1 METHOD COF DI VIDING A NON- METAL SUBSTRATE Field of the Invention The
present invention relates to a nethod of dividing 5 a non-netal substrate
-such as a sem conductor wafer along predetermned dividing |ines. Field of
the Invention As is known to people of ordinary skill in the art, 10 in
t he production of a sem conductor devi ce, la plurality of areas are
sectioned by streets (dividing lines) forned on the front surface of a
substantial |y di sk-I|i kEmmD andustioINeval efoN-uerdatdimer{orgm and a
circuit such as ICor LSI is fornmed in each of the sectioned areas. The
sem conductor wafer 15 is cut along the streets to separate the
circuit-fornegiangasf themrapenangther, thereby manufacturing individual
sem conduct or "chips, Cuttlng arong the streets of the sem conductor wafer
is general |y carri edRBRTEFERE diyEg omEehakeschy | e detdiccket. dTWidingt ti ng
machi ne Cipr ksasnandathutkstabte LAERNILIL Dot SEHLEOBINCLOE PALENRS @
wor kpi ece, a cutting nmeans for cutting the semco n
t he chuck tabP€9d8ﬁ§r§lﬁﬁ¢|ﬁgvﬁéaﬁg fénedovi ng the chuck table and the
cutting neans relative to each other. The cutting neans conprises a rotary
spindle which_is rotated at a high 25 speed and a cutting bl ade nounted to
~ the spindle. Theldupfi e Bhydntéonprises a dISk Ilke base and an annul ar

bor t1 o of Jthe base™anioy Bl B8 Beb b ke ca ety AR by FRF R amond
abr asi ve igt ai s tﬂaalmgadhfajncexarfphesemcﬂﬁlcmm efewdfcgbaupl8raltaythe base
by el ectrof orni C all oy cracks_ar roduced, in the_cut surface
of a seni congh gorﬁﬁ Se\?\/ﬁgéggds%ﬁi gﬁ%ﬁE?ofdg\}é%‘ngngslﬁﬁ?sgﬁ FArMEGchla
cutting bl adethefﬁo/ntdshroihceacﬁzﬂ’l asﬁutlmltamSlé_‘ely He s&balike SEmPBdhAuctor

anticipation of .t he anu ce of thISCI 0
P wafgr ecrjuce form, g g J.gcu{t such as IC or LSI is

formedineachofthesectionedareas. Thesemiconductorwafer
15 is 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 amoving 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 speed and a 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 um
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 pm in anticipation of the influence of this chipping or

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




35 cracking. Wen the sem conductor chip is reduced in size, Z 2 therefore,
the proportion of the total of the streets occupying the top surface of

t he sem conduct or wafer increases, thereby reducing productivity. Cutting
with the cutting blade involves problens that there is limtation to the
feed speed 5 and that the produced fine chips contam nate the sem conduct or

chip. Meanwhi | s of dividing a non-netal substrate such as a
sem conduct or gv% g‘rgfgr %2’ rplboéécfﬁ%%‘gggnﬁgtﬁ%ﬁthﬁﬁt\ﬁfﬁw ectepeingeam

capabl e of pas’sheg,dmsmughcém ﬂl@@s@h@on&cﬂ:ﬁé?&ﬁﬁ%r‘éﬁ%@s@ déalf &f
beam having an_infrared ag §g}for exanp 1, nm 1s ap
non- net al subsf?g&l‘ém% Pﬁo Ebh éFerrnd:LBthﬁg d’hlttfhethmsqtlué‘:mglhlsaw ea to

be divided isimeylueseiickets Thias Eﬁhé’i‘g'1@1%&'@9@6%k&§%h%5§e§é A;P Sea

beam processin to divide a non-netal substrate by applying T9ser
beam havi n% %%%P&Fetd‘erl%ﬁﬁuﬁ?@ﬁliﬂte§1tld?ﬁ/@®gtwgln@be irhecren hmondisd toher of
the non-netal swpstrate fromone side of the non-netal substrate so as to
continuously forma deteriorated |ayer in the inside of the non-netal
substrate along di WMeRMN1ihess apednsaidbdediyngre Aoﬁeﬂatw&’iﬁ:?strfatre 20

exanpl e. wev, e | orated | a canna

exposed to oneﬂécl:%tg@ﬁ]gténﬁsc% Ee si W%‘ gh:jacﬁ']g °r besaé[fpﬁg ﬁFFéngﬁﬂJﬁ even
when the det eribihics & éy’léﬁrlfseam capeblalcomgatsbmgmhnbm theesr-ndtha

i nsi de of 1phe Hanspetal 1255 ’%‘thg lbaY 5'1“' EGH%IPSZ‘%% Jl_) am hayi ng an

infrared range from oné SI € To k3 ¢d Fange
converging poffer @Pﬁam@éelf n‘SJ 0e4 Irahreresfappﬁjﬂetd‘IEdS tHeR6L-hEL A1 AR e that

after a circui as be nmed on, the front surface of the
silicon wafer ‘{ww ng, AIS?l ?88&8 gﬁ?&ﬂ?@s‘%‘e Bf 13F 302 i and wiked ear

surface of the sinowondeatekehas Tieﬁldlgﬁ@llm@ hO&tBod ma%rf@%as@foé%s%
S e B S BEBEL L2 a8 L84 AT L RS B2 LA e LY Sy g
15 a laser beam having an infrared range with its converging
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 a problem that
after acircuit such as LSI has been formed on the front surface
of the silicon wafer having, for instance, a thickness of
30 500 um and the rear surface of the silicon wafer has been
ground to a thickness of 100 Km, 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 tc the front surface




conyerging point on the vicinity of the front surface to form a
deteriorated | ayer so as to expose it to the front surface, 35 the
tdeteriorated | ayer is not exposed to the front surface 3 unifornly and al so
to the rear surface uniformy. That is, when the brittle nmaterial of the
silicon wafer is ground to a thickness of about 100 m the unevenness of a
circuit such ik%:miorme n the front surface is transferred to the rear
5 surface of the sritcortNarErSwitonthRer pas U iane unidorady . sUhabticas has
undul ati on of whenttibe thr ikt Junmaweeriehy VELGE ] ot of Lhe |aser
beam becones nonuniformin the thi cknegghg??g%rni%\&gn ft%%egge&éﬂnaga?%d

| ayer is not eX ness pheapevhtl unhacshandesesnesa dha ceatustrdiage
uniformy. 10 Fhersf gbemewhsn toe ef | s @ on_the non- et al
substrate having fl deteriagrated | aygrﬁl:f%%rrf%gz% %esr%%lﬂg org” [ﬁ?egg?\ﬁecﬁrng
lines to difvi dd2¥tacemt tihshts shirgaie evadiede willtdr thet hesdet ethat atlosl deayser i s

not formed canaets by i ght _angle_to t front. surface, and
chi ppi ng occurs vvi%)ﬁe‘dlli%ét .edﬁiegﬁf?ﬁoggaa}?@gtc?i bR ?ﬁ Mo dhexehvabe of the
| nvention It iCHFEDH}REPEME hE Phesaster neentbarones poavindeora TRtted of
di vi di ng a non-Weteh I ividing 20 |lines by applying a |aser
beamwith its converef%ggggi%?\tgogn t écg‘ien%&célg]b?r?%eeé EBP@HS ggﬁmiﬁq o)
forma deteri orattd® Trapérsardage tanel dilsodingHe peari suthecd RgiidR ey eof ,

wher eb e 5 S n.be divided al opng.the dividin I"i nes
snoot h?/y \%\nht hgft}t{blg%\%%’t ﬁﬁgérg:f\e%gtse%% %@E&Fd?ﬁgefﬁr?’%‘é %‘Fé’s?%tanﬁ\%@ﬁq]on,

the above obj evibsteat bdaatiraj redehyraorathadl ofedi ¥ £ha thdarialia),
arall e to

substrate haw f.iqn urface and.a second surface forned

the first surfﬂaﬂcflgﬁgé%?lf%s}shﬁ?sgcodaf‘&a%rjeﬁ'eah?aﬁﬂ'é?n? SUFTAGess b@e Mbrere

formng a 30 déterdaratiotdty®ridyes hies imsi derefed Ra i B ali st rate

al ong dividi ng, Ei.ns& b% fgplc?;i n % | aser beam capabl e of passi nlg thrgﬁczgh

the non-netal SUBEHFatBotd the Roh ARE Fusiargr @#h¢l 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




fromthe first surface side, with its converging point on the inside
thereof; and 35 a deteriorated |ayer exposing step for exposing the 4
tdeteriorated layer to the first surface side by grinding the first surface
of the non-netal substrate having the deteriorated |ayer forned therein.
Preferably, the above deteriorated |ayer formng step 5 is carried out by

adj usting the el oint of the |laser beam such that the above
deteriorated | g%g:’é%l g’regﬁ'gi %ay% tq roesktbrb SSnfRacesbfletie grdmdietgathe

substrate. Furthest shefazkove deeehicaraked)! ayes-Lorw ng. s{ep,is carried
out a pl uraI| of ti shifting the converging point o0 tt & 10 | aser

beam st epwi se F FﬁéOF%EEEnﬁééfeal lf@éfﬂﬁéntbﬁrﬁhe above non-netal substrate
to forma plurality piedgigpir r Lhickness direction of
P R B e o (RS B tiBoes ob

t he non- rret5al substrate Furt t he net ho
substrate -accor iy %8 PHE By @ﬁémshlmgehhemmmr@mmj,epoandlw dheq séep 15

for g i no tbecioaomn!cha bbsk: 8581000, e, gbove M Arg Lincs, by

exertlng external force on the above detériora
deteriorated | By@rsasasssrngLacemt theaionantyal tdub stetadted ofrudiciiedi Nehe

anon-net al subgbsat e o] gesent i nvention further conprises a
20 nmirror-finishing g?gé?{,ék&%eér%%p% FRAPn9t RESP| +8¢ C_EFi@deouBfat he

non]c net g: subﬁ?%%@lb*éi{(ﬁ% t:lgme:aﬂtqvehdétten-ngoItateedghﬁ%@{jmgxﬁgﬁlf'go§L@rﬂe
Preferabl yo t hg, gifr o t rind.the non-netal substrate
so as to leave a pre etermeri)‘“}d'%%g %ﬁ%%? % d1F5iRer of charakowf the
present inventRrngtsl bebsteatanpat ent afplmatmyf@f he%&go%%%@l%l&} YL
Brief Descri ptilpn,;fﬁ)g e aui ngs Flﬁb (ag a perspective view of a |aser
beam nachi ne or Carrving ottt &” of eli RPRTTRE &l newb et ate .
ylrng
substrate accordi n@urd:l'tehe, heseethbavendi®ndi@¥a rod-snée P Al Jiagram
schematical ly ggggyégh
g to the present invention comprises a dividing step
15 ford1v1d1ngthenon-metalsubstratealongtheaboved1v1dlng
lines by exerting external force on the above deteriorated
layer after the above deteriorated layer exposing step.
Preferably,themethodofdividinganon—metalsubstrate
according to the present invention further comprises a
20 mirror-finishing step formirror-finishing the first surface
ofthenon-metalsubstratebeforetheabovedeterioratedlayer
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 fecllowing 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




constitution of a |aser beam processi ng neans equi pped for the |aser beam
machi ne shown in Fig. 1; 35 Fig. 3 is a perspective view of a sem conduct or
wafer 5 as a non-netal substrate to be divided by the dividing nmethod
according to the present invention; Fig. 45is an explanatory view show ng
the mrror-finishing step in the dividing nethod according to 5 the

present inventjon;, Fig. 5 js_an_explapatory. view show ng an exanple of the
3 BT SUHP SR Yo MY PAFAGSREN 50 GLTHA RaGraoche

deteriorated layer
present inventdargrddng th itharpexddmnatoranvigyw show ng anot her exanpl e

10 of the deteriorated Iahyer formng step in the dividing nmethod according
to the present inventin;® Ri%y.2% §%Planadgivavdest phowings e ng t he
deteriorated miaweir-eodRRSEHIhSISRd N iMidi gn%&@g j tQ t he
present invention; 15 Fig. 8 fs a Ii"sre\icr% irtglnégldi\))i(iedvlvglof a sgﬁl%o%%rg(&lgtqgl \%éjf er
as the non®netdl® RARSSH: RN TP deteriorated | ayer exposed by the

deterorated | ayer exposisnd sstepexBilnalohy 31087 SRBELLYE Y] ay.showi ng a

state of a semi conductor wafer as'the non-nmetal substriate having a
deteriorated [Rfededesdocatnd theedefornongt etep ayrert e pdsiing nst eyetheidng

put on a prot eldtesiaghess v&cﬁ sdil9 1 LS §, perspective view of an
evi ce

external force application or ‘carrying ‘out the dividing step in
the dividing net hod1i&ccbru$ mp explleaamoeyeni ewnstemtion;amtthelb ekiagplell( a)

and 11(b);gre - Vi illustrating the diyijdi step.in the

di vi di ng’ et ho Egggﬂ&%rynlgo‘Jtagy?#éggfegs%eon%lmirfﬁ/gﬁfegolr}? %&iﬁbﬂ%@@%bﬁ@. on

of the PreferredcEiiodi tentthes3@rdeemetinockmfiati;vi di ng a non- net al

substrate accordi ng.to e present_invention will be described in nore
A P 8 @

detai| hereinbel ow With' ret 8PemR 307 tHeY JE8PRNYIRG drafetgsiorated

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 substrate havingadeteriorated 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 deterioratedlayerexposedbythedeterioratedlayerexposing
step being put on a protective adhesive tape;

Fig. 10 is 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. 11l(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




Fig. 1 is a perspective view of a |aser beam machine for applying a |aser
beamto a non-netal substrate in the 35 nethod of dividing a non-netal
substrate such as a 6 sem conductor wafer according to the present

i nvention. The |aser beam machi ne shown ig;@ Fig. 1 conprises a stationary
base 2, a chuck table unit 3 for holding a workpi ece, which is disposed on
t he stationary base 2 iq: such_a manner that 5 it can nove in a direction

i ndi cated by A @ PRFTIETOF VaSeF aqRohtidshEPddis BReGANE HsRrioec ARSI sm 4
di sposed on tNasest dldaanaiaudase ZHdWrSUeh Fd gTeANebnbhakelt 2CRARARYELAB

di rection ingﬁ%atgd by an arrow Y perpendicular to the direction

i ndi cat ed by Safr o SEUGk et ey thdafPappPl ¢y on warikpiEges Whépbsed
to the | aser LegadyapplsigabhoAnKNi I 5 ' er
that it can nove i npa direction Fﬁﬁﬁggfﬂﬁi’ ,%ggﬁ@alﬁnosvlftfi_ %Tﬁgggggvgﬁg uck
tabl e unit>3 donfRPSBEVE bRid Hirafiliidn ipgdiretsd brdaglattew Yar e Aeseted on
the stationarpebasepd]i ; al | agh r_.i:n_th
direction indicated by ék%gqgﬁl?vr\}rl%%g% [ r@fg:t hse%:h [ (%Sﬁb%ogggggsaegr 8hgggeon
the guide raiSitét3Pnagy Bse A igudirlaa manner thisdr it canawvedrea doreheion

direction indinga r ; i.di ock,.33 ar.ranged on
the first slidi (r?gt(:%?g?{( >4 {%J{aﬁ" %&%ﬁ%&%ﬁlaﬁ r{g’alr?hfo HEFEHE™ he
direction indildgicatied byetherawrowy Xa sndparias¢nleaappipjpattiet anithe

second sl44li ng bl ' | cal er 34,..and a chuck table 36
as a mrkip(?iecg&h%e:tgt%g%sl&%% sgélhégﬁlggg’%éogél%‘??%%ﬁt BRCHARSFBti on
chuck 361 nadd bh suporoomanmarethat s ddmmoaedisks ldike 25 csemhaoaduetor
waf er as a VoL ia?lc%rfr%rw %xarrpl e is held on the adsorption chuck 361 by a
suction neans that is$ not shown. The chuck table 36 is turned by a pul se
motor (not shown) Thstabbed diudiheadylel 0t CRlcomprietes34. pdhe abguedti r st
sl i di ngbl ock G‘f__zigasG on it?) ur%g]er surface, 0 a pair of to-be-guided
grooves 321 akd321°to it -Ed CoRtS MPHBTER0PE BhREr SEptdapasyr BRFE 31 and
31 and, drbitantdgrsandedparallel to eachother inthe direction indicated

by the arrow X, a first sliding block 32 arranged on the gulde

rails 31 and 31 in such amanner that it canmove in the direction
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 first slidingblock 32 has, on itsunder surface,
30 apair 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 pair 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




a pair of guide rails 322 and 322 forned parallel to each other in the
direction indicated by the arrow Y. The first sliding block 32 constituted
» as descri bed above can nove in 35 the direction indicated by the arrow X
along the pair of guide 7 rails 31 and 31 by fitting the to-be-guided
grooves 321 and 321 onto the pair of guide rails 31 and 31, respectively.

The chuck table.ynit.3_1n | I lustrated enbodi nent conprises a noving
means 37 for r%\};ir%ggtlh%n?i#Q%ysIgilgi%r:’r&ngBEkt%?%T%%bdgdtgﬁ@%ﬁﬁ 331l gudde

rails 31 and 321i nnithe ctier @etiiron fi geiicat edi 1Ry sthgnar Kew %esEBEt@%ELPQ
means 37 has % mal.e screw.rod 371 arranged between the above pair of guide

rails 31 and feacfmm]bgﬁgllﬁé'}njﬁ]érié‘t’b@e ég&uétéﬂait\?éi e deneni Rorpraspal se

motor 372 fok mevahywHAng BY the ekt SERev 1ok 31kq; 0 rod
371 is, itég_glone end, rotatably sugf)grted oln a %egﬂlﬁg%g%}g%%%%xed

at
on the above $P&tPBRArSE EBESS TaRdsi 4l and 3l snitedigegtion indicated
transni ssi on- equpheth o ke OWhBUlo A thelhn s 59%?@%"@@?8@&@&%@ 372 by a

speed reducer that is not shown. The Tale screwro s screwed’into a
t hreaded t hr o8gR2RErRE BEtVerREEhe mhovieenalie ofravidse celd16ndt atbdl) and

projecting fregrsihe uRderes4r f f C ' f e first
sliding bl OCE 3?. Ther ef o?e, Ibgﬁgrfgvﬁé@et h%éﬁngé%%g@rﬂe%%r %dpy';fei ﬂc’% o
nor mal direct PR TR Fotav¥rdsidingcthionaby sdmewpnbd & Mnt oThe3@ e sbeeki r st

sliding bjgock ' e : [ rai 20 31 and 31 in the
directi olroll(?ndirggt %31 [)E;gl,t %gaggggovég.%%eggg&%g@ c%lﬁ%pgfffﬁgrﬁl Bi %Eﬁrégghas,
on its under bdarkadd3 fipeid cof the- bbogai dedtgvaavesb3dé andnd3is} oahe

fitted onto the.paj f i | ls_ 322 and 322 installed__on the to
surface of thé%gbggfele i(rﬂg#’ gﬁ%‘?%%l%fjo%lk PP LEY %.t%ceaﬁuﬁﬁ’\‘/l@ FHaffﬁegf
direction i ndtbatazbbyrtihscanstor Y70y atdrigw refacte-hertgusded gheenes 331

d 331 ont | id ils 322 and 322, tively. The chuck
Tabl o unit 3 FRC TRt PEradirST 23 G aaT RERE Jubr S Aerb UGt ARaRS1 S8 | or

movi ng t Heb secomdesl iidi agfématk 93 dw dleeidi (et 'Lsﬁ_awinmdF@aﬁ eet3fgbyréhe
arrow Y al Ongthgeu §|e£ sOLIr%ucl:ed%frtl lesce3n2t2eraggr?ﬁ?t%nl Q%ttahel ef(Jj.rst 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 ¥ 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 bythearrowYalongthepairofguiderails322 and 322 installed
on the first siiding 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 381. The male screw rod 381 is, at its one end,




on the first sliding block 32. The noving nmeans 3 8 conprises a nmale screw
rod 381 that is arranged between the above pair of guide rails 322 and 322
rand parallel thereto, and a drive source such as a pulse notor 382 for
rotary-driving the male 35 screw rod 381. ghe nmale screwrod 381 is, at its
one end, B rotatably supported to a bearing block 383 fixed on the top

surface of the_aboyv irst slidi bl ock 32 and is, at its other end,
A R L SRS o Raps 2 ting Holodb oS SiRes wBLURS 38 by a

transm ssi on-co

speed reducer $hefats aWitiEhaMdve rihkecmaheqsapewihed 381,48 ST ewed dnto a
t hr eaded thro(tjc%tl_-1 hole formed in a femal e screw bl ock (not shown)
projecting fr Hhe&Rhd et ST ASE BF R Leshiter ther enbpubf shabt suk die

sliding bl ocka@sy rf aicorP¥sdr hyin I o] [
normal directiqgn O?B;ﬂrever sg di reqtyon%g{/&fdhgggﬁlcgg ?rgltagrgié@%ﬁ%@é
second sl idi ng''Ht BEReFF T fedetb bl 6rRFuenedinte a thrpsde@ T a2 2dle t he

di rection indifsteed by e otz @Ws¥radn Vv S _qg.m lcat | uni t
support nechanism 4 cor?pri sgs aspgier g%sggi Eréétr?al %‘Qﬁﬁrgan fltclﬁllﬁuﬁt{}@ on
the 15 stati orfdtsy Upses Sunhacaoiahjedanret ok ttoneat lthet Hecond stlheling

I ndexi ng direagdj I49li C he,ar n novabl e su ri,.base 42
mount ed on thghg%eﬁrj'ai I%gl%%fl%sﬁ ‘4 @i ﬁggggﬁa gh%alﬂ?‘l%? ?%?wifé)‘%ai?lrrd\?e in
t he direction d Réirdatledibgcthen ar roweYer Fhici maviabde bsupherpubes ecddr

conpri ses moMap| t_-poyi 42 vably nmounted on the guide
rails 41 1gnd 41 ’aﬁcﬁegrmun |c{ngsj‘§o({rltqqoan%lzf’é( %uﬁtseéloéjﬁ%]ﬁg%}%’lee gg‘&ﬁiﬁort
portion 421. Tl lmiR3 @A dm 422 i qeanticded neitda tePaiy thef agwiode
rails 423 and 423 extending in the direction indicated by the arrow Z on
one side surface. The | aser beam application 25 unit support nechanism4 in
the illustrated enbdiensEindve dasprrilsesn appdy chgi oRANRS tA3uhes r FBMIChA i ke

novabl e suppor ase 42 along.th ai,r, of ide rails 41 and 41 in the
i ndexi ng di re{tclognﬁﬁlns(ﬁscé.’t @&qﬁy O&hguéij?oﬁlagrsﬁ‘ﬁ v h@aredipd o3 the

conprisesla natmtsicorewry bds431 aid arged el pees1 1 8e @PRYeh 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
and41andamountingportion422nmuntedonthemovablesupport
portion 421. Thé mounting portion 422 is providedwith a pair
of guiderails 423 and 423 extending in the direction indicated
by the arrow Z on one side surface. The laser beamapplication

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




30 pair of guide rails 41 and 41 and parallel thereto, and a drive source
such as a pulse notor 432 for rotary-driving the male screw rod 431. The
»male screwrod 431 is, at its one end, rotatably supported to a bearing

bl ock (not shown) fixed on the above statgonary base 2 and is, at its

ot her 35 end, transm ssion-coupled to the output shaft of the above 9 pul se
not or 432 by a_speed r.educ hat is not showmn. The nmnale screw rod 431 is

t
screwed into & tHieddd K . RoS@eefor REHCER BhpEnmis enalrapwm ocKhEnot

shown) proj ectialge fe@rew ey urder ssyrtageqofnthe, Gﬁ{ktﬁea’de(&?fttﬂr%@lgg{—ﬁofl
nmovabl e suppor]{ﬁ 5 cﬁo,rtlon 421 constituting the novabl e support “base 42.
Therefore, by WiWEhg1 Fe LHid & EFERMr BHOZE 1 (Mot ashywmmalprafi gt from a

reverse directinubdethf Pl &€ ofHY 4326 r it 4 VB‘P't%efiII&&?ngﬁ%%%%ﬁug‘%% s

moved al ong the guide rails 41 and 41 in the 1 ndexing I"Cat ed
by the arrow YOG Fhetdasernplebintabp i tthe inovabie Suppoithéasd vk rat ed

enbodi nent  CONd Sy Uiy ol P8t I ppl.ication ans
52 secured to the unjt hol%er 51. qrﬁ%h%%fe hoi dée"g blgaiénh%% alrbaﬁ S
t 0- be- gui ded GHER&SBL PrapdrSIar 3o dilvecsliiodaby ytHé puddet motbe 454 1 thk

guide rails 433,a0 & | apove nounting.portiaon 4 and
i s supported in suc 2% nlt]{]e?g%]éaféjzl ﬁr]scgnn%%nenv \ﬂioﬁlgt #@edigﬁééiﬁ 5ﬁ‘liriﬁdi%ﬁat ed
by the arrow 21sy 4l tini thet hpdesibe- guidedignonvescSidd angd 1l b rako vt he
above guigg rails 423 a 3...Lespectively. The illustrated | aser beam
appl i cati on neans 5 Oagg%r |bse(3§ %5’8%?%%861&1%55' Mg' S2F tHastEad&Eur ed
to the above amhadimsrdercdpmimkext ands Hdlsdantinaldng ozt aldam 1 n

t he casing 52 amoscillation neans 522 and

a | aser beam #603%11 ga?toinrnrerreglgﬁglg %%§%§|P°T§3\Fefg itgl% FRYT PRLCRIVAL: | aths unit
oscillator or hvlOkr &dehassaipdit @f MBY L5 ghe desiedrasvihesl asaq baamy
epeti i on 11 oRuSHAT SR TR s TBB3RA L s G iBeaTRpAred2a BPH 98611 ng
means 52BH anthsxdldsel oheghe wdirleenghit $8Y thd¥k 1BARS 25238 1 TB8pported
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, there are installeda laserbeamoscillation
means 522 and a laser beam modulation means 523 as shown in
Fig. 2. A YAG laser oscillator or YVO4 laser oscillator may
25 Dbe 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 523¢, 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.




repetition frequency setting neans 523a, | aser beam pul se 30 width setting
nmeans 523b and | aser beam wavel ength setting nmeans 523c, which constitute
*the | aser beam nodul ati on nmeans 523, may be known devi ces to peopl e of
ordinary skill in the art and therefore, jgetailed descriptions of their
structures are omtted in this text. A condenser 524 that may be a known

35 device is attachgg to the end of the above casing 521. 10 A | aser beam
oscillated from thefaB87&ETI RséMm Beshllesed [Taomokhge albe VB2 aseac heam he

condenser 524 ogica 10he ilasREanbeam raduhakian %ﬁ&éaggéaﬂmiseﬂ?é 25589

frequency settin means 523a of the laser beam nodul'ation nmeans
modul ates 5 t @aﬂ'dg%‘iiu%%"éh?ﬁlﬁﬁ@n& péPse Thesserbsaml havimrgepredeteinyned

repeti tion {1 @ueRcypskNS: lanen daeamBULAC, IR I D o8l LA IRans, 8230 sets

the pulse width of the pulse |aser beamto a pre
| aser bean? wav&Eehy$ar faam Ajtome pid s52Bzs s e arhkaviangleepgeicbbrnhregul se

| aser beamto thtgr%dﬂ;%g% : ' Lck- means 6 is
situated at arfer%)ont er?d of "t ﬁ’agf*%g%ﬁ c%érﬁlﬁ%g ?%Jnléilf:t%hsee a%%%m?agﬁr
beam appl i cat PeAl we&Fs the pTHise wWisld pifckhep pudars 1Gsier bean Itoust r at ed
enbodi nent co ' rdi g [ e..pi ck-u evi ce fo | cki ng
up an i mage wg?%ﬁ\%?%fgﬁqg%?gglggg#bngggn#%gs Hes; eaghwﬁ&g&%lg%gi F?Eﬁﬂﬁti ng
nmeans for apphgang SaBcaseds thdi abivedehgthhefwehkppatee 28septbeah system
for capturdng i_nfrar.ed radi.ati on applied by the infrared illum nating
nmeans, uldb an’i hgggegieg%}glﬁddg’\ﬁl&l@'(i nfrared CCD) for 20 outputting an

el ectric signal corhespmadengit®-ubemenhtakeds sadiatb@nacapt Brgdtbyntihe
optical syste nd transmi.ts a .signal of the image picked-up_to a_control
Toans that i s RO SROGRS DPIE o B HRpRPERF G SHIemBaPRLE faeion
illustrated #eaasbddi.menhisonpaysepiakrlyi N8anEaRSin3thOriMPNERgatbe unit
hol der 51 al Onﬁ&’tgﬁ paitr of gui de rails 423 and 423 in the direction

i ndi cated by ERECEHFGRZCOTPRESERATALSFdmERtY dHage pick-up device (CCD)

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 themale screw rod. Bydriving 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.




novi ng neans, the noving neans 53 conprises 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 notor 532 for rotary-driving the male screw rod. By driving
the male screw rod (not shown) in a nornpj direction or a reverse
direction by the pulse notor 532, the unit holder 51 and the | aser beam
application nmeans 52 are noved along the guide rails 423 and 35 423 in the
direction indicat ed®bjesreinriow Zs Jubsedgestt] ptaioren ofsuhseqeehbly ogi ven

of the nethod 4ef,; diny di L1 f as_the sem conduct or fer 10
into individual fggﬁwc%n%%’?%?ﬁ i iE S EhncRar i SoRRec tof wake ks aff cBRauct or
waf er 10 has anddviiidustl serfizoadi@dod ehkmpssurface in the drawing) and a

second surface 10b,(u r surface in the drawin fornmed parallel .to the
first surface 10a, %%dgﬁggnal?hﬁjc%ne@s e@f‘iﬂﬁﬁﬂ%q‘ud:rtorek’&?ﬁlre.loAPas a

plurality of dieas smefsestitenelobyraydiddd khychotrahsagl Sakdividiogg
lines) 101 ar rsan%ed igog Lattice form 10 on _the second surface 10b of the
sem conduct or SWaFEFe100PadPPEE cFYETA e 18D thircRrawing) oforsedi Barat hed in

h of th t4 ‘ ! j ' fi th d
each o e seet tpaegh r o %%13:fa%eo'i@taecéhéji_%%%%gtﬁlckﬁegg 5%%@%{1’, gggecon

surface 10h of thﬁ sem conduct or waf er constrtuted
shown in Fig. S¥8MPRE -shiRbicict of afapErasoare gpeicianesh bysat htucaltkyt abl e

7 of a grindi pg devkeesi NdSHERIAg MY t et .ecti si de
cones into contact w tﬁ Itnhe su%f%ce %) tﬂ? c%%%#%ﬁﬁg % }?Eé?ggogémt he
first surfhceCRoBRdfseqand suxitassdlel orf Wakesenicondest op)wadiet iL§, and
suction-held gnid ' eans_f hat .is_not.shown.
Then, 20 the grilnddilﬁgtcg%}%rlélgbglbé(sg;g? Q&%@%&%g@g ﬁir%lr?%a’?ﬁ t&eo?l%‘)"jgjr%negn
rotated at 6, 2066srprtipratiertdiveetabenl ndiaff skedyot tiee aecond surfhee

drawi 19 i | ezbleogunk LaRleolul e LOLALRS, olo 300,k el TCL O
10a of the semscehdwntim Riaf.erd,25h20sémi conduttor shifgr Stepls plhBethbs
imsr ror f '1H shtﬂg éltlggk tatbh_Lee f'?' E)%ta Sgurrifnac{:ieng1 %v(:)Lfcet Ztl.1Iel sSuGCnl]z %ogggglégrtk\}/\/g}‘cer 10
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-finishthe 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
BO601 of 0.05 um 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 pm, 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



w

mrror-finished to a surface roughness (Ra) specified by JIS B0601 of 0.05

~Lmor less (Ra : S 0.05 gn) , preferably 0.02 gm or |ess (Ra ~S 0. 02 ~m

and a thickness of nore than 300 gm 30 That is, when the silicon wafer has

at | east predeterm ned thickness, for exigpl e, nore than 300 pm the rear
er

surface can be ground flat w thout trans ring the unevenness of the
circuit 102 such as |Cor LSl formed on the front surface to the rear
surface by grilfiiggrinsonsfénishedfds sessuibadealifue pftitcheesgronandtotor

waf er 12 10 i ' -.fd ni escrib ove he 1 C uct or _wafer
10 is carri ed%doa:?t%rr ?P\ééagég?ggfig%lﬁggﬁ %Cg%%fbut%cﬁﬁﬁéi%i 8%?%’%5 uc_k
constituting tiadlshuidk acalsite ntiings tdfe tdtnmd}as:(ablebaal]rciltmclaﬁneh&hg%eh:n
Fig. 1 in suc L..t.h t he, fir.st surface 10a faces up, .and.
sugtion- hel d %r?tﬂegggslg%pgﬁgﬁgc IbcEf(lg'B 10 THE I?UERDP%I@%?E the first
suct i on- hob di myrtffaceskdh Cameiscim, an\zilas‘l.a:rtikﬁHbEelrﬂégﬂdh@bﬁ%ﬁﬁt%&Ubgﬁckah It S
31 and 31 by t operation . of _the ving .neans 37 to be positioned rig
bel ow t he i naggjel pi ?&?uﬁgﬁggnga%{]%tﬁ&%%%o& ﬁ?éqlé@_erthﬁeéﬁméﬁﬁpﬁéﬁ%n
unit 10 5. AMWefferth®iehotiedley 88e btiReSiaiilegedand ghtnPehOBpEPgL 1 bR
pi ck-up neans mage_pr ocessi ngﬁsuch as pattern. matching is carried out

to align a st éFhieL FIhBEass thdo BRMIDHd RS righérbabow the image

direction withidgondanses 45 ndedftd Eﬁe|9§§ért}ﬁ?agﬂ %p%gii%%ttii%% HRiE S
for applyjng | aser beam along the street 101 by the nge pi ck-up means
6 and a Jc@nt ol nmeans that is not shown, thereby performng the alignnment

of a |aser beam apphir¢ati eRe RASI 98}01@% L XSiEEBﬁESL%%}g?%tel%fw &g% t hat

| aser beam application position is also 20 carried out reets

is formed on tFé9SeHlEHMMAR MeEn sl el EGeamt ooptseridy ismch sec grad tdizmect i on.
On this occask@rchidlg hQughrineqsgeond, sunipcg 10p. bavi pg ftgnr}?t}ers]&aégle%l&]éog'he

formed thereon of the sem conductor wafer "10 faces down, :
street 101 cafepécpneiedorpiafendghin ad iredrdsued e 25 taschdeonhdagser

pi ck-up neans 56 4 §¢GANsh Lutad. by a?)?:lii%fartiro%dunit 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 heid 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



i1l um nating neans, an optical systemfor capturing infrared radiation and
an i mage 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 sem conductor wafigr 10 held on the chuck table 36
Is detected and the alignment of the | aser beam application position is

carried out, the. chuck taple 36 is noved to_a | aser beam application range
where the conuaéjr%]?slrecg§5°5‘f gl?ﬁé:qr&iseé?sed"eé?rﬂe@f)l’qbt%iﬁﬁﬁrthﬁﬁm 3pps ifcgit ion

appl ying a_| asariheaalond enal edreand: o1 | ssondeami i ARl Latddy 9 the
condenser 524 %1; he | aser beam application wunit 5 along the street 101 of
the seni condudt rti’\?vé:‘f BPiRG: aatasef 97 s, facraser ohetine i nFictusdd the t he
insi de of the sesBEGERAGUGON A E i &Y Qo AL fd ished finst S
surface 10a of the sem conductor wafer 10, thhﬁeﬁéjﬁnsl,@flgnrot%edﬂvl}%e%]’tllyStof t he
second sur?acEHIRSs Fowt therFpgnisonduatortwafer i, datar iicr,atied thayer

al ong the stregtei}Bk g+t hgei OS] ] ¢QN r. er
(deteriorated IaJér egrninge g?%p g %ﬁf%%%egggéggoggﬁgg fﬁ@%&gfﬁgﬁpnasstep
wi || be descri riérds el onat¢d lelyerdetarg bhatset desty 201 fior thegnstidp, t he
chuck table _— r -t h m,conduct or. wafer. 10 held on.the
chuck table 3%QighﬁbgggﬁfﬁﬂgﬁgﬁﬁFiecf%%hlﬁngggéFgéoﬁﬁt?ﬁe%fgeér BRXEt a
predet erm ned sftegd .-rate (for exanple, 100 mm sec) while a pulse |aser beam
is appli to a predeterni eet. 101 on t.he senm conductor wafer 10
from t heeg%ndenser gg’% %&Qfg%]%%éggrlEb%eal?nfé?ﬁﬁ'l]in@aﬁﬁﬂ ‘ﬁﬂlrdjt %3? fisE<Epprdi ng a
| aser beam |heredeabddtosr. orated | ayer formng step, the follow ng | aser

20 beamis applied S th Igsen be?n1 fi ht source: YVO4 | aser \\avel engt h:
1,064 nm (infrared I'Hset® BEAFY TCBREHG I BICORBIPIRIS TR She Tt Fabda

frequency: 100ékHin other words, the semiconductor wafer 10 held on the

chuck table 36 is moved in the direction indicated by the
15 arrow)(ata;medeterminedfeedrate(forexample,100mm/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 pJ
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 cf
about 30 to 50 um is continuously formed along the street
in the inside of the semiconductor wafer 10 by moving the
semiconductorwafer10inthedirectionindicatedbythearrow

35 X while a laser beam is applied with its converging point
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25 Pul se width: 40 ns Focusing spot dianeter: 1 pmAn infrared | aser beam
having a | ong wavel ength is used as the |aser beam applied in the above
deteriorated layer form ng step, and focused on the inside through the
first 30 surface 10a of the sem conductor 1vwafer 10 as shown in Fig. 5. For
exanple, a deteriorated |layer 10c having a depth of about 30 to 50 pmis

cont i nuousl ynLRcl)r d %Leogg thg street in the inside of the sem conductor
waf er 10 by iﬂ%“c St BEndBELER HarePord Gipn Fetai # Botm Gvandireat ed
by the arrow 3theXswebbhe sudmses 1081 te 3RRANICGH MR A wSr £OAVEr ghRgHRQI Nt

14 P adjusted on the inside at a . position 5 to 10 pmaway from the second
surf ace 10b ST Lemidoddulest Thsk Enpatothencemyerateg 2o bt B tof $he

desired that th&s«oB¥entiitRPbtad? Wftddeo drassle %Q@tﬁ@%&e?%u@a t ed
to ensure %hat, the under surface 51n the drawing of the deteriorated |ayer

10c is expgsedt Fhe Iﬁigaé"é@&néffs_Elhﬁaé@t%bo@@t@ﬁel%m cofirluict epeefest t20. To
apply an inf rﬁf@ﬁe&@ﬁ&%u‘%@%@e@Gﬁoftt%e%&/ietfcgiﬁﬂ:t% ﬂ%ﬁgr 91 .t h'fogggflg?e of

the semi conductor wafer 10, the first surface 1l0a Sem con
wafer 10 is dedi radispsRY rlesegn fesedvi tho ifs deaviingsings pofiade PLoa ahet he

sem conduct or wafiefe 13 L8e £HOL; MK | nj anthaf |is, face .to
whi ch the inf rlar eld © | aser ebean%(?aé %%%?%%ya%%?%géh%?h%ﬁ?%ﬁ e I(}Sct I on
of the infrarddthaseenbeandwitor oeclier dA 1 heletinface; mamdotrh€ inliated .beam

wi Il not f{gach 4 f ray comper Qi int, 15 thereb kKi.ng .it
i npossible to fo%%h@%@ﬂfﬁ%%g@a et g?ﬁeg%a?fné5opi‘f§|toirnw¥‘ﬁ§i r]r@i dé.
Accordi ng to exqfeninearsficosbed: étalyid hehe pueftoe tofwiith phesefirared

son conduct or ey b A3 b HENERS- I, Ynd M ndiie RS s et
pr edet er m ned Weptinfowmriedl Aatschebkammedl il notder i vsitte: efur fidre ,Semc enduct or
waf er 10. On tlhae eoljtger harsﬂ_,rﬁ]vwﬁen the first . surface 10a of the )
sem conduct or “Vearer CTOMMHs IRPF GEAS RS REGAet s TR EEA SRV S TRAMA B9 TERa) of
0.05 pm aSdettBrdmmiat ethkiakerit impossible to form the predetermined

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 10was 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 um, a deteriorated layer
having a substantially predetermined depth could be formed

25 1in 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 pum was formed in the inside. When
the final thickness of the semiconductor wafer 10 is 100 Lm

30 or more in the above deteriorated layer forming step, a
pluralityofdeterioratedlayers 10¢, 10dand 10e (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




havj ng a substantially predeterm ned depth could be forned 25 in the
predeterm ned inside. Particularly when the first surface 10a of the

*sem conductor wafer 10 was mrror-finished to a surface roughness (Ra) of
0. 02 pin or less, a deteriorated |ayer baving a depth of 50 um was forned
in the inside. Wien the final thickness of the sem conductor wafer 10 is

100 ~Lm 30 or e the_above deteriorated |layer faorm ng step
plurality of de & 8?‘&?@&“9 ‘?goﬁﬁﬁrgiﬁﬂpé’ﬁ'@tl%gt{l?ﬂ@es@rlg}é?@§tepwlﬁieg 6)

are desirably 1ﬁmmdrb§r@|ip]l% ngO@ﬂndflfCTch edhbaser wkt@aﬁﬁ@de‘dé&%k%&éeaf

times by shiftin con oint P stepw se as shown in Fig. The
formati on of tll‘?é%(,; gé ELF F gy ERE Q?J‘%,erllq}iﬁteﬁfﬂlﬁﬁéfﬂso%héﬂéﬁéﬁl y

carried 15 OUtthbsz@ﬂiﬁmllw blfecranyet gi-ng Qeéatl k QRITE W se
in the order of 10e, 10d_and 10c . That |§ when 1h glgle[{’&eirséﬁ{ﬁtait ed g?/er

10c is first FEAFER W‘flhéh&e%%ﬁ%?%@é@SI%yfé?aI&@é we@émstha Bettoioueted of
the deterior atiegeraygrsihgds eag J.lé)echa-EhEPor 1£ASOD YBY JFJEE%E {Bf ;a%(i&gt viager

beamis used in the deteriorated |ayer mng step is a ravi ol et
| aser beam hai FECTh Wakaken@ierefdertrein sbessenfate aqur face rartdrdeek not

reach the ingihdeigki@eShlki EOQIE@éﬁgtWCP& ef qr%réftoxl %pgrtggéoﬁégn?el ect

a | aser beam havi ng a wavel engt an pass throu

substrate. Af tt@rsﬁlﬁcﬁbd@@ﬁd@mbamed d \egree L €10y Th mgastcampaMthrough
deteriorajgd lay % Si G, q:% for exposing the deteriorated |ayer 10c
(lad, 10e) forme e insi t he sem conductor wafer 10 to the first
surface 10a is carrPséthIStbatabd*hatde‘serasrattm\/rlayeﬂ:lf@rnﬁ,ngt B&ep, the

sem conduct or | ed _on t.he chuck table 7 aof t gri ndi ng
device in sufh agr%é)r{rjla%recf % h& Bt é& iER apé FrPG % into
contact with ‘Ldl¢¢ecrh.mlatteabllayér( titat (i194d,t N@ehii Eotmedr facehel@asobtet BE

by 2 suct | on TP har FEChaY ESHL0 Pre't FAEFLetht AP 108 of CPRBLCE
seni condukc® or owdf.er ThAti $sgrasinchowaboir FRP, t) 25@ BehY chababi-Rg {heer
grinding Sto”?o 1& 9ated 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 rpmwhile 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 pum.

30 After the deteriorated layer 10c {104, 10e) is exXposed
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




#2000 resin grinding stone) at 6, 000 rpmahile the chuck table 7 is
rotated at 300 rpmin the direction indicated by the 25 arrow in the
*drawing. As a result, as shown in Fig. 8 the deteriorated |ayer 10c (I d,
10e) is exposed to the first surface |Galief the sem conductor wafer 10
along the streets 101, and further, the first surface 10a is finally
ground to a ickness of 50 t 50 m 30 After the deteriorated |ayer |Cc
(1ad, 10e) isue;ll%lé’sg?jlst%em%‘éeé)#s&esﬁﬁ?ﬁgel%a ORI IRk Comadhest Veaf er

10 in the abdepedaBetsornt elabbyerspxpost 1@ Sdem tdie fudt asuaf a¢8y1! Oa
of the sem con ctore¥ﬁfer 10, i s, put on a protective adhesive tape XS as

shown in Fig. G1o%1dS h8PHr ot BLEN V&5 (I§PE TS Ly User 28R (H 3 IRY $@denand

surface 10b ofncluine e3e8d G@NEY Giciie rl6hualBle 10p kS 1 AETRMEY Al o kNG SARBILENE.
The protecjive adhesive tape 13 is an elastic synthetic resin tape such as

a vinyl chl oSi"ERTdpEr afpiléh i Shgerersh pyriiaee kn afdike agmiapadantor
mount ed SO _as waFed0Yer i § Sut ek HePeBLNGr ROK L d &’cfec?ﬂ\@%%%%i%esﬂgﬁggh

frame 14. The first surface 10a of the sem conductor wafer I's pu
the top of thils-pr&heBt e REmeatvieve hppe 113 £ finked toNbepsetedd suefaape 11

affixed to the;sesoRE el BcE kA Of2 Ebe 1380l 98&@&%&1‘.” %@Bg;t 0% IBos

removed. An WV tape whose adhesive strength 1s reduced Xt erna
stimul us suchatihess vigl staendtét isadieduiced by asedxisrnhé ptomettsveuch

adhesi ve a 1 | v hes] ta 3 is_thusg affixe
to the fi%%tpgﬁrﬁ%gégggél%Pefﬁggégﬁé%éﬁhﬁg §ré%akE%%%8%55t188535P85aV5b
external forcéaps éXderted on the deteriorated 15 | ayer 10c (10d, 10e)

formed al ong the st o] he . sem conductor 10 to catry out . th
dividing step for d?‘??%?négét%%oéeecﬁrilc%en5‘ B BPE 1 aso%é‘utsh%%%’ﬁ%gts
101. This diviedithg ftiepti sucdrrieed0aubfbyhansent esndlbctorceagppl Loakkon

device 9 sho in_Fia., 10 and Fjgs. a) and 11 ) .. .Here, 20 the

external for ‘é\”éieg%al:b%a Ell]bo%v%’e%tgrgag}\n%lolgc)ﬁel%%'éﬂ:%g&n e P hBELBTAtEHe

I lustratks exteemrallOkor{d@dapilledatfio@ied 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

d
ove,

dividing step is carried out by an external force application
device 9 shown in Fig. 10 and Figs. 11l{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. 1ll(a} and 1li(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




devi ce 9 conprises a cylindrical base 91 having a nounting surface 911 for
nmounti ng the above support frane 14 and a pressing nenber 92 installed in
"the base 91 concentrically. 25 This pressing nmenber 92 has a pressing
surface 921 formed in a spherical shape at an upper end and can be noved
in a vertical direction (i.e., axial direction of the cylindrical base

91) by a lifti, nsg th I S not.shown._ The djvidi step for dividing
the seni condchI%gPEr%% éron %ﬁ}ellﬁoﬁ?%h@gt%fsatcreegﬂ Olfgiﬂgsqh]gnﬁc%l%]o@ése
external forcel appshoahi on Heyi ceo %M IHi ghe ldqg(yf%ﬁédiy\ﬁ%‘ébd:?é&rt%”%?et 0o
Fig. 10 and Eigs. ,11({a) and 11(b). _As descri bed above, the support frame
14 for the s&ﬁ%%bﬁéuéyo?fﬁﬁPﬁrégo gﬁbﬁgpﬁédanF%%e Yotplof theebarasing 3s
protective adh@m&%&-@@peslﬁoaéﬁiﬁﬁdtéOtE@G~§fﬁKHﬁthéfﬂH%uiﬁuﬂéah%fﬂhﬁﬁig on

t he nountipg surfac? 911 of the c%l i ndrical base "91 as shown 1 n Fig.
and Fig. 11 (3eahf net sbourese shekdhpaseigangyctpamssegal 0 svpphohadi n

Fig. 11 (b) , drhenerespi 89 tHEEILZ v HRKES (YR EQthf?»V‘.‘L)éW?éé%s%?bv on

by a lifting 5 nmeans (not shown) so that the sem conductor wa
supported on H¥e RSP AP HHStia iske fadise Sle otfasbel Briesspngssenbby  t he

spherical presgingaswy Etégﬁl%?la 8knkhg pfc?édéiiggﬂ “éo(%g%’dé%g)ﬁf‘?ﬁﬂleh’ a

bendi ng | oad i s worked the deteriorate ayer orned
al ong the strdéveridPof(1dfh IPSedfomatlictlongdfe steattrerlddy dfheche

sem conduggor Maf; ' I\ ded qi L. odi, Vi sem conduct or _chi 100
al ong the detéerilg{oﬁf%%ygiﬁ\ﬂf%cggi%?eﬁ%%’ ﬁﬁ%ﬁga mllcso,n cgcosli P'@gt% ?él
After the divildi dgvsdeg intedndieodduatl asniescdidedr cilimee] 00hel qpreesiieng

T s RSP A 1l 00 WeRge S P, o Dy,
coll et 90 positionedfdlegvéhet ke vaxiiegnalebodee cappliedabenadedeserdbea
pr ot ect | ve. adRSe e PREE T SNE RERPS o T o 14-Brag 19 Eheim v Tt SBRBan. n
this occabkboniruFtgaviblel bhadhat Loftisgamniedhat is not shown. Then,
as shown in Fig. 10, a chip pick-up collet 90 positioned above
the external force application device 9 is 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 1is carried out after the semiconductor wafer 10 having the
deteriorated layer 10c (10d, 10e) exposed to 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,
thestreets10l. Thereafter, thesemiconductorwafer 10which

has been divided into individual semiconductor chips 100 may

35 be put on the protective adhesive tape 13 affixed to the support




to £ he protective adhesive tape 13 to reduce its adhesive strength,
thereby naking it easy to disengage the sem conductor chips 20. In the
illustrated enbodi nent, the above dividing step 25 is carried out after
t he sem conductor wafer 10 having the deti@riorated |ayer 10c (10d, 10e)
exposed to the first surface 10a in the deteriorated | ayer exposing step

is put on the ive esive tape 13. However, external force maybe
exerted on thefl%rént?(_{‘e?fl:%)ree/lcf ﬁt{]%%,eec\rf YOO RECHTE $iYht after 30 the
deteriorated | ayer eéwpasisug isteep dbvwar,den tthedimdtdRnd ke EeiGoRdyct or

waf er 10 int odéer}r%ifvilgdjalt srem' gonduct or ,chié)os 100 al ong the deteriorated

| ayer 10c (104, TO&R Y HA1" V8L or AR oI iDg 10 £be Prasareaipeentior, after
sen conduct or avdkserifeahiichaphbsebaenadivided 1 i wmghvitﬁjé@bnverging

sem conductor chips 1%% ernR/ 3 Ee ‘BUt on the protective adhesive tape~“13 af
f ixed to The FUpport “1§ %FE“- gopshsriddedds bt epe spdelefphe nep-magal

descri bed abowmbstirathe teethiat of divddigiataq i%@e@%ﬂﬁgbffghgféﬁgﬁ%gﬁgr di ng

to the present .invention, after  a |aser beamis applie i nes
with its converdi§ly 8 f&ientiei dené i idiedaorramteie sibssragen f sbe $idetof

the non-netal susubstd atrethe HoRohardet ;ﬁ@’b@ﬁ?&@g iﬁggez;mﬁ@rt% L o%‘e"'gﬁieng

lines in the inside of the non-nmetal substrate, t Irs surface t he
non- et al subSiEt@E @ tabladero ckiposefere, tdet nohematal dubsratihenaf or e,

the non- nepal peubstvialed GAbng Glle dliocled, aana the i i ng 1 nes
surtac

snmoot hly. Further, since the Tirst I'S’SO groun Sto |leave a
predet er mi ned t hi ckAEs&her  nsiacehshel first surfecef iisi shedrotthe meeyenness

of a circuit sygkAs ladf t-hg second surf ace is nat trans f
erred to the first su??a(_ecee 1{3 o?‘etoﬁer{hﬁ%ﬁ(-nr?%tsalorsﬁﬁﬁer éf&?narjr& Héhce, the
first surfaceTigroyotiimidilest, ethe Therehoess otfteec toowet gush 420151 fotmbhe
| aser beam cap pg

fromthe first sur?;ggeéog{%%ﬁggghgls%sggg ?%I?%g%gé{g%%&%st}gﬁo Isptotﬁlqggalcgy e
uni form y13 n rHetbecond-Berbacsubonsequend Iyence, 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—metalsubstratetx:afinalthickness,thedeteriorated

layer is exposed to the first surface uniformly,



20 when the first surface is ground to nmake the thickness of the non-netal
substrate to a final thickness, the deteriorated |ayer is exposed to the
first surface uniformy. 19 Wat is clainmed is: 1. A nmethod of dividing a
non-netal substrate having a first surfaté and a second surface forned
parallel to the first surface, conprising: 5 a deteriorated |layer formng
step for fornmgpg.a isdg:tlearii Oercf‘tiesd- | ayer in the inside of the non-netal
substrate al ong divi ngn}l hes by applying a | aser beam capabl e of passing

through the ndn-net al metbstr atfe diwidiegnennept-ak taubsibateatkr aakthg &irst
surface side w.th.it nver.qgi point on the 10 inside thereof; and a
deteri orat ed wzi'fésrt gilﬁgf%cﬁ'g a%[cg% PEF OB FUTHG Cehd O THECe PRgRal &4 8y ERet o
the first surffdostsiste faregr idthgig digy: first surface of the non-netal
substrate gavi ng the gg%er'i_orat ed lLayer formed therein. is 2. The nethod of
di vi di ng a”non- net af SEITEE taC dadieRg TorBidaisthep, fwfeformitige a

deteriorated ldaterifottierylsier i8 tidih8dco8t Bye @ﬁnu%lét%q l'snsseeg%srgi ng
point of the | aser . beam such that the deteriorated |layer 1s exposed to the

second 20 suff&0d BFVIHehbADRE PN ARRIBLNGE aSer bRag qanalo of Pdssiting a
non- net al SUb_Ethﬁ_'@)h%ha%ﬁQrﬂbﬂgmeﬁﬁlcéﬂaﬁﬂa‘%w edHébtnIEB‘?x-— 8h! gpﬁgggalcgyer

formng step is carried out a plurality of tinmes by shitting e

conver gi ng 2SIFemEnsfiimes |sageﬁ%c@amﬂguepw sd& s nonkerghhgkresst dirr bei on

of the nomp metigls Siebsthealed .0 Sy ma plurality of deteriorated layers in
the thickness direction of the non-netal substrate. 4. The nmet hod of

di vidi ng a non-net ak debstriaretadcdrgemgexBOstingckakm forwbkphstagpthees a
di vi di ng st epdfec%rér(_{io\ga@ielaglggg - et b%{ te al.qng_the .diwvidi | i nes
by exerting external force nr?tgetglle:et g#lr(g)?a efﬁca%/g?ggg?%rgrtlﬁ’gmg tHle
deteriorated Ifayeit expdsiosg ot éifie 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.

q, The method of dividing a non-metal substrate according
30 toclaim l, 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.

The method of dividing a non-metal substrate according



35 S. The nethod of dividing a non-nmetal substrate according 20 to claim1,
whi ch conprises a mrror-finishing step for mrror-finishing the first
*surface of the non-netal substrate before the deteriorated |ayer exposing
step. 5 6. The nethod of dividing a non-n&tal substrate according to claim
5, wherein the mrror-finishing step is to grind the non-netal substrate

so as to |eavet@ p1gdet ernjnedy E&h0§59§§§ ?omg"tf)%‘?ﬁ] %Qnimgﬂgngﬁgoggﬂ ace

di viding a non- et al substrate accordin
to be mirror- fRhFEMed 1mishing therfire=44 ﬂusﬁaﬁg ot €iPe hEnSALthY DB rhte

suface, | uongse.{Rayue saeci ot i)l 3 BOSOL of 0. 05 pm or 1 ess. 1o s

The net hod of dividing a non- Ro claim7, wherein
the surface to be mrror- flnlshed in the mrror-finishing step is set to

have a surgaceg roughnes iied by JI'S B0601 of 0.02 mor |ess. 20
9. The metRod of dl\r;fl'h ﬁségaﬁochfs Fil§€b%¥’r°5t“§‘e§ééo$‘él?%5ra¥% adcgnding

wherei n the nore metaim sybsthetein Strae eI 16aNIGTIQMh 1 iR fe@lep & PIHY %}r‘ﬂrﬂ(ﬂ of
attice formon the secon surface and a

d|V|d|ngI|ne eformed_JL ﬂéé
circuit is ol 1L of IH 2§22 DT AreRAVS et tRIRRRE Py ined
plurality of sthiestrses2%r 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 liess.

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 B0O601 of 0.02 pm 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.




