1 WAFER DI VI DI NG METHOD Field of the Invention The present invention
refates to a method of dividing 5 a wafer having dividing |ines forned on
‘the front surface thereof along the dividing lines. Description of the
Prior Art In the production process of a sem conductor device, a 10 large
nunber of rectangul ar areas are sectionedlby dividing lines called
"streets" arranged in a lattice pattern on the front surface of a
substantially disk-1ike sem con r a silicon wafer, and a
circuit such as ICor LSI is %ﬂ%@g PﬁgégéﬁGoﬁEEﬁgﬁrectangular ar eas.
I ndi vi dual 15 sem conduct or chlps are manufactured by dividing this
sem conduct or E havi ng_a | arge nunber of circuits fornmed thereon al ong
the dividing EfRde ofnEhecAn¥eRZHSROr ch|ps are wdely used in electric
equi prent such as I RS pnput t Di vidi ng
along the dividing ?%elgréz%éﬁmgenerta y %grg?egd But %%/tﬁ'éocgﬁ G LARLAI ne
cal l ed "di%er&. waThrshauungnglnadmngeliﬁﬁprfseﬁed @hughet@bbﬁtfgﬁrhabglng a
pl ate-1ike morF |ec% E ai a sem conductor wafer, a cutting neans for
cutting the wh 8le2hBPY GRet AéVEALBR 14BEE; and a noving neans for
nmovi ng the chuck table and the cutting neans 25 relative to each other. The
cutting neans has a rotary spindle that is rotated at a high speed and a
cutting bl adeDasanipdiopnofhéhspPmdbe. ATbe cutting bl ade conprises a
di sk-1i ke base andhqrt:annuI%Illl utting éﬁg i s, rounted on_the side
wal | outer perlpherallb FYC “Phi %%% S &Hd 3f BFFEECREVE HIde¥d C80 About
20 gm by 0 xi Dgrdéanmiise A BYiae RIIAT HRKEBYAPe déé’é‘@ltcﬁ{ed &y @99#&11?1 pmto
the base by el ectroformng. Meanwhile, as a neans of d|V|d|ng ap ate i ke
wor kpi ece ~ suéhn8S @2LbeA cOTHHRATE” wafrender thea|ldletice Iprtdrerteam the

processi ng mekbgd. {0 AapRl ¥t Q%Lﬁ)ﬂ%ﬁnﬁﬁ.alﬁ?eélsqgal aggrgiceonéuctor wafer

such as a silicon wafer, and a circuit such as IC or LSI is

formed in each of the rectangular areas. Individual
15  semiconductor chips are manufactured by dividing this
semiconductor wafer having a large number of circuits formed
thereon along the dividing lines. The semiconductor chips are-
widely used in electric equipment such as mobile telephones,
personal computers, etc. Dividing along the dividing lines
20 1s generally carried out by a cutting machine called “dicer”.
This cutting machine comprises a chuck table for holding a
plate-like workpiece such as a semiconductor wafer, a cutting
means for cutting the workpiece held on the chuck table, and
a moving means for moving the chuck table and the cutting means
2> relative to each other. The cuttingmeans has a rotary spindle
that is rotated at a high speed and a cutting blade mounted
on the spindle. The cutting blade comprises a disk-like base
and an annular cutting edge that is mounted on the side wall
outer peripheral portion of the base and formed as thick as
30 about 20 um by fixing diamond abrasive grains having a diameter
of about 3 um to the base by electroforming.
Meanwhile, as ameans of dividing a plate-like workpiece
such as a semiconductor wafer or the like, a laser beam

processing method for applying a pulse laser beam capable of



2 passing through the workpiece to the workpiece with its focusing point
on"the inside of the area to be divided is attenpted, and disclosed by
JP--A 2002-192367, for exanple. In the dividing nmethod using this |aser
beam processi ng technique, 5 the workpiece is divided by applying a pul se
| aser beam of an infrared range, capabl e Df passing through the workpiece
to the workpiece with its focusing point on the inside, fromone side of
t he workpi ece to conti uousl% formdeteriorated |layers in the inside of
[ Ché%o

t he wor kpi ece 2ot R T RAM Ty 1w i 10 315 WoHgRbacer meitf ditse al ong

the dividing |fswas nhpseisl ranaift asheen s ediced by dhed omatlon f the
deteriorated |ayers. According to the technol ogy discl osed by the "above
JP-A  2002- 19256-EmR e dend digcdpsed kay 8P sA £06 2-A0B8d 7 nther ekhgpld5 In

conditions th - ' f _the L se | aser beamis set to he 1 ps or
|l ess and a pegih%gg\g#ag%%%@o - gg?ﬁgjansger Be#R PR S Sdng Y% B8 IS 108
(WcenR) of nurtes whirkpabewe: s piihhideat bonash SelRp asphhad ﬂd&%rdgésﬁl'&f%ed

| ayers can be , formed under processing conditions of a |aser beam

wavel engt h 20 GIETEXSS kpngepurapald et 9f ¢fassing thrpubbethepesikpirre to
frequency of ¢ ; :eSSkng- r of 100 .mm.sec. ._However,

t he above di vi ﬁgE%Faggeﬁ%@rg%%%oﬁ%un%W(?ﬁogﬁi%da%ﬁ ﬁ?sﬁé(?augjéorfl K& Swaf er

cannot be di viiett af dig wiekp thoe dongrti iTee i lgpEyribreterAbrgtbhg ayers
deteriorated |la grs i,n §5 the_inside of the wafer along the streets and

external forcé héd¥s P8 Qpprhred'ddRisds longe thevAtyhéing neses tad t he
deterioraled laans hpwsaen f iRd Aieny the dividing hipes. uugary of
the I nvention 't i's an object of the present Tnventifon to provide a

met hod of di viShnegohwat 2 beeponpdusenppyappt formgahibasef theaivtdra o ataiier

al ong di vi di ngﬁé}er}%fs to produce deteriorated layers in the inside thereof
and dividing t waf'er al ong deteriorated

According to the technology disclosed by the above JP-A
2002-192367, the deteriorated layers are formed under the
15 conditions that a pulse width of the pulse laser beam is set
to be 1 us or less and a peak power density of a processing
portion is set to be 1 x 10° (W/cm?) or more. The above
publication discloses that the deteriorated layers can be
formed under processing conditions of a laser beam wavelength
20 of 1.06um, a pulse width of 30 us, a pulse repetition frequency
of 100 kHz and a processing-feed rate of 100 mm/sec.
However, the above dividing method has a problem with
productivity because the wafer cannot be divided along the
dividing lines simply by forming the deteriorated layers in
25 the inside of the wafer along the streets and external force
needs to be applied to each of the dividing lines after the

deterioratedlayershavebeenformedalongthedividingline&

Summary of the Invention

30 It is an object of the present invention to provide a
method of dividing a wafer, comprising applying a laser beam
to a wafer along dividing lines to produce deteriorated layers
in the inside thereof and dividing the wafer along deteriorated

layers efficiently.



| ayers efficiently. 3 To attain the above object, according to the present

I nvention, there is provided a nethod of dividing a wafer al ong
.predeterm ned dividing lines, conprising the steps of: a deteriorated |ayer
formng step for applying a pulse 5 |aser beam capabl e of passing through
the wafer along the dividing lines to forandeteriorated |ayers in the

I nside of the wafer along the dividing |lines; an extensible protective
tape affixing step for affixin an extensible protective tape to one side
of the wafer beforel°16t8@1zf { eReveevbiestat edcbayeéngf bo niheg mteentand a

di vi di ng step if 1 \h-di - along the . deteri.arated | ayers by
expandi ng t he lpl)i?(r‘)etn gégé:’n\?e&?%fp%gg},ﬁ%%l&% Cf%%k%go\ﬁaqulgﬂgépgt%gagéf &rlic®at ed
l'ayer form ngpstesiet eRmafnedalkliyi dimd N nakovedtetrakiomited lsakels LHernn ng
step, 15 processingtﬁogditions are set to satisfy 1.0 c V/I(Yx D) ¢ 2.5
in which Y is a rep8tPEFBhIPFatRIAYeHEPrBLinghetgiuIfor pRRéYinpemmpulbei s a
focusi ng spot jdisare f I I I am. and .V is.a

processi ng-f eed gpeg?%%lag%evg%n%\%sﬁgngggz Ou% the \W/&F&r §r]i8nf3h§hﬁul se

| aser beanm) (@vddéng. iPnefetabform 2Akttdrd draegdenayeet thetmal g laser beam
in the deterigbatedfla er, formng . .step is_set to 200 kHz or higher

Further, pref&PRoldiet RdOBS dfiCordVadiPgydreeformed in the deteri orated

Layer forming stepaararvmidionderselidfd edol avens ARtk ax) 900 Jram, ane

side to the other side of the wafer. 25 Further, in the eriorat
form ng step, ahexteusbplpauqiestdivepbape do ohet fiedprodt ehkiwefdmpe fakki xed

bresent | rventFoR: Ehe 4B SBIGTACEE PRy BPY A GOTFEPARd PR L RESI nsi de of the
wafer along the divaddngibingssbkyp 28rapptybnggatpel sgrkasgiohgapycapable
of passing th%g %Qiéﬁgtéﬁffé 34029 th dé¥£d|?? lines to the wafer, and the
wafer is yers by expan g the protective tape affixed
tc the wafer after the deteriorated layer forming step.
Preferably-, in the above deteriorated layer forming step,

15 processing conditions are set to satisfy 1.0 = V/ (Y x D) =
2.5inwhich Y is a repetition frequency (Hz) of the pulse laser
beam, D is a focusing spot diameter (mm) of the pulse laser
beam, and V is a processing-feed speed (a relative moving speed
of the wafer and the pulse laser beam) (mm/sec). Preferably,

20  the frequency of the pulse laser beam in the deteriorated layer
forming step is set to 200 kHz or higher. Further, preferably,
the deteriorated layers formed in the deteriorated layer
forming step are molten re-solidified layers and extend from
one side to the other side of the wafer.

25 Further, in the deteriorated layer forming step, the
outer peripheral portion of the protective tape affixed to one
side of the wafer is mounted on an annular dicing frame.

In the present invention, the deteriorated layers are
formed in the inside of the wafer along the dividing lines by

30 applying a pulse laser beam capable of passing through the
wafer along the dividing lines to the wafer, and the wafer is
divided along the deteriorated layers by expanding the

extensible protective tape affixed to one side of the wafer

having the deteriorated layers formed therein. Therefore,



divided along the deteriorated | ayers by expanding the extensible
protective tape affixed to one side of the wafer having the deteriorated
.layers forned therein. Therefore, 4 the wafer can be divided efficiently.
Brief Description of the Drawings Fig. 1 is a perspective view of a

sem conductor wafer 5 to be divided by the wafer dividing nethod of the
present invention; Fig. 2 is a perspective view of the principal section

of a laser be processin chi.ne far carrying out the deteriorated |ayer
forming step %ﬁgtwg f&ng @igFﬁédﬁgtﬁgalcgéngiythe present invention;
Fig. 3 is a block diagramschematically showng the constitution of a

| aser bean1ap%ILcation means provided in the |aser beam processing nmachine
shown in Fi g. Bzlefj esgriiptiogchénthiecDdawgngm for expl ai ning the focusing
15 spot di aneter of pul se. |l aser beam. Figs. 5 (a) and 5 are
expl anatory di agrangilgho%vi Ty & eersé’gtcg?iv&gf’@ﬁ ?éygersqnﬁﬁﬁ“g’g‘)cﬁépwﬁﬁefhe
waf er di visli ngomeehddvidedt B¢ preseBFerN¥eBtiH0Ay MbShof bE Andi PE8EK
showi ng a state where deteriorated 20 layers are lamnated in the inside
of the wafer TRAVERE1OBéteriorated |ayer forning step shown in Figs. 5 (a)
and 5 (b) ; Fig. 7 gsqa 4iagr ] he. e Qf . s.of a..pul se
| aser beam applied F%gf h% %fag{pemﬁg\#c?%ggcgjéé‘?ia%fen © %rLﬁlgﬁgfailnsFﬁElgn
deteriorated bdyer 1acem bgamt pposhesingnmbtsne5£68) ca2byang &54b)thé&i g. 8
Is a diagran1§ggmdmﬁ tEe ;f%%snce of spots of the pulse |aser beam applied
to the wafer AT EHEA LSS FE XS e AP TR NgsS keR Yre Ehengnt ar i Wik ngemeEhet at ed
l'ayer forro ngogt @ReSBeWseh® Fh@entSohd) and 5 (b) ; 30 Fig. 9 is a diagram
h

showi ng the sequence of spots of the
Fig. 3 1s a block diagram schematically showing the

constitution of a laser beam application means provided in the
laser beam processing machine shown in Fig. 2;

Fig. 4 is a schematic diagram for explaining the focusing

15 spot diameter of a pulse laser beam;

Figs. 5(a) and 5(b) are explanatory diagrams showing the
deteriorated layer forming step in the wafer dividing method
0of the present invention;

Fig. 6 1s a diagram showing a state where deteriorated

20 layers are laminated in the inside of the wafer in the
deteriorated layer forming step shown in Figs. 5(a) and 5(b};

Fig. 7 is a diagram showing the sequence of spots of a
pulse laser beam applied to the wafer when the coefficient k
is 1 in the deteriorated layer forming step shown in Figs. 5(a)

25 and 5(b); '

Fig. 8 is a diagram showing the sequence of spots of the
pulse laser beam applied to the wafer when the coefficient k
is smaller than 1 in the deteriorated layer forming step show
in Figs. 5(a) and 5(b):;

30 Fig. 9 is a diagram showing the sequence of spots of the
pulse laser beam applied to the wafer when the coefficient k
is larger than 1 in the deteriorated layer forming step show
in Figs. 5(a) and 5(b):

Fig. 10 is a graph showing changes in external force



pul se | aser beam applied to the wafer when the coefficient k is larger
than 1 in the deteriorated |ayer fornmng step show in Figs. 5 (a) and 5
.(b) ; Fig. 10 is a graph showi ng changes in external force 5 required for
dividing the wafer by variations in the coefficient k; Fig. 11 is an

expl anatory di agram showi ng the protective tape affixing step in the wafer
dividing nethod of the present 5 invention; Fig. 12 is a perspective view

of a pick-up device for. carrying out the dividing step in the wafer

di vi di ng et h6& I3 $Chd Ofr e Do dhe yafep by vesipkjoasdinathe) are
expl anatory dicegfaigishewing 10 the dividing step in the wafer dividing
met hod of the present invention; Fig. 14 is a perspective view of a
sem conduct or chi p Fébtailnéd ayexhéanatery dilwigdangshmtimdtbé riroe spitasent

i nvention; Fi 15:} raph shqw n he r.el.at.i onshj et ween the 15
repetition f réc%ggn%/f%ff%‘gsgle?ew %gﬁtﬁﬁéﬁdl r-ad IP?\tlﬁ)‘?‘ngfd‘ékﬂ%Hr@ﬁ&Péd
| ayer forntngistveptame;the yield rate of chips obtained by dividing the

waf er along the deteriorated |ayers in the wafer dividing nethod of the
present invention; BRE-FLd.1368 iRERERACHpIVesNoRWNgIt hepick-atn alestiqe Fetrween

doter i ora od 165 oF o g ot abt B sy 2Br FasSATEER oy "iEnag ng

t he deteri or atdd thayeresientt Hevwsafteondi vi ding nethod of the present
i nvention. 25 Detailed De ﬂﬁi{ption gf the Preferred Enbodi nent A wafer
di vi di ng met hod acc F&anls fa 3t dfPLPT & RFBdRRERP T B A1 3E FRT SERWING

i nventi ony o | |th@ed9@§§i1¥%<ié'{ﬁ,iﬁeﬁl§é hya fRET 81 PUALRS drS%eEk?é'%:ge%%nrthe
acconpanyi ng draw ngs. Fig. IS a perspective view of a sem conduct or
waf er invention;

Fig. 14 is a perspective view of a semiconductor chip

obtained by the wafer dividing method of the present invention;
Fig. 15 is a graph showing the relationship between the

15 repetition frequency of a pulse laser beam applied in the
deteriorated layer'forming step and the yield rate of chips
obtained by dividing the wafer along the deteriorated layers

in the wafer dividing method of the present invention; and

Fig. 16 is a graph showing the relationship between the

20 repetition frequency of the pulse laser beam applied in the
deteriorated layer forming step and bending stress required

for breaking the deteriorated layers in the wafer dividing

method of the present invention.

25 Detailed Description of the Preferred Embodiment

A wafer dividing method according to a preferred
embodiment of the present invention will be described in detail
hereinunder with reference to the accompanying drawings.

Fig. 1 is a perspective view of a semiconductor wafer

30 as a wafer to be divided according to the present invention.
The semiconductor wafer 2 shown in Fig. 1 is, for example, a
300 pm~thick silicon wafer having a plurality of dividing lines
21 formed on a front surface 2a ina lattice pattern and circuits

22 formed in a plurality of areas sectioned by the plurality



30 as a wafer to be divided according to the present invention. The

sem conduct or wafer 2 shown in Fig. 1 is, for exanple, a 300 pmthick
.silicon wafer having a plurality of dividing lines 21 forned on a front
surface 2a in a lattice pattern and circuits 22 fornmed in a plurality of
areas sectioned by the plurality 6 of divigding lines 21. The nethod of
dividing this sem conductor wafer 2 into individual sem conductor chips
will be described hereinunder. To divide the sem conductor wafer 2 into

i ndi vi dual 50fedicbddugt binehi ps, tTee stesphost dmrdﬁvﬁgiidﬂ; drhicrr ated | ayer S
in the inside_of.the

| aser beam caPabt 8OBHLH %Wﬁgef%%ﬂgﬂ%ﬁé%ﬁéhl g d’ﬂlﬁ o |?r}%d?shﬁgﬂ nes

is carried oupe dB:&rdBEQrhOFALREnAaYer formng step is carried out by
using a | aser beam processing 10 machine shown in Figs. 2 to 4. The | aser

beam pr ocessi ng na%ﬁlﬁévb%©mhh¢rﬁ$mgﬁpndu¢tpm-waﬁ¢W|%esnEDcimiiNi¢ﬁﬂkt31
for holding a workpiece.. a.l.aser_beam a ation ns .32 for ing a
| aser bea tos?lﬁécg\%?%ﬁ%%é:m@sd ﬁ t?'reeiﬁtfc OF&H‘% LAoF ahed ?‘rﬁgg rd

pi ck-up meansigdIHeOinPi&LIOTILHE WAIT drMBOEn @ F hb3d i hied Wy E@hé@%}hﬁbﬁl?ﬂné he
chuck table 31. The chuck table 31 is designed to suction-holdt

wor kpi ece andar®iietf iL@sgr %@@&ésag:iaéaj-ef eédoan et ithaonali the é@fw ahoagr ow X

and an i ndex indi an .ar.r.o [
novi ng nechan#§%1%§€ﬁjls ngfka % %Egﬁegé ove Jé%@%xﬁégﬁgggSFi% %IOH
means 32 conpfosmesng stoap mmdtacahedansmmgaﬁalsm)gt enth gy st apbrakkyng

horizontally. In the casing 321, there are installed a pul se | aser, beam
osci | | at il¢h” nBaRB1BO2SBRAWNALR AT s¢i bR bpt i BEAT RSB PLRCRSFHMW i n

Fig. 3. The pﬂhéﬁlhésﬁoxﬁ?%fﬂ @ﬁ_g's'.' atLony %@%1@@533%1‘1&1‘?%]]@ 4 e, py a

pul se | aser beam oscillator 322 conpose a YAG | aser oscillator or
YV04 | aser osbplBahgra wndkpieepet &t lonetrbgamnayp siatdtiing means 322Hor
connected to ggglylng a laser beam to the workpiece held on the chuck table
31 and an image pick-up means 33 for picking up an image of
15 the workpiece held on the chuck table 31. The chuck table
31 is designed to suction-hold the workpiece and moved in a
processing-feed direction indicated by an arrow X and an
indexing-feed direction indicated by an arrow Y in Fig. 2 by
a moving mechanism that is not shown.
20 The above laser beam application means 32 comprises a
cylindrical casing 321 extending substantially horizontally.
In the casing 321, there are installed a pulse laser beamn
oscillation means 322 and a transmission optical system 323
as shown in Fig. 3. The pulse laser beam oscillation means
25 322 is constituted by a pulse laser beam oscillator 322Za
composed of a YAG laser oscillator or a YVO4 laser oscillator
and a repetition frequency setting means 322b connected to the
pulse laser beam oscillator 322a. The transmission optical
system 323 has suitable optical elements such as a beam
30 splitter or the like. A condenser 324 housing condensing
lenses {(not shown) constituted by a conventionally known set
of lenses is attached to the end of the above casing 321. A
laser beam oscillated from the above pulse laser beam

oscillaticn means 322 reaches the condenser 324 through the



pul se l'aser beamoscillator 322a. The transm ssion optical system 323 has
suitabl e optical elements such as a beam 30 splitter or the like. A
‘condenser 324 housing condensing |enses (not shown) constituted by a
conventionally known set of lenses is attached to the end of the above
casing 321. A laser beamoscillated fromthe above pul se | aser beam _
oscillation neans 322 reaches the condenser 324 through the 7 transm ssion

optical system3@3;mnd ;i Qggyi , n1ned f.acusi n spot
d!oarret er D, fiﬂomtt%rygsoln en erlc%% ﬂ{otaetnhg; %k ece aﬁ’é’lld ftre 2above
chuck table SPIeMMimmWB@detaIMMeB DS faeh #1ed cbydbh8er 324

h I th f th
onlse T hoer | B eigsa ém?”deroq rﬁ%exéeo%tv%eee Wacﬁé tpader Bonm Bhopect ed
b tance
obj o0t Lve | ens S3aa Sunaty Fhdneh el 1 18 He R bl 8B et B om 4t on

i's appliedSt hrodghithe /ol AU \Xée isert&e%eﬂ@elérﬂ;tﬁf bﬁl@ @pf’t%%nﬁ@]:sé”a%se%s

shown in Fi u neans | itted to the front
end of the gasbléér?én’B 11%2%%(? tr’fsg)]r %]g\?%@el Béete r%%%mllitr&tlle@ﬁeﬁeans

32 is constit utedn bt aead 32451 Mehaag IlagtH@sz%ga&Pét’é&@? ar ed
radi ation to the 15 wor kpi ece, an optlcal system for capturing in rar

radiation apMh S8°p9PIPetiTe rlérf@d 3|2I4Iﬂ|l|rrwhha1@|tﬁ93 Pedse, laadrdmamm@erlng

Gt C
ggfreggoggylng%t%é%% ragggagrg%l ati on %dk gg %ggﬁﬁgl %kﬁﬁ?%%‘%s%?ﬁrﬁz‘lian

addition 10 a@fortdiuenanoyldlemm@er Bicak - @ dhv;melﬁOE(l@CD)q for picking up an
i mge with visible diation_in.the illustrated enbodi nent. An inage

signal is transmttedStg"ade @&&H‘&P Reans 3hubigh is ddtdescEpbde Faoat. The
step of form r@ddeiferiner @ta%Qng;aya@rlS c%ﬁs%%%ﬂ%l‘ﬁé :tg%e aBRoue tﬂa@é‘?rbg‘@m
e

processi ng machine 3 w || scribed with 2 rence
6. application means 32 is constituted by an infrared

5 and

illuminating means for applying infrared radiation to the

15 workpiece, an optical system for capturing infrared radiation
applied by the infrared illuminating means, and an image
pick-up device (infrared CCD) for outputting an electric
signal corresponding to infrared radiation captured by the
optical system, in addition to an ordinary image pick-up device

20 (CCD)} for picking up an image with visible radiation in the
illustrated embodiment. An image signal is transmitted to a
control means that will be described later.

The step of forming deteriorated layers by means of the
above laser beam processing machine 3 will be described with

25 reference to Figs. 2, 5 and 6.

In this deteriorated layer forming step, the
semiconductor wafer 2 is first placed on the chuck table 31
of the laser beam processing machine 3 shown in Fig. 2 in such
a manner that its back surface 2b faces up and suction-held

30 on the chuck table 31. The chuck table 31 suction-holding the
semiconductor wafer 2 is brought to a position right below the
image pick-up means 33 by a moving mechanism that is not shown.

After the chuck table 31 is positioned right below the

image pick-up means 33, alignment work for detecting a



In this deteriorated |layer formng step, the sem conductor wafer 2 is
first placed on the chuck table 31 of the | aser beam processi ng nachine 3
-shown in Fig. 2 in such a manner that its back surface 2b faces up and
suction-held 30 on the chuck table 31. The chuck table 31 suction-hol ding
the sem conductor wafer 2 is brought to & position right below the inmge
pi ck-up nmeans 33 by a nnving mechani smthat is not shown. After the chuck

table 31 is p A el ow the i e.pi ck-up neans 33, allgnnent
work for dete t| r?lg%aeigiggra sts?cl °n alp&?ct%sﬁg ﬁ’ryoéeéé‘éc?rb?eéml g€ethBeam of
the seniconduethaonaiiero? st &ap i Ldaprt e%utey kARSI L1 HR- 33
and a control _neans that is _not shown. That |ush§¥he ma%Be é?c Gﬁmsﬁ%lgns 33

and the controf AB&M %trrﬁloﬁﬁapﬁa@éats isr pogsshogn sudhadsipatities nmméchl ng

to align a di h 25 i_n etermneddrecmn of the
seni conductorwl(é gP %n% th%%%'h?ﬁ% eené%rnﬁz i 8F 3 Re “PES&r “H&ant™@8B1 i cati on

means 32 fbr gpplcpissgng baskrabeantalrangatbeith vidliang ghi Bed2digiddanely
perfor m ng th?ﬂalfngE'E ng of a | aser beam application 10 position.” The
e

al i gnment  of RIgslstemigRed gasrerdani of sihe |semiroeiucited out
on dividing |iager23 mme RBnkBEsEET SN GHAN NBLEML Y, i 3,35 8eL) on

perpendi cular to the above predeterm ned ect’i
surface 2a onmghansh3Z Herdeppdyggld dese? badm hhengerhediguatay 1 kb wafer 2
areformsdfaq:?1 at_this the dividing_ line_ 21 can belrraged

fromthe back s §¥ep%f%§mt ‘g%hr‘?aﬁélBF@EnEpOf feaR§ e3P YMHFPIES agAOn

i nfrared 1ch|u@sbrsattu@g MEPRS, a BlgRREAhEAb T §Mét§£%é9fb ok red
radi ati on and an i mage, pi ck-up gdeV| ce (infrared ?Qr? élé%u‘?%é {'érﬁg an

el ectric si gnBPS261e8riesidvidiand vt earhibed plutaprdlingdliag daneas? désemeted
hel d on the chick™t bTe Sraethe et 8 TN aR T R e et te “beam
application paset abovies peadeitedmined Wieection. Although the front
surface 2a on which the dividing lines 21 of the semiconductor
15 wafer 2 are formed faces down at this point, the dividing line
21 can be imaged from the back surface 2b as the image pick-up
means 33 comprises an infrared illuminating means, an optical
system for capturing infrared radiation and an image pick-up
device (infrared CCD) for outputting an electric signal
20 corresponding to the infrared radiation, as described above.
After the dividing line 21 formed on the semiconductor
wafer 2 held on the chuck table 31 is detec¢ted and the alignment
of the laser beam application position is carried out, the
chuck table 31 ismoved to a laser beam application range where
25 the condenser 324 of the laser beam application means 32 for
applying a laser beam is located, to bring one end (left end
in Fig. 5{(a}) of the predetermined dividing line 21 to a
position right below the condenser 324 of the laser beam
application means 32, as shown in Fig. 5(a). The chuck table
30 31, that is, the semiconductor wafer 2 is moved in the direction
indicated by the arrow X1 in Fig. 5(a) at a predetermined feed
rate while a pulse laser beam capable of passing through the
semiconductor wafer 2 is applied from the condenser 324. Then,

when the application position of the condenser 324 of the laser



chuck table 31 is noved to a | aser beam application range where 25 the
condenser 324 of the |aser beam application neans 32 for applying a |aser
‘beamis located, to bring one end (left end in Fig. 5(a)) of the
predetermned dividing line 21 to a position right below the condenser 324
of the |aser beam application neans 32, & shown in Fig. 5 (a) . The chuck
table 30 31, that is, the sem conductor wafer 2 is aned in the direction

i ndi cated by the.aL | red ern1 .e while
a pul se | aser beam %Ig%%%%tei%f’ ﬁeggg%nég%ﬁ?%%gr@t %%ﬁf’ Iﬁg &2 s
appl i ed from tlheec@idessehoBR4in Thiem, 5 Aen thl@eappphtgai@@rbpogié i sef the
condenser 324 .of th%elaser 9 beam_ application neans 32 reaches the other

end of the di vidfiSigPeRinésSo3uaReRASH ARG, thegMoYeRPNt: AE Bppl Ghosak drabd® t he
pul se laser baamthgsygpepdgdsandcd g, Smy:e TRt 0 %Qe gegggdt abl ethgjsl ayer

that is, the semiconductor wafer 2 is st opped. n“t &fi orat
forming step, dﬁtegreiotnart@dtlmyéméusmmggmnepx, bf’sefttuhg thed secliases dodayn t o

the vicinity fro rfac ersurface) of the sen1conductor
wafer 2, a de eP%oﬁé‘? é’&f SIea %?e"ﬁ téqu?fsg&ctlﬁl?ﬁeo o5t TEeRE & tage

(undersurface)za aitldé 8shof AEL) b@%ﬂé’séﬂ?cbﬂéu@@of MaFethe %c%ﬂ:; g:rrfa]%%% 2a.

This 10 deteriorated | ayer 210 is formed as a nolten-reso ayer.
The processi nda¥&FdedPons ?ﬁPQW%idbbwémdétentosarédceI%qehuﬁranﬂunjageep are

set as follo f LD . excite
| aser 15 V\av\glsa’élrﬁlg %1: gpuggeteqwaa?ég%aw 5 %%T%%éfﬁngfsgf%&f P‘? LmT G'I se
out put : 100 gJ del%musirrag:eﬁpd.taytﬂrarmtoerls EopedPulsse wodtln-10@onsdilfeak

power density of focusing point: 1.3 x 10" Wcm 20 Repetition frequency:
200 to 400 kHZ3¥EFcessing-feed rate: 200 to 400 i sec

The processing conditions in the above deteriorated
layer forming step are set as follows, for example.
Light source: LD excited Q switch Nd:YV04 laser
15 Wavelength: pulse laser having a wavelength of 1,064 nm
Pulse output: 10 uJ
Focusing spot diameter: 1 um
Pulse width: 100 ns
Peak power density of focusing point: 1.3 x 10 W/cm?®
20 Repetition frequency: 200 to 400 kHz
Processing-feed rate: 200 to 400 mm/sec
When the semiconductor wafer 2 is thick, the above
deteriorated layer forming step is carried out several times
by changing the focusing point P stepwise to form a plurality
25 of deteriorated layers 210 as shown in Fig. 6. Since the
deteriorated layer formed each time under the above processing
conditions is as thick as about 50 um, six deteriorated layers
are formed ina 300 um—thickwafer inthe illustrated embodiment.
As a result, the deteriorated layers 210 extending from the
30  front surface 2a to the back surface 2b along the dividing lines
21 are formed in the inside of the semiconductor wafer 2.
Under the above processing conditions, the coefficient
k defined by the expression k = V/{(Y x D) (Y is the repetition

frequency (Hz) of the pulse laser beam, D is the focusing spot



When the sem conductor wafer 2 is thick, the above deteriorated |ayer
formng step is carried out several tines by changing the focusing point P
.Stepwise to forma plurality 25 of deteriorated |layers 210 as shown in Fig.
6. Since the deteriorated |ayer forned each tine under the above
processing conditions is as thick as abouf 50 pm six deteriorated |ayers
are formed in a 300 pmthickwafer in the illustrated enbodinent. As a
result, the deteriorated |layers 210 extending fromthe 30 front surface 2a
to the back s@ipaesezb mméngftWQEdpwﬂéen@aBemebeamlaadermsnﬁﬂeln t he

de of th f Under. th
condi 11 ons, t RECEBEPTT ST ERPOERIR (RaAsES (s ShprestibRer D v 0ke 2By (v
is the repet | Thosthé ¥ W@EQYth@Zﬁepﬁtﬂﬁl%rpﬁkééuéﬁé%rY beam f&dsslﬁnﬂ%pot
focusing spot 10 di amet erl@fé3 of the pulse | aser beamand V is

processi ng- f edapgter( Rntedcyhy nw%&mﬁyegemte . .desirably satdsdyher
wor ds, the5repet|t|onfregu$[® %hgfo]éusm di aneter D and the
pr ocessi ng- fe8 FEPESVS4EY ra Iy-s\é 1R ﬁesm on 1.0 c VI(YXx D ¢
2.5. Stated nore spstatedaldne sphbent el pewhases pheadkadr¥eam daving

repetition frequen )é Y. is applied, at a focusmg spot dianmeter D, to the
senmi conduct or-2WaFEBE Qtflpi‘imfffﬁgué’élﬁd’eﬁséﬁ app4igfl, t RE RadeFupéheh &PPEi cati on

means 32, andgthgeghYck, t?ﬁeﬁlé%e}acoﬁ'ﬂcto§ Lbg.sen ﬁfd&h%ta%%\?\é%g 21is

noved in the processing- diTection, in the case
coefficient k3i2g df thhd@&mbepmcﬁpph&:eﬂ:pmﬂsmeém h&@,pam@mﬂea:slanck heblei s

t he sane t focusin s t dianeter t hat pul se | aser beamis
appl i ed cjg[ﬁti Hgmgf’ﬁallgn ?‘ﬁe s&WFBPH&CBrI Wﬁée§12I hss{ﬁ@h’eg sPatBet hat the
focusing spot prekeblenpulrsed kasettheam anethh eqgkagk %EhaSQGQ other (i

e . , in such a state ‘that the focusmg spots do not overlap wth one

another and K&aeétnclspade ibel nede phechdj afdrite spots)of abeshiolwe ilaskirg.
7. Wen the aB%\éﬁ fgecfh | %ﬁgtaé( t'hs %ggllléflgg tsrf)%t cji’iartngt?elp"ﬂ, le.hat is, the
pulse laser beam is applied continuously along the dividing
15 line 21 in such a state that the focusing spots of the pulse
laser beam are in contact with each other (i.e., in such a state
that the focusing spots do not overlap with one another and
have no space between the adjacent spots), as shown in Fig.
7. When the above coefficient k is smaller than 1, the pulse
20 laser beam is continuously applied along the dividing line 21
in such a manner that the spots of the pulse laser beam overlap
with one another, as shown in Fig. 8. When the above
coefficient k is larger than 1, the pulse laser beam is
continuously applied along the dividing line 21 in such a
25 manner that a space is formed between adjacent spots of the
pulse laser beam, as shown in Fig. 9. When the above
coefficient k is 2, the interval “s” between adjacent spots

becomes the same as the focusing spot diameter D.

30 [Experimental Example 1]
The above deteriorated layers were formed in a
semiconductor wafer having a diameter of 6 inches and a

thickness of 300 um by changing the above coefficient k in a

range of from 0.1 to 4.0 under the above processing conditions,



20 | aser beamis continuously applied along the dividing line 21 in such a
manner that the spots of the pulse | aser beamoverlap wth one another, as
‘shown in Fig. 8. Wen the above coefficient k is larger than 1, the pul se
| aser beamis continuously applied along the dividing line 21 in such a 25
manner that a space is forned between adj agent spots of the pulse |aser
beam as shown in Fig. 9. Wen the above coefficient k is 2, the interval
"s" between aﬂ%&gent sgots becopes the sanme as the focusing spot dianeter

D. 30 [ Experi SFERAMARIFROrRRr Ai¥ddingttidia semt eentiagieos wades flamed i n
a sem conducteychvadBri davd MG 8 diamet N and a_ thickne of
300 m by changi ncg t he labovqe corg?‘ fici ene'?a{ilﬁ{enaﬁzi'rp(r:e}%e Ogg CPFSF%’O.%‘ o tstgleﬂ. 0

under the aboVREFFBEEERItgE comiiss,onsthride-gnd ret besdingquistedat wadindgdi ng

t he sem condu : . alon each dividing line was neasured in each of

cases. For thgéﬂné\g{gﬁrﬁéﬁgn&%fbascf}(r§§1§,fa§et‘Plgé%lepéieﬁltlcﬁéﬁépﬁert‘é%fews

carried oft isrupminihadﬁBo@@Q&eS&iJﬁPi%q)iiﬁQ%tsg&%@MEQBr%ﬁ@gﬁgy‘t'%%mS
. rom €

supported al ontg}?t he dividing line at pasitions nm away
dividing line BovAddndeking ®rabbthds ks amel hetbad waseappilont sairdhace of

the sem conductQypu e al.o jviding .line_ _The peasured stress was
stress on a cross \é%félt%ifgglebgge%lt}gosgérﬁ%’chf&o& WERETL FHEN Qe thigriding

sem conduct or Mafesr Ghas nbasdided stbeIHALIELHE SRR a (G Sedf Eos QMR N
Fig. 10. It is_understood hat, when the coefFcient k is 1. 0 to 2.5,

stress requiréd FoF lo&ld\ﬁtdFﬁG Yige Wtk EBAGRRIsIONEICE O wa fatakhs dagvuei:edt. he
e s s Aot 5 D 11, RS

wafer 2 along the dividing |ines he "above de
forming step, Wia& whep Wie appfLingenn kexsehsd hbe2 ps otsectisker éGPErd@ rone

side of the wagf.er. .. arried out. That is, as shown_in Fig. 11, the front
surface of t\é\?lg(ltdén i&%tae 5F&l§8ﬁd\?€-£9§pé’a§?rvﬁés§m§&tler

After the deteriorated layers 210 were formed in the
inside of the semiconductor wafer 2 along the dividing lines
15 21 in the above deteriorated layer forming step, the step of
affixing an extensible protective tape to one side of the wafer
was carried out. That is, as shown in Fig. 11, the front
surface of the extensible protective tape 42 whose outer
peripheral portion was mounted on an annular dicing frame 41
20 to cover its inner opening was affixed to the back surface 2b
of the semiconductor wafer 2. In the above protective tape
42, acrylic resin-based paste with a thickness of about 5 um
was applied to the surface of a 70 um-thick sheet substrate
madecﬂfpolyvinylchloride(PVC}jjztheillustratedembodiment.
25 A type of the paste whose adhesive strength was reduced by an
external stimulus such as ultraviolet radiation was used. The
protective tape affixing step may be carried out before the
above deteriorated layer forming step. That is, the
deteriorated layer forming step is carried out in a state where
30 the semiconductor wafer 2 is supported on the dicing frame 41
by affixing the protective tape 42 onto the front surface 2a
of the semiconductor wafer 2 in such a manner that the back

surface 2b faces up.

After the above deteriorated layer forming step and the



peri pheral portion was nounted on an annular dicing frame 41 20 to cover
its inner opening was affixed to the back surface 2b of the sem conductor
-wafer 2. In the above protective tape 42, acrylic resin-based paste with a
t hi ckness of about 5 gm was applied to the surface of a 70 ~tmthick

sheet substrate made of polyvinyl chloritde (PVC) in the illustrated

enbodi nent. 25 A type of the paste whose adhesive strength was reduced by
an external stinul%s such as ul.traviolet radiation was used. The

protective taps AR igtReF 15§ BhPP iy obEe Bt aheutapdve step
deteriorated layakviaiAy %é%%icgﬁﬁhcgér e det %&bgaa{ﬁ@' c:{eel’%éprrio%%irt?dng

step is carried out in a state where 0 the sem conduct or wafer
supported on ti@¥edisckh§ Waaneardiedyowf biyxergahtiengr thegtioteedt@pe 42pent o

the front surf,ac f t sem conduct or _waf er in_such, a nner t hat
t he back sur#gcgfggx?gég%q§§§sﬁﬁﬁgpnaﬁgggﬁdvﬁgﬁégkriggé?éyjf 9 £&6FRi ng
step and the h%spt@k@@éﬁvﬁuﬁ&%ﬁu@ﬁh@xhnﬁiékeﬁpQﬁ%ﬂxﬁ?%nsﬁé&ﬁifﬁ'Fl . 1bhe

step of dividing the sem conductor wafer 2 along the deteriorate | ayers
210 was carri é@dodtidsy éddandiang tRdbpr.ot Beeiveckape ddpiaéfbxedll de¢ he

i conduct fer..2 . This .dividi . ied put b '
ot ok up. dovi cSUEcHiitlea HU-RROEISNT ThEP, I WEE-ERY SEClts ait etk L
device 5 wi || domprdeser & hegl iret:eiddiebawe s’hamadﬂngsrar?ngdiﬁ@céﬁm&emqe 5

conprises a cylindrical base 51 having a placing surface 511 for placing
the above di ciiRg Plamend1thmabaveedpsanoniramafs eodsaniewpandinmaeansed in

t he base C@hC i cal ks ndj : cl.i e 42
nount ed aﬁithgadﬁgégg£§f¥%§g§¥}ﬁ %ﬁetgég%ﬁ%%ﬁg ﬁ%ﬁ%gﬁgglﬁégiif%%f%ﬁ%??ca|
expandi ng nefioer exphnfdomngs tijeo piriohg cani var ¢apé212whenetédeomafter dAdingt he

aDove, POSCt SLARe 3L sl B oo i TOIDL S22 SR
direction of iepey spdrigzakuppsetPhy HNELWBEN2: where the wafer 2 in the
above protective tape 42 exists. This expanding member 521

15 is so constituted as to be moved in an up-and-down direction
(in the axial direction of the cylindrical base 51) between
a standard position shown in Fig. 13(a) and a expanding
position shown in Fig. 13(b) above the standard position by
a lifting means that is not shown. In the illustrated

20 embodiment, ultraviclet lamps 53 are installed in the
expanding member 521.

The dividing step which is carried out by the above
pick-up device will be described with reference to Fig. 12 and
Figs. 13(a) and 13(b).

25 The dicing frame 41 mounting the protective tape 42
affixed to the back surface of the semiconductor wafer 2 as
described above is placed on the placing surface 511 of the
cylindrical base 51 and fixed on the base 51 by clamps 54 as
shown in Fig. 12 and Fig. 13(a). Then, the expanding member

30 521 of the expanding means 52 supporting the area 421 where
the wafer 2 in the above protective tape 42 exists is moved
up to the expanding position shown in Fig. 13(b) from the
standard position shown in Fig. 13(a) by the 1ifting means that

is not shown. BAs a result, the extensible protective tape 42



a standard position shown in Fig. 13(a) and a expanding position shown in
Fig. 13(b) above the standard position by. a lifting neans that is not
shown. In the illustrated 20 enbodi nent, ultraviolet |anps 53 are installed
in the expanding nenber 521. The dividing step which is carried out by the
above pick-up device will be described with reference to Fig. 12 and

Figs. 13(a) and 13 (b) . 25 The dicing frane 41 nounting the protective

t 42 ffixed back r.f ace of the_sem conduct.or fer 2.as
described aboud ieé(?')p ra&%gdg%n s %leéléil%ﬁ E&FF&:&C $178F1ERLY O EREri cal

base 51 and fisesdconduttotrase el by tel @MRen54nasprohewhive Fhge 32 amd Fig.
13(a). Then, tr%%expandi ng nmenber 30 521 of the expandi ng means 52
supporting t h@&*dr&gdao1WhERr Benghke whpEere 2a¢hs t hedbdble P othetive tape 42

exi sts is novedn; ' LG S i | q.. 13(b), fromthe
standard positi gﬁ%gﬁg\%ﬁ{:??\ ‘E.égep%r}’%a')%%?%ﬁgﬂ fgll?éé\?%’gncrr}gea sen}ll‘fg)ﬂ“)dulcgoﬁot
shown. As a resadkr,2 { helisntensibte ipdovedti Ve ehdpenddcidrichipsandedngo

that tensile force .acts radigally on the sem conductor wafer 2 to which the
protective taﬁge&‘%?l%ﬂ%%@g? herllansihe stgergthakthagiedieryosptere

seni conduct or mgta,@@, 21 @St Shasad ia@%%gaéﬂélqﬁx}i*hﬁr%eﬁ}iﬁ%@%&%q{e WalBled 1 s
along "the

divided into individual sem conductor chips 2 eteriorated

| ayers 210 as ThEemaurdngf frhef expensfinrer L oe at edonbayéos dXlthé proedcationg t he
dividing line S e i Ene_ampunt of .t he expansion, i. e.,

el ongati on of %taﬁg 4p$§ﬁencc § %89 éipléflﬁgnfgnyie??ecaﬁ&feeaﬂ? 95@?%5’%@%‘%“@&?%

adj usted by t hevemeardahOunnyeferheagrpahdohgt RemBrpanding ARHind2to
According to _experinents conducted by the inventors of the present

i nvention, thEXBERFESRAScEORANEFEr PYcbhrdipgerioraeafatbagprenent

deteriorated LayehnsiZA0 WHENsERE-MAIAT VarkEPS 48:1R%e HRANMISI3RRYt 20
m the deteriorated layers 210 when the protective tape 42 was
exXpanded about 20 mm.
15 {Experimental Example 2]

A semiconductor wafer (silicon wafer) having a diameter
of 6 inches and a thickness of 300 pm was divided into
semiconductor chips of 2 mm x 2 mm by the above-described method.
Fig. 15 shows the yield rate of semiconductor chips obtained

20 by dividing the semiconductor wafer along the deteriorated
layers by carrying out the above dividing step {to be referred
to as “tape expanding method” hereinafter) when the repetition
frequency of the pulse laser beam applied in the above
deteriorated layer forming step was set to 100 kHz, 150 kHz,

25 200 kHz, 300 kHz or 400 kHz {in this Example, the above
coefficient k was 1). In Fig. 15, the horizontal axis shows
the repetition frequency of the pulse laser beam applied in
the above deteriorated layer forming step and the vertical axis
shows the chip yield rate obtained by dividing the number of

30  semiconductor chips obtained from the semiconductor wafer by
carrying out the above tape expanding method, by the number
of semiconductor chips formed on the above semiconductor wafer
and multiplying the obtained value by 100.

As understood from Fig. 15, when the repetition



15 [ Experinmental Exanple 2] A sem conductor wafer (silicon wafer) having a
dianeter of 6 inches and a thickness of 300 pmwas divided into

-sem conductor chips of 2 mMmx 2 nm by the above-described nmethod. Fig. 15
shows the yield rate of sem conductor chips obtained 20 by dividing the
sem conductor wafer along the deterioratetl4 |ayers by carrying out the

above dividing step (to be referred to as t ape expandi ng net hod"

her ei nafter) the repetition ., frequency of the.pulse |aser beam applied
in the above \,ﬁ}ge{ urelr}locryatogfg Shg Sulss ﬁ%ﬁ&rs S5 TES P % c}nléglek OVE50 kHz,
25 200 kHz, 3Qdeis oria @01k (fdrntitie sExam£100hRuaboe v 6aekfi£ignt Kk
was 1) In Fig. 15, the horizontal axis shows the repetition frequency of

the pul se | asénipsaAPERpHi Y the sembcesbiet devefeorerwd baysepivaechgsst ep

and the verti caly:axi S t | p.,yi.el 4 rate_obtained by dividjing the
nunmber of 30 gglr%l?én e gﬂ@ﬁi%@ glg% aalelnoeae %ﬂ&% Fﬁgaggﬁpgorﬂ%lﬁk&?%ra%ftgﬁe by
carrying obit tdtheabhueftapel@xppndicngepitthodd. by rife, BHAHBGE t1¥¥ tension
sem conduct or chips forped on the above sem conductor wafer and

mul ti plyi ng t FOX&St &fnEBeVEF BeS By LYt ans 4nHessipeacrpem f9y. ths chiten t he
repetition 14 frequ fott 3%33 l.as ' i

deteriorated | a;‘?rﬂl fégl(rﬂrﬁ%j (r%lé)tsl?gp ag%fgg'mé,)ag%ggﬁg%'?g%fﬁt)}#ﬁ %%?%goftor med
on the sem cokdwdtegyr. wHbweveoul whbe sepbandind asadiwdsvappableghtpsthy t he

above tape expandin th and the 5 other half could not be separated.
Even though t gttegﬁ%rgﬁed? E55t ThESHEGEs& ?\?@dﬁﬁﬁe%’fe\ﬁég itilé"reased f or

the chi ps10whigelt «¢aWrdtet 18¢esepAat dsit RepHSt& | ORALAN: h AW t481@nN Ot
br oken. However, when a bending |oad was applied to the deteriorated

| ayers to gendr&@lesendiodg Wyer a3dlse HAsEY deway appdtied liayshe whoweeasi |y
e v s AR LTy sty b e PULASyoest o atbied
could be separated by the above tape expanding method. It is
understood that when the repetition frequency of the pulse
15 laser beamapplied in the above deteriorated layer forming step
was 200 kHz or higher, the chip vield rate feached 100 %.
The reason why the chip yield rate dropped when the
repetition frequency of the pulse laser beam applied in the
above deteriorated layer forming step was 150 kHz or lower will
20 Dbe studied hereinbelow. When the cross section of a
deteriorated layer formed by applying a pulse laser beam having
the above repetition frequency was observed, the deteriorated
layer was formed all over the thickness direction of all the
semiconductor chips. The reason why this was confirmed is that
25 when there is a portion where the deteriorated layer is not
formed, stress required for dividing is remarkably increased
with the consequence the chip yield rate may be reduced.
Fig. 16 shows the results of a test for measuring bending
Stress required for breaking the above deteriorated laver by
30 the three-point bending method. In Fig. 16, the horizontal
axis shows the repetition frequency (kHz) of the pulse laser.
beam for forming a deteriorated layer and the vertical axis
shows bending stress (MPa) required for breaking the

deteriorated layer. As understood from Fig. 16, as the



coul d be separated by the above tape expanding nethod. It is understood

t hat when the repetition frequency of the pulse 15 | aser beam applied in
‘t he above deteriorated |layer formng step was 200 kHz or higher, the chip
yield rate reached 100 % The reason why the chip yield rate dropped when
the repetition frequency of the pulse | aséb beam applied in the above
deteriorated layer formng step was 150 kHz or lower will 20 be studied

her ei nbel ow. t ter| rated | ayer forned b
appl ying a pul's Eealrs}'goq%eamcﬁfe%dﬁ’o%fhe ag’% SS?FtP%ﬁ‘Xff%ﬁmr{%
observed, the cthé:t%:momaateeldlayayebem&é OerCEd:Hal brovewet NepdidGkhetSess

dlrectlon of all the sem onductor chi ps. The reason why this was
confirnmed is tHREVIFSIHET ng Fhsodeten Lprated Ravest dnicaeases | ayer
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the consequence the ¢hip yie
results of Sa tfest ﬁommmmame r@ﬁmrmhrragtedstlra@&s neqaiome@tHEzObrbmthelirg t he

above deterlorat %gr bg 30 the t ?FP endlng met hod. In Fig. 16,
the hori zont al*% §g$ BEST nESHRPEET ¢ Qﬁ1 @ &Eﬁc§ gid e ko aehdIaYETl aser

beam for forming 2amiet e areated | fyersapsdsd hﬁedﬂfé@afoﬁ)%ﬁea]? %’Stlp@nd' ng

stress (MPa) required for breaking the deteriorated |ayer. der st ood
fromFig. 16, d@éietlﬁ@r§$erjdrfétﬁlt haa reledqdendye bhemappxdeslei raSeromeamneﬁor

oqui 180 for EPESBEGETVS W A BEACHIS) Ay EVh noRBRced S  FRRCURS SRR t he

repetitiohOfr ecmmobtaﬁnteaebpuﬂs@ taserexpeadi gl Rethed r@é'tgréé”@eﬁ%lsertlh%r at ed
| ayer is 200 kHz or higher, bending stress required for breaking the

deteriorated ISH&SS 18Crepsesor VoSS, tfrﬁes1§¥¢é§sb¢@@|me$e@ ﬁmdmmrxegl t he
deteriorated | S t h hi
' Aele BRs1&ELA 'kfl?;ﬁvetvcért ech él? F}ﬁye g%’é‘%s %cg E néc

above tape expandi ng net hod.
the tape expaﬁ@&ﬁgam&@hddn@emmeas&Bh@$omhe 100 %. Therefore, the
repetition frequency of the pulse laser beam applied in the
15 above deteriorated layer forming step is desirably set to 200
kHz or higher.

As described above, by carrying out the dividing step
by the tape expanding method, a gap is formed between the
protective tape 42 and the semiconductor chips 20 to reduce

20 adhesion therebetween, thereby making it possible to pick up
the semiconductor chips 20 from the protective tape 42 easily
and forming a space between adjacent individual semiconductor
chips 20 as shown in Fig. 13(b).

Then, as shown in Fig. 12, a pick-up collet 6 arranged

25 above the pick-up device 5 is activated to pick up the
individual semiconductor chips 20 from the protective tape 42
and carried to a tray that is not shown. At this point, the
ultraviolet lamps 53 in the expanding member 521 are turned
on to apply ultraviolet radiation to the protective tape 42

30 so as to reduce the adhesive strength of the protective tape
42, thereby making it possible to pick up the semiconductor
chips 20 from the protective tape 42 more easily. The
semiconductor chips 20 picked up from the protective tape 42

as shown in Fig. 14 are obtained.
35



stress increases. Wen the stress becones a predeterm ned value or |ower,
however, the chip yield rate obtained by the tape expandi ng nethod becones
100 % Therefore, the repetition frequency of the pul se | aser beam applied
in the 15 above deteriorated |layer formng step is desirably set to 200
kHz or higher. As described above, by carigi ng out the dividing step by
the tape expanding nethod, a gap is forned between the protective tape 42
and the sem c Uct Oim QhIpS 20 to reduce 20 adhesion therebetween, thereby
making it possible t0 pick up the seniconductor chips 20 fron1the

protective tapb 42 easidhhodand fdirMidigia s pace rbellween r3diqacentyinkd vi dual
sem conduct or hj s 20 as shown in Fig. 13(b). Then,” as shown in Fig. 12,

a pi ck-up col I%]t Y arigtRF . ZPHoVE Rt &b (ﬁ%’-ﬁRﬁ @dvice 5 is activated to
pick up the individigcseabegBdiciore Chih% 30 LE%@} 141 BRIVIEE Y iR 42

and carried to a tray that is not
| anps 53 i A t hexspdrelimgapsiber &2 parsitqirnatugn the apEasr Wiomyitelet
radiation to tcﬁ%p ot e t|ve 0 so as to reduce the adhesive

strength of the pr l\1/15 tégg%‘:’@ tHerethA thtkildyere pBsER®l reidpiak up

the sem conduciiy wtHPs1%hd B tdey Rfiefeatine t ape 42 nore easily. The
sem conduct or chips 20 picked up fromthe protective tape 42 as shown in

Fig. 14 are obtai ne@n? %tqrﬁﬂﬁél%pabﬁﬂculvﬁt@@emﬁfmuw siep nfgraaﬁ/@]f}emgal ong
pr edet er m ned [l t he ste det
rfi ghggb%n@ otecé)&m.r tci> Jolelag Ega bxpz% ieng

| ayer form ng step or a
through the mmmraﬁﬂmgndmetthcirertgad llﬁﬁﬁaﬂ Cfcfr@cflmgd%tt%&i Oaled layers in
the inside of the vvafer al.ong the dividing |ines;
a2 dividing step for dividing the wafer along the
deteriorated layers by expanding the protective tape affixed

to the wafer after the deteriorated layer forming step.

15 2. The wafer dividing method according to claim i, wherein
processing conditions are set to satisfy 1.0 = V/ (Y x ﬁ) =
2.5inwhich Y is a repetition frequency (Hz) of the pulse laser
beam, D is a focusing spot diameter {mm) of the pulse laser
beam, and V is a processing-feed speed (a relative moving speed

20 of the wafer and the pulse laser beam) (mm/sec) in the

deteriorated layer forming step.

3. The wafer dividing method according to claim 2, wherein
the frequency of the pulse laser beam in the deteriorated layer

25 forming step is set to 200 kHz or higher.

4, The wafer dividing method according to claim 1, wherein
the deteriorated layers formed in the deteriorated layer
forming step are molten re-solidified layers.

30
5. The wafer dividing method according to claim 1, wherein
the deteriorated layers formed in the deteriorated layer

forming step extend from one side to the other side of the wafer.



an extensible protective tape affixing step for affixing an extensible
protective tape to one side of the wafer before 10 or after the
.deteriorated layer formng step; and a dividing step for dividing the wafer
along the deteriorated |ayers by expanding the protective tape affixed to
the wafer after the deteriorated |ayer fogging step. 1S 2. The wafer

di vidi ng nethod according to claiml1l, wherein processing conditions are
set to satisfy 1. 0 = ~V/ (Y x D) :S 2. 5in which Yis a repetition
frequency (Hz)?of tF&epupEer isedingemathe iasca rdiogstog lspat 1 divaneteam (M)
of the pulse | r S rocessing-fee speed (a relative
novi ng speed Z%Puttﬁga%fgggg%[%it%@r‘gﬁf%é)qsgggr pEBgﬁftEY?nﬁ%%)aﬁﬂi-xt%
deteri orat ed |tayenefsirdsd af tdeepafdr i-ﬁhﬁhé\@fe%férdeb@EﬂglJ&%ﬂ"?grﬂgﬁgrs‘:E.e%g to
claim?2, wherein_the frequency of the pulse |aser beam’in the deferiorated
|l ayer 25 for mishdUWEFd STsét #amP@kidi cdinthifgieae. 4, The wafer divi di ng
nmet hod accgrding to claim1l, wherein the deteriorated |layers fornmed in the
deteriorated layer formng step are nolten re-solidified |layers. 30 S
The wafer dividing nethod according to claim11l, wherein the deteriorated

| ayers fornmed in the deteriorated layer formng step extend fromone side
to the other side of the wafer. 17 6. The wafer dividing nethod according
to claim1, wherein the outer peripheral portion of the protective tape
affixed to one side of the wafer in the deteriorated |ayer form ng step

is nounted on an annular dicing frame. 5



