1. WAFER DI VI DI NG METHOD Field of the Invention The present invention
relates to a nethod of dividing 5 a wafer having dividing |ines fornmed 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 sectione&'by dividing lines called
"streets" arranged in a lattice pattern on the front surface of a
substantially disk-1ike sem corfAEERIDIMTEING MEIHGES a silicon wafer, and a
circuit such as ICor LSI is formed in each of the rectangul ar areas.

I ndi vi dual 15 sem conductor chips are manufactured by dividing this

sen conduct orpwaf ero ha N &4 argg, nunber of circuits formed thereon al ong
t he divi di ng tTTes—The semconductor chips are wdely used in electric
equi pnment such as Ml peesehéphormest iopersiads denputetbpdet . dDriddiqg

along the _dividing lines 20 is generally carried. out a cuttin chi ne
call ed "dPcer® .wal%ﬁ S %W@ﬁ%i%ré%% <h t f%%gr 9ing a
pl ate-1ike workdigce susty asha $eM sonductds wafer, a cutting neans for
cutting the workpiece held on the chuck table, and a noving neans for

nmovi ng the chuck table and the cutting neans 25 relative to each other. The
cutting neanthas a rotany spi ndl e, t@gt is rotated at a high speed and a
cutting bl ad ° “he cutting bl ade conprises a

di sk-1ike base andrarnhanpdbatic€ubh igibrdge othatsdrs dBet@d 0t neesi de wal |
outer peripheral portion of the base and fornmed as thick as 30 about 20 m by

fixing dil&@monteeds a8iReIgrdi ASChavbRgan aemetadte seictdboed Byndividheg base
AL EERT R OE R R AR W L AU Uiy
for applying sr¢ut serfaserohean-eapahial 0 disk-1like semiconductor 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 1is 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
25 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 umby 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 techni que, 5 the workpiece is givided by applying a pul se | aser
beam of an infrared range, capable of paSsing through the workpiece to the
wor kpi ece with its focusing point on the inside, fromone side of the

wor kpi ece to papkinygoustyufnr thdekerkpt atedtd ayes swoi Rpt bee i mstlei ©f the
wor kpi ece along the dividing lines and 10 a pg%ing external force along the
di vi di ng 1ine$CGRB3BI BPEBRgPR KRS beehdeediicklebyrehetd obrmdivhded ihe
deteriorated Accar eli 2 Gh Jeo! i scl t.he above
JP-A  2002- 19352‘%&5?%%’ g‘glt(&e‘ﬁ S odd ? gtheP(ras% %@‘{é? f %?%%Puﬁgg?e%g lt%1'5 i

condi tions thaheaiptilddeguhelthodfustihg il sseakas eeahepr dss Sialg techridus, or
| ess and a peak power density of a processing portion is set to be 1 x 108
(WcnR) or® noF8 WHekRifsfe 1 spablViead itoh 2BPS ¥ BY e IHEE LRECHAIT 6farRd

| ayers can be; j B! | engt h
20 of 106 m B pil 6 W ATH i3 e taladr bal et it FerABRELeeLE 100

kHz and a prothssiowgkdiest wate bdfs fEusihgepointoweree, ihhedabdrendoredi ng
nmet hod has a grable mﬁthrgipductivitg becaus§ H%F mgfer cannot . be di vi ded
along the di VitPiy FIREQISPHHST by SPBFATRGUENS ReTels bP AR 1Y eP¥CFA 25
the inside of jhhenwafel; & g thhe yStikeebscandogXteidal i FiQl:6e QF&%@% LRqbe

applied to each of the dividing lines after the deteriorated layers
havebeen Xbr nedpalong ehéedheildifnycki adsng Soemaiyidinghéihevenbosa 30 It is

an object of the pr nt inventipn to provide a  nethad_of dividing, a wafer,
conpri sing apﬁft§?ﬁ‘8€§ aa?sf@?e% uGeg gy\}ég‘leego%ff‘?ﬁgordlo&i Elk??l&efcﬁﬁégrtg"ﬁeﬁr oduce
deteriorated hayeks. in the inside thereof and dividing the wafer along

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 1.06 um, 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

deteriorated layers have been formedalong the dividing lines.

Summary of the Invention

30 It 1s 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 f ot m det eri or at ed | ayers in the
inside of the wafer along the dividing |ines; an extensible protective tape

af fixing step for affixitgn amedRRad RIs LU0t eftd MR1itRP ot @naNgrside: of the
waf er before 10 or after the deteriorated |ayer formng step; and a

di vi di ng st epifontdion dihgrehis padeided ame thed odetieridirat @ dval fayes sorny
expandi ng t he grgtective ape affixed, to the wafer after the detﬁyiorated
| ayer form ngPSEEt CBrHEIRT abt YR t he  ehove Bt 7 17 at et $E5RF 4ot mi ng

step, 15 processi F@_d%&@@iibir%%%dalﬁﬁﬁtfdﬁnﬁﬁ ssby 40P aiopwi\f@aD%ufseZ 5in
which Y is a repetition frequency (Hz) of the pulse |laser "beam is a
f ocusi ng Spotlasemevesn (eayabiethe passing askroudearhe anfar isleng the

processi ng-feed speed (.a relative ving. speed. of the .wafer and.the pul se
| aser beam) (%‘ﬁls 9 TS étroagloﬁnngﬁ ?g%of?ﬁ%]%elna&ero% YhéP5ureatf&s®F beam
in the deterigfategdréayglond otné ngisi@€pnyS1seésfo 200 kHz or higher.

Further, preferably, the deteriorated |ayers formed in the deteriorated
| ayer formng stefarEtaBpibhReEodeCtdiveitaPe ajéisingstertdafforingne
side to the o I .Sl f Fur t - e rd_qr ayer
form ng step,gﬁ%ét%@%ﬁgﬂepéggﬁggﬁg ep%arSPtel gl’cl) %?é tsr%éﬂp%gt%c?eﬁl\%ge apéﬁgI %i xed
to one gidde of dheevatiee dstapiuoteteanlapeanfvitmingli stag; faeae. In the
present invention, the deteriorated |ayers are forned in the inside of the

waf er along the di v diHgtdiHesSHP BoF appl Y Hef atlpul el ¢ aseroedmtapabl e of
passing through & he, waf &5 1&g L b 8P thiensSot Oct Nge WAL araidefhe

wafer is
to 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) £
2.5inwhichY is a repetition frequency (Hz) of the pulse laser
beam, D is a focusing spot diameter (mm) of the pulse laser
beam, andV 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 1s 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

| ayers formed therein. Therefore, 4 the wafer can be divided efficiently.
Brief Description of the Drawings Fig. 1 ,s 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 | aser beam mgmssdajgbmcdyﬂ@é‘d)remrdlﬂn&gfyout the deteriorated |ayer
formng step in the wafer dividing nethod 10 of the present invention; Fig.
3 is a block diagram SChEITB.tI cal | y showi ng the constitution of a | aser beam
application , ' processi ng machi ne shown in
Fig. 2; Fig. 4% : i expt ai ning the focusing 15 spot

di aneter of a pul se“;dgaser 1beanpef$g§ct:5(@)v1@wd05( b) samecexphenat araf«di agr ans
showi ng the deteriorated Iaﬁyer formng step .in the wafer_ dividing nethod

of the préserﬁo ﬁﬁ/éjrﬂt‘flcﬁ@d e (i i HGH AR Sh SR TG a &t 4h¢ wrérent
deteriorated @?gﬂs are Ianlnated in the inside of the wafer in the
deterloratedjlayer ormng step shown in Figs. 5 (a) and 5 (b) ; Fig. 7is a
di agram showi ng t hé&'iseqéeneceaopespotstiofe ayigpuiosethaseribhesnpa apgedteidrt o t he
waf er when the coefficient k is 1 in the ter| rat ed Iayerﬁ;q{aélg step

shown in Fi gLt 5 (LSS0 BYINESFRY B84 i%grdthohdf (1dt Sequence

of spots of th6 P8R JRIEYPCEM AN I8d t9nt1’£}§‘e Vefrehr whenqtiheg rogidd ci ent
k is smaller than 1 in the deteriorated Ipayer formng step show in Figs.

5(a) andl8(b)qf Ithdimgreernts imkragram showi ng t he sequence of spots of the

Fig. 3 is 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
of the present invention;

Fig. 6 is 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 inthe deteriorated |layer formng 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
waf er by variations in the coefficient ki Fig. 11 is an expl anatory di agram
showi ng the protective tape affixing step in the wafer dividing nmethod of
the present 5 invention; Fig. 12 is a perspective view of a pick-up device
for carryingreguitrde @ovi dimgdsngptha vatewabervarvatiogs nenhbide of the

pr esent inventiog'.Figst 3(a) and 13(b) are explanatory diagranms show ng

10 the dividiﬁ%e Féﬁl At he waf er di vidi ng net hod of the present invention;
Fig. 14 is a perspegidVve1vi £Wnodx@l HMGENEYEY A Ghokinebtiad E%t@&ti’% waf er
di viding nethod of the present invention;, Fig. 15 is a graph showi ng the
rel ationshi p bepaadif e g1steppat theorpfigediwndyngimething ¢ thesprepenm

appl i ed i@)thgnvgg£§5%orated | ayer formng step and the yield rate of chips
obt ai ned by dividing the wafer along the deteriorated |layers in the wafer

di vi di ng method of Frheg. presenta iparepkicenveandeli §f &6 ick-apycapicehdving t he
rel ati onship between the 20 repetition frequency of the pul se | aser beam
applied in théargetedionhattder |EyEdingr fitry shepharkr renhdilvgd ddngensthedui red

for breaking e ter] e s i.n the wafer dividing nethod of the
pr esent inven%?oﬁH82§EE§%§%lgab%égéépbtion of the Preferred Enbodi nent A
waf er dividi ng met hptlgaccd @)ngndol a(lpy efrer eedl agabody meidgraind Baoptagent
invention will_ be described in detail _hereinunder with reference to the

acconpanyithg GP&vithgsding gter iv Hhgupdpscii Vedinenestod QEMRORIGEEBE 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 fregquency 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 inventionwill 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 1s, for example, a
300 pm-thick siliconwafer 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 fornmed on a front
surface 2a in a lattice pattern and circugts 22 fornmed in a plurality of
areas sectioned by the plurality 6 of dividing lines 21. The method of
dividing this sem conductor wafer 2 into individual sem conductor chips
will be descef bddlvhéied nbies . 2To dihd detthee séhiddondlictaorthisfer 2 into

i ndi vidual 5 sem conductor _c¢hi he_ st of . form ng deteriqgr.ated.|ayers

i the | nsi de ST REGrer v She TRE Pa ArAGeT Rad RSPy ALY e

| aser beam capablies of ipasshage i hioggh. t he wafer along the dividing lines is

carried out. This deterjorated |ayer formng sng is carried out by using a
q

| aser beam processitRy AV Mk SHBWFPRIHIFIQE waten 4. 1mte Indier diealm
. . gl ) I
processing ng&@ié@héﬁ‘ 'dﬂ#?sgsth% %é%§g9%098£ﬁf§§ @gﬁ%ﬁ#ﬁ%%g%@lg?ﬁéréor

hol di ng a ™workpi'ece, a laser beam app ion nean g a |l aser

beam t o t he wor kipicetes hed d fothé ha feltugskodgibhe di3di dindy annksBgeappTitip Means
33 for picking up an_imge of 15 the workpi ece held on the chuck table 31.
The chuck tabf €UIBE ilasgeshepreFaradgcpf dradroing theowghkprecefgsdah®ved in a

processi ng-f eeg, d&fx?%ir? 1L e;@ﬁ@#gﬂ gﬁ%?wﬂias”‘?ie%%riioﬁ} ‘Eéh”?é%ﬁg? -

direction indrcated anh "arrow y a moving mechanism

not shown. 20fdheiadpatecd dsetabeasdappt ivatisongn®alss &2 beemppirsessaing
cylindrical casing 321 extending substantially harizontally. 1In the casing
321, therd arBaFhshal FRAWR pBl E&IF aser tBedm i1asfy feae TS a

{ransm ssion SBLAeAL SYShPTSRdgcassshowp dokhges3, hepulsad ascrobeam

oscillation neans 25 322 i1s constituted a eam osci | ['at or
322a conposedodfiingYAGvbakeicosci bl dtperobeam YAl 1 @sEroros@ianisaBar foand a
repetition erSSf?fXg%fﬁ%EQ?135%9%03%%QM%EQ%?%E2 éfﬁ%ﬂfthe 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 beam
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 oscillateor 322a
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

oscillation means 322 reaches the condenser 324 through the



pul se | aser beam oscillator 322a. The transm ssion optical system 323 has
suitabl e optical elenents such as a beam 30 splitter or the like. A
condenser 324 housi ng 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 systemr323mamsdiios apliced, satstam pédenedr Hisnegprflaedsi ag spot
dianeter D, fromthe condenser 324 to the rkpi ece hel.d on the abaqve chuck
Lable 31 . ThiPSSORGEEER RGOS SHIEEPRF CONE LGS1H nedOBy-1he BYPRESSoH D ()

S =4 x = Xt (tww\%@edes g %V%%n%ev(enichgfckt t&%b@‘é' 3¢ | aspf;gbeam

Wis the dlaneter the pul se | aser beam projected to an objective

| ens 324a, ancfofcmsantghspbbcdmrﬁ@t@hr gt asceef mdd 1of thleepbiessive D eps)324a)
when the pul se Ias% bean1haV|n a Gauss dlstrlbutlon is applied through
the obj ect?ve &rsA34d (19 "of (Fhes EbRdemsRlerth (H8) hbwhe RuFsgy lagerThe

i mage pi ck- up ymansw 3% WAECH diseddt tiad) tOr the prost 1aesryi Bbah e FRYIRG 321
constituting the above | aser beam appllcatlon means is constituted by an

infrared ill e aatdvieateates Leos 3pfayieng 1 nfsrahecfcmtﬁlaltq dhstancde mb

kpi I f li.,ed b
the I nirafed I8 GREnGes Fo: Eane S h THEhG FoGiGn G0T CReT A Arda. OoD)

for outputting egues @Qtsltm@bus_ugﬂaﬂs gpprie@d)@ﬁebaght@lé &hf a¢etyd aghatizan
captured bg the optical system in addition to an ordinary inage pick-up

devi ce 2019 cCOE ftdve picaidaigdp 2t i rrEgeShaAvich 1 §iil-e 4radi ation in the
illustrated enbodln%%% fﬁggéqggﬁéﬁgggggn% ?%&ﬁgﬁgp%g%%jﬁgxgto Qﬁt%%%n. ans

that will be describ eteriorated Tayers
means of the eahpweE tasercdidany wﬂceﬁﬁimﬂmmgne:r& \Mﬂdvebaads@:‘cclblelaﬁd wnth

25 reference to Figs. 2, 5 and 6.

application means 32 is constituted by an infrared
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 | ayer formng step, the sem conductor wafer 2 is first
pl aced on the chuck table 31 of the | aser beam processi ng machi ne 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. Thg chuck table 31 suction-hol ding
the sem conductor wafer 2 is brought to a position right below the inmge
pi ck-up nmeans 33 by a noving nmechanismthat is not shown. After the chuck
table 31 i s ppsbtiessedar bgkt hel bw phecessrgebpi eklaperedran3df ahegnnent
work for detectin rocessing area to _be processed by a | aser beam of

a8
the sem cond§élms O\‘R&P@Fgﬁ M3 Faf ri%et it SHYULHeY FREgEIICRIGh HRARSNS33 and
acontrol means Lhaly 5rioh1HRMA: FAL A Snok ey dROE THILCKs U PaRS A3 and

the control nmeans carry out image 5 processing su as pattern matchi’ng to
align a dividipdgkHupeme2hsf @3nedd mtha poedebér meaed diregt oot dfmagke

] d fer .2 with th d 324 of. the |l beam li cati
coans 32 Tor | BEBEEERiTE PiCh A P SRR RaL g 9P RSP e O
perform ng thejakheneBNinof Prd@sairmierm aBRLLEabhoHr 10 Posdtihdubter

alignment of the laser beamapplication position is simlarly carried out
on dividing | Wader22 wotlhedie gondeassendedrmudther lagterbadniaprd idiatdeni on

perpendi cular _tao_t oy det erm_ned directiagn., Al t.hough the frgnt
Bt Face 25 onTiRen s HotqraPar A0S tases Pot Brshdomé shastiie' Ttater -
are formed facesrd@ynpatféhsnPainy altilendhyi 6f nY1bisee bdm Gp 1B dtuTREed

fromthe back surface 2b _as the inmage pick-up means 33 congrises an
i nfrared 10| umosattiieg -nedhs, 2dngepenEabt shst éapebrbeapt apPPAgCRhiear ed

radi ati on and (0 e; pick-. Lece. (] red . for . puyt td n
el ectric si gngl%%ﬂ’(gq%%r%gssglgnnlg%paﬁ:gﬂ/teéggﬁég?n L#grogcidlr ad%%%qo&%gggssy%efgcr}%e@ed
above. After drhehdisdéntdidunhduatr2bater ed iana tdiergeiictopdupendicuederca?2 hel d
on the chuck table 31 is detected and the alignnent of the |aser beam
appl i cation pddit B e PEgAS e oded (Hgection. 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 detected 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 positdon right below the condenser 324
of the | aser beam application nmeans 32, as shown in Fig. 5(a). The chuck
table 30 31, that is,_the sem conductor wafer 2 is noved in the direction

i ndi cat ed by tIfeTaRFW SAT1PR FRGRS53Z aFaghe s hredeher ARt fBe 1 Higiagnni | e
a pul se | aser m-Gapab ssi g ou t L conduet 21is
applied from tlﬁ‘gl%cbzgdgﬁségo%fﬁﬁié% g%éngghﬁegggéﬁle%tgggn&go%et }e%lfnl%z)ef t he
condenser 324 lgfserhbelaasés 9usbeadrdppid ddtd ooverans 82 tleactlmsck hmbhdteher

d of the divj.di | i, h in Fig. 5(b), .th | i,cat] f th
Ul 'se | acer bHame s depenlEdSaRUCo R NEVE AR IO o SERRBRC: Ao 38, f ha
is, the sepi copduatidirawaieradet %o&h@ﬁ@%eﬁ,nb%@e%tﬁn@eﬁﬁé irocakedqlalt

formng step, by setting the focusing point P of the pulse |aser beamto
the vicinity df ofthhe seslpsateeda toune vdgihaty) o bfthehérewiv urfchast or
wafer 2, a deteriorated aye 10 is exposed o the front surface 2a
(under surface_)zea éHHgFES%h%%{ tO%V\ng%I SFﬁlégPﬂgFatC’? P“’@%etrh ‘ Fr%ﬂi?%rfaa 2a.
This 10 deterinnairediloayer c2p0sk8 forimd et RAktap=r egolhtad+fd-rdayer.
The processing conditions in the above deteriorated |ayer formng step are
set as fol | owsand e foraes owasghhesinwice: f1am eheifired tGewiach2Nd: YAOIE | aser
15 Wavel engt h: , pul se er -hayi vel ength of 1,0 m_ Pul.se,.qut put: 10
J Focusi nggspoc%&cﬁrzln% ag'fe:({ 11%%%8% Eoe\’% gét%r:ngefg é Igleoc'%i}C eglomr/eersoc}ergsl%iyep&(;f

focusi ng poi ntlayer3. x 1010 WcnR2 20 Repetition frequency: 200 to 400 kHz

Processing-feed rate; 200 to 400 nmm sec . , ,
The processing conditions in the above deteriorated

layer forming step are set as follows, for example.
Light source: LD excited Q switch Nd:YV0O4 laser
15 Wavelength: pulse laser having a wavelength of 1,064 nm
Pulse output: 10 ud
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 in the 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 |layer fornmed eagh time under the above processing
conditions is as thick as about 50 m six deteriorated |ayers are fornmed in
a 300 mthickwafer in the illustrated enbodinent. As a result, the

deteriorated IddpBeseridrant Oddithg Pudmet Res3y Peant addr Vadé 28BSt o the back
f bl S . ) e = e
surtace a %@%};%@EQ%‘%%Q%étlﬂhé;?g%éécgf & d QEQJ‘?Pa%g%%%% té‘%'.%f%gz.ts.e

sem conduct or “waf er rocessi ng tions,

coefficient kIdebtihned wnrddeterprasstiondn fr¥buéey 1) th¥ fectdieny egpetti tion

frequency (Hz). of the pul se | aser beam D is the focusing spot 10 dianeter
(mm) of the p@Hg@erage %%(SH‘F%%CPWCF%SS[W'fﬁregcé%?n}j-‘?%gﬂrfrp%]tlé Sahiedec) )

is desirably set e&%ﬁe‘s%ito?l 2. % Slgé%hgrDy\o_rédsQ_ he repetition frequency Y,

the focusing spot anmeter "D and the procesSing-feed rate V desirably
satisfy 5 an expresSiteted.mfpre VPE¥iKithlky2whenSt ptiedenmmeespeanfhiagalnay,

when a pul se | aser heam havin .a repetition.frequency Y is .applied, at a
f ocusi ng spot @ (fiegr?g‘tlg‘rloﬂ _é@%{%@cé’esflpéén&@@{l&le%ﬁgr 2 TS e S8 denser
324 of the | asgrphkeam appthCcahé OfeiEa it orand fehe 2 chusk bl @ndin¥br t hat
is, the sem conductor wafer 2 is noved in the processing-feed direction, in

the case of tRelpbide toerf bsiaandprklicatlion heapptTh pnefthehehypbttsaldfe t he

pul se | as am.s .the sane as t.he focusin t di.,ameter D. that is, the
pul se Iasgé bg‘ﬁrﬁ itshaécp&sl'e hceonstelmnl oS L%glro%v&%lt%%e 2dil\7q’| |O§7§d1§nl itﬁlee 21 in

such a state thalcddie dpesindispaits of, tike thid sesd aFerheamoate i n cont act
with each other (i. e. , in such a state that the focusing spots do not

overlap with GiReEAGHRET K¢ lhakee Rétshar & Theravsd® tchel ddjapBhEeslpitad), as
shown in Fig. pcly Y0er, g e, aboxe coebtlcl £htsdod &1 8MBEES D ARR 1 s hg pul se
pulse laser beam is applied continuously along the dividing
15 1line 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 al ong ihe dividing line 21 in such a 25
manner that a space is fornmed between adj% ent spots of the pulse |aser
beam as shown in Fig. 9. Wen the above coefficient k is 2, the interval

"s" between adiracente §Pelsuibeaor®msdt hed sagehass diecdoausi wspet dicaget er
D. 30 [Experinental Exanple 1] The above deteriorated | ayers were fornmed in
a sem conductSHChngtieil Hag dd e diasmiteasugieds innelaed addcaseshi dateddicof 300

m by changi ng x&e'éesua:%%‘é%tcé’ﬁsgﬂnrgs%gtaktglﬁ!(}ea- ori%'%gﬁergéiﬂégc@fsg-rw% tc%d:f}sr]i%a*[‘”der

S
t he above processing condi 1 stréss requir I Vi he

sem conduct or onaf e ehoog treadtadk gudfagel o hehsaseeneasutadtbn watdy afascases.
For the neasurenent of stress, a.three-goint bendi ng test was carried out
in which the FBEPEHEa2ECRY thsed SEH duhdiRe it Mes BF LIRS 25 OdubpuRryddod ong

the dividing lieqalRositiane & p0.m vy Lromshe doidhagehi s ap both

sides and a | oad was appfie surface o m conduct or
waf er al ong t heraditvisdirifgcel ofethd heemeasithed cat waserwasosyrgss divialiergss
section based _ on the | oad at tEe ti me when the sem conductor wafer was

di vi ded. 10 ThethfeastPF8MSRSURRUPEECEF &/ashathhesd 9B §.CUBS FECFSOBMASSS 0od

that when the Goeflhgientt knks: hdwhon Zne s HTEHRIIQUH F8Ef hs Bivigding the
sem conductor wafer 1s small. After the deteriorated layers 210 were forned

inthe | n8i derhof m?heuseménbﬁ@ts@tlmls et eho@ndlnohng t A€ .di I/tdisnglc!iérmsaodlS 21
ext ensi bl o, pr oUEGY HOB0 S OB TGAESEPHE R LNt ater’ JHETaF FRSIE LR That
is, as shown idy fidindlond hedi@MausWd ageraf fherextiensi bl e protective
tape 42 whose outer
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
made of polyvinyl chloride (PVC) in the illustrated embodiment.
25 A type of the paste whose adhesive strength was reduced by an
external stimulus such as ultraviolet radiation was used. The
protective tape affixiﬂg 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.

Bfter the above deteriorated layer forming step and the



peri pheral portion was nmounted on an annular dicing frame 41 20 to cover its
i nner 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 pm was applied to tha surface of a 70 mthick sheet
substrate made of polyvinyl chloride (PVC) in the illustrated enbodi nent.

25 A type of the_ _paste whose esi ve strength was reduced by a ext erna
St mul Ve such PIOTBELER DIRR Ardraront sRC Ao BE S b 0E1 et SaeD
affixing step o@Mib;@dQﬁ?rﬁlﬁ‘é’ sQiti Releke otrh@a rabov e 1dabethOraded ilaweleq _
formng step. That is, the deteriorated |layer formng step is carried out in

a state wherela3@nshélfewheongurier owlf dv 2xpsndiupporhedcontediclt diapg frame
41 by affixi the.praotective tape 42 onto the front surface. 2a of the
seni conduct or Saper: PR EE I £RRGRRERAE PREet ik TR SRy T .
After the gboygsdeweriernabed b@ayeyidOumbngkstgRiantd e shdwnpigtecti ve tape

affixing step have been carried out, the step of dividing the sem conductor
waf er 2 al ong arige Fietser ilor @ednd dyelts .210haapickrepedeviceby wxpandeéng t he

protective tap 42 . af fixed .t g t-he sepniconduct or f.er .2, Thig dividing step
5 was carried Crﬁxpetiihﬁgre&ng%eclﬁmp Vi &gE]SISEHS g Hlﬁlkgl.lplgevéﬁﬁ i gs.
13(a) and 13(ompHiedpi gkeyDi fevi &£ Dadel b1higeaviese ihedihgr ehnbetowiThe
illustrated pick-up device 5 conprises a cylindrical base 51 having a

pl aci ng surfademplacisg pracinye Wecabevérdnei hlg anchpp a1pandlat wegiendi ng

neans 10 t iS.I nst i n,t.he S 1 .co tricall n for
expandi ng%he% gihsé%t ?geﬂég%%d r%gluﬁggdg%%e tsﬁler&%l?l%ielr’r]}&%%fsraé%g %1%5
expandi ng nearpbZAmsd ey lihdpeale exxpandiape  4rerbentddloh orhée upginid ng an

area 421 where the wafer 2 in the above protective tape 42 exists. This
expandi ng nentereB24115 The s§pPeodirptigans ad pas e CdvadrifcaretRRhdidown

direction (i dhe axbal s reti,0n:al 106,04l kadrikale base,2Ad, BeiNasgn
above protective tape 42 exists. This expanding member 521

15 1s 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, ultraviolet 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 liftingmeans that

is not shown. As 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 nmeans that is not
shown. In the illustrated 20 enbodi nent, ultraviolet |anps 53 are installed
in the expanding nenber 521. The dividing3step which is carried out by the
above pick-up device will be described wth reference to Fig. 12 and Figs.

13(a) and 13(h). 25 The dicing franme 4 untin he protective pe 42
aTTixed (o thehEeR-SiPrace oot s CemieoRdaceon Il SR03544Y HosChPbed above
i s placed on tha6iRlacieg osUifaes 21E0hntibe oyl pRdrieeahvRasapal sand fi xed
on the base 51 by clanmps 54 as shown in Fig. 12 and Fig. 13(a). Then, the

expandi ng nendrfiz@d521Woént henexpanfionge neahs B2dsappyronnghehe area 421
where the wafer .2 i@ t he abo¥e Eéotective.%age 42 exi%is i S .nove +up to
the expandi ng 58S PPEHCSREWAST AT FF S £5EHF PFSnFPRES stin it FOGUGER shown
in Fig. 13¢a) Jarerheikididindkdeans inhlatialhsl ntenishesctfs e iesubtalde
extensi bl e protective tape 42 13 1is expanded so that tensile force acts
radi al |y on thde demrionhicadlaaterl? avthhisdirangdhp bteetdatenigpat4? i s

af fi xed. Wen tensilgéégfce a sem

) S t%_radkaélé.gn t he 2 gon quor Qgr 2 as
descri bed abO\}éa,y_ e Cohdu& "% f szjirég cﬁj\ﬁ Fed® Pt o1 Adi c?ﬁial
sem conduct or TeRI HeoZk alFaitk ekpendedeS hoeal ed JrjerisnZdP tas g sddiengt h of
the deteriorated layers 210 forned along the dividing |lines has been

reduced. The t@msuhi 1of thhebevpatisiighind skeep candpgyadigatef nehprpmedd ve
tape 42 in.the above .dividj ca j ust e u rd,.10 vement
P P(g ?nove?neﬁat amoqlrzr%gro's%gj?‘{e E% ga?\.éﬁgfg ?ne%%ep:y 5t2I?L fc\f\@orddlclﬁ%

anount of T he “expandi ng e 0 experirnents con ted by
the inventors fpdriendrtes eindudientdoriche Hevegricaenductitie waleren coul d be

divided along the deteriorated |ayers 210 when the Rrotective tape 42 was
expanded aboutiEnfHOn, the semiconductor wafer 2 could be divided along
the deteriorated layers 210 when the protective tape 42 was
expanded about 20 mm.
15 [Experimental Example 2]

A semiconductor wafer (silicon wafer) having a diameter
of 6 inches and a thickness of 300 pum 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 yileld 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
-diameter of 6 inches and a thickness of 300 mwas divided into

sem conductor chips of 2 nmx 2 nmby the above-described nethod. Fig. 15
shows the yield rate of seniconductor chipg obtained 20 by dividing the

sem conductor wafer along the deteriorated |ayers by carrying out the above

dividing step (to be referred taq as ."tape.expandi t.hod" hereinafter)

when t he T epeti TS BIERGE GuETEy BHL The JAHS S A0 PSR dfbl i 457 e, above
deteriorated |ayerr fHR0187EP MoniSR) steplids kidd, k#80 deizy hdd £209 dedz, 300
kHz or 400 kHz (in this Exanple, the above coefficient k was 1) In Fig. 15,

t he hori zont alctayss fohwad on Hdier spoitonductoegadecycotld e pabseateders beam

applied in the abav eteriarated |ayer farmng. step.and_t ertical axis
Shows L e chi fRATATIE 6 Tgbea PHedh By AT UT iRy CREHaaer orhay wd e

sem conductor iHdis hebtrabpeddf £ oM e cparaeanductmfenraheinghytheaidyd g out

t he above tape expandlgggnethod, by the nunber of sem conductor chips

formed on the s ofeiheondateot 1vaf eape ot was tingirgisgdt fer obkai ey al ue
by 100. As under.stood fram.Fig._ 15 e e pet.ition 14 frequency .of the
PR B P Sl HF BT e el Trvn A Eo el

pul se | aser bear eriorate r r was

100 kHz, only halerof tHieevel, pshleor red et itide 19ad ¢aadupbar cvater teeul d be
separated as individual chips by the above tape expandi ng nmethod and the 5

other hal f coulafsioiomRtakpkaed. CEGPATRRPIHE RBRGIRES f Ik of the
protecti vt apoeedt“%i"éﬁsaﬂe'&cgggyéﬁg Jqé’fete*}i%ﬁg} BRox Ml © Ce%ULtﬂenP%%g@iti n

separated, the deteriorate ayers were no wever, en a bending
| oad was appl iftkdwerdie ofletles imrbéedld syertsedmn gesleread el beitdd rgbsta ess, the
10 deteriorated layers were easily broken. Wien the repetition frequency of
the pul se | aseteREAREIHI é8YPR THELaBbYECPdeA AP0 Bl od Ia§ &t LBEMT P St ep

was 150 kHz, 9@03’_{?&&)& Q@p&?geéd 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 yield 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 be 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 reasonwhy thiswas confirmedis 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 layer by
30 the three-point bending method. In Fig. 16, the horizontal
axlis shows the repetition frequency (kHz) of the pulse laserA
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
that when the repetition frequency of the pulse 15 | aser beamapplied in the
above deteriorated |layer formng step was 200 kHz or higher, the chip yield
rate reached 100 % The reason why the chbp yield rate dropped when the
repetition frequency of the pulse | aser beamapplied in the above

deteriorated | ayer formng step was 15Q kHz or l.ower will _20 be studied
her ei nbel ow. WA E*ﬁQQﬂ(§%?Q&é§?¥NP fLhe dtiss &@éﬁédgké?eFOFof%%EFQQ'a

applyi ng a pul g€ dassfa tRRRMaRRY BdcohBs AHOVIEIX @RelblibenN hELGUEH CY MBSs
observed, the deteriorated T[layer was fornmed all over t he t hi ckness

direction of atéquiecd serii dorghictny e piet efhieo radasbnl aper tinicrageseconfi r ned
is that 25 wh t here iﬁ a portion m@ere#;he deteri orat ed L%X?r i S .not
formed. stresS iR etnPR I §PHFRGCFQN CERPRRENS T fOPCIRERE TASER HFaD
consequence t hes £ Privi @) kAt @ By et &UUCR r Rig.20kb 18hows thgHasul ts of

a test for neasuring bending stress required for breaking the above
det eri orat ed |lagtetinyy st3@sisheeghisedpbdntbissrkdingg timet Hetleriar&igd l#yer he

hori zontal axis_s the repetition frequenc kHz f the . se ser
beam for formihy gﬂ%@ﬁé?ﬁo%%%%d I;§ rsﬁﬁgsﬁhﬁggéﬁfﬁ a?oﬁx?§eggﬁ8§5£§8nding
stress (MPa) restdrasdtrd bsgakinRg fdeatidet s ittkadieth hayed.rAs smeelsé@od
fromFig. 16, as the 15 repetition frequency of the pul se | aser beam for

forming a detlyidraebdveayepebesorrdinpnathpder Toakeris béngi AityEekd
required faor b i t.he eriqr iner . , t he
regetitio%%frééﬁggéggbJnFﬁg%%hﬁgg ?éégfggﬁgﬁygﬂfggﬂigg%ﬁﬁgggﬁégée?gffg?ated

| ayer is 200 k&kreoss higdesasebendinegh siheess ree@uibeednicer abpeakkebgriiged
deteriorated layer is 2 MPa or |less. The stress required for breaking the
deteriorated |%&§Eie a5 lpERari BAVEBEY hetlehichipi Blaldatatobdiaiagd By the

above tape expanging.sethoady JhekokSoeLAifeEM b ¥i & Gk dhe ol hed by the

t ape expandi ng ecreases as
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. Wien 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 |ayer foﬁﬁing step is desirably set to 200

kHz or higher. As described above, by carrying out the dividing step by the
t ape expang%ng gﬁ%hod, a gap is forned between the protective tape 42 and

t he sem con uc%or chips 20 to reduce 20 adhesi on therebetween, thereby
making it possible to pick up the sem conductor chips 20 fromthe

protective_tape 42 easil (gﬂd,torning a space between adjacent individual
sem conductor 2HIpD YoM TiSh SFNG L er3ehPRITRERICHSTERBSA in Fig. 12, a

pi ck-up colhgia6ngr1anged compAROMR e Riekgupsdevice S5 is activated to
pick up the indiVvidual sem conductor chips 20 fromthe protective tape 42

and carried to a detgridrated ImptersHowmingt stkpsfpoi applyheg alpubse ol et

| anmps 53 in_the expandi ng e r 521 are.turned_.on to ap ul traviol et

radi ation ?%S?ﬁéb%ggt%ﬁﬁékkf{gﬁi?%ﬁ?%ﬂg Egrgggﬁotpgdﬁégefhgi§ﬂ%e%?%e strength
of the protecidvegthpees 4 fdher elutgrmlbimagedt 1p08sEbEA tRepiskiap dhe

sem conductor chips 20 fromthe protective tape 42 nore easily. The

seni conductBf ¥afes 2bPn ke U ¥HAP tHESSrot ective tape 42 as shown in

Fig. 14 are obtainegd 35 Mol taph g@&cfﬂggngf?ew gipg a wafer al ong

predetermned dividing Iines, conprising the steps o a deteriorated |ayer
form ng stepfinin@pph yexgerss hul s erdtaser vieeaapeapabbeeofipgasst nghe hr ough t he
waf er al on Lviding lines to form deteri ted |ayers inségg.inside of

h d
t he waf er gﬁ%ﬁg ?%%P%ﬁv? i%ltqﬁl¥ % é%terlorategrﬁayer ggrmlng
and

a 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,

wherein processing conditions are set to satisfy 1.0 <
V/{(Y x D) £ 2.5 in which 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
which is a relative moving speed of the wafer and the pulse

laser beam (mm/sec) in the deteriorated layer forming step.

2. The wafer dividing method according to claim 1,
wherein the frequency of the pulse laser beam in the
deteriorated layer forming step is set to 200 kHz or

higher.

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

layer forming step are molten re-solidified layers.

4. The wafer dividing method according to claim 2,

wherein the deteriorated layers formed in the deteriorated



an extensible protective tape affixing step for affixing an extensible
protective tape to one side of the wafer before or after the deteriorated

| ayer form ng step; and a dividing step for dividing the wafer al ong the
deteriorated | ayers by expandi ng the ph%%ective tape affixed to the wafer
after the deteriorated |ayer formng step, wherein processing conditions
are set to.satisty 1.0 < V/I(Y.x D) £< 2.5 in.which i S repetition

fr equency (RSF™ oPthdsparee faber il B9 44 50y LpsE & Brecor (mm
of the pul s# lkasewalbeam and V is a processing-feed speed which is a

rel ati ve noving speed of the wafer and the pul se |aser beam (nm sec) in the
deteriorated | ayer formng step. 2. The wafer dividing nethod according to

claiml, vyr!ereimetmsfégeay@@&%%gr(mé%d%ﬁ&%ﬂﬁ%g Rt the deteriorated

| ayer formng step is set to 2 Hz or higher. 3. The wafer dividing

met hod accohdiregnt thel abhet, pewheheral tier Wetrerd fortdtee ¢ odperts veoteed in t he
deteriorate f.&%§e% fgagigg gtep are &E%é‘“}{ 'ﬁ%ﬂdéﬁ'&Le%~Ea e s.e4. The

waf er diviéﬁnj t FOd accorglng to gl A2, er éin tHE deter i-6Fat ed | ayers
formed in therdebestepat edmduntitayes d0ranmg st eyl dxicefdaineam one side to
the other side of the wafer. 5. The wafer dividing nethod according to
claim1l, wherein the outer peripheral portion of the protective tape
affixed to one side of the wafer in the deteriorated layer formng step is
nmount ed on an annul ar dicing frane.





