24 JANUARY 2007 1 WAFER PROCESSI NG METHOD Field of the Invention The
present invention relates to a wafer processing nethod for di VA4JANYARYERDET
havi ng optical devices that are 6 formed in a plurality of areas sectioned
by dividing lines (streets) forned in a lattice pattern on the front surface
along the dividing lines. Description of the Prior Art A wafer having
optical devices conprising a gaiddginprbtrydmnidemmassas conpound

sem conductor which are fornmed in a plurality of areas sectioned by
dividing lines (streets) forned in a lattic-e pattern on the front surface
of a sapphire psihstyatg anghfbigcddke is divided along the dividing |ines
into individua—optittat—devites such as |light emtting diodes or |aser

di odes which are wi déley nrsestbrith iglwentirian emligireentto B8 wHfemagfmrcdsssing

general ly divid b cutt i machi ne called "dicer". .This _cutting nachine
conprises a cﬁtﬁeg%mf%tﬁ%é: étrvlg%gigd?n"éage]i’/\glﬁplineqcSpgugﬁlage‘élggﬁi%%%%%crteor

waf er or opti cdrmetevircea wdfueral it bifngreeansef vionatitbyngdiiedvoy Kpirece hel d
on the chuck table, and vi ng nmeans for. noving the chuck _table and the
cutting means FEFETYVS (GRMR Gt Horta CHigSoRALHPE Prgh nbaR s ENpri Seece
rotary spindl exthed tiser@iwi@tngtlimedi gh speed and a cutting bl ade nounted
to the spindle. The cuttingblade conprises a disk-1ike base and an annul ar
cutting edge that is nmounted on the side wall outer peripheral portion of
the base, and phe-cutting sdoentspfospes-as thick as about 20 m by fixing,
for exanple, di T rai aving 30 a dianeter of about 3 pmto

t he base by el ectrofforvidfry hasivee ePiapihideyisifstoeniy 1sing corgaladriimde

bst r at Lk ' - it '
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plurality of areas sectioned by dividing lines (streets)

formed in a lattice pattern on the front surface of a sapphire
substrate énd the like is divided along the dividing lines
into individual optical devices such as 1light emitting diodes
or laser diodes which are widely used in electric equipment.
18 The wafer is generally divided by a cutting machine called
“dicer”. This cutting machine comprises a chuck table for
holding a workpiece such as a semiconductor wafer or optical
device wafer, cutting means for cutting the workpiece held
on the chuck table, and moving means for moving the chuck
table and the cutting means relative to each other. The
24 cutting means comprises a rotary spindle that is rotated at
a high speed and a cutting blade mounted to the spindle. The
cuttingblade comprisesadisk-likebase andanannular cutting
edge that is mounted on the side wall outer peripheral portion
of the base, and the cutting edge is formed as thick as about
20 um by fixing, for example, diamond abrasive grains having
30 a diameter of about 3 um to the base by electroforming.
Since a sapphire substrate, silicon carbide substrate,
or the like has a high Mohs hardness, cutting with the above
cutting blade is not always easy. Since the cutting blade
has a thickness of about 20 pum, the dividing lines for

sectioning optical devices must have a width of about 50 pm.



has a thickness of about 20 m the dividing lines for sectioning optical
devi ces nust have a width of about 50 m 24 JANUARY 2007 2 Théfg‘F%%BY??W
the case of an optical device neasuring, for exanple, about 300 pm x 300
gm there is a problemthat the area ratko of the dividing lines to the
optical device is |large, thereby reducing productivity. Meanwhile, a

processi ng nethod for dividing a wafe 6 by .appl ying a | aser beam al ong

B reets 15 ac ranpeEdrna hores Sad8 & apoRta Mg odan P peEEhrre” hen’a

| aser beam i segpppileqd &votbe3do amt xsgobage, ofheve iaf &r probREACEBat the
however, heat ener9¥ IS anﬁ ntrateg. onlthe 3£$OEﬁd arEa t9 8roduce.debris
that stick fa8fSfolfhe® ProhfCstrtadendrs LiheSwaPel St ARFEEFLgPENEFS +8duci ng
the 12 qualityrgt,ophkeabydevdaesngAprevansiefitgi.viding a wafer by applying

a |laser beam along streets, a | aser beam processing nethod in which a | aser
beam capabl e of pas¥fABWRhiBugh PRecCRaFerdiBetied SpB fhEidiader WehRfis

appl i ed tosthg,wWapen Whiyhal 18sEecuang aRehEt steBekRe iisngitden@ftdhandr ea to
be divided is also agtenpted 18 and di scl osed by JP-A 2002-192367, for
exanpl e. I n tHéscdovedi by FErRo@-d208g 4t hiferl ggemPBeam processi ng t echni que,

2, or kpi ece, s di vi 6EnDY 2PELYIGLR 25410 10RAM:CARAG! ek BASSLAG LT ough

the wafer, for exanp a | aser avi an infrared range with its
f ocusi ng poi ne eafehetd micdessf ity heovater, flraat emergivde st heneehtrated

conti nuously for 4 i Qrated | ' I pside f.er .along
the dividingh fhe %’ﬂ%é%e%%%rae&pg?ﬂﬁé%%% Qe o BRaE %?%%}éhﬁ%@ o Fis g
| i nes whose stfrengt Bultdaceecerd taducadery tthe rkbymatreart 1 yofr eidve idet erhieor at ed

| ayers. n the deteriorated lLayer .is formed by applying a |aser beamw th
its focu!&%g ﬂﬁﬁﬁﬂ%ghoghgﬂ SPde I5F KE -ar ea

As means of dividing a wafer by applying a laser beam
along streets, a laser beamprocessing method inwhich a laser
beam capable of passing through the wafer is used and the
laser beam is applied to the wafer with its focusing point
on the inside of the area to be divided is also attempted

18 and disclosed by JP-A 2002-192367, for example. In the
dividing method using this laser beam processing technique,
a workpiece is divided by applying a laser beam capable of
passing through the wafer, for example, a laser beam having
an infrared range with its focusing point on the inside of
the wafer from one side thereof to continuously form

24 deteriorated layers in the inside of the wafer along the
dividing lines and then, applying external force along the
dividing lineswhose strengthhasbeenreducedby the formation
of the deteriorated layers.

When the deteriorated layer is formed by applying a
laser beam with its focusing point on the inside of the area

30 tobedivided of the wafer, there is a problem that it remains
on the side surfaces of the optical device and light emitted
fromtheopticaldevice is absorbedbythedeterioratedportion

to reduce the brightness of the optical device.

Summary of the Invention




30 to be divided of the wafer, there is a problemthat it remains on the
side surfaces of the optical device and light emitted from the24ciANUARY 2007
device is absorbed by the deteriorated portion to reduce the brightness of
the optical device. Summary of the Inventi®dn 24 JANUARY 2007 3 It is an
object of the present invention to provide a mafer processing met hod having
hi gh productivity a capabl e, .of dIV

b ecdum 2397
bri ght ness of an i cal dei é@CtT(? e'r‘?egna d\?evec?o l@& 2¢C g to
the present @& Wﬂﬂéﬂbx@@,estsh@fgﬁneﬂﬁqﬂ hmrdﬁd ha g 6 A oCesisy agdnﬁﬁﬂdef or

di viding a wafer havin optic es that are faorne lurality of
areas secti onecfj{td;l %igqu Jotﬁiﬁijdt iTFAuCing tqkbee%ﬁﬁtgikbtﬂ?p% ThéF r ont
surface, al ongydthiecL vdéi;rﬂge I i nes, conprising: a |aser beam application

step of applying a | aser beam 12 capabl e of passing through the wafer along
the dividing lines T afd@hrdéber PBPH?eGbU 8GEr s2REOT ARG P et ¥FRSRAY dept h

from the Rack; spdd@acs oftidie waf hovadetokegh Exe ﬁ%@és@fﬂ?ﬂ@&l&é%ﬁf
affixing a protective 'sheet to the front surface of having the

det eri or at ed I@yé?%lﬂq)rafré@ftqreﬁ?@ivﬁnmgpaléia\li demgcseephoat @Im'iﬂiﬁge@iiélwaf er
having the pro %fa"le_‘i %eft 2 'sxégctt‘?ofr@? E&OH v?.&hfiﬁcf:b 1&(’
sur ace of t he

deteriorated | aye rin ing step o

waf er di vi ded Eallca‘ig:ltctfe mﬂl’@nmroalt el dyent suréaseat 2lofg the dqirotdictd ve
sheet being affixed to th]g é"ﬁl r, to renmove 24 the deteriorated | ayers.
Furt her, accordlng to TR T pres invention, there is provided a wafer
processi ng nethod far ldls‘élrdb@@maaplpaiflej’a’d’nmﬂ Bep of applying a laser beam

12 capable of passing through the wafer along the dividing lines
to formdeteriorated layers having a predetermined depth from
the back surface of the wafer;

a protective sheet affixing step of affixing a
protective sheet to the front surface of the wafer having
the deteriorated layers formed therein;

18 a dividing step of dividing the wafer having the
protective sheet affixed to the front surface along the
deteriorated layers; and

a grinding step of grinding the back surface of the
wafer divided along the deteriorated layers in a state of
the protective sheet being affixed to the wafer, to remove

24 the deteriorated layers.

Further, according to the present invention, there is
provided a wafer processingmethod for dividing a wafer having
optical devices that are formed in a plurality of areas
sectioned by dividing lines formed in a lattice pattern on
the front surface along the dividing lines, comprising:

30 a protective sheet affixing step of affixing a
protective sheet to the front surface of the wafer;

a laser beam application step of applying a laser beam
capable of passing through the wafer to the wafer having the
protective sheet affixed to the front surface along the

dividing lines to form deteriorated layers having a



optical devices that are fornmed in a plurality of areas sectioned by
dividing lines forned in a lattice pattern on the front surfac?éJéNHﬁ‘BYt"’mlﬁ7
dividing lines, conprising: 30 a protective sheet affixing step of affixing
a protective sheet to the front surface df the wafer; a | aser beam
application step of applying a | aser beam capable of passing through the

wafer to the r I i j xed t e . surface
al ong the di Wgﬁiﬁgt réIaf:"{[{nlg% of gi%fp ot[rillr m%t(fgot(}%rt:ﬁger Zéﬁée Isg{/;efr S e?vf ntgréa V%JAP eS&tﬁ(NUARY
2007 4 predet er m nedddepdhnigr eiephe fhaldk islimbadd eofvatfiee Wwafvemg tdnedi vi di ng

step of dividing.,the .wafer havi the rqtective ,sheet . affixed tao.the front
surface al Ongpg%gec ete is&eaete n% e%%;t%agc % fgrrolrhtdiSnugrfsﬁceep aOOIbq'i I ng the
back surface afetidrd orGtwaf erayiting decthdl ong the deteriorated layers in a

state of the protective sheet be ng affi.xed to hhe wafer, to remgv t he
B P

deteriorated | ayers2 PF1PRETEh&FER Bde STBEAPEppFtc &RiHh S¥E&FCea Oful | aser

beam is appli ehirt RildtindPEITMNY HR e t@titdia tdCilRiier Ofin thethrento £
surface of the wafer fromthe front surface side 12 thereof. In the present
i nvention, as Hfe PFetteGtdiat s@ecdy 8e4nInhalfhged BP cter efdd Sred ThiteRIveEs from

the back surfagg frmd o alng thedividing lines of the wafer by the |aser
beam application step are renoved by carrying out the grinding step after

the wafer has been dinvitdedbdvugsépsaaraarn appsiaaties fieemi B Pal $dd asiede

devi oo T's ot Tradncsa PR Rer A B L e g o e e S A (B er
is cut along tte fdetrdr isardted bdyths Waferdf adonthe Herahtvisdinfpde rsesle t here
is no cuti'&ng trHaerIgleionf.unl ike cutting with a cutting bl ade.

In the present invention, as the deteriorated layers
having a predetermined thickness from the back surface formed
along the dividing lines of the wafer by the laser beam
application step are removed by carrying out the grinding
step after the wafer has been divided, laser damage does not

18 remainonthesidesurfacesoftheopticaldeviceandtherefore,
thebrightness of theoptical device isnot reduced. Further,
in the present invention, since the wafer is cut along the
deteriorated layers formed along the dividing lines, there
is no cutting margin unlike cutting with a cutting blade.
Therefore, the area ratio of thedividing lines to the optical

24 devicecanbereducedandproductivitycanbe thereby improved.

Brief Description of the Drawings

Fig. 1 is a perspective view of an optical device wafer
to be divided by the wafer processing method of the present
invention;

30 Figs. 2(a) and 2(b) are diagrams for explaining the
laser beam application step in the wafer processing method
of the present invention;

Figs. 3(a) and 3(b) are diagrams for explaining the
protective sheet affixing step in the wafer processing method

of the present invention;



Therefore, the area ratio of the dividing lines to the optical 24 device
canbe reduced and productivity can be thereby inproved. Brief DBaNUARYI20A7
of the Drawings Fig. 1 is a perspective view of an optical device wafer to
be divided by the wafer processing nethod of the present invention; 30
Figs. 2(a) and 2(b) are diagrans for explaining the |aser beam application

step in the wafer processi f the pr | j.an;. Figs. a)
and 3(b) are diagr an@%esg‘r g%drgdﬁl%%g(h?hea&pr%a c%%vse f;&}]‘é:%&p%f%ﬁr{%rﬁg ts?é(ep in
t he waf er proatissidigngretttegd inothé hea e penicdssiery methoddo § ANVARY 23t 5
Figs. 4(a) and. 4\;%1)% are. di ac?rams for explaining the dividing step in the
waf er processilnrb THIY ot he present invention; and Figs. 5(a) and 5(b)
are diagrans for exmiiagdi rg(d)hexndrs mdi ngestdER granthe ovafeadp Ipriaciass i tige

met hod of the present 6 inventjon. tail ed Description of the Preferred
Enbodi ments A 19 cHESs it Agt et EMWQ%“‘&FE?PQTP%W%W%%S of
the presentg | nvepdn©oMM | | be described in detail hereinunder with
reference to the acconpanying 12 drawings. Fig. 1 is a perspective view of
an optical device wafer 2 to be divided according to the present invention.

In the opticaledeyi&q MOLEFi gt SHOWE | PhEl Brefder Ao BRBLAINeREsdi Vi di Ng
lines 21 are formedTn a tattice pattern on the front surface 2a thereof,

and optical devices 2>3fempriresyald ineiied Meedudiimnastd RoppowRed
Zom contucter GEbAEoht Kot Sl ¥h0ved A IOLRLLN BolR gy en
detail hereinunder with reference to the accompanying
12 drawings.
Fig. 1 is a perspective view of an optical device wafer
2 to be divided according to the present invention. In the
optical device wafer 2 shown in Fig. 1, apluralityof dividing
lines 21 are formed in a lattice pattern on the front surface
2a thereof, and optical devices 22 in which a gallium
18 nitride-based compound semiconductor and the like is
laminated are formed in a plurality of areas sectioned by
the dividing lines 21. This optical device wafer 2 has the
optical devices 22 measuring 0.3 mm x 0.3 mm formed on the
surface of a sapphire substrate having a diameter of 2 inches
and a thickness of 430 um in the illustrated embodiment. The
24 processing method for dividing this optical device wafer 2
into individual optical devices 22 according to a first
embodiment will be described with reference to Figs. 2 to
5.
In the first embodiment, the step of applying a laser
beam capable of passing through the above optical device wafer
30 2 along the dividing lines 21 to form deteriorated layers
having a predetermined thickness from the back surface 2b
of theoptical devicewafer 2 is first carriedout. This laser
beamapplicationstepiscarriedoutbya laser beamprocessing
machine 3 as shown in Fig. 2(a). That is, the optical device

wafer2isheldonthechucktable 3l of the laserbeamprocessing



optical devices 22 neasuring 0.3 mmx 0.3 mmfornmed on the surface of a
sapphire substrate having a dianeter of 2 inches and a thi ckne4sANJARYR007
in the illustrated enbodi nent. The 24 processing nethod for dividing this
optical device wafer 2 into individual optical devices 22 according to a
first enbodinment will be described with reference to Figs. 2 to 5. In the

first enbodi nent, .t he_ step_of., applyin | aser. am.capahl e of,_passing
t hrough t he aglg\?%ugﬁt PcéP 889%5 I\r}\%rf%‘% a%?fatzecaﬁeo%qrhte Sd]ir\%:aé;lengﬂ irA&§521 to
form det eri or atpegthd pyet 81 bagdng o tselet ennimzed p hé kknessahs@d t hamhgek

surface 2b of the optical device fer i.s. first carried out. This | aser
boam appl | cat P30 Bra) o Sush AL RS bhE Byt qitics FRb AL AL & T T hbRRTe. 5

as shown in Fia@fplada&)ionﬂé@is BSwitherepdbswé ddevheag 1wafes2 21k eahelidant he
chuckt abl e 31 of the | aserbeanprocessi ng 24 JANUARY 2007 6 nachine 3 in

such a manner WaP¥t hBef iBATCshit FATEP 2BC3R e¥’ AR ahFPIHAL Bisedsr i(§RE bel ow

an i mge pgCK-siRyiBaRs $er fdMRUehe RIAGRHRINII0SUSEM ASe PY LT BpPRL GRItAGNT O
aligning a |l aser beam application nmeans 33 with the above dividing Iines 21
is carried olCHEUMe i nage pick-up means 32 and a control neans (not 6

shown) to perform thgah %b'ée%tli rRnta3e theam-apR! eal %E?rlf%}jttiioqp' After

the alignnment of the |l aser beam application positionis c out as
descri bed abowmsittherchgckarabeée oBl dssdrseedoed abbusertieahwpplitiadde on

area where thgﬂ,: ik oxé&ga{B %pEéggétk%@é}n{ég%’]gc%%iio% 5983&912?98%1 laser

processing-fe iTection indica y an arrow a raté of 100
nm sec, for écmplapplilatd ca hases Beans i so@ppdd ecthd omwddss ilrasefed heam

appl cat 199 Moans I SCLOBNSIIGPOLILOP Al back qeupts Abothar

result, a detefdroraitblledyahile a laser beam is applied from the laser
beam application means 33 with its focusing point on the back
surface 2b, that is, on the vicinity of the undersurface of

the optical devicewafer 2. As aresult, adeteriorated layer

23 having a predetermined thickness (for example, 30 pm) from

18 the back surface 2b is formed along the dividing line 21 and
exposed to the back surface 2b of the optical device wafer

2 as shown in Fig. 2(b). This deteriorated layer is formed

as a molten and re-solidified layer. When the deteriorated
layer 23 does not achieve the predetermined thickness by one
time of laser beam application, the focusing point of the

24 laser beam is changed to form multiple deteriorated layers.
For example, by raising the focusing point by 30 um each time

and applying a laser beam 6 times, deteriorated layers having

a total thickness of 180 um can be formed. The thickness of

the deteriorated layer 23 must be set to a value smaller than

the finish thickness t (thickness from front surface on which

30 the optical device 22 is formed: for example, 200 um) of the
optical devices 22 formed on the optical device wafer 2,
desirably 10 to 50 % of the thickness of the optical device
wafer 2. The following infrared laser beam may be used as

the laser beam applied in the above laser beam application

step.



23 having a predeternined thickness (for exanple, 30 m from 18 the back
surface 2b is formed along the dividing line 21 and exposed t 24JANUHRY 2007
surface 2b of the optical device wafer 2 as shown in Fig. 2 (b) . This
deteriorated layer is forned as a nolten and re-solidified |ayer. \Wen the
deteriorated |ayer 23 does not achieve the predeterm ned thickness by one
time of | aser beam application, the focusing point of the 24 |aser beamis
changed to formhiferpl &k &4t FSayers. For exanple, by raising the

focusing point by 301 omgach 11084 aRd applying a laser beam 6 tines,
deteriorated.layers having a total thickness of 180 pmcan be formed. The

t hi ckness of theulieteenerayedilayér 23 nmust be set to a value smaller than

the finish thickpess_ t_(thickn fromfront surface on which 30 the optica
device 22 is forﬁ%%gs%%é %ééﬁpgigmﬁéag%)iogmthe optical devices 22 forned

on the optical devlise waflen: 225 desirably 10 to 50 % of the thickness of the
opti cal dewgce fer 2. The folko¥£

ng Lnfrared, | asep be y.-be wsed as
the | aser beam a %?f%% ?%n§h%ya ove Fggé?gbggﬁ?gpp f@a?igﬁbqgtgz?m24 JANUARY
2007 7 Laser: YR@depitsen! asegueMayel 2ogt hkHz1, 064 nm Pul se energy: 40 J
Focusi ng spot dianeter; 1 Pyl se width: 25 ns 6 _Energy density of focusing
bo . 3.0 x 10EA1 WRERDE REBetPLroAOFFoAtenEYSr180 Ko CAFTER Eheny the
deteriorated | ayernd23qi §iﬁ@rmpciraLaOﬁgeaeeerﬂhMbdi APrétheorf dfinéd on the
predeterm ned direction forned on the ogtical device wafer 2 as descri bed

above, the chulRtt&Blede¥1CEr "R heT| ast? sl iakaion theardusy fable
i ndexi ng-fed 13:by .t hgel NheEYabehRt WBENiadiaeaNhedhyi d3ng sl FRBEx2LgLRAN
12 by the interval between adjacent dividing lines 21 in an
indexing direction indicated by an arrow Y and processing-fed
while a laser beam is applied again. After the above
processing-feed and indexing-feed are carried out along all
the dividing lines 21 formed in the predetermined direction,
the chuck table 31 is turned at 90° to carry out the above
18 processing-feed and indexing-feed along dividing lines 21
formedinadirectionperpendicular tothe above predetermined
direction, thereby making it possible to form deteriorated
layers 23 along all the dividing lines 21 in the back surface
2b of the optical device wafer 2.
After the above laser beam application step is carried
24 out, the step of affixing a protective sheet 4 to the front
surface2aof theopticaldevicewafer2havingthedeteriorated
layers 23 with a predetermined thickness from the back surface
2b is carried out as shown in Fig. 3(a) and Fig. 3(b).
Thereafter, the step of dividing the optical device
wafer 2 having the protective sheet 4 affixed to the front
30 surface 2a along the dividing lines 21 is carried out. In
this dividing step, as shown in Fig. 4(a), the optical device
wafer 2 is placed on a plurality of columnar support members
5 arranged parallel to one another in such a manner that the
back surface 2b faces down. At thispoint, the optical device

wafer 2 is arranged such that the deteriorated layers 23 are



i ndexing direction indicated by an arrow Y and processing-fed while a |aser
beamis applied again. After the above processing-feed and i ndRHIANYARY2907
are carried out along all the dividing lines 21 forned in the predeterm ned
direction, the chuck table 31 is turned & 90 to carry out the above 18
processi ng- f eed and indexing feed along dividing lines 21 formed in a

direction per p rm i 19N, thr

making it poss%{)&l to for m @et%g?t?’org]t %éﬁ% ae%etrsS %Oé:%org{lgﬁﬁqel the d\?%l ng
lines 21 in theleb@(rlotsﬂﬁlame shle tofd tah?émqetdl tal t@he:wfcren\mafseurf%ceAeraebft he
above | aser l.ication. ste arried 24 out of affi |nga
rot ect | ve ShEE ABLACARETTHRE Tain Ao T CSFeChalobei i QBRSO A

havi ng the detierjcarsaped tHayers %e\tﬂltvhdan@rﬁﬁﬁéérzm B?%ﬁé‘lisii(rff@&fénﬂde(i'@ t he

back surface 2b is carried out as shown i . 3(a) .and Flg 3(b).
Thereafter, tte sf€p? oFeanFdl APEH %%t]i%aaql &(ﬁf‘ ther opts %ldﬁdltcﬁe

protecti ve6she&tfe<k 2hloxgdHoOdbberi 608t ed3Q el AT tBatal Pnehé *EﬂQVqld\iln@l ng
lines 21 is carried out. In this dividing step, as shown in Fi g. a) t he

optical devicdingsF el poj %6%433&%%@ ttﬁ'ﬂsallrﬁ Ftasssy 16 tE%I%ﬁérS‘@{ﬁ?ﬁﬁt mber s
5 arranged parald&l,f @-eREngNOtd1ers bn f’r'&'CtIPleaoBEEBQ."L &Mcé ngelila@ﬁll%‘ﬁrgf ace

2b faces down. At this point, the optical device wafer i's arranged “such
that the det emmmamrl@ww@,Mhﬁmwvmmr@ éamap@é thogmmedgl

Pﬁéf?gn?dgﬁfﬁglesﬁ%ﬂet e Op |ca r%é-\%ncg-g\?\la Q%e%thl V% sse%?la#ic?ﬁ;lf eﬁed to
deteriorated waa@ee:r 8 ZBshohatin Figt hfe Wi vi ﬂlfrt@rl tmkespZJLda)l peesse n@ﬁmnber S
6. As a r uIt . endi,n t the deV| 6 waf er ong
the det er For ated 3 8580 o030 P8HacNE e i g v PR Re€ o2t ¥ ghtverdiee
tensil e stressliividitey Qaicke sy aQRJrZrted mh&nﬁabpﬁe@rdﬂmlwwkﬁr%ﬂmﬂ he
optical deVIC%ﬂ&?%%%lcaﬁl8eg1ce'wafer 2 is turned at 90° to carry out the
above dividing work along deteriorated layers 23, that is,
dividing lines 21, formed in a direction perpendicular to
the above predetermineddirection, whereby the optical device
18 wafer 2 can be divided into individual optical devices 22.
Since the individual optical devices 22 have the protective
sheet 4 affixed to the front surface 2a, they do not fall
apart and the shape of theoptical devicewafer 2 ismaintained.
After the dividing step is carried out as described
above, the step of grinding the back surface 2b of the optical
24 device wafer 2 in a state of the protective sheet 4 being
affixed to the front surface 2a of the optical device wafer
2, to remove the deteriorated layers 23 is carried out. This
grinding step iscarriedoutbyagrindingmachine 7 comprising
a chuck table 71 and grinding means 72 having a grinding
whetstone 721 as shown in Fig. 5(a). That is, the optical
30 device wafer 2 is held on the chuck table 71 in such a manner
that the back surface 2b faces up and the grinding whetstone
721 of the grindingmeans 72 is rotated at 6, 000 rpm and brought
into contact with the back surface 2b of the optical device
wafer 2 while the chuck table 71 is rotated at 300 rpm, to

grind it. The optical device wafer 2 is divided into



deteriorated layers 23, that is, dividing lines 21 formed in a

predeterm ned direction to divide the optical device wafer 2 az JANUARY 2007
Fig. 4 (b) . After the optical device wafer 12 2 is divided along the
deteriorated layers 23, that is, the dividing lines 21, formed in the
predeterm ned direction, the optical device wafer 2 is turned at 90 to

carry out the 4 r%?ﬂynfdﬁl" 't'l%a‘ﬁ%év?{:%gzé’%%%' hg%ﬁ‘h dtéaé’%rseh En'l%teds

di vi di ng lines” drrectron ‘perpendrcular to Wove

pr edet er mi ned firem |tQ’fn.c]wtﬁ£bty tier cmteine;alle,da/o@q,mlﬁ M@fleém&v@athése
divided into 1?@01& vi.dual t| cal ﬁ% ces Si nce. t he ,fndl vi dual opti cal
devi ces 22 ha t[ee %erss et?% 9"!’r§<ejdlto Qhe k?oht surface 2a,

t hey do ngt f?l | aﬁw Sch@ndﬂdieflshﬁa_e opit itdaa gi]@tmmﬂs @?/Immtf)vagﬁrcr% trse ]
mai nt ai ned. Al r the divi ste arried out as descrjbe above, the
step of gri nd.@ﬁ@t%w%@ fg“-£ gBaBFckte}?él bRIPYSF NaF pe e Taét olin a

state of the profeed |r\é§lailﬂlqelrg fnbekRBoahll etk o ilghe rfdsanb rsumé &g iz 10f the
optical device wafer 2, to renpve the deteriorated layers 23 is carried

out. This gridRN¥ESt2epIresScheEi EWotit By &Pgr ﬁh@i’ﬁgelﬁl%%ilﬁ%n’? PSS ng
a chuck tabl e 17ls@nd, o @ﬁ?}%l@%&sgégsﬁﬁéoﬁﬂr@ugﬁ' PALng; cabef St izl as

showmn in Fig. 5(a). That is, the o devi Ce wafer 2 is hel'd on the
chuck table 71td rEhaidhromtmsmadecet Hat Oﬁhéhba@RtSG@ia@%VQ‘bef‘a@@%rlﬂoVﬁ-ﬁdlthe

ooy oo hret o tt?o cocynut?sgilcr?gf \}\it(ﬂﬁl@rolnn(%Equg?EI éZ Est}égt%& opti1 C%]‘ (902% ce |

and brought t he back sur devi'ce
waf er 2 whi | e ddier Thurke trabt eo7dduced ot ated at 300 rpm to grl nd |t The
opti cal \él ce wafer,,2 is divided i n£ﬁ8§4 JANUARY, .200 tical

devi cos 23%and or ourtie BE5 SPEULUEPRERRY £91 M At kRS2 P e bt Bt o
200 M) to renmweféher deteriodatadhd By@Estsi @31 akewihoyn An zfd@rdéj(rbj .tdA=a t he
| ndi vi dual Optslé:aéncgeVI 55 1n%e2n’zr 7 Ié:hdescrlbed hereinbelow.

In the second embodiment, the order of the above laser
beam application step and the protective sheet affixing step
in the first embodiment is reversed. That is, in the second

18 embodiment, the step of affixing the protective sheet 4 to
the front surface 2a of the optical device wafer 2 is first
carried out. Then, the optical device wafer 2 having the
protective sheet 4 affixed to the front surface 2a is held
on the chuck table 31 of the laser beam processing machine
3 shown in Fig. 2(a) in such a manner that the back surface

24 2b faces up to carry out the above laser beam application
step. Since the protective sheet 4 is affixed to the front
surface 2a of the optical devicewafer 2 at the timeof aligning
the laser beam application position in the laser beam
application step, the image pick-up means 32 which is
constituted by an infrared illuminating means, an optical

30 system for capturing infrared radiation and an image pick-up
device (infrared CCD) for outputting an electric signal
corresponding to the infrared radiation is used to take an
image of each dividing line 21. After the protective sheet
affixing step and the laser beam application step are carried

out, the dividing step and the grinding step in the first



deteriorated | ayers 23 have been renoved have no deteriorated 6 |ayers
remai ni ng therearound, the brightness of the optical devices 22“&6§§A36ﬂ007
| ower. In the above enbodinent, as the |aser beam capabl e of passing
through the wafer is applied to the frontOsurface 2a of the optical device
wafer 2 with its focusing point on the vicinity of the back surface 2b,
debris are not,poduced. 12 e RPGEESS g&wﬂ%te"ﬁgéc SQ&Y &'e%otd'l%e%“ cal
device wafer iNto 1 ndividual optical devices accor |ng second
enbodi nent will be described hereinbelow In the second enbodlnent t he
order of the above |l aser beam application step and the protective sheet
affixing step in the first enbodinent is reversed. That is, in the second
18 enbodi nent, the step of affixing the protective sheet 4 to the front
surface 2a of the optical device wafer 2 is first carried out. Then, the
optical device wafer 2 having the protective sheet 4 affixed to the front
surface 2a is held on the chuck table 31 of the | aser beam processing
machine 3 shown in Fig. 2(a) in such a manner that the back surface 24 2b
faces up to carry out the above | aser beam application step. Since the
protective sheet 4 is affixed to the front surface 2a of the optical device
wafer 2 at the tinme of aligning the |aser beam application position in the
| aser beam application step, the inage pick-up neans 32 which is
constituted by an infrared illum nating nmeans, an optical 30 systemfor
capturing infrared radiation and an i mage pick-up device (infrared CCD) for
outputting an electric signal corresponding to the infrared radiation is
used to take an inmge of each dividing line 21. After the protective sheet
affixing step and the | aser beam application step are carried out, the
dividing step and the grinding step in the first 24 JANUARY 2007 10



enbodi nent are carried out |ikewi se in the second enbodi nent. 24 JANUARY
2007 11 W claim 1. A wafer processing nethod for dividing a2dfNPARKZ09Tg
optical devices that are fornmed in a plurality of areas sectioned by
dividing lines formed in a lattice patikrn on a front surface, along the
dividing lines, conprising: a |laser beam application step of applying a
| aser beam of a wavel ength capabl e of passing through the wafer fromthe
front surfa@e tﬁereof to a back surface thereof along the dividing lines
with its fotu 0|nt set inside of the wafer to formdeteriorated | ayers
havi ng a predetern1ned depth fromthe back surface of the wafer; a
protective sheet affixing step of affixing a protective sheet to the front
surface of the waferfaavph Ce?ﬁé“@e@%??%@af%ﬁ @h&é@éngo?nﬁﬁ fRerein; a
di vi di ng stkpvbig doRticay drelensekhabveng faemeqrbhedt PYBTahety affixed to
the front saréasesatohgnetebydeieidonat bin¢ayepsnedninaagtanting step of
gri ndi ng t heatbaekn son factrofitt ferfaaé eratdong delde aflongdihe déhesi or at ed
| ayers in acshptesidig:the protective sheet being affixed to the wafer, to
remove the deteriorated |ayers. 2. A wafer processing method for dividing a
waf er having opficalcdeybemRsappalcat CohosiBg b FpPlyiali byi18kerareas
sectioned vw'?gwéwfén GOk MEgp L1 & &9tﬁé§§m@aﬁﬁ%a ANt aef apEsurface,
aiong t he BV 0 DRy g%@&gsmgmg»ﬁp{et chLug speeloalhyLogestep of
X092 foie%f,'vsl iRl o2t A5, B 20 EBES, gi¥ef gLy a laser beam
inside eywager ?orm deteriorated layers having a
predetermined depth from the back surface of the wafer;

a protective sheet affixing step of affixing a
protective sheet to the front surface of the wafer having
the deteriorated layers formed therein;

a dividing step of dividing the wafer having the
protective sheet affixed to the front surface along the
deteriorated layers; and

a grinding step of grinding the back surface of the
wafer divided along the deteriorated layers in a state of
the protective sheet being affixed to the wafer, to
remove the deteriorated layers.

2. A wafer processing method for dividing a wafer
having optical devices that are formed in a plurality of
areas sectioned by dividing lines formed in a lattice
pattern on a front surface, along the dividing lines,
comprising:

a protective sheet affixing step of affixing a
protective sheet to the front surface of the wafer;

a laser beam application step of applying a laser
beam of a wavelength capable of passing through the wafer
from the front surface thereof to a back surface thereof
to the wafer having the protective sheet affixed to the
front surface along the dividing lines with its focusing
point set inside of the wafer to form deteriorated layers
having a predetermined depth from the back surface of the
wafer;



beam of a wavel engt h capabl e of passing through the wafer fromthe front
surface thereof to a back surface thereof to the wafer havi ng ¥#HANUARY 2007
protective sheet affixed to the front surface along the dividing lines with
its focusing point set inside of the water to formdeteriorated | ayers
having a predeterm ned depth fromthe back surface of the wafer; 24 JANUARY
2007 12 a dividing step of dividing the wafer having the protective sheet
affixed to the front_surfac | on he. .deferjorat | ayers; d a grinding
step of grindi a% %vﬁé%ﬂg §F§§C89 ?Qﬁhglgaﬁﬁég ?%géeﬁgg %ﬁ %Eﬁ
deteriorateHr?géﬁ LGP B EnBL T protebPi VA% hEERTT SUAF FIRed PHOL HE%war er, to
renove the J8eeE}PHRREEdLP%GEFS. 2BY The wafer processing nethod according to
claiml or 2, wherein the |aser beam application step is to apply a pulse

| aser beamwith #tgrioduBongtepi Af enipfengi Ehai pgckopurfiaceaek sbeface of
the wafer fvaferhditidaed suphgcehesfideerherabéd 4ayFhe wahfiée phecessing

met hod accopdongctovel ahaet, iswaéfeékadt he thsewabeam wavekmngehths 1064 nm
5. The waf edepeotesstag heybed.according to claim?2, wherein the |aser beam
wavel ength is 1064 nm

3. The wafer processing method according to claim 1 or
2, wherein the laser beam application step is to apply a
pulse laser beam with its focusing point on the vicinity
of the back surface of the wafer from the front surface
side thereof.

4. The wafer processing method according to claim 1,
wherein the laser beam wavelength is 1064 nm.

5. The wafer processing method according to claim 2,
wherein the laser beam wavelength is 1064 nm.





