1 Title of the Invention Sem conductor Wafer Dividing Method Utilizing
Laser’ Beam 5 Field of the Invention This invention relates to a nmethod for
dividing a sem conductor wafer along a street by use of a |aser beam the
sem conductor wafer being conposed of a sem conductor substrate on whose
face a plurality of rectangular regions 10 are denmarcated by a plurality of
the streets arranged in a lattice pattern, and a circuit is fornmed in each
of the rectangular regions. Description of the Prior Art 15 In the
producti on pit e ser eRadugtontdeyi ce, as is well known, the face of a

sem conductor Waf er composed of —a sem conduct or substrate whi ch can be
formed from sili€8Ricpadystoit Heded Dﬁﬁ@danplMe&hm@yU@hhmaﬂngupﬂ&Hr
regions by geghurality of streets arranged in a lattice 20 pattern, and a
circuit is formed in each of the rectangular regions. Then, the
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sem conduct V, times, various nethods wutilizing a |aser
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rectangular regions.

Description of the Prior Art

15 In the production of a semiconductor device, as is
well known, the face of a semiconductor wafer compcsed 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 is 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, of the wafer, and the wafer and

30 the laser 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 of 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. U S. Patent 6,211,488 and Japanese Patent
Appl ication Lai d-OQpen No. 2001-277163 each disclose a dividing nmethod

whi ch conprises applying a | aser beamfrom the face side or back side of a
waf er such as a 5 sem conductor substrate, focusing the | aser beamonto an
internedi ate portion in the thickness direction of the wafer, relatively
moving the wafer and the |aser beam along a division | i ne, thereby
generating an affected or deterioration zone (i.e. a crack zone, or a

mel ting and 10 regokidpfieati @n27ongks ghacbagéhsggs akang the division
line, in the internmediate portion in the thickness |rect|on of the wafer,
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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
semiconductor 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 constant insulating film (so-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 disclosed in the U.S. Patent 6,211,488
and Japanese Patent Application Laid-Open No. 2001-277163,
when applied in dividing the semiconductor 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, breakage 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




tends to cause chipping to the rectangul ar region divided fromthe wafer.
Particcularly if the sem conductor 35 substrate is fornmed froma single
crystal of silicon, and its face is in a crystal plane in the
<100>-direction, a crystal plane in the <111>-direction, which has high

cl eavage properties, is present in directions at an angle of 56 degrees to
crystal orientations defined by a (01Q)  plane and a (001)-plane as
cutting planes. Thus, there is a strong tendency toward chi pping due to

br eakage njgh ' t I 5 Lees tQ t he
cutting plgﬂggeﬁggggﬁinaé % 9£¥ﬁ€£ig€%%%eogﬁA?%§|ﬁ%?%alglggg 801' fhe
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seniconductthesmbsﬁrngeplame$ts vicinity. By so d0|ng, at 25 least a zone
rangi ng fromthe other of the back and the face of the sem conductor
substrate to a predetermined depth is deteriorated partially, whereby the
above- 1gent3wumed:prohcipal Iobéecicogan be attained. According to the present
i nvention, as a ngthod for 30 attalnlgg t he above-described principal

obj ect, there is “pPbvPaLBady gPyraFnginEPROBIEERNE; +PUPRG18NSEM dOnduct or

provide a novel and improved method which can divide a

semiconductor wafer sufficiently precisely along a street
by use of 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 to the rectangular regions on
the face, and so 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 cne of the
back and the face of a semiconductor substrate, and is
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 obiect can be attained.
According to the present invention, as a method for
30 attaining the above~-described principal object, 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,




waf er along a street, the sem conductor wafer being conposed of a

sem conduct or substrate on whose face a plurality of rectangul ar regions
are demarcated by a 35 plurality of the streets arranged in a lattice
pattern, and a circuit is formed in each of the rectangul ar regions, the
di vidi ng nmet hod conprising: applying a | aser beam from besi de one of the
back and the face of the sem conductqr ,substrate and focusing 5 the |aser
beam onto the other of the back and the face of the sem conductor

substrat e, ifs. VMLClnit tial deteri.qr t .
rangi ng frc§§QFéa%&%%éf%fy?h%gmﬁgékign%g?ﬂeggaéggogggﬁghgéﬁgébﬁ%ﬁét%%’
substrate to a ptedetévidnad dephbhd tOmpeliathngel y noving the sem conduct or

substrate and the_|l aser bea [ an e.street: .and ertd ng an _external
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silicon, the deterioration e substantiall neltin d
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assuned to bdHek Tandtths pseéesf ethd osdet eshiet&r asgpseraaagicngaf rom the
other of the back and the face of the semiconductor substrate to a depth
within the PERGRESFMRRM 88BBR t 0 25 0. 50T, and al so deteriorate a zone

rangi ngof rom the eaeaefvetlhembaskqgardet Bemfasadattiie se@¥tGRUGHR]
substrate to a _depth within the range of fromO0-20T to 0.50T. It is also

possi bl e t otRRt ¥R PF PRI hRL MBI BNSi A ERRE{ hikKness direction, of the
sem conduct or subgkeakengl hint B&tk288N force on the semiconductor

substrate to break the semiconductor substrate along the
street.

15 If the semiconductor substrate is formed from
gsilicon, the deterioration may be substantially melting
and resolidification. It is advantageocus for the dividing
method to include displacing the focused spot of the laser
beam in the thickness direction of the semiconductor wafer

20 to increase the thickness of the deterioration zone. If
the thickness of the semiconductor substrate is assumed to
be T, it is preferred to deteriorate a zone ranging from
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 detericrate a zone ranging from the one of
the back and the face of the semiconductor substrate to a
depth within the range of from 0.20T to 0.50T. It is also
possible 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 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




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 conductor substrate be a mrror surface having a surface roughness Ra,
as defined by JI'S B0O601, of 0.05 pm or $e§s. If alamnated film which is
either a metal filmor a |low dielectric constant insulating film is

di sposed in S re reqi h onduct or
substrat e, ?ﬁéf%gﬁi%gpgg ?g n?%éygglso gneﬁ g?e ate@qatcviggkﬁbé?llally
by the | aseprbéass. Piefarbdhinatéd fhbmer %@ammlssaepuhse hametabeam havi ng
a mavelengkgl@fogog &8w H?ggeQQEiéocgﬁg%gnPeﬁﬁ h&%%g Edhﬂ? anmnngs FIG
1 is a perspective viéew s n typrcal  exa g sémtonduct or waf er
to be d|V|dddspysedelnnathdaaat the ptesehtrbg&entnonthﬁlGadé|a§ ame
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FIG 1. FIG lchgug%ﬁgng E%tggg |o%§ vﬁgﬁp %Sauﬁgq?hg‘ nﬁﬁ‘ o] eapplying
a | aser beadeteraosauedoadudéastsphstﬁaﬂey b@ ahpr&h&emeﬁeemhodlnent of the
met hod of the gres |@% EIOH .4 ﬁchena i c secti.onal view
showi ng t he" fb4&*8 9S§rsggﬁpoﬁsaﬁoﬁﬁ FEstPEEL. D8R8 BV %R @
schematic seabemaﬁthIew,Bsowmbaﬂ 500 kG 4, showi ng the node of
generating deterioration zones (nelting/resolidification zones) superposed
in the 25 thickness direction of the sem conductor substrate. FIG 6 is a
schemati® sgele@nakbseirewtibawodgtae Praweéngg which the deterioration zone

(melting/resolidifjcation zonﬁg IS generated thro%ghout
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 1s 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 section 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 detericration zone
(melting/resolidification zone) is generated on each of

the face side and the back side of the semiconductor

substrate.




the thickness of the sem conductor substrate. 30 FIG 7 is a schematic
sectional view showing 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 Detailed Description of
the Preferred Enbodiments Preferred enbodiments of the present invention
wi Il now be described in greater detail Ry _reference to the acconpanying
drawings. 5 FIG 1 shows a typical exanple of a sem conductor wafer ;o be
di vided by (a8 JM0ldi0heic A R SANteH AN Ao o T SET CO{‘d}Jg}(?;hg’geg“
entire i ndicate ; it
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substrate 4, ' : - I Iled an orientation flat, is
formed. On tnﬁ% %?%ltﬁe lféIs & c%?u%&?ﬁslu%s\{ r_%?feeréﬁn%e g)?%r’g?‘?ty of
rect angul ar 20CegIReIY 11 sirawiergsr.cated by a plurali t% (i)fS streeés 10 el
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to orgpe?pendiculé¢ﬁ€bp?ﬁgﬁgE?égggib%a e%ﬁmwféhOFe?e?%ﬂ%EOPGUFF@F 2 al ong
with FIG 1Wafed reuite dlidriidedditsposes martmm:h;@fT@?ng@géﬁﬂgﬂ?%nﬁgt@hﬁns
12 (in FI . I reuit 14 is showp.n.a sinplified nmanner). bt a
i 16, wiren S Befirer basr ke oy ARl AL thentPeERLt 214
and may be dfs aoggomed af rmecteandy aliskshapeed i sIRat &t suitable

[ I egt 10, The metal film16 is generally called a teg
I(tn tegi Vgl an%tuéa @etgrfaét{?p;i ffi%lrmEdAr}l%é’W Fleteorri c LRohEEaSEMLRSMORGERE fi | m

cal | ed B0l owdosftidarne ids af ts&rradjr?&noséa@eor@,t ]t@%r{@%ql@ cgalla_gé& i@r\rnprovi "g the
sem conduct qr._, strate for .t pur pose o or. exanpl e,
processi ng §g5§%3@§lgp Fﬁ@tCiﬁéu&PFmEd' On the face 8 of the

semiconductor substrate 4, a plurality of rectangular

regions 12 are demarcated by a plurality of streets 10
arrandged 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 for 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-described 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
Lo 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




al t hough such a filmis not shown. The nethod of the present invention

rel ates to dividing the above-described seni conductor wafer 2 along 30
the street 10 by utilizing a | aser beam FIG 3 schematically shows the
node of applying a |aser beam 18 to the sem conductor substrate 4. In the
illustrated enbodiment, the sem conductor 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 - 7 20 is pointed upward.
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semi conduct @o serodid, ati€ $oiss itdryedhef ri@ﬁe@iulliac‘zorrﬁﬁlf%gﬂoigﬁtﬁroﬂieﬁ{a50018 I's
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YAG pul 5@ | askstheae i, nithal badkaviong f t2Q@ wewalepahittr 11884 fupe Wth
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u

back 20 of tHePTEEMTAGIALELH:SEGEstPate ™ TR Suifiacfb@Wiid cal system

surface roughness Ra, as defined by JIS B0601, of 0.05 .
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 YVO4 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 FIG. 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) is focused onto the face 8 of the

25 semiconductor substrate 4 or its vicinity, for example,
onto a site on the face 8 of the semiconductor substrate 4,
or onto a position within the range of +10 pum to -10 pm
from the face 8 when measured inwardly in the thickness
direction (i.e. upwardly in FIG. 3). 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 semiconductor substrate 4,



(not shown) is focused onto the face 8 of the 25 sem conductor substrate 4
or its vicinity, for exanmple, onto a site on the face 8 of the

sem conductor substrate 4, or onto a position within the range of +10 mto
-10 m fromthe face 8 when measured inwardly in the thickness direction
(i.e. upwardly in FIG 3). In this case, a zone 30 ranging fromthe face 8
to a predetermned depth Dl in the semgonductor substrate 4 is
deteriorated. If the seniconductor subsirate 4 |s formed fromsilicon, the

deteriorati [ t i ald | power_ . density.of th
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present witHiedeetEpacicogstidtalrang)t he1pastiseuhakestiealsK According to
our experlencetlgg gntggel%%ggkgggg]é?rectlon deteriorated, 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
substrate 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

30 applied from beside the back 20 of the semiconductor
substrate 4 and focused on the face 8 of the semiconductor
substrate 4 or its vicinity, 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 phencmena is not




I's 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, contaminating the circuits 14 formed in the rectangul ar
regions 12 on the face 8 of the senicgngugtor substrate 4. VWhen the | aser
beam 18 is 30 applied from beside the back 20 of the sem conductor

substrate 4 @hddocused or e € ,Sem ¢co or, bstrate 4 or
its vicinity, on the g?he%%a’n&%&?gdr%v%e%ﬁa‘f (rag%a r:geiirjlfé i s%#her_rke%ﬁ
suppr essed, lafen heage it rishcwnfiediebrams bedidmythe sfaté ghtof Thieemat eri al

is melted, : sqlddified., The, reason for such phenogena | s not
necessarily ci ég%rf But c\[,\r: spesgdu Elaféej LD Oo%\%sfe%%!h %hpe P?%%eém%gah‘g% is
appl i ed fromehesiateludier snbftd e ors et onidtiot D v S utisé redweé and
focused @n gﬁg f f sem.condyctor suhstrate_4 or_jts_vicinity,

t he povve? of tlﬁa%rgggerar%ggamﬁ%ra%s%%qq%t REMTPR roRe theCeaBe 8 of
t he seni conduftcttdre sudmsitaaatdnctoVmibdthamtdaser Waam t8e 1S s2aPIH from

besi de the C .of , the sem conduct or, uhstrate 4 and focused on the
face 8 of tﬁ% lsggéqcléargdu K %eﬁ}&ge[ E%tee bfca?b%‘w i i ISP LERPREPESE, the
power of theurGtrass beard ibdisat U ity ethdavBrglt yeHd osadd heokd @ger §r of
the sem condsqﬁjt r substrate 4. As a result, the deterioration zone 24

devel ops i nWardl ¥ From (He ¥rcd 1Y (Y 5BtEaTtre thpPP1eF 05t Bk onto

the fack08 dfastere bessmildondyictioyt rSihatddtiowhr SIGAt £188m ofhdlepsds, gieany, is
15 physical Iy |imt.ed Ef t.he vi igité of the focused _spot by the

protective tave FFGRGRTHh S ed f8nReFeStié déh& ioration zone
24 ext endi ngletentiidnanisiny , zdate the dRiEdY aldwir ZOPeSrol 4 s es8a 4N | arge

nunbers at %Eggﬂéiﬁybrgélf%eiéggénil is stuck onto the face 8
of the
semiconductor substrate 4, scatter of debris, if any, is
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 deterioration 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
deterioration 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
directions 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




20 region ranging fromthe face 8 to the depth D1 of the sem conductor
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 deterioration zone 24. Thus, a weakened zone extends 25
substantially continuously, or may weakened zones exist at slight

I ntervals, along the particular street_lP In this situation, an external
force is exerted on the sem conductor sd%strate 4 to generate tensile

stress in ¢jirQeld; | hdiycat : Qus,. 2 in FI.G 3, for_exanple. 30 By
so doing, the sgrgl?c})?\éiuf;?do@su s]ttarloar?&ed4 Hard 5 a01'_r<9¢5=n'§' ato @t{'ﬂ‘gf}ﬁart i cul ar
street 10. Hewseer, Troibceslasehéhes dhilconesst of tihes idettes id vl tanh t he

street 10 sufficientl.y . |.sely and sufficiently easily, it is_inportant
to make t hgot Si clfqrfes%% oJTIQDI ﬁﬁéeﬁﬁ'e sel%?rioer atd oﬁ?pz]%et%%,f?s.%g k?‘ﬁ%m3§8 d®mensi on
of the detemlowaliidy zohe ks n wihicl ¢ M idglessing lthe dis@cdd@npOint heo

sem condgct qQr. St.r rel.ativel l.arge. To.increase the thickness of
t he det e?li o(r%éft ﬁ:gl% lza%’tnegr gjfanll tlaslt's gé}rem sr’sisg‘fjé’st ghgpﬁ‘lofiiet f IFIET DA 18 a
plurality ofthe miet,enifidas: idirs AN 4 hagasad] poi nthe 20151 @kndbe | aser
beam 18. FI G._5 shows t node of geperating.  the deterioration zones 24
super posed i%r%rteﬁ:(sacjt% Hnes¥ scﬁnpgccg}%gmr tsﬁ'@%ﬁ%nﬁuﬁbrm‘éﬁh@frﬁb@% 4, by
novi ng the lazeer Hesam 1 rigitwerdl delatiwe d4o die som

&oRgluet OF
substrate 4, w th the focused ot_22 of the |laser beam 18 10 being | ocated
initially aSY¥e e B SHeo FATHRS IOT AT GHhe 4L aeT theamcl i ty,

t her ebylgenerednignd catdel eriiariatlilon Aone24rskofg tde &?&tébﬂcéﬂcﬁﬁ‘&téﬁle
street 10; thgﬁﬁgq¥%ng the | aser beam 18 leftward relative to the
sem conduct SPPEIFATR R OF i F i@ tooudherahot eneating 1% | aser beam 18

bei ng di spl aeed ripwaitd diy Fody edetierdd nef dHigttanee {1y £her &eet
generating E?I.Ocl'e'[t: relnorm%[vli%rz; Zt%nee 12a4s-er beam 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 (D1), thereby generating a deterioration zone 24-
2 of a depth D2 on the top of the deterioration 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 throughout the
thickness of the semiconductor substrate 4 as shown in FIG.
0, 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 semiconductor 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 semiconductor substrate 4 a multipiicity

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




2 of a depth D2 on the top of the deterioration zone 24-1; and noving the
| aser’ beam 18 rightward relative to the sem conductor substrate 4, with the
focused spot 22 of the 20 |aser beam 18 being further displaced upward by
a predeterm ned 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 jethod 25 explained with .
reference to FIG 5 is repeatedly performed to generate the deterioration

zone 24 thr eugheuhenhte haveknasy ortfiersemandust aSLH;?s%%JS{c?%agtfé?fgg\t’m

in FIG 6, the sem conductor substrate 4 can be broken
10 suffici edCR$ prsd 46| PeRrraded il entaopee aangin@of e privelutece he

deteriorati @F Z@Re sahilddneEhIH ikt AdiLkness aOfci]é IR congict or

substrate 4, however, it is necessary to repeat t |splabenept of the
focused spotietsricRatisseropeaddrd® disd qeme nadiashet _a)fzalteSIta?@xr_l@eam éLﬁ
relativesto ' 101, 1S Ut ratg { times, thus
requiri n59 afﬁrlglﬁlaft?\?e%%%%% toiﬁma.. Qur - célbf%ig(gﬁefr %n%%ég%éa%egaﬁ%paconfl r med
t hat when ad@®tér DoBat iaen S 124 FRG.s Tgertéreatseah g radiwoier rautgs tugafe om

deter orat 4C)li:atnh%es%q'jOq;c%dglél(\ito(illr z Sitsimti?cla&t4 1 S%gﬁpéih%‘%lf%ﬁ?’fn%%f%%ﬁ 20

deterioration zone 24-B is generated i zone ranging :
of the sem @asdsefdd ciebdtlivateasd ltvo avitdheptth theBnessd stoowiorm tHe&S 7, the

oreci sely  Sereeapratitn kotd A AR TR Mk i e © o
get eri olcét i GemigonadRds tiohr @uug:tscn:tattehd.t hifkhhesthickhessl@ fsemeconduct or

o 1 e SRR s, ST O LTSS 18 S5
0. 20T to 0. POFEfeawed: hdade(fthle afeptthe cdettérel aledteird® Zi®On 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
aforementioned 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 deterioration zone is not exposed at the
face and back of the semiconductor substrate. In this
case, breakage does 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 or 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 semiconductor

substrate 4, and focused on the back of the semiconductor
35 substrate 4 or its vicinity.



24-Bis simlarly 0.20T to 0.50T. Assune, on the other 15 hand, that in
conpliance with the disclosures of the aforenentioned U S. Patent

6,211, 488 and Japanese Patent Application Laid-Open No. 2001-277163, the
deterioration zone is produced only in the internediate portion, in the

t hi ckness direction, of the sem conductor substrate; in 20 other words, the
deterioration zone is not exposed at the;,face and back of the

sem conductor substrate. In this case, breakage does not proceed

sufficiently precigeky, &k e, pt ti L LRkt y..of t.he face and/or
the back of the sefn)kcondu%?%lréé;u gtélgfge?fév:ns%ﬁgt#é%gg%%g? %ﬂgt 325 chi ppi ng

tends to ocENPHTaHe s svemHd ovilbadle desetidiest bekgwier. In the
above-descri bed enbodi nent, the | aser beam 18 is applied from beside the
back 20 of the sem conductor substrate 4, and focused on the face 8 of the
30 seni condde@@Plsutdstrate 4 or its vicinity. Particularly when the netal

film 16, =which refle ; 1 is net forped on the street 10,
the | aser bean118'%a%éﬁEé$§E$§?€% Q?g%%bggi ec?%gl?35§g§°8faﬁh§ﬁown
sem conduct ¢ USSR r dt erd] 2anks gouessedrah t Mhebddkmeft arhd ne@sreaduct or 35

substrate 4 | LCTIU £ Vs om -Next,, ex | es of the .present invention

and a corrpée(rg{actélp\t/tz fg{zcirrtg‘{ee 499 ]Qifet escﬁqrﬁé@%ﬁrgleésge)%vgel 5 A

seni conduct sremniafogrdusftcar codfstgatat ives & istunes (20 B Gam)l, add 24 Was

prepared. The .di.aneter sured except for the site of the straight edge)
B e

of the senit Lt wadhg PHERESe( ZoughngsE Ranef tde t hi ckness

was 5001pm bEuk 9 frare seuigvirbe i Afuddte-akQ Rack ®fod N, serrconduct or
substrate vag 0,080 WLePiGY 43 WL LG IPYS, I}l ystgated In FIG S, a
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 1initially located on the face of the semiconductor
substrate. Then, the focused spot of the laser beam was
raised upward by 50 um for each movement of the
semiconductor substrate, and the semiconductor substrate
was moved along the street 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: YV0O4 pulse laser
25 Wavelength: 1064 nm

Spot 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 on 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




beam was applied from beside the back of the sem conductor substrate, the
sem conduct or substrate was noved along the street, with the focused spot
of .the | aser beambeing 15 initially located on the face of the

sem conductor substrate. Then, the focused spot of the | aser beam was

rai sed upward by 50 pmfor each novenent of the sem conductor substrate,
and the sem conductor substrate was movegl along the street a total of 10
times. In this 20 manner, a nelted, resolidified zone was fornmed in 10

| ayers stackeds sefuand adddh tHe dAserHealm L@%ﬁa&?d@ét?foéw%rakésef:
YV04 pul se laser 25 Wavel ength: 1064 nm Spot dianmeter of focuSéd spot: 1 m

Pul se’ wi dt h:" B4, PERR Fide PURAN P ft o cifsrrpbpot (2 1184000 Won?s
itd i K 0 r
Cubstrat o | 100 e He Sen T ot SRR Rn g A DOELELDT e

substrate: 100 mm's Then, both sides of _ ace
seni conduct dthedyBdie o kesy s aipradunt dy suhatirtatd wabeaskbssrpédcethd mm

apart, asgd -Qﬂgﬁf i ﬂy%ﬁggr i semgcircular front end
W|Pt h a rgdi E'Sei{olf 0. gﬁr%e%alg% was Iwoam?égrﬂe]:g)\%ér}grﬁ U b% % %?r?sﬁfe
sem conduct difissendily nrewdae o ceamd alo puripmimofwdhefsinget at a rate

of 1 mis ; J-C; . substrate al on _the treet. When the
br oken seni tg%r% &gltq}(;ratr%ﬁt%esrrgz%t&gﬁ%gao lsozlrv T t%?%%%n%%n@b%tg?s%’ﬁbstrate
was broken #eddy adversid eetbs tauftfiadilgntthe preciseltyhickmksw shippeng was

found. Meltd i difi j ON _Upon. _expaosur o the | aser beam
cover ed subsﬁegﬁt%ﬁu; t(yhe Sgirl\jtéltﬁ%tetel‘{i csﬁes’gls?wdf Jtl-i‘leEeIé'ené'conductor substrat e,
as showhOi n DRIt@rigrald dbetody itdreatiedra loff itllre waat all 4 Inptv&s. al so not ed.

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 located 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 um for each movement. In this manner, a
melted, resolidified zone 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




Exanpl e 2 The thickness of the sem conductor substrate in the

sem conduct or wafer prepared was 625 m and no netal film 15 was disposed
on. the street. The sem conductor substrate was noved along the street, with
the focused spot of the |I|aser beamapplied being initially |ocated at the
face of the sem conductor substrate. Then, the sem conductor substrate
was noved twice along the street, with the 20 focused spot of the |aser
beam bei ng rai sed by 50 pmfor each novenent. In this nmanner, a nelted,

resolidifiegraang ’Se{rf&{rfﬁgém%'l t oRn, t face side of the
sem conduct g)r subst,\r@gte. Then, t se _'e({:o}n% C %%9 s%sj{ﬁa@% noved al ong
the street, GASH i frdusad W s pap bifcathieon asertieahs ber ngeami sedeby 325

m Then, theggs sg@.gPNAUC s4bst d twce along the street,
with the focused spot ofﬁl%'e Tjéserl: gtam Eeﬁ%sef%%%}g? %?S?sga By 88 L6k f or
each novenentesdlddifiissdrerurss expogwl tead, tHestlddlidd £dapgone 18§ fuRrmed in 3
| ayers stac ' of .t.he sem.conductar substrate. Wth the
exception o?t%t Ogh%ec%he{%{%? bctq}csg%{at%greprt&lec T Hy iarPC%xﬂ?ﬁ)l 1gkpess of
perfornmed, &i¢ tFskseidsombudteal, snamstlriatief mas zdn@ketpod @t henst r eet .

Qobservation of .the braoken  sem ductor substrate showed that the

sem conduct §PS5 wsaifnsatqrsé’t éa‘hiﬁéjg @%é’ﬁ‘ AR et st dthe gt erent |y - 14
preci sely, &idaknestsi)ppi ng took place. Melting and resolidification upon
application of the | aser beamwere as shown in FIG 7. The thickness of the
face-side nelted, resolidified zone exposed at the face was about 150 pm 5

(about R2% dfomdae adritvier €xtanircleness), and the thickness of the back-side

mel ted, resolidifigd zone. ex gsed at the back was al so about 150 m (about
24% of the entire %i%QQ%g%§_uctor substrate was moved along the

street, with the focused spot of the laser beam applied
being initially located at a position 100 gm 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
um for each movement. In this manner, six melted,
resolidified layers were formed as a laminated structure.
With the exception of 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, resolidified zone
existed only in an intermediate portion, in the thickness
direction, of the semiconductor substrate without reaching
the face or back of the semiconductor substrate. The

thickness of the melted, resolidified zone was about 300
30  pum.




10 Conparative Exanpl e The sem conductor substrate was noved al ong the
street, with the focused spot of the |aser beamapplied being initially

| ocated at a position 100 pin above the face of the sem conductor
substrate. Then, the 15 sem conductor substrate was noved 5 tinmes al ong the
street, wth the focused spot of the | aser beam being raised by 50 pmfor
each novenent. In this manner, six nekted, - resolidified |layers were forned
as a lamnated structure. Wth the exception of these facts, the sane
procedure aghz2€ w8 Examml €s?2 was performed, and the sem conductor

substrate was broken along the street. Cbservation of the broken

sem conduct or substrate showed that a plurality of sites, where breakage
progressed while dewiatidiGd hRMHRE foxt AtidiIWRY & Hasaidndai-tde face and
back of the 25 sem conductor substrate. A nelted, resolidified zone

exi sted onl YyafAraAlPAgepnB8rEeE  pdRtAofeMiROPABCERTCNAESS B®i&cti on, of
the semgonddabgtegubst kakemit-bhauttbeasibBfratBechacdode BaGe of the

sem conduct or Substrate. The thickness of the nelted, resolidified zone
was about 3Ddusalpiy. of- restapgidafe rEPAPRSI dre1 deRAFCHIFEh P et hod for
dividing a gegigondycher sawaf 8k rak@lgazrahieal insal datericeopditaiam waf er
bei ng 5 conposed of "a sem conductor substrate on whose face a plurality of
rect angul ar 2pggRoRéranétdésalezmed By §acpl afaPprif SRR P Aeet s arranged
inalatticeegabhern, and a circuit is formed in each of said rectangular
regions, 10 said dividing nmethod conprising: applying a |aser beam from
besi de ¥he of a ba&@dhridvigHing meddiast CRIRF $&fi%onduct or substrate and

f ocusi ng

applying a laser beam from beside one of a back and
said face of said semiconductor substrate and focusing
salid laser beam onto the other 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 deteriorate
at least a zone ranging from said other of said back and
salid face of said semiconductor substrate to a
predetermined depth;
relatively moving said semiconductor substrate and
20 said laser beam along said street; and
exerting an external force on said semiconductoer
substrate to 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 deterioration 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 of the deteriorated zone.

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




said | aser beamonto the other of said back and said face of said

sem conduct or substrate, or a vicinity of said 15 other of said back and
said face, to partially deteriorate at |east a zone ranging fromsaid

ot her of said back and said face of said sem conductor substrate to a
predeterm ned depth; relatively noving said sem conductor substrate and 20
said | aser beam along said street; and ggerting an external force on said
sem conductor substrate to break said sem conductor substrate al ong said

street. 25 2f ahehik ek ngo freshod @@m;m@thcmgct@rCé@bgtiuatéh%ebasuﬁehd
sem conduct,or sub][strate is forned f!%om si | | and _said deterioration is

subst anti al ¥ Pelti iy 2R r B30T £ TR | B 3®t@erTﬂE aryAdPAgkmaRRod

accordi ng tsaxdeﬁdﬁé.ofLﬁéh@rseﬁD@@md§¢t6kC&&E&@ﬁéﬂ@ fof gcyegenspot of said
| aser beam i r%_[ a thi ckness ECtI@ %1 f said sem conductor wafer to
r

i ncrease a Thit¥hedsFH19¢ h% d TP Bd-2dhe2085 2. deherdpyriray ABfhod

accordi 3g t® £dee n&&;gﬂmrerm sdfd dhe ot higkaesscRl agal asamrgeadyet or
substrate i s assune zone rangi ng from said other of said back

and said f3R¥ o?e%?%ri@%%%na@%ma%%b%? rat @R aWHERLR @i FARASaOfange of

from 0. 20T £€omW.GOTOT stsled e50Dr 8 esl s@ndet Sr o ZPPEA! angi ng from said one of
said back and said face of said sem conductor substrate to a depth within

a range of from0.20T to 0.50T is also deteriorated. 5. The dividing

net hod accog di ng tReclakii3ngWReERLA éccégdmﬁ? €o b@aanﬁhlcm%%&%19!EPCt'0”
of said sem conductor substrate is deteriorafed - The “di vi di ng net hod

accor ditflg t'eHe nd Q.af?ﬁ%%%@es%d%%¥?%?hﬁﬂap%fy$%§ds§?@1F@§§ECb@§n1from
besi de sai dsilp@€drate is deteriorated.

6. The dividing method according to claim 1, further

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

beam onto said face of said semiconductor substrate, or a

vicinity of said face.

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

said face of said semiconductor 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

B0e0l, 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 region on said face of said semiconductor
substrate, and said laminated film is also deteriorated at

least partially by said laser beam.

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




15 of said sem conductor substrate and focusing said | aser beamonto said
face'of said sem conductor substrate, or a vicinity of said face. 7. The
di viding method according to claim®6, wherein a 20 protective tape forned
froma plastic filmis stuck to said face of said sem conductor substrate.
8. The dividing nethod according to claim®6, wherein said back of said
sem conduct or substrate is a mrror 25 &drface having a surface roughness
Ra, as defined by JIS B0601, of 0.05 mor less. 9. The dividing nethod
according teattlalasér hhamein a phamrenabtsdrfbekan hhivthgi a ekatvkeengtiet al
filmor a |8¥’§Qod£8|fcgbbcn onstant insulating film is disposed at |east
in said street regron bon 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 - 17 said
| aser beamis a pul se | aser beam having a wavelength of 800 to 1,500 nm




