 11a side is exposed.  Thus, the n umber 

of times of inversion of the wafer 11 in a period f rom 

the modified layer forming step S20 to the laser-

processed groove forming step S70 can be reduced to  one.  

In addition, because the laser-processed groove for ming 

step S70 is performed after the modified layer form ing 

step S20, abnormal extension of the cracks 13d due to a 

change in crystal orientation of the substrate 13 c an be 

suppressed.  It is therefore possible to reduce the  number 

of times that the wafer 11 is inverted upside down,  and 

reliably divide the wafer 11 having the laminate 15  on 

the front surface 13a of the substrate 13, along th e 

planned dividing lines 17. 

        Incidentally, the cracks 13d may meander in  the 

thickness direction A1 of the substrate 13 and an 

extending direction A2 of the planned dividing line s 17.  

If a crack 13d appearing on the front surface 13a i s 

present in a region different from a bottom portion  of 

the laser-processed groove 15a, the laser-processed  
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groove 15a and the crack 13d may not be connected t o each 

other.  Accordingly, the width of the laser-process ed 

groove 15a (width in a direction orthogonal to the 

extending direction A2 of the planned dividing line  17 in 

a plane substantially parallel with the back surfac e 11b) 

may be made wider than a meandering width of the cr ack 

13d appearing on the front surface 13a. 

        (First Modification) FIG. 9B is an enlarged  

sectional view of the wafer 11, the enlarged sectio nal 

view depicting a laser-processed groove 15a 1 that is 

superimposed on the crack 13d in the thickness dire ction 

A1 and has a width 15b 1 sufficiently wider than the 

meandering width of the crack 13d.  Incidentally, t he 

laser-processed groove 15a 1 completely severs the laminate 

15.  While the laser-processed groove 15a depicted in FIG. 

9A can also cover the crack 13d appearing on the fr ont 

surface 13a, the laser-processed groove 15a 1 depicted in 

FIG. 9B can sufficiently cover the crack 13d appear ing on 

the front surface 13a, so that the laser-processed groove 

15a 1 and the crack 13d can be connected to each other m ore 

reliably. 

        (Second Modification) In the foregoing exam ple, a 

laser-processed groove 15a is formed by applying th e 

laser beam 50 once along one planned dividing line 17.  
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However, the laser beam 50 may be applied a plurali ty of 

times.  For example, the laser beam 50 having an in tensity 

distribution similar to a Gaussian distribution as in the 

cases of forming the laser-processed grooves 15a an d 15a 1 

is branched into two by using a diffractive optical  

element or the like, and two condensing points 50a are 

applied along one planned dividing line 17. 

        Two laser-processed grooves 15a that comple tely 

sever the laminate 15 along each planned dividing l ine 17 

are thus formed.  FIG. 10A is an enlarged sectional  view 

of the wafer 11, the enlarged sectional view depict ing 

the two laser-processed grooves 15a formed by apply ing a 

first laser beam 50.  Next, the laminate 15 remaini ng 

between the two laser-processed grooves 15a is irra diated 

with a laser beam 50 (what is generally called a to p-hat 

beam) that has a substantially uniform intensity 

distribution in the plane perpendicular to the opti cal 

axis of the condensing lens and that is wider than the 

first laser beam 50.  FIG. 10B is an enlarged secti onal 

view of the wafer 11, the enlarged sectional view 

depicting a wide laser-processed groove 15a 2 formed by 

applying the second laser beam 50. 

        The second modification has an advantage of  being 

able to solve, by forming the two relatively narrow  
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laser-processed grooves 15a, a problem that the lam inate 

15 in the vicinity of a planned dividing line 17 is  split 

and peeled, what is generally called delamination.  

Incidentally, because a width 15b 2 of the laser-processed 

groove 15a 2 is wider than that of the crack 13d, there is 

also an advantage of being able to connect the lase r-

processed groove 15a 2 and the crack 13d to each other 

reliably. 

        (Third Modification) Incidentally, the lami nate 15 

does not necessarily have to be severed completely in the 

application of the first laser beam 50.  For exampl e, in 

the application of the first laser beam 50, two sha llow 

laser-processed grooves 15a 3 not severing the laminate 15 

are formed.  FIG. 11A is an enlarged sectional view  of the 

wafer 11, the enlarged sectional view depicting two  

shallow laser-processed grooves 15a 3.  In the application 

of the second laser beam 50 following the first las er 

beam 50, the laser-processed groove 15a 2 is formed by 

applying the above-described top-hat beam. 

        FIG. 11B is an enlarged sectional view of t he wafer 

11, the enlarged sectional view depicting a wide la ser-

processed groove 15a 2 formed by applying the second laser 

beam 50.  The third modification also has an advant age of 

being able to connect the laser-processed groove 15 a2 and 
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the crack 13d to each other reliably.  In addition,  the 

third modification can reduce thermal damage to the  

substrate 13 at a time of forming the two shallow l aser-

processed grooves 15a 3, and can therefore increase the 

strength of the device chips 35 as compared with th e 

second modification.  Incidentally, in addition to the 

foregoing modifications, the wide laser-processed g roove 

15a 2 may be formed in a state in which a plurality of 

condensing points 50a of the relatively thin laser beam 

50 used to form the laser-processed grooves 15a are  

arranged along a direction intersecting the planned  

dividing line 17. 

        The above-described method of manufacturing  the 

device chips 35 brings about effects that the numbe r of 

times of inverting the wafer 11 upside down in a pe riod 

from the modified layer forming step S20 to the las er-

processed groove forming step S70 can be reduced an d that 

the wafer 11 having the laminate 15 on the front su rface 

13a of the substrate 13 can be divided reliably alo ng the 

planned dividing lines 17. 

        (Second Embodiment) A second embodiment wil l next 

be described.  FIG. 12 is a flowchart of a method o f 

manufacturing device chips 35 according to the seco nd 

embodiment.  As depicted in FIG. 13, the laser-proc essed 
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groove forming step S70 according to the second 

embodiment forms a laser-processed groove 15a 4 having a 

predetermined depth such that the laminate 15 is no t 

severed completely.  FIG. 13 is an enlarged section al view 

of the wafer 11, the enlarged sectional view depict ing 

one laser-processed groove 15a 4 not reaching the front 

surface 13a of the substrate 13.  The laser-process ed 

groove 15a 4 can be formed by, for example, decreasing 

average power and repetition frequency, increasing 

processing feed speed, or changing the height posit ion of 

the condensing point 50a.  Damage to the front surf ace 13a 

side of the substrate 13 in the laser-processed gro ove 

forming step S70 can be reduced by forming the lase r-

processed groove 15a 4 not reaching the front surface 13a. 

        In the second embodiment, after the laser-p rocessed 

groove forming step S70, an expanding step S80 is 

performed by using an expanding apparatus 52 that e xpands 

the second protective tape 29.  FIG. 14A is a parti ally 

sectional side view of the expanding apparatus 52.  The 

expanding apparatus 52 has a cylindrical drum 54.  An 

upper end portion of the drum 54 is provided with a  

plurality of rollers 56 along the circumferential 

direction of an opening of the drum 54.  A pluralit y of 

leg portions 58 (three or more leg portions, for ex ample, 
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four leg portions) are arranged on the outside of t he 

drum 54.  Incidentally, FIG. 14A depicts two leg po rtions 

58.  A lower end portion of each of the plurality o f leg 

portions 58 is provided with an air cylinder (not 

depicted) for moving the leg portion 58 in an upwar d-

downward direction. 

        One annular table 60 is disposed on upper e nd 

portions of the plurality of leg portions 58.  The annular 

table 60 has a rectangular external shape, and has a 

circular opening through which the drum 54 can pass .  A 

plurality of clamp mechanisms 62 that each sandwich  the 

annular frame 31 of the wafer unit 33 are arranged on a 

peripheral portion of the annular table 60. 

        In the expanding step S80, the upper end po rtion of 

the drum 54 and an upper surface of the annular tab le 60 

are arranged at a substantially same height, and th en the 

wafer unit 33 is disposed on the drum 54 and the an nular 

table 60.  Then, the annular frame 31 is sandwiched  by the 

plurality of clamp mechanisms 62.  Next, the annula r table 

60 is lowered with respect to the drum 54 by operat ing 

the air cylinders.  The second protective tape 29 i s 

thereby expanded in a radial direction. 

        FIG. 14B is a partially sectional side view  of the 

expanding apparatus 52 that has undergone the expan ding 
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step S80.  As the second protective tape 29 is expa nded, 

an external force is applied also to the wafer 11 a ffixed 

to the second protective tape 29, and the wafer 11 is 

divided into a plurality of device chips 35 with th e 

cracks 13d and the laser-processed grooves 15a 4 as a 

boundary.  The second embodiment can divide the waf er 11 

into the plurality of device chips 35 by using the 

expanding apparatus 52 even when the laminate 15 is  not 

completely severed in the laser-processed groove fo rming 

step S70.  Needless to say, the second embodiment c an also 

reduce the number of times of inverting the wafer 1 1 

upside down, and reliably divide the wafer 11 havin g the 

laminate 15 along the planned dividing lines 17. 

        Incidentally, while the laser-processed gro ove 15a 4 

does not completely sever the laminate 15 in the se cond 

embodiment, the laminate 15 may be severed complete ly.  In 

addition, while FIG. 13 depicts a case where the cr ack 

13d does not sever the laminate 15, the crack 13d m ay 

sever the laminate 15. 

        In a case where the wafer 11 is already div ided 

into the device chips 35 before the expanding step S80, 

the expanding step S80 may be performed to facilita te 

pickup of the device chips 35 by widening intervals  

between the device chips 35.  Besides, structures, 
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methods, and the like according to the foregoing 

embodiments can be modified and implemented as 

appropriate without departing from the objective sc ope of 

the present invention.  For example, also in the fi rst 

embodiment, the expanding step S80 can be performed  after 

the laser-processed groove forming step S70. 

        The present invention is not limited to the  details 

of the above described preferred embodiments.  The scope 

of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 

be embraced by the invention.   
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WHAT IS CLAIMED IS: 

        1.  A chip manufacturing method for manufac turing 

chips by dividing a wafer including a device formed  in 

each region demarcated by a plurality of intersecti ng 

planned dividing lines set on a front surface of a 

substrate and a laminate formed at least on the plu rality 

of planned dividing lines, the chip manufacturing m ethod 

comprising: 

        a modified layer forming step of forming a modified 

layer along the planned dividing lines and forming a 

crack extending from the modified layer to a front 

surface side of the substrate by applying, along th e 

planned dividing lines, a first laser beam having a  

wavelength transmitted through the substrate, in a state 

in which a back surface side of the substrate is ex posed 

and a condensing point of the first laser beam is 

positioned within the substrate from the back surfa ce 

side of the substrate; 

        a grinding step of thinning the wafer to a 

predetermined thickness by grinding the back surfac e side 

of the substrate exposed in the modified layer form ing 

step, after the modified layer forming step; and 

        a laser-processed groove forming step of fo rming a 

laser-processed groove in the laminate by applying,  along 
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the planned dividing lines, a second laser beam hav ing a 

wavelength absorbed by the substrate, from a front 

surface side of the wafer, after the grinding step.  

        2.  The chip manufacturing method according  to 

claim 1, wherein, 

        in the laser-processed groove forming step,  the 

laser-processed groove is formed in such a manner a s to 

cover the crack extending from the modified layer t o the 

front surface side of the wafer. 

        3.  The chip manufacturing method according  to 

claim 2, wherein, 

        in the laser-processed groove forming step,  the 

laser-processed groove is formed in such a manner a s not 

to divide the laminate completely. 

        4.  The chip manufacturing method according  to 

claim 2, wherein, 

        in the laser-processed groove forming step,  the 

laser-processed groove is formed in such a manner a s to 

divide the laminate completely. 

        5.  The chip manufacturing method according  to 

claim 1, wherein, 

        in the modified layer forming step, the cra ck 

extending to the front surface side of the wafer is  

formed in such a manner as not to sever the laminat e. 
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        6.  The chip manufacturing method according  to 

claim 1, wherein, 

        in the modified layer forming step, the cra ck 

extending to the front surface side of the wafer is  

formed in such a manner as to sever the laminate. 

        7.  The chip manufacturing method according  to 

claim 1, further comprising: 

        a tape affixing step of affixing a tape hav ing 

elasticity to the back surface side of the substrat e, 

after the grinding step but before the laser-proces sed 

groove forming step; and 

        an expanding step of expanding the tape aff ixed to 

the back surface side of the substrate, after the l aser-

processed groove forming step.   


