1" METHOD OF CHECKI NG A LASER PROCESSED DETERI ORATED LAYER Field of the
.Invention The present invention relates to a nmethod 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 & of passing through the workpiece
to the workpiece along the dividing line fornmed on the workpi ece.
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“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 optical 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



2 spindle, a cutting blade nounted to the spindle and a drive mnmechanism
for rotary-driving the rotary spindle. The cutting blade conprises a

di sk-1i ke base and an annular cutting edge which is nmounted to the side
wal | periphery 5 portion of the base and foornmed as thick as about 20 m by
fixing dianond abrasive grains having a dianeter of about 3 pmto the base
by electroform ng. Since a sapphire_substrate, silicon carbide substrate,

etc. have hi gﬁ%ﬁé%a?dﬁ‘é’é’élnéﬁjﬂ% I%UtnﬁecqﬁéanﬁﬁesEmﬂ%gandi@ Brade is
not always ea Chlglillrltslﬁprfmswytea S NG R g%ecr?lu}?s %etﬂalcé(neqﬁ cof about

20 m the dividing I'itnes for ectioni ng deV|c as thick as about
50 pm Theref @nﬁ,tmmhtl}aeiecmmflsﬁsja/ldemﬁaMMagseamnd a’iﬁ(ﬂarpmbarsoo pm

the area ratio ie t.he dividin es | ar ge, ere

oaucime o or acitond e it L myitad 0% e | T

wor kpi ece c dyct , | aser, I S od for
2ppl ¥ ng ag‘suiboafsﬁliosri?@ IS AR Fornd AR o] %‘%?@Sfﬁﬁéﬁ}w th

its focusing poixingetlax®nd atm@amm deradinst hevimga at dilaedieri déd abvasitbeen
attenpted, and d'SC|g§Fd by JP—A 2003- 88975, for example. In the dividing

met hod usi ng t M |58 & & EAR HIROE S TG @ fé”cﬁ%%%e t he workpi ece is divided

by applying a pul sediagers keppnafre afbstfdes eeinange capabie sobspassieng
t hrough the workpi ece 25 from one side of t he wor kpi ece with its focusing

poi nt set to &l hﬁyed@%b’&ﬁm hﬁmdugrsy f Ot Tt breq etditer *ah@dabca\p%rcsltutﬁngt he
i nsi de of ,the c I id ines erti I
16 S%) Soé‘é&%& éy ?ggﬁheﬁ hgsng%éﬁh é ﬂ% Fﬁ%

force along the |ng Ilnes mhos Uced
formation of thes 359 ﬂﬁi’fcﬁd’ﬂé}és’:‘t@ﬂ d9NEF 20 Tmn d'ﬁﬂéjeditﬂebﬂfigi klpu%%? mw ng
[

deteriorated layers forned in the inside along the dividing Iines wthout
fail sectioning devices must be as thick as about 50 um. Therefore,
in the case of a device measuring about 300 pum x 300 um, 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_proéessing technique,
the workpiece is divided by applying a pulse laser beam of
an infrered 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 ins:de 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



by applying a pul se | aser beam the deteriorated |ayers nust be reliably
.formed at a predeterm ned position in the inside 3 of the workpiece.
However, when a pul se | aser beamis applied wthout positioning the
focusing point of the pulse |laser beamt® the predeterm ned position in the
inside of the workpiece, the deteriorated |layers cannot be fornmed at the 5
pr edet er m ned ition,in the inside of the workpi ece. Since . the ..
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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 deteriorated 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 _nside 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



means and the workpi ece along the dividing line relative to each other to
.scan the workpi ece, wherein the deteriorated |ayer forned in the inside of
the 4 workpiece is checked based on the image picked up in the inage

pi ck-up step. A standard line parallel to4he relative novement direction
is formed in the mcroscope and whether the 5 deteriorated |layer is forned
at a predeterm ned .position i ecked based on a_shift het n the
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Further, the dieausigigtegi.nt of the mcroscope is noved in the thickness
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| aser beam Fig. 4 is a diagramof the infrared image pick-up neans 30
provi ded in ttelesierrdfeenn ayeessi ng machi ne shown in Fig. ‘
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;

F-g. 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



1, Fig. 5is a graph showng transmttances of sem conductor wafer
.materials; Fig. 6 is a perspective view of a sem conductor wafer 5 as a
wor kpi ece; Figs. 7(a) and 7(b) are diagranms showing a step of formng a
deteriorated |layer in the inside of the wbrkpiece by using the |aser beam
processi ng machine showmn in Fig. 1; 5 Fig. 8 is a diagramshow ng a step of
checking the _deteriorated |ayer fornmed in the inside of the workpiece in

t he deteriora?%dalggﬁgpf8?ﬁing step shown in Figs. 7(a) and 7 (b) ; and
Fig. 9 is a diagramrddsan (&Roen8f 7t1be hPsi deagtakbesndPimgrkpsesg ®fcked up
in the deteriorated layer formng step. Detailed Description of the
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Detailed Description of the Preferred 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.
1 comprises a stationary base 2, a chuck table mechanism 3
for holding a workpiece, which is mounted on the stationary
base 2 irn 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



30 nmechanism 4 in such a manner that it can nove in a direction indicated
by an arrow Z. The above chuck table nechanism 3 conprises a pair of guide
rails 31 and 31 that are nmounted on the statlonary base 2 and arranged
parallel to each other in the direction 6€ indicated by the arrow X, a first
sliding block 32 mounted on the guide rails 31 and 31 in such a manner that
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arrow 20 Y. The rfl%tessggdwgop g%n?»&&&e?ﬁl)gygﬁgngf % %&ef&a Rove oan

nove in the direction i1 ndicated by the arr palr o gu
rails 31 add 3b bhati &t sergicdedbotbe-wrieleds grwomplaaé antha&8M dmtlhlaae pair

oF gurde ol e S ho1 g SaPESh ey sgThe phuck Leble echaniom 9o the
the first sli @3”& bl ek 32 Q10 e Pad rncPJ sQ&BvH? r @hleS Bhcradnit i3 the
processing-feed direction indicated by the
is rotated by a pulse motor (not shown) installed in the
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 in the 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



arrow X. The processing-feed neans 37 has a nmale screw rod 371 arranged
-bet ween the above pair of guide rails 31 and 30 31 and in parallel to them
and a drive source such as a pulse notor 372 for rotary-driving the nale
screw rod 371. The male screwrod 371 is,/ at its one end, rotatably
supported onto a bearing block 373 fixed on the above stationary base 2

and is, at th r L8Sl.Qn- q&ggq% t 7 p t of
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conprises a first 1 ndexing-fee ns 3 r noving the second sliding
bl ock 3310n the indee apofreed etionelctsildraingdidatodd 3By Halse @nr dwsY 20 al ong
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a drive source such as a pulse notor 382 for rotary-driving the nmale screw
25 rod 381. Tisainf@lce od&r eherabdosglfisst atlidinamivd oerkd 32r @t @iyt ynove in
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
indexin¢g-feed means 38 for moving the second sliding block
33 in the indexing-feed direction indicated by the arrow Y
20 along ths 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



supported to a bearing block 383 fixed on the top surface of the above
.first sliding block 32 and is, at the other end, transm ssion-connected to
t he out put shaft of the above pulse notor 382 by a speed reducer that is
not shown. The male 30 screw rod 381 is s8rewed into a threaded through-hole
formed in a female screw bl ock (not shown) projecting fromthe

under sur f ace the center poriion of the second slidin bl ock K. .
horetore by i vine TrEondret Lolnd pesase T Soves o ot 1w s
reverse directadhsva1h dte 30 3@ FBEOIn8ex88d-rtBE SELLORE: Shi thdt ek 33
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as a pul se noportion 422 mounted on the movable support portion 421. The
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
a second indexing-feed means 43 for moving the movable
support nase 42 along the pair of guide rails 41 and 41 in
20 the indexing-feed direction indicated by the arrow Y. This
second indexing-feed means 43 has a male screw rod 431
arranged between the above pair of guide 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



432 for rotary-driving the male screw rod 431. The nmale screw 25 rod 431 is,
.at its one end, rotatably supported to a bearing block (not shown) fixed on
t he above stationary base 2 and is, at the other end,
transmi ssi on-connected to the output shaft of the above pul se notor 432 by
a speed reducer that is not shown. The male screw rod 431 is screwed into a
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support portlgnldalrammstAﬂuhndg4uhennmhabhﬁdesmpgefbeﬁaﬂeré&tl&herefore by
driving the g scre od 431 in a_normal direction or reverse direction
with the pul seP8iCaGEar X3§hetﬁérﬁﬁv§ble support base 42 is noved al ong the

guide ralls 41 and ! fasbe baspddor fead o neld ool pdbcal edsbyatbe arrow
Y. The | aser beam application unit inthe illustrated enbodi nent has a

uni t hol dé&r 5&mbndimehsskas taeatmla:plpbldarlfdnandearﬂsa&'k beam eppl bcéheonni t

hol der 51. The unit _hol der air. o guj.ded gro and
511 to be sli856F§ ?l??%ﬁF?%'?%gﬁﬁhl l&fhﬁgg gﬁrlgl'l ngﬁd gaeEn

above mounti ResPPIE N0 # 22 - S Sy BRBLRd 591%4@5@1@@@@51%&1@19 It
can nove in the direction indicated by the arrow Z, that 1is, in a direction

perpendlcularfﬂétﬁﬁetﬂoFkﬁlEééthfdgmgdes@ﬁﬁkﬂxﬁZﬁiﬁmdbﬂZQh@naﬂbérprﬁﬁ chuck

361 constituthng-thes gopkeoanick Lol e 3o lidl o bhe 4 g b ouided

grooves 511 e above gU|de rai Fespectrve

The il lustoat ed tasetiobeam ap Id(iafelctiﬁolﬂieaﬁ5152tedO}ﬂthIS@%r&'d&y|ZI ndhacal
casing 521 that is secured tqQ the above unit holder 51 and extends
subst anti al | y1for iRoAt SFFGCTIPR PREPERSIAY1I8T 10t hBReWarEPLASEaNPEEIRIpUI SE

e, ST SRR 22200, BTSSR, SRR Rl pyshemEE 20,
pul se | aser bebmwmschhthﬁuﬂﬂ&QZ&'bpnmmEﬁﬂhg 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 _aser beamoscillated from the above pulse laser beam
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)



of a YAG | aser oscillator or YV04 |aser oscillator and a repetition

. frequency setting neans 522b connected to the pulse |aser beam oscill ator
522a. The transm ssion optical 25 system 523 conprises suitable optical

el ements such as a beam splitter, etc. AOcondenser 524 housing condensing
| enses (not shown) constituted by a set of |enses that may be a known
formation is attached t he n?wof t he above casingpSZl. Laser

A beam
oscill ated from £ht v fulde (VBSERIBehm S 38YEVFLEPESR MBhsCEI eaches

t he condenserpile tlseugbebig Wt L8NS SEi et | (@al) SYstBe S2Bsanchd s
applied fromthe condenser 524 to the workpi ece held on the above chuck
table 36 at Re¥re@eldesi hed T 6L01SICHd Vepbtn e -epnD, I T BheflRusiify spot

dianeter Dis i t p i = 9 i

(wherein k isdj([j%eér\?\(g%e(ﬁér)lg t?ﬁ)éﬁ%%&&%&%e %%)ewﬁgéatn@gwéggt%e%ﬂnet er
(M) of tbe mese hasetg decauappdi etributhonb ecipyeibenshb@d4ah and f is
the focusing djstance (nn; of the_objective | ens 524a) when the pul se | aser
5 beam havi ng?) ¥8use® dt €15 i Dtdd ol | APHIRERLIHTF otrrh 2heShIB e i1 8491 ens
524a of the cgndenser 524 as shown in Fig. 3. Returning to Fig. 1, an
infrared i mage pick-up neans 6 is situated at the front end of the casing
521 constituting Reitumigbpve |Espr lbeam appriatati onmageapscls2up Theans

infrared i mage .pi ck:u ans il | _be described w.th erence. to . Fig. 4.
The i rar ed T Rus BRERET rridte ERBATh OF TS £t P oG T T et | ng
nmeans 61;]0a nMigs osiORe B2s@ndpasm ApplnEaaied hEBHS BRCK-Tpi slemi £eafddfrared
CCD) 63. The illum nating neans 61 coggrises a case 611, an illumnant 612

such as a hal bgeee | RhpkTwetmesred Prvihe kastesanibed Wkl - FeleB@ReRr bitg
filter 613 arffﬁgeg bel ow the illum nant 612 and an infrared-transparent
narr ow band-path filter 614

The infrared 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, anoptical
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



20 arranged below the heat-ray absorbing filter 613. In the illumnating
-means 61 constituted as descri bed above, the illum nant 612 is connected to
a power source (not shown) via a dinmer 615 to apply infrared radiation
through the infrared transparent narrowlband-path filter 614. 25 The above
m croscope 62 conprises a case 621, an optical system consisting of an

obj ective len t t.0. 4| | r d t.he cas .ang. | f
mrror 623 i ng g%%é%& ?ﬁ?‘f%glcc%g‘l%gf? aﬁdggr?ul rﬁurtasr & ?rfggé)%é?e%t&yf

narr ow- band- pabhrefpbhetn62%b antfanged sbovetide dpafigd thetre633thdhegihal f

30 mrror 623 _and the above infrared transparent narrow band-path filter 614
are connect ed P8 aRRV¥F dPAEATEY THARFRRECRT BT e ~PEd RFafdd tREmge? pi ck- up

device 63 is pRuUnigd-fp -t 'frﬂﬁﬁﬂ) 6 onstitu LN SYSH; @& manner
that their opt ﬁgag gxés %r%f%rf% gne V\n&?%e éggﬁﬂgteﬁe?ﬁ%?%eﬁﬁk ?ﬁf@ﬁ?éﬁei mage
pi ck-up deévi cé363soutpusminnedl eot ai costgoal megonsr €8 pohilchgi $ ocombposeedd

radi ati on applied thereto through .the ove infrared transparent

nar r ow- band- paﬁhaf‘F‘PT}é‘ﬂt%ﬁﬂl?T%é:aeq]&tG%b@néji @’E‘élc%f FBm%’tlﬁE ! ﬁFFfﬁ?Edonge
pi ck-up deV'Cﬁréd@%ekiihéé”%%b%%@@ih@ aueangsohmaBansri@whiely, i sreqnposed
of a conputer via a cable 65 and which in turn carries out predeterm ned
processi ng subhsad ¢hegee prwtds silegiréccsighasetd ghi sy gt resedtroE

signal to display the result af rocessing.on a display neans 11. 10 The
infrared inag§r8¥8§§gﬁgn§5n§ @Eﬁﬁﬁaﬁaﬁsaas &gnstitution conprising either

one of the above infraredrrhranspregst pnakrapy- Rapdspat hal/i hheesa614 and 624.
The glass fiber 64 for connecting the illum nating neans 61 to the half
mrror 623 of CPRELALEESSBoFEMBE lisdnFoeishRdy SNReOés§hey 2PANEG 1D TridAr ar ed

radiation my . hendptechbn anpliad. 40, ihhugiaati a.eans. Slnangytbe hal f

mrror 623 of the "~m croscope he I'l T'um nating neans y
have fiber 64 for connecting the illuminating means 61 to the half

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
(8i), gallium arsenic (GaAs) and indium (InP) crystals used
as the materials of a semiconductor wafer. 1In the graph,
the horizontal axis shows the wavelength 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 pm. 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 pm.

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



a constitution to apply infrared radiation to the workpiece directly,

-1 ndependent of the m croscope 62. 20 Fig. 5 is a graph show ng the
transmttances of silicon (Si) , galliumarsenic (GAs) and indium (InP)
crystals used as the materials of a semlé@onductor wafer. In the graph, the
hori zontal axis shows the wavel ength of Iight and t he verti cal axis shows

transm tt ancell%%ﬁz n‘H“l‘E%SEBOQhUc?{“r%@io% 1nd fb:é;[ h $\ﬁ/8w t e{ha S have

a high transm nhce ‘at "an 1 nfrared range erefore,

nar r ow band- pi¢ h i therdfddcoioh hﬁe}t}iéﬂdﬂcﬂ.&laﬁ‘lg:oﬁtﬁésw@ﬂk}&ﬁéicethE_‘Ldlng
nar r ow band-path fil ter 624 of the mcroscope 62 constituting the above

infrared i magdpizke upb edhs BRee3 i S0rpel orar¢iE hahtil faks §3 1iekg vilieh
|1
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The | aser beam application unit 5 'S own 1 n

f ocusi ng poi rmeqmns;|53 ororeolf Lisé s ng m&hasscﬁéwfnodnmnongshhenunatrandgdér 51
al ong the pai

t he, direct dicated b
The arrow 2. RHaYeS &7% RELED GRER b poriponth 2P0 & RE B

hol ding surfagen36la phiikbemgdser P35 ofb £ Ml r36L:GaNSlY tHEI RFLENe-rapove
chuck table 36. The focusing point position adjusting means 53 conprises a

mal e screw r odoq notBYs AWV ngr itheged Lebecneerradhe nedi shoWnguiidea g yma 423 and
423 and a drlahrgggiﬁ? ggge%%edgfgéé nDt0Q31%%8IQé%%Otar d%b!' %he

mal e screw idi f o T a2~ fAbr

directionoor uxeyermwaesztla:zm WHd 1therpblest BPHOL ca82ontheadd smidrdol der
51 and the | aser beam application neans 52 are noved along the guide rails

423 and 423 iROYR@ dleedtfba Juhdecamédsbg2Bhandr Aew Zn Fhet ﬁér?PFE@Pr at ed
copodinert, b Leses BeamapaLiontuon pene SRl semmyety et o e
notor 532 in the I&yver Sedah raagbiiotetion means 52 is moved up by driving
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



Therefore, the focusing point position adjusting nmeans 53 can adjust the
-position of the focusing point of a | aser beam applied fromthe condenser
524 attached to the end of the <casing 521. Since the above infrared i mage
pi ck-up means 20 6 is nounted on the casildg 521 constituting the | aser beam
application neans 52 in the il Iustrat ed enbodi ment, it noves together with

the | aser beamappldisatdon peeds 53 %‘ e{gr@ﬁ t@e £Q§P§£le@9I8f position
as a S

adj usting nmeans 53 al so serves ocusi ng oi nt position adjusting neans
for adjustingdPBidires posesi haock {heméddmsa I‘l@tﬁ[ﬂ.ldﬁpﬂ)ftéhﬂ om thestmre: 62 of

the infrared inmage ans 6. The ser beam essin elnthe
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deteriorated layer in the inside of the workpiece wth'this Iaser beam

processi n§ neehidierhcna herepdbf Titeddsey thicsdsiag pradessdbr
deteri orat ed %oe\}’rr?{ Fﬁgdet6 J? Pg&s:p%i fvianv ew gﬁsjﬁ%g?ﬁ}ec%guctor waf er

20 conprising a 519 on Sub te"Gs € wor kpi ece. sem conduct or
waf er 20 showsemicdiductor awapfw #0 tal vfg edichl difnghki desi@inqreideosmed in a
| attice pattern on the front surface 20a, and a circuit 22 such as IC, LSI

or the like ¥l ]F(ﬁ%éil)ef'r‘hrjab%qiMh?@t?e%?r%%%st%e%%gonjean Eigs pl Ukl ity 5

of dividing I+ _The | aser processing method for formng a
deteriorated Tayer i1n the inside of the sem conductor wafer 20 al ong each
of the diividing |irks Rirmwilé dreteteismrdtedl Vdtdr rif erlencimdinddigt theand

Fos 1) o LS d0y IOl Seteriorated L aten i, Lhe | nside o
processi ng mashine ﬁt‘tﬁ%’%iﬁ%%ﬁ&hﬂne R AIC @REUCE Or tndvad & i ZShdiscfd F St
pl aced on the chuck table 3
wafer 20 is first placed on the 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
21 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



above-descri bed | aser beam processi ng 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 enbodinment, the sem conductor wafer 20 is held
on the chuck table 36 in such a manner tHat the back surface 20b faces up.
The sem conductor wafer 20 may be held on the chuck table 20 36 in such a

manner that Ui Li9ghnsHE RS 2081 3eeh 1001 SINEK LARNe SPor tnis

suct i on-hol di ng e “sem conduct or wa s noved along the guide rails
31 and 31 by aligyropsriat iiont raxfed hea gt atessi hy-dmedti edafisoB7tlamd posi ti oned

ri ght below the objective |ens 2 constitutin he infrared i mage 25
pigk-up neanéquﬂﬁﬂéi&PQcpﬁqﬁ§Iéﬁé?gggﬁnﬁﬁ#ﬁQéééi%ﬂ?Qﬁﬂch .ugﬁﬁ%ﬁn%he

chuck table 3% +tlol difgihheesemd cradudRiuctt fEEl 26 ROY bhoned digk bel ow
t he objective lens 622 constituting the infrared inmage pick-up neans 6, the

infrared 30 il pleidupsdans Barner t Heatore odbagkasier iaceafagedutPi mage
processing s .t ern. chin align a dividing line 21 formed on
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the sem cond féer condenser 524 of the | aser beam

application neans Shffrairapplayiiagian hpselebemMakongnt Bendivt &t ngaddme 21,
thereby performng 14 the alignment of a | aser beam application position.
For this alighiemchenfthd edsisd &b 6hei semppprdactpsnveher 20 1amd st i ng

means 61 of t ' j i ck- : Q J L +Lh '
seniconductorgﬁg%%ﬁgg%%ﬁ%FgEgﬁnﬂkgh%ﬁggk g ?gg?gﬁgg %%thc &g %ﬁﬁﬁgifihat
t he backldur facethiackskeipfothedugh the firenvssoptabl. 20af oareder adi ati on

applied to the sem conduct or fe 20 reaches _the inside of th
semi conduct orSSRF &P EHY W%yg#é#QEC@%Hlﬁﬁthgogﬂ?@ XstQﬁst?ﬁfiﬁQQﬁﬁts

such as ICs,ikblarsg rHQt 1€ ild kgubRemedl on hhe beBbests | ager20aof the
sem conductor wafer 20. An image forned by this reflected
radiation caught by the microscope 62 is converted into an
electric signal by the image pick-up device 63, and the
15 electric signal is sent to the control means 10. At this
point, the focusing point of the objective lens 622
constituzing 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



infrared radiation is caught by the microscope 62, infrared radiation

. caught by the m croscope 62 is converted into an electric signal by the
i mge pick-up device 63, and the 15 electric signal is sent to the contro
means 10. At this point, the focusing pdint of the objective | ens 622
constituring the mcroscope 62 is set to the front surface 20a

(undersurface)._of. the.semconductor .wafer_20. Therefore, the mcrgoscope 62
catches an i n% Velé)lfnq ﬁé‘nfepgﬁtt%l?r Pgéé\égﬁﬁ %&?E-rg%ﬂ%owsi%g‘@)c%?d?%ier 524
seni conduct oro faher128e W< hpp1bear i chogsised .52The Sk o regnsy &0 carries

out image processing _ such as pattern matching based on the signal fromthe
i mage pi ck- UNISHEE 6able dibspitiptt Be,r EBaI seBicprdvetssr ngeber t3e 1sdi spl ay
nmeans 11 and 1 { v di ;08 . far Q f.co S ce 20a
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of the | aser dearpragpkecatined peransss52nforecapptyteigva leaaaepubeamasiit er t he
di vi di ng Iin§%21 f or on the sem conductor _wafer 20 held on the chuck

table 36 i s dRFICPHNS (He P2FE AT FhrEREPoFRENEETASRRIBEERT dppt $Eatl on
position is cggried1Qul £ ASmAeRCELRQEN 8RO 4 th?ew%hetcghzhﬁré‘éeaslwéged to a

| aser beam application range where the condenser 524 of the |aser eam
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wafer 20 is noved in the direction indicated by the arrow X1 in Fig. 7 (a)
5 at a predeter¢ridiet Pt dsisienglf eedshewe Mhiflig .a7pbl sethasanprlbeai @apabl e
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In this deteriorated 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



10 nmeans 52 reaches the other end (right end in Fig. 7(b)) of the dividing
‘line 21 as shown in Fig. 7 (b) , the application of the pulse |aser beamis
suspended and t he novenent of the chuck table 36, that is, the

sem conductor wafer 20 is stopped. In tRifs deteriorated |ayer fornming step,
a deteriorated layer 15 210 is forned in the inside of the sem conductor

wafer 20 al Gngddie i il 00 dddie. 20 g SILING L e, FRRHSIG oI 1R of the

pul se | aser beamto a pred m ned position in the 1nsi
sem conduct orsemfaEm@O:t dhiwe fiet 80i i eltedt fadyler Zheni safoenerthasbave

nolten-resolidified | ayer in which 20 the wafer s been once nolted and
then re-soli eftieerdl.orﬁa%eé dlleai%?lf of%lf%bn? a@%‘?p’21%).$:%a§/elbjeo%t%‘gnjs?¥?ﬁt ed as to
be exposed ténddedd atesurd acer 208g Aut he eRMARAUG QI spherye40. The
processing conditions in the above deteriorated |ayer form ng step are set

as foll ows, fdre@sddmplsdéeRyilldsbe: dpatsebedseer diovhaboe widife lrefginenste 1, 064
nm Repetiti freqguency: 0_k Pul se width: 25 ns Peak power density: 3.2
x 1010 Wcm'qu?: El:ltfg'l %8 ésl%%gloﬂ?a%ter: 1 pm 30 Processing-feed rate: 100

mm sec The deterioraf ethd agalerd - afraidredvielr thecknsgdetep, the sis®m cenduct or
waf er 20 along the dividing |ine 21 cannot be checked fromthe outside as
descri bed abob%é. - Pnetled 608CK Fabig Ifetedoznd i tdredkrafbipeindieated

deteri or ated | ayare 210.4,5 46 £l WRd atathe cpredet ar g ged; posi L o idy t he

i nside of the -~ sem conductor wafer 20 w thou ter the above
deteri or abed tly exbdwr meg Siteemted detyer doatnedgl ayep 1shsoke eted epead s

cartl ed out, b gesrioratedlaver, guoheekiag Slep L e deptied,
checking step,i@s $hoWn. dN, dividing line where the deteriorated layer
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 applied 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 21C 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



Fig. 8, the chuck table 36 is noved in the direction indicated by the arrow
X2 fromthe state shown in Fig. 7(b) in which 10 the above deteriorated

| ayer formng step is conpleted, to bring the other end (right end in Fig.
8) of the dividing line 21 (i.e., divi dilgfg | i ne where the deteriorated

| ayer 210 is formed in the above deteriorated |layer formng step) forned

on. the seni%%ﬂgygg r f l.d. o : : : sition
ri ght bel ow tthe objéc(%éll%le@% eﬁ% 1%;261%o%%%‘%%eru‘{%glﬁ%gb%faﬁ%ﬁ:e%ﬂén%glzgr%lqck- up
means 6. Therwaidleris then asegtt riadi@ie arprcapablneais pas siingg ddoiugd-uhe

sem conductor_wafer 20 is then .applied fromthe illuymnatin neans, 61 of
the infrared §nege plzfro,tﬁée Gﬁﬁéﬁs%%atnc? i1 FRTESS 2B Hé“as%‘?ng%‘?ﬂﬁﬁﬁftjd}g waf er
20 hel d on thessduek tradlinade ddrHughaihbe v €hasGoNe B ifhgbpicpaigit, the

focusing point Q of the objective |lens 622 constituting the m croscope 62
is set t& a peawieterid nddspbay haposhagenomhehe dheplayverearat &l. | ayer 21C
in the inside of tt}eicserg c%ggqucggrewaf eg 20, i fcir med %5 Igiocg in oei nt
setting step) . Ther fter, “the Cthuck ¥ %Ioef - HRAE PSSPrRECSEM conduct or

wafer 20 is navesiay hdgnsdirection indicated by the arrow X2 in Fig. 8 at a
predet erm ned scanni ng speed until the focusing point Q reaches one end
(left end in Fig. &) aH%h&: die FisFan persdopiol Ashe imedd ds Bheiaktre of
the predeterm - Lt OF t i.CO C : ich

t he focusi ngr%awﬁltt%%ghgygtaa&eﬁo&%%%%/eéﬁergn%?ngngEggnél?{;Y%\?gl%lcfzca%d&rﬁocc%scope
62 has he&en waferiX caugtds oy bhéhnstdescepet?.arHwe Al mAgehe ciiugidiry t he

m croscope 62 |is picked up by the infrared jmage 17 pick-up device 63 to be
converted intbtBH ﬂe]| e‘é‘ﬂﬁ% %Epwe\ﬁn%ﬂe?sl? seht of6 Pﬁgaéol?\t"f I reans

based on the | habe Ha o oht Ained B thor LT iared | mme o e oo R 1o
di spl ay an inabe bh shewnli gpltdye memes A1 0f 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



Fig. 9 shows an exanple of the inmage displayed on the display neans 11. In
-Fig. 9, the center portion of the image is the area A of the dividing line
21 formed on the above sem conductor 10 wafer 20, areas on both sides of
the area A of the dividing line 21 (uppet8and lower sides in Fig. 9) are
areas B where the circuit 22 is fornmed. Further, the deteriorated | ayer

210 is shown il 4 e A i vi i | i I i i ans
that the det ercf}loré;t?se I ayerloé.cZ1%&%ﬂfétﬁr%%%atﬂéi?%%oef%r€ld% etf}?ne n%%&%eefgfh
position of timsissmrcofiduct dividfieg 120 2LetFiige ©imd bé det eriionaked ,| ayer

210 i s shown a broken |i because a pul se | aser beam|s. used as the

Caoer bom " e A SN d D8 AGE IR S LSS S e MR S F e o,

the dividing dHie ARdoA iRl Echt B8 foA% e £ 2B eSd ARty hiine AT e %hgwg Thi's
|

hair line Cis forned parallel to0 the processing-feed direction in at ed
by the arPow XshowsFagtarte whielfe nherdsicnpe st ethd aysral i §neludl ¥ s 1 roive

center positi,on of . the dividing line.21 at the tipme he abqve ..

al i gnnent . THer® Sfrné"?qi%g%h‘%l%%b@a&e%éri%}%ﬁlé‘&ﬁ %%/%?C%%f%‘?ﬁdﬁé’l&léﬁ t he
deteriorated 1ayer21210 Th# sjue dcd reg rfcotedheainelthe & &F ShapSirdyg @n of the
dividing line 21. However, when a |laser beamis applied for a |ong tine,

the | aser besifteipixErd orr¥RaND SN cbbrbst Frtedrrmkedihen ty Expbhds and
as a result, Aﬁ%%lfcﬁpé 'tCan'h‘é%kp%'etth%Q ‘Bfuetﬁ'gté??c?faggé‘?hiﬁ??@pﬁ id fdom the

condenser 52 e |laser beam application neans S 1nthe
di recti ol nddttaties dmyeddieeamimed Yoos it Forg.oA.ndhen t he above deteriorated
| ayer formng step__is carrjied out in eg%ale where the | aser heam

application neans v@’?r’c e | 5P _Jdést(,bre? Wt%&?mn the 18
condenser 524c1ﬁ§c1§ﬂ1<%"§t9ﬂf@h%% E?ea&&@éﬂiﬂé’&b& he wanbeln 1 posht iy t he

dividing line 21 at the tinme of the alignment, the deteriorated |ayer 210
is fornmed at at pbsipiedeibivhned position of the semiconductor wafer 20,
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 1is
activated to correct the position in the Y direction of the
condenser 524 constituting the laser beam application means
20 52 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 deteriorated 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



shifts fromthe center position of the dividing line 21. Fig. 5 9 shows a
‘state where the deteriorated |layer 210 shifts from the center position,
that is, the hair line Cof the dividing line 21. Thus, according to the
met hod of checking a deteriorated |ayer1®n the illustrated enbodi nent, it
is possible to check whether the deteriorated layer is formed 10 at the

predeter m Ned ROSLELAAL AOLec SR iid thonbhUs £OSEKRG LA; Lha debariqrat ed

| ayer checking step that the deteriorate ayer i's no orme at the
pr edet er mi nedpddid imrs dfidmelirserieoriduckmes svad ere@fion thie above

deteriorated er. form step.is carried out 15 again_if necessary.
Furt her, mherfi‘?a%/eﬁlsoﬁ%ecigﬁﬁ’t a?aﬁhe ?jgoéﬂsolr%&é’&l 8f PR ieﬁtsl)(’feromthe
predet er m nedierpPsédd ofbndher@boye seeont-ihslexiddes eed NBaLs 43 tiSe
activated to correct the positionin the Y direction of the condenser. 524

constitut Png dHeedEisur prEpeRdptitar i on Heenso Pk bece chakdlngi shr faee above
hift. W (I t . the d i t ed. 0 ifts.f th
or ned SRS T n Sags ol wRe: o Pr o0t HEh BT S0P ER I he

pr edet er m ned ""position, )"P

m croscope 62tamle ®6 adjhst etls soih hahe t figi Mahéss | der&cansn dhetideteriorated
| ayer 210 are aligned with each other to 25 car rc{ out the above deteriorated
}

| ayer checki ntft €RAUTHRE d3FeF erite Wil ¢hel Hodidicrt et RIEhaiakRs &
di ti f deteri t | - P pat i f
irection of {he-gde Ei&' QU e %%?}éngégt %?{g&grigdl&%’r Stfrg@r%&%}g‘ﬁfat]&rnd"’a er

20 can al so be checked in the a ate ay step.” Wien
the sem ¢Onduct qro 30 vied ero 2Mhdras tdief Hefdrceacenofhth&nessitdiswecin athe t he

deteriorated |ayer 210 cannat. be forped, uniforn t a redeter m ned depth
in relation tPIHPEES rddlﬁq%Q%@ngHgtde‘W@% e%yeéplzégeigoﬁé%%li%

applied. As argessdhicdbeucesteriocated | ayer 210 with differences of the
positions in 19 the thickness direction is forned. To check this difference
After the deteriorated layer forming step 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



of the position in the thickness direction of the deteriorated |ayer 210,
.the focusing point of the objective |ens 622 constituting the m croscope 62
is noved in the 5 direction perpendicular to the workpi ece hol ding surface
36la of the adsorption chuck 361 constitéfing the above chuck table 36,

that is, in the thickness direction of the sem conductor wafer 20, which is

i ndi cated by the atrow.Z in.kiqg. and_t he .scanni is.carsjed t,

t her eby naki nagrelﬁaf:ffgsgs%ﬁl%laelH%nc%eecllé’ PHee%ﬁl? éﬁ’éﬁ%&%?lflﬁeﬁ%bsﬁ%i%&ﬁ in the
thi ckness di reqd iduteafidie gtetlerjar atethilmy et apll § ared dd odthen all

sem conductor wafer 20. After the deteriorated |ayer fornin% step and the
det eri or at ed 1hgeiViReRRilig et ép n@eheritde vutehlldhgthadetey ign@t@ichg | ne
21 in the pr i i i r { er 20 ri bed above,
t he chuck taﬁ%@ggt lgd(j Fﬁ%%‘?q%%gn%g% i claétli?o#:@{rrbanos% g%sﬁegel%%l exi ng- noved
by a di sbancdetarirespodilagetrof ¢ hreingiserpal s batrwien dhe ot &ipdivgpl dltines 21
in the indexkg? ditectiog.indi ated. by . the arrow in Fig. 1 to _carry out

the above det®r iOraHdd &St 6rni hgS SEEPF LN ER Oﬁgé%ﬁiQﬂ%ﬁ&ﬁquiﬂﬁp

checking steppaWiercdhe caboye deterigsated layer formng step and the
above deteriorated |ayer checking step are carried out on all the dividing

lines fornmed in the predeterm ned direction, the 25 chuck table 36 is turned
at 90 to carry out the above deteriorated |ayer form ng step and the above
deteriorated |ayer checking step along dividing lines fornmed in the
direction perpendicular to the above predeterm ned direction, thereby
making it possible to formdeteriorated |layers 210 30 in the inside of the
sem conductor wafer 20 along all the dividing lines 21 and to check the
formed deteriorated I|ayers. In the above-described enbodi nent, the
deteriorated l|ayer formng step and the deteriorated | ayer checking step



20 are carried out alternately on each dividing line 21. After the
deteriorated layer formng step is carried out on all the dividing lines 21
formed on the wafer 20, the deteriorated |ayer checking step may be carried
out. O after the 5 deteriorated |layer formng step is carried out on a
plurality of dividing lines 21, the déteri orat ed | ayer checking step may
be carried out at random 21 CLAIMS: 1. A nethod of checking a | aser
processed deteriorated layer fornmed in a workpiece along a dividing |ine
formed on CBAIN®: wor kpi ece by applying a | aser beam capabl e of passing

t hrough the workpi ece along the dividing Iine, the nmethod conprising: a
step of preparing an infrared i mage pick-up neans having a mcroscope with
an adj ustabl e fOCHetREAPAW Mt chkBRind0 AN T&OSE ORR-keisie dMyetd ©i d i tiedTOVi Ng
direction relative to_the workpi ece and having a standard line in a field of
vi sion thetatr fomnad aHlat WPTHRLeRS YL G & | Vi the it vidisdt 1¥ction; a

focusi ng step QBrQBJS..é&.éOB%'p%ptﬂl%/i%cré)Sﬁ%)@r Opposi tepablet R diadLdimg |ine
on the workpl ece, and setting the “focusing point of the mcroscopeto a
posi ti on whereudthethdewerkpriatred dlaygr tihre t devivdikpi écrehashisearetfimdred; an

i mge pickéﬁg E%&Blof pi cking up an inmage within the workpi ece by noving
the infrare ?nage i ck-up neans 20 and the workpi ece al ong the dividing

line relative to each other to scan the workpiece; and checking a shift of

t he picked up ia{mgeeﬁf dihepregie1h®r ahedidmyared r opagde pScandpr dnddme to
determ ne whether the deteriorated |layer is forned on a predeterm ned 25
| i ne corr eBPpOHA ny MECERECEPSi Wil RPnedinstRElRodiosivedeg point, the

10 microscope being movable in a moving direction relative to
the workpiece and having a standard line in a field of
vision thereof, the standard line being parallel to the

moving direction;

a focusing step of positioning the microscope opposite
15 the dividing 1line on the workpiece, and setting the
focusing point of the microscope to a position where the

deteriorated layer in the workpiece has been formed;

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

other to scan the workpiece; and

checking a shift of the picked up image of the
deteriorated layer from the standard 1line to determine
whether the deteriorated layer is formed on a predetermined

25 line corresponding to the dividing line in the workpiece.

2, The method of checking a laser processed deteriorated
layer according to claim 1, wherein the standard line is in

an eyepiece of the microscope whether the deteriorated



2. The nethod of checking a | aser processed deteriorated |ayer according to
claim1, wherein the standard line is in an eyepiece of the m croscope

whet her the deteriorated 22 layer is forned at a predeterm ned position is
checked based on a shift between the standard line and the deteriorated

| ayer whose i nmage has been picked up. % 3. The method of checki ng a | aser
processed deteriorated |ayer according to claiml, wherein the focusing
point of the mcroscope is noved in a thickness direction of the workpiece

to scan itlayehershy feheel ngta ai ffredeneeminethepoposicn on sof chiheked
deterlora%%%ehaygk Ig tg%i%glC%g%%%enlotgéreg£éggérd line and the

deteriorated layer whose image has been picked up.

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

10 direction.





