WAFER PROCESSING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a wafecessing method for dividing a
wafer into a plurality of individual device chipkag a plurality of division lines, the
division lines being formed on the front side of thiafer to thereby define a plurality
of separate regions where a plurality of devicasesponding to the device chips are
formed.

Description of the Related Art

In a semiconductor device fabrication pssgea plurality of crossing
division lines are formed on the front side of absantially disk-shaped
semiconductor wafer to thereby define a pluralitgeparate regions where a plurality
of devices such as ICs and LSIs are formed. Thegiens are divided from each
other by cutting the semiconductor wafer alongdivesion lines, thereby producing a
plurality of individual device chips corresponditogthe devices.

As a method of dividing the wafer along tbesision lines, a laser
processing method has been tried. The laser miogemethod uses a pulsed laser
beam having a transmission wavelength to the wafteerein the pulsed laser beam is
applied to the wafer in the condition where theafqmint of the pulsed laser beam is
set inside the wafer in a subject area to be diidélrhat is, the wafer dividing
method using this laser processing method includessteps of applying a pulsed
laser beam having a transmission wavelength taveifer from one side of the wafer
in the condition where the focal point of the pdisaser beam is set inside the wafer,
thereby continuously forming a modified layer iresithe wafer along each division

line, and next applying an external force to théewalong each division line where
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the modified layer is formed to be reduced in gitenthereby breaking the wafer
along each division line (see Japanese PatentA0&8®5, for example).

As another method of dividing the waferrgjdhe division lines, there has
been put into practical use a technique includivg dteps of applying a pulsed laser
beam having an absorption wavelength to the wdéergaeach division line, thereby
forming a laser processed groove along each divisime by ablation, and next
applying an external force to the wafer along edaohsion line where the laser
processed groove is formed as a break start pbieteby breaking the wafer along

each division line (see Japanese Patent Laid-Oped $98-305420, for example).

SUMMARY OF THE INVENTION

In recent years, there has been proposddclanique of mounting a
reinforcing insulation seal on the back side of &few for the purpose of reinforcing
the individual device chips divided from each otheHowever, there is no
established technique of efficiently dividing thafer with the reinforcing insulation
seal mounted on the back side to obtain the indalidevice chips.

It is therefore an object of the presentemtion to provide a wafer
processing method which can efficiently divide thafer with the reinforcing
insulation seal mounted on the back side to olttenndividual device chips.

In accordance with an aspect of the presemntion, there is provided a
wafer processing method for dividing a wafer intglarality of individual device
chips along a plurality of division lines, the dilan lines being formed on a front side
of the wafer to thereby define a plurality of separregions where a plurality of
devices corresponding to the device chips are fdrritee wafer processing method
including a back grinding step of grinding a baattesof the wafer in a condition

where a protective tape is attached to the frae sif the wafer, thereby reducing a
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thickness of the wafer to a predetermined thicknasseinforcing insulation seal
mounting step of peeling the protective tape atddb the front side of the wafer and
mounting a reinforcing insulation seal capable rahsmitting infrared light on the
back side of the wafer after performing the badkding step; a reinforcing insulation
seal hardening step of heating the reinforcinglatgan seal mounted on the back side
of the wafer to thereby harden the reinforcing iason seal after performing the
reinforcing insulation seal mounting step; a waigpporting step of attaching a dicing
tape to the reinforcing insulation seal mountedtiom back side of the wafer and
supporting a peripheral portion of the dicing tap@an annular frame after performing
the reinforcing insulation seal hardening step;aalifred layer forming step of setting
a focal point of a laser beam inside the wafemirmigea corresponding to each division
line, the laser beam having an infrared waveletgthsmissive to the wafer, and then
applying the laser beam along each division liremfrthe back side of the wafer
through the dicing tape and the reinforcing insataseal, thereby forming a modified
layer inside the wafer along each division lineeafterforming the wafer supporting
step; and a wafer dividing step of applying an exdEforce to the wafer to thereby
divide the wafer into the individual device chipgsray each division line where the
modified layer is formed, after performing the nfeati layer forming step.

Preferably, the wafer processing methoth@rrincludes a marking step of
applying a laser beam having an absorption wavétettgthe reinforcing insulation
seal, to a target area of the reinforcing insutaseal corresponding to each device,
thereby marking device information in the targetaacorresponding to each device
after performing the reinforcing insulation seatdeming step and before performing
the wafer supporting step.

Preferably, the wafer processing methoth&rincludes a laser processed

groove forming step of applying a laser beam ha@ngbsorption wavelength to the
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wafer from the front side of the wafer along eachsibn line to thereby form a laser
processed groove along each division line aftefop@ing the reinforcing insulation
seal hardening step and before performing the neadidyer forming step.

According to the wafer processing methodtled present invention, the
wafer with the reinforcing insulation seal mountedthe back side can be efficiently
divided into the individual device chips.

The above and other objects, features ahchrdages of the present
invention and the manner of realizing them will @& more apparent, and the
invention itself will best be understood from adstwof the following description and
appended claims with reference to the attached idgswvshowing a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a perspective view of a semiagstdr wafer;

FIG. 1B is an enlarged sectional view of assential part of the
semiconductor wafer shown in FIG. 1A;

FIG. 2 is a perspective view of the semétarior wafer in the condition
where a protective tape is attached to the fraie sf the semiconductor wafer in a
protective tape attaching step;

FIG. 3 is a perspective view of an essépiat of a grinding apparatus for
performing a back grinding step;

FIG. 4 is a side view for illustrating thack grinding step;

FIGS. 5A and 5B are perspective views flusirating a reinforcing
insulation seal mounting step;

FIG. 6 is a side view for illustrating anfrcing insulation seal hardening

step;



FIG. 7 is a perspective view for illustregia marking step;

FIGS. 8A and 8B are perspective views lloisirating a wafer supporting
step;

FIG. 9 is a perspective view of an essérgat of a laser processing
apparatus for performing a laser processed gramveirig step;

FIGS. 10A to 10C are sectional side views flustrating the laser
processed groove forming step;

FIG. 11 is a perspective view of an ess¢mart of a laser processing
apparatus for performing a modified layer formitgps

FIGS. 12A to 12C are sectional side vieworsifustrating the modified layer
forming step;

FIG. 13 is a perspective view of a tapeaexjing apparatus for performing a
wafer dividing step; and

FIGS. 14Ato 14C are sectional side viearslfustrating the wafer dividing

step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The wafer processing method according éqotiesent invention will now be
described in more detail with reference to thechid drawings. FIG. 1A is a
perspective view of a semiconductor wafer to bedew into individual device chips
by the wafer processing method according to thegmreinvention, and FIG. 1B is an
enlarged sectional view of an essential part ofsgraiconductor wafer shown in FIG.
1A. As shown in FIGS. 1A and 1B, a semiconductafer 2 is composed of a
substrate 20 such as a silicon substrate and #idaatlayer 21 formed on a front side
20a of the substrate 20. For example, the subs®@thas a thickness of 5@n.

The functional layer 21 is composed of an insugafilm and a functional film formed
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on the insulating film, the functional film formirg plurality of circuits. A plurality
of devices 22 such as ICs and LSIs are formedrik&ix by the functional layer 21.
That is, a plurality of crossing division lines @8 formed on a front side 21a of the
functional layer 21 to thereby define a pluralifyseparate regions where the plural
devices 22 are formed. In this preferred embodintae insulating film constituting
the functional layer 21 is provided by an $idm or a low-permittivity insulator film
(low-k film). Examples of the low-k film includenainorganic film of SiOF, BSG
(SiOB), etc. and an organic film such as a polyfiter of polyimide, parylene, etc.
For example, the thickness of the functional I&8/rs set to 1@m.

The wafer processing method for dividing #emiconductor wafer 2 along
the division lines 23 will now be described. Firas shown in FIG. 2, a protective
tape 3 is attached to the front side 21a of thectfanal layer 21 constituting the
semiconductor wafer 2, so as to protect the devA2eggrotective tape attaching step).
Accordingly, in the condition where the protectitape 3 is attached to the
semiconductor wafer 2, a back side 20b of the safest20 is exposed. In this
preferred embodiment, the protective tape 3 is asag of an acrylic resin base sheet
and an acrylic resin adhesive layer formed on thetfside of the acrylic resin base
sheet. For example, the acrylic resin base sheetlthickness of 100m, and the
acrylic resin adhesive layer has a thickness otiebam.

After performing the protective tape atiaghstep mentioned above, a back
grinding step is performed in such a manner thatpiotective tape attached to the
semiconductor wafer 2 is held on a holding surfac@olding means included in a
grinding apparatus and the back side of the serdigtior wafer 2 is then ground to
reduce the thickness of the semiconductor wafeo 2 tpredetermined thickness.
This back grinding step is performed by using adjrig apparatus 4 shown in FIG. 3.

The grinding apparatus 4 shown in FIG. 3 includeshack table 41 as workpiece
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holding means for holding a workpiece and grindmgans 42 for grinding the
workpiece held on the chuck table 41. The chubletdl has an upper surface as a
holding surface for holding the workpiece undertisuc The chuck table 41 is
rotatable in the direction shown by an arrow 4l1aFiG. 3 by a rotational drive
mechanism (not shown). The grinding means 42 dedua spindle housing 421, a
rotating spindle 422 rotatably supported to thedlei housing 421 and adapted to be
rotated by a rotational drive mechanism (not showmhounter 423 fixed to the lower
end of the rotating spindle 422, and a grinding eli24 mounted on the lower
surface of the mounter 423. The grinding wheel ¥2Zbmposed of an annular base
425 and a plurality of abrasive members 426 fixethe lower surface of the annular
base 425 so as to be annularly arranged alongutee orcumference thereof. The
annular base 425 is mounted on the lower surfatieeomounter 423 by a plurality of
fastening bolts 427.

In performing the back grinding step byngsithe grinding apparatus 4
mentioned above, the semiconductor wafer 2 is dlacethe chuck table 41 in the
condition where the protective tape 3 attachedht semiconductor wafer 2 is in
contact with the upper surface (holding surfacehefchuck table 41 as shown in FIG.
3. Thereafter, suction means (not shown) is opdrad hold the semiconductor
wafer 2 through the protective tape 3 on the chiatte 41 under suction (wafer
holding step). Accordingly, the semiconductor w&fes held through the protective
tape 3 on the chuck table 41 under suction in tmelition where the back side 20b of
the substrate 20 is oriented upward. After holdthg semiconductor wafer 2
through the protective tape 3 on the chuck tablerder suction as mentioned above,
the chuck table 41 is rotated in the directionhaf arrow 41a in FIG. 3 at 300 rpm, for
example. At the same time, the grinding wheel dthe grinding means 42 is also

rotated in the direction shown by an arrow 424&l@. 3 at 6000 rpm, for example.
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Thereatfter, the grinding wheel 424 is lowered tmdpthe abrasive members 426 of
the grinding wheel 424 into contact with the baaes20b (work surface) of the
substrate 20 of the semiconductor wafer 2. The¥gdhe grinding wheel 424 is fed
(lowered) in the direction shown by an arrow 42dl-IGS. 3 and 4 (in the direction
perpendicular to the holding surface of the chatitet 41) by a predetermined amount
at a feed speed of dm/second, for example. As a result, the back 2@te of the
substrate 20 of the semiconductor wafer 2 is grawnceduce the thickness of the
semiconductor wafer 2 to a predetermined thickesgs, 20Qum).

After performing the back grinding step remed above, a reinforcing
insulation seal mounting step is performed in sachanner that the protective tape 3
attached to the front side of the wafer is peelfduod a reinforcing insulation seal
capable of transmitting infrared light is mountedtbe back side of the wafer. More
specifically, as shown in FIGS. 5A and 5B, the pctitve tape 3 attached to the front
side 21a of the functional layer 21 constituting emiconductor wafer 2 is peeled off,
and a reinforcing insulation seal 5 capable ofgnaitting infrared light is mounted on
the back side 20b of the substrate 20 constitutimg semiconductor wafer 2.
Accordingly, as shown in FIG. 5B, the front sidea2df the functional layer 21 is
exposed in the condition where the reinforcing fason seal 5 is mounted on the
back side 20b of the substrate 20. As the reinfgrénsulation seal capable of
transmitting infrared light, a reinforcing insulai seal manufactured and marketed by
Lintec Corporation may be used.

After performing the reinforcing insulatia®al mounting step mentioned
above, a reinforcing insulation seal hardening seyerformed in such a manner that
the reinforcing insulation seal 5 mounted on thektsde of the wafer is heated to be
hardened. More specifically, as shown in FIG.I& teinforcing insulation seal 5

mounted on the back side 20b of the substrate @étitating the semiconductor wafer
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2 is heated to be hardened by using a heater 5. ekample, the reinforcing
insulation seal 5 is heated at 130°C for two honrtghe reinforcing insulation seal
hardening step.

Thereafter, a marking step is performeduoh a manner that a laser beam
having an absorption wavelength to the reinforémsylation seal 5 is applied to the
reinforcing insulation seal 5 in an area correspayntb each device, thereby marking
device information in this area corresponding tohedevice. This marking step is
performed by using a laser processing apparatuko@rs in FIG. 7. The laser
processing apparatus 6 shown in FIG. 7 includedike table 61 for holding a
workpiece, laser beam applying means 62 for apglgimaser beam to the workpiece
held on the chuck table 61, and imaging means 68rfaging the workpiece held on
the chuck table 61. The chuck table 61 has anruppéace as a holding surface for
holding the workpiece under suction. The chucKetail is movable both in a
feeding direction shown by an arrow X in FIG. 7fbgding means (not shown) and in
an indexing direction shown by an arrow Y in FIGyindexing means (not shown).

The laser beam applying means 62 includesylendrical casing 621
extending in a substantially horizontal directiorAlthough not shown, the casing
621 contains pulsed laser beam oscillating meaokidmg a pulsed laser beam
oscillator and repetition frequency setting meanBhe laser beam applying means 62
further includes focusing means 622 mounted orfring end of the casing 621 for
focusing a pulsed laser beam oscillated from tHsegoulaser beam oscillating means.
The laser beam applying means 62 further includealfposition adjusting means
(not shown) for adjusting the focal position of {hésed laser beam to be focused by
the focusing means 622.

The imaging means 63 is mounted on thet f#ad portion of the casing 621

of the laser beam applying means 62. The imagiegn® 63 includes an ordinary
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imaging device (CCD) for imaging the workpiece Ismng visible light, infrared light

applying means for applying infrared light to th@rkpiece, an optical system for
capturing the infrared light applied to the worlgaeby the infrared light applying
means, and an imaging device (infrared CCD) fompotting an electrical signal
corresponding to the infrared light captured by dpécal system. An image signal
output from the imaging means 63 is transmittecotatrol means (not shown).

In performing the marking step by using thger processing apparatus 6
shown in FIG. 7, the semiconductor wafer 2 is fnisiced on the chuck table 61 of the
laser processing apparatus 6 in the condition wineréront side 21a of the functional
layer 21 constituting the semiconductor wafer isontact with the upper surface of
the chuck table 61. Thereafter, suction means ghotvn) is operated to hold the
semiconductor wafer 2 on the chuck table 61 undetian (wafer holding step).
Accordingly, the semiconductor wafer 2 is held bea thuck table 61 in the condition
where the reinforcing insulation seal 5 mountedt@nback side 20b of the substrate
20 is oriented upward. After performing the wafetding step, the chuck table 61
holding the semiconductor wafer 2 is moved to atjpwsdirectly below the imaging
means 63 by operating the feeding means (not shown)the condition where the
chuck table 61 is positioned directly below the ging means 63, an alignment
operation is performed by the imaging means 63taadontrol means (not shown) to
detect a target area of the semiconductor wafeo e laser-processed. More
specifically, the imaging means 63 and the contielns perform image processing
such as pattern matching for making the alignmesttveen the target area of the
reinforcing insulation seal 5 mounted on the badk 20b of the substrate 20, which
target area corresponds to each device 22 formeshah of the separate regions
defined by the plural division lines 23, and theusing means 622 of the laser beam

applying means 62 for applying the laser beam i® tdirget area corresponding to
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each device 22, thus performing the alignment t#fsar beam applying position on
the reinforcing insulation seal 5 (alignment step).

Although the front side 21a of the funcabtayer 21 on which the division
lines 23 are formed is oriented downward in thigrahent operation, the division
lines 23 can be imaged through the reinforcing latgan seal 5 and the substrate 20
from the back side of the wafer 2 because the intagieans 63 includes the infrared
light applying means for applying infrared lightttee wafer 2, the optical system for
capturing the infrared light applied to the waferad the imaging device (infrared
CCD) for outputting an electrical signal correspiogdto the infrared light captured
by the optical system as described above.

After performing this alignment step, thalged laser beam having an
absorption wavelength to the reinforcing insulatseal 5 is applied from the focusing
means 622 of the laser beam applying means 62ettatiet area of the reinforcing
insulation seal 5 corresponding to each devica#teby marking device information
M in this target area as shown in FIG. 7.

For example, the marking step is performeder the following processing

conditions.
Wavelength of laser beam : 355 nm
Repetition frequency : 80 kHz
Power :0.2W
Focused spot diameter (i)

After performing the marking step mentiorsobve, a wafer supporting
step is performed in such a manner that a dicipg ta attached to the reinforcing
insulation seal mounted on the back side of themad the peripheral portion of the
dicing tape is supported to an annular frame. Mmpecifically, as shown in FIGS.

8A and 8B, the reinforcing insulation seal 5 modnta the back side 20b of the
11



substrate 20 of the semiconductor wafer 2 is att@ddb a dicing tape T supported at
its peripheral portion to an annular frame F. WlHhHe reinforcing insulation seal 5
mounted on the back side 20b of the substrate 2@efemiconductor wafer 2 is
attached to the dicing tape T supported at itoperal portion to the annular frame F
in this preferred embodiment, the dicing tape T rbayattached to the reinforcing
insulation seal 5 mounted on the back side 20b h&f substrate 20 of the
semiconductor wafer 2, and at the same time thipheal portion of the dicing tape
T may be supported to the annular frame F. Thenglitape T is composed of a
synthetic resin sheet such as a polyvinyl chlogkdeet and an adhesive layer formed
on the front side of the synthetic resin sheetfphang a paste.

Thereafter, a laser processed groove faymsiep is performed in such a
manner that a laser beam having an absorption wagti to the wafer is applied to
the wafer from the front side thereof along eachstn line to thereby form a laser
processed groove along each division line. Thasrl@rocessed groove forming step
may be performed by using the laser processingraps6 shown in FIG. 7. The
laser processed groove forming step will now bedlesd with reference to FIG. 9, in
which the same laser processing apparatus 6 aslhibatn in FIG. 7 is shown. In
performing the laser processed groove forming $tepusing the laser processing
apparatus 6 shown in FIG. 9, the semiconductor m&is placed on the chuck table
61 of the laser processing apparatus 6 in the tondwhere the dicing tape T
attached to the reinforcing insulation seal 5 mednon the back side 20b of the
substrate 20 is in contact with the upper surfdcth® chuck table 61. Thereafter,
the suction means (not shown) is operated to Hm@dsemiconductor wafer 2 through
the dicing tape T and the reinforcing insulatiomlsg on the chuck table 61 under
suction (wafer holding step). Accordingly, therftside 21a of the functional layer

21 of the semiconductor wafer 2 held on the chwaket 61 is oriented upward.
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Although the annular frame F supporting the didizge T is not shown in FIG. 9, the
annular frame F is held by any suitable frame mgjdneans provided on the chuck
table 61. After performing this wafer holding stépe chuck table 61 holding the
semiconductor wafer 2 is moved to a position diygatlow the imaging means 63 by
operating the feeding means (not shown).

In the condition where the chuck table $Jositioned directly below the
imaging means 63, an alignment operation is pedrivy the imaging means 63 and
the control means (not shown) to detect a subjeet af the semiconductor wafer 2 to
be laser-processed. More specifically, the imagiegans 63 and the control means
perform image processing such as pattern matchingnéking the alignment between
the division lines 23 extending in a first direction the front side 21la of the
functional layer 21 of the semiconductor wafer 2 éime focusing means 622 of the
laser beam applying means 62 for applying the lasam to the wafer 2 along the
division lines 23, thus performing the alignmentaofaser beam applying position
(alignment step). Similarly, this alignment stapperformed for the other division
lines 23 extending in a second direction perpendido the first direction on the front
side 21a of the functional layer 21 of the semicarar wafer 2.

After performing the alignment step menédrabove, the chuck table 61 is
moved to a laser beam applying area where the ifoguseans 622 of the laser beam
applying means 62 is located as shown in FIG. 1@éreby positioning one end (left
end as viewed in FIG. 10A) of a predetermined dnthe division lines 23 extending
in the first direction directly below the focusingeans 622. Further, the focal point
P of the pulsed laser beam to be applied from dloasing means 622 is set near the
upper surface of the predetermined division line ZBhereafter, the pulsed laser
beam is applied from the focusing means 622 tesdmiconductor wafer 2, and the

chuck table 61 is moved at a predetermined feeddspethe direction shown by an
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arrow X1 in FIG. 10A. When the other end (rightleas viewed in FIG. 10B) of the
predetermined division line 23 reaches the posttioectly below the focusing means
622 as shown in FIG. 10B, the application of thisged laser beam is stopped and the
movement of the chuck table 61 is also stopped. aA®sult, a laser processed
groove 24 having a depth greater than the thickonéske functional layer 21, i.e.,
reaching the substrate 20 is formed along the peedeed division line 23 on the
front side of the semiconductor wafer 2 as showFRlI& 10C, so that the functional
layer 21 is divided by the laser processed grocle dhe laser processed groove
forming step mentioned above is similarly perfornadoing all of the other division
lines 23 formed on the front side of the semiconaluwafer 2.

For example, the laser processed groovaifg step mentioned above is

performed under the following processing conditions

Wavelength of laser beam : 355 nm

Average power 2W

Repetition frequency : 200 kHz

Focused spot diameter pré

Work feed speed : 500 mm/second

After performing the laser processed gromvening step mentioned above,
a modified layer forming step is performed in sachhanner that the focal point of a
laser beam having an infrared region transmissivéhe wafer is set inside the
substrate in an area corresponding to each divigienand the laser beam is applied
along each division line from the back side of tefer (from the dicing tape side)
through the reinforcing insulation seal, therebynfimg a modified layer inside the
wafer along each division line. This modified layerming step is performed by
using a laser processing apparatus 60 shown inJHIGwvhich is similar to the laser

processing apparatus 6 shown in FIGS. 7 and 9. ororly, substantially the same
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components of the laser processing apparatus &@nsimoFIG. 11 as those of the laser
processing apparatus 6 shown in FIGS. 7 and 9 emeted by the same reference
numerals and the description thereof will be orditte

In performing the modified layer formingeptby using the laser processing
apparatus 60 shown in FIG. 11, the semiconductéenais placed on the chuck table
61 of the laser processing apparatus 60 in theitondvhere the front side 21a of the
functional layer 21 of the semiconductor wafer 2Zni€ontact with the upper surface
of the chuck table 61. Thereafter, the suctionmagaot shown) is operated to hold
the semiconductor wafer 2 on the chuck table 6leusdction (wafer holding step).
Accordingly, the semiconductor wafer 2 is held ba thuck table 61 in the condition
where the dicing tape T attached to the reinforaisgilation seal 5 mounted on the
back side 20b of the substrate 20 is oriented ugpwaAlthough the annular frame F
supporting the dicing tape T is not shown in FIG the annular frame F is held by
any suitable frame holding means provided on thekhable 61. After performing
the wafer holding step, the chuck table 61 holding semiconductor wafer 2 is
moved to a position directly below the imaging ne&3 by operating the feeding
means (not shown).

In the condition where the chuck table $Jositioned directly below the
imaging means 63, an alignment operation is pedrivy the imaging means 63 and
the control means (not shown) to detect a subjeet af the semiconductor wafer 2 to
be laser-processed. This alignment operationkistantially similar to the alignment
operation in the laser processed groove forming istentioned above. Although the
front side 21a of the functional layer 21 on whibk division lines 23 are formed is
oriented downward in the alignment operation, theswn lines 23 can be imaged
through the dicing tape T, the reinforcing inswatseal 5, and the substrate 20 from

the back side of the wafer 2 because the imagirgnmé3 includes the infrared light
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applying means for applying infrared light to thefer 2, the optical system for
capturing the infrared light applied to the waferakd the imaging device (infrared
CCD) for outputting an electrical signal correspogdto the infrared light captured
by the optical system as described above.

After performing this alignment step, thaick table 61 is moved to a laser
beam applying area where the focusing means 6#2edfser beam applying means
62 is located as shown in FIG. 12A, thereby pasitig one end (left end as viewed in
FIG. 12A) of a predetermined one of the divisioneB 23 extending in the first
direction directly below the focusing means 622urtler, the focal point P of the
pulsed laser beam to be applied from the focusiagns 622 is set inside the substrate
20 in an area corresponding to the predeterminadialin line 23, wherein the pulsed
laser beam has an infrared region transmissivéa@ostibstrate 20. Thereafter, the
pulsed laser beam is applied from the focusing mé&22 to the semiconductor wafer
2, and the chuck table 61 is moved at a predeteanfaed speed in the direction
shown by an arrow X1 in FIG. 12A. When the othed &ight end as viewed in FIG.
12B) of the predetermined division line 23 reacttes position directly below the
focusing means 622 as shown in FIG. 12B, the agiobic of the pulsed laser beam is
stopped and the movement of the chuck table 61ss stopped. As a result, a
modified layer 25 is formed inside the substrateo2Ghe semiconductor wafer 2
along the predetermined division line 23 as showrFiGS. 12B and 12C. The
modified layer forming step mentioned above is Eny performed along all of the
other division lines 23 formed on the front sidele# semiconductor wafer 2.

For example, the modified layer formingpstis performed under the
following processing conditions.

Light source : LD pumped Q-switched Nd

: YVO4 pulsed laser
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Wavelength : 1064 nm

Power :0.5W

Repetition frequency  : 100 kHz

Focused spot diameter prh

Work feed speed : 200 mm/second

After performing the modified layer formistep mentioned above, a wafer
dividing step is performed in such a manner thatesernal force is applied to the
wafer to thereby divide the wafer into the indivadldevices (device chips) along each
division line where the modified layer is formedThis wafer dividing step is
performed by using a tape expanding apparatus Wrsho FIG. 13. The tape
expanding apparatus 7 shown in FIG. 13 includesdrholding means 71 for holding
the annular frame F, tape expanding means 72 fparekng the dicing tape T
supported to the annular frame F held by the frhwlding means 71, and a pickup
collet 73. The frame holding means 71 includesanular frame holding member
711 and a plurality of clamps 712 as fixing mean®viged on the outer
circumference of the frame holding member 711. TUpper surface of the frame
holding member 711 functions as a mounting suriédka for mounting the annular
frame F thereon. The annular frame F mounted enntlbunting surface 711a is
fixed to the frame holding member 711 by the clamig2. The frame holding
means 71 is supported by the tape expanding meass &s to be vertically movable.

The tape expanding means 72 includes aanekpg drum 721 provided
inside of the annular frame holding member 711. e €kpanding drum 721 has an
outer diameter smaller than the inner diametetefdnnular frame F and an inner
diameter larger than the outer diameter of the senductor wafer 2 attached to the
dicing tape T supported to the annular frame F.e €kpanding drum 721 has a

supporting flange 722 at the lower end of the edpan drum 721. The tape
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expanding means 72 further includes supporting s:\&&8 for vertically movably

supporting the annular frame holding member 71lhe Supporting means 723 is
composed of a plurality of air cylinders 723a pd®md on the supporting flange 722.
Each air cylinder 723a is provided with a pistond r&23b connected to the lower
surface of the annular frame holding member 711he Bupporting means 723
composed of these plural air cylinders 723a fumstito vertically move the annular
frame holding member 711 so as to selectively @mkeference position where the
mounting surface 71la is substantially equal inglmeito the upper end of the
expanding drum 721 as shown in FIG. 14A and an rmsipa position where the
mounting surface 711a is lower in height than tppen end of the expanding drum
721 by a predetermined amount as shown in FIG. 14B.

The wafer dividing step using the tape exirag apparatus 7 will now be
described with reference to FIGS. 14A to 14C. Asve in FIG. 14A, the annular
frame F supporting the semiconductor wafer 2 thinothge dicing tape T is mounted
on the mounting surface 711a of the frame holdirgniver 711 of the frame holding
means 71 and fixed to the frame holding member Bl the clamps 712 (frame
holding step). At this time, the frame holding nimn 711 is set at the reference
position shown in FIG. 14A. Thereafter, the aitimyers 723a as the supporting
means 723 of the tape expanding means 72 are egdrmaiower the frame holding
member 711 to the expansion position shown in Ef&. Accordingly, the annular
frame F fixed to the mounting surface 711a of tlaenke holding member 711 is also
lowered, so that the dicing tape T supported to @haular frame F comes into
abutment against the upper end of the expanding di24 and is expanded as shown
in FIG. 14B (tape expanding step). As a resultiensile force acts on the
semiconductor wafer 2 attached to the dicing tap@ The radial direction of the

semiconductor wafer 2, so that the semiconductdemwa is divided along each
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division line 23 where the modified layer 25 isrfmd to have a reduced strength.
Further, the functional layer 21 of the semiconduetafer 2 has already been divided
by the laser processed groove 24 formed along dacgkion line 23 in the laser
processed groove forming step, so that the semimod wafer 2 can be reliably
divided into the individual devices 22 along ead¥isibn line 23, and a spacing S is
formed between any adjacent ones of the individeaices 22 as shown in FIG. 14B.

Thereatfter, the pickup collet 73 is opedatie hold each device 22 under
suction and peel it from the dicing tape T togethih the reinforcing insulation seal
5 mounted on the back side of each device 22, itfdigidually picking up the devices
22 with the reinforcing insulation seals 5 as shownFIG. 14C (pickup step).
Thereafter, each device 22 thus picked up is tearesd to a tray (not shown) or a
position where a die bonding step is performed. déscribed above, the spacing S is
formed between any adjacent ones of the individeaices 22 attached to the dicing
tape T as shown in FIG. 14B, so that each devicea?2be easily picked up without
the contact with its adjacent device 22 in the ppcktep shown in FIG. 14C.

The present invention is not limited to tetails of the above described
preferred embodiment. The scope of the invensagefined by the appended claims
and all changes and modifications as fall withia gguivalence of the scope of the

claims are therefore to be embraced by the inventio
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WHAT IS CLAIMED IS:

1. A wafer processing method for dividing a wafer into a plurality of individual device
chips along a plurality of division lines, said division lines being formed on a front side
of said wafer to thereby define a plurality of separate regions where a plurality of
devices corresponding to said device chips are formed, said wafer processing method
comprising:

a back grinding step of grinding a back side of said wafer in a condition where a
protective tape is attached to the front side of said wafer, thereby reducing a thickness of
said wafer to a predetermined thickness;

a reinforcing insulation seal mounting step of peeling said protective tape
attached to the front side of said wafer and mounting a reinforcing insulation seal
capable of transmitting infrared light on the back side of said wafer after performing
said back grinding step;

a reinforcing insulation seal hardening step of heating said reinforcing insulation
seal mounted on the back side of said wafer to thereby harden said reinforcing
insulation seal after performing said reinforcing insulation seal mounting step;

a wafer supporting step of attaching a dicing tape to said reinforcing insulation
seal mounted on the back side of said wafer and supporting a peripheral portion of said
dicing tape to an annular frame after performing said reinforcing insulation seal
hardening step;

a modified layer forming step of setting a focal point of a laser beam inside said
wafer in an area corresponding to each division line, said laser beam having an infrared
wavelength transmissive to said wafer, and then applying said laser beam along each
division line from the back side of said wafer through said dicing tape and said
reinforcing insulation seal, thereby forming a modified layer inside said wafer along
each division line after performing said wafer supporting step; and

a wafer dividing step of applying an external force to said wafer to thereby
divide said wafer into said individual device chips along each division line where said

modified layer is formed, after performing said modified layer forming step.

2. The wafer processing method according to claim 1, further comprising:
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a laser processed groove forming step of applying a laser beam having an
absorption wavelength to said wafer from the front side of said wafer along each
division line to thereby form a laser processed groove along each division line after
performing said reinforcing insulation seal hardening step and before performing said

modified layer forming step.

3. The wafer processing method according to claim 1, wherein the reinforcing insulation
seal is mounted to the devices and the division lines during the reinforcing insulation

seal mounting step.

4. The wafer processing method according to claim 1, further comprising:

a marking step of applying a laser beam having an absorption wavelength to said
reinforcing insulation seal, to a target area of said reinforcing insulation seal
corresponding to each device, thereby marking device information in said target area

corresponding to each device.

5. The wafer processing method according to claim 1, wherein said mounting of the
reinforcing insulation seal on the back side of the wafer of the reinforcing insulation
seal mounting step is performed before said attaching the dicing tape to said reinforcing

insulation seal of the wafer supporting step.

6. A wafer processing method for dividing a wafer into a plurality of individual device
chips along a plurality of division lines, said division lines being formed on a front side
of said wafer to thereby define a plurality of separate regions where a plurality of
devices corresponding to said device chips are formed, said water processing method
comprising:

a back grinding step of grinding a back side of said wafer in a condition where a
protective tape is attached to the front side of said water, thereby reducing a thickness of
said wafer to a predetermined thickness;

a reinforcing insulation seal mounting step of peeling said protective tape

attached to the front side of said wafer and mounting a reinforcing insulation seal
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capable of transmitting infrared light on the back side of said wafer after performing
said hack grinding step;

a reinforcing insulation seal hardening step of heating said reinforcing insulation
seal mounted on the back side of said wafer to thereby harden said reinforcing
insulation seal after performing said reinforcing insulation seal mounting step;

a wafer supporting step of attaching a dicing tape to said reinforcing insulation
seal mounted on the back side of said wafer and supporting a peripheral portion of said
dicing tape to an annular frame after performing said reinforcing insulation seal
hardening step;

a modified layer forming step of setting a focal point of a laser beam inside said
wafer in an area corresponding to each division line, said laser beam having an infrared
wavelength transmissive to said wafer and then applying said laser beam along each
division line from the back side of said wafer through said dicing tape and said
reinforcing insulation seal, thereby forming a modified layer inside said wafer along
each division line after performing said wafer supporting step; and

a wafer dividing step of applying an external force to said wafer to thereby
divide said wafer into said individual device chips along each division line where said
modified layer is formed, after performing said modified layer forming step; and

wherein the wafer processing method further comprises:

a marking step of applying a laser beam having an absorption wavelength to said
reinforcing insulation seal, to a target area of said reinforcing insulation seal
corresponding to each device, thereby marking device information in said target area
corresponding to each device after performing said reinforcing insulation seal hardening

step and before performing said wafer supporting step.

7. The wafer processing method according to claim 6, further comprising:

a laser processed groove forming step of applying a laser beam having an
absorption wavelength to said wafer from the front side of said wafer along each
division line to thereby form a laser processed groove along each division line after
performing said reinforcing insulation seal hardening step and before performing said

modified layer forming step.
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8. The wafer processing method according to claim 6, wherein the reinforcing insulation
seal is mounted to the devices and the division lines during the reinforcing insulation

seal mounting step.

9. The wafer processing method according to claim 6, wherein said mounting of the
reinforcing insulation seal on the back side of the wafer of the reinforcing insulation
seal mounting step is performed before said attaching the dicing tape to said reinforcing

insulation seal of the wafer supporting step.
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