1 WETHOD OF CHECKI NG A LASER PROCESSED DETERI ORATED LAYER Fi el d of the

Jd nvention The present invention relates to a nethod of checking 5 a
deteriorated layer that is formed along a dividing line in the inside of a
wor kpi ece by applying a | aser beam capabl e; of passing through the

wor kpi ece to the morkpiece along the dividing line fornmed on the

wor kpi ece. 10 t|on the Prior Art In the production process of a
sem conduct or Eﬁ%§%ﬂ$@onﬁﬂ%E%aERQQ%S%%EtDB%EHIQQAIEN|Hmﬁ@Rl|nes
call ed "streets" arranged in a lattice pattern on the front surface of a
substantially disk-1ike sem conductor wafer, and a 15 circuit such as |IC,
LSl or the |ikEi¢bddfof nedei bneanhiofi the sectioned areas. |ndividual

sem conduct or chi ps fH?1 manuf actured by cutting this sem conductor wafer

along the dividing &L AFEH \J"r’lél'@nrttloif‘-n‘{@l@’ﬁésaﬁﬂe@smﬁﬁhﬂ/ﬁh eh ahrcking
circuits ame fraeeeterL08a t V. f al | ium
nitride-based conpound sem con u%?o?@géa%% {§?h¥ﬁi§i?£§) é%ﬂﬁ%#%ﬂﬁ

surface of a shl})rﬂher pnssdesnf ateorkpaese muapplgmggchwadleigbémefaﬁabltée
divided into | d trc vrce such as |ight emtting diodes or
| aser di odes, g’ 51?2" 53‘? 5890&%% %Jr%c’\?\n%ItFeuE’@HkPheCE@@%tt'rh%
equi pnent . ChtdiWEﬁiﬁ@nDnﬁ@ef@rﬁéélGﬂ th885cPkpl bEe above sem conduct or
waf er or optical device wafer is generally <carried out by a cutting
machine called "dicer”. This cutting machine conpri ses a chuck table for

hol di ng a;30 workpi che 2 §gn1co ductor wafer or optical device
wafer, a cuttl kpi ece held on the chuck table,
and a cutting-feed rmanme‘ PIroBuEtign beoeeeekoft@bé@mféwhdxr@c&ﬂt&émémans

relative to each oth The cutting neans has_a spindle unit which
conprises a rd%éﬂ&ﬂ?.lty of areas are sectioned by dividing lines called

“streets” arranged in a lattice pattern on the front surface
of a substantially disk-like semiconductor wafer, and a

15 circuit such as IC, LSI or the like is formed in each of the
sectioned areas. Individual semiconductor chips are
manufactured by cutting this semiconductor wafer along the
dividing lines to divide it into the areas in which the
circuits are formed thereon. An eptical device wafer

20 comprising gallium nitride-based compound semiconductors
and the like formed on the front surface of a sapphire
substrate is also cut along dividing lines to be divided into
individual optical devices such as light emitting diodes or
laser diodes, and these optical devices are widely used in

25 electric equipment.

Cutting along the dividing lines of the above
semiconductor wafer or optical device wafer is generally
carried out by a cutting machine called “dicer”. This
cutting machine comprises a chuck table for holding a

30 workpiece such as a semiconductor wafer or optical device
wafer, a cutting means for cutting the workpiece held on the
chuck table, and a cutting-feed means for moving the chuck
table and the cutting means relative to each other. The

cutting means has a spindle unit which comprises a rotary



sprndle, a cutting blade nounted to the spindle and a drive nechanismfor
«fotary-driving the rotary spindle. The «cutting bl ade conprises a disk-1like
base and an annular cutting edge which is nounted to the side wall

peri phery 5 portion of the base and forned,as thick as about 20 pm by
fixing dianond abrasive grains having a dianeter of about 3 pmto the base
by electroformng. Since a sapphire substrate, silicon carbide substrate,
etc. have hi ghshbhdlearamedd imubliade mbtihtelet@limee seubhidilRgandOs kbt i S

not al ways ea Further. since the, cutting blade has a thickness of about
20 pm the di \Sll?{%cflrl\%mrﬁsrﬂego*“o?o’?%EXf?iBhV%@gd@WcE%t%EtSBén@%ethiE‘l@ as about
50 pm Theref of@cting Bhedsassmetigegeyi i b 0 00 pm
the area ratio ocpu@pi ed by thelgdilvi di ng((j ?EEEJS'FéS }P%?gejgﬂéh%rqe%@%ji%%
reduci ng produettving. edgerviicle, i asnoumbedstof tile v tidagwal pl peeiphkey

wor kpi ece guc a | aser beam processing nethod

o ,
for applyifig ;b%%?gﬁﬁg}sg%% % O‘%aﬂ%%&“&ﬁd S SRk D wRP e he Wik giece

with its focusfigimpidiaseid 24btgsihe drsise wivihe @r@iaa:ﬁ&c%)@ o V&B%ﬁﬁ has
been attenpted and di scl osed by JP-A 2003-88975,  for exanple. In the
di vi di ng met hodl MIsi Ry e a3edey bebecprotessimg. t echni que, the wor kpi ece

I's divided by applyi : an . nfrared.ran capabl e of
passi ng through the gv?\Lglr plglegcagﬁ;fga%?%‘fr]gggggg%ﬁesl:)lfqurﬁlec%gkﬁ?e%’g)sﬂﬁr?%%'t S
focusi ng poi ntetset hawve bhghiMshisidatranesst,i suetshy Wioiintdet 85bes ahad dayer s
in the i ?gl d§3 of . the workgiece along the dividing lines and exerting
external f8rc@HABhd S RRLAPYVRYAEIThes EMFSIET, sBLERGE hhe L sy kedddeed by

the formation t [ rs. Tao divyide the workpigce having
det eri or at ed I%/seri%%gcrﬂrrgéd%l n&% ﬁée&lq#s?ydlg é?’on%’et h%“@l’r%’rrbﬁ n]g"rll?gegoﬁvi t hout
fail by applydentiompunigdelrises mesnbetdetNetREs088b €t Sloquer s THete £ 2@,

reliably forned %th a grede%errcrii ned position in the inside
1h Lhe case O a device measuring about 300 um x 300 pum, the

area ratio occupied by the dividing lines is large, thereby
15 reducing productivity.

Meanwhile, as a means of dividing a plate-like
workpiece such as a semiconductor wafer, a laser beam
processing method for applying a pulse laser beam capable
of passing through the workpiece with its focusing point set

20 to the inside of the area to be divided has been attempted,
and disclosed by JP-A 2003-88975, for example. In the
dividing method using this laser beam processing technique,
the workpiece is divided by applying a pulse laser beam of
an infrared range capable of passing through the workpiece

25 from one side of the workpiece with its focusing point set
to the inside to continuously form deteriorated layers in
the inside of the workpiece along the dividing lines and
exerting external force along the dividing lines whose
strength has been reduced by the formation of the

30 deteriorated layers.

To divide the workpiece having deteriorated layers
formed in the inside along the dividing lines without fail
by applying a pulse laser beam, the deteriorated layers must

be reliably formed at a predetermined position in the inside



3 of the workpiece. However, when a pulse | aser beamis applied wthout

,positioning the focusing point of the pulse |aser beamto the

predeterm ned position in the inside of the workpiece, the deteriorated

| ayers cannot be forned at the 5 predeter n'éned position in the inside of
y

t he workpi ece. Since the deteriorated |layers fornmed in the inside of the
wor kpi ece cannot be checked fromthe outside, there is a problemthat
when external é¢bHitde werlappééed t}mvteh&m/wwi&@h%Cﬁlhﬁil'&%é}%eﬂﬁ"‘iﬁré%ﬁ%dj

| ayers in the inside along the dividing lines, 10 the workpiece nmay be
br oken. Summr@lﬁlﬁo'tlﬁep?ﬁg%h?ﬁlbﬁglFh?s QEuBbpE oIt tf theguntseé nvaser on

t id i t i t | 15
whi ch 1S iapgb}?ﬁéig?_'g%ﬁ%%ﬁﬁgg?ﬁgeﬁﬁ?ﬁé?%?%ﬁfgﬁa@ﬁrﬁfl'?giﬁaﬁg? SthEBEnsi de
f kpi ew B i datseri dyestad d &t kPt ' t j T
gt t gi \r/]vo[ hglsggo%gagbgi?‘ rtgggordi rlgf to the _pry(:g::n?ahi IE\j\r/tgﬁt@i g?\%ﬁt@ﬁearl%_a%ﬂse °
provi ded a metho o %Iﬁj.eré% RS S3 tipletn té@ Procsstdhreverkpiaced |%hngs
which is formeghé detee jioreitdal QQyErWd&Ede‘%fﬁnaéhﬁQnéiQE 4#iad &d%eibé’ce

V.
applying a |l aser beam having perneability for e workpi'ece to
wor kpi ece al or(@RR%e Rf \ﬂh@iclk@‘:fifh‘emfbhﬁmtﬁfmdme tlerdepiaca, ptdiel e tdioct
conprising: 2 o) | t f positioni a mcroscope of an  infrared
i mage pi ck- up%n%%%s&%%%%g?feﬁ?%g? he® offRK %%g?c? rFrregef Sif AV IRT 18R ece,
and setting thiefacisragedddyes inthnermxcgi@ecag%n@tﬁep@ﬁi&ﬂ@gvfg.%%} he
deteriorated layer in the inside of the workpi ece has been formed;, and 30
an i mge é) ck-ﬁﬁe HYERFETR dRENPePEPkeRage of the inside of the
wor kpi ece by noving the infrared i mage pick-up neans and the workpi ece
along the dividing line relative to each other to scan the workpiece,
wherei n the ddiwmanranted thyeInfemiboshin the inside of the

It is an object of the present invention to provide

a method of checking laser processed deteriorated layers,

15 which is capable of checking the deterjorated layers formed
in the inside of a workpiece by applying a laser beam to the
workpiece without fail.

To attain the above object, according to the present
invention, there is provided a method of checking a laser

20 processed deteriorated layer, which is formed in the inside
of a workpiece along a dividing line by applying a laser beam
having permeability for the workpiece to the workpiece along
the dividing line formed on the workpiece, the method
comprising:

25 a focusing step of positioning a microscope of an
infrared image pick-up means opposite to the dividing line
formed on the workpiece, and setting the focusing point of
the microscope to a position where the deteriorated layer
in the inside of the workpiece has been formed; and

30 an image pick-up step of picking up an image of the
inside of the workpiece by moving the infrared image pick-up
means and the workpiece along the dividing line relative to
each other to scan the workpiece, wherein

the deteriorated layer formed in the inside of the



4 wor kpi ece is checked based on the imge picked up in the image pick-up
sstep. A standard line parallel to the relative novenent direction is
formed in the mcroscope and whether the 5 deteriorated layer is fornmed at
a predetermned position is checked basedgon a shift between the standard
line and the deteriorated |ayer whose i mage has been picked up. Further,

t he focusing point of the mcroscope is noved in the thickness direction
of the workpi fRFkReea A si ¢hecked dasesher kihegimage rdidKest vpdem thetimage

position in the;thl direction of the deteriorated layer. Since in
t he present i%nti%@?ﬁ%’focusi ng point of the mcroscope of the

infrared i mage pi ck-Aipstrasaierd sloed pdalhel ded erhorod Bk 1wy efiodandmd i n
t he inside of éhe 15, vvorkiei ce along the dividing line to pick up an i mage
of the insideftfet ot pf%%?dth% e ShiGF RSP e agR?d whetherabhet be

checked frem (decoulstsifeg Al iy G0CEHMINQUL LALL e REREL ROSCLI B AN Of
the Drawings 20 Fig. 1 I1s a perspective view of a ['aser “béam processing
machi ne for cethedked dnsahemet Isbd faf behewekhngha Stspdar@rohessatd the

deteriorated | aver accor di to the present. inventign; Fig. 2 _is a block
di agr am scherrac?%/%%ﬂ?/r%%%‘%\n&%‘getrh‘éﬂoﬁg R8s Pagth R Bfl_clkégeﬁlp bedirther,
appl i cation neais rpeQeidgdhdint Be thaagbrbea @Fi%cﬁa%ﬁgﬂf?ﬁg'ﬁﬁé&% In

Fig. 1; Fig. 3 is a schenmatic diagramfor explainingt ocusli ng spot
di aneter of a Preetienaf gdwnwarkpiece sta stiamridm dfhateby nfhearleichg rage

P ok Up 1691S 0 S0 ¥ GHLIS, LAcU0S | Bngl ePACESSl D0 IBchl e Sheun
materi al s; Fi gdetteromatpsd sSpegér ve view of a sem conductor waf er
Since in the present invention, the focusing point of
the microscope of the infrared image pick-up means is set
to the deteriorated layer formed in the inside of the
15 workpiece along the dividing line to pick up an image of the
inside of the workpiece, the deteriorated layer which cannot

be checked from the outside can be checked without fail.

Brief Description of the Drawings

20 Fig. 1 is a perspective view of a laser beam processing
machine for carrying out the method of checking a laser
processed deteriorated layer according to the present
invention;

Fig. 2 is a block diagram schematically showing the

25 constitution of laser beam application means provided in the
laser beam processing machine shown in Fig. 1;

Fig. 3 is a schematic diagram for explaining the
focusing spot diameter of a pulse laser beam;
Fig. 4 is a diagram of the infrared image pick-up means

30 provided in the laser beam processing machine shown in Fig.
1;

Fig. 5 is a graph showing transmittances of
semiconductor wafer materials;

Fig. 6 is a perspective view of a semiconductor wafer



5 as a workpiece; Figs. 7(a) and 7(b) are diagrans showing a step of
formng a deteriorated layer in the inside of the workpiece by using the

| aser beam processing nachine shown in Fig. 1; 5 Fig. 8 is a diagram
showi ng a step of checking the deterioraggd | ayer fornmed in the inside of
the workpiece in the deteriorated |layer formng step shown in Figs. 7 (a)
and 7(b); and Fig. 9 is a diagramof an inmage of the inside of the 10
wor kpi ece pi cled auprorktilesedet eri orated | ayer forming step. Detailed
Description of the Enefer; d Enbodin%nt The met hod of checking a |aser
processed deteriorateéed®- 389 38ordPhgaks diggermsr showdBadaneREPobt he
present 15 i F¢efiinenawié [ i n.d i [ r..W .
reference to the agggnpan%/?ﬁgogfggmanlgag}%fﬁla E%‘gi %ngf%grds%gg%i b’@%géﬁ%f

| aser beam pr 8¥e8§ihg theciiser fwam proyiesg iogt mbbkinet sleslofic Feeki ng a

| aser progessed de%§rio§a d Iﬁ er acco&ding to the present 20 invention.
The | aser beam procés€ing michi Ae29R80nSPAVERY. 2 $teBnpLi sBeckiggathsnary
base 2, a chudktealbeaeanaaysm Lorhad HOLHeNgIndi YR KPIGHRE woMHGR eSin
nmounted on the stationary base 2 in such a manner that 1t can‘nove in a
processi ng- f eél® deferirbateddlzverfayning stepnsXown imRirgdhedna) and
application 2% (Br)ﬂ,.t aﬁﬁpport mechani sm 4 nounted on the stationary base 2
in such a manner 'that it can nove in an indexing-feed direction indicated
by an arrow Y perpeRdgcubaist® diwgehn eof i0D indd 63t edebYnkhgeapFoph X, and
a | aser he n1aﬁ§%ication,unit 5 mounted to the | aser beam application unit
support ne¥RARPLAFE PHCKEEHR imahherderriorated aKear iforaisior stepon

i ndicated by an arrow Z. The above chuck tabl e nmechani sm 3 conprises a pair
of qguide rails 31 and 31 that are mounted on the stationary base 2 and
arranged par aPespidedeBebcutipddonnotthéhdi Peelfieered Embodiment

The method of checking a laser processed deteriorated

layer according to a preferred embodiment of the present
15 invention will be described in detail hereinunder with
reference to the accompanying drawings.

Fig. 1 is a perspective view of a laser beam processing
machine for carrying out the method of checking a laser
processed deteriorated layer according to the present

20 invention. The laser beam processing machine shown in Fig.
1l comprises a stationary base 2, a chuck table mechanism 3
for holding a workpiece, which is mounted on the stationary
base 2 in such a manner that it can move in a processing-feed
direction indicated by an arrow X, a laser beam application

25 unit support mechanism 4 mounted on the stationary base 2
in such a manner that it canmove in an indexing-feed direction
indicated by an arrow Y perpendicular to the direction
indicated by the arrow X, and a laser beam application unit
5 mounted to the laser beam application unit support

30 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 that are mounted on the stationary base

2 and arranged parallel to each other in the direction



6 indicated by the arrow X, a first sliding block 32 nounted on the guide
srails 31 and 31 in such a manner that it can nove in the direction

i ndicated by the arrow X, a second sliding block 33 nounted on the first
sliding block 32 in 5 such a manner that ig can nove in the direction

i ndicated by the arrow Y, a support table 35 supported on the second
sliding block 33 b% a c%lindrical menber 34, and a chuck table 36 as a

wor kpi ece hol P ¥Thie aRuer ¥abpef 865t onbpirdises hdrocki$er pruotechuck

361 nmade of a PORYYS als sq that sem_conduct or er. as a

wor kpi ece is held on gltﬁ%tg%r \Ar%rll};ﬁlceéée%ﬁlé]?ilngnsgﬁgféc g‘@fg%}l\%ﬁé é%s&faBt i on
chuck 361 by m@veudin drhemedredthat iinhdiatatsdowy e ohusk o2k ese3bnd S
rotated by a %til%'ft—]:_l m)&ﬁra %%t shown) installed in the cylindrical menber
34. 15 The abdveFM%LOG Py MNeHeB2Made §d rists S Liddas bipske 32aipai r
of (L0~ Dbe- 08t Cedhctf eov@nndZl tAhd 321 det miSel il efle! AibARLARAVEABALG BY
guide rails 31 and 31 and, on its top surface, a palir of guide rarl's 322
and 322 forme®Y fheabrebwt , eacsuppdet fablee Hisumidrred rii ¢hleedebyntihe
arrow 20 Y. The.fj.rst, slidi bl ock. 32 .constituted as descri hed above can
nove in the di@riié‘c o bf?ﬁ?é&%@ﬁ ab?ﬂ‘ﬁﬁdﬁﬁzﬁgvn%matf% 4y d pfhues takilge
rails 31 and 3% by fa torgitdie tRs1RE I Intaths 9T @RYES a 1360 the
pair of guide rails 31 and 31, r.espgg%‘li ve ys. The %h&gééﬁagﬁgﬁéegﬁani sm 3
in the il ust CRMeF 155 SeABodipeRpt tonprheels 36 lpmedesst ray Hoemhstmaner3a lf or
noving t fighS I gi long the pair of .quide rails 31 __and 31
in the prfolgesssiongp?ge% %%g%ﬁ%gf%%i@aa d aﬁyatﬂgrggig‘(ﬁ/ » on the

processi ng- f eebrikpeirese3hiohddng sak€aser 801506 B7d AdARAebbINREN 36he
above pair of guide rails 31 and 30 31 and in parallel to them and a drive

source such a®YaZpF T ISRNST Fiedr Iomety -HAWH -ng ThRe Chick $abéw Béd
371. The mal g sSeawreed b3/ 'ﬁllsgetb rrlott%ron&:oeéquhorvgxtggteﬁ@tyaﬁ%qﬁ 44, ONtO

a bearing block 373 fixed on the ove stationary
cylindrical member 34.

15 The above first sliding 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,
on its top surface, a pair of guide rails 322 and 322 formed
parallel to each other in the direction indicated by the arrow

20 Y. The first slidingblock 32 constituted as described above
can move in the direction indicated by the arrow X along the
pair of guide rails 31 and 31 by fitting the to-be-guided
grooves 321 and 321 to the pair of guide rails 31 and 31,
respectively. The chuck tablemechanism 3 inthe illustrated

25 embodiment comprises a processing—-feed means 37 for moving
the first sliding block 32 along the pair of guide rails 31
and 31 in the processing-feed direction indicated by the
arrow X. The processing-feed means 37 has a male screw rod
371 arranged between the above pair of guide rails 31 and

30 31 and in parallel to them, 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
onto a bearing block 373 fixed on the above stationary base

2 and is, at the other end, transmission-connected to the



2 and is, at the other end, transm ssion-connected to the 7 output shaft of
.the above pul se notor 372 by a speed reducer that is not shown. The nale
screw rod 371 is screwed into a threaded through-hole forned in a fenale
screw bl ock (not shown) projecting fron1#ﬂe undersurface of the center

portion 5 of the first sliding block 32. erefore, by driving the male
screw rod 371 in a nornmal direction or reverse direction wth the pul se
notor 372, theutipust sheifti of theabod2 palrevsstonIMYbihg fpE«le rediulsr3l
and 31 in the _praocessin -fged direction indicated by the arrow X. 10 The
above second st i§ Blc’gcﬁ 8¥MhasThemate serrye g f:%/gc]e,lsa sgaievesk ingope

i ded 3 bRof it it hG18f s G | 2 and
gui ded grooves 3BteaRdd3BirbAghbRolbtfsshd® he ﬁgﬁ‘%}gc %ﬂ}nl(r?%cﬂaﬁn%% an

322 on the top surface_ of the above first s move in
t he i ndexi ng- fS0e#¥Tdi peei ¢ohingdinoa the yndehrsvarfame &F thhelSefitét pogtibea

t 0- be- gui ded gr. S and .331 th | r ide rails 322 and_ 322,
respectively. %‘Fﬁg%%hl}g%’lsttab%qel ﬁr%%’%ﬂcgﬁn% i nﬁ"ﬁé'%:%lo’r'@rst gé(t g 1¥ABGdithent
conprises a fmadte sendexio)sflieeth rERdsm38 dide AIMNIrt S-S50 09 ralirdisRg

block 33 in the indexing-feed direction indicated by the arrow Y 20 al ong
the pair of g¥iidd FBPRIBOMGA@Ir33P2orkenéirstrstidingibdgckhBacis Bavethe

first indexing+fg ans, 1% .8 I ew_ rod 381 which is_arranged
bet ween t he abO\?e(?’:lg(:1&:%;e f lgilﬁ d’leg%'slrsgi%}[z a%'f;%gnd‘rﬁ 9 rPﬁ?acreaﬁlé}g t%aetcLem and
a drive sourcéirsgthoms iadidasedmdyorch¥B2 rirasw ot ary-driving the male screw

2S rod 33& The nalg screw rod 381 is, at its _one end, rotatably supported
to a bearthg bl ock 388 PPR¥E SRCRE S3494met RAIECKoR 3 h@sabeWe iftisr st sl i di ng

bl ock 32 and b%de&%u&&%c@%hﬁrpﬁﬂgioftﬂ&“ﬂﬂﬁdﬁ%fegggrﬁgQﬁgcg§g.éﬁht§§3 Qut put

shaft of the above pulse notor 382 by a spee ucer that is not “shown.
The mal e 30 s®ceRits8dlBe theseaibnef imticearalideaded ahd dzh-dwithe aoped

e oherm o SSERA0sk, (Rl RN, B SSUNY 18! S oSl
the indexing-feed direction indicated by the arrow Y by
15 fitting the to-be-guided grooves 331 and 331 to the pair of
guide rails 322 and 322, respectively. The chuck table
mechanism 3 in the illustrated embodiment comprises a first
indexing-feed means 38 for moving the second sliding block
33 in the indexing-feed direction indicated by the arrow Y
20 along the pair of guide rails 322 and 322 on the first sliding
block 32. The first indexing-feed means 38 has a male screw
rod 381 which is arranged between the above pair of guide
rails 322 and 322 in parallel to them, and a drive source
such as a pulse motor 382 for rotary-driving the male screw
25 rod 381. Themale screw rod 381 is, at its one end, rotatably
supported to a bearing block 383 fixed on the top surface
of the above first sliding block 32 and is, at the other end,
transmission-connected to the output shaft of the above pulse
motor 382 by a speed reducer that is not shown. The male
30 screw rod 381 is screwed into a threaded through-hole formed
in a female screw block (not shown) projecting from the
undersurface of the center portion of the second sliding
block 33. Therefore, by driving the male screw rod 381 in

a normal direction or reverse direction with the pulse motor



bl ock 33. Therefore, by driving the nmale screw rod 381 in a nornal
direction or reverse direction wth the pulse notor 8 382, the second
sliding block 33 is noved along the guide rails 322 and 322 in the

i ndexi ng-feed direction indicated by the garrow Y. The above | aser beam
application unit support 5 mechanism4 conprises a pair of guide rails 41
and 41 that are nounted on the stationary base 2 and are arranged parall el
to each other 38§21 Hehe rrescind-o kit rdj rieldclors 3 nicd ebvash byl oridhac 1y I dé and

a novabl e support, b 42 ted on the guide _rails 41 and 41 in such a
'P‘O%:lalns %?%e ainﬁingﬁg 18 PheckrderIneuterd ctimestioniiasicatiog ¢ he

manner that i
arrow Y. This bymtadbla-sapport base 42 conprises a novabl e support portion
421 novably nounted on the guide rails 41 and 41 and a nounting portion

422 nounted on the fé\faBbeveygpsrar prran appi2katite umintsumpqey tion 422

I's provided w |- Of i rai_l s_15 423 and 423 extending in the
di rgction ?ndir%:%rgadﬁﬁéf{t eco% rrg\%veszaoﬁ%ﬁeo%fg’ilf‘geﬁ%h}(%.dlﬂ?é‘ ddethgdam

appl i cati on urinte msuppedionTenbarniamdhary bAseid byt §f'r§ﬂ§8§?£§"&tllel
conprises a sttecond i ndexi ng-feed nmeans 43 for noving the nbvable support

X
base 42 al ong th&3hk Ptglfergdiruéfheamréi%limaﬁﬁ idi rzT tiloe ilnddxiatgd dad

direction indiwgg gd 1 18] ond i,Adexi ng-f eed_neans 43 has
a mal e screw rod 435&63 ?gﬁgéeg%\gggév%ge%hﬁﬁ(é?g%oacsee% TG PR PRGN d81 and

41 in parall gails tHemmndarkd ardriweh somEraticthas & RHrs endWd ofn 1432 for
r ot ary-drwi nglr{dﬁ .18 ¢ s%gi/v rod 431.. The male screw 25 rod 431 is, at its
one end, Totata eg(l&?pfffc?ret YL I AY Caft st 1Y e WY ¥4 x88i6n t he
above stati onaiowapise sdppbet bse a2 IddHiReSs %ggo%éﬁfé‘%'ﬂggagiz@g%‘}@@% t ed

p re

to the output shaft of the above pul se notor y as ucer “that
i s not shown. 4PHeneBilel ¥ Moaptestion3he gusde ewdd si 41 ana 8D ankr2adedting

the under sur Foeeor P72 HfFefa 351 Bllg vl QuppB e B B fr M rhe"
mounting portion 422 is provided with a pair of guide rails
15 423 and 423 extending in the direction indicated by the arrow
Z on one of its flanks. The laser beam application unit
support mechanism 4 in the illustrated embodiment comprises
@ second indexing-feed means 43 for moving the movable
support base 42 along the pair of guide rails 41 and 41 in
20 the indexing-feed direction indicated by the arrow ¥. This
second indexing-feed means 43 has a male screw rod 431
arranged between the above pair of quide rails 41 and 41 in
parallel to them, and a drive source such as a pulse motor
432 for rotary-driving themale screwrod 431. Themale screw
25 rod 431 is, at its one end, rotatably supported to a bearing
block (not shown} fixed on the above stationary base 2 and
is, at the other end, transmission-connected to the output
shaft of the above pulse motor 432 by a speed reducer that
is not shown. The male screw rod 431 is screwed into a
30 threaded through-hole formed in a female screw block {not
shown) projecting from the undersurface of the center portion
of the movable support portion 421 constituting the movable
support base 42. Therefore, by driving the male screw rod

431 in a normal direction or reverse direction with the pulse



of .t he novabl e support portion 421 constituting the novable support base
42. Therefore, by driving the male screwrod 431 in a normal direction or
‘reverse direction with the pulse 9 notor 432, the novabl e support base 42
is noved along the guide rails 41 and 41 jn the indexing-feed direction

I ndi cated by the arrow Y. The | aser beam application unit 5 in the
illustrated 5 enbodinent has a unit holder 51 and a | aser beam application

means 52 secuttdro 432 whiel md@ladle Fhppbie Waise P2l der mBledNdiodgPehk Of
t 0o- be- gui ded grqoves 511 and 511 to be slidably fitted to the pair o

gui de rails 43318§d T8id ot pahfdvdn identinggxiora- feed 20, r et ars
supported in i&g_gthgtré@%? ttﬂzeata(fr%»\i ty can nove in the direction indicated
, that "1s7” ina

by the arrow i'rection perpendicular to the workpiece
hol di ng surface 36Tacolatbe Bdamrgbpdicshusk 36t cPRs ithet ingukkeatabove

chuck tabldrg 36 Ey fitti ng the to- be-gui ded grooves 511 and 511 to the
above gui r dipeninRagom unidspeddevedy andis Imeer lnaam paPddchideon beam

application 52-C . S8S i.ndri cal Skhg g, ured to
the ' above unteonsy 42, SERRESESLS e, i BBTRRTHRY Do Hlie MRTREIRTY
~casing 521, t haseagEy ndtadtipe-qupdtd eyroasers bearand$aill tatbeoplrEans y522

and a transm it(%n o%tiﬁgl S\éstem 523,20 as, shown_ in Fig. 2. The pul se

| aser beam osditH&EE &R HBEnE21529% ghbAe skaiLs HA 3 andh 3 Boakhes @PPIat or

522a conposedmo@intanéeotaseh £58) ldrd 95 QippdPhed aseERRCL lrr}aq'ﬁf%r apdra
pul se Taser beam

repetition frequency setting nmeans 522b connected to the
osci | | at o¥0 5224, cCFRemevanbi e oii rguttiical ipBispsednb§2Bhe mmriveds thiatabl e

tical elenents C a beam _splitter, .etc. A ,condenser. 524 housi n
ggnldgﬁsi ﬁgel eﬁfssésild( %ﬁ%ﬁ&%&)‘:’%@ﬁ%ﬁ%&&lﬁﬁ &OsEPeoHOrkRd 65€ HQ& gbe a
known for nat isuit fagea3isaehed toel ARiserptabn! REuRIRORE1CASNRE 154 nd 'tﬁ%gr

beam oscillated fromthe ahove pulse |aser beam 30 oscillation nmeans
reaches the cGR@F{§seRuShLankeddhbyritting the to-be-guided grooves 511

and 511 to the above guide rails 423 and 423, respectively.
15 The illustrated laser beam application means 52
comprises a cylindrical casing 521 that is secured to the
above unit holder 51 and extends substantially horizontally.
In the casing 521, there are installed a pulse laser beam
oscillation means 522 and a transmission optical system 523
20 as shown in Fig. 2. The pulse laser beam oscillation means
522 comprises a pulse laser beam oscillator 522a composed
of a YAG laser oscillator or YVO4 laser oscillator and a
repetition frequency setting means 522b connected to the
pulse laser beam oscillator 522a. The transmission optical
25 system 523 comprises suitable optical elements such as a beam
splitter, etc. A condenser 524 housing condensing lenses
(not shown) constituted by a set of lenses that may be a known
formation is attached to the end of the above casing 521.
A laser beamoscillated from the above pulse laser beanm
30 oscillation means 522 reaches the condenser 524 through the
transmission optical system 523 and is applied from the
condenser 524 to the workpiece held on the above chuck table
36 at a predetermined focusing spot diameter D. This

focusing spot diameter D is defined by the expression D (um)



transm ssion optical system523 and is applied fromthe condenser 524 to
.the workpi ece held on the above chuck table 36 at a predeterm ned focusing
spot dianeter D. This focusing spot diameter D is defined by the
expression D(m 10 =4 x Xx f / O x W, gwherein X is the wavel ength (~m
of the pulse |aser beam Wis the dianeter (mm of the pulse | aser beam
applied to an objective lens 524a, and f is the focusing distance (mm of

the objective= éns %244y (whenW] hewipetsen 1Xaser the Deave NaNb Y QRIS the

di stribution %%l%%phggd througqﬁthe objective |l ens 524a of the congenser
524 as shown PR Figr23STRREEPAI Mg T Fhe dlametsr i(Wn) pEdhemyd se drsep
means 6 1S Sbledal spbaiedn® brOS) £8Hi 04 1 S2TANGARE £ONH EULLAGNRO the
above | aser beam application means 52. This Infrafe I mage pi CK-Up ans 6
wi |l be descr P& apcenimer efetke obd eckiiye YengBe dianfwlaeredhermgesdilakep

means sho [ 10 . conprd_ses Il l.um. nating neans 61, a m croscope 62
and an 1\égli ngﬁg#negai TR erggid -St?p%g‘é:\yiréflg’u(qlﬁpr e @RECDEBEhrmgh the

i 11umnating objestGvecarpsi $29aa 0Fas®ebtbndadn skl Wpitnant snbia EFICEMGS a
hal ogen lanp installed in the case 611, a heat-ray absorbing filter~613

arranged bel oW the illuminant 612 and an infrared- t ranspar ent

narr ow band-path fi 20_a nged hel. t.he heat-ray.absorbing filter
613. In the pilluni%%??ﬁglﬁgagg Eaaégﬁhtl lﬁ%? 0y éggﬁﬁbﬁéc BBPe?egHE

i1l uninant 612 is sidwedmcedtt the froner eSAW T ehenedis SHOWPL c¥hatardtiHgr 615
to apply idﬁr ed adia&ion through the infrared transparent
narrom#bé%d;pgﬁﬁ Fﬁpygr éfﬁFlg@?ﬁh@Rﬂ&%ﬁ@ﬁﬁq§r6§@@ﬁe5@2 cBhpFi sraredse
ErRA Aot o T R A R e
1, and an infFaged4transparent narrow band-path filter 624 arranged above
the half mrror 623Thghfn99££ed image pick-up means shown in Fig. 4
comprises an illuminating means 61, a microscope 62 and an

15 infrared image pick-up device (infrared CCD) 63. The
illuminating means 61 comprises a case 611, an illuminant
612 such as a halogen lamp installed in the case 611, a
heat-ray absorbing filter 613 arranged below the illuminant
612 and an infrared-transparent narrow-band-path filter 614

20 arranged below the heat-ray absorbing filter 613. In the
illuminating means 61 constituted as described above, the
illuminant 612 is connected to a power source (not shown)
via a dimmer 615 to apply infrared radiation through the
infrared transparent narrow-band-path filter 614.

25 The above microscope 62 comprises a case 621, an optical
system consisting of an objective lens 622 attached to the
lower end of the case 621 and a half mirror 623 installed
in the case 621, and an infrared transparent narrow-band-path
filter 624 arranged above the half mirror 623. The half

30 mirror 623 and the above infrared transparent
narrow-band-path filter 614 are connected to each other by
a glass fiber 64. The infrared image pick-up device 63 is
mounted to the microscope 62 thus constituted in such a manner

that their optical axes are aligned with each other. The



30-mrror 623 and the above infrared transparent narrow band-path filter
.614 are connected to each other by a glass fiber 64. The infrared inmage

pi ck-up device 63 is nmounted to the mcroscope 62 thus constituted in such
a manner that their optical axes are alighned with each other. The 11

i nfrared i mage pick-up device 63 outputs an electric signal correspondi ng
to infrared radiation applied thereto through the above infrared

t ranspar ent nairnrfaw-rtmhdmpgehpid:kt-ap didd ce Bi3eovtpatsi &n SilgnAlrifd sdghle

infrared i mage, pick- l,Jéldew 3 |s tr smttedtoacontrol means 10
which is corrp&?%&e &cp EitJe‘il Vi‘%e |a(§l951 apel WAt e TetULRTENAR es

out predeterfﬁh%egbﬁﬁécﬁﬁﬂa{hgeél&%n@%a‘r@%&%&f?&ﬁsﬁéﬁ&- §LE-£i b@%mn the
input electric signal to display the result of process ng on a display

means 11. 10 The eArcirdg Snrﬂgélpfckmuipherelanﬁsra&erhwmpaclempstinetrmt:neon

conpri si ng: ei e_infrare trans ar.,r ow- band- pat h
filters 61 63 6'54%%‘?% bEZESSCPQ:P Be -84 T rmt?&Hﬁ’e ih‘gl e 1 FOMPREECNg
means 61 to the habbmpmteu:omﬁza 6ibl e ¥ SRDSAONG 65 thr0lcaHr RS out
necessary, and 15 infrared radiation may be directly applied to the

i | | uni nati ng REEASTEITEREd REanassing roiche 28 dmadee PrAcessidupe HX -
Further, th |
Further, the 'gltals%? tht{t:ﬁg WF%M é‘%‘i%lnaﬁ £8 drg eégéeg%t%{‘s?ﬁtyof

infrared radi ece | r ect
m croscope 62pr2@efisjng dars & djrspifays ey ltihe transrri ttances of silicon

(Si), gal um arseni¢c (Ga and i ndium (1 nP) crystals used as the
mat eri al s f a sem @g‘ﬁd&ﬁ?ﬁr\% éF“agIenptl%é"&Paﬁ'ﬁanst e MRaT RAGHR & axi s
shows the WaV@o‘h@&tﬂh&fldﬂ gﬂ:tm;ﬁk&% e e MY CRle ¢ % Jd al [Lé’acpce

As understood fromFig. 25 of” t he above mater |}ﬁ%] Eave a
transmttance tétansmfermftr&aEuOWahgedopathtﬁllJtCerm Al4 EHmet 6241 e, Thdﬂglass

nar ot DA PR b o bt iR LTI TR e B o e s
mirror 623 of the microscope 62 is not always necessary, and

15 infrared radiation may be directly applied to the
illuminating means 61 and the half mirror 623 of the
microscope 62. Further, the illuminating means 61 may have
a constitution to apply infrared radiation to the workpiece
directly, independent of the microscope 62.

20 Fig. 5 is a graph showing the transmittances of silicon
{81), gallium arsenic (GaAs) and indium (InP) crystals used
as the materials of a semiconductor wafer. In the graph,
the horizontal axis shows the wavelehgth of light and the
vertical axis shows transmittance. As understood from Fig.

25 5, all of the above materials have a high transmittance at
an infrared range of 1 to 10 um. Therefore, the
narrow-band-path filter 614 of the illuminating means 61 and
the narrow-band-path filter 624 of the microscope 62
constituting the above infrared image pick-up means 6 may

30 Dbe narrow-band-path filters which allow to transmit only
infrared radiation having a wavelength of 1 to 10 pum.

The laser beam application unit 5 of this embodiment
shown in Fig. 1 has a focusing point position adjusting means

53 for moving the unit holder 51 along the pair of guide rails



constituting the above infrared i mage pick-up nmeans 6 may 30 be
.narrow band-path filters which allowto transmt only infrared radiation
having a wavelength of 1 to 10 m The | aser beam application unit 5 of
this enbodi ment shown in Fig. 1 has a focr§ing poi nt position adjusting

0

means 53 for noving the unit holder 51 along the pair of guide rails 12
423 and 423 in the direction indicated by the arrow Z, that 1is, in the
di rection per g@ddandl 423 tim tthe Womepitdoa hoHdcagedshyfioe a¥raw @, thet

adsorption chyck 361 .constituyting the bove chuck table 36. The facusin
poi nt Ioposi ti o%gadi‘ﬁ#ﬁen lger%&r‘?élg§§r38ﬁgtlf: Zératﬂ'aq}ée YOrERiess P%F‘lgﬁowg\)

arranged bet wRefathe3gakr oFf taui d@sbabhs oh23nart 423 éBHsei‘éﬁitgﬁgSQHEzce
such as a pulse notor 532 for rotary-driving the nale screw rod. "By

driving the naPevectaurk salioBbésholy fiorus ingrpoint diasddtiiconadiustingse
direction amt I .Qr. 532, the_1 nit holder 51 and the | aser
beam appl igtl:mat ﬁgéﬂﬁeg’ﬁségﬂggbgesn%vg&l% gﬁg‘eﬁhgo&i(&:‘é&r i °§‘m32§r§r"fﬁlg I n

the directionbeitwdienaties pay 1t b€ uidswrdilkni2hend 4 s tamat edehodbaestk,
t he | aser beam agpl i cation nmeans 52 _is_noved up -2%/ drivi rh%@the pul se not or
532 in a nor nEFCHi RFECT iIR3H SHhdAFFed 3dohRt it any T LT g tHhe palsesasesr 532

in the reverseqdi regli o iher , cusin i sistiqn_adiusting
means 53 can gdj ustglt he %%@?t%ég&%l% Egr%%cgéﬁngnﬁgi#‘”@ﬁ eﬁ a(f)llsle:lr8 ggm
appl i ed from theectidanserr S&kirse dackeediva vheh ance plilsbemotasiidp,52he

510 s FUOLE e SIRGSAPLEL- R Eae 20,0 o It o o, Ll casi
embodi ment, i moffeviea lohggehkegulideN rale ol a3er ReamaPRk ¢ald QN YRAND2
Therefore, the focusing point position adjusting neans 53 al so serves as
a focusing potReigasedi by adjeusiiney @eaninf sheadlf lustnygtes embogémenton of
oL oGU 0 PRentagls!Beall BEOTEAREL G2 lend s Y LAGRE LIRHS BLhig
the pulse motor 532 in a normal direction and moved down by
15 driving the pulse motor 532 in the reverse direction.
Therefore, the focusing point position adjusting means 53
can adjust the position of the focusing point of a laser beam
applied from the condenser 524 attached to the end of the
casing 521. Since the above infrared image pick-up means
20 6 is mounted on the casing 521 constituting the laser beam
application means 52 in the illustrated embodiment, it moves
together with the laser beamapplication means 52. Therefore,
the focusing point position adjusting means 53 also serves
as a focusing point position adjusting means for adjusting
25 the position of the focusing point of the microscope 62 of
the infrared image pick-up means 6.
The laser beam processing machine in the illustrated
embodiment is constituted as described above. A description
is subsequently given of a laser processing method for
30 forming a deteriorated layer in the inside of the workpiece
with this laser beam processing machine and a method of
checking this laser processed deteriorated layer.
Fig. 6 1s a perspective view of a semiconductor wafer

20 comprising a silicon substrate as the workpiece. 1In the



enbodi nent is constituted as descri bed above. A description is
.Subsequently given of a |laser processing nethod for 30 formng a
deteriorated layer in the inside of the workpiece wth this |aser beam
processi ng machine and a nethod of checkjgg this |aser processed
deteriorated layer. Fig. 6 is a perspective view of a sem conductor wafer
20 conprising a silicon substrate as the workpiece. In the 13 sem conductor
waf er 20 showAemacpngucgorawalferal2iot yhon dinvifdiong €,i replAkadrieyf @fed in a

| attice pattent .the fron surface 20a, and a.circuit 22 such as IC, LS
or the I!Oke figvggﬁ'h@?‘*%e%tzﬁl ?ﬁ%lf? & l%@eggtgéﬁ?iﬁﬂ%@%o’c‘@%fﬁiaﬁﬁ ty 5
of dividing | snesa2é 20h¢ hasen prpeessi pg gREHOUS 9F, igggpegsﬁe like

deteriorated | ayer in the inside of the sem conductoi wa al ong each
of the dividi A§ fereedZn awplurpditpsef iaredswsehtieheddme ehteopFigalitgnd

Figs. 7(a)r a A : form.the deteriorated |layer in e .inside of
the semi csondggt (Z)lrgg\%/g%é% ;gnz?%o gt hggﬁi g?ﬁ?ﬁgpFPﬁﬁs }ngymﬂEEOfiaggF beam
processi ng matbiménghawdetterfiogatkd 1R eseNinC@RAUGHRS gavaferr@0 is first

pl aced on the chuck table 36 of the above-described | aser beam processing
machi ne shownSFRIFPgAucigrivwaies dh alomaneach ik the dadkding flives20b
faces up and t {,@n; : t h I .ok the_ 1Ll ustrat

enbodi nent, tﬁzgge%gcggghgﬁgrgdmg 5?1 gg%ﬁégﬁggd;&:gnFEHé @hﬁgﬁl klf‘gsl'e‘?g%)i n
such a manner ahtlaf’ (bhe back surface 20b faces up. The sem conductor wafer
20 maybe htgl d on th,g cguck ablﬁ 20 3 6 in such a manner that the front
surface 20 a f acesOupOrHnthe RaERTIgbRrECS61aHBE| bR- hBRdiRgitReof the

sem conduct or sak 8bndlctbs WEFEH 28! L1 d EQE &%P&iﬂfhhﬁegﬂlr ?Sﬁ%‘?’%é ¥efhe

operation of the processing-feed neans and positione OW the
obj ective | enbesR2Pronessing mgchhrei stiowm eich iFirge 125theckenpcondast6r
mounted to thg,kagesoPeameaRRl 3t28 YA b 12 chuck table 36 of the
above-described laser beam processing machine shown in Fig.
15 1 in such a manner that the back surface 20b faces up and
suction-held on the chuck table 36. In the illustrated
embodiment, the semiconductor wafer 20 is held on the chuck
table 36 in such a manner that the back surface 20b faces
up. The semiconductor wafer 20 may be held on the chuck table
20 36 in such a manner that the front surface 20a faces up. The
chuck table 36 suction-holding the semiconductor wafer 20
is moved along the guide rails 31 and 31 by the operation
of the processing-feed means 37 and positioned right below
the objective lens 622 constituting the infrared image
25 pick-up means 6 mounted to the laser beam application unit
5.
After the chuck table 36 holding the semiconductor
wafer 20 is positioned right below the objective lens 622
constituting the infrared image pick-up means 6, the infrared
30 image pick-up means 6 and the control means 10 carry out image
processing such as pattern matching to align a dividing line
2l formed on the semiconductor wafer 20 with the condenser
524 of the laser beam application means 52 for applying a

laser beam along the dividing line 21, thereby performing



After the chuck table 36 holding the sem conductor wafer 20 is positioned
.right below the objective lens 622 constituting the infrared i mage pick-up
nmeans 6, the infrared 30 i nage pick-up neans 6 and the control neans 10
carry out inmage processing such as patteff matching to align a dividing
line 21 formed on the sem conductor wafer 20 with the condenser 524 of
the | aser bean1appllcat|on neans 52 for applying a |aser beam al ong the

di vi di ng |i net2e akmmant péra élameﬁgbqalmtaﬁ@labﬁgnmrEomitaomasé?orbéhms

application p Fo | a nfrar %Iatl |s appl i ed
fromthe |II§%¥hh@gnt n%g%ga%fd # gh lﬁPréFeépP TR (p®reans 6 to
i |l uninate thelﬁemunandngtméan@fEE 30 hﬁbd1ﬁﬂrhbéd0Bﬂﬁbe5piéHLﬁp3ﬁehﬂsSUCh
a manner that the ck surface faces up through the m croscope 62

Infrared radi 85 inat e bhengeniarranater ofafeyr @O thdr@a@h@sChﬁék
i nside of 4 hecagmbcapdyg! eﬁcﬁafaegna%%%n@h'a% the! baEked Bt e suclaggs of

the circuits such as or the ornmed on the
surface 20a othrheghehheodeGDGCOpaféQ 20. An image formed by this

reflected infrared.radiati.on caught he m.croscqope 62, infrared
radi ati on caught byIItlﬁE hEd R i-el%'g i AVEPtIERE SR CORAUSEEt WRECE| gnal

by the inmage pockedphésvike PSsi@ad# 'tﬁuel%e%ll%@ﬂdxfbt%xg%'fe'xs 29eBhdt Pgt he

control neans 10. At this point, the focusing point of the objective |ens
622 consti tufﬁﬁéeﬁﬁédrﬁﬁél’t@@cﬁmfﬁgesstséhetCOIJIcnews sm:hseus ﬂ&‘d@, BBE’' s

cat chos o i neBo B Ehiet FERtes bR ti®o5ho8s elRGarecrls) off thRe o

sem conduct or seaf evndQcebirchalias Deen}u{QQu&&ﬂbeﬂ%dPQQItﬁhs”ﬁ@ﬂ§eé9ed
carries out irmge roceSS|n such as pattern matchi ng based on the signal

from the i magePtprER it ien 6 caugindpbitheaicAqors 6gr otREEREEdON
the display EﬁaﬂﬁtlénaBQuQﬁEeﬁ§ Eﬂ@’ﬁ&é@é@ %;éfaf%1c095%§Qe%nlﬁ§otQﬁ

front surface 20a of the sém conduct or
electric signal by the image pick-up dev1ce 63, and the

15 electric signal is sent to the control means 10. At this
point, the focusing point of the objective lens 622
constituting the microscope 62 is set to the front surface
20a (undersurface) of the semiconductor wafer 20. Therefore,
the microscope 62 catches an image of the front surface 20a

20 (under side) of the semiconductor wafer 20 which has been
focused. The control means 10 carries out image processing
such as pattern matching based on the signal from the image
pick-up device 63 to display the result of processing on the
display means 11 and detect the dividing line 21 formed on

25 the front surface 20a of the semiconductor wafer 20, thereby
aligning it with the condenser 524 of the laser beam
application means 52 for applying a laser beam.

After the dividing line 21 formed on the semiconductor
wafer 20 held on the chuck table 36 is detected and the

30 alignment of the laser beam application position is carried
out as described above, the chuck table 36 is moved to a laser
beam application range where the condenser 524 of the laser
beam application means 52 for applying a laser beam is located,

to bring one end (left end in Fig. 7(a)) of the predetermined



alrgning it wth the condenser 524 of the |aser beam application neans 52
for applying a | aser beam After the dividing line 21 formed on the

sem conductor wafer 20 held on the chuck table 36 is detected and the 30
alignnent of the |aser beam application pggition is carried out as

descri bed above, the chuck table 36 is noved to a | aser beam application
range where theg condenser 524 of the |aser beam application neans 52 for
applying a | aSer lt?g‘ﬁ’rﬂ i%n?o%Jatté}jﬁ Pl biomg iahd brdowl Bhe condidnsdd §247 (a)

) of the predefresRk Ny Ly gi0gs L tQ aposition ri . below t he
condenser 524 of thgé%egggag‘eg%gglp%?%%%#gﬁ%ﬁg sa%fhé’@‘sﬁ’g%?nﬂ?é: 7
(a) . The chdde chbkk 86blehas, i shathes seflie andiicdadued s wadrS 20mpved in

the directi onmi I"lrdi cat%&1 bé.the arrow X1 in Fig. 7 (a) 5 at a predeternined
processi ng- f eBF VFSt AR MG BLLeRERoR 1nderatedhy shpaiwowKlpis Fimy THRdUgh
the seni conduetos peddstBninsd FHdad i d D | 1€, 8
deteriorated | ayerl:yﬂ%c orm ng:L st egﬁ:gys carlri e %él}ff%gérﬁg%,ﬂv%éﬁﬁts%elgser
application P63 ranabietfé rponstngcthsdghnft e drasendesmrappltiegapoon 10

52 : r.e ri.ght end_in Fig. 7(b of. the dividin
Tne 21 a6 Shaueymt R Lo bhe Carmensi 5ed Fork- «of A9 TAated achderepoam
is suspended dndmihg sweemant cafrrikel cfYck rABhE whent SHF Eg?lﬁﬁgtion

ay

sem conductor wafer, 20 is stopped. In this deteriorate orm ng
step, a deter P8Fatéan af rha sondensey SRtedf| the Hasersibeéemodpphication

sem condud orméaher s20,e8LRAY LNE ALNLAI G | N8GL B SEIELRG LR, fogys n

point P of the pulse |aser amto a pr nsi de

of the senicotbecdovidahgrlPfe Zlhias dhbehi Dhareg. 1@)er t240app1ioLerdnas a
nol ten-resolidi_fj.ed | in whjch 20 the wafer has been once nolted and

er '
then re-sol i d°fi & e dEcEN %ﬁa{“ehrs ISRRRERERS ARG Blee o aRENG Ot Bleas to
be exposed tehtbe fawid 38?:@1?&@1393.:1@ séﬁ?céﬁgh‘él?ﬂg% r ¥8h&s sﬁggpé?g set

processing conditions in the above deteriorate ayer formng S
as follows, foF dighppéeriorated layer forming step, a deteriorated layer
15 210 is formed in the inside of the semiconductor wafer 20
along the dividing line 21 by setting the focusing point P
of the pulse laser beam to a predetermined position in the
inside of the semiconductor wafer 20. This deteriorated
layer 210 is formed as a molten-resolidified layer in which
20  the wafer has been once molted and then re-solidified. The
deteriorated layer 210 may be so constituted as to be exposed
to the front surface 20a of the semiconductor wafer 20.
The processing conditions in the above deteriorated
layer forming step are set as follows, for example.
25 Laser: pulse laser having a wavelength of 1,064 nm
Repetition frequency: 100 kHz
Pulse width: 25 ns _
Peak power density: 3.2 x 10%° W/cm?
Focusing spot diameter: 1 um
30 Processing-feed rate: 100 mm/sec
The deteriorated layer 210 formed in the inside of the
semiconductor wafer 20 along the dividing line 21 cannot be
checked from the outside as described above. Therefore, it

is necessary to check whether the deteriorated layer 210 is



25  Laser: pul se | aser having a wavel ength of 1,064 nm Repetition
-frequency: 100 kHz Pul se width: 25 ns Peak power density: 3.2 x 1010 Wcn®2
Focusing spot diameter: 1 m 30 Processing-feed rate: 100 nm sec The
deteriorated layer 210 fornmed in the insix¥e of the sem conductor wafer 20
along the dividing line 21 cannot be checked fromthe outside as descri bed
above. Ther ef I S, heces to check whether the deteriorated | ayer

A
210 is 16 forﬁégmﬁé ?Egﬁﬁ?eaéﬁé?ﬁ?ﬁ@ﬂnﬁgspPFbﬁlPﬁ {Rethfsipeiade @ﬁethe
sem conduct or @t 85ndAcwbihpstef aid i1 TheN: %I{(?L tﬂfer?b%ﬁerdﬁﬁgdéou

| ayer formng step, a deteriorated |ayer chec I's carrie
deterlorated tlayerisrahedkilayest éprwihb bEepesardEEérmeratBHeﬂawmmﬂth

ref erence n the deteriorated | ayer c¢hecking step,
as shown in ?gﬁgkéngtﬁgeghgéchﬁﬁFsdBQUQ ﬁ@yéd§¢ﬁe¥h%¥ﬂF?éc%?$%rlndlcated
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deteriorated |ayer formng step is conpleted, to rlng the ot her end

(right end intfi§igg)8opn hEl§|v9d|ng line 21 (i.e., dividing |ine where
the deteriorated | ayer forned i-n . the det rlorated | aye

forming step) forn% thg %#%% ordcore mé?l 8 dnaﬁhﬁheﬂﬁckntable

15 36 to a poBiyian thghihd:lﬂ& ewbllBes ®bjsatd vo@ 1 hefise @3.%e‘é:‘t’1%'&1i indiegcdde
infrared i mage pick-up neans 6. Thereafter, infrared radiation capable of
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210 is formed in the above deteriorated layer forming step)

formed on the semiconductor wafer 20 held on the chuck table
15 36 to a position right below the objective lens 622
constituting the infrared image pick-up means 6. Thereafter,
infrared radiation capable of passing through the
semiconductor wafer 20 is then appiied from the illuminating
means 61 of the infrared image pick~-up means 6 to illuminate
20 the semiconductor wafer 20 held on the chuck table 36 through
the microscope 62. At this point, the focusing point Q of
the objective lens 622 constituting the microscope 62 is set
to a predetermined depth position where the deteriorated
layer 210 in the inside of the semiconductor wafer 20 is formed
25 (focusing point setting step). Thereafter, the chuck table
36, that is, the semiconductor wafer 20 is moved in the
direction indicated by the arrow X2 in Fig. 8 at a
predetermined scanning speed until the focusing point Q
reaches one end (left end in Fig. 8) of the dividing line
30 21. Asaresult, an image of the predetermined depth position
of the semiconductor wafer 20, to which the focusing point
Q of the objective lens 622 constituting the microscope 62
has been set, is caught by the microscope 62. The image

caught by the microscope 62 is picked up by the infrared image



| ayer 210 in the inside of the sem conductor wafer 20 is fornmed 25
(focusing point setting step) . Thereafter, the chuck table 36, that is,
‘the sem conductor wafer 20 is noved in the direction indicated by the
arrow X2 in Fig. 8 at a predeterm ned scanni ng speed until the focusing
point Q reaches one end (left end in Fig-"8) of the dividing line 30 21.
As a result, an inage of the predeterm ned depth position of the

sem conduct or pwekeip2devieemsischot Be teeyerR@dPohRb af? eiebbei bjsggﬁéxe
| ens 622 constituting the m croscope 62 has been set, iIs caught t he

ni croscope 62WhiER Afagbencseght thy threcantrodcopene2lps ( pnagedpipkbypt he

infrared i mag pi ckg Up, | opverted into_an electric_signal
which is thenggéﬁt} 'to'f?ﬁecg%%%?gllﬁér%}égﬁqo ?Fﬁﬁﬁa 8Ptk}ﬂﬁgesPEBfgs%ﬁEg
control neansbiBedasn the imdgd Hage doiacessd BY tHasadrenebhiadg@peciatp

obt ai ned the infrared inmage pick-up 5 nmeans 6 to display an image on

t he di spl nB5A8S1 9. TR gisplanome dmaggampl &her dikelayageadisspllayed on the
di splay neans 11. |p;Eigg c oL ki f e 4 ' e.area A
of the dividing i nEL5} % sholarC ERRR1R00F Al g%éogf%ctdég%g‘%ge\?ak’grt%,
areas on bot hdéspésyofieehe ddea A of the dividing line 21 (upper and | ower

sides in Fig. 9 arf a%,leas B %egre the circuit 22 is formed. Further, the
deteriorated |ayer 131%'9s %h FROERE RAELOR 6F the Hpayeliifythenarea in

Fig. 9. Thisangansmd katyildieiflatield o91akEamsay 0 0 e
predet erm ned depth Eosivtli on c’gf J't he semgcoé\%u% ct)%ljewaa?éyg égﬁg?ﬁﬁgﬁgtég t he
deteri or at®d Wafer 200 aseanown Hntla siidekenf theeabsxdusd ahpuliseidaser

beamis used he., | ea applied.n the_ above deteriorated | ayer
form ng step. ﬁﬁxr}%;% @?‘5??&@ \%dgﬁpeﬁ:g Sidgs éﬂthgha'?)r qq%@reagsgtvﬁ]lée¥90
standard |inetheecshewdt Ihisshpoimédne FarthdrQr wad parakkgkatbs 189er

processi ng-feed direction indicated by the arrow X in Fig. 1 in the

ni croscope 622aAdiPsSBPYYntd Wiehaxer kel ¢the dividing line 21 in Fig.
9. This means that the deteriorated layer 210 is formed at

15 the predetermined depth position of the semiconductor wafer
20. InFig. 9, thedeteriorated layer 210 is shown by a broken
line because a pulse laser beam is used as the laser beam
applied in the above deteriorated layer forming step.

In Fig. 9, the dividing line and a hair line C as the

20 standard line are shown. This hair line C is formed parallel
to the processing-feed direction indicated by the arrow X
in Fig. 1 in the microscope 62 and is aligned with the center
position of the dividing line 21 at the time of the above
alignment. Therefore, in the above deteriorated layer

25 forming step, the deteriorated layer 210 is due to be formed
at the center position of the dividing line 21. However,
when a laser beam is applied for a long time, the laser beam
application means 52 becomes hot and thermally expands and
as a result, the application position of the laser beam

30 applied from the condenser 524 of the laser beam application
means 52 shifts in the direction indicated by the arrow Y
in Fig. 1. When the above deteriorated layer forming step
is carried out in a state where the laser beam application

means 52 thermally expands as described above, even when the



position of the dividing line 21 at the tinme of the above alignnent.
.Therefore, in the above deteriorated |ayer 25 form ng step, the
deteriorated layer 210 is due to be formed at the center position of the
dividing line 21. However, when a |laser pgamis applied for a long tine,
the | aser beam application neans 52 becones hot and thermally expands and
as a result, the application position of the |aser beam 30 applied fromthe
condenser 524 SOPdERSeraged HSamcapiiigrad @ toeamscEel stiitht then ddmter

di rection indi ; \ Y. i-n_Fi ..Wen the_ahove_deteriorated
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application rebanslef2ribeamld 1 agerands ds desaidded abewdita\wen wMigh t he
18 condenser 5%4 %s S0 alh ned as to accord with the center position of

the dividing FPA&tE1EE0M tHE G8THEL HPOFhEIaRIGhFRAIC L Vidiawbive i2dr-at Bégl ayer
210 is forsedoathawdQSistia@R WALED tisdidhs it LdQnLof  t he
dividing line 21. Fig. 55a9 shows a %{gtegt%\%ﬁg%e@t:eglgggéﬁ%dﬁ%ﬁl&ﬁ a§§?m210

shifts from the eemter peasitticon, theatis s thiehiva hailind geo £ ofe theidixgdi ng
a deteriorated layer in

line 21. Thus,.accqtdi to the nmethod of checkin
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it is thus checked in the deteriorated | ayer checking step that

deteri orat ed Pay&iP220tPscheckfvherher dthe lde arddetadrad degeposist fonmedt t he
sem cond or e deteriorated |layer formng step is
Ued a%aéﬁ% BQFdeEQ?mEQ%% pﬁ%l%ﬁgP’O%hgﬁt

carried out 15 again’if necéssary. “Fart i‘t 1s checked that the

deteriorated |ayer @iénshtfis thas thecpreadehetrinadtep9sirhicen, 1hjerabove
second i ndexin 3 is_activated to correct the position in the

-feed
Y direction oFgFﬁE§882§€%§éﬁ“ﬁ?imﬁbﬁ@FFF&P?ﬁ@eﬁh§3Y9§e¥l%é%hﬂ@ﬁpf@E&@ﬁon
means 20 52 he ﬂeégrwuu&,etraanmss;}aiasﬂo i nﬁ%&ﬁ&&%&m&}%& 2bhe

deteriorated |layer 210 shifts fromthe predet
the above deteriorated layer forming step is carried out

15 again if necessary. Further, when it is checked that the
deteriorated layer 210 shifts from the predetermined
position, the above second indexing-feed means 43 is
activated to correct the position in the Y direction of the
condenser 524 constituting the laser beam application means

20 532 to deal with the above shift. When it is checked that
the deteriorated layer 210 shifts from the predetermined
position, an adjustment screw (not shown) provided in the
microscope 62 may be adjusted so that the hair line C and
the deteriorated layer 210 are aligned with each other to

25 carry out the above detericrated layer checking step.

The difference in the position in the thickness
direction of the deteriorated layer 210 formed in the
semiconductor wafer 20 can also be checked in the above
deteriorated layer forming step. When the semiconductor

30 wafer 20 has differences in thickness direction, the
deteriorated layer 210 cannot be formed uniformly at a
predetermined depth in relation to the refractive index, at
the time when a laser beam is applied. As a result, the

deteriorated layer 210 with differences of the positions in



position, an adjustnment screw (not shown) provided in the mcroscope 62
.,may be adjusted so that the hair line C and the deteriorated |ayer 210 are
aligned with each other to 25 carry out the above deteriorated |ayer
checking step. The difference in the posif{gon in the thickness direction
of the deteriorated |ayer 210 fornmed in the sem conductor wafer 20 can

al so be checked in the above deteriorated |ayer formng step. Wen the

sem conduct or tBe i eknes dig editfifoer ackesrniad .t hiTokeiessk dihriectii fier éhee

deteriorated y 2 nnot .be forned uniformly at .a predeterm ned depth
in relation t%%tﬁéerégﬁggﬁpyelpnﬁgf,ggﬂc éstghéeﬁﬁéﬁnaéﬁaggﬁ beami s
applied. As adeesylibratba 1&geeriiy atee Ea&ﬁéiﬁégpd\iﬁth o therepsest phet he
positions in 19 the_thickness direction is fornmed. To check this difference

of the positi 6fPFnS2ReCPREERNUSI NG et PaRTOSCORE 6detisr Movedednl &per 210,
Lhe, Loceigo, RerRbepbol BErplASEhN, L6TS 20, COmILL AR LY® I Srscore

62 is noved int I 'on perpendicular

surface 36la36latdie thdsadps bl chictick616T ersisitlitiitic gt fite ApRMe: husk

t abl e 36, tha% hi, Ln the thickness direction of the sem conductor wafer
20, which is FABt€af8d bjathdsar iBwthe thipkgess diggcthensesnibeg is
carried out, LhgkebnairkiRrg -t 2BOSSH .0 chae | f e f,the
position in the thicknegs g%?g%t?gﬁ gpgkﬁeageggggéﬁgggdg#a%gé gggoﬁo%ned
in the sem condiitgorl nadnd 202 sAfamrindd deteriedabed,| agerebgrmakingt ep

and the terpLorate ayer checki step are carr out along the 15
dividing]1q)|enel 1p?ﬁsgﬂiep€%d§?%$$gﬁﬁgi4ﬁ¢£ﬁﬁqqﬁ? BRSLheNatBrtHB as
descri bed aboyrickhesghifketabbg 36 tle tbEerlasgt Py @PRIII(CRbARINEANS 52
i s i ndexing-noved by a distance corresponding to the 1nterval between the

di viding I'i nEBe23emiceprdurhgaxiagedi P8etion indicated by the arrow 20 Y in
Fig.. 1tocarry OQAfEQf @BgvﬁeggkggkgEg&e§abg¥eEoiﬁ&ﬂhngtep and the

deteriorated layer checking step are carried out along the
15 dividing line 21 in the predetermined direction formed on
the wafer 20 as described above, the chuck table 36 or the
laser beam application means 52 is indexing-moved by a
distance corresponding to the interval between the dividing
lines 21 in the indexing direction indicated by the arrow
20 Y in Fig. 1 to carry out the above deteriorated layer forming
step and the deteriorated layer checking step. After the
above deteriorated layer forming step and the above
deteriorated layer checking step are carried out on all the
dividing lines formed in the predetermined direction, the
25 chuck table 36 is turned at 90° to carry out the above
deteriorated layer forming step and the above deteriorated
layer checking step along dividing lines formed in the
direction perpendicular to the above predetermined direction,
thereby making it possible to form deteriorated layers 210
30 in the inside of the semiconductor wafer 20 along all the
dividing lines 21 and to check the formed deteriorated
layers.
In the above-described embodiment, the deteriorated

layer forming step and the deteriorated layer checking step



step and the deteriorated | ayer checking step. After the above
.deteriorated |l ayer formng step and the above deteriorated |ayer checking
step are carried out on all the dividing Iines forned in the predeterm ned
direction, the 25 chuck table 36 is turne%oat 90 to carry out the above
deteriorated |layer formng step and the above deteriorated |ayer checking
step along dividing lines forned in the direction perpendicular to the
above predet eﬁﬁien‘é%lrm?‘é(ﬁutoﬁlteﬂ?nefceﬂy emldawd) divpdsaghling @1if.or Rfter

det t ed de.of th duct f
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| ayers. Int hEhethMELdiﬁm_;ﬂ.u.heé Znedingdnin thé@:a(ﬁ.tleﬁDorﬁ{eeéetéf‘Yﬁfaf:QHm ng
step and the geterlo d layer checking step 20 are carried

al ternatel y on2¥¢8Eh 8PGKAPAg SteRe Y. beFéﬁrlﬁﬁeO@éterODraféarlaber fornlng
step is cari I I i S nth

the deter ﬁ)r atagge%ggg;:gg Jé%}t%]lﬁgggﬁéglgnn%é%q%cgﬁff e%dgﬁﬁq: &b'a Bﬁué? ﬁg
deteriorated pdydividinynhines@ls tier et rddira®ed 1plverakhby ki Qtépdlng
lines 21, the deteriorated |ayer heckln step my be carried out at
random 21 | P rﬁlﬁgtﬂﬁg %ng a | aser processed deteriorated
| ayer forned in the |nS|de of a morkplece along a dividing line by
applying a | aser beam capabl e of passing through the 5 workpiece to the
wor kpi ece along the dividing Iine formed on the workpiece, the nethod
conprising: a focusing step of positioning a mcroscope of an infrared

i mage pick-up neans opposite to the dividing line formed on the workpiece,

and setting the focusing point of 10 the m croscope to a position where the
deteriorated layer in the inside of the workpi ece has been forned; and



an.image pick-up step of picking up an inmage of the inside of the

wor kpi ece by noving the infrared i mage pick-up mneans and the workpi ece
along the dividing line relative to 15 each other to scan the workpi ece,
wherein the deteriorated |ayer formed in %Ee inside of the workpiece is

checked based on the imge picked up int I mge pick-up step. 20 2. The
nmet hod of checking a | aser processed deteriorated |ayer according to claim
1, wherein a stadagamd |ine parallel to the relative novenent direction is
formed in the m crogcope, and whether the deteriorated |layer is forned at a
predeterninedlposit%oﬁe%§°5h85k§§eﬁéééa én1asgmi Progesnesn detsringasesdndar d

ine and the delanl goahel iRy eheViRs ek MBOC, AR LhRAD, Rl cked 3?@;1@@?&3 -

nmet hod of checki'ng a | aser processe eterior ayer

1, wherein théifecbyiapphping ofa3@rt beamicamddape fi Sasvyed tihrddgh the
t hi ckness girection of the .workpiece to scan it, thereby checking a

di fference” i n HEPIESE 5% rHheh HardRifce Aithec Giyd ddng Hdngeformedat ed

| ayer. 35 on the workpiece, the method comprising:

a focusing step of positioning a microscope of an
infrared image pick-up means opposite to the dividing line
formed on the workpiece, and setting the focusing point of

10 the microscope to a position where the deteriorated layer
in the inside of the workpiece has been formed; and

an image pick-up step of picking up an image of the
inside of the workpiece by moving the infrared image pick-up
means and the workpiece along the dividing line relative to

15 each other to scan the workpiece, wherein

the deteriorated layer formed in the inside of the

workpiece is checked based on the image picked up in the image

pick-up step.

20 2. The method of checking a laser processed deteriorated
layer according to claim 1, wherein a standard line parallel
to the relative movement direction is formed in the
microscope and whether the deteriorated layer is formed at'
a predetermined position is checked based on a shift between

25 the standard line and the deteriorated layer whose image has

been picked up.

3. The method of checking a laser processed deteriorated
layer according to claim 1, wherein the focusing point of
30 the microscope is moved in the thickness direction of the
workpiece to scan it, thereby checking a difference in the
position in the thickness direction of the deteriorated

layer.
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