8 NOV 2006 1 LASER BEAM PROCESSI NG METHOD AND LASER BEAM PROCESSI NG NOV 2006
MACHI NE Field of the Invention 5 The present invention relates to a | aser
peam processing nmethod for a sem conductor wafer which has a

|l ow-dielectric insulating filmfornmed on the front surface, a plurality of
circuits forned by streets forned in a ldttice pattern and netal patterns
for testing partially formed on 10 each street, and to a | aser beam
processi ng ine ripti 0 Prior _Ar i 0 opl e of
ordi nary skirTIE?B‘r}’lE‘% EB}IF@%?P ,Ocﬁgﬁqﬁ‘ﬁe[bﬁ%?cﬁ@n l@ﬁ?&‘:}s‘ﬂ% %@%ﬁ%uct or
device, a 1bppgemgonductor wafer having a plurality of areas sectioned by

streets (cutting lines) fornmed in a lattice pattern on the front surface of
a substantially disk-like sem conductor substrate and circuits such as IC s

or LSI'sforEgi t ] S i areas is cut along the streets to be
divided into id H]gc & %R}E%:el%n uctor chips. Cutting along the streets
of the sepi conduct ghewgfresent deremalilon calnited aul by asercWddmg nachi ne

called "dicer". This cutting nmachine conprises a chuck table for holding a
seni conduct orPiFesS 1k Me itk pidce RN e for Buteh s ne

sem conduct or | dsqR.,Hhe ;ghue j rgpﬁr% or

novi ng the c]hcﬁ%kd&?éae%ceﬁ:ln% l’? %g l%&tl%@ungg%%g%sﬁ}eecﬁgﬁ \E;‘%Q?ﬁéf%&g%h ot ecie.' The
cutting neans pénpeilséy &f ratrauwy tspfodhedtthastresetatadmeed an a latgh cspeed

and a cutting bl ade nmounte n the spindle. The cutting ade conprises a
i SkC1 | Ke. back HhRT TP RELAT. BOCEaG0SWAPERC TS M HE b (IR B el | of
the basejgnd d.Qinredk ras: t MGk 85 A0 e GbdRdYoddod S0t anDas gbr asi ve
grains having a dianmeter of about 3 pmto the base by electroformng. In

recent years, to inprove the throughput of a circuit such as IC or LSI,

there has beeg, put; 1o Brach igal wee, 2 NV 2006

As is known to people of ordinary skill in the art,
in the production process ¢f a semiconductor device, a
15 semiconductor wafer having a plurality of areas secticned
by streets (cutting lines) formed in a lattice pattern on
the front surface of a substantially disk~like semiconducter
substrate and circuits such as IC's or LSI's formed in the
secticned areas is cut along the streets to be divided into
20 individual semiconductor chips. Cutting along the streets
of the semiconductor wafer is generally carried out by a
cutting machine called “dicer”. This cutting machine
comprises a chuck table fcor holding a semiconductor wafer
as a workpiece, a cutting means for cutting the semiconductor
25 wafer held on the chuck table, and a moving means for moving
the chuck table and the cutting means relative to each other.
The cutting means comprises a rotary spindle that is rotated
at a high speed and a cutting blade mounted on the spindlie.
The cutting blade comprises a disk-1like base and an annular

30 edge which is mounted onto the sidewall cf the base and formed

as thick as about 20 um by fixing diamond abrasive grains
having a diameter of about 3 um to the base by electroforming.
In recent years, to improve the throughput of a circuit

such as IC or LSI, there has been put to practical use a



2 sem conductor wafer in which a lowdielectric insulating film (LeWJdV 2006
film conposed of a filmof an inorganic nmaterial such as Si OF or BSF
(SioB) or a filmof an organic nmaterial such as a polyim de-based or

paryl ene- based pol yner has been 5 |lam nated on the front surface of a

sem conductor substrate such as a silicon wafer. As the Lowk filmis a

| am nate consisting of nultiple layers (5 to 15 layers) |ike mca and
extrenely fragile, when the sem conductor wafer is cut along a street with
the cutting bleadeondue tibawwia fleir mni shpedl ed 1bW—afifel earid itchiisypEledtiimy r eaches

acircuit and.giv a al . blow to.a seni.condyctor. chip. .To_solve the
Sbove probl et LT 0bd S Be TP SRS LR Phce s FRRAT ABTRER2dppl vi ng
a | aser beamgieH Be sowrkor fRdmM (fsaiomdoenat helstd eeds okgaranowatkieafii | m and
cutting 15 the sem conductor wafer along the streets fromwhich the Lowk

fil mhas beesucdnadadpowinidrebagedig Ppiradene -Hasedepolimey wehbesnduct or
fer havj t.al far testi d.” Teg) "
parer havknd JIRala ol bEr A% 1A Sl 00 Al E o SRSl LI SN aGleD)

for testing ron-of "‘each ¢ircuart par orne 0 Low Kk
filmon the sfugetss a tsiliveyesfedqr obkerhehabwekeiwvhen saal agerinkeam i s
applied to renove the Lowk fil the ( netal patterns nmade of copper or
al uni num i nt &S 1IRY Pgﬁ?lt%&%l%ﬂ%%ﬁ? FakKihdaverSnpbisrotEa ¢enove

the Low K [i140e.SpatNEYaghSed AUNLRLIEARNC Gn aHEED: 3 A50Y SDSRMAN5,3PP! | ed

25 to the streets upon 1 ncreasing the output o aser am to such an
extent that tahestrsted width érhres coantilngy bérmlegd,thea Imew kpridBimemsapiesdsd hat

o or medDi s okt ot e SERHAS @ i anereh £ Bordifg pad
cogﬂgct ed 30 H1ou hey & rediitaorddifsehy deteriorating the sem conductor chips.
Su ry of the Invention It is an object of the present invention to provide
8 NOV 2006 To solve the above problem, JP-A 2003-320466 discloses
a processing machine for appliving a laser beam to the Low-k
film formed on the streets to rémove the film and cutting
15 the semiconductor wafer along the streets from which the
Low-k film has been removed, with the cutting blade.
However, in a semiconductor wafer having metal
patterns for testing called “test element group (Teg)” for
testing the function of each circuit partially formed on the
20 Low-k film on the streets, it involves a problem that even
when a laser beam is applied te remove the Low-k f£ilm, the
metal patterns made of copper or aluminum interfere the laser
beam, thereby making it impossible to remove the Low~-k film
smoothly. As a countermeasure, when a laser beam is applied
25 to the streets upon increasing the output of the laser beam
to such an extent that the metal patterns can be removed,
a new problem arises that the semiconductor substrate of a
street pcrtion where only the Low-k film is formed is broken
and debris is scattered and adhered to a bonding pad connected
30 to the circuit, thereby deteriorating the semiconductor

chips.

Summary of the Invention

It is an object of the present invention to provide



3 a |l aser beam processing nethod and a | aser beam processi ng nachi B&NOMIIEH
are capable of snmoothly renmoving a Lowk film fornmed on streets fornmed on a
sem conductor substrate and netal patterns for testing partially forned on
each street. 5 To attain the above object, according to the present
invention, there is provided a | aser beam processing nethod for a

sem conduct or wafer having a lowdielectric insulating filmforned on the

front surface of a sem conductor, substrate, plurality of circuits
Seoti oned bySsiPERE ST AP G4 50 NGRS aher AARCTaRY RePEPCRRFLBRNS f or

testing parthakbhynefni®d £n eaghily Sgtsm&@ﬂ]i)l}'gsﬂélﬁbvﬁléaé%bwb@ca@ilm
processing step for applying a laser beam to the positions of the areas at

whi ch the nefakmpdt parasrears focmeddonnd sémiaperduoctocrheubstrdicel ectric
insulating 15 filmunder different .processing,copditions to renpve the
o al - pat Ler RECANCPE HES B Ao SOt RE PRELH ALHHo T TIT STESATTR ELER Ct he
present iqwvention, tbhgteais PHOVAKISE adjasel, heawdlioeesy racmpiBednfor a
sem conductor wafer having a lowdielectric insulating filmformed on the

front 20 suihyeatépna Senteorliooidesbst Fasel ke pracesy sl BREBGR s
secti oned byf%%rf%%sﬁifc%g%%t'ori ﬁa%?&tﬂ GA AL hel g ANnd JEl Al ingﬁgfa%riﬂfg. for
arly YT 66t conp g: " a St i

testing parti or med on eac et rising: r éet det’ect’i ng
step for detgdtiimnfotied posthé dreont25upfatbe faseasniaionhictivt Bebeetrale,

patterns are |l ocated by taking an inage of each street; and a | aser beam
processing sep B lapyl PiinG & Pader SEEATOTEE (e FHRGOIL R he! & eas at
whi ch 1 heg mehgle (Rt rar?:l%erﬁr,ea:n%lcﬁ\te%%’l, 98%?%%%@ kBt ResShngehadeliaglhon step

and the 30 area of the lowdielectric insulating filmunder different

prgcessi ng cdrdimeidons: Eachesivesthe qmeallsgatat:erns and the lowdielectric

insulating film The, | aser beam processi ng,_st c rises ametal, pattern
3: E ﬂ;&o laser beam

removing step for AppPYThya™ BEEFeB&ANTt orFegB lylng a

to the positions of the areas at which the metal patterns
are located and the area of the low-dielectric insulating
15 film under different processing conditions to remove the
metal patterns and the low-dielectric insulating film.
Further, in the present invention, there is provided
a laser beam processing method for a semiconductor wafer
having a low-dielectric insulating film formed on the front
20 surface of a semiceonductor substrate, a plﬁrality of circuits
sectioned by streets formed in a lattice pattern, and metal
patterns for testing partially formed on each street,
comprising:
a street detecting step for detecting the positions
25 of the areas at which the metal patterns are located by taking
an image of each street; and
a laser beam processing step for applying a laser beam
to the positions of the areés at which the metal patterns
are located, detected in the street detection step and the
30 area of the low-dielectric insulating film under different
processing conditions to remove the metal patterns and the
low—-dielectric insulating film.
The laser beam processing step comprises a metal

pattern removing step for applying a laser beam tc the metal



8 NOV 2006 4 patterns to renove the netal patterns and a | ow di el egtNgycz006
insulating filmrenoving step for applying a | aser beamto the area of the
| ow-dielectric insulating filmto renove the |owdielectric insulating
film 5 Further, to solve the above nmain technical problem according to
the present invention, there is providedga | aser beam processing nmachi ne
conprising a chuck table for holding a workpiece, a | aser beam application
means for applying a |aser beamto the workpiece held on the chuck table,
and an 10 al pghiremnsneansefoye detectdtingl datarcas anse aplovesdedeby rtiloe

| aser beam appli.cati.on ns, wherein_the chine further, co i ses.a
det ection megﬁgu?&&lnge?ggpi Eam? :ég o%%?? ofr;r@r()faqgié’lzar%%aa ajtasﬂlﬁ?é)r?agl sFSeci fic
menber is | egatgeea dSpBselowAdi Sk PEOLEITINY sTiery Gf Litheo Wainkpreeael5 hel d

on the chuck table, a storage neans for storing information on the position
of the area aPWnRi€Rech& ispa@istiletimsnifdrim-s | ocat ed, detected by the

det ect i on; means, aggr%he?(?mtgo%o%gnEhEOEbBQEFIELQ%.H egcmc'aasggng%m, 20

processing conditions of "the N'aSer beam appli cati on neans ba
i nformation siceceding tdehst pragentreansn thlvm , wohkpeeice pirovd deeina dausauct or

wafer having .a lowdielectric insulating filmon the front_surface of a
sem conduct oPeSHLRTPEEES ARd HE%W%FPFQrgFlEEr%E?’&Cm E@EEPO@%I"B defGeet s

formed in a labirgs RBak! €EN; 3588 BOaR PGS 1 Ca RIS diSs A dBLRp IRAL PN fOr
testing partially "formed on each street, and the detection méans conprises
a col or identsfrcheaonteetsorvdipiekmtielyd ng the cbliok oibide and an

o e £ L AT SR P Ao
pr Zzessi Ng MaGydie Hempras Nt & g aedr)| eifeafeirhol ding a wor kpi ece, a
| aser beam application neans for applying a | aser beamto the workpiece
held on the chuck f&§ @achine further comprises a detection means for
detecting the position cf the area at which a specific member
is located, disposed in the processing area of the workpiece

15 held on the chuck table, a storage means fof storing
information on the position of the area at which the specific
member is located, detected by the detection means, and a
contrel means for controlling the laser beam processing
conditions of the laser beam application means based on

20 information stored in the storage means.

The workpiece 1is a semiconductor wafer having a
low-dielectri¢ insulating film on the front surface of a
semiconductor substrate and a plurality of circuits
sectioned by streets formed in a lattice pattern, the

25 specific member is a metal pattern for testing partially
formed on each street, and the detection means comprises a
color identification sensor for identifying the color of the
low-dielectric insulating film and the color of the metal
pattern.

30 Further, in the present inventicn, there is provided
a laser beam processing machine comprising a chuck table for
holding a workpiece, a laser beam application means for
applying a laser beam to the workpiece held on the chuck table,

and an alighment means for detecting an area to be processed



and an alignnment nmeans for detecting an area to be processed 8 NOV 30W® 2086
by the | aser beam applicati on neans, wherein the machine further has a
storage neans for storing information on the position of the area at which
the specific menber is |ocated, disposed in the processing area of the 5
wor kpi ece in advance, and a control means for controlling the |aser beam
processing conditions of the |aser beam application nmeans based on

i nformation stored in the storage_ neans. The workpiece is a sem conductor
waf er havi ngP% ﬁ@el%ﬁﬁ@FePééFrFEpﬂh§éFéPPnﬁePPPn1U erRéDfront surface of a

C seni conduct or subist gl enaid AuPLHERIALY 9fsEbE L ReatBOtbRNEdobyngt T eet s

formed in a lattice pattern, e specific ne Is a net pattern”for
testing partn.aifbymatmonem d1heepm;$11‘sim1ee:tf thechlieh'eaﬂ;tmagte tneampesfidies 15
i nformation on t|o E@ éhe ar eg ﬁglch t he net al att% ghls

| ocated, in %8 ﬁEe PE? FBPPﬁﬁ ofn COPERFRgStRPgar 2

perspectiye ybewmokca hﬁsgﬂvﬁﬁég‘péﬁaeéstaﬁtr8@ ﬁﬁﬁﬁbnﬁoﬁoa§htE§lQQng
according to the present i nvention: Fi g. is a block diagram schematically

showi ng the &baslreari baawf pﬁﬁeeségeg l§@aﬁhléléglfllsca>tfl shemdassredp@aBped in
the | aser bea h i i rspective
| ApRCACEISHL JRChNE SORUR IILE O ol ke gBll 13 % 8RB

view of a se 8508 Workpiece € processe e | aser
beam processmagnsnet hod of the present invention; Fig. 4 is an enl arged
sectional view of the sem conductor wafer shown in Fig. 3; Figs. 5(a) and
5(b) are diagrans FBf EQEK&FﬁFﬁglﬁhé sspisppesrtast ¥aErRghavdsdi @ the | aser

beam pr o, fssﬂ%% ﬁg%ﬁgﬁtrﬁE Hﬁ%uﬂ %ifﬁﬁ%?%%!%%e g%t @&ﬁ%%ﬁﬂglaser are

di agr ans explaining the tern renoving step in beam
priceSS|ng semlconductor substrate and a plurality of c1rcu1ts

sectioned by streets formed in a lattice pattern, the
specific member is a metal pattern for testing partially
formed on each street, and the storage means stores

15 information on the position of the area at which the metal

pattern is lccated, in advance.

Brief Description of the Drawings

Fig. 1 is a perspective view of a laser beam processing
20 machine constituted according to the present invention;
Fig. 2 is a block diagram schematically showing the
constitution of the laser beam application means equipped
in the laser beam processing machine shown in Fig. 1;
Fig. 3 1s a perspective view of a semiconductor wafer
25 as a workpiece to be processed by the laser heam processing
method of the present invention;
Fig. 4 is an enlarged sectional view of the
gsemiconductor wafer shown in Fig. 3;
Figs. 5(a) and 5(b) are diagrams for explaining the
30 street detecting step in the laser beam processing method
of the present inventiocn; -
Figs. 6(a) and 6(b) are diagrams for explaining the
metal pattern removing step in the laser beam processing

method of the present invention; and



met hod of the present invention; and 8 NOV 2006 6 Figs. 7(a) and 7@8MN0Ow006
diagrans for explaining the lowdielectric insulating filmrenoving step in
the | aser beam processing nethod of the present invention. 5 Detail ed
Description of the Preferred Enbodi nents The | aser beam processi ng net hod
and | aser beam processing nmachine according to the present invention wll
be described in detail hereinunder with reference to the acconpanying
drawings. 10 Fig. l.is a_perspective view of a |aser beam processi
machi ne constituteélﬁﬁco?g?ng?g #K%)p?%%éﬁ%a?ﬁ@%ﬁt%Bﬁ.e%ﬂgalPéegnggam
processing maghi-Recleshows HAshOELikgCeMPH $BROvANSt 8tkpNany thaseadera chuck
tabl e mechanism 3 that is disposed on the stationary base 2 in such a
manner that beavapreoessibdi neghddr oft itor pPhgiseated nyerdriod@r-r ow X and hol ds
a workpiece, a laser beamapplication unit support nechanism4 di sposed on
the stationary base 2 in such a manner that it can nove in a direction
i ndi cat eds by paf aan kawD¥ sperpendinC bifak hieo PrR€ o réiee Ginboydl ineditgat ed by t he
arrow X, and a laser beam appltcation unit 5 disposed on the |aser beam
application unit ShepérfEchebRaRi BrrPEerAlagdcheihrenddd LESET £88n nove in
a direction indi arr : T :hani 3
conprises a ggF%%%%%gﬁﬁégﬂ%g%|§$%§r%%§§§%?3¥§%§§§%h%ﬁ?? gegﬁgpﬁbhggg base 2
and 25 arrabgedlegardblea] ito dedeh lothlzere ialuonigrt et nedidmamdendiccatled by t he
arrow X, a first slide block 32 disposed on the guide rails 31 and 31 in
such a mannePSRRPE Y104 e 95the direction indicated by the arrow X, a
second s{gde bl ocky33, fiigpesedYedthe,d yisl Sf ladeaBbeUe AR phrBcadehng manner
that 30 it can nove in the direction indicated by the arrow Y, a support
ta? e 35 supperchdacopondiel teteddoslanddng bekig3pbgsentcylvantiianl Mveber 34,
2(r)lr’rp?i gggcgntl:a%!se%rg%a%ﬁ pq:ovc\%rsks oo ?naclyﬂln%l N9 HBARS 'inﬂ]}li% .Cqu%%m%a%gls%s?’fs

a stationarybase 2, a chuck table mechanism 3 that is disposed

on the stationary base 2 in such a manner that i1t can move
15 1in a directiocon indicated by an arrow X and holds a workpiece,
a laser beam application unit support mechanism 4 disposed
on the stationary base 2 in such a manner that it can move
in a direction indicated by an arrow Y perpendicular to the
direction indicated by the arrow X, and a laser beam
20 application unit 5 disposed on the laser beam application
unit support mechanism 4 in such a manner that it can move
in a direction indicated by an arrow Z.
The above chuck table mechanism 3 comprises a pair of
guide rails 31 and 31 disposed on the stationary base 2 and
25 arrangedparallel to each other along the direction indicated
by the arrow X, a first slide block 32 disposed on the guide
rails 31 and 31 in such a manner that it can move in the
direction indicated by the arrow X, a second slide block 33
disposed on the first slide block 32 in such a manner that
'30 it can move in the direction indicated by the arrow Y, a
support table 35 supported on the second slide block 33 by
a cylindrical member 34, and a chuck table 36 as a workpiece
holding means. This chuck table 36 comprises an adsorption

- ¢chuck 361 made of a porous material, and is so constituted



chuck 361 nade of a porous material, and is so constituted 8 NOV 20880v2006
to hold, for exanple, a disk-like sem conductor wafer as a workpiece on the
adsorption chuck 361 by a suction nmeans that is not shown. The chuck table
36 is rotated by a pulse notor (not shown) installed within the cylindrical
nmenber 5 34. The above first slide block 32 has, on its undersurface, a
pair of to-be-guided grooves 321 and 321 to be fitted to the above pair of
guide rails 31 and 31 and has, on its top surface, a pair of guide rails
322 and 322 fé&rkedPhalicsl exampdeeae iiothelrlle GepiasRIGest Ve ethdFcat ed

by the arrow,Y.o. Fhecthrah old deidbask 32 aanst ol 9 5o siescrbgdaglove i

constituted vable in the direction I ndlcate arrow X al ong
the pair of @ghiadeisaidts shibwand Bhebyhtcktidigle Biteitordeagedded agpodves 321
and 321 onto the pa%i r of gui de 15 rgi s 31 and 31, reigect i,vely. "I*;ge chuck
tabl e mechanf@iPr3 (PATt RBOWPY udbFheedeenlobtPiBnt P RaSYA I REVIAGLINBEREE7 for
moving the fizpst slide block 32 along the pair of guide rails 31 and 31 in
the direction indicated by the arrow X. The noving neans 37 conprises a
mal e screw rod 371Therampgsdf 20sbethistnbihek 3Bdvas pairi tof ugdedeuripks, 31 and

31 and in parallel heret o, an drive so e.s as a.pul tor 372

for Crotar )? 8P| ﬂ% E%'gb%g%l‘gese%?%ﬂessﬁfﬁ{é&%1e%é3cPpgwfﬁ‘g(jiggi? ®is, at
its one end, thet ababkypsiuppef tedi oy maibeasiingnll 9tkandtdad) xad ey the above
stationary base 2 and 1s, at the other 25 end, transm ssion-coupled to an

out put shaf t sof fase aBoPalpubSedwbdorra7ps biZ afgeed &r éqdded PRaeliLelnot
shown. - The SFEBrS%éPg?f’J ' S%&%‘&% ;A 0,84 LhEeg gﬁﬁg%%%w}'e
Shown rng from

formed in a femalé 'screw block™ (no pr o] ec heé “undérsurf ace
of .t he cent errheortiren ef itheblockt 38| ¢chesBDL bt ot ka BAesherleddranhoviey idri vi ng
the_mal e screw rad 371%:{ a nor mal di,recgi on,or reverse direction by the

, n
pul se notor SPPELUNESG £ PE BYEDI AR 38 ALABTRHCEI YHIL tRESGRWE  ai | s
arrcw X along the pair cof guide rails 31 and 31 by fitting

the to-be-guided grocoves 321 and 321 onto the pair of guide
15 rails 31 and 31, respectively. The chuck table mechanism
3 in the illustrated embodiment has a moving means 37 for
moving the first slide block 32 along'the;pair'of guide rails
31 and 31 in the direction indicated by the arrow X. The
moving means 37 comprises a male screw rod 371 arranged
20 Dbetween the above pair of guide rails 31 and 31 and inparallel
thereto, and a drive source such as a pulse motor 372 for
rotary-driving the male screw rod 371. The male screw rod
371 is, at its one end, rotatably supported by a bearing block
373 fixed on the above stationary base 2 and is, at the other
25 end, transmission-coupled to an output shaft of the above
pulse motor 372 by a speed reducer that is not shown. The
male screw rod 371 is screwed intec a threaded through-hole
formed in a female screw block (not shown) projecting from
the undersurface of the center portion cf the first slide
30 block 32. Therefore, by driving the male screw rod 371 in
a normal direction or reverse direction by the pulse motor
372, the first slide block 32 is moved along the guide rails
31 and 31 in the direction indicated by the arrow X.

The above second slideblock 33 has, on the undersurface,



31 and 31 in the direction indicated by the arrow X. The above secohlO¥2P%e
bl ock 33 has, on the undersurface, 8 NOV 2006 8 a pair of to-be-guided
grooves 331 and 331 to be fitted to the pair of guide rails 322 and 322 on
the top surface of the above first slide block 32, and is constituted to be
novable in the direction indicated by the arrow Y by fitting 5 the

t o- be- gui ded grooves 331 and 331 onto the pair of guide rails 322 and 322,

respectively. The chuck table nechanism 3 .jn the illustrated, di rent has
a novi ng neafisP38" f tc?ﬁﬁﬁ_r%”ﬁee M&%I%%_%%é@_%%oi St (ﬁié%g? etPi on

i ndi cat ed byhtehgas‘ztfr@w Yuddengathe PaRraRd gppdenr ehbstdg2sapdadd2o#0
provided on the first slide block 32. The noving nmeans 38 conprises a nale
screw rod 38thar phagedfbecteshidhebdbele 32papndof sggoae tidiyted3Z2 &ed 322
and in paral| r 2 a [AY S I . . 382 for
otary- A vi ARG 2PRE S salraah st e I e B B P BB EE 10
one end, Fotahabty-seppatded orosvdea@d3ingnbl 88k BB fthxedaian otthgutap
surface of the above first slide block 32 and_is, at the _other_end,

transmi ssi onFéddpl 242 i 26ut BAEPSRALVE 1Y t Tee AVIRK palkde RBEBRANZER py a

speed reducer thatyiS;y : : SELEW, I R38R hSaSEr ened i.nto a
t hr eaded 20 ?h&gugﬁbhéFgafg?ﬁggeiﬁaggggﬁ%ﬁg glcrge\aly\l/g[ﬁgcé%(no"taﬁg'hown;ilO!IT

proj ecting f mominkhetbadersund ade d&f bilbekc@btiar e tiorecafionCinbdecséednd
slide block 33. Therefore, by driving the | e screw r.qd in rm

di rection or MerBPs 8 gPPe lt P Hnﬁy%EFh@aﬁﬁ|§ o §§ig5;%%%§é@@?§ i de
bl ock 3316s mRveddekond tRe Ehesgusdeqs abl$ciB22 andhd2 ok nigh@edinsegiki on
indicated by the arrow Y. The above |aser beam application unit support
meghani sm 4 lkeswaisgisr aomadei g6redi Ir9d438anaraengedahgéecpaichel above each
ot her on the _st.atjanar: n 4N - i irectio

i ndi cat ed byE%lg'g?r w%#g%gﬁ&%h§b%n%%%Fgﬁgngogﬁﬁ%%éiﬂ%gg&?ﬁ%%ﬁéh %Hdthe
gui de rails 4ldafnete source such as a pulse motor 382 for rotary-driving

the male screw rod 381. The male screw rod 381 is, at its

15 one end, rotatably supported cn a bearing block 383 fixed
on the top surface of the above first slide block 32 and is,
at the other end, transmission-ccupled tc an output shaft
of the above pulse motor 382 by a speed reducer that is not
shown. The male screw rod 381 is screwed into a threaded

20 through-hole formed in a female screw block (not shown)
projecting from the undersurface of the center portion of
the second slide block 33. Therefore, by driving the male
screw rod 381 in a normal direction or reverse direction by
the pulse motor 382, the second slide block 33 is moved along

25 the guide rails 322 and 322 in the direction indicated by
the arrow Y.

The above laser beam application unit support
mechanism 4 has a pair of guide rails 41 and 41 arranged
parallel to each cther on the stationary base 2 along the

30 index-feeding direction indicated by the arrow Y, and a
movable support base 42 disposed on the guide rails 41 and
41 in such a manner that it canmove in the direction indicated
by the arrow Y. This movable support base 42 comprises a

movable support portion 421 movably mounted on the guide



41 in such a manner that it can nove in the direction indicated bygiNws 2006
arrow Y. This novabl e support base 42 conprises a novable support portion
421 novably nounted on the guide 8 NOV 2006 9 rails 41 and 41, and a
nmounting portion 422 attached on the novable support portion 421. The
nmounting portion 422 is provided, at itg side surface, wwth a pair of guide
rails 423 and 423 extending in parallel in the direction indicated 5 by the

arrow Z. The | aser beam application unit support nechanism4 in the
i|lustrated EAbodi AbrARKLS a 2P6V ANGORREARY BB ih R4 Rt afb PabIF8esuppor t

base 42 al ong the1RakingbrtI8bee16al 12141 #Ad AduhPihBephrdeynl godi n
direction ingigatgd bgﬁtﬁe grroﬁ Y. This nﬂ%ing neén? Eg con%rises %O a
mal e screw rpdo&3dedsr atgédsbetveenurtiecabowéthair pefirgoifdguider aekids41 and

41 and in parallel .t eto, and a,drive.source  .such as a pulse. notor 432
for "rotary. dhevi FRAHS FEPEPOLPE RATSIEL The- RIS SEHhH GHSASEERE, o
its one end, pkot-akalhy¥owsypporhed1 98te BeBRALEPYIBLOEKN( 0L tSBABAb L xed on
the above 15 stationary base 2 and is, at the other end,

t ransm ssi onneshphndent  irh&heut pliesthafed embasd IgIvy 8 apud SO ViRg BLans2 via a

speed reducer, ..t is._n hown. e I crew.r 4 i S..screwed into a

t hreaded thr é&g%-g%olf\év%lgﬁ% n@ide %Oﬁraaghreeﬁpgos%r é\%sﬁl ggka%%%? tsl'h%\ﬁna)%progj ecting
fromthe 20 yndeleswsfiaee 4af atde 4certne it heo rinidesx -Gfe ddiey groviadd e isuppor t
portion 421 constituting the novabl e support base 42. Therefore, by driving
the mal e scréﬂdﬁ&@t@§13%1QQQNﬁﬁﬁﬂw’é3diEgéﬁiﬁﬂvbﬂgrﬁﬁép§e4§iF@@PF&ﬁe§y t he

pul se notgr I i t kde rails
B 25 ahg 4T TS S Sba g e ser R ot By RS D FanY. The

| ager beam app@iilcatiiloandndl &nd rin perilledt therdtoendndi aeihtiwosprirses a

ol der 51, TREPE 30TRGT it F A2 Sopar L BTV 0t bECHAI Ut WBoree 11 and

Sl1l to rod 431. The male screw rod 431 is, at its one end, rotatably
sﬁpportedontoaabearingblock(notshown)fixedcnntheabove

15 staticnary base 2 and 1s, at the other end,
transmission-coupled to the output shaft of the above pulse
motor 432 via a speed reducer that is not shown. The male
screw rod 431 is screwed into a threaded through-hcle formed
in a female screw block (not shown) projecting from the

20 undersurface of the center porition of the movable support
portion 421 constituting the movable support base 42.
Therefore, by drivingvthe male screw rod 431 in a normal
direction or reverse direction by the pulse motor 432, the
movable support base 42 is moved alcong the guide rails 41

25 and 41 in the index-feeding direction indicated by the arrow
Y.

The laser beam application unit 5 in the illustrated
embodiment comprises a unit holder 51 and a laser beam
application means 52 attach to the unit holder 51. The unit

30 holder 51 has a pair of to-be-guided grooves 511 and 511 to
be slidably fitted onto the pair of guide rails 423 and 423
on the above mounting portion 422, and is supported in such
a manner that it can move in the direction indicated by the

arrow Z by fitting the to-be-guided grooves 511 and 511 to



be slidably fitted onto the pair of guide rails 423 and 423 on thegapweos
nmounting portion 422, and is supported in such a manner that it can nove in
the direction indicated by the arrow Z by fitting the to-be-guided grooves
511 and 511 to 8 NOV 2006 10 the above guide rails 423 and 423,
respectively. The illustrated | aser beam@pplication neans 52 conprises a
cylindrical casing 521 secured to the above unit holder 51 and extendi ng
substantially horjzontally. In the 5 casing 521, there are installed a | aser
bean1osciIlaghﬁnabﬁ¥8n§u5§9 3Rd4la ﬂgéePnﬂeggﬁwnﬁﬁﬁ§?F5ﬁvﬁ€éhs 523 as shown

in Fig. 2. A YAG tgsel;0sctlhabar195e2 BYOA Lpsehcassbhl aklhs @By be used
as the | aser beamoscill ation means 522. The aser beam nodul ati on neans

523 conpri sesomprépesi & icyn. itAirficeduensyngedl mgavemts L6528 abdvasanibeam
pul se width _setting, neans_ _523b.and | aser . beam.wavel engt h, set ting. means
B0, The rePRLrEFon: (o GEnEs Lan: FHBS heahb EoRd ot LAdr oA bkiim g L85 i h
setting neangaaidl and,| aperebozm wakelhenatha selddmpamarsd23Gtion
constituting the l'aser beam nodul ati on 15 nmeans 523 rmay be of types well

known anbng peepseSdE ardimdmperskielbn paduhatapn BAYNE hed 2faF Shoger N ed
descri pti ons .of hei S. Al 1 i_n S ) er 524
that nmay be O gt'y%és nxo%m%u%%érgrgeqsaﬁrl?%éa%%%datﬁ& F%e léﬁé& (C))?cfCt Egggg%ve
casi ng 521. 2@yAblkasgkdbaamthecillasatrethefaromstdia lalmive: hesers 2dn  The
oscillation neans 522 reaches the condenser. 524 through the |aser beam

modul at i on MEARSTEREAM AL ATEO8r MEERR Hod ARG Gfedns PEEL HiRD
repetition frequenc seldingTeanss 323 CONMeIdS: (it d8BlsdeAmimt 0 a

pul se | aser beam having 25 a predeterm ned repetition frequency, the | aser
beam pul se wedtthngeneang MHnsns230 s behe wavstengdh s ft e mpahse

means 5230 sete e RAvErEROLE BF eI BNrde FLEerbBaRT o o4 Bt caBREim ned

val ue. beam pulse width setting means 523b and laser beam wavelength
setting means 523c constituting the laser beam modulation

15 means 523 may'be of types well known among people of ordinary
skill in the art and therefore, detailed descripticns of
their structures are omitted in this text. A condenser 524
that may be of types known per se, is attached tc the end
of the above casing 521.

20 A laser beam oscillated from the above laser beam
oscillation means 522 reaches the condenser 524 through the
laser beam modulation means 523. In the laser beam
modulation means 523, the repetition frequency setting means
-523a converts the laser beam into a pulse laser beam having

25 a predetermined repetition frequency, the laser beam pulse
width setting means 523b sets the pulse width of the pulse
laser beam to a predetermined width, and the laser beam
wavelength setting means 523c¢ sets the wavelength of the
pulse laser beam to a predetermined value.

30 With reference to Fig. 1, an alignment means 6 for
detecting the processing area to be processed by the above
laser beam application means 52 is installed at the front
end of the casing 521 constituting the above laser beam

application means 52. This alignment means 6 in the



30 Wth reference to Fig. 1, an alignnent neans 6 for detecting th8NOV2006
processing area to be processed by the above |aser beam application neans
52 is installed at the front end of the casing 521 constituting the above .
| aser beam application nmeans 52. This alignment neans 6 in the 8 NOV 2006
11 illustrated enbodi nent conprises an idd umnation nmeans for illuminating
t he workpi ece, an optical systemfor capturing an area illumnated by the
illumnation; aP_]'! i ck- i_ce . . far taki ap_j.mage
captured by tlggagﬁgglte?ga sé%%g?ﬁlgacﬁ p'f’iﬁa%% (hs l&%&%?&bﬁ&?%o@%kcontroI
means whi ch wmlllimbeadéagrtitbedidrddpdrecelhenl @asel chraygrarc €esi agptaechnge in

the illustrated enbodi nment conpri s&}s a .detection neans 7 for detecting the
posi tion of ERe2hfdal bt Hrehed metdle UEHA ALt ISR 51 G e ABet F2P8

located by taki-Rguandkyage Qbcd)StheetakPhECERSkAg gel AR HigHpor kpi ece
which will be described later. In this enbodi nent,” this detection nmeans 7

i s nmount €d oppthealcondenser a4t caomsnitutamgnawe [sdoma lbeamaapphicati on
means 52, and_isS ¢ ns%}itutéL d. by .an il.gugi Eaﬁ}i on neans for 15 illum nating

t he wor kpi ecB2&f BJELEF al’* gsPSmdfac?Fr& pEurPngT -an area illuninated by the
illum nation nmeansTaBRdl 8s€8| ®dam igteiidddiead merrhsensan tae idedktiying the
color of an image captured by the optical system and transmts a detection
signal to themeeREPeNtnEaRBriAREha et ePelfedtgabed (fatrtedet2GTIRE FBSer beam
application IoLs i.n the il |l rated,. : di t Vi :g[%gg;s 53 for
novi ng t he ux’i%tstlﬁglogeptf %Peaﬁg% t%tﬁe%gé'i%gb%f lmgﬁt.% erb%}ltl%gﬁ?lz(f%%n 3 in the
di recti oh0 C mathbeat) eils Dy datedby o i ng ket wdge affos esterdd toripdoneesigg neans,

t he novi ng nmeans 53 conprises a nale screw.rod (notf 25 sho arranged
befween the Fic?) o Tg(if'§e WOLiPs 6453 WRAE 4?’3,ﬁa|]?(? éiecﬁﬁr\}é’esdo%@rsucﬁ%as a

pul'se ot or 532 of Qpelidlytdr ikWiRg delhetiBhe ndahaW 7 9d. mBYindklvibhd thie nal e
screw rod (not shown) in a normal direction or reverse direction by the
pul se notor condenser 524 constituting the laser beam applicaticon means

52, and is constituted by an illumination means for
15 illuminating the workpiece, an optical system for capturing
an area illuminated by the illumination means and a color
identification sensor for identifying the cclor of an image
captured by the optical system, and transmits a detection
signal to the control means which will be described later.
20 The laser beam appiication unit 5 in the illustrated
embodiment has a moving means 53 for moving the unit holder
51 along the pair of guide rails 423 and 423 in the direction
<- indicated by the arrow Z. Like the aforementioned moving
means, the moving means 53 comprises a male screw rod (not
25 shown) arranged between the pair of guide rails 423 and 423,
and a drive source such as a pulse motor 532 for rotary-driving
the male screw rod. Bydriving the male screw rod (not shown)
in a normal direction or reverse direction by the pulse motor
532, the unit holder 51 and the laser beam application means
30 52 aremovedalong the guide rails 423 and 423 in the direction

indicated by the arrow Z.

The laser beam processing machine in the illustrated
embodiment comprises a control means 100. The control means

100 is composed of a microcomputer, and comprises a central



532, the unit holder 51 and the | aser beam application nmeans 30 52 aNevitdled
along the guide rails 423 and 423 in the direction indicated by the arrow
Z. The | aser beam processing nmachine in the illustrated enbodinent
conprises a control nmeans 100. The control neans 100 is conposed of a

m croconputer, and conprises a central 82NOV 2006 12 processing unit (CPU)
101 whi ch processes operations according to a control program a read-only

f Al . d
(R 103 whFehegraPes iihe fekln 4901 "BheRaPlbRgesty BRAAEeES ot or mat ! on

to be read theeekHengans avcbhtenlthesgiar, dnrebapohlynti@idaee RBP4 and an
out put interface 105. The random access nenory (RAM 103 functions as a

storage mean$OFofLOLIRG ithG T B PhBITOF TG t HE FFEOM ABARSHF NIMOTH SRAMY whi ch
the nmetal p%b%e&ﬂ}bﬁ E?&g%%dtggeE%%hﬁqu$ft%gﬁg%9%£¥ﬁ§2%ﬁ§'éﬂﬁbégnﬁeans ‘.

Det ection signals from al i gnnment neans 6 etectron nmeans 7
are input5toihﬁermamubpiMbebbameaﬁOQhembftmm(ﬂMﬁlWﬁihﬂﬂﬂnthﬁﬂhﬂdunan

constituted. .Control signals _are output to the ahove se tor 372; pul se
motor 362, GEPUS TRESFAge L (ree Mty A R ate: Taam KibErEacTon 18
means 52 frogddae soukRibiry NRAM) 248 31Gom A 1@eSCHPE Wrdrhglheagienidy gi ven
of the | aser beam proceSsing nethod for processing a sem conductor wafer as
t he wor kpi ecetioyingi hgfohmabbonesndder pbedtiaser Bdmmarprogesdiimn frhehi ne.

20 Fig. 3 is_a.pers tive.view of sem, conduct or fer to b rocessed by
the | aser bedip o§%% Ny &5t§8&a5ﬁ%%h§etﬁfg§§n%yiﬁg%n€%8ﬁF gﬁgeEFéQDA is an
enl ar gedi sectdeemal Vi epetoft sbheeign2ld frsmeathon tihgnsant eenductsoanaaf er
shown in Fig. 3. In the sem conductor wafer 20 shown in Fig. 3 and 25 Fig.

4, Qa pl ural i typeoredreds oay Be3BEt I oABE BRPWL grurtals thaPWi isteadase dltting
lines) 211 foyamel| Qoﬁtfgfltn{seaaghso@otoe{:ﬂusOébﬁé‘@i{ﬁf’é]a.S%Jrﬁcz%lzéﬁg?lfal%

sem conduct or substr-ate
are output to the above pulse motor 372, pulse motcr 382,

pulse motor 432, pulse motor 532 and laser beam application
15 means 52 from the ocutput interface 105. |
A description is subsequently given cf the laser beam
processing method for processing a semiconductor wafer as
the workpiece by using the above-described laser beam
processing machine.

20 Fig. 2 is a perspective view of a semiconductor wafer
to be processed by the laser beam processing method of the
present invention, and Fig. 4 1s an enlarged sectional view
of streets 211 formed on the semiconductor wafer shown in
Fig. 3. In the semiconductor wafer 20 shown in Fig. 3 and

25 Fig. 4, a plurality of areas are sectioned by a plurality
of streets (cutting lines) 211 formed in a lattice pattern
on the front surface 21la of a semiconductor substrate 21 such
as a silicon wafer, and a circuit 212 such as IC or L3I is
formed in each of the sectioned areas. In this semiconductor

30 wafer 20, a low-dielectric insulating £film 213 is laminated
on the front surface of the semiconductor substrate 21, and
a plurality of metal patterns for testing 214 called “test
element group (Teqg)” for testing the function of the circuit

212 are partially formed on each street 211.



as a silicon wafer, and a circuit 212 such as IC or LSl is formed BNOYa9H6
of the sectioned areas. In this sem conductor 30 wafer 20, a lowdielectric
insulating film213 is lam nated on the front surface of the sem conductor
substrate 21, and a plurality of netal patterns for testing 214 called
"test elenment group (Teg) " for testing:ihe function of the circuit 212
are partially forned on each street 211. 8 NOV 2006 13 The sem conduct or

waf er 20 constitut a i i $aP : e_ad I chuck
361 0f the chuck t ST e B aBAaE P b TAECF a0 CrOSRC SBF S onBenaar B82S he
| aser beam pbovesss pdanedhhmeht: sdhovpt oFichuck 6l sifchha ammketabhat S its

front side 2 faces, up,. and_suction-held on the, adsorption chuck 361. The
chuck table §% %%?‘?JOFI‘EW%% CHHER SohICoRAGEEBH SThad OF oS 6 S5V EA3H) ong

the guide r a?!r%ce%%iﬁﬁdmgéhg}ief[ hesmyh gy Neaps 134+ Qukg Roskhiherednkikght
bel ow the alignnent rfeans 6 di sposed on the | aser beam application 10 unit
5. After % heidhudkonablsédss 2ile gesiesi opedandgstchdloowheial cal itgmenent neans

6, an alignment work for_ detecting e rQcessi ea to.be processed, of
the seni cond SFPﬁéPErChEG&i§6&arr%§8 6ﬁ?c%y§??gga??gﬁﬁgﬁﬁcﬁegﬁgaéngnd t he
control 15 meaRrs skRAcohdRictioy, waferabiogngenbveBansofgandet Gaigenthell s means

100 carry out inage processing such as pattern matching to align a street
211 forned orlt ArdsEnPyolileBrinmaiernsod’ ity Regreet EPReAdd A1t BedPvn with

e oSSt Bed Opphlfc AGSRL CISRADRLEMNINLE DpneApILINT0y 2 e
beam applOcaturdre Fasition. Similarly, the alignment of the C laser beam
P on-potpons Surat LS ShopRbofelltse b 2L L ELEEAP e
the 25 sem condufiintWedin®&, Al &1 iigithetit’ GRIrIR b UIdRLE Y e
sem conduct or waf er
processing area to be processed, c¢f the semiconductor wafer
20 is carried out by the alignment means 6 and the control
15 means 100. That is, the alignment means 6 and the ccntrol
means 100 carry out image processing such as pattern matching
to align a street 211 formed on the semiconductor wafer 20
in a predetermined direction with the condenser 524 of the
laser beam application unit S for applying a laser beam along
20  the street 211, thereby performing the alignment of a laser
beam application position. Similarly, the alignment of the
laser beam application position is carried out alsc for
streets 211 extending in a direction perpendicular to the
above predetermined direction and formed on the
25 semiconductor wafer Z20.
After the street 211 formed on the semiconductor wafer
20 held on the chuck table 36 is detected and the alignment
of the laser beam application positicon is carried out as
described above, the chuck table 36 is moved to bring one
30 end (left end in the figure) of a predetermined street 211
to a position right below the detection means 7 as shown in
Fig. 5{(a}. Then, the position of the area at which eachmetal
pattern 214 as the specific member is located, formed on the

street 211, that is, the coordinate values in the X direction



20 hel d on the chuck table 36 is detected and the alignnent of the 8N@epN06
beam application position is carried out as described above, the chuck
table 36 is noved to bring one 30 end (left end in the figure) of a
predeterm ned street 211 to a position right below the detection nmeans 7 as
shown in Fig. 5 (a) . Then, the positioAdof the area at which each netal
pattern 214 as the specific nenber is Iocated formed on the street 211,

that is. (he coand naberyalues, il bRl gty an BNGY2096. e end

to the other |on o eac attern are et ected
by the det ectpmﬂ:\teneal&47ane1dtelnecd:edr}:53ethefdemmce:mnmeénsr’v'einrtﬂnekccmabdse 36 in

a direction indicated b n._arrow Xl he det i on, nreans, /7 reache
The other 5 cnh TGN ORE IEhA Kotciy GPBL 0P bt BB o CHEt o R iR Ees 511
as shown i ” Flbg -arP atRhw x 8Nch i he gt EEEEQtEQBrﬂé%@ valvees 8he SEmirto the

control neans (street detection step) The control neans 100 tenporarily
stores thé i npud P@ﬁghbc@m@mno@hdrﬁag@rw)alaﬂestl’m roedepermingdtsereace14 10

formed on the reet. 211 in_the ndom ess

Thereat tor . CAE RUEROPAATE 38" 8 by Bict LB HTRP AR COPRBL 8EE TRHRE end
in the flgureArefséﬁEéﬂH%ﬁh§<aaﬂﬂyeq m%hh@elO@llsB§¥EBgdéB§cﬂEbﬁ|s@ééierns
214 whose X-direction 15 coordi nate val ues have been detected, to a position

right bel ow the @@ﬂﬁé%%em952ﬂ éPOtﬁempegerleaﬁtepssr@aeréﬁpﬁéans 52 as
shown in Fig. 648)1 §BP&E gB'$a§§egso%h89cﬂnﬁgga1;gegt @e%ﬁ en in

i ndi cated by an arr ow et erm néed rocessi ng-

t he cour 9@ of fapnedesnt tﬁeti&réﬁk(ﬂumhjtahberaﬁdbm eheedsrmemony (RaMEat ed
by the arrow Xﬁ the X-direction coordi nate val ues of each netal pattern
214 det ect edt 9 t he above street detection step reaches the position right

?ﬁg }Natsg(ra ggggqegzglr?tggﬁe%%'ﬂ@rcoﬂﬁé AriRaRSb10G OUlPubsed €8NbEohgStgRal to
other end {(right end in the figure} of the predetermined
street 211 having the metal patterns 214 whose X-direction

15 coordinate values have been detected, to a position right
below the condenser 524 of the laser beam application means
52, as shown in Fig. 6(a). The chuck table 36 is then moved
in a direction indicated by an arrow XZ at a predetermined
processing-feed rate. When in the course of movement of the

20 chuck table 36 in the direction indicated by the arrow X2,
the X-direction coordinate values of each metal pattern 214
detected by the above street detection step reaches the
position right below the condenser 524, the control means
100 outputs a control signal to the laser beam application

25 means 52 to apply a laser beam to the metal pattern 214 from
the condenser 524 so as to remove the metal pattern 214. And,
as shown in Fig. 6(b), only the plurality of metal patterns
formed on the street 211 are removed before one end (left
end in the figure) of the predetermined street 211 reaches

30 right below the condenser 324 of the laser beam applicatiocn
means 52 (metal pattern removing step).

The fellowing processing conditions are set for the
above metal pattern removing step in the illustrated

embodiment. The thickness of each metal pattern 214 is set



25 neans 52 to apply a |l aser beamto the netal pattern 214 from thes NOV2006
condenser 524 so as to renove the netal pattern 214. And, as shown in Fig.
6(b), only the plurality of metal patterns fornmed on the street 211 are
removed before one end (left end in the figure) of the predeterm ned street
211 reaches 30 right bel ow the condenser1524 of the |aser beam application
means 52 (nmetal pattern renoving step). The foll ow ng processing conditions
are set for the _above netal pattern renoving step in the illustrated

enbodi nent. Ffe X Mtkness of each netal pattern 214 is set 8 NOV 2006 15 to

5 m Processi ngreerdistingnsondéttabnpgat netalr eatiend lempvingldtegource: YAG
| aser or YV04 | aser Wavel ength: 355 nm (ultraviolet radiation) 5 Qutput:
1.0 W Repetiti &aThedG8aEe: 3HCKkHRSedurSe TWiCdt H2SEF ns Focusi ng spot

di aneter: 25 pﬁbv%ngg%%§e35§0nﬁnu%g ra%%o@%%e&édY%t | patterns 214

formed on the stree 1 are renoved by carrying out the netal pattern
renovi ng Step Oaspdé¢scrli.Bed above, one end (left end in the figure) of the

pr edet er mi ned stre%f 211 Eron1mhich % e tal patterns 214 have been
removed is brofGRETTEETa IFESUERSY riZghtFel ow the 15 condenser 524 of the

| aser beam applphgatd @ deans ®asas shown in Fig. 7 (a) . Then, the control
nmeans 100 outputs a control signal to the |aser beam application neans 52

to apply a | asélocusdam tspathelilapetdirel &t pire i nsul ating film 213 fromthe

condenser 524 ile t .C table 36 is noved in the 20 direction
i ndi cated by tﬁgﬁﬁffg% lﬁgfﬁgugggﬁeternined feed rate. As a result, as

shown in1Big. 7 (b)aftdieHeowedhel patteensi Ul fatimmg binl th2lsttesteribn the
street 211 is renoved before the condenser 524 reaches the other end (right
enqjin t he are removed by carry%ng out the metal pattern removing step
as described above, one end (left end in the figure) of the
predetermined street 211 from which the metal patterns 214
have been removed is brought into a position right below the
15 condenser 524 of the laser beam application means 52 as shown
in Fig. 7(a). Then, the control means 100 ocutputs a control
signal to the laser beam appiication means 52 to apply a laser
beam to the low-dielectric insulating film 213 from the
condenser 524 while the chuck table 36 is moved in the
20 direction indicated by the arrow X1 at a predetermined feed
rate. As a result, as shown in Fig. 7(b), the low-dielectric
insulating £film 213 formed on the street 211 is removed before
the condenser 524 reaches the other end (right end in the
figure) of the predetermined street 211 {low-dielectric
25  insulating film removing step).

The following processing conditions are set for the
above low—-dielectric insulating film removing step in the
above illustrated embodiment. The thickness of the
low~dielectric insulating film 213 is set to 10 um.

30 Processing conditions: low-dielectric insulating film
removing step
Light source: YAG laser or YVC4 laser
Wavelength: 355 nm (ultraviolet radiation)

Output: 0.5 W



figure) of the predetermined street 211 (lowdielectric 25 insul atisMP¥300m
renovi ng step). The foll ow ng processing conditions are set for the above

| ow-dielectric insulating filmrenoving step in the above illustrated
enbodi ment. The thickness of the lowdielectric insulating film213 is set
to 10 m 30 Processing conditions: lowdi@l ectric insulating film renoving
step Light source: YAG |aser or YV04 |aser Wavel ength: 355 nm (ultraviol et

radi ati on) 2006. .16 Repetition frequency: 50 kHz Pul se
width: 10 nso%%%ﬁhblg?)v%rﬁ@é%‘f%r 595%ff Feed rate: 100 mmisec. 5 After
the street detpgiionys8ER; metak pattern renoving step and | owdielectric
insulating filmrenoving step are carried out along the predeterm ned
street 211, thEBocehim@ spbted38meter;, 2bhpmseni conduct or wafer 20 hel d on

the chuck tab 6 o i nterval between adjacent 10 streets 211
in the di rectlgﬁ ?nﬁ%ggf egggyg%{%%ggrrow Y C (indexing step) to carry out the

above strget detechiEterstap, stoekal dpatat:eﬂnnr elmysl Nonestadp pact drow- di el ectric
insulating filmrenoving step.sim/larly. He street _detectign ste

P,
metal patt er 5 SFEFIING eﬁngn&OWoWl&l@FéEtlﬁ &nfﬁl RhdOCating EFPAVEBRoV] ng

step are carrdieg Qut éapfrfé& omeawﬁ@eﬁ{é p2Ll et endicRdst Peb e Pr edaler m ned
direction, the "chuck table 36, .e., the sem conductor wafer 20 ‘hei'd on the

chuck tabl e Buick tabheds & 39& t,othar$wmndmtfabowef®1 E28ehe ldetrethieon

PLop, TEEl PRSI RESTOUY Sehald Ul ondelenl e aliag 1T

above pnedetﬁﬂaert%d dir a6 itone gherebord hed®ialedP ey il £xlfovan1d

(' (indexing step) to carry cut the above street detection step,
metal pattern removing step and low-dielectric insulating
film removing step similarly. ‘After the street detection
step, metal pattern removing step and low-dielectric

15 insulating film removing step are carried out for all the
streets 211 extending in the predetermined direction, the
chuck table 36, i.e., the semiconductor wafer 20 held.on the
chuck table 36 is turned at 90° to carry out the above street
detection step, metal pattern removing step and

20 low-dielectric insulating film removing step for streets 211
extending in a direction perpendicular to the above
predetermined direction, whereby the metal patterns 214 and
the low-dielectric insulating film 213 férmed on all the
streets 211 of the semiconductor wafer 20 are removed.

25 In the above embodiment, as the processing conditions
for the metal pattern removing step and the low-dielectric
insulatiné £ilm removing step, the output of the laser beam
and the processing-feed rate are changed. However, only one
of them may be changed.

30 In the above embodiment, the street detection step,
metal pattern removing step and low-dielectric insulating
film removing step are carried out respectively for every
each street. However, the street detection step may be

carried out for all the streets, and the detected information



the lowdielectric insulating film213 forned on all the streets 2BINQY240Be
sem conduct or wafer 20 are renoved. 25 In the above enbodi nent, as the
processing conditions for the netal pattern renoving step and the

|l ow-dielectric insulating filmrenoving step,. the output of the | aser beam
and the processing-feed rate are changedl7However, only one of them may be
changed. 30 In the above enbodi nent, the street detection step, netal

pattern removing St ep.and | aus g yB%téjc r ﬁﬁe?ﬁgﬂgagéé#f‘%ﬁé@é’%&fp are

carried out respéctively Tor eve each s e street

detection ste®amy 18 pediom ¢d oht hetadlpatherstreetsinanstémenrdietidet ed
information 8 NOV. 2006 17 on al] the streets nay be stored in the random

access menor yLOY TN LAY I i ASHREIRI netdt IRAYENE r(2eRi ng step and the

| ow-di el ectric i nSWAldNGHfd IfBIAMYE G SILR 1 AR e 1MRi-a]i palderns 214
and the lowdielectric 5 insulating film213 forned on all the streets 211

of the sén comsiukabingvafielm 201 JrEormedvesd akl dedseribeeetbo¥e] ehethehuck
tabl e 36 hol di ng. t he, sem conduct or. waf er 20 i retyrned., to t.he posi.tion
where 1t firsTORUETTOICHEN VAT Smreenaaaesrd farer=5ototd Tate TS

suct i on- hol di fign®f e eSBHHeQRd e he HemidicRidutGorThersemcopductiomaraf er 20
is then carried to the dicing step by a conveying neans that is not shown.

In this dici®etsespesthionuhesendudiss lvidieil o hsl ¢ ihed R UHBICEF eet s
211 by a cutt] [ ving.a.c i 4k : ivided i
i ndi vi dual se%gg%n uct g? cq%dpeg 1%5,”%’%&%};%1 %@n%%? Oéﬁ%rsnésfgﬁgjdag\%%%e

| ow-di el act rigafes Wt | Agef $émic@ddut oo med far el stuleat sa2tlicdave tieen

al ready renoved at this point, the occurrence of peeling at the tine when
the | ow di el BtE+7E si"ﬁ’é?.libg(t EfPHTE TS W%Pﬁtt% Drﬂ%&glf}w@an Ipethi@vent ed

befor ehand. - 29; AL hefegMOELE NBOLi LbnbileL PF eRePLri DYeDLi Rt WahhnBethe
descri bed bel ow. :

streets 211 by a cutting machine having a cutting klade tc
be divided into individual semiconductor chips. Since the
15 metal pattéins 214 and the.low—dielectric insulating film
213 formed on the streets 211 have been already removed at
this point, the occurrence of peeling at the time when the
low-dielectric insulating film is cut with the blade, can
be prevented beforehand.
20 Another embodiment of the present invention will be
described below.
In the above embodiment, the coordinate values in the
(— .X direction, at which the metal patterns 214 are formed on
each street 211 of the semiconductor wafer 20, are detected
25 in the street detection step prior to the metal pattern
removing step and the low-dielectric insulating film
removing step. The metal pattern removing step and the
low-dielectric insulating film removing step, however, can
be carried ocut without the street detecting step. That is,
30 information on the design positions and sizes of the streets
211 formed on the semiccnductor wafer 20 and the metal
patterns 214 formed on each street 211 is in advance stored
in the read-only memory (RCM) 102 or optionally the random

access memory (RAM) 103 of the control means 100. By carrying



I n the above enbodi nent, the coordinate values in the C X directi ofNQ2006
whi ch the netal patterns 214 are forned on each street 211 of the

sem conductor wafer 20, are detected 25 in the street detection step prior
to the netal pattern renoving step and the lowdielectric insulating film
renovi ng step. The netal pattern renoviny8step and the lowdielectric
insulating filmrenoving step, however, can be carried out w thout the
street detecting.step. at__.s, i,nf ar j i ositions and
si zes of thetogl{%r etzltes%bfplé %noert%r?eld:Ejgdr?t{éhrg1 rs%grﬁlogiorlﬁlgﬂcst%& \%g?de?ﬂ)z and the netal
patterns 214 liceraee lertedch istsudett 12 fiidm readwamee sdteqr édisdd cnhehe

read- only nenor ROM 102 or

/ optiagnally the random acces r RAM 103
of the contr&nfyfi’é lf‘(ﬁ)?‘t8§eéla£?ytm?g r&?mnﬂdpﬁlemfgyp Boyﬁewt_ al
pattern renovingic ep R h@ﬁorgomﬁl 86511 End NRa AL idg . ranbyindg step
based on the information stored in the read-only nmenory ( 102 or the

random acges shee oy IRANMCtIOZ; irtsalledtialg pHtlmerdis3 2forma & tdhkel the

| ow-di el ectric insul ating fil.m 213 forned |1 the streets 211 of th
Som conduct o VP 20 LA BEG GRVER T HE 0 ST Gt G TRE S ep. 1 n

the above enhgdinmRitt Sshd ha meildpaddieny remying step and the
| ow-dielectric insulating filmrenoving step 10 are carried out conpletely
separatel y. However! {fi€nahovaserbcdbrantss appIHelr byad] tah AEB0Y Idangi ng

t he processi | td ot rs : A i tric
naul ati ng fTBEEY o o e S da e asbrr hd i SR T C

i nsul ati 0g fidma 2i8rasd dutecomp abtpayisemar2t411S aHewboempdvladn Aladdme when
each street 211 is, processed, the netal pattern renoving step and the

| o di el ect r iR€a% sl 3RE WP T iT ¥ F A HE S PR B T2 rPEACHR Y one tine
processi ng- f egdh GACCH NG [ et NG PTHIEN b JRELRYH 10D + 1 NCRe-Ay:l AR Bgam 20
is applied to the lowdielectric insulating filmand the
insulating film 213 is formed and the area where both the
low-dielectric insulating £ilm 213 and the metal pattern 214
15 are formed at the time when each street 211 is processed,
the metal pattern remeoving step and the low-dielectric
insulating film removing step can be carried cut by one time
processing-feed.
According to the present invention, since a laser beam
20 1is applied to the low-dielectric insulating film énd the
metal patterns for testing formed on the streets of the
semiconductor wafer under different processing conditions
as described above, the low-dielectric insulating film and
the metal patterns can be removed smoothly without damaging

25 the semiconductor substrate and the circuits.



netal patterns for testing formed on the streets of the seniconduct%%«%@Lﬁg
under different processing conditions as described above, the

| ow-dielectric insulating filmand the netal patterns can be renoved

snoot hly wi t hout damagi ng 25 the sem conductor substrate and the circuits.
8 NOV 2006 19 We claim 1. A |laser beam processing nethod for a

sem conduct or wafer having a sem conduét or substrate, a lowdielectric
insulating filmformed on the front surface of the sem conductor substrate,
a plurality of circuits sectioned by streets fornmed in a lattice pattern,
and netal patteans: for testing fornmed in partial areas on each street, said
nmet hod conprising: a street detecting step for detecting the positions of

said areas;at whi chddie geLAl palderds Argekncat eehby o t ki DGoRdudrBge of
each street, a | aser beam processing step for applying a | aser beam to the

posi tions BRtehe etiect ed aywwuisscdudtioch shlesreied, pat tevndiakecincat ed and
the area of Lhe,| o di el e6tr g Losulatingfildnsq as Lo mke changes in

conmbi nation o utput o € | aser beam and processing-feed rate of the
sem conductenivafi@tctéhesebyttote enmaveliie lieyalo fpat tweruist sanget hisoned

lowdielectric_film 2. A laser beam.processi ng apparatus conprising: a
chuck ¢ abl EY7 GFTRGFA H6-Ho S einAEtor St Ty, T e CORAAADT
substrate, rarl awsaiiglyectdinted nsul ?{Ca'rlﬁ@laﬂl ldPea@n & feaRh sinface ofatde
sem conductor substrate, a plurality of circuits sectioned by streets
formed in BethagtreePphit®dn, and netal patterns for testing formed in

partial areas on eaghof 4LbE. sl hgelsep apy Al doEnidreals [of debactdng a
processing area to e processed of the sem conductor wafer he on the
chuck said areas at which the metal patterns are lcocated by
taking an image of each street,
a laser beam processing step for applying a laser beam
to the positions of the detected areas at which the metal
patterns are located and the area of the low-dielectric
insulating film so as to make changes in combination of the
output of the laser beam and processing-feed rate of the
semiconductor wafer,

thereby to remove the metal patterns and the low-dielectric

film,

2. A laser beam processing apparatus comprising:

a chuck table for holding a semiconductor wafer having
a semiconductor substrate, a low-dielectric insulating film
cn a front surface o©f the semiconductor substrate, a
plurality of c¢ircuits sectioned by streets formed in a
lattice pattern, and metal patterns for testing formed in
partial areas on each of the streets,

an alignment means for detecting & processing area to
be processed of the semiconductor wafer held on the chuck
table,

a detection means for detecting the positions of said



table, a detection neans for detecting the positions of said 8 NOV 2QQ&kyv %%

areas of the netal

t he sem conductor wafer held on the chuck table, a storage neans for
storing information on the positions of the area of which the netal

patterns for

patterns for testing in the detected processing area of

testing are located, and a | aser beam application neans for

applying a |laser beamto the sem condd€t or wafer held on the chuck table so

as to make changes in conbination of the output of the |aser beam and
processing_feed rate

en conduct o The | ase

of th fer. 3. . beam
processingaﬁ%%argtuéug%chgﬁig R%F9ﬁ3ﬁ5n1£%fm@ﬁ5Fépﬁ s%ﬁdthgté%?%%éiﬁﬁeans
conpri ses ar&6&4ind dentelsf | 6at i sepsecochanctdentydsmgnkha cehorcref the
|l ow dielectric insulating filmand the color of the netal patterns.
| aser beantprotes¥iify apparatus according to claim 2 or 3, further

conprising a contrgl.ppans feEngoNkLl | isRg,;haser heam:progessing gQnditions

of the | aser

4. The

beam application neans on information stored in the storage

means. 5. Fhellbwer lpdantpeocessi ngfapphtahb usttaccoediedg patedaisn ror 3,
further co risinqﬂg%qpntrol nmeans for making changes in conbination of

out put of

& Thoet” beamdn

waf er based on ai nheematisom shoredecdnidihenstosagemeamslying a laser

beam to the semiconductor wafer held on the chuck table so
as to make changes in combination of the output of the

laser beam and processing feed rate of the semiconductor

wafer,
3. The laser beam processing apparatus according to claim
2, wherein said detecticn means comprises a color

ldentification sensor for identifying the color of the low-
dielectric insulating film and the color of the metal

patterns.

4, The laser beam prccessing apparatus according to claim
2 or 3, further comprising a control means for controlling
laser beam processing conditions of the laser Dbeam
application means on information stored in the storage

means.

5. The laser beam processing apparatus according to claim
2 or 3, further comprising a control means for making
changes in combination of cutput ©of the laser beam and the
processing feed rate of the semiconductor wafer based on

infeormation stored in the storage means.

eam and 't he ~ processing feed rate of the sem conductor



