WAFER PROCESSING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a wafec@ssing method.

Description of the Related Art

There has been put into practical use aufaaturing method for a
semiconductor wafer having a plurality of semicartdu devices such as ICs and
LSIs, wherein the semiconductor wafer is intendedimprove the processing
performance of the semiconductor devices. Thisigamuctor wafer is composed
of a substrate and a functional layer formed onfribvet side of the substrate, wherein
the functional layer is formed by stacking a plityabf low-permittivity insulator
films (low-k films). Examples of each low-k filnm¢lude an inorganic film of SiOF,
BSG (SiOB), etc. and an organic film such as ampelyfilm of polyimide, parylene,
etc. The semiconductor devices are formed fromfuhetional layer of the wafer.
The functional layer is brittle so that it is egsSkparated from the substrate in cutting
the wafer by using a cutting blade. To cope whis tproblem, there has been
performed a wafer processing method including tepssof applying a laser beam
along both sides of each division line on a sendoceotor wafer to form two laser
processed grooves dividing the functional layemgl@ach division line, and next
positioning a cutting blade between the two lasercgssed grooves along each
division line to relatively move the cutting bladed the semiconductor wafer, thereby
cutting the wafer along each division line (seeabase Patent Laid-open No. 2005-

64231, for example).



SUMMARY OF THE INVENTION

However, when the division of the functibtayer in forming the laser
processed grooves is insufficient, the cutting eélathy be deviated or tilted. As a
result, the functional layer cannot be uniformly by the cutting blade and the wafer
cannot be divided accurately.

It is therefore an object of the presentemtion to provide a wafer
processing method which can accurately divide @&wladving a functional layer.

In accordance with an aspect of the presemntion, there is provided a
wafer processing method for dividing a wafer int@larality of individual devices
along a plurality of crossing division lines, thafer being composed of a substrate
and a functional layer formed on the front sidettod substrate, the division lines
being formed on the front side of the functionalellato thereby define a plurality of
separate regions where the devices are respectivatyed, the wafer processing
method including a protective member attaching stépattaching a protective
member to the front side of the functional layetlod wafer; a height recording step
of holding the wafer on a chuck table in the canditwhere the protective member is
in contact with the chuck table after performing firotective member attaching step,
applying a laser beam having a transmission wagéheto the substrate from the back
side of the wafer held on the chuck table to defeetheight of an interface between
the functional layer and the substrate in a Z ¢imaan an area corresponding to each
division line as relatively moving the chuck tahled the laser beam in an X direction,
and recording an X coordinate on each division &ind a Z coordinate corresponding
to the X coordinate and the height detected; ayoadve forming step of positioning a
cutting blade on the back side of the substratih@fwafer in the area corresponding

to each division line after performing the heightarding step and next relatively
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moving the chuck table and the cutting blade inXhdirection to thereby form a cut
groove having a depth not reaching the functioagét with a remaining part of the
substrate left between the bottom of the cut groave the functional layer; and a
dividing step of dividing the remaining part ance tunctional layer along the cut
groove extending along each division line afterfqrening the cut groove forming

step; the cut groove forming step including thg sitEmoving the cutting blade in the
Z direction according to the X coordinate and theodrdinate recorded in the height
recording step to thereby make the thickness of¢h®aining part uniform in the X

direction.

Preferably, the height recording step idggemed at the same X coordinate
as the X coordinate where the cutting blade is @opbsitioned in the cut groove
forming step. Preferably, height measuring meanased in the height recording
step to measure the height of the interface betwibenfunctional layer and the
substrate by using reflected light obtained byrdfeection of the laser beam from the
interface.

According to the wafer processing methothefpresent invention, the laser
beam having a transmission wavelength to the satlsis applied to the wafer from
the back side thereof to detect the height of tiheriace between the functional layer
and the substrate in the area corresponding todiaision line.  The depth of cut by
the cutting blade is next set according to the liteilgtected above. The back side of
the substrate is next cut by using the cutting dladcording to the depth of cut set
above to thereby form a cut groove having a depthr@aching the functional layer
with a remaining part of the substrate left betw#en bottom of the cut groove and
the functional layer along each division line, tlenaining part having a uniform

thickness. Thereafter, the remaining part anduhetional layer are cut along each
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division line to thereby divide the wafer. Accardly, the functional layer can be
uniformly cut and the wafer can therefore be dididecurately.

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 idgaashowing some preferred

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing thenfiguration of a cutting
apparatus for performing a wafer processing methoobrding to a first preferred
embodiment of the present invention;

FIG. 2 is a perspective view showing thafiguration of a wafer to be
processed by the cutting apparatus shown in FIG. 1;

FIG. 3 is a sectional view of the waferwhan FIG. 2;

FIG. 4 is a flowchart showing the wafer ggssing method according to the
first preferred embodiment;

FIGS. 5 and 6 are perspective views showipgotective member attaching
step according to the first preferred embodiment;

FIGS. 7 to 9 are sectional views showirtgeaght recording step according
to the first preferred embodiment;

FIG. 10 is a table showing data on the lte@f an interface between a
functional layer and a substrate constituting tlaéewas used in the height recording
step;

FIGS. 11 to 14 are sectional views showagut groove forming step
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according to the first preferred embodiment;

FIGS. 15 to 18 are sectional views shovangjviding step of dividing the
wafer by ablation according to the first preferesdbodiment;

FIGS. 19 and 20 are sectional views showinljviding step of dividing the
wafer by plasma etching according to a second pezfeembodiment of the present
invention;

FIGS. 21 and 22 are sectional views showimlividing step of dividing the
wafer by using a cutting blade according to a ttprdferred embodiment of the
present invention;

FIGS. 23 to 25 are sectional views shovangjviding step of dividing the
wafer by forming a modified layer according to arth preferred embodiment of the
present invention;

FIGS. 26 and 27 are perspective views shgwan attaching step of
attaching a protective tape according to a fiftaf@mred embodiment of the present
invention;

FIGS. 28 and 29 are sectional views showinljviding step of dividing the
wafer by plasma etching according to the fifth pregd embodiment;

FIGS. 30 and 31 are sectional views showinljviding step of dividing the
wafer by using a cutting blade according to a siptbferred embodiment of the
present invention;

FIGS. 32 and 33 are sectional views showinljviding step of dividing the
wafer by ablation according to a seventh prefereeasbodiment of the present
invention; and

FIGS. 34 to 36 are sectional views shovangjviding step of dividing the

wafer by forming a modified layer according to agh¢h preferred embodiment of the
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present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present ineenwill now be described in
detail with reference to the drawings. The presewntion is not limited to these
preferred embodiments. Further, the componentsd use these preferred
embodiments may include those that can be easslynasd by persons skilled in the
art or substantially the same elements as thosevikna the art. Further, the
configurations described below may be suitably coedh Further, the
configurations may be variously omitted, replac@dchanged without departing from
the scope of the present invention.

(First Preferred Embodiment)

A first preferred embodiment of the wafeogessing method according to
the present invention will now be described. FIGs a perspective view showing
the configuration of a cutting apparatus 1 for gerfing the first preferred
embodiment. FIG. 2 is a perspective view showirggdonfiguration of a wafer W to
be processed by the cutting apparatus 1. FlG.a3sisctional view of the wafer W
shown in FIG. 2. The cutting apparatus 1 is desigio cut the wafer W. As shown
in FIG. 1, the cutting apparatus 1 includes a chiatite 10, cutting means 20, work
feeding means (X moving means) 30, indexing meéinrd Y moving means) 40,
cutter feeding means (first Z moving means) 50, osifion detecting means 60, Y
position detecting means 70, and Z position detgatieans 80.

The wafer W includes various kinds of wafesuch as a semiconductor
wafer and an optical device wafer. The semicorwuatafer is composed of a

substrate formed of silicon, gallium arsenide, atid a functional layer formed on the
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substrate, wherein semiconductor devices are fornmedhe functional layer.
Similarly, the optical device wafer is composeddubstrate formed of sapphire, SiC,
etc. and a functional layer formed on the substraberein optical devices are formed
in the functional layer. More specifically, as shoin FIGS. 2 and 3, the wafer W is
composed of a substrate P and a functional laylerrRed on the front side (upper
surface) of the substrate P. The functional l&yes formed by stacking a plurality
of low-permittivity insulator films (low-k films). Examples of each low-k film
include an inorganic film of SiIOF, BSG (SiOB), etmd an organic film such as a
polymer film of polyimide, parylene, etc. Furtharpassivation film of Sig) SiN,
etc. is formed on the front side of the functiofeler F. A plurality of crossing
division lines L are formed on the front side (upperface) of the functional layer F
to thereby define a plurality of separate regioriteeng a plurality of devices D are
respectively formed.

In this description, the X direction shoby an arrow X in FIG. 1 means a
direction of feeding the wafer W held on the chtadble 10. The Y direction shown
by an arrow Y in FIG. 1 is perpendicular to the Kedtion in the same horizontal
plane and means a direction of indexing the cuttiegins 20 with respect to the wafer
W held on the chuck table 10. The Z direction sihdy an arrow Z in FIG. 1 is a
vertical direction perpendicular to the X directiamd the Y direction.

The chuck table 10 is provided on the umueface of a fixed base 2 so as
to be movable in the X direction. The chuck tablehas a circular holding surface
11. The chuck table 10 is rotatable about its gaspendicular to the holding
surface 11 by any rotating means (not shown). Hdlding surface 11 is an upper
end surface of the chuck table 10 and this surad®rizontally flat. The holding

surface 11 is formed of porous ceramic, for examatel it is adapted to hold the
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wafer W under suction by a vacuum generated frsacaum source (not shown).

The cutting means 20 functions to cut ttedew W held on the chuck table
10. The cutting means 20 is mounted through tts¢ ¥ moving means 40 and the
first Z moving means 50 to a double column typepsupframe 3. The double
column type support frame 3 is provided on thedibase 2 so as to extend in the Y
direction and straddle a moving path of the chwadie 10. The cutting means 20
includes a cutting blade 21, a spindle 22, andusing 23. The cutting blade 21 is a
very thin, annular abrasive member for cuttingweder W. The cutting blade 21 is
detachably mounted on the front end of the spi@@le The spindle 22 is rotatably
supported in the housing 23. The spindle 22 igteot about its axis extending in the
Y direction by a drive source (not shown) such asotor provided in the housing 23.
By rotating the spindle 22 at high speeds, theirgutblade 21 is rotated to cut the
wafer W.

The X moving means 30 functions to reldjivaove the chuck table 10 and
the cutting means 20 in the X direction. The X mgvmeans 30 includes a pair of
guide rails 31 extending in the X direction, a mdfew 32 extending parallel to the
guide rails 31, a nut (not shown) threadedly endagih the ball screw 32, an X
moving block 33 fixed to this nut and slidably pided on the guide rails 31, and a
pulse motor (not shown) for rotating the ball sct&v Accordingly, when the ball
screw 32 is rotated by the pulse motor, the X mgwiock 33 supporting the chuck
table 10 is moved in the X direction.

The first Y moving means 40 functions ttatieely move the chuck table
10 and the cutting means 20 in the Y direction. e Tinst Y moving means 40
includes a pair of guide rails 41 extending in thedirection, a ball screw 42

extending parallel to the guide rails 41, a nut Glwwn) threadedly engaged with the
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ball screw 42, a Y moving block 43 fixed to thistrand slidably provided on the
guide rails 41, and a pulse motor (not shown) fotating the ball screw 42.
Accordingly, when the ball screw 42 is rotated by pulse motor, the Y moving block
43 supporting the first Z moving means 50 is moweithe Y direction.

The first Z moving means 50 functions tovadhe cutting means 20 in the
Z direction perpendicular to the holding surfaceofihe chuck table 10. The first Z
moving means 50 includes a pair of guide rails @tatwn) fixed to the Y moving
block 43 and extending in the Z direction, a batesv (not shown) extending parallel
to these guide rails, a nut (not shown) threadediyaged with this ball screw, a Z
moving block 51 fixed to this nut and slidably pided on these guide rails, and a
pulse motor 52 for rotating this ball screw. Adatiagly, when the ball screw is
rotated by the pulse motor 52, the Z moving blotksGpporting the cutting means 20
is moved in the Z direction.

The X position detecting means 60 functitmdgetect the X position of the
chuck table 10. The X position detecting meansirGdudes a linear scale 61
extending in the X direction along one of the gurdds 31 and a read head 62
provided on the X moving block 33 and movable altimg linear scale 61 together
with the X moving block 33. The read head 62 isigleed to optically read the
marks of the linear scale 61 and output a pulseasigf one pulse every 1 um, for
example.

The Y position detecting means 70 functitmdgetect the Y position of the
cutting means 20. The Y position detecting meabdntludes a linear scale 71
extending in the Y direction along one of the guidis 41 on the double column type
support frame 3 and a read head 72 provided ol tim@ving block 43 and movable

along the linear scale 71 together with the Y mguitock 43. The read head 72 is
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designed to optically read the marks of the lirsale 71 and output a pulse signal of
one pulse every 1 um, for example.

The Z position detecting means 80 functitmdetect the Z position of the
cutting means 20. The Z position detecting meahsn8ludes a linear scale 81
extending in the Z direction along one of the guigés on the Y moving block 43 and
a read head 82 provided on the Z moving block Sllraavable along the linear scale
81 together with the Z moving block 51. The reaed 82 is designed to optically
read the marks of the linear scale 81 and outputse signal of one pulse every 1 um,
for example.

The cutting apparatus 1 further includesasneng means 90, second Y
moving means 100, second Z moving means 110, anttotaneans 120. The
measuring means 90 functions to detect the heigti¢al position) of an interface B
(see FIG. 7) between the functional layer F andstiiestrate P of the wafer W. The
measuring means 90 is mounted through the secomibvwing means 100 and the
second Z moving means 110 to the double column sygeport frame 3. The
measuring means 90 includes height measuring nafe measuring the height of
the interface B between the functional layer F #relsubstrate P by using reflected
light from the interface B. For example, the heigieasuring means 91 is designed
to detect the height of the interface B betweenfiinetional layer F and the substrate
P by using a known method such as spectral insréer method and confocal method.

The second Y moving means 100 functionsrdtatively move the
measuring means 90 and the chuck table 10 in tthee¥tion. The second Y moving
means 100 includes a pair of guide rails 101 extenith the Y direction, a ball screw
102 extending parallel to the guide rails 101, & (mot shown) threadedly engaged

with the ball screw 102, a Y moving block 103 fixiedthis nut and slidably provided
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on the guide rails 101, and a pulse motor (not shdar rotating the ball screw 102.
Accordingly, when the ball screw 102 is rotatedtbg pulse motor, the Y moving
block 103 supporting the measuring means 90 is thovéhe Y direction.

The second Z moving means 110 functiomadege the measuring means 90
in the Z direction perpendicular to the holdingface 11 of the chuck table 10. The
second Z moving means 110 includes a pair of grade (not shown) fixed to the Y
moving block 103 and extending in the Z directi@n,ball screw (not shown)
extending parallel to these guide rails, a nut gmwn) threadedly engaged with this
ball screw, a Z moving block 111 fixed to this rarid slidably provided on these
guide rails, and a pulse motor 112 for rotating thall screw. Accordingly, when the
ball screw is rotated by the pulse motor 112, the@ing block 111 supporting the
measuring means 90 is moved in the Z direction.

The control means 120 functions to cong@ath component of the cutting
apparatus 1. For example, the control means 126neected to drive circuits (not
shown) for driving the pulse motors of the X movimgans 30, the first Y moving
means 40, and the first Z moving means 50. THexncontrol means 120 controls
the drive circuits to decide the X position of ttteuck table 10, the Y position of the
cutting means 20, and the Z position of the cutimgans 20. Further, the control
means 120 is connected to drive circuits (not shdandriving the pulse motors of
the second Y moving means 100 and the second Zngoweans 110. Then, the
control means 120 controls the drive circuits toide the Y position of the measuring
means 90 and the Z position of the measuring m@ans

The wafer processing method according &fitst preferred embodiment
will now be described. The wafer processing methobrding to the first preferred

embodiment includes a protective member attachieg, sieight recording step, cut
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groove forming step, and dividing step. In thetpctive member attaching step, a
protective member QL1 is attached to the front Eidef the functional layer F of the

wafer W as shown in FIGS. 5 and 6 (step S1 showRl@ 4). For example, the

protective member QL1 is a resin sheet such as {pglgae film or a hard plate having

rigidity such as glass substrate. The protectiveamibrer Q1 has substantially the
same size as that of the wafer W.

In the height recording step, the contrelams 120 records the height of the
interface B between the functional layer F anddilestrate P (step S2 shown in FIG.
4). More specifically, the control means 120 colstrtransfer means (not shown)
holding the wafer W to place the wafer W on theathtable 10 at a predetermined
position in the condition where the protective memi1 is in contact with the
holding surface 11 of the chuck table 10. Theszathe control means 120 operates
the vacuum source to hold the wafer W on the chable 10 under suction and then
performs an alignment operation. Thereafter, tbatrol means 120 moves the
height measuring means 91 in the Y direction aredZtlirection and also moves the
chuck table 10 in the X direction to position thedint measuring means 91 directly
above a predetermined one of the division lineg the wafer W. For example, the
control means 120 moves the height measuring m8an® a measurement start
position on the division line L formed at one endhe Y direction.

Thereatfter, as shown in FIGS. 7 and 8,cth@rol means 120 operates the
height measuring means 91 to apply a laser beam h®ing a transmission
wavelength to the substrate P from the height measumeans 91 toward the
interface B between the functional layer F and dhbstrate P. Further, the control
means 120 moves the chuck table 10 in the X doedb thereby relatively move the

height measuring means 91 from a measurementpstsition to a measurement end
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position on the predetermined division line L of thafer W as shown in FIGS. 7 and
8. At this time, the height measuring means 9&dastthe height H1 of the interface
B between the functional layer F and the substaite the area corresponding to the
predetermined division line L, from the back sidd&RWf the wafer W held on the
chuck table 10 as shown in FIG. 9. More specifycéthe height measuring means 91
first determines the distance H2 from the heighasneing means 91 to the interface
B between the functional layer F and the subs®atecording to the light (laser beam
LB1) reflected from the interface B. Thereaftdre theight measuring means 91
subtracts the distance H2 from the distance H3 preset distance from the holding
surface 11 of the chuck table 10 to the height on&ag means 91, thereby obtaining
the height H1 (= H3 - H2) as the distance from hb&ling surface 11 of the chuck
table 10 to the interface B. Then, the height meag means 91 outputs the height
H1 detected above to the control means 120.

As shown in FIG. 10, the control means detrmines a height H4 (= H1 +
h) obtained by adding a thickness h to the height Wherein the thickness h
corresponds to the thickness of a remaining pamd&ining layer) Pa of the substrate
P left between the bottom of a cut groove Pd aedihctional layer F (see FIG. 14)
to be hereinafter described. Further, the contnelans 120 prepares a table T
showing the correspondence among the height Hieoilterface B, the X coordinate
of the predetermined division line L, and the Zoate of the height H4 determined
above. This table T is recorded into a recordingipn (not shown). The control
means 120 similarly prepares a plurality of taldlder all of the other division lines L
and records these tables T into the recording grarti The X coordinate of each
division line L to be recorded is the same as theo&rdinate where the cutting blade

21 is to be positioned in the cut groove formingpsto be hereinafter described.
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Further, the Z coordinate of the height H4 to beorded is the same as the Z
coordinate of the vertical position of the lowedenf the cutting blade 21. Further,
the thickness h may be suitably changed by sedtisgitable value for the thickness h
from an operator to the cutting apparatus 1.

In the cut groove forming step, the contr@ans 120 controls the cutting
means 20 to form the cut groove Pd having a deptiheaching the functional layer F
with a remaining part Pa of the substrate P lefiveen the bottom of the cut groove
Pd and the functional layer F (step S3 shown in. BG More specifically, the
control means 120 first retracts the measuring @& nfrom the chuck table 10 and
then moves the cutting blade 21 to a start posiibare the back side of the substrate
P in the area corresponding to the predeterminadialn line L starts to be cut by the
cutting blade 21 as shown in FIGS. 11 and 12. @&ddfezr, the control means 120
refers to the recording portion and reads out thiglet T corresponding to the
predetermined division line L. As shown in FIGS.dnd 14, the control means 120
next moves the wafer W held on the chuck tablenlthe X direction (i.e., moves the
chuck table 10 holding the wafer W in the X direndi and also moves the cutting
blade 21 in the Z direction according to the datatiee X coordinate and the Z
coordinate shown in the table T read above, thefetmging the cut groove Pd having
a depth not reaching the functional layer F wite temaining part Pa having the
uniform thickness h left between the bottom of tiie groove Pd and the functional
layer F. At this time, the control means 120 algadata on the X coordinate of the
chuck table 10, i.e., the X coordinate on the pred@ined division line L of the wafer
W held on the chuck table 10, according to thegsignal output from the read head
62 of the X position detecting means 60. Furttiex,control means 120 obtains data

on the Z coordinate of the cutting blade 21 acewydo the pulse signal output from
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the read head 82 of the Z position detecting medhs The control means 120
similarly performs this cutting step along all dietother division lines L to form a
similar cut groove Pd along each division line L.

The dividing step is next performed by gsalaser processing apparatus
200 as shown in FIGS. 15 to 18. That is, the lpsecessing apparatus 200 is used
to divide the wafer W along each division line Levl the cut groove Pd has been
formed in the substrate P with the remaining parteft between the bottom of the cut
groove Pd and the functional layer F (step S4 showrIG. 4). More specifically,
the laser processing apparatus 200 includes a ¢hbtk201 and laser beam applying
means 202 as shown in FIG. 15. The wafer W is belthe chuck table 201 under
suction in the condition where the back side WRhef wafer W is oriented upward.
In this condition, the laser beam applying mearsi2perated to apply a laser beam
LB2 to the remaining part Pa of the wafer W frora tfack side WR thereof along the
predetermined division line L, thereby forming aisiion groove Pe dividing the
remaining part Pa and the functional layer F altrepredetermined division line L
as shown in FIG. 18 (ablation processing). Fom®la, this ablation processing is
performed in such a manner that the laser beamha®ihg an absorption wavelength
to the substrate P and the functional layer F eduand the focal point of the laser
beam LB2 is set near the upper surface of the r@ngapart Pa, i.e., near the bottom
of the cut groove Pd formed along the predetermaieion line L. This dividing
step is similarly performed along all of the othigvision lines L to apply the laser
beam LB2 to the remaining part Pa along each didine L, thereby forming a
similar division groove Pe dividing the remainingrpPa and the functional layer F
along each division line L.

In the wafer processing method accordintpéofirst preferred embodiment
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described above, the laser beam LB1 having a trigsgm wavelength to the
substrate P is applied to the wafer W from the bside WR thereof to detect the
height H1 of the interface B between the functidager F and the substrate P in the
area corresponding to each division line L. Thbe,depth of cut in the substrate P
by the cutting blade 21 is set according to thgliteH1 detected above to form the
cut groove Pd on the back side of the substratett tiwe remaining part Pa left
between the bottom of the cut groove Pd and thetiumal layer F along each
division line L.  Accordingly, the remaining par&Raving a uniform thickness h can
be always formed according to the height H1 ofitiverface B between the functional
layer F and the substrate P without being affettgd/ariations in thickness of the
wafer W or the protective member Q1. Thusly, thbssrate P is cut by the cutting
blade 21 and the laser beam LB2, whereas the anadtiayer F is cut (divided) by
the laser beam LB2, so that the substrate P anfiiictional layer F can be properly
processed. Further, since the functional layear lme uniformly cut, the quality of
each device D can be made stable.

Conventionally, at least two laser procdsg®oves are formed along each
division line L by applying a laser beam along besitles of each division line L to
thereby divide the functional layer F. To the cany, the first preferred embodiment
of the present invention can eliminate the needféoming a plurality of laser
processed grooves along each division line L teddithe functional layer F, so that
the productivity can be improved.

Further, when the division of the functibfayer F in forming the laser
processed grooves along each division line L igffrtsent, the cutting blade 21 may
be deviated or tilted or uneven wearing of theiogtblade 21 may occur. To the

contrary, the functional layer F is divided by theer beam LB2 in the first preferred
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embodiment of the present invention, thereby elating the deviation or tilt of the
cutting blade 21 or the uneven wearing of the egthilade 21.

Further, the laser beam LB2 is appliedht wafer W from the back side
WR thereof rather than from the front side WS & wafer W. Accordingly, there is
no possibility that debris may stick to the froldesWS of the wafer W, so that it is
unnecessary to form a protective film on the freide WS of the wafer W. Further,
since the laser beam LB2 is applied along the bottd each cut groove Pd, the
energy of the laser beam LB2 applied is small amdhermal strain remains in the
wafer W, so that the die strength of each devidg bt reduced.

Further, at least two laser processed g®aare conventionally formed
along each division line L to divide the functiodaler F along both sides of each
division line L. To the contrary, according to thiest preferred embodiment of the
present invention, the cut groove Pd is formed mn liack side of the substrate P
along each division line L. Accordingly, it is wrgessary to increase the width of
each division line L, so that the number of devibethat can be formed on the wafer
W can be increased. Further, since the laser éfris not applied from the front
side WS of the wafer W, there is no possibilitytttfee laser beam LB2 may pass
through the passivation film to process the fun@lidayer F and the heat generated in
the functional layer F may be temporarily confinedthe passivation film to cause
the delamination of the functional layer in eackide D.

(Second Preferred Embodiment)

A second preferred embodiment of the wafeccessing method according
to the present invention will now be described. G&l 19 and 20 are sectional views
showing a dividing step of dividing the wafer W plasma etching according to the

second preferred embodiment.
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After forming the cut groove Pd on the baade WR of the wafer W along
each division line L of the wafer W, a resist fiR1 is formed on the back side WR of
the wafer W in the area except each remaining Parés shown in FIG. 19. More
specifically, the material of the resist film R1fisst applied to the whole of the back
side WR of the wafer W, and next exposed to liginough a predetermined mask
pattern. Thereafter, the wafer W is immersed ohegeloper to thereby remove the
resist film R1 from each remaining part Pa. Thhs,resist film R1 is formed on the
back side WR of the wafer W in the area except gadmaining part Pa. After
forming the resist film R1 as mentioned above, wafer W is subjected to plasma
etching in a plasma chamber, thereby removing #maming part Pa and the
functional layer F along each division line L (sEES. 20). In this manner, the
remaining part Pa and the functional layer F aleagh division line L may be
removed by plasma etching rather than by usindaer processing apparatus 200 in
the dividing step. As a modification, the materddl the resist film R1 may be
applied to the whole of the back side WR of theewd/ before performing the cut
groove forming step. In this case, the resist fitthis removed along each division
line L by performing the cut groove forming step.

(Third Preferred Embodiment)

A third preferred embodiment of the wafengessing method according to
the present invention will now be described. FI@$.and 22 are sectional views
showing a dividing step of dividing the wafer W bging a cutting blade according to
the third preferred embodiment.

After forming the cut groove Pd on the baake WR of the wafer W along
each division line L of the wafer W, a cutting #a@1A having a thickness smaller

than that of the cutting blade 21 is used to cetrtdmaining part Pa and the functional
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layer F along each division line from the back sW®& of the wafer W, thereby

forming a division groove Pf along each divisiomeliL as shown in FIGS. 21 and 22.
In this manner, the remaining part Pa and the fonat layer F along each division
line L may be cut by using the cutting blade 21#hea than by using the laser
processing apparatus 200 in the dividing step.

(Fourth Preferred Embodiment)

A fourth preferred embodiment of the walescessing method according to
the present invention will now be described. FI@S.to 25 are sectional views
showing a dividing step of dividing the wafer W Wgrming a modified layer
according to the fourth preferred embodiment.

After forming the cut groove Pd on the baake WR of the wafer W along
each division line L of the wafer W, laser beamlging means (not shown) is used to
apply a laser beam LB3 from the back side WR ofwhér W to the remaining part
Pa along each division line L, thereby forming adified layer Pi inside the
remaining part Pa as shown in FIGS. 23 and 24. reHfier, an external force is
applied to the wafer W by tape expansion or the, ltkereby breaking the remaining
part Pa and the functional layer F along each idnidine L as shown in FIG. 25.
The laser beam LB3 has a transmission wavelengthasubstrate P, and the focal
point of the laser beam LB3 is set near the ceoftéhe thickness of the remaining
part Pa in forming the modified layer Pi. As showrFIG. 23, a protective member
Q2 as an expanding tape having stretchability tached to the front side of the
functional layer F in place of the protective memiggl. In this manner, the
modified layer Pi may be formed inside the remajnpart Pa along each division line
L by using the laser beam LB3 rather than by afatising the laser processing

apparatus 200 in the dividing step. Thereaftee temaining part Pa and the
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functional layer F along each division line L mag ltroken from this modified layer
Pi to thereby divide the wafer W.
(Fifth Preferred Embodiment)

A fifth preferred embodiment of the wafeppessing method according to
the present invention will now be described. FI@&&.and 27 are perspective views
showing an attaching step of attaching a protecteyge according to the fifth
preferred embodiment. FIGS. 28 and 29 are sedtioeas showing a dividing step
of dividing the wafer W by plasma etching accorditg the fifth preferred
embodiment.

After forming the cut groove Pd on the baade WR of the wafer W along
each division line L of the wafer W, the protectmember Q1 is first peeled from the
front side WS of the wafer W. Thereafter, a protectape Q3 is attached to the
back side WR of the wafer W, and an annular frameskalso attached to the
protective tape Q3 as shown in FIGS. 26 and 27.us Ttihe wafer W is fixed through
the protective tape Q3 to the annular frame K. ré&afer, a resist film R2 is formed
on the front side WS of the wafer W in the areaegx@ach division line L as shown
in FIG. 28. More specifically, the material of thesist film R2 is first applied to the
whole of the front side WS of the wafer W, and nexposed to light through a
predetermined mask pattern. Thereafter, the wafées immersed in a developer to
thereby remove the resist film R2 from each divndioe L. Thus, the resist film R2
is formed on the front side WS of the wafer W ie Hirea except each division line L.
After forming the resist film R2 as mentioned abotlee wafer W is subjected to
plasma etching in a plasma chamber, thereby rergdti@ functional layer F and the
remaining part Pa along each division line L (sé6. 29). In this manner, the

functional layer F and the remaining part Pa aleagh division line L may be
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removed by plasma etching from the front side W&efwafer W in the dividing step.
(Sixth Preferred Embodiment)

A sixth preferred embodiment of the wafesgessing method according to
the present invention will now be described. FI@8.and 31 are sectional views
showing a dividing step of dividing the wafer W bging a cutting blade according to
the sixth preferred embodiment.

After attaching a protective tape Q3 tolthek side WR of the wafer W in a
manner similar to that of the fifth preferred emimoeint mentioned above, a cutting
blade 21A having a thickness smaller than thatefdutting blade 21 is used to cut
the functional layer F and the remaining part Rangleach division line L from the
front side WS of the wafer W, thereby forming aisiion groove Pf along each
division line L as shown in FIGS. 30 and 31. Iistimanner, the functional layer F
and the remaining part Pa along each division limeay be cut by using the cutting
blade 21A from the front side WS of the wafer Whe dividing step.

(Seventh Preferred Embodiment)

A seventh preferred embodiment of the wafeccessing method according
to the present invention will now be described. G&l 32 and 33 are sectional views
showing a dividing step of dividing the wafer W élylation according to the seventh
preferred embodiment.

After attaching a protective tape Q3 tolthek side WR of the wafer W in a
manner similar to that of the fifth preferred eminoeint mentioned above, laser beam
applying means (not shown) is used to apply a lasam LB4 from the front side WS
of the wafer W to the functional layer F along edohsion line L, thereby forming a
division groove Pg dividing the functional layeraRd the remaining part Pa along

each division line L as shown in FIGS. 32 and 33at#on processing). The laser
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beam LB4 has an absorption wavelength to the fonatilayer F and the substrate P,
and the focal point of the laser beam LB4 is seth@enupper surface of the functional
layer F along each division line L in performingetlablation processing. In this
manner, the ablation processing may be performeuwh fihe front side WS of the

wafer W to cut the functional layer F and the rammaj part Pa along each division
line L, thereby dividing the wafer W.

(Eighth Preferred Embodiment)

An eighth preferred embodiment of the wafercessing method according
to the present invention will now be described. G&l 34 to 36 are sectional views
showing a dividing step of dividing the wafer W Wbgrming a modified layer
according to the eighth preferred embodiment.

After attaching a protective tape Q3 tolthek side WR of the wafer W in a
manner similar to that of the fifth preferred eminoeint mentioned above, laser beam
applying means (not shown) is used to apply a lasam LB5 from the front side WS
of the wafer W to the remaining part Pa along ediglsion line L, thereby forming a
modified layer Pk inside the remaining part Pa bews in FIGS. 34 and 35.
Thereatfter, an external force is applied to theewa¥ by tape expansion or the like,
thereby breaking the functional layer F and theaiamg part Pa along each division
line L as shown in FIG. 36. The laser beam LB5 &dsansmission wavelength to
the functional layer F and the substrate P, andadte point of the laser beam LB5 is
set near the center of the thickness of the remgipart Pa in forming the modified
layer Pk. The protective tape Q3 attached to Hek Iside WR of the wafer W is an
expanding tape having stretchability. In this mamnhe laser beam LB5 may be
applied from the front side WS of the wafer W tergby form the modified layer Pk

inside the remaining part Pa along each divisioe .. Thereafter, the functional
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layer F and the remaining part Pa along each dvishe L may be broken from this
modified layer Pk to thereby divide the wafer W.
(Modifications)

Modifications of the first to eighth prefed embodiments mentioned above
will now be described. While the height H1 of th@erface B between the
functional layer F and the substrate P is deterchiwéh reference to the holding
surface 11 of the chuck table 10 in the above pmdeembodiments, the present
invention is not limited to this configuration, htiis sufficient that the position of the
cutting blade 21 can be defined with respect tohéght of the interface B. For
example, the height of the interface B may be da&terd with reference to the
measurement position of the height measuring m@ans

Further, the functional layer F includeg oaly the low-k films, but also
any other functional films such as passivation filmetal film, and optical device
layer.

The present invention is not limited to tetails of the above described
preferred embodiments. The scope of the invenisowdefined by the appended
claims and all changes and modifications as fathiwithe equivalence of the scope of

the claims are therefore to be embraced by thentirose
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WHAT ISCLAIMED IS:

1. A wafer processing method for dividiagwafer into a plurality of
individual devices along a plurality of crossingvidion lines, said wafer being
composed of a substrate and a functional layerddron a front side of said substrate,
said division lines being formed on a front sidesafd functional layer to thereby
define a plurality of separate regions where sawabs are respectively formed, said
wafer processing method comprising:

a protective member attaching step of hitera protective member to the
front side of said functional layer of said wafer;

a height recording step of holding saidewa a chuck table in a condition
where said protective member is in contact witkl shiuck table after performing said
protective member attaching step, applying a ldssmm having a transmission
wavelength to said substrate from a back sideidfwafer held on said chuck table to
detect the height of an interface between saidtiomal layer and said substrate in a Z
direction in an area corresponding to each dividina as relatively moving said
chuck table and said laser beam in an X directimwl, recording an X coordinate on
each division line and a Z coordinate correspondmgaid X coordinate and said
height detected;

a cut groove forming step of positioningudting blade on the back side of
said substrate of said wafer in the area correspgntb each division line after
performing said height recording step and nextiredly moving said chuck table and
said cutting blade in said X direction to therebyni a cut groove having a depth not
reaching said functional layer with a remainingtpdrsaid substrate left between the
bottom of said cut groove and said functional laged

a dividing step of dividing said remainipgrt and said functional layer
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along said cut groove extending along each dividioa after performing said cut
groove forming step;

said cut groove forming step including step of moving said cutting blade
in said Z direction according to said X coordinatel said Z coordinate recorded in
said height recording step to thereby make thektieiss of said remaining part
uniform in said X direction.

2. The wafer processing method accordingdim 1, wherein said height
recording step is performed at the same X coordinatthe X coordinate where said
cutting blade is to be positioned in said cut ge@rming step.

3. The wafer processing method accordmglaim 1, wherein height
measuring means is used in said height recordieyy tet measure the height of said
interface between said functional layer and saidssate by using reflected light

obtained by the reflection of said laser beam feadl interface.
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