27 SEPT 2006 - 1 Title of the Invention Sem conductor Wafer Divi dinGpt 2006
Met hod Utilizing Laser Beam5 Field of the Invention This invention rel ates
to a method for dividing a sem conductor wafer along a street by use of a

| aser beam the sem conductor wafer being conposed of a sem conduct or
substrate on whose face a plurality of rectangular regions 10 are denarcated
by a plurality of the streets arranged in a lattice pattern, and a circuit
is formed in each of the rectangul ar rédgi-ons. Description of the Prior Art
15 In the production of a sem conductor device, as is well known, the face
of a sem cdhidulct ovf waierIroaposen of a .sem conductor substrate, which can
be formed from silicaon, .is _partitioned into a ral i of .rectangul ar
regions by a plur ?FfﬁoggugFggehé%gfr h&églFﬁ gg%ﬁpgi@%Xéézdgﬁtépﬁ%rand a
circuit is Heamred in each of the rectangular regions. Then, the

sem conductor wafer is divided along the streets to forma plurality of

sem conduct or devices. In recent tines, various nethods wutilizing a |aser
beam hage beasn proposed fovedtvbdi ng the 25 sem conductor wafer along the
streets. US. Patent 5,826, /72 discloses a dividing nethod .in which a | aser
beamis applied frbhtt ABVERESCE| d&lafe] tﬁa?eme§38% &8Ta dehddardact or

substrate, ang focsetoPuatbe fas8y grs&fe%eﬁ/n@%nﬁga,oﬁfatmgs@@f s&iamand the

wafer and 30 the |aser beamare relatively noved along a division [ine. By

this actionthe heevatendaFtebrwaher v Erd i SoTRPted ahey senbAgnenetdrvi sion
line to forma;grooyve,al gngsthescdiyi mpairi?g OF w@t;ﬁgs‘lg& Eag-ons

sem conduct or substr at e. T en, an externa rce 1s exerte on he wafer to
break 10 are demarcated by a plurality of the streets arranged in a

lattice pattern, and a circuit is formed in each of the

rectangular regions.

Description of the Prior Art

15 In the producticn of a semiconducteor device, as is
well known, the face of a semiconductor wafer composed of
a semiconductor substrate, which can be formed from
silicon, is partitioned into a plurality of rectangular
regions by a plurality of streets arranged in a lattice
20 pattern, and a circuit 1is formed in each of the
rectangular regions. Then, the semiconductor wafer is
divided along the streets to form a plurality of
¢ semiconductor devices. In recent times, various methods
| utilizing a laser beam have been proposed for dividing the
25 semiconductor wafer along the streets.
U.5. Patent 5,826,772 discloses a dividing method
in which a laser beam is applied from the face side of a
wafer such as a semiconductor substrate, and focused on
the face, or its vicinity, cf the wafer, and the wafer and
30 the lasexr beam are relatively moved along a division line.
By this action, the material for the wafer is melted away
along the division line to form a groove along the
division line on the face ¢f the semiconductor substrate.
Then, an external force is exerted on the wafer to break

35 the wafer along the groove.



35 the wafer along the groove. 27 SEPT 2006 2 U.S. Patent 6’211’4§¥sfHF£mm
Japanese Patent Application Laid-Open No. 2001-277163 each discl osé a

di vi di ng met hod whi ch conprises applying a | aser beamfrom the face side or
back side of a wafer such as a 5 sem conductor substrate, focusing the |aser
beamonto an internediate portion in the thickness direction of the wafer,
relatively noving the wafer and the | aser beam along a division |ine,

t hereby generating an affected or deterd oration zone (i.e. a crack zone, or
a nelting and 10 resolidification zone), which extends along the division
line, in the intePnBdi &a&epor ©i, @A li, d8BhentihiJeknesse dartecttd on of the wafer,

and then exgrting an externa force h r to break,the wafer along

t he deteri%?%&%%ﬁFﬁ%%e.a %a#%%nng?hogggisg?ﬁgég ?ﬁcPh8158$93?n§ntioned u. S
Pat ent 5, 8261 v72ingvhest apgl vetchncdhprtlbag sbelyseqi eohdyetrobenal €roal ong
the street,_ may cause.éhe nate%ialdnel%ed am% on tEe surface of the street
(so- cal | ed™¥ebf?Sy Tt 8caFtRPCOvRIIEhe racta %EI%PC eGPofls, 20 thereby

cont ani at | §gmiben@ht €ttt subst FRbe] hebeusigrtheulasky bBagasata mwtal film
(so-called teg filnm or a lowdielectric constant insulating film
(so-cal | ed FoheXnedidhy POFtieRt fAgtifr Lt Ekepar ael ERFELPEs Ofs ther med on the

street, thewgﬁéﬁ,ri@éw@w@ﬁyamgvmgoyﬁe k8B ORRY LhKeh¥se2opk@mcont am nate
the circuits. The nethods disclosed in the U S. Patent 6,211,488 and

Japanese PatbpRdMppiitasion Land. CpeArRbY 200er2v¥¥ne3an whércassl ved in

or obl et | n R v Erri £y o7 20 Lha" A0 And/ o7t he Back WACA " Giad [ 1 t he

thi cknéds desetidbhioftibe zentteonddécdrenateds bienkagbeddéyimorn

( line, in the intermediate porticn in the thickness
direction of the wafer, and then exerting an external
force on the wafer to break the wafer along the
deterioration zone.

15 The method disclosed in the above-mentioned U.S.
Patent 5,826,772, when applied in dividing the
semiconducteor wafer along the street, may cause the
material melted away on the surface of the street (so-
called debris) to scatter over the rectangular regions,

20 thereby contaminating the circuits formed there.
Particularly in case a metal film {so-called teg film) or
a low dielectric ceonstant insulating f£film (sc-called low-k

{ film) for testing circuit characteristics is formed on the
street, the material melted and removed is highly likely

25 to contaminate the circuits.

The methods disclesed in the U.S. Patent 6,211,488
and Japanese Patent Application Laid-Open No. 2001-277163,
when applied in dividing the semicondﬁctor wafer along the
street, have the following problem: In the vicinity of

30 the face and/or the back when viewed in the thickness
direction of the semiconductor wafer, brezkage does not
proceed sufficiently precisely along the street, and this
tends to cause chipping to the rectangular region divided

from the wafer. Particularly if the semiconductor

35 substrate is formed from a single crystal of silicon, and



proceed sufficiently precisely along the street, and this tends to.ﬁﬁ#ﬁ
chipping to the rectangular region divided fromthe wafer. Particularly |

t he sem conductor 35 substrate is forned froma single crystal of silicon,
and 27 SEPT 2006 3 its face is in a crystal plane in the <100>-direction,
a crystal plane in the <111>-direction, which has high cleavage
properties, is present in directions at an angle of 56 degrees to crystal
orientations defined by a (010) 5 planme3and a (001)-plane as cutting planes.
Thus, there is a strong tendency toward chi pping due to breakage

proceedi ng iits theecalikecitn on @tysthel anglree ofn Sthelegt @@s-dbrethéonut &i ng

pl anes. y of t \ prij.nei o] t e present

i nventi on i s%li{go@glprpglvall dg]e laIJl Eeg\?é;l& nfi%#%@%‘ﬁﬁknbt%gg%\hﬁ%: H d| vide a

sem conductdreanedfer mufdeci batl yiprecesety Emomgracsioeetatbynuaagmé a | aser
beam while avoi di ng or suppressi t he tam nation ircuits
fornmed in oré::%éancb%ﬁ%‘?esl‘e ?ocﬁ]%y%%a# (g S a’%@?%ﬁ%ﬁﬁ?%‘%ﬁ%c?o#%ﬁf and
Wi t hout scausidie cmcpm NEOO D) 4hkamecd angut Bing egi anes on THE, faeese aiLd so on.
We, the inventors, conducted in-depth studies and 20 experinments and, to
our surpri <&, ¥R ‘i FIOFY oW Hr I f AP 100 | Hier EHRRTR 52EBpl i ed from

besi de one gpﬁoéé@jnﬂgcﬁaﬂ%t&@ré@@ﬁo@fa@ @k@éﬂé?@?ﬂélcéﬁrwuéé@;iéég tgnd is
focused onto the other of the back and face of t sem conduct or substrate,
or its vicitieyCubylsd RLFRYS- at 25 | east a zone ranging fromthe other of
the back and the face of the sem conductor substrate to a predeterm ned
depth is deterlorated partlally ~whereby the above- nentioned principal

obj ect l8an Hanres 0 the present invention, as a nethod for

A principal object of the present invention is to

(
provide a novel and improved method which can divide a

semiconductor wafer sufficiently precisely along a street
by use cof a laser beam, while fully avoiding or
15 suppressing the contamination of circuits formed in
rectangular regions on the face of the semiconductor water,
and without causing chipping tc the rectangular regions on
the face, and sc on.
We, the inventors, conducted in-depth studies and
20 experiments and, to our surprise, found the following
facts: A laser beam is applied from beside one of the
back and the face of a semiconductor substrate, and is
i focused onto the other of the back and face of the
semiconductor substrate, or its vicinity. By so doing, at
25 least a zone ranging from the other of the back and the
face of the semiconductor substrate to a predetermined
depth is deteriorated partially, whereby the above-
mentioned principal object can be attained.
According to the present invention, as a method for
30 attaining the above-described principal obiect, there is
provided a dividing method for dividing a semiconductor
wafer along a street, the semiconductor wafer being
composed of a semiconductor substrate on whose face a
plurality of rectangular regions are demarcated by a

35 plurality of the streets arranged in a lattice pattern,



30 attaining the above-described principal object, there is providg? é?szm
dividing nethod for dividing a sem conductor wafer along a street, i

sem conduct or wafer being conposed of a sem conductor substrate on whose
face a plurality of rectangul ar regions are demarcated by a 35 plurality of
the streets arranged in a lattice pattern, 27 SEPT 2006 - 4 and a circuit
is formed in each of the rectangul ar regions, the dividing nmethod
conprising: applying a | aser beam from blesi de one of the back and the face
of the sem conductor substrate and focusing 5 the |aser beamonto the other
of the backmamdatMEréwre b5 fhemsénivondobt of shbstreatengorlart segicins,ty, to

partially deteri atg a | east ghzgne ranglng fromthe other of the back
and the face of t h1&8688cﬁ8 SibsPrREE S84 predet ermi ned depth; 10

rel atively movi ngappeysegi aondyerobesmbstroat Begide bhe lEsamdermial ong the
street; and exerting an external force on the sem conductor . substrate to

break the s¥f coMiucic? ShbEEFafEPLFORGUERRr SEPekFatesapg £REUSARLconduct or

substratse isnhd or aBgr f5@am @htbcene bbeedeberipeabhoR HBY beesubgkapidi al |y
melting and resolidification. i s advant ageous for the dividing__nethod

to include H?%pﬁ%ﬁ&?@P@%@t?BcﬁggﬂtgﬁB?ro?rth s| seinip¥antPnPeréianildkness

direction Oéew@lé@atgogguyéggtw@f %nzoraﬁ ingrease the bhhekngsscpl the
deterioration zone. |If he thi ckness of %e Sem conduct or substrate is

assuned to baekTandtithe 6@@@e@feﬁh@osa@%@@ﬂ@u@t@ra5§bﬁ§raaﬁg¢ﬁgafron1 t he

other of th Lheykacg.of the sem conductor substrate to a depth
within the 5%%%%%?H??on10.§0$'to 25 0.50T, and also deteriorate a zone

rangi ng @ rom t he oréadfvetllye rigadkdandiet senfigoncofc tidre sedr tomicuctrat

SﬂbStrate 'fh& laser beam along the street; and

exerting an external force on the semiconductor
substrate to break the semiconductor substrate along the
street.

15 If the semiconducteor substrate is formed from
silicon, the detericration may be substantially melting
and resolidification. It is advantageous for the dividing
method to include displacing the fccused spot of the laser
beam in the thickness direction of the semiconductocr wafer

20 to increase the thickness of the deterioration zone. If
the thickness cof the semiconductor substrate is assumed to
be T, it is preferred to deteriorate a zone ranging from

i the other of the back and the face of the semiconductor
substrate to a depth within the range of from 0.20T to

25 0.50T, and also deteriocrate a zone ranging from the one of
the back and the face of the semiconductor substrate to a
depth within the range cf from 0.20T to 0.50T. It is alsc
pcssible to deteriorate the whole, in the thickness
direction, of the semiconductor substrate. If the laser

30 beam is applied from the back side of the semiconductor
substrate and focused on the face of the semiconductor
substrate or its vicinity, it is preferred that a
protective tape formed from a plastic f£film be stuck to the
face of the semiconductor substrate, and that the back of

35 the semiconductor substrate be a mirror surface having a



depth within the range of fromO0.20T to 0.50T. It is also possible {iﬁPszm
deteriorate the whole, in the thickness direction, of the seni condud
substrate. If the laser 30 beamis applied fromthe back side of the

sem conductor substrate and focused on the face of the sem conductor
substrate or its vicinity, it is preferred that a protective tape forned
froma plastic filmbe stuck to the face of the sem conductor substrate,
and that the back of 35 the sem conduct®r-substrate be a mrror surface
having a 27 SEPT 2006 - 5 surface roughness Ra, as defined by JI'S B0601,

of 0.05 pm sorfhessrolifhackanRaat ed HelfimedhbghJIs eoeber, ametals yw I mor a
| ow di el ectric.const insulating, fil is . disposed jn at | east the street
regi on on tRe %gga'o?fﬁﬁ% B %%%d%%ﬁ%? @hﬁéﬁr ?e?l?%%rlanwﬁg?id filmmay
al so be detelimovatedlatr Headtcpaiti abhythytt hashaserinhedmlim,Prief erably, the
| aser beami,s a pul.se | aser be aving a, wavelength of 800 to 1,500 nm 10
Bri ef Descrpb§P8E88flPhQ%Diﬁﬁﬁﬁg%RPIéF%ferrﬁngPs%ECF£§eﬁﬁ9§wcgﬁ g a
typi cal s exgaphiecafiuatsensapsducter wakelahdnheedi ¥iidedmiy theo mt hod of

the present invention. FIG 2 is an enlarged partial view showi ng the face
15 of the sBfFeshAGEEEH G&f eP3SF Pﬁ@ﬁlﬁ;lgléy 8hpes lasechbf@m-c secti onal

vi ew show ngrbherapge eheaPRkkiNgeam 856 BEABEL! 928 TCHLGANHIGLQy SUbstrate
in a preferred enbodi mrent of the nmethod of the present invention.” 20 FIG 4
i s a schemavp¥esepgfronal $L8WEShdwPR§ PRe npde of FIG 1 by a section al ong
a street. FIG 5 is a schematic sectional view, simlar to FIG 4, show ng

t he node of generating deterioration zones (nelting/resolidification zones)
super pos®ed BmiefieDescription of the Drawings

[ FIG. 1 is a perspective view showing a typical
example of a semiconductor wafer to be divided by the
method of the present invention.

FIG. 2 is an enlarged partial view showing the face

15 of the semiconductor wafer of FIG. 1.

FIG. 3 is a schematic sectional view showing the
mode of applying a laser beam to a semiconductor substrate
in a preferred embodiment of the method of the present
invention.

20 FIG. 4 is a schematic sectional view showing the
mode of FIG. 1 by a secticn along a street.

FIG. 5 is a schematic sectional view, similar to
FIG. 4, showing the mode of generating deterioration zones
(melting/resolidification zones) superposed in the

25 thickness direction of the semiconductor substrate.

FIG. 6 is a schematic sectional view showing a
state in which the deterioration zone
(melting/resolidification zone) is generated throughout
the thickness of the semiconductor substrate.

30 FIG. 7 is a schematic sectional view showing a
state in which the deterioration zone
(melting/resolidification zone) is generated on each of
the face side and the back side of the semiconductor
substrate.

35



25 thickness direction of the sem conductor substrate. FIG 6 IS a7sEPT2006
schematic sectional view showing a state in which the deterioration zone
(melting/resolidification zone) is generated throughout the thickness of

t he sem conductor substrate. 30 FIG 7 is a schematic sectional view show ng
a state in which the deterioration zone (nelting/resolidification zone) is
generated on each of the face side and the back side of the sem conductor
substrate. 35 27 SEPT 2006 6 Detailed description of the Preferred

Enbodi ments Preferred enbodi nents of the present invention will now be
descri bed imetga&f}aé@rndetﬁhbtbgnrefethecméﬁethed ambantmanyﬂtmg drawi ngs. 5
FIG 1 shows a typic np nduct or 0 be divjded by
The et hod of "t helhReestes RIBREFBRNTSTRE S0 EORARToL VRO L6l y

indi cated afowr PUNBEStrZbedi $ncgppased aétainepyl yedesknshaped taen conduct or
substrate 4 forned fromsilicon. In the sem conductor 10 substrate 4, a
strai ght ed@%c%mP@%HéPglﬁyaEéPgéd an orientation flat, is formed. On the
face 8 of the semireONduGHRKvsSUPILHALR 14 ex@mR1W 1 ty ﬁmf@&ﬂ&i@w@r

regions 12 are demarcated by a plurality of Sstreets 10 arranged in a
lattice patVefar Eﬁcheoﬁlﬁﬁée§tg§e$§91@e$90€xﬁﬁhdgmbéﬁﬁﬂQﬂtt%ﬁYﬁntlon

per pendi cul gpqt geﬁheoﬁaﬁegaat wgcéa% @nﬂ\%fﬂyr eheienged %f'&n&n@}ﬂngz Wi th
FIG 1, a circult i sposed in eac t he rectangu regions 12 (in
FIG 1, thelei coupesed P shoemrild diskmphibrddsemigenpuctdetal filns 16,

Wl oh Are oSl ake8 GNEbRaLarkabhos 1 eska20 oL Lhe chucubhatdcand may e of
a square or rectan al ar élsposed at Surtab ervals on the
street 1M. substrate 4, a stralght edge 6, generally called an

orientation flat, is formed. On the face 8 of the
semiconductor substrate 4, a plurality of rectangular
regions 12 are demarcated by a plurality of streets 10
arranged in a lattice pattern. Each of the streets 10
15 extends parallel to or perpendicular to the straight edge
6. With reference to FIG. 2 along with FIG. 1, a circuit
14 is disposed in each of the rectangular regions 12 (in
FIG. 1, the circuit 14 is shown in a simplified manner).
Metal films 16, which are used fcr a characteristics test
20 of the circuit 14 and may be of a square or rectangular
shape, are disposed at suitable intervals on the street 10.
The metal film 16 is generally called a teg (test elements
. group) film. A low dielectric constant insulating film,
called a low-k film, is often disposed on the face 8 of
25 the semiconductor substrate 4 for the purpose of, for
example, improving the processing capacity of the circuit,
although such a film is not shown.
The method of the present invention relates to
dividing the above-deszscribed semiconductor wafer 2 along
30 the street 10 by utilizing a laser beam. FIG. 3
schematically shows the mode of applying a laser beam 18
to the semiconductor substrate 4. In the illustrated
embodiment, the semiconductor substrate 4 is placed
invertedly, i.e. facedown. That is, the face 8, where the

35 circuits 14 are formed, is pointed downward, while a back



The netal film16 is generally called a teg (test elements group) , ?Ekﬂizﬁ%
| ow dielectric constant insulating film <called a lowk film is often

di sposed on the face 8 of 25 the sem conductor substrate 4 for the purpose
of, for exanple, inproving the processing capacity of the circuit,

al t hough such a filmis not shown. The nethod of the present invention
relates to dividing the above-descri bed sem conductor wafer 2 along 30 the
street 10 by utilizing a | aser beam HG 3 schematically shows the node of
applying a |l aser beam 18 to the sem conductor substrate 4. In the

il ustrated20efbodoiehed theasdn chdivhictayesudhsyy ate dhosnpbaced

invertedly, ,i.e. facedown.. That t he ce_.8, where the 35 circ |ts 14 are
formed. 15 AorfteadRE SR RaF RS Lot 8o a BabRCyy S SEATC3606C 1V 2 S ol nt ed
upwar d. Advaptageofsby, aaSuih@MebplastdQUlﬁh@mtht:ﬁda@shal mdliyeehiyl enleG 3, a

protective tape 21, fo d fro uitable _plastic filmsuch as a
pol yet hyl en&L 17 | i F§u§ ERtBng% éCPag o8 &t FEMLERFONESL or 5

substrate 4suhgteatBescivhewrit shédcarevfiesned. sFhe rhasey. beam 18sk¢ applied
from besi de the back 20 of the sem conductor substrate 4, nanely, from

above in Flkeal 187és,9BPdiept f568sPEFedet hBe PREFUIPEr Ofefitécti on of t he

| aser beam 18nf FeAKLPERAGKHER rQk ot BE %%Eb@?nd¥%b%fa%%v%ﬂg§$@@kﬁ 4, the back
20 of the sem conductor substrate 4 is pre er abl y polished to a mirror

surface havifagaycigur ﬂéc@oﬁéééﬁﬁeséihﬁalré@@@éﬁﬁné@fﬁﬁcillgm@@ofheof 0.05 pm
or |ess. 'tlhéek”%é}na% ot Rl %%grk ?gag‘glﬁh@s ‘?nl c%\%}]%yteorm passing

t hrough the sem conductor substrate rticula en the
sem conduct substibsteatie Zhiesbiokmed Oﬁr@hﬁsﬁEmc@@ndumidnﬂaﬂbdﬂﬁﬂheu§is

pref erably %sp%%ieraﬁﬁgr R8qmAaviAg am‘ﬁ’%‘f%'re%%gfa%fe %ngrfitn% 1,500 nm

especially, aser peam havin el"engt
surface roughness Ra, as deflned by JIS B0601, of 0.05 um

or less. It is important for the laser beam 18 to be
capable of passing through the semiconductor substrate 4.

15 Particularly when the semiconductor substrate 4 is formed
from silicon, the laser beam 18 is preferably a pulse
laser beam having a wavelength of 800 to 1,500 nm,
especially, a YV04 pulse laser beam having a wavelength of
1,064 nm, or a YAG pulse laser beam similarly having a

20 wavelength of 1,064 nm.

With reference to FIC. 4 along with FIG. 3, the
laser beam 18 applied from the back 20 of the
semiconductor substrate 4 via a suitable optical system
(not shown) 1s focused onto the face 8 of the

25 semiconductor substrate 4 cor its vicinity, for example,
ontc a site on the face 8 of the semiconductor substrate 4,
or ocnto a position within the range of +10 um to ~10 um
from the face 8 when measured inwardly in the thickness
direction (i.e. upwardly in FIG. 2). In this case, a zone

30 ranging from the face 8 to a predetermined depth D1 in the
semiconductor substrate 4 is deteriorated. If the
semiconductor substrate 4 is formed from silicon, the
deterioration is substantially melting. The peak power
density of the pulse laser beam 18 at its focused spot 22

35 depends on the material for the semiconductcocr substrate 4,



1,064 rim or a YAG pul se laser beamsimlarly having a 20 mavelengh@Eggzmm
1,064 nm Wth reference to FIG 4 along with FIG 3, the |aser beam
applied fromthe back 20 of the sem conductor substrate 4 via a suitable
optical system (not shown) is focused onto the face 6 of the 25

sem conductor substrate 4 or its vicinity, for exanple, onto a site on the
face 6 of the sem conductor substrate 4, or onto a position within the
range of +10 mto -10 pm fromthe face 8 when neasured inwardly in the

t hi ckness direction (i.e. upwardly in FIG 3). In this case, a zone 30

rangi ng froputhgehaea18yvtoia peedeceemiraadtdapt RnBl pedld RoweteaaNdUet or
substrate 4 is deteriorafed. |f the sem conductor substrate 4 is forned
fromsilicoas &KHe0 dBt@ri-or ¥hrBnthe seBEARENGLPY subeitagteTHe aschithsover

density of thgepubseml asenrbeamni8iatiivt mokegusedngPehe?2t32depands on the
material for the sem conductor substrate 4, 27 SEPT 2006 - 8 but

general |y, thej gopeefargd@dt haem fdepéakepdnér ddssidepth Pleiodh® cne. When

the sem<Londugl abnaubebialendtaatet e ; 5l 33aHuReam L3 8 Jreliald el y moved
along the street 10, the zone ranging fromthe face 8 to the depth D of

the 5 seni cengactencsubdithattdes ried agigguaiovgngaiter i 6€atkd in accordance
wth the re I: |f sem t tars 4 i,s formed from
i E?@l\égm \é%%?rn%ublsttergx}%n g g1 ?E%I'}gl:éﬁ ?g_o?q“ %itlﬁacto%,. 1%9 iP

silicon, i radual Ty me resol ere’is the neta
film 16 (or grevudilélyectedited anst amtsoflilldyf ididsposEdtbarehésl10hst medn 110, it

2, DS et A9 U gy BSOSl LAS AR P L e
portion®n theekli dkness disr gotafmrreet e ergtesd, tald kaugh datiiond sohot
necessari |y dhgdyired. Lt SemaNIGone T SIS 1A o ok A the aser
dielectric constant film) will also have at least a
portion in the thickness direction detericrated, although
this is not necessarily required. If the semiconductor
15 substrate 4 and the laser beam 18 are relatively moved
over the entire length of a particular street 10, a
deterioration zone 24 extends substantially continuously
along such a particular street 10, or a multiplicity of
the deterioration zones 24 are present with some spacing
20 along the particular street 10.

According to our experience, when the laser beam 18
is applied from beside the face 8 of the semiconductor
substrate 4 and focused on the face 8 of the semiconductor
subsatrate 4 or its vicinity, the material for the

25 semiconductor substrate 4 is melted away on the face 8 of
the semiconductor substrate 4. Thus, so-called debris
tends to be produced, contaminating the circuits 14 formed
in the rectangular regions 12 on the face 8 of the
semiconductor substrate 4. When the laser beam 18 is

3¢ applied from beside the back 20 of the semiconductor
substrate 4 and focused on the face 8 cof the semiconductor
substrate 4 or its wvicinity, on the other hand, removal of
the material is markedly suppressed, and the occurrence of
debris, if any, is slight. The material is melted, and

35 then resolidified. The reason for such phenomena is not



over the entire length of a particular street 10, a deterioration ,2QRpr Zfhs
extends substantially continuously along such a particular street 10, or a
multiplicity of the deterioration zones 24 are present with sonme spaci ng 20
along the particular street 10. According to our experience, when the |aser
beam 18 is applied frombeside the face 8 of the sem conductor substrate 4
and focused on the face 8 of the sem conductor substrate 4 or its vicinity,
the material for the 25 sem conductor substrate 4 is nelted away on the face
8 of the sem conductor substrate 4. Thus, so-called debris tends to be
produced, coataseaalimgciherci boui Wwe $pefodmtd aisn fold omect aWgehatheegi ons

12 on the face f.th m t ubstrate. 4. the er beam 18
is 30 appligas?goﬁsgés?geighggggg%82gE8% E%gagénFégnﬁgggbﬁpcgibs‘%ate 4 and
focused on sbritandu8tot shesiepiteodduvatiofocsskslt wat ehd diadd £ wfcitlidy, on

t he ot her handi reanv%l of t%e nat%rial.ks mar kedl y s ressed d the
occurrence SFRLGEBAPSEOFT SHRY SRS S Rt 1 S Fhd 1 Malei¥al ¢ RS Ofand 35
then resplidhti edseTheea@asan ikodisteh vplegoRAwarsl Mo ARERFE RO - 9
necessarily clear, but we speculate as follows: Wen th | aser beam 18 is

appl i ed froRTthESEIESPAECRUETEToF ﬁ@ra§§nﬁcon@B%Pth§u§§F?§tQeémaﬁﬁ f ocused

on the face;8 QEptlE".%d FIC QRAUGHO nEURSIALe 4 OtHd Satliddidustdhe power
of 5 the |laser beam 18 is distributed outward fromthe face 8 of the

seni conduct 6¥P§EESrFatle 383 iREH SRk Padde Bagm £8 o SR IFTBIRBESI de
the back 20.0hsthersem endua! ofi ci3URSLT 8L Andnd frocused on.dihe £ age 8 of

t he senicon&uctor substrate 4 or its'vicinity, by contrast, the power of
the 10 l@seraseambeam 4 8dilst CdisHrdduitpdadamp riddominedn e et 8 thle

§eniconductgﬁesggﬁﬁ%%5%_%toﬁss%ﬂg%yggg,4[heASdgtggg9ﬁ§tiggezone 24 devel ops
inwardly fromthe face 8. ’

deterioration zone 24 develops inwardly from the face 8.
If the protective tape 21 is stuck onto the face 8 of the
semiconductor substrate 4, scatter of debris, if any, 1is

15 physically limited to the vicinity of the focused spot by
the protective tape 21.

In the above-described manner, the deterioration

zone 24 extending continuously, or the detericration zones
24 present in large numbers at slight intervals, in the

20 region ranging from the face 8 to the depth D1 of the
semiconductor substrate 4 is or are generated throughout
the length of the particular street 10. In this case, the

( strength of the material is locally decreased in the

detericration zone 24. Thus, a weakened zone extends

25 substantially continuously, or may weakened zones exist at
slight intervals, along the particular street 10. In this
situation, an external force is exerted on the
semiconductor substrate 4 to generate tensile stress in
directicns indicated by arrows 26 in FIG. 3, for example.

30 By so doing, the semiconductor substrate 4 can be broken
along the particular street 10. However, to break the
semiconductor substrate 4 along the street 10 sufficiently
precisely and sufficiently easily, it is important to make
the thickness of the deterioration zone 24, i.e. the

35 dimension of the deterioration zone 24 in the thickness



If the protective tape 21 is stuck onto the face 8 of the sem condy&iPrf 2006
substrate 4, scatter of debris, if any, is 15 physically limted to the
vicinity of the focused spot by the protective tape 21. In the
above-descri bed manner, the deterioration zone 24 extending continuously,
or the deterioration zones 24 present in |large nunbers at slight intervals,
in the 20 region ranging fromthe face 8 to the depth DI of the

sem conductor substrate 4 is or are genémated throughout the Iength of the
particular street 10. In this case, the strength of the material is locally
decreased i ditrbetidet efi dhat senizondu24crThubstaaweakened ladnereext ends 25
substanti al cont i puousl or akened zopes, exi;st at _sli.ght

i nterval s, g%ﬁﬂa‘th Op%??¥%%?%rgﬁgr§§fc B n° hf@e g?%ﬁﬁ%?SﬁFlgﬁ ext er nal
force i s exephed2an theisseriredsdibler taubpblgt €hd tasgeneeaine ltensil e
stress in directions indicated arrgws 26 .in FI G for exanple. 30 By

. Y 3,
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street 19. Heweyer 1 ak@rbkeak ke sedl conguehor tadbabaat 814 gaherdtlipg street
10 sufficiently precisely and sufficiently easily, it is _inportant to make
t he t hi ckne§8eofiefRE 198RS ZOP6F ZOnEVPETPP3EC tifle 135 diMEHLIVIF of the

deterioratiQn rgaRe 24 olfh thite skhischnese ot EREL200% 4, WY oHyiged 1@ of the
sem conductor substrate 4, relatively large. To increase the thickness of
t he det eri olasiesnbeagnd 824 1 ghitwiag dpdediaddivisl &ot Ghap Flepidenduserr beam 18 a
plurality of, ti ile.dks Ci f S i Nt | aser
beam 18. FI a&gqg%g\?smt’hgl%dgh%f fgg#tg%gt iS%S)LlE '?%e% e{%élre?érag‘st%r?ézgg%egésm
super poked e inge loliatledesa i tdiardgt iadn tdfe thaees émicdoridhec tsamisubsiucitar 4, by
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deterioration zone 24-1 of the depth D1 alceng the street
10; then moving the laser keam 18 leftward relative to the
semiconductor substrate 4, with the focused spot 22 of the

15 laser beam 18 being displaced upward by a predetermined
distance (Dl), thereby generating a detericration zone 24-
2 of a depth D2 on the top ¢f the detericration zone 24-1;
and moving the laser beam 18 rightward relative to the
semiconductor substrate 4, with the focused spot 22 of the

20 laser beam 18 being further displaced upward by a
predetermined distance (D2), thereby generating a
deterioration zone 24-3 of a depth D3 on the top of the

| deterioration zone 24-2.
Qur experiments have confirmed that when the method

25 explained with reference to FIG. 5 is repeatedly performed
to generate the deterioration zone 24 thrcocughout the
thickness of the semiconductor substrate 4 as shown in FIG.
6, the semiconductor substrate 4 can be broken along the
street 10 sufficiently precisely and sufficiently easily.

30 To produce the deterioration zone 24 throughout the
thickness of the semiconducter substrate 4, however, it is
necessary to repeat the displacement of the focused spot
of the laser beam 18 and the movement of the laser beam 18
relative to the semiccnductor substrate 4 a multiplicity

35 of times, thus requiring a relatively long time. Our



10 being located initially at the face 8 of the sem conductor subgﬁggppﬂﬁﬁ
or its vicinity, thereby generating a deterioration zone 24-1 of the depth
D1 along the street 10; then noving the | aser beam 18 |eftward relative to
the sem conductor substrate 4, with the focused spot 22 of the 15 | aser
beam 18 being displaced upward by a predeterm ned distance (Dl), thereby
generating a deterioration zone 24- 2 of a depth D2 on the top of the
deterioration zone 24-1; and noving théll aser beam 18 rightward relative to
the sem conductor substrate 4, with the focused spot 22 of the 20 | aser
beam 18 bei expé¢nindetsdigpbasédoupwafdrbgdathpkedbesr @ ned ediistranden D2) ,

thereby generating_a .de i ;0n._.zgn - .a dept on_.the 4 op of
t he deterig?g%ig% %oﬁg éﬁﬁé?Egéé g%pgr?ﬁéétgaﬁé&ggcgﬁ ﬁrgéﬁ &ﬁg% ﬁ%en t he
met hod 25 egptaensdmivbhdueferenubstoaEEGE b5oi a tepeat €dry pexf erned to

te the deterjorati 24 throughout the_thick f.th
e conduct a7 CSHOGE FALBR4-GE0SRARR 11 RPCSTa6o% RE SertbonddA P Gubst rat o 4

can be Iy okenorl eng bhek sovreét the suhfiehantkyrpseeisselatcand tsufficiently
easily. 30 Tgegroduce t he getertoration zone 24 throughout the._  thickness of

the semi cond8Et8r VshbsBFafBONT ABWEVEr, 'rt tPE SRBAES GF SRSt atfe

di spl aceneny phntBe heeusedaspaly tok theckbdsen keanild «and  heJmwament of
the | aser beam 18 relative to the sem conductor substrate 4 a nultiplicity

35 of tinesanfhEdtFéqUrRthy &aFdlari Yélrponsnghei reedaio FPTBERN2006 - 11
exper| Ment SqBRKe 8kaeicANELhERd 4t hakpaRRug delerhaidlan Aong2e A lS

generated in a zone ranging fromthe face e sem conductor substrate

4 to a dept keDippndugtar gubetiretst don zbnehe4tBickngenerdt ein a zone

20000, SRk 20,00 LhE samiconduchy suPsid e sk tg 2 depth D
preferred that the depth ¢f the deterioraticn zone 24-A is
0.20T to 0.50T, and the depth of the deterioration zone
24-B is similarly 0.20T to 0.50T. Assume, on the other

15 hand, that in compliance with the disclosures of the
aforementicned U.S. Patent 6,211,488 and Japanese Patent
Application Laid-Open No. 2001-277163, the deterioration
zone 1s produced only in the intermediate portion, in the
thickness direction, of the semiconductor substrate; in

20 other words, the detericration zone is not exposed at the
face and back of the semiconductor substrate. In this
case, breakage dces not proceed sufficiently precisely
along the street in the vicinity of the face and/or the
back of the semiconductor substrate, with the result that

25 chipping tends to occur on the face and/or back, as stated
earlier.

In the above-described embodiment, the laser beam

18 is applied from beside the back 20 of the semiconductor
substrate 4, and focused on the face 8 of the

30 semiconductor substrate 4 cor its vicinity. Particularly
when the metal film 16, which reflects the laser beam 18,
is not formed on the street 10, the laser beam 18 can be
applied from beside the face 8 of the semiccnductor
substrate 4, and focused on the back of the semiconductor

35 substrate 4 or its vicinity.



4 can be broken along the street 10 sufficiently precisely and suffiﬁ%ﬁg%ky
easily, without the need to formthe deterioration zone 24 through&ﬂ?

t hi ckness of the 10 sem conductor substrate 4. If the thickness of the

sem conductor substrate 4 is assunmed to be T, it is preferred that the
depth of the deterioration zone 24-Ais 0.20T to 0.50T, and the depth of
the deterioration zone 24-Bis simlarly 0.20T to 0.50T. Assune, on the
other 15 hand, that in conpliance with the_di scl osures of the

aforenmentioned U. S. Patent 6,211,488 and Japanese Patent Application

Lai d-Open No. 2003277163 a4 1@ sdRlreriny &l ZAR drst iPdMEEd Ol y in the

internmediate portion, in the thickness direction, of the sem conductor
substrate; remperathve aveEblet Wéldeber deraribadzemdoWs not exposed at the
face and back of the sem conductor substrate. In this case, breakage does
not proceed sufficiently precisely along the street in the vicinity of the
face and/ orExhmplbadtk of the sem conductor substrate, with the result that

25 chi ppi ng tends t g _Qccur t he e /.or_ back s stated _.earlier. In
t he abogé-describgﬂﬁﬁﬂﬁ§|%é§%?gﬁf@§‘%%ggpﬁﬁéﬁﬁ¥E$9€§Eﬁﬁ)i%ﬁi?¢%ﬁ#beside
t he back 20iaf Fthe.seénmacdndueter prephseat eTHe dnhdmévenséndeanutrbhd face 8 of

the 30 sem conductqr substrate 4 or . its vicinity. Particularly when the
netal film £8°€ i%ﬁrrggﬁeéﬁ S R FQ?ePtﬁééﬁ%f edged Rt med on the

street 10, khaikasauchkeamsiBseantkewazppl iiedhbkomavesident)he drace t& of the
sem conductor substrate 4, and focused on the back of the sem conductor 35
substrate 4tbicknesg eiagi ©p0 ap.SEPTe2006fage roeghnesgakpl e§ het he present

inventipn apd g GOTRA AN FEAME Whilds 28 1desald bed Pehow. rExanpl e 1

‘ accordance with the mode illustrated in FIG. 5, a laser
{ beam was applied from beside the back of the semiconductor
substrate, the semiconductor substrate was moved along the
street, with the focused spot of the laser beam being
15 initially located on the face of the semiconductor
substrate. Then, the focused spot ¢f the laser beam was
raised upward by 50 um for each movement of the
semiconductor substrate, and the semiconductor substrate
was moved along the streeft a total of 10 times. In this
20 manner, a melted, resolidified zone was formed in 10
layers stacked sequentially. The laser beam used was as

follows:

Laser: YV04 pulse laser
25 Wavelength: 1064 nm
Spct diameter of focused spot: 1 um
Pulse width: 25 ns
Peak power density of focused spot: 1.5x10*° W/cm?
Pulse repetition frequency: 100 kHz

30 Feed speed of semiconductor substrate: 100 mm/s

Then, both sides of the street con the face of the
semiconductor substrate were supported by a pair of
bearers placed 7 mm apart, and a slender breaking member

35 having a semicircular front end with a radius of 0.03 mm



5 A seni conduct or mafer of a configuration as showmm in FIGS. 1 and_2 wa
prepared. The dianeter (neasured except for the site of the straléﬁ§E556@?
of the sem conductor substrate was 8 inches (20.34 nm, and its thickness
was 500 pun. The surface roughness Ra of the 10 back of the sem conductor
substrate was 0.05 pin. In accordance with the node illustrated in FIG 5, a
| aser beam was applied from besi de the back of the sem conduct or

substrate, the sem conductor substrate was_noved along the street, with the
focused spot of the |laser beambeing 15 initially located on the face of the

duct @ ofh f i |
seni conduc Qé b;g@%}éé Brom %ﬁe bhey 8%U§ﬁgt§§%ﬁc85dbg% ra%%bégﬁgﬁggfe and

rai sed upwar m f or each novenent sem conduct or
t he sem contlogtod subshtaté pweasinmpved ahengttbetsaﬁe@tnaﬂaﬁaﬂ lofmnl(Gs ti nes.

[ thi s 20 UBnaet. A el Led, peaglidified cone vas Lo TRl i A0, | avers

stacked seq aser ean1use Was ‘as | oWS: Ldser:” YVo4 pul se
| aser 25 vwnehengbhbréﬁéﬂ aEmSponddbamEteubetrhm@u&am shatervedqyurthdul se

wi dt h: ns Peak f focused s 1.5x1010 Wc Pul se
Fepet it on BPBYCERGHE TR80 SkED 50 el Sa RGBT SLeh oG Subst rar e: 100
s Then, sb@tmc&eﬂe&yoisrbhes&ulyeetandnnbhehfl@@qn@f walte foserd .conduct or
substrate were supported pai.r of bearers placed 7 mmapart, and a

sl ender bregﬁﬁﬁénﬁeﬁﬁgrr§§°ﬁé9#§dcét§8ﬁl@PP@UF& SRt Q9u¥QEt%?%?Fadlus of

0.03 mm 27 BB 2006rek3supatahewanad themdhie Rach iefkrdde samwganduct or
substrate toward a central portion of the street at a rate of 1 nms to

break the sE&RPEERBARESOTs SNEELERE Cal GFg STRETstifedtlG. 6.
10 Deterioration c¢f the metal film was alsc noted.

Example 2
The thickness of the semiconductor substrate in the
semiconductor wafer prepared was 625 um, and no metal film
15 was disposed on the street. The semiconductor substrate
was moved along the street, with the focused spot of the
laser beam applied being initially lccated at the face of
the semiconductor substrate. Then, the semiconductor
substrate was moved twice along the street, with the
20 focused spot of the laser beam being raised by 50 um for
each movement. In this manner, a melted, resolidified
zone was formed in 3 layers stacked on the face side of
( the semiconductor substrate. Then, the semiconductor
| substrate was moved along the street, with the focused
25 spot of the laser beam being raised by 325 um. Then, the
semiconductor substrate was moved twice along the street,
with the focused spot of the laser beam being further
raised by 50 pum for each movement. In this manner, a
melted, resclidified zcne was formed in 3 layers stacked
30 on the back side of the semiconductor substrate. With the
exception of these facts, the same procedure as in Example
1 was performed, and the semiconductor substrate was
broken along the street. Observation of the broken
semiconductor substrate showed that the semiconductor

35 substrate was broken along the street sufficiently



VWhen the broken sem conductor substrate was observed, the 5 sem condygppPinos
substrate was broken along the street sufficiently precisely, and no

chi pping was found. Melting and resolidification upon exposure to the |aser
beam covered substantially the entire thickness of the sem conductor
substrate, as shown in FIG 6. 10 Deterioration of the netal filmwas al so
noted. Exanple 2 The thickness of the sem conductor substrate in the

sem conduct or wafer prepared was 625 m 1and no netal film 15 was di sposed
on the street. The sem conductor substrate was noved along the street, with
the focusedpspeiselyt hendl ﬁSEChbpﬁﬁIhqplﬁbbEdpbabﬁg iméltahyyahacated at the
face of the seﬂ% ﬁduc or substrate onductor  substrate was

e i oorareny L Retat P BBaht BbBh A o8 bR e el hay do et PRam JEEE banm

bei ng rai sedsb¥ndfnmitoriceach nowementckheskhio¥ mMefaca-didd efelted,
resolidified zone was formed in 3 |layers stacked on the face side of the
sem conduct beselbgi£aed. zPhenexphscsenitcbhduceor washetoatte ods Mroved al ong

the street, whbict besaf e?ua%@ 2at3pat tﬁacﬁchgswean@e%mebedhriwr@s%eqaf_by 325

gm Then, h sem conductor substrate was novéd tw ce along the street,

with the fothgeba§i$oﬁldﬁ mﬁétﬁdselreﬁééﬁdbéilﬁg zoneh@rrasgidsed BRes0 pm for
each novene

dif zone .was fornmed in 3
| ayers stacEQSKSHagnaﬁﬁg 8§8Et3i38 HF ﬁ803§n2§%n8&23%¥ §f?ate Wth the
excepti on ofthth&seskacts, the sane procedure as in Exanple 1 was perforned,
and the sem conductor substrate was broken along the street. Qbservation of
t he broken sem conductor substrate showed that the sem conductor 35
substrat® wasmpawkedvel Gxgmplle street sufficiently 27 SEPT 2006 - 14

pr(_.eCI sely, and no ﬁihl péaeml onc?uc@clnracseubsl\xc.egétlenqeﬂas moved along the

street, with the focused spot of the laser beam applied
being initially located at a position 100 um above the
face of the semiconductor substrate. Then, the

15 semiconductor substrate was moved 5 times along the street,
with the focused spot of the laser beam being raised by 50
pm for each movement. In this manner, six melted,
resolidified layers were formed as a laminated structure.
With the exception cof these facts, the same procedure as

20 in Example 2 was performed, and the semiconductor
substrate was broken along the street. Observation of the
broken semiconductor substrate showed that a plurality of

( sites, where breakage progressed while deviating from the

street, were present on the face and back of the

25 semiconductor substrate. A melted, resolicdified zone
existed only in an intermediate porticn, in the thickness
direction, of the semiconductor substrate without reaching
the face or back of the semiconductor substrate. The

thickness of the melted, rescolidified zone was about 300

30 um.



resolidification upon application of the |aser beamwere as shown i?7$¥§%2d%
The thickness of the face-side nelted, resolidified zone exposed a

face was about 150 gm 5 (about 24% of the entire thickness), and the

t hi ckness of the back-side nelted, resolidified zone exposed at the back
was al so about 150 pm (about 24% of the entire thickness). 10 Conparative
Exanpl e The sem conductor substrate was noved along the street, wth the
focused spot of the |laser beam applied Meimg initially located at a
position 100 pm above the face of the sem conductor substrate. Then, the 15
seni conduct Hha&uMet CARE™AS :noved 5 times al ong the street, with the
focused spot of the | aser beam being raised by 50 pmfor each novenent. In
this manner, six nelted, resolidified | ayers were formed as a | am nat ed
structure. 1IWth thelisxkcdigtg gretgiod heze diciding he semecprdgedare as 20 in

Exanpl e 2 vqs Aer Lored., andddie Sei e udelon, subst ale was, By gken al ong

the street. Séervat t he €n seni con uctor howed that a
plurality ofcompictses, ofher @dﬁr@(!@;@:@:tmmgsn@@&e:@bmldre Wa&tfa@e faomt he

street, were Pr.e t n k f the sem.conduct or substrate.
A nel ted, ré’é‘ glfl egj%zc;:%é:ta (?Jlt%l %I;?n%’naé:r?l Y& et 2 C?qj o tion, in the

t hi ckness (ﬂ:llﬂl&(aﬂ.lldlly odf sahiel mmmdlmtx@mgaabam at d.a/mt:ttoajtpar‘eta@:l‘nng t he
oS0l i 11 o6 Tbile S ot 3005 BB Q3T 608 S A DIRT ve ol ai m i b:
1. A dividi nggieinkgd for d|V|d|ng a senlconductor mafer along a street,
sai d senlconductor wa qglvflng megg&gqggg ggsf.sen1conductor substrate on
whose f ade Sa ding P nyg
applying a laser beam from beside one of a back and
‘ said face of said semiconductor substrate and focusing
said laser beam onto the cther of said back and said face
of said semiconductor substrate, or a vicinity of said
15 other of said back and said face, to partially detericrate
at least a zone ranging from said other of said back and
said face of said semiccnductor substrate to a
predetermined depth;
relatively moving sald semiconductor substrate and
20 said laser beam along said street; and
exerting an external force on said semiconductor
substrate toc break said semiconductor substrate along said

street.

25 2. The dividing method according to claim 1, wherein
said semiconductor substrate is formed from silicon, and
said deterioraticon is substantially melting and

resolidification.

30 3. The dividing method according to claim 1, further
comprising displacing a focused spot of said laser beam in
a thickness direction of said semiconductor wafer to

increase a thickness cof the deteriorated zone.

35 4. The dividing method according to claim 3, wherein



plurality of rectangular regions are demarcated by a plurality Of:ﬁ%hETzoﬁ
streets arranged in a lattice pattern, and a circuit is fornmed in ea ?
said rectangul ar regions, 10 said dividing method conprising: applying a

| aser beam from besi de one of a back and said face of said sem conductor
substrate and focusing said |aser beamonto the other of said back and said
face of said sem conductor substrate, or a vicinity of said 15 ot her of
said back and said face, to partlally“d%@eTlorate at | east a zone ranging
fromsaid other of said back and said face of said sem conductor substrate
to a pr ede&%r&ﬁﬁi’éﬂdﬂ@@?ﬁ% o epitd V@WW%%i Fehieonduet aFssupdtrat e

and 20 said, hases N okd BloRelss Al pxertEngazn gxtergal force on
strate rea Sal

sai d senlconductor senlconductor strate al ong
said streetaidsigxe TChfé gh Wl db eyl cendiock aic corleiigRte tbakndéptiherein  said

serm conduct of. subs! rlie,d oL obgd § TR SLL T 690y 200 aseLd deLetiorabion 15

subst anti al ting a hd Feso ation. VI |ng

accordi ng ta zdmﬂrméngimgtfmmm 3@n®r@m&r@ﬁcbs$damamg anflosasddfapet odf said
| aser beamin. .a thic SS dlrec$|on of sald en1gond$ﬁtor wafer to

i ncrease a.??ﬁ%k?ﬁgﬁf%ﬁ FRECHet B T ot At 2 d- 2 ohe RY 4V T i gf vF A1 HG HEt hod
accordi ng tbrahal BT wdhed eb 0T 2¥s SEPo 2006 riodbtedf a thi ckness of said
sem conductor substrate is assumed to be T, a zone ranging from said other
of said back and said face of said sem conductor substrate to a depth

within a range of TheoAi@id@kgt @e@hb@Taktsodat fi epated.imand wharzdre & angi ng
fromsaid one of said back and said face of ,
10 whole, in a thickness direction, of said semiconductor

substrate is deteriorated.

6. The dividing method according to claim 1, further

comprising applying said laser beam from beside said back
15 of said semiconductcr substrate and focusing said laser

beam onto said face of said semiconductor substrate, or a

vicinity of said face,

7. The dividing method accecrding to claim 6, wherein a
20 protective tape formed from a plastic film is stuck to

said face of said semicenducteor substrate.

8. The dividing method according to claim 6, wherein
said back of said semiconductor substrate is a mirror
25 surface having a surface roughness Ra, as defined by JIS

B0601, of 0.05 um or less.

9. The dividing method according to claim 6, wherein a
laminated film, which is either a metal film or a low

30 dielectric constant insulating film, is disposed at least
in said street regicn on said face of said semiconductoer
substrate, and said laminated film is also deteriorated at

least partielly by said laser beam.

35 10. The dividing method according to claim 1, wherein



sai d sem conductor substrate to a depth within a range of from 0. 20Tt 5906
0.50T is also deteriorated. 5. The dividing nethod according to claim 3,
wherein a 10 whole, in a thickness direction, of said sem conductor
substrate is deteriorated. 6. The dividing nmethod according to claim1,
further conprising applying said | aser beam from besi de said back 15 of
sai d sem conductor substrate and fOCUSi£ﬂ said | aser beamonto said face of
sai d sem conductor substrate, or a victhity of said face. 7. The dividing
met hod accordjng%%o claim®6, wherejn a1 20 protective tage forgped froma
plastic filA1% Rk PPN shF o? rRRESHILASFH R oMtk of YABSLFREED 8. The
di vidi ng nethagh@ceord) agotemecl aim 6, wherein said back of said

sem conductor substrate is a mrror 25 surface having a surface roughness
Ra, as defined by JIS B0601, of 0.05 gmor |less. 9. The dividing nethod
according to claim6, wherein a lamnated film which is either a netal
filmor a low 30 dielectric constant insulating film is disposed at |east
in said street region on said face of said sem conductor substrate, and
said lamnated filmis also deteriorated at |east partially by said | aser
beam 35 10. The dividing nmethod according to claim1, wherein 27 SEPT 2006
- 17 said |laser beamis a pulse | aser beam having a wavel ength of 800 to
1, 500 nm



