1 . WAFER DI VI DI NG METHOD AND APPARATUS Field of the Invention The present
invention relates to a nethod of dividing 5 a wafer having dividing |lines
formed on the front surface in a lattice pattern, along the dividing |ine
and to a wafer dividing apparatus. Descriiption of the Prior Art 10 In the
production process of a sem conductor device, a plurality of areas are

o the front surface’ of METEGorIAPTNRI UEGRER AFRCREEARRE R Cr or var br . and
a circuit such as ICor LSI is forned in each of the sectioned 15 areas.

I ndi vi dual sem conduct or chips are manufactured by cutting this
seni conduct orE¥@idrohl Bhg TRECALUPAing lines to divide it into the areas

having a circuit fopged IherRon ot Rt kealcdevie, Yl 8o WIPLLghg gal | um

nitri de-based conpoun senlcon uctors | am nated on ront siurface of 20
a sapphire subsvabee hsvahgodmundahgnglpesdébemadned tlhei drngt bumdéscko be

di vided into individyal o devj ces ,such .as ,.light emtting diodes or
| aser di odes hﬂﬁ%ﬁ %&éqﬁ 3F§e6§éda ?ﬂgeﬁé fPf@‘Hﬁﬁ??éﬁ@e@nddU?51W6 & ong
t he d|V|d|ng Hiveqing 5§§aggeug 25 sem conduct or wafer or -optical device

wafer is generally carried out by using a cutting machine called "dicer".
This cutting nmachine conprises a chuck table for holding a workpi ece such

as a sem cond i gal de e wafer, a cutting nmneans for
cutting the D RSr i B GE iR ET R 9 k abl e, and 30 a cutting-feed nmeans
for nmoving the chuckn tighd erashdthieorc Wriddegs Faas sefiliabhdacteredekiekher.
The cutting neans conprises a rotary spindle, a cutting blade mounted on

the spindl e ahdluwratite Orfeéﬁﬁﬁissﬁfﬁoise@‘é%%?d&ﬂ\ﬂjﬁ’glqw raP&sy Capilhdl e.
The cutting bé@é@eggﬁpgflscﬁg@dq' SK- 1a%@l@@%%t%%ﬁana{w'quonecdgﬁr%actehat I's

nounted onto the side wall peripheral portion of t

of a substantlally disk-like semiconductor wafer, and a
circuit such as IC or LSI is formed in each of the sectioned

15 areas. Individual semiconductor chips are manufactured by
cutting this semiconductor wafer along the dividing lines
to divide it into the areas having a circuit formed thereon.
An optical device wafer comprising gallium nitride-based
compound semiconductors laminated on the front surface of

20 a sapphire substrate is also cut along predetermined dividing
lines to be divided into individual optical devices such as
light emitting diodes or laser diodes which are widely used
in electric appliances.

Cutting along the dividing lines of the above

25 semiconductor wafer or optical device wafer is generally
carried out by using a cutting machine called “dicer”. This
cuttingmachine comprises achucktable forholdingaworkpiece
suchas asemiconductorwaferoroptical devicewafer, acutting
means for cutting the workpiece held on the chuck table, and

30 acutting-feedmeans formoving the chuck table and the cutting
means relative to each other. The cutting means comprises
a rotary spindle, a cutting blade mounted on the spindle and
a drive mechanism for rotary-driving the rotary spindle. The

cutting blade comprises a disk-like base and an annular edge



»

base and fornmed as thick as about 20 m by fixing dianond abrasive grains
havi ng a di aneter of about 3 mto the base by electroformng. 5 Since a
sapphire substrate, silicon carbide substrate, etc. have high Mhs

har dness, cutting with the above cutting ,blade is not always easy. Further,
as the cutting blade has a thickness of &bout 20 pm the dividing lines for
sectioning devices nust have a width of about 50 pm Therefore, in the 10
case of a deviket neasduntgd300to xhSGd damwallhepar phenti powfidme Stheets to
t he wafer beconmes 14 thereby reducing productivity. As a nmeans of dividing
a plate-like hefkpredefarpadass Ehé@% génabevbr 2flabBer byafigsee pioressi ng
nmet hod for ap i 1 - pul ] pakbl p i ro t he
wor kpi ece mﬁt%ﬁ¥%§9¥%c %?%gyﬁﬁﬁﬁ%ﬂig{dgg%%h%qi§§i§€8%F ?ﬁ%hggégmfoggge
divided is alkyp aleehpoédrmongdays and di scl osed by Japanese Patent No.

3408805. In the dividj hod. naki f i I . '
t echni que,snt heewolr \l:ép}%ctr::]% a@ﬁ%%@&‘”@% t%%etaegpf' {L/?%éog %ﬁﬁ%;le&)r gggrg%%ggr%' at an

i nfrared rangeteapablehayh paksihg dw g lruttha ngowk phettiee fab@iecora tstinhyace
side of the workpiece with its focusi nE_g point set to the jnside to
|

conti nuousl y Pbede d 5180 péVaYER ISy er HUF R /i ASI Hee sTulihiend Wdrads B&é al ong
the dividing lines exer i tern faorce .25 al o t LVidi i nes
whose strength MasBReT PEASAR: B Abhe o ratrshoot HHPe ok Setbrsidgo

| ayers. To didédecaswaist Haand agwilet Rrd Oradloed bayehs fordmsfocontimtbes! y
along the dividing lines into individual_chips by exterting external force
al ong t hé i viaF APt i hiedeBrce Mea it &304 g égpp%ioca‘ﬁ*t' &het Ar§aappltii€at i on

has proposed gf tiechnotagys fty e/ idlifta dRiRSs i1nt @, 1 pekykedyYakealichs gby
expanding a protective tape affixed to the wafer to apply tensile force to
the waf er as DapdwnesevPayent Application No. 2003-361471. 3 In the nethod

of applying tensilqwgg{%%agg EgedYgiging a plate-like workpiece such as

a semiconductor wafer, a laser processing method for applying

15 a pulse laser beam capable of passing through the workpiece
with its focusing point set to the inside of the area to be
divided is also attempted nowadays and disclosed by Japanese
Patent No. 3408805. 1In the dividingmethodmakinguseof this
laser processing technique, the workpiece is divided by

20 applying a pulse laser beam at an infrared range capable of
passing through the workpiece from one surface side of the
workpiece with its focusing point set to the inside to
continuously form a deteriorated layer in the inside of the
workpiecealongthedividing lines andexertingexternal force

25 along the dividing lines whose strength has been reduced by
the formation of the deteriorated layers.

To divide a wafer having deteriorated layers formed
continuously along the dividing lines into individual chips
by exterting external force along the dividing lines of the

30 wafer, the applicant of this application has proposed a
technology for dividing a wafer into individual chips by
expanding a protective tape affixed to the wafer to apply
tensile force to the wafer as Japanese Patent Application

No. 2003-361471.



by expanding the protective tape affixed to the wafer, when the protective
tape affixed to the wafer is expanded, tensile force acts radially on the
‘waf er. Therefore, tensile force 5is applied in a randomdirection to the
dividing lines formed in a lattice pattern, whereby the wafer is divided
irregularly and undivided areas remain. en a wafer having a test netal
pattern called "test elenment group (TEG" for testing the function of each
circuit on dividingd ites mex hdidvicdedppl9nggl@chBe 1di ¥odicagtbi BRS Wi fer
expanding the protective tape as described above, a problem may arise that
irregul ar forke expardiqyy the Bbeeckevsl tpraetal hl xefhdrebre We ffer aVhpht t ern

| s broken j ag&?é’bi!/:ot}[é%‘%‘i%eéaﬁe %Ff@i@!@&%ttl?é‘ngﬁ%@“f@}c%x?%gde%akéhééi91% each

device. 15 Summary of the Invention It 1s an object o present 1 nvention
to provide afometdedtof rdidiiediliygon et evafidiose Theredgite hasnbede Fedaeed

al ong dividing, lLines, along the dividing.|lines, accuratel 20 and surely;
and a waf Igr I ?&Pndeégﬁﬁragfﬁgaoﬂc%ﬁ%? lgOIE%Ot Egepcr 5 Cﬁtr}/q r%\}élﬁtsi ﬂ?m?gr stly,
the above objeatl £ depattairAgdidir b preh b fafr dbwiiﬁbiira&oaiy\@égmwbwe
strength has been reduced along a plurality of dividing |ines ornmed on the
front surfaceithuadizticedeapgs s eraiaidl onfhehea wafafi DpUiARG 3 itesd metal
conpri si ng: ff1xq S f L X] et ] .10 e
surface si dea%%@ﬁﬁreﬁmé/a%ie(irgga %%?%I %}erg%%% #%&%oﬁ?@gni %éé]?a{:%lg?%{l& ché

suct i on- hol difhghctienberf eadhacsecand swadiwidirod diing srerbdd vddebosbhosgdes of

30 a dividing line and. suctjon-holding the wafer on the first
suct i on- Itllgl d&r{be rfglrfblecglré% “ e seéo %%W%nt}h%lﬁ}f%‘@?%%%rta?ﬁr dlgh the
protective tapesciwk@ fhovd) ng ﬁ&ﬁ&@lél@rmé@%f‘ﬂsé hendt r strsgei henehekdi ng
menber and the second suction-holding nenber in a direction 4 for
separ ati ng t Rt raomtéec mboteemete leratteranswherebiycthe metal pattern

is broken jaggedly, produces a contaminant and reduces the

quality of each device.

15

Summary of the Invention

It is an object of the present invention to provide
a method of dividing a wafer whose strength has been reduced
along dividing lines, along the dividing lines accurately

20 and surely; and a wafer dividing apparatus.

According to the present invention, firstly, the above
object can be attained by a method of dividing a wafer whose
strength has been reduced along a plurality of dividing lines
formed on the front surface in a lattice pattern, along the

25 dividing lines, comprising:

a tape affixing step for affixing a protective tape
to one surface side of the wafer;

a holding step for positioning a first suction-holding
member and a second suction-holding member on both sides of

30 a dividing line and suction-holding the wafer on the first
suction-holding member and the second suction-holding member
through the protective tape; and

a dividing step for moving the first suction-holding

member and the second suction-holding member in a direction



in a direction perpendicular to the dividing line. According to the present

i nvention, secondly, the above object of the present invention can be
‘attained by a wafer 5 dividing apparatus for dividing a wafer whose
strength has been reduced al ong a plurajiéy of dividing lines forned on the
front surface in a lattice pattern, along the dividing lines, conprising: a
tape hol ding neans for holding a protective tape 10 affixed to one surface
si de of the Vafresepant td e ndiche fromceaappbithati bo aeens featssletfanedol di ng
the wafer supported to the tape hol di ng neans onéﬁgth,sides, of a dividing

line throughlthé psHdtesdtiane REFREUNE RS tihd P shsiiE TDricdd* S v the wafer in

a direction perpendiceih@inlOt o thelhhee shivt dhiEnkiB8S . sddhdPPY enkeitsdve force
application neans conprises a first suction-holding nenber and a second
suct i on- hol dioky eatemfeit heopregenitoanienging che hafettahredghythe'dpidfective

1ot Sucti of ROy SBERA na orna YARaRg o oubt EanRare e rlapdr 9,1 e

direction fombegpateaiudeg themg &r pueathtgt berdivheinbovenps of echeédeohape 1S
affixed to an _annular frane, and the tape hol ding nmeans i s conposed of a
frame hol di ngh25 reednsurdecRoldi Aglehblafink® ke FRanelontiet e dbeV 1Y ng

means conprti%é%;neddgying body and an annul ar frame hol ding nenber
nount ed on the upper en be the body, and the first suction-hol ding nenber,

t he second suct i on-ahdlagiendpodeiiingr meamss tfoe Modidigigreams cdreetiinst didped wit hin
the cylingrical.. 30 hody. The first suction-holding nenber, the second

suct i on-ﬂgl diaraf'lgf]ﬁgeer%gro atitf tsﬁgtlrﬁﬁﬁ nsgld%eaoré tg}ee ‘Yﬁ)ﬁ?ﬁ’eoarbci] t he base, and
the frame hol di ng rpeasfsi eGP idati@bheankabbe sttt @d-10h dhegbase
in such a manner that it can be noved in a_ predeterm ned direction. The

frame hol di nghfedRdes SPRPeGiEREbLy Bipdomeddilite"fPaoPE PableS1dnd a
t“r”'”g of a dividing line through the protective tape and exerting

tensile force to the wafer in a direction perpendicular to
15 the dividing lines.
The above tensile force application means comprises
a first suction-holding member and a second suction-holding
member for suction-holding the wafer through the protective
tape on both sides of a dividing line, and a moving means
20 for moving the first suction-holding member and the second
suction-holding member in a direction for separating them
from each other.
The aboveprotective tape isaffixed toanannular frame,
and the tape holding means is composed of a frame holding
25 means for holding the annular frame. The frame holding means
comprises a cylindrical body and an annular frame holding
member mounted on the upper end of the body, and the first
suction-holding member, the second suction-holding member
and the moving means are installed within the cylindrical
30 body. The first suction-holding member, the second
suction-holding member and the moving means are mounted on
the base, and the frame holding means is mounted on a movable
table mounted on the base in such a manner that it can be

moved in a predetermined direction. The frame holding means



means for turning the franme hol ding neans is provided. In the present

i nvention, the first suction-holding nenber and the second sucti on-hol di ng
‘menber are positioned 5 on both sides of a dividing line, the wafer is
suction-held on the first suction-holding menber and the second

sucti on-hol di ng menber through the protective tape, and the first
suction-hol di ng nenber and the second suction-holding nenber are noved in a
direction forisemanmabhg $iepo f tedn @acthhd Onotdiet et baleker t ahdngi terfibnge in a
direction perpendic to. the d|v ding |i Therefore, the wafer can be
i v ded ol ol Tt g netnbteRe b ling HiEShEehs eifelBtE”
accurately and Surahytjﬁﬂmm%ﬁﬁﬁﬁ|3hvéhﬁﬂbﬂ¢“¥héfﬁnﬂﬁie$u@ﬁ£onahbeain69tm

pattern called "test elenment group (TEG" for 15 testing the function of
each circuit ®HR%e %%Faﬁnﬁe??%%§UC§W%‘W%n%W gaf BPSbtpened

fracturedsal ofyg 41§, diiiedi Bg a! df‘@l&ﬁ%‘rlaitrf‘é,yth%r bv%ffePe%ré@ét?BnDBeEBe

Drawings 20 Fig. 1 is a perspective view of a sem conduct or wafer be
di vi ded by trmnvtﬁenthsmchmmﬁrmﬂ+hmﬂdﬁngrmﬁmbeﬁemmd Tlne ese cond F|g 2 is a

per spective vi ew of Ihe rinci t|on ser bea ocessj

nachi ne for csa‘f\,\él]r% et Jafl%én‘%gi FQP@& E%? T hYe a%&'o?nfjhggﬁlaf er
di vidi ng net hpﬂrspfsutdtqo@fmraimwmembeenan&ltq}e §eb§na HheekofRI althg
schematically showing the constitution of the |aser beam application neans

of the | aser uks1ie sy grr@cré@‘seﬂglrrraﬁﬂw%mﬁqrnsweraizlng(ﬁﬁrg from gagh

schemat i g ﬁc%{rgr{?bsé@%%{h@e Pé'g&éé’ofn 'Wéﬂlﬁeﬁeﬂéﬁ&ééﬁé beam

Fi gs. 5(a) a ) are expl anatory agrans show n errorated | ayer
form ng step g tthe diafietindy Vdiidieng Thetrkddref, the waéeentahnhendlomded Fi g.

615 2an explanaory. di agram show g, 3,88t e, whereln | 8 nated, deterlior at ed
accurately and surely. Consequently, even when the wafer has
a test metal pattern called “test element group (TEG)” for
15 testing the function of each circuit on the dividing lines,

this metal pattern can also be fractured along the dividing

line accurately.

Brief Description of the Drawings

20 ' Fig. 1 is a perspective view of a semiconductor wafer
to be divided by the wafer dividing method of the present
invention: '

Fig. 2 is a perspective view of the principal section
of a laser beam processing machine for carrying out a

25 deteriorated layer forming step of the wafer dividing method
of the present invention;

Fig. 3 is a block diagram schematically showing the
constitution of the laser beam application means of the laser
beam processing machine shown in Fig. 2;

30 Fig. 4 is a schematic diagram showing the focusing 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;



the wafer in the deteriorated |ayer formng step shown in Fig. 5 5 Fig. 7
is a perspective view showing a state of the sem conductor wafer which has
‘been subjected to the deteriorated |ayer formng step and is put on the
front surface of a protective tape nmounted to an annular frane; Fig. 8 is a
perspective viewo f a wafer dividing apparatus 10 for carrying out the
dividing step in the wafer dividing nethod of the present invention; Fig. 9
is an expl oded per gpecté ve an ewpbbhnbhe rgrd gt sheedhigonstbtehehalfeimi ng

apparatus shown .in Fig. 8 Fig. 10.is a sectional view of a nmpvable table
and frame 19 HOMRGRS AEHRECHRET i VRT T F  ATRSR dppdiae i SiovA i n
Fig. 8, Fig. thk wafRersas itenraldetieaw fatidie Riydci fpdniseetdtdp Shewh non a

state where the franme hol ding neans constituting the dividing apparatus
shown in Fi g.Fi@-hslids the annul ar frame 20 supporting the sem conduct or

waf er thrgugh the protectiyve tr[%g%é)ie\%‘@ Qﬁ-euﬂ%k&ﬁ)ihr?d‘da 14 40 & ethe

expl anat ory di agr ans “show ng ng step 1n the wafer dividing nethod
of the presentemiicorehtdtarr. w2 d¥etvdiildd Haes drdept isarb jofcttde Ry efler r ed

Enbodi nents Preferred eppbodi nents .of the wafer dividi t hod an
appar at us. acASHAIIE T Ahba bF BLATT NG, 2he A% T PUbeTade 1FHBG Stot 28 funder

Wi th referenceg t0 Jihf RGP ARHNGAAUNGD a0 drirfh1 el | Brauder spective view
of a sem conductor wafer as a wafer to be processed according to the

present invention. Fithed senircormhaatoivewmt ev of® waben diNiFigg aprarates| i con
e B! SRR e SO PR T AP R
pattern. On tdfe theoniresarftadevkdet iafn;t he sem conductor wafer 10, a circuit
102 i's formed as qur{%t.i E(Bmls an exploded perspective view of the principal
section of the dividing apparatus shown in Fig. 8;
Fig. 10 is a sectional view of a movable table and frame
15 holding means constituting the dividing apparatus shown in
Fig. 8;
Fig. 11 is a sectional view of the principal section
showing a state where the frame holding means constituting
the dividing apparatus shown in Fig. 8 holds the annular frame
20 supporting the semiconductor wafer through the protective
tape; and
Figs. 12(a) and 12 (b) are explanatory diagrams showing
the dividing step in the wafer dividing method of the present
invention.

25
Detailed Description of the Preferred Embodiments

Preferred embodiments of the wafer dividing method and
apparatus according to the present inventionwill be described
hereinunder with reference to the accompanying drawings.

30 Fig. 1 is a perspective view of a semiconductor wafer
as awafer to be processed according to the present invention.
The semiconductor wafer 10 shown in Fig. 1 is a silicon wafer
ha?ing a thickness of, for example, 300 pum, and a plurality

of dividing lines 101 are formed on the front surface 10a



el ement in each of a plurality of areas sectioned by the plurality of
dividing lines 101. 5 The nethod of dividing this sem conductor wafer 10
into individual sem conductor chips will be describedherei nunder. To
di vi de the sem conductor wafer 10 into individual sem conductor chips, a
step of formng a deteriorated layer in the inside of the sem conductor

wafer 10 along th i,vi din 0 lin pl_yi S er beam
capabl e of palgnsiangl%ﬁlo%egffg%%ee%rle'm g)gln %%t lO%)riﬁo\?\}%‘ es)r(lgll%% Eih&ga &ﬂea%}%/i di ng
lines 101 | sawmirdgdreihoudr waterrehy,r edoct ogi t e Stirsefigirheal angfthetidnvi di ng

lines 101. This deterjorated |layer formng step is carrjied out by using a
| aser beam proc@¥&thg et eof’? %W%l& ?ﬁeg%?e%gt%eﬁtl%%éllbﬁe‘:h%eam

processi ng mMgehifel e gy i gstided 01¢h conprises a chuck table 11 for
hol di ng awor kpi ece, "a |aser beam application nmeans 12 for applying a | aser

beam to fhe wor kpildsempehdderf dhwidhnektiiabsenicondud tar wakge 1 pivkoup
means 13 for 'pl&%ligﬁi%?sgﬂ'kgggﬁc Er%c@ﬁgﬁég\%fﬂ Bﬁae(zf%trﬁ?eSdmI? réfﬁuﬁgé@k tabl e

11. The chuck t& 'S designe Ion- piece and’ noved
in a processing-fead ddwieet the sbBfliecahddchyraraderon Xirbd amdintdexahg- f eed

direction indicated by an arrow Y in Fig._ 2 by a novi ng nmechanism that is
not shown. 25 efHEINIE ILSERseam appPiChthidifehAsdedehasTatedy R¥aFi cal

casing 121 arspnged AURK 8RRl LnfiBbhaRta W el 1 ol DRy ic@%HAdy 19141 A9 Shown

in Fig. 3, there are installed a pulse |aser beam oscillation neans 2 and
a transml8si dnineptlitcdabysyppépitgl3a phksulased heam bepabdscof| pasohngeans

30 122 is constituted.by a pulse | aser beam oscill at 122a. .conposed of a
YAG | aser oscitiHEt &Ey‘?@ CPE?EF 8§c‘f’?§§?o]r(§ %ﬂflga%ﬁ@péﬂ’%fiéﬁgf ?é’aﬁancy

setting neans ¢i23ly earpeetedut ) thdecpylsil@sey thrastessigthab®bng28Re The
transm ssion optical system 123 conprises suitable optical elenents such 8

as a beam spldiwitin@iddnen tohderders dedendospigdcbadensingrinensep {hot
shown) const 'éaqﬁde&%u% §§tu§{n4{ eaniggetrh@éaWrocessing machine 1 shown

15 1in Figs. 2 to 4. The laser beam processing machine 1 shown
inFigs. 2to4comprisesachucktablell forholdingaworkpiece,
a laser beam application means 12 for applying a laser beam
to the workpiece held on the chuck table 11, and an image
pick-up means 13 for picking up an image of the workpiece

20 held on the chuck table 11. The chuck table 11 is designed
to suction~hold the workpiece and moved in a processing-feed
direction indicated by an arrow X and an indexing-feed
directionindicatedbyanarrowY inFig. 2byamovingmechanism
that is not shown.

25 The above laser beam application means 12 has a
cylindrical casing 121 arranged substantially horizontally.
In the casing 121, as shown in Fig. 3, there are installed
a pulse laser beam oscillation means 122 and a transmission
optical system 123. The pulse laser beam oscillation means

30 122 is constituted by a pulse laser beam oscillator 122a
composed of a YAG laser oscillator or YVO4 laser oscillator
and a repetition frequency setting means 122b connected to
the pulse laser beam oscillator 122a. The transmission

optical system 123 comprises suitable optical elements such



be known per se is attached to the end of the above casing 121. A | aser
beam oscill ated fromthe above pul se | aser beam 5 oscillation neans 122
‘reaches the condenser 124 through the transm ssion optical system 123 and
is applied fromthe condenser 124 to the workpiece held on the above chuck
table 11 at a predeterm ned focusing spo? dianeter D. This focusing spot
dianeter Dis defined by the expression D (n) =4 x 10 X x f/ (7¢c x W

(wherein X isad hepwaies Snot et Metef. thec@ﬂdiéﬁsekaﬁzei hbeamngebadtheidiganet er
(mm of the pulse | aser beam applied to an objective |lens 124a, and IS

the focusing LeRSeanteOt o) (¢ b tatted Y ensetr o) 1gnesst hbagulnay | aser
beam show ng 1?%6 o dg&eld's% h@%ﬂ%ﬂé& at%olj_:'h%d e‘hgl 8#9'%5“81)8;% :Eg%bve

| ens 124a of nser own in up “neans
13 attached tb21 he rehdset Whdwem o@@l]ﬂ@tﬁﬂfcomstthé abbrg ;bllnbsalim&ﬂ Bsam beam
applicatign means. . 12 conprises an infrared |IIun1nat|ngﬁ$eans for a pl yi ng

20 infrared radFhtidhl Pl HerRdrkpreeehesntBptFAteRSRY i & S rovgh & Fng

infrared radi@gtdQomepplbeds 1&£@ wéf@ﬁeﬂzsléﬁ&mgaa%ﬁglgga@;?omaeﬁean i mage
pi ck-up device (infrared ) for outputting an electric si

cor r espondi ngceden g ¥ arZedd toathatwarkrgtehed dopnt blee cﬂhQ‘o%llchsu;@éq geblien

mage w th vi 5t B PAaarLshTRRS U BBEL € ey oo AU CARBRERAT, o

is transmtteshbé® @ignetepl DNEANGetNAbdWLY | thbeedpsekkbed batgh) *he x
deteriorated | ayer formng step which is carried 30 out by usi ng the above

| aser beaf pr%éfesfél(ﬁgxn‘ﬁbhﬁ"ﬁbﬂlew 1N ispehgadaeye beroWh t Hmefodr éheePudski g. 2,

Figs. 5(a) anfya{P)pesnd vFll% the 'dla&r@t%rdgﬁrﬁ{' orrated Layse ﬁgrs@rnﬁeﬁﬁep’
the semiconductor wafer 10 is first placed on the chuck tabie 9 11 of the

| aser beam prmrebsedagtcpra@mmjactshmlelms Flgda?2 and Suth bhemhaensthgat the
back surface &Ob glr?gees(mlljne ap%he objective lens 124a) when the pulse laser
beam showing a Gaussian distribution is applied through the
15 objective lens 124a of the condenser 124 as shown in Fig.
4.
The image pick-up means 13 attached to the end of the
casing 121 constituting the above laser beamapplicationmeans
12 comprises an infrared illuminating means for applying
20 infrared radiation to the 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
infraredradiationcaptufedbytheopticalsystem,inaddition
25 to an ordinary image pick-up device (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 deteriorated layer forming step which is carried
30 out by using the above laser béam.processing machine 1 will
be described with reference to Fig. 2, Figs. 5(a) and 5(b)
and Fig. 6.
In this deteriorated layer forming step, the

semiconductor wafer 10 is first placed on the chuck table



suction-held on the chuck table 11. The chuck table 11 suction-holding the
sem conductor wafer 10 is positioned 5 right below the i mage pick-up neans
-13 by a noving nmechanism that is not shown. After the chuck table 11 is
positioned right below the inage pick-up neans 13, an alignnent work for
detecting the area to be processed of t e seni conductor wafer 2 is carried
10 out by using the inage pick-up neans 13 and the control neans that is
not shown. That dfsS,tHehd dsEage qent ongr gedinsy hd dniche thesto®m rioh e@ns2 ( not
shown) carry out inage processing such as pattern matching, etc. to align a
di vi di ng |i néMEEForm@Rn et FiiteddiemifesHiasa i 9P ofe4de Weidnduct or

wafer 10 15 wiid {die LOnAesainel 2Rk Wimiaser. beam RRRLKCRLHIR Maans 12

for applying a | aser beamalong the dividing Iine 101, thereby performng
t he al i gnmentsugft iapr-dedd iyenrhbep [ amiatdrohictgosiva fr. IThel aalpagmiteimned t he

| aser beam application position is also carried out _on dividing lines 101
f ormed. 200 on i e BRLOE e LI TP FTOT REAG: § 20t B pLHREA A S5t o 1 he
predet er mi nedrditr a6t iyt sANdWiough the front surface 10a having the dividing
| ines 101 fornmed thereon of the sem_conductor wafer 10 faces down at this

point, an image offtkE BhoiCr kgt itakde1dl takasd tiakad rREbkghei A Bark
surface 25 1Qh a3 phext ?ﬁlexEkIB‘P aﬁ:?%'l%g%%e%%%&%??]?ﬁndéﬂééﬁigg the

il lum nating nmeans, an optical system for “capturing rared adration and
an image piclenga devbeprdrdssrdd OOy sanicandpeter ngfaEr @l estearr segnal

ing to the infrared radiati d bed above. 30 After th
Gi'vi ot hgLTi e F0RVIGH R B TRBTECH LHIREENS (i die Fonerht AL (M Ehuck

table 11 is defActedngfdshbanal igwents, ehd heagassl cheap aephscati My
position is carried out as described above, the chuck table 11 is noved to
a | aser beamthgppPnEnPi diraired NAletROWhe CégrFepdrimpme pFOCRESILAgeFuBRam 10

CPEl oo o TR LRl AP 02| e B 496 8 nd S0 A0 o
in a predetermined direction of the semiconductor wafer 10

15 with the condenser 124 of the laser beam application means
12 for applying a laser beam along the dividing line 101,
thereby performing the alignment of a laser beam application
position. The alignment of the laser beam application
position is also carried out on dividing lines 101 formed

20 on the semiconductor wafer 10 in a direction perpendicular
to the predetermined direction. Although the front surface
10a having the dividing lines 101 formed thereon of the
semiconductor wafer 10 faces down at this point, an image
of the dividing line 101 can be taken through the back surface

25 10b as the image pick-up means 13 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 corresponding to the infrared
radiation as described above.

30 After the dividing 1ine 101 formed on the semiconductor
wafer 10 heldon the chuck table 11l isdetectedand thealignment
of the laser beam application position is carried out as
described above, the chuck table 11 is moved to a laser beam

application area where the cohdenser 124 of the laser beam



dividing line 101 to a position right below the condenser 124 of the |aser
beam appl i cati on means 12, as shown in Fig. 5 5(a). The chuck table 11, that
‘i's, the sem conductor wafer 10 is then noved in the direction indicated by
the arrow X1 in Fig. 5(a) at a predet erﬂ'%ned processing-feed rate while
the pul se | aser beam capabl e of passing rough the sem conductor wafer 10
is applied fromthe condenser 124. 10 Wen the application position of the
condenser 124popfl itdae idraserarzedrd dupt isgatliyomgreansa sk resoheiss t hecate@r end

f h di vi di Li 101 h in.Fig. 5 h | i i f h
O 5o aver Benfri b8 o e e R s 1R B ) B R e eiingd T,
i's, the sem ¢arduain® Mafeer: o0 s sSteppad.onlrilght sl deterd adaidshdayer

formng step, the focusing point P of the pulse |laser beamis set to an
area near thdZ4% eittheyiFsrie PEGE pORAEFIGAPRCBTARF tHhe asefPOVYRILUBL DI waf er

10. As agresult, arqgdetegi Ver S exXpes iy sSHrface
10a ( unde?sur%ﬂgc)é) gﬁ%t ﬁ%ﬁggﬂ‘l{%gln%ﬁlclt’ort%\]?gf (h-:-rg' 1{8H§n%&5%8? S %{'érg:}g? o%var d the
i nside from tlite ikr bhenswoVadeinlGzhe @unctertsionf acel)i cat®hi bydeherapravetl | ayer

110 i's formed as, | ten:resolidified,| that.is, the | f.th
wafer . has bah FoAce 1Bl ¢ 8h Sntr THENe PBLRS it 95 o ARLE BT SCRRRT 1

condi tions i rHheaAkeve detrendomtebad® |y ¢adHmy r&nr&i@ e set as
foll ows, for exanple. Light source: LD excited Q swtch YV | aser

Wvel engt h:  pEmseqrebettGeataltayilly & vard ahtihrar the oendenieaul 5&4 out put :
densi ty o7 10000 AR o i ARSY Mk SRR ST T e
Processi ng- f aedgrabeaml&fp Mt secod IneaNen 2t heashas cioe wtitayr wakleo £ lthé s
thick. as shown 11,1 9,9 (b, 200S; deserbed dgyer orated, | ayer forp ng
step
the pulse laser beam is suspended and the movement of the
chuck table 11, that is, the semiconductorwafer 10 is stopped.
15 1In this deteriorated layer forming step, the focusing point
P of the pulse laser beam i1s set to an area near the front
surface 10a (undersurface) of the semiconductor wafer 10.
As a result, a deteriorated layer 110 is exposed to the front
surface 10a (undersurface) of the semiconductor wafer 10 and
20 is formed toward the inside from the front surface 10a
(undersurface). This deteriorated layer 110 is formed as a
molten-resolidified layer, that is, the layer of the wafer
has been once molten and then re-solidified.
The processing conditions in the above deteriorated
25 layer forming step are set as follows, for example.
Light source: LD excited Q switch Nd:YVO4 laser
Wavelength: pulse laser beam having a wavelength of 1,064
nm
Pulse output: 10 pJd
30 Focusing spot diameter: 1 um
Pulse width: 100 nsec
Peak power density of focusing point: 1.3 x 10%° W/cm®
Repetition frequency: 100 kHz

Processing-feed rate: 100 mm/sec



is carried out several tinmes by changing the focusing point P stepw se so
as to forma plurality of deteriorated |ayers 5 110. For exanple, as the
‘thickness of the deteriorated |ayer fornmed once under the above processing
conditions is about 50 m the above detqriorated | ayer formng step is
carried out three times to form deteriorated | ayers 110 having a total

t hi ckness of 150m In the case of a wafer 10 having a thickness 10 of 300
pm six deteriorat athdémaydres skl comyluas drowage rf 1 Oni s tttei ¢k ords stofaceénlOa to

t he back surface 10b along the dividjn lines 101 in the inside of . the

seni conduct or F 4@t & 18e THEVEagESFT oPEHete TSy L5 128 1AKE b ORORSISSEPy i n

the inside ofjsthe-sed rduet-awat ene 40 'éﬂﬁ}ﬁ]irpc_?it'}& e6RASA o potine front
r

15 surface 10a and the back surface 10b. Afte e deteriorated |layer 110 is
formed in thePigisrmisafsq de senfevndudlorraddftes ofpdgltemaogritedhéayevisdi ng
lines 10k in e ve: rib ter| or I ] ep; t ape
af fi xi ng §tepligf gﬁgi?ﬁgﬁﬁgg’§§?Fg%é€%%%%géggfﬁﬁyﬁéfggﬁgbﬂgﬁﬁ%ﬁglg ?Face of
a protective fapeedountedirode artlennilcare pfroans sisigc abhidead iouts. iEhaboug, as
shown in Fig. 7, the back surface 10b of the sem conductor wafer 10 is put
on the surfacel ¥ tthe pbevecteteriapated Wwvse kRt brersdierhdst Fakriied

mounted on ther aMHEAE i hEATR ESrRAAT iG] 18 rkNNey haReRLWLoZa1The
above protective tape 16 is prepared by applying acrylic resin-based

adhesi ve to theiskméasefdfSuIT0 it thekashedta whaekilidgawidey @athpokpeissyl
chl ori de (PVC) _t t hi ckness of ,about .5.pmin above il_l ustr.ated
oot oAl Thr ol SF T e bl e poeg CBVkE, 108 B3P Bt ErEReRo T Ehmy
deteriorated BRelfayer §10f fAdg1she tHddbckSsulte-d 1 0Bt 1suif deedifadahqt he

sem conductor_wafer 10 is put on the protective tape 16 in such a manner
that the backliuefakl fgb thecdasdde 06 the rspnirAndteteabdiat eetldti ofdted

e oo S EELPAReR BT cle pRETLEABUGRY, 4t Abditheor oo

seni conduct or thvafssmiconductor wafer 10 without being exposed to the front
15 surface 10a and the back surface 10Db.

After the deteriorated layer 110 is formed in the inside

of the semiconductor wafer 10 along all the dividing lines

101 in the above-described deteriorated layer forming step,

a tape affixing step for putting one surface side of the wafer

20 on the surface of a protective tape mounted on an annular

frame is carried out. That is, as shown in Fig. 7, the back

surface 10b of the semiconductor wafer 10 is put on the surface

of the protective tape 16 whose peripheral portion is mounted

on the annular frame 15 so as to cover its inner opening.

25 The above protective tape 16 is prepared by applying acrylic

resin-based adhesive to the surface of a 70 um-thick sheet

backing made of polyvinyl chloride (PVC) to a thickness of

about 5 pm in the above illustrated embodiment. This tape

affixing stepmaybe carried out before the above deteriorated

30 layer forming step. That is, the front surface 10a of the

semiconductor wafer 10 is put on the protective tape 16 in

such a manner that the back surface 10b faces up, to carry

out the above deteriorated layer forming step in a state where

the semiconductor wafer 10 is supported to the annular frame



10 along the dividing lines 101 where the deteriorated |ayer 110 has been
formed cones after the above tape affixing step. 5 This dividing step is
‘carried out by using a dividing apparatus 2 shown in Figs. 8 to 10. Fig. 8
is a perspective view of the wafer divid&gg apparatus and Fig. 9 is an
expl oded perspective view of the principal section of the dividing
apparatus shown in Fig. 10 8. The wafer dividing apparatus 2 in the
illustrated ¥hbodi ment conprises a base 3 and a novable table 4 which is
nounted on the bas 3 i,n chh a_pmanner hat a_. direction

i ndi cated by an arr G HVHHENHaREER T %Eé?éﬂaﬁﬁﬁ?sawaCBP G WRERTt wo

guide rails 3o anédn32thwhd thi dbh@nereist ah e 08 tiepdetethe rhetld shder
portions of the base 3 and parallel to each other in the direction

i ndi cated by 1thaagrpean Yormes @@mesaalﬁt%\m@gaaovemaf§ée<tlmanstepf or med

inthe top s [ agﬁ | & 1

rectangulgr gﬁ{ §é92dﬁg§ cg §%Ikb e i%ygy t éﬁ%gg¥§$‘S‘§P§%§%§aF§SF|g
9. A to-be-quideth ain Eﬂg$o betsli@ably fitted to the QUIde groove 311
formed in the gU|de rail_ 31 on the base 3 is forned on e u der face of

one side portion off t%re Srovagt LI THEY tckb‘%é”f"i‘ Gt é e table
4 is mounted fQydidiHGeb Hike Hoibesyuw gabdal beAddeatiie @rlile‘dﬁ‘o@rﬁﬁtée 311

formed in the guide rail 31 on the base 3 and by placing the undersurface
of the otherEﬁkﬁ?*ﬂﬁl|$ﬁptﬂpmrﬁigﬁh@ed¥%}¢l@9 sppahet hasehown &8 EhRgwn in

Filg. 8. The waf erydl y.0ing aRparatys, 2l dhie J Liushiated , 30 abedi ment

conprises "a nDV|n ovabl'e e direction
i ndi cat ed by éﬂﬂﬁ)camm\t chahpmgsédaea }galsele3 rand Sa &ﬂoamldléZt@hle hé khaseh3.
This moving neans 5 is constituted by a male screw rod 51 arrangedgearallel

to the guidel¥ HUERGPR HdHHeSS3 3 &nbééhclhné‘ BINPREL: thetnphintd on the
base 3 and rofat Akl ir SHPROK t $n@NEa €EE 19y ihe.pBbe BCrewe kS i@ pul se

notor 53 that is connected with the other
rectangular and provided with two guide rails 31 and 32, which
15 are installed on top of the both side portions of the base
3 and parallel to each other in the direction indicated by
the arrow Y. A groove 311 having a V-shaped section is formed
in the top surface of the guide rail 31.
The above movable table 4 is rectangular and has a
20 circular hole 41 at the center, as shown in Fig. 9. A
to-be-guided rail 42 to be slidably fitted to the guide groove
311 formed in the guide rail 31 on the base 3 is formed on
the undersurface of one side portion of the movable table
4. The thus constitutedmovable table 4 ismounted by fitting
25 the to-be-guided rail 42 to the guide groove 311 formed in
the guide rail 31 on the base 3 and by placing the undersurface
of the other side portion on the guide rail 32 on the base
3, as shown in Fig. 8.
The wafer dividing apparatus 2 in the illustrated
30 embodiment comprises a moving means 5 for moving the movable
table 4 in the direction indicated by the arrow Y along the
guide rails 31 and 32 on the base 3. This moving means 5 is

constituted by a male screw rod 51 arranged parallel to the

guide rail 32 on the base 3, a bearing 52 that is mounted



end of the male screw rod 51 and drives the male screw rod 51, and a fenale
screw block 54 that is provided on the 5 undersurface of the above novabl e
‘table 4 and is fitted to the male screw rod 51. The thus constituted

novabl e neans 5 noves the novabl e tabl e 4 in the direction indicated by
the arrow Y by rotary-driving the pulse nmotor 53 in one direction or the
other direction to turn the nmale screwrod 10 51 in one direction or the

ot her direct iamthéheasafFandim th tap by papgous s2ona drite oif| {lus tnredteedcrew

mbodi h hol di 6_for hol ding t f 15
Shown i Fi 0.2 2 CRAULTH TG0 6 A o gt 107 e HES P ANEP RGP a Rb RBans 6

conprises a cynd nsif itgad nody flhewl ¥oah 5anaulbadrfivase thel dang perbar r6d
provi ded on the upper end of the body 61, and a plurality of clangs 63 as a
fixi ng neans b raéigedl Bemete ey ¢hhef ytoatthe PFaneddd ennglfenber

62. The cyli | 6]f hasa Jd S ! g1 A gmuat kg PREY ep 611
to be tur nabﬁ%{#(?%%%]@%%et e |nnea‘r%owa I da%t eeeC%O egl 224? or rrég in the
above novabl echablal el sarbvancahridl .ar Theuppost cbhangeu6dd povpbiei mgana a

dial direction f th t | th t] ion 611, Th
ot ar 11 e TR M eIt Ee T leahitl Ghe et Bphern ERBabLPaERE PRLe
constituted cyhé neFisaly DogyrSdar Fheri epngurhacsudéetherérase 25 bakdi ng

menber 62 forms a placing surface 621 for placing the annular franme 15, and
the annul ar fdrectBon Opltdceatbrr dhrschbont tagtwin ftdverede sThewahadl ar

frame 15.pl ac e i suy f 1s.fi ; t he frame hol di ng
menber % by?‘gh]glpc?lgér]rp%lp%g&%rg%o?}g ?ﬁ%effr%#eéﬁgf(gﬁhg nmeans 6 30
functions as a tapertolwt fegr nbianisdfroy abaltatgad he i otleeti Veust speed 6

o L, oo SETLSoDNEL ELEL, 10 R e AT ST 2T, 5 T
turning meanseiafOr § WHug fherabove 14s thao® hal ¢igy 8eaR8 Higasighown in
Fig. 8. This turning means 7 is conposed of a pulse notor 71 nounted on the
base 4, a the frame holding means 6 comprises a cylindrical body 61,
15 an annular frame holding member 62 provided on the upper end
of the body 61, and a plurality of clamps 63 as a fixing means
arranged on the outer periphery of the frame holding member
62. The cylindrical body 61 has, at its lower end, a mounting
portion 611 to be turnably fitted to the inner wall of the
20 hole 41 formed in the above movable table 4 and an annular
support flange 612 projecting in a radial direction from the
outer wall above the mounting portion 611. The annular frame
holding member 62 is mounted on the upper end of the thus
constitutedcylindrical body 61. The top surface of the frame
25 holding member 62 forms a placing surface 621 for placing
the annular frame 15, and the annular frame 15 is placed on
this mounting surface 621. The annular frame 15 placed on
the placing surface 621 is fixed on the frame holding member
62 by the clamps 63. Therefore, the frame holding means 6
30 functions as a tape holding means for holding the protective
tape 16 affixed to the above semiconductor wafer 10 via the
annular frame 15.
The wafer dividing apparatus 2 in the illustrated

embodiment comprises a turning means 7 for turning the above



pul l ey 72 connected to the rotary shaft of the pulse notor 71, and an
.endl ess belt 73 wound round the pulley 72 and the 5 support flange 612 of
the cylindrical body 61. The thus constituted turning nmeans 7 turns the
frame hol ding neans 6 through the pulley472 and the endl ess belt 73 by
driving the pulse notor 71. The wafer dividing apparatus 2 in the

ilTustrated flQRMPOHLIRYNNAS 8, lLNShbenf A 68 qapp! | aafilOpuPBANG e d:08
acting tensile force in"a direction perpendicular to the dividing 1lines

101 on the séniisorduppsednater ROlsapporeed’/ionetietednemhakhefhase 456 del d on
the above a“g‘&'ﬂg;{ %”Eoﬁﬁ'fg‘t%giag”gﬁé ]‘?Eta}!{/aswﬁtp(;]gtggé' Y, Jbéé‘%%ﬁér The

tensil e force application I's"nmounted ont ove base and
arranged wi t hiln ahbHeawydndiks £aelhody Bdundhrsut@nsid eufldrge 7apphd ciaieé on
means 8 has a first suction-holding nenber 81 and a secaond uct i on- hol di ng

menber 82° ASUPRGET ifHaBidge 92 e Wie GY1IQFRLGEH RAM i) medBér t8¥Sand t he
second sucti eRRQLFAG LA UTRIRRS B2 & S RId angedt agd %dl‘%iifoﬁgn?eé{@ng a

pair of guide rails 83 and 84 installed in parallel to each on the
above base 36 fhiragli tbet pudlenydi/éated biyetdrrdbesovbalt Thatby idyivimg

t 0- be- gui dedt%{ og\{ﬁs 8%[1%t%r%d 7%11 and two to-be-guided grooves 821 and 821
are formed i W thé undersurfaces of the 25 first suction-hol di ng nenber 81

and the second suctrhenwld@led agdvitelther adpaatatay 2ntier tale daniespenddig to
the interval between the above pair of guide rails 83 and 84, respectively.
By fittihy tEEPOREMERDHBag A H8BSYLEoMCe aPPldRd ta P meen e efofrcting

t o- be- gui ded S an 24 with. i I id:s,:83 and 84,
respectivel y,tgztl}%g‘\i% rfg'%%esggt ?o%lﬁ%{:gllﬁg %%ﬁ%%%iggﬁgu%(ﬂgiﬁcdolndl%@

suct i on- hol dildgresnieiben t82 sami dyenanovisnr wé 6ag 1i0eugai rted tguhéeanrailasr 83 and

o4 The Lensidekoncenanhl Leal onfeans. &1 Lhe LLLustated 5. b rent
second sucti elzhehdi pgofBaRSve tape 16. The tensile force application

15 means 8 is mounted on the above base 3 and arranged within
thecylindricalbody6l. Thistensile forceapplicationmeans
8 has a first suction-holding member 81 and a second
suction-holding member 82. As shown in Fig. 9, the first
suction-holding member 81 and the second suction-holding

20 member 82 are so arranged as to be moved along a pair of guide
rails 83 and 84 installed in parallel to each other on the
above base 3 in the direction indicated by the arrow Y. That
is, two to-be-guided grooves 811 and 811 and two to-be-guided
grooves 821 and 821 are formed in the undersurfaces of the

25 first suction-holding member 81 and the second
suction-holding member 82 at an interval corresponding to
the interval between the above pair of guide rails 83 and
84, respectively. By fitting the two to-be-guided grooves
811 and 811 and the two to-be-guided grooves 821 and 821 with

30 the pair of guide rails 83 and 84, respectively, the first
suction-holding member 81 and the second suction-holding
member 82 can be moved along the pair of guide rails 83 and
84.

The tensile force applicationmeans 8 in the illustrated



82" along the guide rails 83 and 84 nounted on the base 3 in the direction
-indicated by the arrow Y. This noving neans 5 85 conprises a nale screw rod
851 that is arranged parallel to the guide rails 83 and 84, a bearing 852
for rotatably supporting one end of thelfrale screw rod 851, and a pul se

notor 853 that is connected to the other end of the male screw rod 851 and

rotary-drivegnid@ g $GeW e 8l mees M &ok0 rRhrigWy rnatk 85415 screwved

into threaded holes 812 and 822 formed in the first suction-holding nenber
81 and the sétehdonshetlicgmameans lrpndbEhegecand adsipa—hReé diRPERRS hol e

812 forned i fi I 0= | e h ed . hole
822 forned i ﬁﬁt hggggcéﬁé égg%oﬁ??}%%%%ﬁ%e?ﬂog%t%rﬁgo&%gp%?ﬁngggi% Ji)l?)posi te
di rections. Ther dfiocretion tihelinaltedsbyewher adr8&1Y . nmellel s aemng meanarea to

be screwed into the threaded _hole 821 forned jn the first suction-ho] ding
menber 81°and> RBIBTEFEWE Tl &rs A 1d ﬁg%sEP@&eﬂsiarﬁ%aft tH hol e

822 formed ind heeSeraRd FUGUILBENQH BG , MRTRRIG 8% Al d HdRdAQtdbopposi te
directions. The thus formed novi ng neans 85 noves the first suction-"hol ding

menber 81 anduplerddeshéneswird orf Hélaedineg ensfyaw g2d Bl diarettd afsn
separating FR%’Porfég’g‘t‘?}aah@igt gﬂné’é(téc?tt%r‘t\f]ggrldt‘ﬂé}gehﬁe P%'I}%emg‘i’ég%cr\%??l Ien

one direction to turn e mal e 'screw rod i none direction,
noves them i moal dbnleahdornofarybdr hgéngrliderlcd eeaaworodaghl ot hetie male

rotary-driving the pulse notor 853 jn the other. direction to turn the nmale

screw r otV 85 FCER™ Fed frtets grrevedotito Anrepreddisl ¢r LBt 8424 A novi ng

means. That i3, t&R &ifrstPisidN drS HAMeRS et R TSt mUEd ol di ng
means 81 30 and the second suction-holdi'ng means 82 so that the first
suct i on- hol disng trieamrd 8 iaginehbes etbnd Thustadend hotltd ndp reeaiesi h82e 62 noved

o ot ons. The 12880¢ 11 £8F EUETY sHERGPh G HRAe T Snd e Lhedny rired
suct i on- hol diheg eTeansf8Zmbaven ahy elkengedsteet angubadibigr atmbbel 82 ngrsur f ace
813 and a_prol onged, rectangul ar._ second hol di ng
15" formed in opposite directions. Thérefore, on the male screw
rod 851, male screws in an area to be screwed into the threaded
hole 821 formed in the first suction-holding member 81 and
male screws in an area to be screwed into the threaded hole
822 formed in the second suction-holding member 82 are formed
20 inoppositedirections. The thus formedmovingmeans 85 moves
the first suction-holding member 81 and the second
suction-holding member 82 in a direction for separating them
from each other by rotary-driving the pulse motor 853 in one
direction to turn the male screw rod 851 in one direction,
25 while moves them in a direction for bringing them close to
each other by rotary-driving the pulse motor 853 in the other
direction to turnthemale screwrod 851 inthe other direction.
Air pistons may be used as the moving means. That is, an air
piston is connected to the first suction-holding means 81
30 and the second suction-holding means 82 so that the first
suction-holdingmeans 81 and the second suction-holdingmeans
82 are moved apart from each other or close to each other
by the movement of the air pistons.

The above first suction-holding means 81 and the second



surface 823 extending parallel to each other in a direction perpendicul ar
tothe arrow Y direction at the upper ends, 5 respectively. The first
‘hol di ng surface 813 and the second holding surface 823 have substantially
the sane length as the dianeter of the fgove sem conductor wafer and are
positioned at substantially the sane height as the placing surface 621 of

t he above frame hol di ng nenber 62. Suction 10 holes 814 and 824 are forned
in the first shatdongheldfiageme8t3 &f Have fhi psdlsngedorediod mynmba nehibest 81 and

t he second ol.di.ng surface 3 of the.second suction-hol din r 82,
respectivel y! O’]’%é?% %‘Uc%‘?‘%%fgﬁgla %EEO&HBQ@% S ?Eﬁ?ggr{%}?o:l%%cti on
means that isuR@hcehewB. edbenel 8§ pardbl ahean thehsyeheoni feans (duwti ahown)

is activated, negative_ pressure acts on the suction holes 814 and 824 so
that the seRE&BRBdACHLakafter the earobe Ysddiiesi-idl ¢ tortenaimma s el di ng

surface 3 : d dj it a r fve
Cape 16. 30 RECEratAgcad F g SO Shat R BT N g R
illustrated asthddnoestirfasea 8@st deatvieors uivsdras td af1dry tihet ectnieng erfigtidias di ng

i nes 101 of  the sem conduct wafer 10 supported to the annular frame 15
shown in Figﬁk? HéPHe%Sﬁ Pﬁe%éﬁbﬁgogﬁnﬁﬁgP' : %ﬁﬁ]&i &Ihéﬁﬁgfu§? via the
protective 2po:5aR8 oh@d Elﬂesdggﬁﬁht(iﬁlﬂ?aﬂﬁegsaﬁe aGIeE £ &k ishapes
support pole installed on the base 3. This detection neans 9 is conposed of

an optical sypsrémcgndZanoifnbpe pbekeupraeeilkel d{mrojemnberis? | odatdd Above
t he abovPbteB%h%% %qgc%D%p%buc%Egpgprggépgnﬁﬁ%gp%a%gg?}%ﬁgﬁég%¥%§ﬁ§%§ ection

means 9 picks up an 30 inage o Vi di ng or
wafer 10 suppor bgdthe tthe sansulcarn oh-&wa dimohelethbasr téhe albwheaarvadard frame
hol di ng nmenber 62 through thezgrotective t ape 16, conxents t he i e signal

into an eIecPP#@éPQS?BB fcﬁﬁﬁz QﬁdEhei%eqﬂf ﬁgcgéﬁPFBP ﬁé&ﬁ§“?%9fri ‘not
shown. 17 Tti‘%s%fc%ri_v‘é'lg.d' PHc3BPaLALYSn2hbNekNB 1kl hHEt Baedrenbodi ment s

constituted as descri bed above and its operation
communicated to a suctionmeans that isnot shown. Therefore,

15 when the suction means (not shown) is activated, negative
pressure acts on the suction holes 814 and 824 so that the
semiconductorwafer 10 canbe suction-heldonthe first holding
surface 813 and the second holding surface 823 via the above
protective tape 16.

20 Returning to Fig. 8, the wafer dividing apparatus 2
in the illustrated embodiment has a detection means 9 for
detecting the dividing lines 101 of the semiconductor wafer
10 supported to the annular frame 15 shown in Fig. 7 held
on the above annular frame holdingmember 62 via the protective

25 tape 16. The detection means 9 is mounted on an L-shaped
support pole installed on the base 3. This detection means
9 is composed of an optical system and an image pick-up device
(CCD) and is located above the above tensile force application
means 8. The thus constituted detection means 9 picks up an

30 image of a dividing line 101 of the semiconductor wafer 10
supported to the annular frame 15 held on the above annular
frame holding member 62 through the protective tape 16,
converts the image signal into an electrical signal and sends

it to the control means that is not shown.



wi |l be described hereinbelowwith reference mainly to Fig. 8, Fig. 11 and
Figs. 12(a) and 12(b). 5 The annular franme 15 supporting the sem conduct or

‘waf er 10, whose strength has been reduced along the dividing lines 101,

t hrough the protective tape 16 as shown 112 Fig. 7 is placed on the placing
surface 621 of the franme hol di ng nenber 2 constituting the franme hol di ng
nmeans 6 as shown in Fig. 10 11 and fixed on the frane hol ding nenber 62 by
the clanps 63. Aftlére twae eanniilvard ifrroa ekl asupp ar tii g-heh el Islerd twomdert t or

waf er 10 through the protective tape 16 is held on the fra hol dj ng_menber
52, the novi RILRHIETE. £ 5 CRbis V40REA 3 A6 1 AP MR ABrd FBT X At TRt he
direction (seg i ®e 8pstrdbeat Rére bybéhewaiiaw ré e diiddgaane yWiwi digg |ine
101 (the nost left dividing line in the illustrated enbodinent) forned in

the predet erfvi fdd dillecndrFids ¢ he2 &l ashduetl - waf er 10 to a  position
bet ween t Qe first I"f%:edéﬂgufélf If@%?ne%% s%%}ptorf%lﬁqlgrtsﬂe %%mﬁ%%&l'd%%’traﬁ] vgé chrmanber
ace 8

81 and the second holdi'ng sur the second suction-hol di ng nenber
82 constitutilmy wheset shsehgthdiae bapp redtcoed abans the dsvsHawg 1imé&sg.

12(a) At this point, an i e of the dividing Line 101 is. pigked _up by the
det ection mears /9 t[qud}quntr?%@’ﬁt?%cft_h‘b? dtrq_'%e gjuéf%_%es]}%”%l%‘?mﬁ?r t%egﬁecond
hol di ng surf goe &ZBonAth€p 18 r ¥l1dFRde 62 18 flPHe it dnfiBoRashly RaRPe bet ween
the first holding surface 813 of the first suction-holding nmenber 81 and

the second Hd diorg tsiinftdqy 828 diramee hodddng gerisoR- A6 BhagR nerbEFI 82,
the suctign rﬁa%%cgﬁxes&c%g)tﬂes ﬂ%r%é’a}{oeldcglfrg%_arﬁ%wﬂ‘d&gt %Vtg%%é”c?f g on

t he suction hol es and 47s0 as 10 suc m conductor wafer

10 on the fir&l. hol ding surface 813 and the second hol ding surface 823 via

the protective tape 16 (holding step). After the above holdjng ste t he
g e o fe

pul se motor 853 18 AId6itstie GG aTher #bYilmgS HRReRt 1 I st%lhjs‘?q’%d?ﬁ)&@é
application yEans 19 tArbALRMYREH ML RN P €61 { Ohd1) W PhEhersmée

holding member 62, the moving means 5 is activated to move
15 the movable table 4 in the direction (see Fig. 8) indicated
by the arrow Y to bring one dividing line 101 (the most left
dividing line in the illustrated embodiment) formed in the
predetermined direction of the semiconductor wafer 10 to a
position between the first holding surface 813 of the first
20 suction-holding member 81 and the second holding surface 823
of the second suction-holding member 82 constituting the
tensile force application means 8, as shown in Fig. 12 (a).
At this point, an image of the dividing line 101 is picked
up by the detection means 9 to align the first holding surface
25 813 with the second holding surface 823. After one dividing
line 101 is thus positioned between the first holding surface
813 of the first suction-holding member 81 and the second
holding surface 823 of the second suction-holding member 82,
the suction means (not shown) is activated to act negative
30 pressureon the suctionholes 814 and 824 so as to suction-hold
the semiconductor wafer 10 on the first holding surface 813
and the second holding surface 823 via the protective tape
16 (holding step).
After the above holding step, the pulse motor 853



screwrod 8 51 in one direction to nove the first suction-holding nenber 81
.and the second suction-hol ding nenber 82 apart from5 each other. Asa
result, as shown in Fig. 12 (b) , tensile force acts in a direction
perpendicular to the dividing line 101 &8 the dividing |ine 101 positioned
between the first holding surface 813 of the first suction-hol di ng nmenber

81 and the therg@qé(]péﬂ& On 8 hAGS fh 6 £l é&??ﬂﬂe%@c‘e%ﬁ"ﬁ@é@ﬂo 10

menber 82, ng the sem conduct or al ong ™ the dividing
line 101 (d|mmdungEsnepyothmybmmsv@mvnn|qgesdepectasnthe strenghé mdlehe
sem conduct or waf er red ced, b for.mati on ,of t

det eri or at ed Syt %g5gﬁﬂﬁP? &t el %Paﬁ%ﬁ% gPe&ﬁéiﬁﬁH Qﬁﬁﬁﬁ%%&dﬁﬁger 10
can be fract whekbsal 41y thhes sy distg tilone A Hibyy feMbeg §haphirtst rom

sucti on- holdlng menber 81 and the second suction-hol di ng nenber 82 by about

0.5 nm i n3t heafily ehebn Ay adeqratldii Ag oM $p drhdeath (ot héensid et ferce
I l1ustrated %ﬂ%‘ﬁd fﬂe'at dltrQ%tﬁg)g? ﬁggﬂ E\%u‘ﬂ‘.%fre'ﬁo gﬁe'an?yﬁi nrhgbd; g the
n- an

first suctio menber the secon suctlon Idlng menber 82
posi ti oned ororbbohh ckl\dm;lmj liihe H0Vipdisid ilonesl h8tween tthme fprreltelu:d:ldengape

16, and the first suyctjon-holdin nenbe t he se uct i.on- hol di ng
ronber 52 ar SURIASE L1 PE GPEoCtreh PBCCiBSAPIEARG DRGRET: B Chtr e ner oo
as to act tensdddhd HERIZRy IduPrdlid e8dd iy paidesboid audOidhensiyiggng |ine
101. Therefore, the sem conductor wafer 10 can be divi ded al on t he

di vi di ngl1Pi nenelroajsam\ﬁ@v ethl@ée}d}étd@ml&m%ﬁhﬁa?@ﬁlqqlﬁ)dlh@éor e 1f dPnebiong
tel t
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t he function aQ;‘ tﬁacﬂtranqt;}umf e tsbmdbmtidblngrlwam 10hiss ekal r@@ﬂlcteain can

al so be divided alon t he. d|V|d|ng nes accura After t V|d|ng
step for divit¥ g dilctidre Friomn hﬁéﬁ?kﬂ%ﬁ(ﬂ gl“% 101

formed in th%ﬂl@ﬁ%{&@ﬂl@d the s@kn&%%h'd%%t%% Ql%%%&' bed-ghoye rEdetured
suction-hol ding of t seni conduct or wafer 10 on the first suction- hol di ng
menber 15 alongthedividinglinelOlbymovingthe firstsuction~-holding
member 81 and the second suction-holding member 82 by about
0.5 mm in the direction for separating them from each other.
In the illustrated embodiment, the semiconductor wafer
10 is suction-held on the first suction-holding member 81
20 and the second suction-holding member 82 positioned on both
sides of the dividing line 101 via the protective tape 16,
and the first suction-holding member 81 and the second
suction-holding member 82 are moved in the direction for
separating them from each other so as to act tensile force
25 in a direction perpendicular to the dividing line 101.
Therefore, the semiconductor wafer 10 can be divided along
the dividing line 101 where the deteriorated layer 110 has
been formed, accurately and surely. Consequently, even when
the semiconductor wafer 10 has a test metal pattern called
30 “test element group (TEG)” for testing the function of each
circuit on the dividing lines, this metal pattern can also
be divided along the dividing lines accurately.

After the dividing step for dividing the semiconductor

waferl0alongonedividingline 10l formedinthepredetermined



81 and the second suction-hol ding nenber 82 is cancelled. Thereafter, the
noving neans 5 is activated to nove the novable 5 table 4 a distance
-corresponding to the interval between the dividing lines in the direction
(see Fig. 8) indicated by the arrow Y tg bring a dividing line 101 adj acent
to the dividing line 101 that was subje fed to the above dividing step to
a position between the first holding surface 813 of the first 10

suct i on- hol didigeceiber a8l dard rtibed above:, halhdi rgcidats 1823 g off titee second
suction-hol di ng .,menber 82 constituting the  tensile force application means

g
8. Ther eaf t eFeHFOTINGFET HEIEGEnG OsPRptRMdE At FiUA Iy N7 LHTY ed

out. After thg aheyvenRoldidag SkeRr tavh-ha ding Hddtbet! &2 &l calrLardd ed out
on all the dividing lines 101 formed in the "predeterm ned direction as

descri bed ab8Wereeaiderurmhagoneagsneahs § isca¢vavaded ¢otmeve the rfaeatel shol di ng
neans 6 9 As, a result, the_sem cqgnductor,.wafer 10 | d. on frame
o i ng  HrenbhaP 165 i LR AR EORsE SPRETM AL S el Vel R B 6550 00

t hat di vi di ndikiggsqlQlinfeer med the alidigdtitdnon seey e @il amditaa ttdwe sy vi di ng
| ines 101 which have been forned in the _predeterm ned direction and
suMededtOWW@%mWEQW%HW©d%ﬂ%ﬁ%@%ﬁﬁ%ﬁ%ﬁ%ﬁ?@ﬁﬁ@@W%@W@dhm
surface 813 qfindt Reqf ithslh SHG isysRliding memRen Bl and ihe mecang, hal di ng
25 surface 82§n§f t he second SSEtPon-holging neﬁ%er 82. JSutgg;gquently, t he
above hol di ng stept aod hdtavahnvitbienfi ss epolaliegcanrifededdit3 of the ftihest

di vi di i Q1 f in th i rect, icular to the diyjdi

i es. 1040 whsth tEFs TR UBREEF o A0k hie RRAE PO HiRg SEEPSES 91 e

the 30 sem coFdugleOrs el sl@ﬂi%ﬁﬂdl@ii\ﬂgdlﬁ@mb&m@ft@iﬁtqrtdﬂﬂrgf trd ong the
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dividing lines 101. 20 What is claimed is: 1. A nethod of dividing a wafer
whose st rengttigniss lcedoded a@dnigad isrumgansy Sf dherara§eri néser 8PREE on t he

;r f’gt S“][]f?c%olid'ln 'sacte:ﬁ %ﬁ&%ﬁeerdl’vi‘?ii%gg stﬂég 4 A NGl d e conprising: S
pe affixing step for affixing a protective tape
After the above holding step and the dividing step are
15 carried out on all the dividing lines 101 formed in the
predetermineddirection as described above, the turning means
7 is activated to turn the frame holding means 6 at 90°. As
a result, the semiconductor wafer 10 held on the frame holding
member 62 of the frame holding means 6 is also turned at 90°
20 sothatdividinglines 101 formed in a direction perpendicular
to the dividing lines 101 which have been formed in the
predetermined direction and subjected to the above dividing
step, become parallel to the first holding surface 813 of
the first suction-holding member 81 and the second holding
25 surface 823 of the second suction-holding member 82.
Subsequently, the above holding step and the dividing step
are carried out on all the dividing lines 101 formed in the
direction perpendicular to the dividing lines 101 which have
been subjected to the above dividing step to divide the
30 semiconductor wafer 10 into individual semiconductor chips

along the dividing lines 101.



to one surface side of the wafer; a holding step for positioning a first
suction-holding nenber and a second suction-hol di ng nenber on both sides of
‘a dividing line and suction-holding the wafer on the first 10

sucti on-hol di ng menber and the second s i on- hol di ng menber through the
protective tape; and a dividing step for noving the first suction-hol ding
menber and the second suction-holding nenber in a direction for separating
t hem from ea@habt her clleimrdrtistensil e force 15 in a direction perpendicul ar

to the dividing lipe. 2. f.er.dividin aratus for djividin waf er
whose strength is F%ﬁﬁ&g@oﬁ?ghglglﬁﬂd?aﬁﬂﬁﬁpH 089v§%fﬁﬁg#Pﬁ5§I%%ﬁﬁ§ﬁf on
the front supfiasg dprarhditiics @avieing 1ahesosrd e dbMithdgrorf shirfese
conprising: a tape holding neans for holding a protective tape affixed to

one surface $Pde lgfttire patdrermnglangehle|dl ¥ ted dopissoaCosw ks f or
suction-holding the eL ¢$ t o¢fhe ihgl di ng RS N Rt sides
25 of a dividing I?ng&?%réﬁgﬁggﬁé g?% eg%?vgk?ggé gn% gxggg?ng tens?%e force
to the waf er tbnoaedsnecticenspdeperditbel aafec; the dividing |ines. 3. The

waf er di vidi ng apparat.us, accor di to claim.2, 30 wherein.the tensile force
Appl | cat | on meane O SES S5ePi FEF PRSI BT ARoR dr it e CAnd o DB
sucti on- hol dinBfibERMRLE a fsicoTiit biueit-ibel-tiona itthemaaber bhresgh 4k Prott ecti ve
tape on both sides of a dividing line, and a noving neans for novin t he

first suctiof-AoVidhgInbiberak@ddsidlel econbd g he tiatehsiithe ina

directi for ati . . v - di vi di

appar at U acE8F SERG be R hRenn S £ AN, R Mr elE P R MR e on

an annul ar feareughandet peotape ikel depg;maads i s conposed of a franme hol ding

means for holding the, apnular frame. 5. The mafer,dividin%_a%p%r%ﬁus

according to C|ain§4g1v1d1ng step for moving the first suction-holding
member and the second suction-holding member in a direction
for separating them from each other to exert tensile force

15 1in a direction perpendicular to the dividing line.

2. A wafer dividing apparatus for dividing a wafer whose
strength is reduced alonga pluralityof dividing lines formed
on the front surface in a lattice pattern, along the dividing
20 lines, comprising: |
a tape holding means for holding a protective tape
affixed to one surface side of the wafer; and
a tensile force application means for suction-holding
the wafer supported to the tape holding means on both sides
25 of a dividing line through the protective tape and exerting
tensile force to the wafer in a direction perpendicular to

the dividing lines.

3. The wafer dividing apparatus according to claim 2,
30 wherein the tensile force application means comprises a first
suction-holding member and a second suction-holding member
for suction-holding the wafer through the protective tape
onboth sides of a dividing 1line, and a moving means for moving

the first suction-holding member and the second



10 wherein the franme hol ding neans conprises a cylindrical body and an
annul ar frame hol di ng nenber nounted on the upper end of the body, and the
‘first suction-holding nmenber, the second suction-holding nmenber and the
noving nmeans are installed wthin the cylindrical body. 15 6. The wafer

di vi di ng apparatus according to claim5, “wherein the first suction-hol ding
nmenber, the second suction-holding nenber and the noving neans are nounted
on the base,suand driédlrdiimey i ey Ireansliire aioiott efborsepamaaihe 20emhabl e
nmount ed on t base i.n ﬁ:ch a manner that it can be noved in a

pr edet er ni ned "8 §&G0iP Y PF T The waf er di vi di ng apparatus according to claim
6, wherein the frane holding neans is turnably supported on the 25 novable
tabl e, and a4turnin means for turning the frame holding mneans is provided.

The wafer dividing apparatus according to claim 2,
5 wherein the protective tape is mounted on an annular frame,
and the tape holding means is composed of a frame holding

means for holding the annular frame.

5. The wafer dividing apparatus according to claim 4,
10 wherein the frame holding means comprises a cylindrical body
and an annular frame holding member mounted on the upper end
of the body, and the first suction-holding member, the second
suction-holding member and the moving means are installed
within the cylindrical body.
15
6. The wafer dividing apparatus according to claim 5,
wherein the first suction-holding member, the second
suction-holding member and the moving means are mounted on
the base, and the frame holding means is mounted on a movable
20 table mounted on the base in such a manner that it can be

moved in a predetermined direction.

7. The wafer dividing apparatus according to claim 6,
wherein the frame holding means is turnably supported on the
25 movable table, andaturningmeans for turning the frame hoclding

means is provided.



