15 MARCH 2007 1 METHOD OF DI VI DI NG A NO\- VETAL SUBSTRATE Field of the
I nvention The present invention relates to a nethod of dividi ng1 5 a

non- net al substrate such as a sem conductor wafer along predet 2 NAR2007
dividing lines. Field of the Invention Ag is known to people of ordinary
skill in the art, 10 in the production of a sem conductor device, a
plurality of areas are sectioned bgkstreets (di vi di n[?%l ines) formed on the

front surface of a suBstRAYi &I YU ING &k N bd ue er inalattice

form and a circuit such as ICor LSI is forned in each of the sectioned
areas. The semi conductor wafer 15 is cut along the streets to separate the
circuit-formEdereaf FheyAniRntais her, thereby manufacturing indivi dual

i cond hi psy Lag: ' f
seni conduct or ¢ 'pg'éle?g%EE@ﬂtalWQn{b&l%télﬁﬁfess %| %ggetﬁ&&nocpe%%%gm er

is generally carri y a cutting machine ca “dicer". This cutting
machi ne cénprd se-anedr lc rudic ttrzafle fush el @i sgd coadiucérdutedernwallendas a

wor kpi ece, %aﬁegﬁéﬂéﬂniwsdf@fd%tlii%st.he sem conduct or wafer held on the

chuck tabl e, a novi ng means noving the chuck table and the cutting
means relative to each other. The cutting mneans conprises a rotary spindle

which is rotaEt.eg itoﬁ giggrlzéesgeed and a cutting blade nmounted to the

spi ndl e. The es a disk-like base and an annul ar
cutting edge whichis ssmndued tentpeddie sifdenddnaref skiid lodtrertheerirgher al
portion of the base and is.forned as thick as abqut . 20 jm_hy fixin i anond
Do a5t ve L ai 47 HhaPAGCUFE OB AR & oSS0 et OF Vb Poahb LY i b &he base
by el ectrof ordtdus StdCRctCibied Wy Gt Ar@iRrieduced iined)he e S wirf ace of

a sem conductor chip when a sem conductor wafer is cut with such a cutting
bl ade, the wildhtthfEPREaRP Siceet # S$Ubstansiaddut A1 s Hi kf SEMLEARFRSIRT of the

influence of yd#sr G RBPLAG IEe3PohACKkAAG MhRMitthausanagondust alschi is
reduced in size, 15 MARCH 2007
formedineachofthesectionedareas. Thesemiconductorwafer
15 1is cut along the streets to separate the circuit-formed areas
from one another, thereby manufacturing individual
semiconductor chips. Cutting along the streets of the
semiconductor wafer is generally carried out by a cutting
machine called “dicer”. This cutting machine comprises a
20 chuck table for holding a semiconductor wafer as a workpiece,
a cutting means for cutting the semiconductor wafer held on
the chuck table, and a moving means for moving the chuck table
and the cutting means relative to each other. The cutting
means comprises a rotary spindle which is rotated at a high
25 speedanda cuttingblade mounted to the spindle. The cutting
blade comprises a disk-like base and an annular cutting edge
which is mounted onto the side wall of the outer peripheral
portion of the base and is formed as thick as about 20 pum
by fixing diamond abrasive grains having, for example, a
30 diameter of about 3 um to the base by electroforming. Since
chips or cracks are produced in the cut surface of a
semiconductet chip when a semiconductor wafer is cut with
such a cutting blade, the width of each street is set to about
50 ym in anticipation of the influence of this chipping or

35 cracking. When the semiconductor chip is reduced in size,



2 therefore, the proportion of the total of the streets occupying the top
surface of the sem conductor wafer increases, thereby reducinq5 RCH 2007
productivity. Cutting with the cutting blade involves problens Nﬁht t%ere
islimtation to the feed speed 5 and that the produced fine chips

contam nate the sem conductor chip. Meanwhile, as a neans of dividing a

non- et al subsheat@orsleheasr soSeit GOBE ¥R o Al &F tha draerit sheampyaeessi ng
met hod in which a | aser beam capabl e of passing through the non-netal 10
€,

substrate is GBBdIMEUATRES&T BhamsH ARG AT omMf: Bpled NEARGS €S| f oo &Nl

1, 064 nm israppkifd HPobhethonryet abyusuhsd i€ Md Ne@ €0y thdW point on
the inside of its aréa to be divided is now undertaken. This dividin
met hod naki ngin¥eluks|reeylemedmadr bbessiiy ligitatdip be thanbachAeirge

substrate by apaloldio 15,2 olasen Aearhar ngneaniAbEanad LapaeHAlledi s

converging point on t I nside of the non-netal substrate from one side of
t he non-netal chdbstrate so as to continuously forma deteriorated |layer in

the inside of the ngn- substrate a di.vi di | i nes, ' sed by
JP- A 2002- 192367, fo?agg%%‘%%érﬁﬁ R \/‘T’eg’/t(raflq@l%e%g ‘J‘ulré]l%él :I:“%;%é"‘ \Aﬁgﬁ?%{é&g

deteriorat ed kagtras casernt cdredexipos ed fle@ , 0a é aSietteb ¢ dxato rios efslse ngi et hod whi ch
a |aser beam,is .applied even when t deteriorated layer is fornmed al ong
The. di vi di g LPHEC St 2 S nOPA8 GORHE RoPARALIT DB CHEE HHE o By ERbly i ng a
| aser beanp hagiubgtaatienisaiesd ranpe 1EEem 08en HOeirf ahhenfeAreet fhnge

substrate, with its conver in% oint on the inside thereof. Further, there
is a probl em tReE %FHR}E R Tei004 ) d§cAPRA1EBIEONERE PO TS Etet oA FRES f r ont

surface of thetsidiceanewahiay famithgn it 1hBshanseita dlLkpeesq0vi @3 500 pm
and the rear surface of the silicon wafer has been ground to a thickness of

100 pm even WieRoW Yndssrtaim | Shigpplveding amthies Mekinguiiadd d2Sehe
silicon wvafer puaif £ diee s SONY $5H 91 PPABG 20h 1he ¥1 SLBsEYalt dygpbi ¢y
surface to form a deteriorated |ayer so as to expose it to the front
surface, BB t e laésrar PerRt BaViagerni ¢nfseredpssedet githelffonensargine
point on the inside of the non-metal substrate from one side
of the non-metal substrate so as to continuously form a
deteriorated layer in the inside of the non-metal substrate
along dividing lines, as disclosed by JP-A 2002-192367, for
20 example.
However, there is a case where a deteriorated layer
cannot be exposed to one side that is the side to which a
laser beam is applied even when the deteriorated layer is
formed along the dividing lines in the inside of the non-metal
25 substrate by applying a laser beam having an infrared range
from one side of the non-metal substrate, with its converging
point on the inside thereof. Further, there is aproblem that
after acircuit such as LSTI has been formed on the front surface
of the silicon wafer having, for instance, a thickness of
30 500 pm and the rear surface of the silicon wafer has been
ground to a thickness of 100 um, even when a laser beam is
applied from the rear surface of the silicon wafer with the
converging point on the vicinity of the front surface to form
a deteriorated layer so as to expose it to the front surface,

35 the deteriorated layer is not exposed to the front surface



15 MARCH 2007 3 uniformy and also to the rear surface uniformy. That is,
when the brittle material of the silicon wafer is ground to a1éniﬁ5n?§§7of
about 100 pm the unevenness of a circuit_such as LSl forned on ﬁ e front
surface is transferred to the rear 5 surface of the silicon wafer with the
result that the rear surface has undulation of about 5 to 10 m whereby the
convergi ng poiAt £eEnl hean@sersPeamhecoars HouHd onMrbRnliRe  Thiekness
direction and the deteriorated |ayer is not exposed to thé front surface
and al so to t¥WeeReghre firiftdce meitiegdmly of1ohaHErlefenTe Waliedn16xTEPRRE §Drce is
exerted on th = S t Vi 1.Qr. -

t herein aIongg1?ﬁgﬂg§%%%959g$§%%21$5 [ Vi eﬁp%?%?hg%ﬁ?%ﬁgié%%?géEQil e where
the deteriorated-3ayermed ontthiofredtcamnbiced sdtvedefenredd o kghtreagl e to
the front SSUVEBSEa %”QFC{‘M%P&?{I‘EH&S@‘% RJlthlw‘@h‘eh?e%E%' tngt apLegduction in
yield. Summary o FRe"TnventTon i's an object of the present invention to
provi de a nmethedaet Hiewi dhdglathon- o€t abostbst tat @0ajmpgwdevediynghe20 | i nes

by applying a_|aser be jth i conver gin oi nt_on the i.nside.of e

non- el ”subst FRESSFS R Gt rEr R e Hraest SRy i 18 ides i n
t he inside theheéaknewbetielnet idreandzinetdatesiibsatatid aomr be nodi ¥xdesledl ong
the dividing _lines snmoqgthly w thou enerating chips. 25 According.to the
present inventPo ,etﬁ%?ngbﬁngéﬁfeﬁ?é b8 %?géﬁ SHy Qcﬁe?%%goﬁglﬁividing
a non-neted substedbee, hAaMbngertéthisl Sidace axdracseeandhsundmegetol med

parallel to the first surface, conprising: a deteriorated |ayer formng
step for fornPHES&TEGdREBLREr atRE§RYBGS thifey Sthdrgaegt thRESABN2 heRQl

substrate al eRg &ivigding 1limestbyBRRly/ERY Bhd #sehtheart £apahle Phepassi ng
t hrough the non-netal substrate to the non-netal substrate fromthe first

surface side, Bt Retesiesaveryilagepoiht nok fPRBeAnSREROENRBRBEVIGRE 35 a
deteriorated Layern@xdRfidgStRR #:V¥n%¥ReFaRe, 1884 chipping occurs with

15 the result of a reduction in yield.

Summary of the Invention

It is an object of the present invention to provide
a method of dividing a non-metal substrate along dividing

20 lines by applying a laser beam with its converging point on
the inside of the non-mal substrate to form a deteriorated
layer along the dividing lines in the inside thereof, whereby
the non-metal substrate can be divided along the dividing
lines smoothly without generating chips.

25 According to the present invention, the above object
can be attained by a method of dividing a non-metal substrate
having a first surface and a second surface formed parallel
to the first surface, comprising:

a deteriorated layer forming step for forming a

30 deteriorated layer in the inside of the non-metal substrate
alongdividinglinesbyapplyingalaserbeamcapableofpassing
through the non-metal substrate to the non-metal substrate
from the first surface side, with its converging point on
the inside thereof;‘and

35 a deteriorated layer exposing step for exposing the



15 MARCH 2007 4 deteriorated layer to the first surface side by grinding
the first surface of the non-metal substrate having the detefd QrRER%0dRYE"
formed therein. Preferably, the above deteriorated |layer formng step 5 is
carried out by adjusting the converging pbint of the laser beam such that
the above deteriorated |ayer is exposed to the second surface of the

non-nmetal subgktateorEUElNBAyet BQ tROGUG dekarkaraterhd ayesriamears ep 1s
carried out a_ plurality of §tflmes by shifting the converging point of the 10

| aser beam st épFseshATRRE PHi EhAeBandNEEeli BHLBEr2he BBBIRY HOA- met al
substrate to fgrpm;phucaki E_Lga,gt_, detgrkoratedifayers in the thickness
stubst

direction of the non-netal rate. Further, the nethod of dividing a
non- met al substrat ePrafevadling the ehevpréseenri¢ratksd ilayedohpringeg stalt vi di ng

step 15 for dividi - I, I - \, L Vil l i nes
by exerti ng e%eé%a%%?@gngg atrﬁél%é:ﬁ%\tégé}ééetaégﬁ%rﬁlgg[ B?éﬁgﬁb%ﬁgrlﬁ%above
det eri or at ed baymr sexposhay shepaboPeefletablyratée heyédwodiofexpadet e a

non- net al substrate accaordi to.the present_invention further.c i ses a
20 i ror- 1 nE BRI A g e oAta £F o RRRSAT ket BBl o FHESRE e
non- et al subabbatedbetotierthedabayerdebeniagatedpl agetarexpdsong st ep.
Preferably, th(_aL m rrlr.gr-fi ni shi ngj?st . 1S to I%lr)i nd the,non-rretgl fu strate
so as to | eavBTHEBr&ddt 8F nF HBES R Dr-Oro FENVEE IEHePOF Bht OF €520f t he
present inyventkearVibéhmbeeamRi sapparaat thiOrnéde Jidd omidigodeskeiglidwn.
Brief Description of the Drawings Fig. 1 is a perspective view of a |aser

beam nmachi ne R8B P& adatiA gt it © & ChBaH B L HF ¥ Pdided S AFRtAst A YSDst rat e

according to thetBeesBAtknRYENHIi®B-thbe- o2 kBecanbhogktdiaghBarsahematically
showi ng the constitution of a |aser beam processi ng neans equi pped for the

| aser beam nmachi ne SHEWRCEN Fig methoghoffj dividing & pepspeteilve R evre? a

sem conduct or ;Wabeling to the present invention comprises a dividing step
15 for dividing the non-metal substrate along the above dividing
lines by exerting external force on the above deteriorated
layer after the above deteriorated layer exposing step.
Preferably, themethodofdividinganon-metal substrate
according to the present invention further comprises a
20 mirror-finishingstep formirror-finishing the first surface
of the non-metal substratebefore the above deteriorated layer
exposing step. Preferably, the mirror-finishing step is to
grind the non-metal substrate so as to leave a predetermined
thickness or more.
25 Other features of the present invention will become

apparent from the following description.

Brief Description of the Drawings

Fig. 1 is a perspective view of a laser beam machine
30 for carrying out a method of dividing a non-metal substrate
according to the present invention;
Fig. 2 is a block diagram schematically showing the
constitution of a laser beam processing means equipped for
the laser beam machine shown in Fig. 1;

35 Fig. 3 is a perspective view of a semiconductor wafer



15 MARCH 2007 5 as a non-netal substrate to be divided by the dividing

met hod according to the present invention; Fig. 4 is an explaqa or v&gg
showing the mrror-finishing step in the_ dividing nmethod accoraﬁﬂﬁ%¥k

the present invention; Fig. 5is an expla%atory vi ew showi ng an exanpl e of
the deteriorated |ayer formng step in the dividing nethod according to the

present invenis@nhohli@let®1iSurHt exd aBaOQY viHew SR enaNgi anei hgmerarpl e 10
of the deteriorated | ayer formng step in the dividing method according to

the present i|iAVEPERLRY TP gthe PECAANExPPEFAEBPY’ vi ew showi ng t he

deteriorated |ayerpexposiNg St ePchMatdres sy WihosHmihed aecording to the
present invention;, 15 Fig. 8 is a sectional view of a sem conductor wafer

as the non- methrretbiirbsleingvs hgp aldetle? i ket @dng Harhes praerdig thee

deteri or atsed {gge%rgg&%i Pﬂv?ﬁ@?énﬁ g. 9 is a perspective view showing a
state of a sém conductor wafeéer as’'the non-netal substrate having a 20

deteriorated | ayer Bikposed Hyan hexplemrioratsicew alawiaxpadi eramtlep diei ng
put on a prot i esi t . Fi 10 i r ctive,vi

external for cgﬁga%%%gg Jl‘s%)%g eVite ffocgfl%lejﬁ}gr fiscr?g gﬁt §$§e&id‘|y%/(|ihrill?e]\§ﬁes heogcpi n the
di vi di ng net hadcaedondi hg thet heepersenhvenveohion; and 25 Figs. 11(a) and
11(b) are explanato%% vuﬁws for _illustratin thg dLviding %tgp in Hhe
di vi di ng met hod acth? dithd St 80t FeP bR MY i WRh OGN 1 Bet &7 Fa9” DESE 15t i on of
t he Pref ero edoEnhraddaestso3@ el apdéhddrofindi sieh 0g ehadaviet ah saedisid at e
according to the Bresent icgventi on Wl |l be described in nore detail

her ei nbel ow wWREROFEFBFehte ™6 PRESEREOMPERYFAG dranings. Fig. 1 is a
perspective view of ragl ases hearpmelitkey ¥0sw WM thel @SEir heamdd a

non-netal substrate in the 35 nethod of djviding a non-netal substrate such
as a layer exposing step in the dividing method according to the
present invention;

15 Fig. 8 is a sectional view of a semiconductor wafer
as thenon-metal substratehavingadeteriorated layer exposed
by the deteriorated layer exposing step;

Fig. 9 is a perspective view showing a state of a
semiconductor wafer as the non-metal substrate having a

20 deterioratedlayer exposedby thedeteriorated layer exposing
step being put on a protective adhesive tape;

Fig. 10 1s a perspective view of an external force
application device for carrying out the dividing step in the
dividing method according to the present invention; and

25 Figs. 11 (a) and 11(b) are explanatory views for
illustrating the dividing step in the dividing method

according to the present invention.

Detailed Description of the Preferred Embodiments

30 The method of dividing a non-metal substrate according
to the present invention will be described in more detail
hereinbelow with reference to the accompanying drawings.

Fig. 1 is a perspective view of a laser beam machine
for applying a laser beam to a non-metal substrate in the

35 method of dividing a non-metal substrate such as a



15 MARCH 2007 6 sem conductor wafer according to the present invention. The
| aser beam machi ne shown in Fig. 1 conprises a stationary basqsiqpﬁcl_f:mgk
table unit 3 for holding a workpiece, which is disposed on the i ohary
base 2 in such a manner that 5 it can mov® in a direction indicated by an
arrow X, a laser beamapplication unit support nechani sm 4 di sposed on the

stationarybasesw ddhsueto dwaBRReicddiedind teathdByesBhtdidwait Qfh. | ndiecat ed
by an arrow Y perpendicular to the direction _indicated by the arrow X, and

a | aser beam Pt QRIBMAMINALCIPE sPoded + d (IEHESES BeSHHAPFIPECHL i on
unit support wiehani sMenhficknt8YE8 @ MMNEbrt R8l dl hgCANAMMS ddk A whiilc@Ct i on
indicated by an arrow Z. The above chuck table unit 3 conprises a pair of
guide rails Bl HfPFTed ipat thee stratacaarynbere 3t be i oheh @ BEgwer thetand
arranged par dcsach ot hgr,d i Jiectd indic by thealow X a
first sli gi ngiileéoaéi g%%a??a%g%%r%ﬁt% e lgu%l%ﬂ%iﬁygqglggﬁgwﬂ i'n such a
manner that itezmrepDlECihlioheunlt esupyrt inetiloetis By dimpagedwiXthe second

sliding bl ock . Lr |.i.di.ng. bl i .manner
That 1T can 20 ABLe b PR FhaRr B TS S by RS B e Ryt
tabl e 35 suppondechioedthe secandos! Y dpengpdbdckuB3r byo atheydinecttat nenber

34, and a chuck,tabl e, 36 a _workpjece . holding neans. This chuck t.able 36
compri ses an SRCTTITEY ARFRIIEY had P d250ToRE et b= E it

di sk-1i ke 025 sefikposddaicothaateeras st sy kiptecerf oni exampbe tireedradrd san  t he
adsor ption chgc,k 361 by a sucti% nmeans that is not shown, The chuyck, table
36 is turned by SHGPsE RHRRPL (AT fhotRT MR AR Pedt A tHRR G itdricshl
menber 34. Theyabverfowst.slidingbl ock32 has, on its under surface, 30 a
pair of to-be-guided grooves 321 and 321 to be fitted onto . the_above pair
of guide rails 31 amf FPHFIChERK 3P+ pIsidy Pac@TPT BSp%id PEf Tgdf B Y36 | s 322

and 322 formed;pasasi ehnd03 achat OdRemdintdie SH reacd | ot i LAl ashhy 4 he
arrow Y. The first sliding block 32 constituted as descri bed above can nove
in 15 andarrangedparallel to eachother in the direction indicated
by the arrow X, a first sliding block 32 arranged on the guide
rails 31 and 31 in such amanner that it canmove in thedirection
indicated by the arrow X, a second sliding block 33 arranged
on the first sliding block 32 in such a manner that it can
20 move in the direction indicated by the arrow Y, a support
table 35 supported on the second sliding block 33 by a
cylindrical member 34, and a chuck table 36 as a workpiece
holding means. This chuck table 36 comprises an adsorption
chuck 361 made of a porous material so that a disk-like
25 semiconductor wafer as a workpiece for example is held on
the adsorption chuck 361 by a suction means that is not shown.
The chuck table 36 is turned by a pulse motor (not shown)
installed in the cylindrical member 34.
The above firstslidingblock32has, onitsunder surface,
30 a pair of to-be-guided grooves 321 and 321 to be fitted onto
the above pair of guide rails 31 and 31 and, on its top surface,
a palr of guide rails 322 and 322 formed parallel to each
other in the direction indicated by the arrow Y. The first
sliding block 32 constituted as described above can move in

35 thedirection indicated by the arrow X along the pair of guide



35 the direction indicated by the arrow X along the pair of guide 15 MARCH

2007 7 rails 31 and 31 by fitting the to-be-guided grooves 32
onto the pair of guide rails 31 and 31, respectively. The chu%ﬁﬁggﬁﬁg%ﬁﬁit

3inthe illustrated enbodi ment conprise a noving nmeans 37 for noving the
first sliding block 32 along 5 the pair of guide rails 31 and 31 in the

direction indizGatsed1 B¥dtIe Wy FaWwtXnglhRe MBY+ G- FEEDSA I Jrase A 37al enacr ew
rod 371 arranged between the above pair of guide rails 31 and 31 and

paral | el thereétlo Pndrd thedPiade §duPtdsucrias dlpande 3ot 6FSPEFHLIVELY-

rotary-drivi ngd fgufRkapieranw ¢ 9d e i ThesFRae SR dlnd 0 cdtprigesat its
one end, rotatably supported on a bearlng bl ock 373 fixed on the above
A

stationary baseoyiagdngans g/ for astimer teadt 1nvardhddsioonl eekisizealendt he
out put shaft ﬁ{e phhe @?Ea{gi&)é“ﬁ%l@%?farﬁi %_1bxnau§@%drer§gcg%e&nhfﬂé&tlea not

shown. The male screw rod 371 is screwed into a threa t hrough-hol e 15
formed in a faanghe screwbl ofke(movishowdnpRd)kes ingafeossrenaashdér

surface of t e i.Qn i i diJ l.ack r re, by
driving the %%ﬁ%ﬁ%gggéegﬁﬁﬂ%ng%i%gﬁ%l 8%#%%% 5%%% g%%%%:ﬁgeghgr ection
by the pul se paatadrl e 37T hentdie ,f ianst astridivagsbhock B2ch sasrev edlaleongtbhe gui de

il [ he djr.ecti i ndi db .
Cacond sl di g bR BB CIE Hae SN Bt Riar Seiry 4e8 T patt gt 1o S62 o0l ded

grooves 381 arud 331 e, et iftid bed emdp Mdmtpaily ehpgordedren l=sb822 iand 322
installed on the t surface of the above first slidin | ock, 32, and 25,
can move i n CHEGH ro Do Sth A A Ay e AT A Sy e £ AGS dhe oF

t 0- be- gui ded YrHBEB33hdand radineBkeohhecpdiledotogthdautmid $h3d2 afd 322,
respectively. The chuck table unit in the illustrated enbodi nent

3
conprises a novi AGONEHIE SFBIPEPT T PRG SheeddcohEed Harhg SO R8N n t he

di rection indtgahed e36kby B8 BT 0W ¢ r@hDi hHE PEhFeficdUhIRud-h®1322 and
322 installed on the first sliding block 32. The noving neans 38 conpri ses

a mal e séPew FOUMSBLLR fatl o Lar saRGEIL bRt fe it HE B @RI TSI ddicde rails
322 and 322 apg. RRfAlY elirtherel f.t1NdeAtdti¥®rtion of the first sliding

block 32. Therefore, by driving the male screw rod 371 in

a normal direction or a reverse direction by the pulse motor

372, the first sliding block 32 is moved along the guide rails
20 31 and 31 in the direction indicated by the arrow X.

The above second sliding block 33 has, on its under
surface, a pair of to-be-guided grooves 331 and 331 to be
fitted onto the pair of guide rails 322 and 322 installed
on the top surface of the above first sliding block 32, and

25 canmove in the direction indicated by the arrow Y by fitting
the to-be-guided grooves 331 and 331 onto the pair of guide
rails 322 and 322, respectively. The chuck table unit 3 in
the illustrated embodiment comprises a moving means 38 for
moving the second sliding block 33 in the direction indicated

30 bythearrowYalongthepairofguiderails322and322installed
on the first sliding block 32. The moving means 38 comprises
a male screw rod 381 that is arranged between the above pair
of guide rails 322 and 322 and parallel thereto, and a drive
source such as a pulse motor 382 for rotary-driving the male

35 screw rod 381l. The male screw rod 381 is, at its one end,



source such as a pulse notor 382 for rotary-driving the nmale 35 screw rod
381. The nmale screwrod 381 is, at its one end, 15 MARCH 2007 1%3{%%{/%8]”
supported to a bearing block 383 fixed on_the top surface of t e

first sliding block 32 and is, at its otfler end, transni ssion-coupled to
the output shaft of the above pulse notor 382 by a speed reducer that is

not shown. 5 d&eafEbey SEisyhFesd 3Bl al BesEl BYESI ik BB tfhkeaded ¢y awgh- hol e
formed in a femal e screw bl ock (not shown) projecting from the under

f
surface of the EEaEerohorts giPte thie sdecdidididi BLRGX BRoRRAZKS: Tferdfore, by

driving the ngigesCLey rOch3ddi 4 44 ord-AIPBdd Ad @6kl 8ALBhtasheverse tdid ection
by the pul se notor 10 382, the second sliding block 33 is noved along the
guide rails 8320vVarRBY® NatahS8d bEcki Wreshdisshcar Brathésar?owhown The

above | asey b@ﬁ&&%&@é&ﬁéd«% 981 iSUPPPL e JBERAN SHyr 4@ -l I of

guide rails 41 and 41 nounted on the 15 stationary base 2 and ‘arranged
paral l el to ehehmether & rfenmlé rdmamldickednponshadntapeed 95t ihe Hadw Y

and a movabl e SUARALL Shase cA% FRUN ed 00, the Ayl de crald SAlnad Al such

a manner that can nove I'n ITéectron-indi arro .~ This
nmovabl e suppobiobks@342 Tomeices, dywirdbiim@Ghsuppdet spoewi bnd4241 nipvabl y

d he guide rails 41 and 41 and ir ion_422 d
'he movabl e SBEROFIS: SUPooRBe THEROTA LG oRor EPORY 423 PL-BF OVIHed wi i1

a pair afo guBde, rahkssd423ndngdl4a3ngxbeadkng3i s theved retdn@nthardnciaded by
the arrow Z on one side suyr e. The |l aser peam applicatian 25 unit support
nechani sm 4 iﬁafﬂé 5??1@{1 aEgg efib ]a?n&h‘fecgb%r}lg‘glsc%t% WMo AB for
novi ng the novabl e support base 42 along the pair of guide rails 41 and 41
in the indexing direction indi ca&)ed by the arrow Y, This noving neans 43

conprises a mal e scFB®APCT45AS8F PRATEP It GRterPRt HBL EFoWE O30 T et Sui de
rails 41 and 4l-gpgrpacsl bepatPeset@uidd-2i14rd1ven$ouncRosHERdasn acpell se

notor 432 for rotary-driving the male screw rod 431. The male screw rod 431

is, at itk stationary basé 2 and arranged parallel to each other in the
indexing direction indicated by the arrow Y and a movable
support base 42 mounted on the guide rails 41 and 41 in such
a manner that it can move in the direction indicated by the
arrow Y. This movable support base 42 comprises a movable
20 support portion 421 movably mounted on the guide rails 41
and 41 and amountingportion 422 mounted on themovable support
portion 421. Themountingportion 422 is providedwithapair
of guiderails 423 and 423 extendingin the direction indicated
by the arrow Z on one side surface. The laserbeamapplication

25 unit support mechanism 4 in the illustrated embodiment
comprises a moving means 43 for moving the movable support
base 42 along the pair of guide rails 41 and 41 in the indexing
direction indicated by the arrow Y. This moving means 43
comprises a male screw rod 431 arranged between the above
30 pair of guide rails 41 and 41 and parallel thereto, and a
drive source such as a pulse motor 432 for rotary-driving
the male screw rod 431. The male screw rod 431 is, at its
one end, rotatably supported to a bearing block (not shown)
fixed on the above stationary base 2 and is, at its other

35 end, transmission-coupled to the output shaft of the above



one end, rotatably supported to a bearing block (not shown) fixed on the
above stationary base 2 and is, at its other 35 end, transm ssi1g - %0@9 to
t he out put shaft of the above 15 MARCH 2007 9 pul se notor 432 3"%
reducer that is not shown. The nmale screw rod 431 is screwed into a

t hreaded through-hole fornmed in a female screw bl ock (not shown) projecting
from the undpulsdrhacer od3? higy cerdmyedaieduee rofthishe igouabl ehS\mppOI‘]IhGB

portion 421 constituting the vabl e support  base 42. Therefo driving
Phe ral'e sor SHATBASHB FOR o it SCHEMEEL RBHOOR  BiF B9dr St TBH BT Dy t he

pul se notor 433rmekleinndvedh£l & HPRW hase 43okSsHBNAH pi@y@ctrmggmmﬁe rails
41 and 41 in the indexi n% direction indicated by the arro I 10 The | aser
beam appl i cat £BR WHiS* BUF R2ERE T FRaserdedPoBhbodCfehe B‘Sﬁﬁp SIBP U t

hol der 51 mndp @rk@%ﬁr4Qﬁaﬁbnéﬁﬁkh%@h?06h89ﬁ8$a52e5@ﬁﬁﬁ@gttBaéée4ﬂnlt hol der
51. The unit holder 51 has a pair of to-be- ded grooves 511 and 511 to

be slidably fFb?ééf?éetthpéF#VéPGgGhéemﬁéPI§C32§ sRE 433 1B AnBeEPREd on
the above mua&kgateehtépra é%%e%@@ &?ré&@ﬁ&ﬂtb%ﬂthb;péyéi@n%t@n@% that it

can nove in the direction indicated arr ow fitting the
t 0- be- gui ded @oyebes BLprant bBse éatéStm@va@o@bogqua@er@m4@e4@§nbmd4hzs

respectively. JJhe,il | ystrataghdaser Heamappl iGallan HeaYs B2 20.onpri ses a

cylindrical casing S sec ove uni 1 and
ext ends slbstanti al H?yehbaseonbaarhwppllima‘dﬁ@mamm 552h, thhetblasteramedal | ed

a Iase_r beam Qs 'Id!&%’& n manogg?% g?ld agﬁ%&lgﬁa%r@guhg%anbngﬁns 523 as

shown in Flg aS8r 6scitlator nmay 25 be
used as the | applibeaioastebhati2oseoeaad thi2Phe el aséderbeam mheéuhmtt on

means 523 conpri.ses etition fre ue cy means. .523 er beam
Dl oe vt dt b SBPRERY RAdRES aparhag orBeLeubShm SEATEnG Sott Phg Pans
523c. The repet lstlllralrabfllyequm@yi get thagpaﬁansﬁaaadel aaﬂsbeam Htudt s£230

w dt h set nmeans .523b ser beam wavel en th ti . hmeans 523c¢,
whi ch coni{’l t df'E da@%atr}beeé OE JBP &R F o9 moF h 25 and s Suppor &q

in such a manner that it can move in the direction indicated
by the arrow Z by fitting the to-be-guided grooves 511 and
511 onto the above guide rails 423 and 423, respectively.
The illustrated laser beam application means 52
20 comprises a cylindrical casing 521 that is secured to the
above unit holder 51 and extends substantially horizontally.
Inthe casing 521, thereare installedalaser beamoscillation
means 522 and a laser beam modulation means 523 as shown in
Fig. 2. A YAG laser oscillator or YVO4 laser oscillator may
25 be used as the laser beam oscillation means 522. The laser
beam modulation means 523 comprises a repetition frequency
setting means 523a, a laser beam pulse width setting means
523b and a laser beam wavelength setting means 523c. The
repetition frequency setting means 523a, laser beam pulse
30 width setting means 523b and laser beam wavelength setting
means 523c, which constitute the laser beam modulation means
523, may be known devices to people of ordinary skill in the
art and therefore, detailed descriptions of their structures
are omitted in this text. A condenser 524 that may be a known

35 device is attached to the end of the above casing 521.



523, may be known devices to people of ordinary skill in the art and
therefore, detailed descriptions of their structures are om tégp‘ iRt% t')&b?
text. A condenser 524 that may be a known 35 device is attache ARERE RN
of the above casing 521. 15 MARCH 2007 30 A | aser beamoscillated fromthe
above | aser beam oscillation neans 522 reaches the condenser 524 via the

| aser beam nodul ahi QR SABABL 282358 ah@RELROR HEr 8ERCY a8kt bagm means

523a of the |aser beam nodul ati on nmeans 523 nodul ates 5 the | aser beaminto

a pul se | aserSsdamataAmygeanpredererfPAEERs 6pREPPFBR TaeYbarIdIE LBRET] aser
beam pul se wilthy 56451 09 BRI n D238 Sefse LRpRULSE W U B f BetBYhge | aser

beamto a predetermned wdth, and the |aser beam wavel ength setting neans
523c sets thaasnsebengt afothe Heagan bearasedubabhon greals 25 rddtéphtAed

val ue. An5i Mage E%,Eéi%geﬂ?% 06ai qllssiet EQE?Q baetanf’lhEQQHg aeBngggfﬁHﬁngaSi ng
521 constituting the above Taser “beam appl'l ¢cat1on neans . i's 1 mge

pi ck- up nmeanse@patnittimn frégeenayedhecrdsoad pean prdspriishd) aat birg merpsi mage
pi ck-up devi CCD), 15 .for_pjckin Jdmage with visible radiation, and
besi des, anc5|ezn br asr(z')etd'S istikfellrﬁkﬁlaﬁ n"bﬂ%%gnogpftohre 6lplli/e| PiL S %aeraenb%%r ;gdi ation to
t he wor kpi ecepredetopinioadd syisitdin bod chpt Las e bddne wavelaned hr adicatngn

applied by the infrgred illum.nnatin neans, an i.nmage pi ck-up device
(i nfrared CCB*%bt %%lﬁ‘?ﬁﬁ iy "‘é?n‘peéeé’cﬁaf&\ @éir{g'ﬁalpuéérer g?ﬁ@ﬁdibﬁﬁmt %ot he
infraredioradi gidtdetcapiined y1dde optical system and transmits a signal

of the imge picked-up to a control neans that is not A shown. The | aser beam
application unit 54 ¥HOS RIFEITUR deanss SisodilreRtetoipr ifs €4 0% tms¥idng

means 53 for §Pyhegakhe gyt coht dehit dgahentdwiel PadF behnakpde chdiibs 423
and 423 in the direction indicated by (t;he arrow Z. Like the aforenmenti oned

novi ng neans,fe3eS mai nd HSaddess? CEx e feansalte e tdR idd UsERsieshown)
arranged bet \A&%béﬂﬁe&@iéongri%sdsnf@%éﬁné@é i e3P1 4R 3ugnikH & | (¢epjour ce
such as a pul se notor 532 for
15 for picking up an image with visible radiation, and besides,
an infrared illuminating means for applying infrared
radiation to the workpiece, an optical system for capturing
the infrared radiation applied by the infrared illuminating
means, and an image pick-up device (infrared CCD) for
20 outputting an electric signal corresponding to the infrared
radiation captured by the optical system, and transmits a
signal of the image picked-up to a control means that is not
shown.
The laser beam application unit 5 in the illustrated
25 embodiment comprises a moving means 53 for moving the unit
holder 51 along the pair of guide rails 423 and 423 in the
direction indicated by the arrow Z. Like the aforementioned
moving means, the moving means 53 comprises a male screw rod
(not shown) arranged between the pair of guide rails 423 and
30 423 and a drive source such as a pulse motor 532 for
rotary-driving the male screw rod. By driving the male screw
rod (not shown) in a normal direction or a reverse direction
by the pulse motor 532, the unit holder 51 and the laser beam
application means 52 are moved along the guide rails 423 and

35 423 in the direction indicated by the arrow Z.



rotary-driving the male screw rod. By driving the male screw rod (not
shown) in a normal direction or a reverse direction by the pulgﬁlg\ggh% _;332
the unit holder 51 and the | aser beam affl i cati on means 52 aré zQPong
the guide rails 423 and 35 423 in the dittection indicated by the arrow Z.
15 MARCH 2007 11 A description is subsequently given of the method of

dividing a sili ConA\A@fegar%t&Bﬁ §§%@9§9@@&%1Wl&fer§t%ﬂ rhe mirdbMi deal
semn conduct or _chi shown in Fig. 3, the semconductor wafer 10 has a 5

first surfacdli l(ril%@easl%wwa@eaﬁerr five LHE aSFINET ORMEC B0 B otediid 18uiRBRe 10b
(upper Surfacl%dﬂrltdiﬁaldrs%‘fﬂl%cﬂf&rﬂ&d fard el to the first surface 10a,

and has a thickness of 5 pm tfor exanple. A plurality of areas are
sectioned by a pI urs| Sh;bwnoﬁ-nsfr-eet%, (mellsﬂmg:dnmlﬁi)orl%f@rrr afgedsia a

|attice for fac u 1tllO, and
a circui tglo suc SEQ%Fég wéﬁgha%{%éﬁ{ég a T eac% 1£ %h%qs%% ao\ﬁ% § %r eas. A
protective tamsrﬂa:lce éOa:f fuppert eutiecsetwnthe Wirfaatag) 10fbrmedt perallel

sem conduct or

hus onstituted., Then, ,.as,shown t he
seni conduct or* §r fiés g%%‘ij e 1§nfjh1éa§tﬁ15%ltcé<ﬂle§s7°%f6gé g‘r“\ ndPhg
devi ce in sucdxkampgiBnner pmatalhhg of airecid weet apetildnsd dey eopgarentiaycont act
with the surf of the chuck tabl.e 7 ( refore, the first surface 10a of
the serm condus GiE RS 60 HL0ES qpfiehha. DL SHATToRt ngt ¢ O T SHABK tabl e
7 by a suoti agh rB@nNsetbAE di5r N0te A0OVOE THEeBemZ@ohb@cybirnda ngr StagnanB (e. g. ,
*2000 resin grinding stone) is rotated . at_ 6, 000 rpmin_the directiaon
i ndi cated by %ﬁérﬁPFB\kozlﬁquéséﬁa‘W hol Wi Trmerbinrack alabhe SpCitdongat ed at

300 rpm in thefireathpprbpdi satiebdyitieadri @ugith the skamdguk@ace
mrror-finish the first surface 10a of the sem conductor wafer 25 10 (mrror

fini shing st efP .of Ahenisemiconguctioni YaLRg §P ephus tqrnFEtsitady f A86110a of

the sem condugt qm Waf ek, %?g' Sq, UL %fenfl'dyn%‘u%f{ rowﬁf%wi@cfs rﬂ%’é&?% % (Ra)
specified by JIS B0601 o mor |less (Ra pm, preferably 0.02 pm

or less (Ra <t GhysHy tahdea7t¢1f @kgésgdéngn@@*el%atm soghpmmanner that
the protective tape 11 side comes into contact with the surface

of the chuck table 7 (therefore, the first surface 10a of
the semiconductor wafer 10 faces up) and is suction-held on
the chuck table 7 by a suction means that is not shown. Then,

20 the grinding stone 8 (e.g., #2000 resin grinding stone) is
rotated at 6,000 rpm in the direction indicated by the arrow
in the drawing while the chuck table 7 is rotated at 300 rpm
in the direction indicated by the arrow in the drawing to
mirror-finish the first surface 10aof the semiconductorwafer

25 10 (mirror finishing step). In this mirror finishing step,
the first surface 10a of the semiconductor wafer 10 is
mirror-finished to a surface roughness (Ra) specified by JIS
B0601 of 0.05 pm or less (Ra = 0.05 um), preferably 0.02 um
or less (Ra = 0.02 um) and a thickness of moré than 300 um.

30 That is, when the silicon wafer has at least predetermined
thickness, for example, more than 300 um, the rear surface
can be ground flat without transferring the unevenness of
the circuit 102 such as IC or LSI formed on the front surface
to the rear surface by grinding.

35 After the first surface 10a of the semiconductor wafer



30 That is, when the silicon wafer has at |east predeterm ned thickness,
for exanple, nore than 300 pm the rear surface can be ground flat w thout
transferring the unevenness of the circuit 102 such as IC or USMARGHEWon
the front surface to the rear surface byl?grindi ng. 35 After the first
surface 10a of the sem conductor wafer 15 MARCH 2007 12 10 is

mrror-finished as ndeser-eic iadEe ast dies Se1H €@ NEHBIQr thwad @i ddhdscttdd i ed
onto the adsorption chuck 361 of the chuck table 36 constituting the chuck

table unit 3 YRTERel | dSeT2T HRFPRECHT MR 28RBRR THATFFYICH SPn SusheL Minher

that the firstapisunbaeeni@atfiacag Yne andcgruUEhboB-hgld dnot henadsospt i on
chuck 361. The chuck table 36 suction-holding the sem conductor wafer 10

i s moved al on§eRemgaRdRe IR 30 FAg- 3L I3y stkd spraTRbrrhast thRet HBYT ng
means 37 tH bgpesgid 'pdge@a&bgmp,bgﬂl@wutc@gowﬁg@dd}iEhé%@s@%@oﬁ atd@ehed to
the | aser beam application unit 10 5. Arfter the chuck table 36 is

posi tioned ri gletl -beTbey elheck i tadylee Fitc kLG iobaholeéingnbhe $ebreeRipgtetich as
pattern nmatchj i i i tresgt r.yed

sem conduct or k.“lrl\?/a errl%ljggfnébggfa ﬁ;éé]tgt%}?é{é??%%a\%lts ﬁ%%&%%%gegr%e?g%égg% of the
| aser beam applfi the imvinyg meBnfod7 appby ipvg id idlcaset ribbarbal @nghehtnage eet

101 by the inmage, pick-up nmeans .6 and, .a control ans that .is.not shown,
Lher eby. per f oy “EnBeRar: gemebr 401 E88r Sesminsyl PERt-6a ot Tion.
Simlarlyi0o thhe alignnment of the | aser beam application position is also 20
carried out for str s 101 that .i r .on_the_sem cgonduyctor . wafer 10
and extends in a seg‘gﬁﬁrd)?k?%&qué:& %%E?ﬁg 1ScRaSibRone Ilfj‘r%lfg {RY SR%ond
surface 10b hawiarg thekstipeaieahll o oifede Pheeesidlk hehsas gpanddeehor wafer
10 faces down, an._.i.na of the street 1%1_ can be (gicked utp t hrough t he rear

.mage .
surface 25 as €MLY SpFekT updmand b aild CoAst Fieted by T&FMeRF PEr EQS

i1 lum nating nRAISordcIr wakesY Bt 8k falr &apt HEL Hloh R karek c6Rdérsépn and
an i mage ﬁl ck-up device (infrared CCD) for outputting an electric signal
corr espondl ng ¥d PhRethhipgeadoeam application unit 5 for applying a laser

beam along the street 101 by the image pick-up means 6 and
a control means that is not shown, thereby performing the
alignment of a laser beam application position. Similarly,
the alignment of the laser beam application position is also

20 carriedout for streets 101 that is formed on the semiconductor
wafer 10 and extends in a second direction. On this occasion,
although the second surface 10b having the street 101 formed
thereon of the semiconductor wafer 10 faces down, an image
of the street 101 can be picked up through the rear surface

25 as the image pick-up means 6 is constituted by an infrared
illuminating means, an optical system for capturing infrared
radiation and an image pick-up device (infrared CCD) for
outputting an electric signal corresponding to the infrared
radiation as described above.

30 After the street 101 formed on the semiconductor wafer
10 held on the chuck table 36 is detected and the alignment
of the laser beam application position is carried out, the
chuck table 36 is moved to a laser beam application range
where the condenser 524 of the laser beam application unit

35 5 for applying a laser beam is located, and a laser beam is



radi ati on as descri bed above. 30 After the street 101 formed on the

sem conduct or wafer 10 held on the chuck table 36 is detected ?r‘m}’%@?zo
alignnment of the |aser beam application _position is carried od Phuck
table 36 is noved to a | aser beam appl i cdti on range where the condenser 524
of the | aser beam application unit 35 5 for applying a |laser beamis

| ocated, and appases Deamche d&nMWREEr 20070 £ IhappkkeedoésRmgple caridenser

524 of the |aser beam application wunit 5 along the street 101 of the

seni conduct or YkdEe? ALY Ahg Hitegsdi A0l af Eg%rsﬁéja?ﬁ?gu‘%‘&ﬁé’é%f% %e

insi de of theatsem WGt Orx Wakek LBahM HuUHrdhe) B’ £ae- {hHigoesr fidest S
surface |1 0a of the sem conductor wafer 10, that is, in the vici nity of the

second surfac&enoBondushawnwakeF §0 bhipual the RoFrargbieirbeat &erFhayer

al ong the §tr§ﬁ£féeé 10atHE 41S] é&fn&d&o%ewa%&d@a@t OEh%ffé 1h the
(deteriorated [ayer formng step). 10 The det eri or at ed | ayer form ng step

wi || be describednikegref nbed Gecand ﬁﬁé’fééﬁelpbr%ﬁ eﬁi‘lqvﬁyéﬁl foem ﬁgs%tft-:sp t he

Chuck 1able 28:edvh SRl AR iy SPTEARMYE! OF-¥BE 2101 1) el oy

chuck table 367i's nove Fect |on|n|cate t he arrow at a

pr edet er m nedofetber aEIal(:bndueXaHpWefeIIODO rrmis‘eeﬂ)lommtda@ rayer skotmisey beam
is applied to g ﬁ edeterm ned street 101 on the sem conductor wafer 10 from
the condenser °5% the | aser beam application unit 5 for applying a | aser
beam I1rahe deter mearl@@b:fiaq'mtéd)rlrﬁy@g sbepinyhecdwhiidii hg deserib&d beam
is applied as_the,l er beam Light source: YV04 | aser Wavel ength: 1,064 nm
(infrared | asBft Séﬁﬁf °¥ut put of one pulse: 10 J Repetition frequency: 100

kHz 25 Pul se wi dt hin4hdgetoeustageanelycdi fomhefig stepm e ichickreablaser
beam havi ng a3%9ngnmg¥§£gq85Pdé?'ﬁ%giemlconductor wafer 10 held on the
chuck table 36 is moved in the direction indicated by the
15 arrowX at a predetermined feed rate (for example, 100 mm/sec)
while a pulse laser beam is applied to a predetermined street
101 on the semiconductor wafer 10 from the condenser 524 of
the laser beam application unit 5 for applying a laser beam.
In the deteriorated layer forming step, the following laser
20 beam is applied as the laser beam.
Light source: YV0O4 laser
Wavelength: 1,064 nm (infrared laser beam)
Output of one pulse: 10 ud
Repetition frequency: 100 kHz
25 Pulse width: 40 ns
Focusing spot diameter: 1 um
An infrared laser beam having a long wavelength is used
as the laser beam applied in the above deteriorated layer
forming step, and focused on the inside through the first
30 surface 10a of the semiconductor wafer 10 as shown in Fig.
5. For example, a deteriorated layer 10c having a depth of
about 30 to 50 um is continuously formed along the street
in the inside of the semiconductor wafer 10 by moving the
semiconductor wafer 10 in the direction indicated by the arrow

35 X while a laser beam is applied with its converging point



as the laser beamapplied in the above deteriorated |ayer formng step, and
focused on the inside through the first 30 surface |0a of the sg&ggﬁggﬁﬁr
wafer 10 as shown in Fig. 5. For exanple, a deteriorated |ayer g a
depth of about 30 to 50 pmis conti nuousjr§ formed along the street in the
i nside of the sem conductor wafer 10 by noving the sem conductor wafer 10

in the directionghndicatl 6d BYethes 8id QW dpEWhlbe 8 LAsES JheaflScapR! | ed
with its converging point 15 MARCH 2007 12 P adjusted on the inSide at a
position 5 to WG sFenRg SHEdRCe hel séciorrissni Fareusdpr o2 fisfel S eni®oRdtiRt or

wafer 10. On (RS siQrEASIOAs HbshSedefhitibalodhe £y YNt pPeENERE Of
the |aser beam should be adjusted to ensure that the under surface 5 in the

drawi ng of theagetrepeonahedlidberndivs tied txposadetthat hhesvnidsguffaee 10b
of the sentconquetar 1 - infr ;,eeq_,l I beamrwehhets
conver gi ng})poirlglt Y %or?\é?tﬁgagi %gl gegcgg%%relcggar%%%nl? ct orl%\?\:g gr lg\,b the Tirst
surface 10a dhe decsedistoddaetldib ahtbe sehiicondesitcabbyten tPor -T9 abshgd. 10
If the first surf. 10 f_the.sem uct.qr r i . not

mrror-fini sheagi, thha aries, qIahseersﬁ)r aénceqtr%gl %Scﬁ%?%gr'gégga?’géﬂgl gsgfl Ieu(?lm IS
applied is rougigidehefdihtusadi c@idectoowadfer the thé riaredt lsasdackeeafaw | |

occur on the surface, and the | aser, be w | not reach the predeterm ned
conver gi ng poi tngS?lﬂé?gﬁ UHRRTF M 5SF ﬁﬁ})biscienﬁl@atbolyf B‘FHPﬁé%bPéaéFgr’m ned
deteri or aufed Lza@/ajhé f e idisd fese Aﬁorodi Eglet @e@;il&@hidﬁﬁelﬁbs“ waaadua;?edfsbyht he
i nventor of the present inventiaon, en the surface rqughness,(Ra) of, the
first surface ™ b?r?ﬁ’éfl’%éﬁbﬁgn&ﬁ@f:dfs'vﬁh%?uiéaﬁﬁ§00"3’il t%e&glféfaFﬁfjat ed

|l ayer having 2(hsepnadet argmaped idepi B soubl, nie ke fRardmd daF ithe iionsiode of
t he sem conductor wafer 10.. On the other hand, when the first surf acelCa

of the seni condtRtiGIIiIest BT kad ey Pollf PRFYRERR §Re SWifidciee 3PGughfess

(Ra) of 0.05 M d8kahi WAt 8dt! @i tha\dridict Hhslrnt s d Yy pregetigr ned
depth could be forned 25 in the predetermned inside. Particularly when the

first sufPaceth@rely naelrnem eotReivibtfer Aomdhsrintastetsmmigird
deteriorated layer in the inside. According to experiments

conducted by the inventor of the present invention, when the
surface roughness (Ra) of the first surface 10a of the
semiconductor wafer 10 was 0.1 um, a deteriorated layer having

20 a predetermined depth could not be formed in the inside of
the semiconductor wafer 10. On the other hand, when the first
surface 10a of the semiconductor wafer 10 was mirror-finished
to a surface roughness (Ra) of 0.05 pum, a deteriorated layer
having a substantially predetermined depth could be formed

25 in the predetermined inside. Particularly when the first
surface 10a of the semiconductor wafer 10 was mirror-finished
to a surface roughness (Ra) of 0.02 um or less, a deteriorated
layer having a depth of 50 um was formed in the inside. When
the final thickness of the semiconductor wafer 10 is 100 pm

30 or more in the above deteriorated layer forming step, a
pluralityofdeterioratedlayers 10c, 10dand10e (three layers
in Fig. 6) are desirably formed by applying an infrared laser
beam a plurality of times by shifting its converging point
P stepwise as shown in Fig. 6. The formation of these

35 deteriorated layers 10c, 10d and 10e is preferably carried



to a surface roughness (Ra) of 0.02 mor |less, a deteriorated |ayer having
a depth of 50 mwas forned in the inside. Wen the final thickpsg,ﬁg 8f &e
sem conductor wafer 10 is 100 m 30 or nore in the above deterio B 'I"&é/
formng step, a plurality of deteriorateJdSIayers 10c, 10d and | 0e (three

| ayers in Fig. 6) are desirably fornmed by applying an infrared | aser beam

a plurality obuttiﬁgeahaug,sﬂ?fcwerkgom&@rg:wpbgha@fptgh@tiaserﬁe%mwpvaﬁsé hown
in Fig. 6. The formation of these 35 deteriorated |layers 10c, 10d and,6 10e is

preferably carfitd® ABIRAREN 02000 3B (€ - hyThtahgi WG ePHE CORVRT LI TRE§OI nt of

the | aser beam;gkepdsq s 1t HEHANLS,| Ofe AL EEdN@ et 3.0chENGENE
deteriorated layer I1Cc is first formed, the deteriorated | ayer 10c_ hi nders

the formationtde fRENAELER| Of abke FeiRFoNTEANEIRES TR 50cedfsn W t he
infrared |aser ela%%m%eteﬁ@dlﬂfﬁﬁgd deterhoil ¢d ud Ay eh i JLagr seprég thal

an ultraviolet laser am havin a short wavelength reflects on the surface
and does not Aeyehl fohminaissidep o'lfS &haitl auonl VieFerol ahdrasfesr beamthgging

| mportant toosehect Al deanthaing @ nevalenald thatocandhassa L ough

10 a non- et al ove eterl l"ayer ormn st ep,

the deteriordhedihayee efpasshhistepider ex Jbsined crtee 1densr1mptarbdntayer
10c (10d, 10e) for t he .i nsi

c aor._ wafer, 10 t he
first surface" ]iesc%g:lralsggki%amg?vuf’ﬁzi‘twave e%gtc}hgﬂ Cr?nl'—Ffags.s Eﬁr?ﬁgh
sem conduttor awa)foe:r—melt&JJ Sw)jsa;(z@cta)n t he chuck tabl e 7 of the grinding
device in such a ner

protective tape de .cones int
contact with the ch IFelra%F@ a}’b?Yﬁ ?e'?%rl?%t??%ﬁ rfl‘%&“énglége& %PI%
sem conduct or qaafeeri okQ et a2 4d) exp¥¥d riiGitepn el @xgdsamd hdechuck table 7
by a suction nmeans that is _not shown. = The first surface 10a of

seni conduct or SEHELOFR S grgiFd 1085 d0d 56 Oed 386 T&Chy T bP5t Fﬁﬁlgge‘)f

grinding stonerd §8mYcond#2P9P W M1 Gionth & iseNalr Bic 1000 4 pArWhkhe the
chuck table 7 is rotated at 300 rpmin the dlrectlon i ndi cated by the 25

arrow i n the d¥w nghaAsig, rasusRowWrsinHovth i’ Ehg sgmigcpeductor wafer
10 is placed on the chuck table 7 of the grinding device in

such a manner that the protective tape 11 side comes into
contact with the chuck table 7 (that is, the first surface
10a of the semiconductor wafer 10 faces up), and suction-held

20 on the chuck table 7 by a suction means that is not shown.
The first surface 10a of the semiconductor wafer 10 is ground
about 150 to 250 pm by rotating the grinding stone 8 (e.g.,
#2000 resin grinding stone) at 6,000 rpm while the chuck table
7 is rotated at 300 rpm in the direction indicated by the

25 arrow in the drawing. As a result, as shown in Fig. 8, the
deteriorated layer 10c (10d, 10e) is exposed to the first
surface 10a of the semiconductor wafer 10 along the streets
101, and further, the first surface 10a is finally ground
to a thickness of 50 to 150 pm.

30 After the deteriorated layer 10c (10d, 10e) is exposed
to the first surface 10a of the semiconductor wafer 10 in
the above deteriorated layer exposing step, the first surface
10a of the semiconductor wafer 10 is put on a protective
adhesive tape 13 as shown in Fig. 9, and the protective tape

35 11 affixed to the second surface 10b of the semiconductor



deteriorated |layer 10c (10d, 10e) is exposed to the first surface 10a of
the sem conductor wafer 10 along the streets 101, and further, the first
surface 10a is finally ground to a thickness of 50 to 150 m 3t MARGH 200
deteriorated |ayer 10c (10d, 10e) is expdfed to the first surface 10a of
the sem conductor wafer 10 in the above deteriorated | ayer exposing step,

the first surfaee, 1@&%@%&%&%%9 miaf efhégrbéee%veracﬁla%rlq;eect' ve

adhesive tape 13 as shown 1n Fig e protective tape 35 11 affixed
to the secondtemefadeid M ofl adis & evindoRtict sesiB NVARSHSROD72s 1% Wiafdr 10 is

removed. at | Ner3B0% L] Mo M RUPUSCHLYE, AMNESNEY daRCalEihs BdoblaRic

synthetic reS|n tape s as a vinyl oride tape,
as a dicing tapenaerd saeantedoverdashd onoeverpdriieng pnetlopem Ag grortian of an

annul ar 5 support fr 14. ,Th i ur f ] onggﬁgo
waf er 10 |§ p%flpgﬁrt He Ir(’i)ep:LcA‘)‘f’ ?ﬁ %%rrgfceclf’?flaec%g%35|%téﬁt%ap%“ 3! eonIr t he
protective tapafét a@fisqum @t haesecpret s:th]r:fsapEOtéanlvb ah]eesdamacm;dmctor

wafer 10 is r ve ta 0S adh str is reduced.b
external sti oy fg/ zf’srp‘%le\t,w{af\}’eoif fgfﬁ’iﬁﬁie éJIEB?esc?Cé’él fﬂér %ef ective
adhesi ve tape obeof Aht ertitereitettuyte adbes ventape. 13 svichpe wildsxed to

the first surface 10a of the sem conductor. wafer 10 as _descri bed above
external for c@9PESYEr E64eBF thhé SdEEERFBRaP¥d2R5erhgERa L 0B ¥HBHS 19852 f or med

al ong the;straats140dvobitherasem canduct9eq ks tt@lecgrcwee%vta@dméfixﬂé ng
step for dividing the seniconductor wafer 10 along the streets 101. This

di vi di ng stept@®ecdrri ed out by an external force application device 9

shown in Fig. 10 an S @&g e t n PLge
application device gf\l/éwbg t%%%i%?stcrl %gﬁ)gsg:ﬂﬁ,betgévg l'l'ﬁhg'sﬁ)%lgét%?‘édé&

ext ernal forcé&ocapplei Farissnsugéaceel9acofprheeseniconndrprarabasel @1ashavi ng
t f
a mounting Sy sg:%‘ib%iit]aal{ﬁ d,”?%’@%lﬁﬂglljtf%‘%c%tloé’gxéPPQQB at{}feaﬁ‘?téfflé@gté‘d

pressi ng nenber ase concentric
15 layer 10c (104, 10e) formed along the streets 101 of the
semiconductor 10 to carry out the dividing step for dividing
the semiconductor wafer 10 along the streets 101. This
dividing step is carried out by an external force application
device 9 shown in Fig. 10 and Figs. 11(a) and 11(b). Here,
20 the external force application device 9 will be described
hereinbelow. The illustrated external force application
device 9 comprises a cylindrical base 91 having a mounting
surface 911 for mounting the above support frame 14 and a
pressing member 92 installed in the base 91 concentrically.
25 This pressing member 92 has a pressing surface 921 formed
in a spherical shape at an upper end and can be moved in a
vertical direction (i.e., axial direction of the cylindrical
base 91) by a lifting means that is not shown.
The dividing step for dividing the semiconductor wafer
30 10 along the streets 101 using the above external force
application device 9 will be described with reference to Fig.
10 and Figs. 1l1l(a) and 11(b).
As described above, the support frame 14 for the
semiconductor wafer 10 supported on the top of the elastic

35 protective adhesive tape 13 affixed to the support frame 14



25 This pressing nenber 92 has a pressing surface 921 formed in a spherical
shape at an upper end and can be noved in a vertical directi On15(MAﬁ Hzﬁdq al
direction of the cylindrical base 91) by lifting means that I's no%7 shown.
The dividing step for dividing the sem co%z‘uct or wafer 30 10 along the
streets 101 using the above external force application device 9 will be

described withgpfeceacs thehhi@unt ify ang fhicgss1 1 bfajhard, 1EHdy)i.caAsbaescri bed
above, the support franme 14 for the sem_cong?;ggor fer 10 suppggt ed on the

top of the el ast @S S88WHr bR ekt vel @REsEvE -t 1 PRF 5% EEVF FhECstPor t
frane 14 15 MMRGEHE 2008y dVamsspdacedsoanbhiea MMutd ng 1sw)f,acae93tcoihte
cylindrical base_. 91 as shown in Fig. 10 and Fig. 11 (a) and is_secured to
the base 91 BRFTOSHMFY 98 DAYeehBRNTP Nt gromkiy PAHe e sy Agl 1 hHeMBSr 92

i's moved up t g ddes WREKIsRGWROSES kRAthAsbhiEbNGuEL AR ART N sEPEYALe§0 T hat
t he sem conductor wafer 10 supported on the top of the protective adhesive

tape 13 is preédsélehort e Spharnatscipries sidhgsduef hereobd i6F PR SELeB¥i ng
menber 92. r -, t%ghrgg i ed & h [¥o] | ayer
10c (10d, 10?%%0r Ité]Coa?llg t e%tglrde%?grﬂfa%lem%[ﬁt %éf %8%53#?8%&{%{03\%% er
10, whereby tH sefiscomdsutlsn abkkading léad dswaldked tocchadeediarated

sem conduct or ¢hi | ong 4 eriarate 0] , . that
is, the st reetlsa 1%;11(%& (er&?’hel %ﬁvi%ﬁn@é’%tae%qg 14cha(’@alérlfgi’te egcus(t Jigg (?éfggthebed
above, théOpressimgpmbnberr S fiex Lowewbdrébyt tiee pem tcadshiom wat®n h0Fi g.

Chi p pi ch- up. coT PO 96 poRt ¢ GREd SBBe P RE Bt el RaI oo e Db EhEPSn
device 9 is addtwat Belrdted diasenrgage €ty ses) cotighictiar, theptdusomithe top
Shown. On Chis obcadi et B SUGIET SheR ion S350 FER 20 JPRELAPBRect i ve
adhesi ve tape dsb¥®, taduneedd snpababeye? skrengited themebyo sakidag shbwaasy to
di sengage _the . sem conductor chips  20. _
15 1in Fig. 11(a) by the lifting means that is not shown. Then,
as shown in Fig. 10, a chip pick-up collet 90 positioned above
the external force application device 9 1is activated to
disengage each semiconductor chip 20 from the top of the
protective adhesive tape 13 and carry it to a tray that is
20 notshown. Onthisoccasion, ultravioletradiationisapplied
to the protective adhesive tape 13 to reduce its adhesive
strength, thereby making it easy to disengage the
semiconductor chips 20.
In the illustrated embodiment, the above dividing step
25 is carried out after the semiconductor wafer 10 having the
deteriorated layer 10c (10d, 10e) exposedto the first surface
10a in the deteriorated layer exposing step is put on the
protective adhesive tape 13. However, external force may be
exerted on the deteriorated layer 10c (10d, 10e) right after
30 the deteriorated layer exposing step in order to divide the
semiconductor wafer 10 into individual semiconductor chips
100 along the deteriorated layer 10c (10d, 10e), that is,
the streets101. Thereafter, thesemiconductorwaferl0which

has been divided into individual semiconductor chips 100 may

35 beputontheprotective adhesivetapel3affixedto the support



In the illustrated enbodi nent, the above dividing step 25 is carried out
after the sem conductor wafer 10 having the deteriorated |ayer ]“8 é@?ﬁu
10e) exposed to the first surface 10a in the deteriorated Iaye1r5 &fb d
step is put on the protective adhesive t]afbe 13. However, external force may
be exerted on the deteriorated |layer 10c (10d, 10e) right after 30 the
deteriorated lrayee @4pesi BaozkeR itd theflging_qgvisgg the sem conductor wafer
10 into individual sem conductor chips 100 al ong tﬁe deteriorated | ayer 10c
(10d, 10e), that ishs gpestibefdstbeverhénehhechethnd gEnfltBhdlR?o? wafer 10

whi ch  has be%’émqic\éhgi%@tiogftv_@af-é!fd!aéf-bg¥§!i.n el CongduekehtGHRA 10 by do be

put on the protective adhesive tape 13 of fixed to the support {5 MARCH 2007
1B frame 14 t@ proeed¢arol s mowiiad tp helings ldaservbel 1450v@)VeTd 1 e

met hod of gi vidi;ng 5T, f ' B tal

i nvention, af ?erl a gsgr %gg%uﬁs&g%?ifggs?o gl%é}??\g@?i{)nes V\nﬁ?ﬁﬂ?? jsa
convergi ng 5 poibsttrentet e ifrgsinde fetrrtiheatiedsiayarfatengi the ofivhéing

non-netal su rate_tq.for eterigrated diyi dj | i nes
M the. | nsi de P ena noRenBes Sube: AP ChRBeE i sE BRaF Fage BEe {rst
non- net al substrdiaee s fgtbandohemekpbseult dier a toketier igarcaineld tbagrposdhenef or e,

t he non- net al bst.rate ca 10 be_di vi ded al ong the djvjdi i nes

snoot hly. Furt ,rl?lrﬁ%@dt ﬂay?ﬂ s&%?ﬁef%&e’i §B§%1%?Hﬁ?‘lﬁaja§u$%trlaéc§v%aré

pr edet er m 6ied dehiddknezs erlomy ehsherlvilding linesorsmbiotihdked, the unevenness
of a circuit such as Lgkpf ormed on thgasecond %urface is not transferred to

the first surface 1596FPPhe RORCRetBF SdbStr&EEfand hence, ITARRE| #3t Qurface

is not undul alegfre Bh@refit@rmiite £ aMeN@IcRe R floref whke liases beam can be
uniformy adjusted to a desired position in the inside fromthe first

surface side &HdIRITSEELSHEs cth ¢ 4PV erBaAs BE F of e uarFBAR Y § foFRedsecond

surface. Conseglent|secARl WieRathe: d bl Suid AELr & & 1 PHOG G tTRKLLLBE
t hi ckness of the non-netal substrate to a final thickness, the deteriorated

| ayer is exposdd the nRe-fetsd subfhEatanardrignce, the first surface is
not undulated. Therefore, the converging point of the laser

beam can be uniformly adjusted to a desired position in the
inside from the first surface side and a deteriorated layer
can be formed uniformly in the second surface. Consequently,
20 when the first surface is ground to make the thickness of
thenon-metal substratetoa final thickness, thedeteriorated

layer 1is exposed to the first surface uniformly.



15 MARCH 2007 19 What is clainmed is: 1. A nethod of dividing a non-netal
substrate having a first surface and a second surface forned|%gé¥ﬁ$l &%
the first surface, conprising: 5 a deteriorated |ayer formng Ya
formng a deteriorated layer in the i nsilfe of the non-netal substrate
along dividing lines by applying a | aser beam capabl e of passing through

t he non-net al ygybst gateatpehesnon-netal substrate fromthe first surface
side with its_converging point on the 10 inside thereof; and a deteriorated
| ayer exposi ng-st ep?fBPCRXPof ndl THRI NG et TR IRl | BRI T 1§ M Fi% e

surface side byrgti BdiRacbhgngl kI stcoHAT 8681 Okt ROrmOA-pREA] 1 SUDSS rte
havi ng the deteriorated |ayer forned therein. 15 2. The nethod of dividing

a non-netal séibsEFafBraaeer dFAEPIE618PAIi m 1, wherein the deteriorated |ayer
formng step is Ca%;&&E'eP%nge?dM?&k”thﬁfn_&oé‘w‘.’gﬁgfgg BOLRingfathe |aser

beam such that the deteriorate ayer Is exposed to the second ~20 surface
of the non-netaktezabsetadel aBer The tinet hodidé afi rihgi hgnarabdal nets it rat e

according to_claim.l,. j teriora form j
carried out aa%f’ﬁ arqlhlf%ﬂ{ln%%ggfgg%&flb%ﬁgf%%eel[%%%@é:ragﬁ?glg %%)Sr#[r?%f t he
| aser beam st éphwmosghi hhé heottmekakb sl riedite do thk hbe-menabhed@bsSudst r at e
to forma plu%alit¥ otfdeggriorated .Iayeﬁﬁth t he thickness.dH{e%tion of
the non- met al T3aBstPatid TS % SUFFE et hoT "Bt AV ST AYY o FbRd Mt AT Stibsts at e
accordi ng1 B0 tiascdai rhirewii;clangonpri ses a dividing step for dividing the
non-nmetal substrate_ al ong the divi gi ng |ines bX exert ig external force on
the deteriorated | afefSaFFePTRREY JBYEFi BF¥BPEU FajefPe gﬁs?%@o§%%%.t%% S.
The met hod of ddireirdiorgtadnDayeeted toebst ¥ at eacededsnge 1y MAREH12Q0The 20

first surface of the non-metal substrate having the
deteriorated layer formed therein.

15
2. The method of dividing a non-metal substrate according
to claim 1, wherein the deteriorated layer forming step is
carried out by adjusting the converging point of the laser
beam such that the deteriorated layer is exposed to the second

20 surface of the non-metal substrate.

3. The method of dividing a non-metal substrate according
to claim 1, wherein the deteriorated layer forming step is
carried out a plurality of times by shifting the converging
25 point of the laser beam stepwise in the thickness direction
of thenon-metal substrate to formapluralityof deteriorated

layers in the thickness direction of the non~-metal substrate.

4. The method of dividing a non-metal substrate according
30 toclaim 1, which comprises a dividing step for dividing the

non-metal substrate along the dividing lines by exerting

external force on the deteriorated layer after the

deteriorated layer exposing step.

35 5. The method of dividing a non-metal substrate according



to claim1, which conprises a mrror-finishing step for mrror- finishing
the first surf ace of the non-netal substrate before the deter éﬁi(ﬁyer
exposing step. 5 6. The method of d|V|dlqg%a non- net al substratg accor

to claim5, wherein the mrror-finishing Step is to grind the non- netal
substrate so as to |l eave a predeterm ned thickness or nore. 10 7. The

met hod of di vitdi mdaamndn- metiah sobgtriate acmmmdbmgfinmshhagnsﬁepMMGrein t he
surface to be nlrror f.i ni hed i.n mrror-fi hi_n |s set_to have a
sUr f ace T oughRBEE PRy MLSbagl 1k BE =5 Pumags6 T b o8 Oe oo S8t at s e
met hod of di vicdifiogea then dreetteali osdhslyr dbgeaceapdisnigg EerLalni7, wherein the
surface to be mrror-finished in the mrror-finishing step is set to have a
surface roughness (Ra) specified by JI'S B0601 of 0.02 mor less. 20 9. The

met hod of #i vigdi ng &h@%ﬁ@é@bfs@bﬁidﬁi@aaz@@ﬂﬂéwl st stlraitd dccoheirgn the
non- netal substrate . is_a senm conductor  wafer, g[uralité of d|V|ding i nes
are formed i n @ [GAeiFce: POEFEIR the TeE6RY™ §&PF§ en9aRbeR ¢Frkai #1389 or ned

in each of agydirRli-hetefl aneas e isoned by thewRl ur ghbbytefrmshgets. 25

thickness or more.

10 7. The method of dividing a non-metal substrate according
to claim 5, wherein the surface to be mirror-finished in the
mirror-finishing step is set to have a surface roughness (Ra)

specified by JIS B0601 of 0.05 um or less.

15 8. The method of dividing a non-metal substrate according
to claim 7, wherein the surface to be mirror-finished in the
mirror-finishing step is set to have a surface roughness (Ra)

specified by JIS B0601 of 0.02 um or less.

20 9. The method of dividing a non-metal substrate according
toclaiml, wherein the non-metal substrate is a semiconductor
wafer, a plurality of dividing lines are formed in a lattice
form on the second surface, and a circuit is formed in each

of aplurality of areas sectioned by the plurality of streets.
25





