WAFER PROCESSING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a wafecessing method for dividing a
wafer along a plurality of crossing division lingke division lines being formed on
the front side of the wafer to thereby define arality of separate regions where a
plurality of devices 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 pluralityseparate regions, and a plurality
of devices, such as ICs and LSls, are formed inmg¢bpective separate regions. The
semiconductor wafer is cut along the division lineshereby divide these separate
regions where the devices are formed from eachr,atines producing a plurality of
individual device chips.

Cutting of such a semiconductor wafer altimg division lines is usually
performed by using a cutting apparatus called digaw. This cutting apparatus
includes a chuck table for holding a workpiece sasta semiconductor wafer and an
optical device wafer, cutting means for cutting Wharkpiece held on the chuck table,
and moving means for relatively moving the chudidaand the cutting means. The
cutting means includes a spindle unit having adipira cutting blade mounted on the
spindle, and a motor for rotationally driving thpirglle. The cutting blade is
composed of a disk-shaped base and an annulang@tige mounted on one side
surface of the base along the outer circumfereheesdf. The cutting edge is an

electroformed diamond blade formed by bonding diaghabrasive grains having a
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grain size of about 3 um, for example. The cutgdge has a thickness of about 20
pm, for example.

Since the cutting edge of the cutting blade a thickness of about 20 um as
mentioned above, each division line for separatigdevices must have a width of
about 50 um. Accordingly, the ratio of the are#hefdivision lines to the area of the
wafer is large to cause a reduction in productivity

As another method of dividing a wafer sasha semiconductor wafer, a
laser processing method called internal procedsasgalso been put to practical use in
recent years. This laser processing method uspslsed laser beam having a
transmission wavelength to the wafer, wherein thisgul laser beam is applied to the
wafer in the condition where the focal point of fhdsed laser beam is set inside the
wafer in a subject area to be divided. That is, whafer dividing method using this
laser processing method called internal processialgides the steps of applying a
pulsed laser beam having a transmission waveldongtie wafer from one side of the
wafer in the condition where the focal point of fhdsed laser beam is set inside the
wafer, thereby continuously forming a modified layeside the wafer along each
division line, and next applying an external fotocehe wafer along each division line
where the modified layer is formed to be reducedtnength, thereby breaking the
wafer along each division line (see Japanese Phtedtopen No. 2004-160493, for
example).

As a method of applying an external forwe¢he wafer along each division
line where the modified layer is formed, therebyiding the wafer into the individual
device chips, there is disclosed in Japanese Patdtopen No. 2005-223282 a
technique of attaching the wafer to a dicing tapepsrted to an annular frame and
expanding the dicing tape to thereby apply a ten&kce to the wafer, thereby

dividing the wafer into the individual device chipong each division line where the
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modified layer is formed to be reduced in strength.

As another method of applying an extermeité to the wafer to thereby
divide the wafer into the individual device chipisere is disclosed in Japanese Patent
Laid-open No. 2013-165229 a technique of attachipgotective tape to the front side
of the wafer in which the modified layer is contusly formed along each division
line, holding the wafer through the protective tamea chuck table, and grinding the
back side of the wafer as supplying grinding wabethereby reduce the thickness of
the wafer to a predetermined thickness and alsolalithe wafer into the individual

device chips along each division line.

SUMMARY OF THE INVENTION

However, in the case of attaching a protediape to the front side of the
wafer in which the modified layer is continuoustyrhed along each division line,
holding the wafer through the protective tape arhack table, and grinding the back
side of the wafer as supplying grinding water teréiby reduce the thickness of the
wafer to a predetermined thickness and also ditiske wafer into the individual
device chips along each division line, there aregspsoblem such that the device chips
obtained by dividing the wafer may come into contaith each other to cause fine
chipping of the side surfaces of the device chigsulting in a reduction in quality of
the device chips.

It is therefore an object of the presentemtion to provide a wafer
processing method which can avoid the chippinghef gide surfaces of the device
chips and also avoid the chipping of the outeruirterence of the wafer in the case
of attaching a protective tape to the front sidéhefwafer in which the modified layer
is formed along each division line, holding the erahrough the protective tape on a

chuck table, and grinding the back side of the wafe supplying grinding water to
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thereby reduce the thickness of the wafer to agtezthined thickness and also divide
the wafer into the individual device chips alongledivision line.

In accordance with an aspect of the presemntion, there is provided a
wafer processing method for dividing a wafer int@larality of individual device
chips along a plurality of crossing division lingse division lines being formed on
the front side of the wafer to thereby define argity of separate regions where a
plurality of devices corresponding to the devicgshare formed, the front side of the
wafer being composed of a device area where thieekeare formed and a peripheral
marginal area surrounding the device area, the waficessing method including a
protective tape attaching step of attaching a ptote tape to the front side of the
wafer, the protective tape having an adhesive laygable by the application of
ultraviolet light; an adhesive layer curing step agfplying ultraviolet light to the
protective tape attached to the front side of tledewto thereby cure the adhesive
layer; a modified layer forming step of applyindaser beam having a transmission
wavelength to the wafer along each division lin¢hie condition where the focal point
of the laser beam is set inside the wafer to thefebm a modified layer inside the
wafer along each division line; and a back grindstegp of grinding the back side of
the wafer as supplying grinding water to reduce tthiekness of the wafer to a
predetermined thickness and also divide the wdéasrgaeach division line where the
modified layer is formed as a break start poirgreéby obtaining the individual device
chips after performing the adhesive layer curirepsand the modified layer forming
step.

Preferably, the adhesive layer curing stepudes the step of applying
ultraviolet light to only a central area of the fmative tape corresponding to the
device area of the wafer, thereby curing only diporof the adhesive layer in the

central area of the protective tape correspondirtbe device area of the wafer.
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As described above, the wafer processinthodeof the present invention
includes the protective tape attaching step othitey the protective tape to the front
side of the wafer, the protective tape having tké@eaive layer curable by the
application of ultraviolet light, and the adhesilayer curing step of applying
ultraviolet light to the protective tape attachedhe front side of the wafer to thereby
cure the adhesive layer, wherein the protective @&paching step and the adhesive
layer curing step are performed before performidge tback grinding step.
Accordingly, even when the wafer is divided int@ timdividual device chips in the
back grinding step, the individual device chips ket in position by the adhesive
layer cured, so that there is no possibility theg individual device chips may come
into contact with each other to cause the chipgihthe side surfaces of the device
chips.

Further, in the case that ultraviolet lighepplied to only the central area of
the protective tape corresponding to the devica af¢he wafer to thereby cure only a
portion of the adhesive layer in the central arfeth® protective tape corresponding to
the device area of the wafer in the above adhdayer curing step, the remaining
portion of the adhesive layer in the peripheralaaref the protective tape
corresponding to the peripheral marginal area efwhafer is not cured to maintain its
adhesive strength. Accordingly, this remainingtipor of the adhesive layer tightly
adheres to the front side of the wafer, so thatktieno possibility that chipping may
occur at the outer circumference of the wafer dsdftont side of the wafer may be
contaminated.

The above and other objects, features awhntages 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
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embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a semicatduwafer;

FIGS. 2A and 2B are perspective views flusirating a protective tape
attaching step;

FIGS. 3Ato 3C are views for illustrating adhesive layer curing step;

FIG. 4 is a perspective view of an essérgat of a laser processing
apparatus for performing a modified layer formingps

FIGS. 5A and 5B are sectional side viewsllfostrating the modified layer
forming step; and

FIGS. 6A and 6B are views for illustratiadpack grinding step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the wafer prooessnethod according to the
present invention will now be described in detaithwreference to the attached
drawings. FIG. 1 is a perspective view of a semicator wafer 2 to be processed
according to the present invention. The semicotmiuwafer 2 is formed from a
silicon wafer having a thickness of 500 um, forrapée. The semiconductor wafer
2 has a front side 2a and a back side 2b. A pivraifl crossing division lines 21 are
formed on the front side 2a of the semiconductdiew2 to thereby define a plurality
of separate regions where a plurality of devicess22h as ICs and LSIs, are formed.
The semiconductor wafer 2 has a device area 23entherdevices 22 are formed and
a peripheral marginal area 24 surrounding the deaiea 23. There will now be
described a wafer processing method for dividirggdmiconductor wafer 2 along the

division lines 21 to obtain a plurality of individudevice chips corresponding to the
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plural devices 22.

First, a protective tape attaching stepadormed in such a manner that a
protective tape having an adhesive layer curablthéyapplication of ultraviolet light
is attached to the front side 2a of the semicormueafer 2. More specifically, as
shown in FIGS. 2A and 2B, a protective tape 3 hguan adhesive layer 30 curable by
the application of ultraviolet light is attachedth® front side 2a of the semiconductor
wafer 2. In this preferred embodiment, the pravectape 3 is composed of a base
sheet and the adhesive layer 30 formed on the &idetof the base sheet. This base
sheet is formed of polyvinyl chloride (PVC) and heagshickness of 100 um. The
adhesive layer 30 has a thickness of about 5 um.

After performing the protective tape atiaghstep mentioned above, an
adhesive layer curing step is performed in suchammar that ultraviolet light is
applied to the protective tape 3 attached to tbetfside 2a of the semiconductor
wafer 2 to thereby cure the adhesive layer 30. s Bldhesive layer curing step will
now be described with reference to FIGS. 3A to 3. the adhesive layer curing
step shown in FIGS. 3A to 3C, an annular mask 4vshio FIG. 3A is used. The
annular mask 4 has an outer diameter larger than aier diameter of the
semiconductor wafer 2. The annular mask 4 is fdrméth a central circular
opening 41 having a size (diameter) correspondinthe¢ size of the device area 23
(see FIG. 1) of the semiconductor wafer 2. As showFIG. 3B, the annular mask 4
is placed on the front side (upper surface) ofpfeeective tape 3 attached to the front
side 2a of the semiconductor wafer 2. At this f{irtie circular opening 41 of the
mask 4 is aligned with a central area 31 of theégutove tape 3 corresponding to the
device area 23 of the semiconductor wafer 2. Atiogty, a peripheral area 32 of
the protective tape 3 corresponding to the pergdhemarginal area 24 of the

semiconductor wafer 2 is covered with the periphpoation of the mask 4. The
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width L (see FIG. 3C) of the peripheral area 32haf protective tape 3 corresponding
to the peripheral marginal area 24 of the semicotmtuvafer 2 is set to 2 to 3 mm,
depending upon the kind of the wafer.

After mounting the mask 4 on the protecti&pe 3 in the condition where
the circular opening 41 of the mask 4 is alignethvthe central area 31 of the
protective tape 3 corresponding to the device aBeaf the semiconductor wafer 2 as
mentioned above, an ultraviolet light applying uhits operated to apply ultraviolet
light through the circular opening 41 of the masko4the central area 31 of the
protective tape 3 corresponding to the device a8af the semiconductor wafer 2 as
shown in FIG. 3B. As a result, a portion 301 of Huhesive layer 30 in the central
area 31 of the protective tape 3 corresponding hi® device area 23 of the
semiconductor wafer 2 is cured to be reduced iresiglh strength by the ultraviolet
light applied as shown in FIG. 3C. On the othendhahe ultraviolet light is not
applied to the peripheral area 32 of the protectae 3 corresponding to the
peripheral marginal area 24 of the semiconductdemwa. That is, the ultraviolet
light applied from the ultraviolet light applyingnit 5 is blocked by the mask 4
covering the peripheral area 32 of the protectaget3. Accordingly, a portion 302
of the adhesive layer 30 in the peripheral areaf3Re protective tape 3 is not cured,
but maintains its adhesive strength.

The protective tape attaching step may érdopmed before performing a
back grinding step to be hereinafter described.e dtthesive layer curing step may
be performed before performing a modified layemfiog step to be hereinafter
described or before performing the back grindirgpst In the adhesive layer curing
step, ultraviolet light may be applied to the whofger surface of the protective tape
3 without using the mask 4 to thereby cure the wiloblthe adhesive layer 30.

After performing the adhesive layer curistep mentioned above, a
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modified layer forming step is performed in suchnanner that a laser beam having a
transmission wavelength to the semiconductor wafer applied along each division
line 21 in the condition where the focal point bktlaser beam is set inside the
semiconductor wafer 2 to thereby form a modifiegetainside the semiconductor
wafer 2 along each division line

21. This modified layer forming step is performby using a laser processing
apparatus 6 shown in FIG. 4. The laser procesapmaratus 6 shown in FIG. 4
includes a chuck table 61 for holding a workpidaser beam applying means 62 for
applying a laser beam to the workpiece held orcthek table 61, and imaging means
63 for imaging the workpiece held on the chuckdaiil. The chuck table 61 has an
upper surface as a holding surface for holding vioekpiece under suction. The
chuck table 61 is movable both in a feeding dimtg8hown by an arrow X in FIG. 4
by feeding means (not shown) and in an indexingation shown by an arrow Y in
FIG. 4 by indexing means (not shown). The feedimgans and the indexing means
constitute a moving mechanism for moving the chiatke 61 in an XY plane.

The laser beam applying means 62 includesylendrical casing 621
extending in a substantially horizontal directiolddocusing means 622 mounted on
the front end of the casing 621 for applying a edlsaser beam to the workpiece.
The imaging means 63 is mounted on the front emtigmoof the casing 621 of the
laser beam applying means 62. The imaging meamscG8les an ordinary imaging
device, such as CCD, for imaging the workpiece &g 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 infrared imaging device for outpgttian electrical signal
corresponding to the infrared light captured by dpé&cal system. An image signal

output from the imaging means 63 is transmittecatatrol means (not shown).
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The modified layer forming step using thedr processing apparatus 6 will
now be described with reference to FIG. 4 and FIGS.and 5B. First, the
semiconductor wafer 2 with the protective tape glased on the chuck table 61 of the
laser processing apparatus 6 shown in FIG. 4 inctmition where the protective
tape 3 attached to the front side 2a of the serdiectior wafer 2 is in contact with the
upper surface of the chuck table 61. Thereaftectien means (not shown) is
operated to hold the semiconductor wafer 2 thrabglprotective tape 3 on the chuck
table 61 under suction (wafer holding step). Adaugly, the back side 2b of the
semiconductor wafer 2 held on the chuck table 6drisnted upward. Thereafter,
the chuck table 61 holding the semiconductor wafes moved to a position directly
below the imaging means 63 by operating the feediagns (not shown).

In the condition where the chuck table $Jositioned directly below the
imaging means 63, an alignment operation is pedrivy the imaging means 63 and
the control means (not shown) to detect a subjeet af the semiconductor wafer 2 to
be laser-processed. More specifically, the imagiegans 63 and the control means
perform image processing, such as pattern matcHmg,making the alignment
between the division lines 21 extending in a filisection on the semiconductor wafer
2 and the focusing means 622 of the laser beanyiagpmheans 62 for applying the
laser beam to the wafer 2 along the division lR&sthus performing the alignment of
a laser beam applying position. Similarly, thigyanent operation is performed for
the other division lines 21 extending in a secomdation perpendicular to the first
direction on the semiconductor wafer 2. Althoudie tfront side 2a of the
semiconductor wafer 2 on which the division line$ are formed is oriented
downward, the division lines 21 can be imaged tghothe semiconductor wafer 2
from the back side 2b thereof because the imagiegns 63 includes the infrared

light applying means for applying infrared lightttee wafer 2, the optical system for
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capturing the infrared light applied to the wafea8d the infrared imaging device for
outputting an electrical signal corresponding te thfrared light captured by the
optical system as described above.

After performing the alignment operationmiened above to detect all of
the division lines 21 of the semiconductor wafeheld on the chuck table 61, the
chuck table 61 is moved to a laser beam applyieg amhere the focusing means 622
of the laser beam applying means 62 is locatedhasvrs in FIG. 5A, thereby
positioning one end (left end as viewed in FIG. @A)a predetermined one of the
division lines 21 extending in the first directidimectly below the focusing means 622.
Further, the focal point P of the pulsed laser béarbe applied from the focusing
means 622 is set at an intermediate position irdifeetion along the thickness of the
semiconductor wafer 2. Thereafter, the pulsedrld®am having a transmission
wavelength to the semiconductor wafer 2 (silicorienais applied from the focusing
means 622 to the semiconductor wafer 2, and thekckable 61 is moved at a
predetermined feed speed in the direction showarbgrrow X1 in FIG. 5A. When
the other end (right end as viewed in FIG. 5B)h# predetermined division line 21
reaches the position directly below the focusingnse622 as shown in FIG. 5B, the
application of the pulsed laser beam is stoppedth@dnovement of the chuck table
61 is also stopped. As a result, a modified lagér is formed inside the
semiconductor wafer 2 along the predetermined idinibne 21.

For example, the modified layer formingpsteentioned above is performed
under the following processing conditions.

Light source: YAG pulsed laser

Wavelength: 1064 nm

Repetition frequency: 50 kHz

Average power: 0.5 W
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Focused spot diameter: 5 pm

Work feed speed: 300 mm/second

After performing the modified layer formirggep along the predetermined
division line 21 as mentioned above, the chucket&gil is moved in the indexing
direction shown by the arrow Y in FIG. 4 by thechitof the division lines 21 formed
on the semiconductor wafer 2 (indexing step), drednhodified layer forming step is
similarly performed along the next division line 2ktending in the first direction.
In this manner, the modified layer forming step&formed along all of the division
lines 21 extending in the first direction. Thetegfthe chuck table 61 is rotated 90
degrees to similarly perform the modified layernfiang step along all of the other
division lines 21 extending in the second direcpenpendicular to the first direction.

After performing the modified layer formirsgiep mentioned above, a back
grinding step is performed in such a manner tha back side 2b of the
semiconductor wafer 2 is ground as supplying gngdwater to reduce the thickness
of the wafer 2 to a predetermined thickness anul dildde the semiconductor wafer 2
along each division line 21 where the modified tag6 is formed as a break start
point, thereby obtaining the individual device hip This back grinding step is
performed by using a grinding apparatus 7 shownFi@. 6A. The grinding
apparatus 7 shown in FIG. 6A includes a chuck t&hldéor holding a workpiece and
grinding means 72 for grinding the workpiece heatdloe chuck table 71. The chuck
table 71 has an upper surface as a holding suftaceolding the workpiece under
suction. The chuck table 71 is rotatable in thheaion shown by an arrow A in FIG.
6A by a rotational drive mechanism (not shown). e Thinding means 72 includes a
spindle housing 731, a spindle 732 rotatably sueplaio the spindle housing 731 and
adapted to be rotated by a rotational drive meamar(not shown), a mounter 733

fixed to the lower end of the spindle 732, and iading wheel 734 mounted on the
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lower surface of the mounter 733. The grinding &h@34 is composed of an

annular base 735 and a plurality of abrasive mesnbéé fixed to the lower surface of
the annular base 735 so as to be annularly arraalged) the outer circumference

thereof. The annular base 735 is mounted on therlsurface of the mounter 733
by a plurality of fastening bolts 737. Althoughtshown, a grinding water passage
is formed in the spindle 732 along the axis thersofthat grinding water is supplied
through the grinding water passage to a grindirga &0 be ground by the abrasive
members 736.

In performing the back grinding step byngsithe grinding apparatus 7
mentioned above, the semiconductor wafer 2 is dlacethe chuck table 71 in the
condition where the protective tape 3 attached he front side 2a of the
semiconductor wafer 2 is in contact with the upperface (holding surface) of the
chuck table 71. Thereafter, suction means (nowshds operated to hold the
semiconductor wafer 2 through the protective tapen3the chuck table 71 under
suction (wafer holding step). Accordingly, the seonductor wafer 2 is held
through the protective tape 3 on the chuck tableuiider suction in the condition
where the back side 2b of the semiconductor wafés @riented upward. After
performing this wafer holding step, the chuck takles rotated in the direction of the
arrow A in FIG. 6A at 300 rpm, for example. At teame time, the grinding wheel
734 of the grinding means 72 is also rotated indinection shown by an arrow B in
FIG. 6A at 6000 rpm, for example. Thereafter, gh@ding means 72 is lowered to
bring the abrasive members 736 of the grinding Wh&é into contact with the back
side 2b (work surface) of the semiconductor water Bhereafter, the grinding wheel
734 is fed (lowered) in the direction shown by ammwa C in FIG. 6B (in the direction
perpendicular to the holding surface of the chatitet 71) by a predetermined amount

at a feed speed of 1 pum/second, for example. iatithe, grinding water is supplied
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to the grinding area to be ground by the abrasieebers 736. By performing this

back grinding step, the back side 2b of the sendiaotor wafer 2 is ground to reduce
the thickness of the semiconductor wafer 2 to agte¥mined thickness (e.g., 100
pm). At the same time, the semiconductor wafes #ivided along each division

line 21 where the modified layer 25 is formed towda reduced strength, thereby
obtaining the individual device chips. These indlial device chips are kept in the
form of the semiconductor wafer 2 because the ptiote tape 3 is attached to the
front side of these device chips.

As described above, the portion 301 ofatikesive layer 30 in the central
area 31 of the protective tape 3 corresponding hi® device area 23 of the
semiconductor wafer 2 is cured to have a reducke@sade strength in the adhesive
layer curing step. Accordingly, even when the semductor wafer 2 is divided into
the individual device chips in the back grindingpstthe individual device chips are
kept in position by the portion 301 of the adhesayer 30. Accordingly, there is no
possibility that the individual device chips mayn@ into contact with each other to
cause the chipping of the side surfaces of theceeships. Further, the portion 302
of the adhesive layer 30 in the peripheral area 082the protective tape 3
corresponding to the peripheral marginal area 2th@fsemiconductor wafer 2 is not
cured to maintain its adhesive strength in the sidbe layer curing step.
Accordingly, the portion 302 of the adhesive lagértightly adheres to the front side
2a of the semiconductor wafer 2, so that thereoigossibility that chipping may
occur at the outer circumference of the semicormueafer 2 and the front side 2a of
the semiconductor wafer 2 may be contaminated.

The present invention is not limited to tetails of the above described
preferred embodiment. The scope of the invensatefined by the appended claims

and all changes and modifications as fall withia gguivalence of the scope of the
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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 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 individual device chips are formed, the front side of said wafer
being composed of a device area where said devices are formed and a peripheral
marginal area surrounding said device area, said wafer processing method comprising:

a protective tape attaching step of attaching a protective tape to the front side of
said wafer, said protective tape having an adhesive layer curable by the application of
ultraviolet light;

an adhesive layer curing step of applying ultraviolet light to said protective tape
attached to the front side of said wafer to thereby cure said adhesive layer;

a modified layer forming step of applying a laser beam having a transmission
wavelength to said wafer along each division line in a condition where the focal point of
said laser beam is set inside said wafer to thereby form a modified layer inside said
wafer along each division line; and

a back grinding step of grinding a back side of said wafer as supplying grinding
water to reduce the thickness of said wafer to a predetermined thickness and also
divide said wafer along each division line where said modified layer is formed as a
break start point, thereby obtaining said individual device chips after performing said

adhesive layer curing step and said modified layer forming step.

2. The wafer processing method according to claim 1, wherein said adhesive
layer curing step comprises the step of applying ultraviolet light to only a central area of
said protective tape corresponding to said device area of said wafer, thereby curing only
a portion of said adhesive layer in said central area of said protective tape

corresponding to said device area of said wafer.
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