WAFER PROCESSING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a wafecessing method by which a
wafer having a plurality of division lines formed & grid pattern on a front side
thereof and having devices formed in a pluralityegfions partitioned by the division
lines is divided along the division lines.

Description of the Related Art

In a semiconductor device manufacturingcpss, a plurality of regions are
partitioned by division lines arranged in a gridttpan on the front side of a
semiconductor wafer having a substantially circdliak-like shape, and devices such
as ICs and LSlIs are formed in the thus partitionegions. The thus formed
semiconductor wafer is cut up along the divisiored to divide the regions in which
the devices are formed, thereby producing the iddal device chips.

The cutting of the semiconductor wafer gltime division lines as above is
ordinarily conducted by use of a cutting apparataked dicing saw. The cutting
apparatus includes a chuck table for holding a piede such as a semiconductor
wafer or an optical device wafer, cutting meansciatting the workpiece held on the
chuck table, and feeding means for relatively mgwime chuck table and the cutting
means. The cutting means includes a spindle umittwincludes a rotary spindle, a
cutting blade mounted to the rotary spindle, amttigang mechanism for rotationally
driving the rotary spindle. The cutting blade urd#s a circular disk-shaped base,
and an annular cutting edge attached to a sidecgeripheral portion of the base.

The cutting edge is formed, for example, by fixiigmond abrasive grains with a



grain diameter of about 3m to the base in a thickness of about 20 by
electroforming.

Since the cutting blade has a thicknessalmdut 20um, however, the
division lines for partitioning the devices areuegd to have a width of about pén,
so that the ratio of the area of the division lib@she area of the wafer is high, which
leads to a low productivity.

On the other hand, in recent years, asthaddor dividing a wafer such as
a semiconductor wafer, a laser processing methibetdaaternal processing has been
put to practical use in which a pulsed laser beawing such a wavelength as to be
transmitted through the wafer is applied to theenakith its focal point positioned in
the inside of a region to be divided. The dividmgthod using the laser processing
method called internal processing is a technolodperein the pulsed laser beam
having such a wavelength as to be transmitted tjtrdlbe wafer is applied from one
side of the wafer, with its focal point positionedthe inside of the wafer, so as to
continuously form a modified layer in the insidetbé wafer along each of division
lines, and an external force is applied to the wakeng the division lines where wafer
strength has been lowered due to the formationhef modified layers, thereby
cracking and dividing the wafer along the divisiores (see, for example, Japanese
Patent Laid-Open No. 2004-160493).

As a method for dividing a wafer into indival devices by applying an
external force to the wafer along the division $inef the wafer formed with the
modified layers along the division lines in the rafmentioned manner, a technology
has been disclosed in Japanese Patent Laid-Open20@b-223282. In this
technology, the wafer formed with the modified lesy@long the division lines is

adhered to a dicing tape attached to an annularefrand the dicing tape is expanded



to apply a tension to the wafer, thereby dividihg wafer along the division lines
where wafer strength has been lowered due to ttmeaton of the modified layers,
into the individual device chips.

In addition, Japanese Patent Laid-Open R@13-165229 discloses a
technology wherein a protective tape is adherethaofront side of a wafer formed
continuously with a modified layer along each ofision lines, the protective tape
side of the wafer is held onto a chuck table, thitee the back side of the wafer is
ground while supplying grinding water to thin thafer to a predetermined thickness

and divide the wafer into the individual devicephi

SUMMARY OF THE INVENTION

However, when the protective tape is adhéoethe front side of the wafer
formed continuously with the modified layers alotig division lines and, in the
condition where the protective tape side of theewa held onto a chuck table, the
back side of the wafer is ground while supplying grinding water to thin the wafer
to a predetermined thickness and divide the wafer the individual device chips,
there arises a problem that the grinding water {pates through the gaps between the
individually split device chips to contaminate #ide surfaces and the front surface of
each device chip, thereby lowering the qualityhef tlevice chips.

Besides, when the adhesive film is attacteethe back side of a wafer
divided into individual device chips, with the digi tape adhered thereto, and the
dicing tape is expanded to break the adhesive dilomg each of the device chips,
there arises a problem that since the adhesivadiliormed to be slightly greater than
the wafer, a peripheral portion of the adhesiven fit fragmented and scattered, to

adhere to the front surfaces of the device chipsteby lowering the quality of the



device chips.

Accordingly, it is an object of the presenvention to provide a wafer
processing method which can be carried out witltomtaminating the side surfaces
and the front surface of each of device chips ipr@ess wherein, in a condition
where a protective tape is adhered to the from sfda wafer formed with a modified
layer along each of division lines and the protectape side of the wafer is held onto
a chuck table, the back side of the wafer is gronhide supplying grinding water so
as to thin the wafer to a predetermined thicknessdivide the wafer into individual
device chips.

In accordance with an aspect of the presemntion, there is provided a
wafer processing method for dividing a wafer havanglurality of division lines in a
grid pattern on a front side thereof and havingeaiak in each of a plurality of
regions partitioned by the division lines, along thvision lines into individual device
chips. The wafer processing method includes: deptive film forming step of
applying a liquid resin to the front side of theferato form a protective film; a
protective tape adhering step of adhering a protectape to a surface of the
protective film; a modified layer forming step gdying a laser beam having such a
wavelength as to be transmitted through the wadetheé wafer along each of the
division lines, with a focal point positioned insithe wafer, to form a modified layer
inside the wafer along each of the division linesgd a back side grinding step of
grinding a back side of the wafer while supplyintnding water to thin the wafer to a
predetermined thickness and to crack the wafergatbe division lines using the
modified layers as crack starting points so asvwld the wafer into individual device
chips, after the protective film forming step, th®tective tape adhering step, and the

modified layer forming step are carried out.



Preferably, an adhesive film breaking stéattaching an adhesive film to
the back side of the wafer divided into the indiatidevices, adhering a dicing tape
thereto, peeling the protective tape, and expantheglicing tape so as to break the
adhesive film along the individual devices, andratgctive film removing step of
supplying a cleaning liquid to the front side ofetindividual devices after the
adhesive film breaking step so as to remove theegtige film, are carried out after
the back side grinding step is performed.

The wafer processing method of the presesmntion includes: a modified
layer forming step of applying a laser beam hawsough a wavelength as to be
transmitted through a wafer to the wafer along gion lines, with a focal point
positioned in the inside of the wafer, so as tonfer modified layer in the inside of the
wafer along each of the division lines; and a bside grinding step of grinding the
back side of the wafer after the modified layemniorg step while supplying grinding
water so as to thin the wafer to a predeterminezkiless and break the wafer along
the division lines using the modified layers asckratarting points, thereby dividing
the wafer into the individual device chips. Befdhe back side grinding step is
performed, a protective film forming step of applyia liquid resin to the front side of
the wafer to form a protective film and a proteetiape adhering step of adhering a
protective tape to the surface of the protectihe fare carried out. Although the
grinding water with debris (grindings) mixed thergbenetrates through the gaps
between the individually split device chips duritige back side grinding step, the
grinding water with the debris (grindings) mixeckithin would not reach the front
surfaces of the devices, since the protective fitm been formed on the front side of
the wafer. Therefore, the problem that the grigdirater with the debris (grindings)

mixed therein contaminates the devices to lowerddndce quality can be avoided.



Note that even when the wafer is divided into th@ividual device chips during the
grinding, the protective film present as a compeeat firm coating on the front side
of the wafer restrains the gaps between the desigps from widening, so that
penetration of the grinding water through the g&psnhibited, and side surface
contamination of the device chips can be reduced.

The above and other objects, features ahdhrdages 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 idgmashowing some preferred

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a semicatduwafer;

FIGS. 2A to 2C are explanatory views ilfating a protective film forming
step;

FIGS. 3A and 3B are explanatory views tllasng a protective tape
adhering step;

FIG. 4 is a major part perspective viewadfaser processing apparatus for
carrying out a modified layer forming step;

FIGS. 5A and 5B are explanatory views tHagng the modified layer
forming step;

FIGS. 6A and 6B are explanatory views tiasng a back side grinding
step;

FIGS. 7A to 7C are explanatory views ililahg a first embodiment of a

wafer supporting step;



FIGS. 8A and 8B are explanatory views tllasng a second embodiment of
a wafer supporting step;

FIG. 9 is a perspective view of a tape exitag apparatus configured
according to the present invention;

FIGS. 10A and 10B are explanatory viewssiitating an adhesive film
breaking step; and

FIGS. 11A and 11B are explanatory viewssitating a protective film

removing step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Some preferred embodiments of a wafer msing method and a dividing
apparatus according to the present invention wdl described in detail below,
referring to the attached drawings. FIG. 1 showspaspective view of a
semiconductor wafer 2 to be processed accordinthéopresent invention. The
semiconductor wafer 2 depicted in FIG. 1 is comdosta silicon wafer having a
thickness of, for example, 5Q0n. On a front side 2a of the semiconductor wafer 2
a plurality of division lines 21 are formed in adgpattern, and a device 22 such as an
IC and an LSl is formed in each of a plurality efjions partitioned by the division
lines 21. A description will now be made of a wabeocessing method for dividing
the semiconductor wafer (hereinafter also refetcedimply as “wafer” for short) 2
along the division lines 21 into the individual dms (device chips) 22.

First, a protective film forming step isrfmemed in which a liquid resin is
applied to the front side 2a of the semiconductafew?2 to form a protective film.
The protective film forming step is carried out bye of a protective film forming

apparatus 3 illustrated in FIGS. 2A and 2B. Thatgmtive film forming apparatus 3



shown in FIGS. 2A and 2B includes a spinner taldldd® holding the wafer, and a
liquid resin supply nozzle 32 disposed over a rotal center of the spinner table 31.
On the spinner table 31 of the protective film foxghapparatus 3 configured in this
way, the semiconductor wafer 2 is placed with #skbside 2b in contact with the
spinner table 31. Then, suction means (not shoisnpperated to hold the
semiconductor wafer 2 onto the spinner table 31 sbgtion. Therefore, the
semiconductor wafer 2 held on the spinner tablé&l its front side 2a on the upper
side. With the semiconductor wafer 2 held on fharger table 31 in this manner, the
spinner table 31 is kept rotated at a predetermintdional speed (for example, 300
rpm to 1,000 rpm) in the direction of arrow as shawFIG. 2B, and a predetermined
amount of a liquid resin 30 is dropped to a centegion of the front side 2a of the
semiconductor wafer 2 from the liquid resin supplyzzle 32 disposed over the
spinner table 31. The spinner table 31 is rotétedabout 60 seconds under this
condition, whereby a protective film 300 is formed the front side 2a of the
semiconductor wafer 2 as shown in FIG. 2C. Thektiess of the protective film
300 as a coating on the front side 2a of the semdiector wafer 2, which is
determined by the amount of the liquid resin 3(ppexl, may be about 50n. Note
that it is desirable to use as the liquid resira3f@ater-soluble resin such as polyvinyl
alcohol (PVA), water-soluble phenolic resins, andyBc water-soluble resins.

After the protective film 300 formed as@ating on the front side 2a of the
semiconductor wafer 2 by carrying out the aforemoeetd protective film forming
step is dried and solidified, a protective tapeeafiiy step is conducted in which a
protective tape is adhered to a surface 300a opitbiective film 300. Specifically,
as illustrated in FIGS. 3A and 3B, a protectiveetdps adhered to the surface 300a of

the protective film 300 formed as a coating onftioat side 2a of the semiconductor



wafer 2. Note that the protective tape 4 in tlmbediment includes a 1Qm-thick
sheet-shaped base material formed of polyvinyl ridido(PVC) and an acrylic resin
paste applied to the surface of the base mateamia thickness of about pm.
Incidentally, it is sufficient for the protectivér forming step and the protective tape
adhering step as above to be carried out beforack side grinding step (described
later) is performed.

Next, a modified layer forming step is cootéd in which a laser beam
having such a wavelength as to be transmitted gjirdbe semiconductor wafer 2 is
applied to the semiconductor wafer 2 along eacthefdivision lines 21, with a focal
point positioned inside the semiconductor wafeta2form a modified layer along
each of the division lines 21. The modified laj@ming step is carried out by use
of a laser processing apparatus 5 depicted in £1GThe laser processing apparatus
5 illustrated in FIG. 4 includes a chuck table b folding a workpiece, laser beam
applying means 52 for applying a laser beam tontbikpiece held on the chuck table
51, and imaging means 53 for imaging the workpieekl on the chuck table 51.
The chuck table 51 is so configured as to holdatbekpiece by suction, and is moved
by a moving mechanism (not shown) in a feedingatiibe indicated by arrow X and
an indexing direction indicated by arrow Y in FHG.

The laser beam applying means 52 radiaj@sissed laser beam through a
focusing device 522 mounted to a tip of a cylindricasing 521 disposed
substantially horizontally. In addition, the imagi means 53 mounted to a tip
portion of the casing 521 constituting the lasearmeapplying means 52, in this
embodiment, includes not only an ordinary imagitgment (CCD) for imaging by
use of visible rays but also infrared illuminatingeans for irradiating the workpiece

with infrared rays, an optical system for capturthg infrared rays radiated by the



infrared illuminating means, an imaging elemenfréred CCD) for outputting an
electrical signal corresponding to the infraredsragiptured by the optical system, and
so on, and sends an image signal based on thengiegcontrol means (not shown).

A modified layer forming step performed e of the aforementioned laser
processing apparatus 5 will be described, refeanglGS. 4, 5A, and 5B. In this
modified layer forming step, first, the semiconduwatafer 2 having been subjected to
the protective tape adhering step is placed ochinek table 51 of the aforementioned
laser processing apparatus 5 shown in FIG. 4, thighprotective tape 4 in contact
with the chuck table 51. Then, suction means &mmwn) is operated to hold the
semiconductor wafer 2 onto the chuck table 51 tjinothe protective tape 4 by
suction (wafer holding step). Therefore, the semdtctor wafer 2 held on the
chuck table 51 has its back side 2b on the upper. siThe chuck table 51 with the
semiconductor wafer 2 suction held thereon in tay is positioned into a position
directly under the imaging means 53 by feeding ra€aat shown).

After the chuck table 51 is positioned dilg under the imaging means 53,
an alignment operation for detecting a work regtonbe laser-processed of the
semiconductor wafer 2 by the imaging means 5 aactimtrol means (not shown) is
carried out. Specifically, the imaging means 58 #re control means (not shown)
performs alignment of a laser beam application tmsiby executing an image
processing such as pattern matching for positiorakthing between the division line
21 formed in a first direction on the semiconduct@fer 2 and the focusing device
522 of the laser beam applying means 52 for apglgitaser beam along the division
line 21. In addition, the alignment of the lasesaim application position is
conducted also for the division line 21 formed be $emiconductor wafer 2 to extend

in a second direction orthogonal to the first dilat In this instance, although the
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front side 2a of the semiconductor wafer 2 on whigh division lines 21 are formed
is located on the lower side, the division linescah be imaged on the back side 2b in
a see-through manner, since the imaging meanschddes the infrared illuminating
means, and imaging means constituting the optysem for capturing infrared rays,
the imaging element (infrared CCD) for outputtingedectrical signal corresponding
to the infrared rays, and so on.

After the division line 21 formed on tharseonductor wafer 2 held on the
chuck table 51 is detected and the alignment ofaker beam application position is
conducted in the above-mentioned manner, as shoWwiG. 5A, the chuck table 51 is
moved into a laser beam application region in whiwh focusing device 522 of the
laser beam applying means 52 for radiating the lasam is located, and one end (the
left end in FIG. 5A) of a predetermined divisiondi 21 is positioned directly under
the focusing device 522 of the laser beam applgiegns 52. Subsequently, a focal
point P of a pulsed laser beam radiated throughatwesing device 522 is positioned
to an intermediate part in the thickness directbthe semiconductor wafer 2. Then,
while applying a pulsed laser beam with such a Vemgth as to be transmitted
through the silicon wafer from the focusing deva@? to the silicon wafer, the chuck
table 51 is moved at a predetermined feeding spetd direction indicated by arrow
X1 in FIG. 5A. When the application position oétfocusing device 522 of the laser
beam applying means 52 arrives at the other ertteoflivision line 21 as shown in
FIG. 5B, the application (radiation) of the pulskeder beam is stopped, and the
movement of the chuck table 51 is stopped. Assalea modified layer 23 is
formed in the inside of the semiconductor wafeldhg the division line 21.

Note that the processing conditions in iedified layer forming step are

set, for example, as follows.
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Light source : YAG pulsed laser

Wavelength : 1064 nm

Repetition frequency  : 100 kHz

Average output :0.3W

Focused spot diameter prh

Feeding rate : 100 mm/second

After the modified layer forming step isrfpemed along the predetermined
division line 21 as above, the chuck table 51 dexingly moved by the interval of
the division lines 21 formed on the semiconductafex 2 in the direction indicated
by arrow Y (indexing step), and the modified laf@ming step is carried out. After
the modified layer forming step is conducted alalighe division lines 21 in the first
direction in this manner, the chuck table 51 isated 90 degrees, and the modified
layer forming step is carried out along each ofdhasion lines 21 extending in the
second direction orthogonal to the division linéf@med in the first direction.

After the modified layer forming step isnclucted, a back side grinding
step is carried out in which the back side of tamisonductor wafer 2 is ground while
supplying grinding water so as to form the semicmtor wafer 2 into a
predetermined thickness and the semiconductor viZafercracked along the division
lines 21 using the modified layers 23 as cracktistrpoints so as to divide the
semiconductor wafer 2 into the individual devicgpsh The back side grinding step
is performed by use of a grinding apparatus 6 showilG. 6A. The grinding
apparatus 6 depicted in FIG. 6A includes a chuditet®1 as holding means for
holding a workpiece, and grinding means 62 for @jng the workpiece held on the
chuck table 61. The chuck table 61 is configuretdld the workpiece on an upper

surface thereof by suction, and is rotated by atiatal driving mechanism (not
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shown) in the direction indicated by arrow A in FIBA. The grinding means 62
includes a spindle housing 631, a rotary spind2 r@8atably supported on the spindle
housing 631 and rotated by the rotational drivingchanism (not shown), a mounter
633 attached to the lower end of the rotary spil2, and a grinding wheel 634
mounted to a lower surface of the mounter 633. gimeding wheel 634 includes a
circular annular base 635, and grindstones 636 tedum an annular pattern to a
lower surface of the base 635. The base 635 isteduo the lower surface of the
mounter 633 by fastening bolts 637. Note thatrthary spindle 632 constituting the
grinding apparatus 6 as above is provided alongxanthereof with a grinding water
supply passage, through which grinding water igpbeg to a grinding region where
grinding by the grindstones 636 is performed.

To perform the back side grinding step lkse wf the aforementioned
grinding apparatus 6, the semiconductor wafer glased on the chuck table 61 so
that the protective tape 4 adhered to its frorg sidkes contact with the upper surface
(holding surface) of the chuck table 61, as showf&IG. 6A. Then, suction means
(not shown) is operated to suction hold the sendootor wafer 2 onto the chuck
table 61 through the protective tape 4 (wafer mgdistep). Therefore, the
semiconductor wafer 2 held on the chuck table &litsaback side 2b on the upper
side. With the semiconductor wafer 2 suction leeldhe chuck table 61 through the
protective tape 4 in this manner, the chuck talilés@ept rotated at, for example, 300
rpm in the direction of arrow A in FIG. 6A, the gding wheel 634 of the grinding
means 62 is rotated at, for example, 6,000 rprhendirection of arrow B in FIG. 6A,
the grindstones 636 are brought into contact withliack side 2b (work surface) of
the semiconductor wafer 2 as depicted in FIG. 61|, the grinding wheel 634 is fed

downward (in the direction perpendicular to thednud surface of the chuck table 61)
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at a feeding rate of, for example,uin/second and by a predetermined amount, as
indicated by arrow C. At the time of carrying @lné back side grinding step in this
way, grinding water is supplied to the grinding iogeg where grinding by the
grindstones 636 is performed. As a result, theklsade 2b of the semiconductor
wafer 2 is ground to form the semiconductor wafent®d a predetermined thickness
(for example, 10Qum), and the semiconductor wafer 2 is divided altrey division
lines 21, where wafer strength has been loweredaltiee formation of the modified
layers 23, into the individual devices (device ehip2. Note that the plurality of the
individually split devices 22 are not scattered bamain in the form of the
semiconductor wafer 2, since the protective tapendains adhered to the front side of
the individual devices 22.

In the aforementioned back side grindirgpstince the grinding water is
supplied to the grinding region of the grindsto®@$, the grinding water with the
debris (grindings) mixed therein penetrates throgghs between the individually
split devices 22. Since the protective film 308 baen formed on the front side 2a
of the semiconductor wafer 2, however, the grindirsger with the debris (grindings)
mixed therein does not reach the front surfaceth@fdevices 22. Accordingly, the
problem that the grinding water with the debris i(dings) mixed therein
contaminates the devices 22 to lower the devicdityuzn be avoided. Note that
even when the semiconductor wafer 2 is divided theindividual devices 22 during
grinding, the protective film 300 formed as a conapigely firm coating on the front
side 2a of the semiconductor wafer 2 restraing#ps between the individual devices
22 from widening. Therefore, penetration of thending water is inhibited, and,
consequently, side surface contamination of thécdswcan be reduced.

Next, a wafer supporting step is condudtedvhich an adhesive film is

14



attached to the back side of the semiconductor m&teaving been subjected to the
back side grinding step, a dicing tape is adhecethé adhesive film side, and a
peripheral portion of the dicing tape is supportgd an annular frame. In this
embodiment of the wafer supporting step, the adbedim 7 is attached to the back
side 2b of the semiconductor wafer 2 as shown ®S-I7A and 7B (adhesive film
attaching step). Note that the adhesive filmfoimed to be slightly greater than the
semiconductor wafer 2 so as to ensure its attachtoehe entire area of the back side
2b of the semiconductor wafer 2. After the adhedilm 7 is thus attached to the
back side 2b of the semiconductor wafer 2, the sidbefilm 7 side of the
semiconductor wafer 2 with the adhesive film 7 cted thereto is adhered to an
expandable dicing tape T attached to an annulardiig, as shown in FIG. 7C. Then,
the protective tape 4 adhered to the surface ofptbeective film 300 formed as a
coating on the front side 2a of the semiconductafew?2 is peeled (protective tape
peeling step). Note that while an example in whioh adhesive film 7 side of the
semiconductor wafer 2 with the adhesive film 7 ct&d thereto is adhered to the
dicing tape T attached to the annular frame F heasnlshown in the embodiment
illustrated in FIGS. 7Ato 7C, a configuration nmagy adopted in which the dicing tape
T is adhered to the adhesive film 7 side of theisenductor wafer 2 with the
adhesive film 7 attached thereto and, simultangpulsé peripheral portion of the
dicing tape T is attached to the annular frame F.

Another embodiment of the aforementionedewaupporting step will be
described, referring to FIGS. 8A and 8B. In thebediment illustrated in FIGS. 8A
and 8B, a dicing tape with adhesive film whereinagihesive film 7 is preliminarily
adhered to a surface of a dicing tape T is usegbeciSically, as shown in FIG. 8A and

8B, a back side 2b of a semiconductor wafer 2 tached to the adhesive film 7
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adhered to a surface of the dicing tape T havipgrgheral portion so attached as to
cover an inside opening portion of an annular frdénas shown in FIGS. 8A and 8B.
In the case where a dicing tape with reinforcenséeet is thus used, by attaching the
back side 2b of the semiconductor wafer 2 to thieeside film 7 adhered to the
surface of the dicing tape T it is ensured that sbmiconductor wafer 2 with the
adhesive film 7 attached thereto is supported leydicing tape T attached to the
annular frame F. Note that the adhesive film 7ipiaarily adhered to the surface
of the dicing tape T is also formed to be sliglgigater than the semiconductor wafer
2 so as to ensure its attachment to the entire afetne back side 2b of the
semiconductor wafer 2. Then, as shown in FIG. 8Byotective tape 4 adhered to
the surface of a protective film 300 foamed as ating on a front side 2a of the
semiconductor wafer 2 is peeled (protective tamdipg step). Note that an example
wherein the back side 2b of the semiconductor w2ierattached to the adhesive film
7 adhered to the surface of the dicing tape T pairperipheral portion attached to
the annular frame F has been shown in this embatdjnze configuration may be
adopted in which the adhesive film 7 adhered todiceng tape T is attached to the
back side 2b of the semiconductor wafer 2 and, kameously, the peripheral portion
of the dicing tape T is attached to the annulan&d.

After the wafer supporting step is conddcés above, an adhesive film
breaking step is performed in which the dicing tdpeés expanded to break the
adhesive film 7 along the individual devices 22.hisTadhesive film breaking step is
carried out by use of a tape expanding apparatdepicted in FIG. 9. The tape
expanding apparatus 8 shown in FIG. 9 includes dramiding means 81 for holding
the annular frame F, and tape expanding means 188xfzanding the dicing tape T

attached to the annular frame F held by the frawmiditg means 81. The frame
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holding means 81 includes an annular frame holdwegnber 811, and a plurality of
clamps 812 as fixing means disposed at the pegpbiethe frame holding member
811. An upper surface of the frame holding men@idrforms a mount surface 811a
on which to mount the annular frame F, and the Emrfutame F is mounted on the
mount surface 811la. The annular frame F mountethermount surface 811a is
fixed to the frame holding member 811 by the clarBd2. The frame holding
means 81 configured in this manner is supported tape expanding means 82 so as
to be movable (advanceable and retractable) inehecal direction.

The tape expanding means 82 includes aansipn drum 821 disposed
inside the annular frame holding member 811. Thkeaesion drum 821 has an
inside diameter and an outside diameter which @aler than the inside diameter of
the annular frame F and greater than the outsal®etier of the semiconductor wafer
2 adhered to the dicing tape T attached to the landtame F. In addition, the
expansion drum 821 includes a support flange 822ediower end thereof. The tape
expanding means 82 in this embodiment includes@tippeans 823 which can move
(advance and retract) the annular frame holding beerB11 in the vertical direction.
The support means 823 includes a plurality of glinders 823a disposed on the
support flange 822, and piston rods 823b of thewinders 823a are connected to a
lower surface of the annular frame holding membkt. 8 The support means 823
thus including the plurality of air cylinders 82&aoves the annular frame holding
member 811 in the vertical direction between aregfee position wherein the mount
surface 81la is at substantially the same heighh@suipper end of the expansion
drum 821, as shown in FIG. 10A, and an expandingitipo wherein the mount
surface 81la is a predetermined amount below tperugnd of the expansion drum

821, as shown in FIG. 10B.
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The adhesive film breaking step performgdube of the tape expanding
apparatus 8 configured as above will be descrileéerning to FIGS. 10A and 10B.
Specifically, the annular frame F to which the dgcitape T with the semiconductor
wafer 2 adhered thereto is attached is mounteti®@mbunt surface 811a of the frame
holding member 811 as shown in FIG. 10A, and iedixo the frame holding member
811 by the clamps 812 (frame holding step). Irs timstance, the frame holding
member 811 is positioned in the reference positiepicted in FIG. 10A. Next, the
plurality of air cylinders 823a as the support n®ed23 constituting the tape
expanding means 82 are operated to lower the aninatae holding member 811 into
the expanding position depicted in FIG. 10B. Tfanes the annular frame F fixed
on the mount surface 811a of the frame holding nerBhil is also lowered, so that
the dicing tape T attached to the annular frame éxpanded through making contact
with the upper end edge of the expansion drum &%homwn in FIG. 10B (tape
expanding step). Accordingly, in the semiconduet@afer 2 (having been divided
along the division lines 21) adhered to the didimyge T through the adhesive film 7,
gaps (s) are formed between the devices 22. Asudty the adhesive film 7 attached
to the back side of the semiconductor wafer 2 akén and separated along each of
the devices 22. When the adhesive film 7 is bradeng each of the devices 22 in
this way, a part 71a of a peripheral portion 71hefadhesive film 7 protruding from a
peripheral edge of the semiconductor wafer 2 ignranted and scattered, as shown in
FIG. 10B, to fall onto the front side of the dewwc2. Since the protective film 300
is provided as a coating on the front side of teeicks 22, the part 71a of the
peripheral portion 71 of the adhesive film 7 whishfragmented adheres to the
surface of the protective film 300 present as diegaon the front side of the devices

22, so that the part 71a of the peripheral porfitrof the adhesive film 7 which is
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fragmented would not adhere directly to the frootfaces of the devices 22.
Therefore, when the protective film 300 presenaa®ating on the front side of the
devices 22 is removed, the part 71a of the pergtpartion 71 of the adhesive film 7
adhered to the protective film 300 is also remowedthat the quality of the devices
22 is not lowered.

After the aforementioned adhesive film lieg step is performed, a
protective film removing step is conducted in whieltleaning liquid is supplied to
the front surfaces of the individual devices (devahips) 22 so as to remove the
protective film 300. In the protective film remog step, starting from the condition
shown in FIG. 10B where the adhesive film brealstep has been conducted, the tape
expanding apparatus 8 is positioned into a positimactly under a cleaning water
supply nozzle 9 of the tape expanding apparatusshawn in FIG. 11A, and cleaning
water as a cleaning liquid is supplied from theanlag water supply nozzle 9 to the
surface of the protective film 300 present as aiogaon the front surfaces of the
individual devices 22 adhered to the dicing tapattdched to the annular frame F.
As a result, the protective film 300, which is fadhof a water-soluble resin, is easily
removed by the cleaning water, and the part ofatieesive film 7 adhered to the
surface of the protective film 300 is also remowesishown in FIG. 11B. Therefore,
the part of the adhesive film does not adhere edritnt surfaces of the devices 22, so
that the quality of the devices 22 is not lowered.

After the protective film removing stepasnducted as above, a picking-up
step is carried out in which the devices 22 with #uhesive film 7 attached to the
back surfaces thereof are peeled from the dicipg Taand are picked up.

The present invention is not limited to tetails of the above described

preferred embodiments. The scope of the invenisowlefined by the appended
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claims and all changes and modifications as fathiwithe equivalence of the scope of

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

. A wafer processing method for dividing a wafer having a plurality of division lines in a

grid pattern on a front side thereof and having a device in each of a plurality of
regions partitioned by the division lines, along the division lines into individual device

chips, the wafer processing method comprising:

a protective film forming step of applying a liquid resin to the front side of the wafer to

form a protective film followed by;

a protective tape adhering step of adhering a protective tape to a surface of the

protective film;

a modified layer forming step of applying a laser beam having such a wavelength as
to be transmitted through the wafer to the wafer along each of the division lines, with
a focal point positioned inside the wafer, to form a modified layer inside the wafer

along each of the division lines;

and a back side grinding step of grinding a back side of the wafer while supplying
grinding water to thin the wafer to a predetermined thickness and to crack the wafer
along the division lines using the modified layers as crack starting points so as to
divide the wafer into individual device chips, after the protective film forming step, the

protective tape adhering step, and the modified layer forming step are carried out.

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

a wafer supporting step of adhering an adhesive film to the back side of the
wafer divided into the individual device chips and adhering to the adhesive film a
dicing tape having a peripheral portion attached to an annular frame so as to support

the wafer with the annular frame, after the back side grinding step is carried out;

an adhesive film breaking step of expanding the dicing tape to break the adhesive
film along the individual deice chips, after the wafer supporting step is carried out;

and
a protective film removing step of supplying a cleaning liquid to a front side of the

individual device chips to remove the protective film, after the adhesive film breaking

step is carried out.
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3. The wafer processing method according to claim 2, wherein the liquid resin includes

a water-soluble resin, and the cleaning liquid is cleaning water.

22



