LASER PROCESSING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a lasecgssing apparatus for performing
laser processing to a workpiece such as a wafer.

Description of the Related Art

In a semiconductor device fabrication pssgea plurality of crossing
division lines are formed on the front side of absantially disk-shaped
semiconductor wafer to thereby define a pluralitgeparate regions where a plurality
of semiconductor devices such as ICs and LSIsacle ®rmed. The semiconductor
wafer is divided along the division lines to theyethvide the regions where the
semiconductor devices are formed from each otlers tobtaining a plurality of
individual semiconductor device chips.

As a method of dividing a wafer such asmisonductor wafer along the
division lines, there has been proposed a methoddimg the steps of applying a
laser beam having an absorption wavelength to @iemalong the division lines to
thereby form a laser processed groove as a braakpstint along each division line
by ablation and next applying an external forceh® wafer along each division line
where the laser processed groove as the brealpsiattis formed, thereby breaking
the wafer along each division line.

The laser processing mentioned above igopeed by using a laser
processing apparatus. The laser processing appairatludes workpiece holding
means for holding a workpiece, laser beam applyiegns having a processing head
for applying a laser beam to the workpiece heldth® workpiece holding means,

feeding means for relatively moving the workpieoéding means and the laser beam



applying means in a feeding direction (X directiomdexing means for relatively
moving the workpiece holding means and the lasemmbapplying means in an
indexing direction (Y direction) perpendicular teetfeeding direction (X direction),
and alignment means for detecting a subject areghedfvorkpiece to be processed

(see Japanese Patent Laid-open No. 2006-289388xdonple).

SUMMARY OF THE INVENTION

However, in the case of forming a lasercpssed groove having a
predetermined depth (e.g., 10 um) on the workpseloh as a wafer, it is necessary to
suitably adjust the numerical values for variouscpssing factors including the power,
repetition frequency, pulse width, and focused spameter of the laser beam and a
work feed speed and set processing conditionsibly and error as measuring the
depth of the laser processed groove. As a rethudt, productivity is reduced.
Further, the wafer as the workpiece differs in abtaristics according to kind or
manufacturer, so that the processing conditions lmeishanged every time the wafer
changes. Accordingly, the operator requires muake for setting of the processing
conditions.

It is therefore an object of the presemeintion to provide a laser processing
apparatus which can automatically set the procgssinditions for the workpiece by
inputting necessary items.

In accordance with an aspect of the presemntion, there is provided a
laser processing apparatus including workpiece ihgldmeans for holding a
workpiece; laser beam applying means having a psitg head for applying a laser
beam to the workpiece held by the workpiece holdimgans; moving means for
relatively moving the workpiece holding means ané laser beam applying means;

alignment means for detecting a subject area oitrépiece held by the workpiece



holding means; control means for controlling theelabeam applying means and the
moving means; input means for inputting a desiremtgssing result to the control
means; and three-dimensional imaging means forimgag processed condition of
the workpiece held by the workpiece holding meamdorm a three-dimensional
image, wherein the control means performs a praggs®nditions adjusting step of
adjusting processing conditions so as to obtainddered processing result input by
the input means according to the desired processsigt and the three-dimensional
image formed by the three-dimensional imaging meand then controls the laser
beam applying means and the moving means accotditite processing conditions
adjusted in the processing conditions adjusting.ste

Preferably, the processing conditions aajgsstep by the control means
includes a fundamental numerical value setting sbépsetting a fundamental
numerical value of each processing factor accortiinthe desired processing result
input from the input means and a fundamental nwakrange of each processing
factor; a fundamental processing performing stepcaftrolling the laser beam
applying means and the moving means accordingetduihdamental numerical value
of each processing factor set in the fundamentahemical value setting step to
thereby perform fundamental processing to the wiede held by the workpiece
holding means; a three-dimensional imaging steppafrating the three-dimensional
imaging means to image the processed conditiomefatorkpiece processed by the
fundamental processing performing step, therebyifog a three-dimensional image;
a graph making step of making a graph of the psiogsresults in relation to each
processing factor according to the three-dimensiomage formed in the three-
dimensional imaging step; a changed numerical rasgjéng step of selecting the
processing factor having an influence upon the ggsing results by comparing the

graphs each corresponding to the processing faatonsade in the graph making step



and then setting a changed numerical range fopribeessing factor selected above; a
changed numerical value setting step of settingpanged numerical value of each
processing factor according to the changed numererage set in the changed
numerical range setting step; and a changed priogegssrforming step of controlling
the laser beam applying means and the moving maeosrding to the changed
numerical value of each processing factor set endiianged numerical value setting
step, thereby performing changed processing tavitr&piece held by the workpiece
holding means; all of the three-dimensional imagtep, the graph making step, the
changed numerical range setting step, the changeunical value setting step, and
the changed processing performing step being regeattil the actual processing
result obtained by the changed processing fallhiwian allowable range of the
desired processing result.

Preferably, the fundamental numerical vaatting step, the graph making
step, and the changed numerical value setting atepperformed according to an
experimental design.

The laser processing apparatus accordinpetgresent invention includes
the three-dimensional imaging means for imaging phecessed condition of the
workpiece held by the workpiece holding means tanfthe three-dimensional image
of this processed condition. The control meangopais the processing conditions
adjusting step of adjusting the processing conditico as to obtain the desired
processing result input by the input means accgrtbrthis desired processing result
and the three-dimensional image formed by the tmeensional imaging means.
Then, the control means controls the laser beantyiagpmeans and the moving
means according to the processing conditions aatjuist the processing conditions
adjusting step. Accordingly, the processing coodg for the workpiece can be

automatically set by inputting necessary items fitim input means. Accordingly,



the operator does not need to set the processmgjtimms by trial and error, so that
the productivity can be improved.

The above and other objects, features ahdhrdages of the present
invention and the manner of realizing them will @ more apparent, and the
invention itself will best be understood from adstwof the following description and
appended claims with reference to the attached idgswvshowing a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a lasercpssing apparatus according to a
preferred embodiment of the present invention;

FIG. 2 is an exploded perspective viewhoéé-dimensional imaging means
included in the laser processing apparatus showiGn1,;

FIG. 3 is a sectional view showing an esakpart of an interference type
imaging mechanism constituting the three-dimengdionaging means shown in FIG.
2;

FIG. 4 is a schematic view for illustratifaicusing means and interference
light generating means included in the interferetlype imaging mechanism shown in
FIG. 3;

FIG. 5 is a block diagram of control meamguded in the laser processing
apparatus shown in FIG. 1;

FIG. 6 is a control map setting the relati®etween a voltage applied to an
actuator provided by a piezoelectric motor and amladisplacement of the
piezoelectric motor;

FIG. 7 is a perspective view of a semicanduwafer as a workpiece in the

condition where the semiconductor wafer is attadioea dicing tape supported to an



annular frame;

FIG. 8 is a table for illustrating a fundamtal numerical range of each
processing factor input into the control means;

FIGS. 9A and 9B are tables for illustratanfundamental numerical value of
each processing factor set in a fundamental nualeradue setting step by the control
means;

FIG. 10 is a sectional view of laser pre@egsgrooves #1 to #5 formed in a
fundamental processing performing step by the cbnteans;

FIG. 11 is a perspective view for illusingtthree-dimensional images of the
laser processed grooves #1 to #5 formed in a threensional imaging step by the
control means;

FIGS. 12A to 12C are graphs showing thati@mh between processing
factors and processing results made in a graphngaiep by the control means;

FIG. 13 is a table for illustrating a chadgnumerical range of each
processing factor set in a changed numerical raegjeng step by the control means;
and

FIGS. 14A and 14B are tables for illustrygta changed numerical value of
each processing factor set in a changed numeralak\setting step by the control

means.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the laser proogsapparatus according to the
present invention will now be described in detaithwreference to the attached
drawings. FIG. 1 is a perspective view of a lggecessing apparatus 1 according to
this preferred embodiment. The laser processingargus 1 shown in FIG 1

includes a stationary base 2, a workpiece holdirechanism 3 for holding a



workpiece, the workpiece holding mechanism 3 b@irmyided on the stationary base
2 so as to be movable in a feeding direction (¢ation) shown by an arrow X, and a
laser beam applying unit 4 provided on the statphase 2, the laser beam applying
unit 4 having laser beam applying means to be hefter described.

The workpiece holding mechanism 3 includegair of guide rails 31
provided on the stationary base 2 so as to extemdllel to each other in the X
direction, a first slide block 32 provided on th&idg rails 31 so as to be movable in
the X direction, a second slide block 33 providedtlte first slide block 32 so as to be
movable in an indexing direction (Y direction) sholy an arrow Y perpendicular to
the X direction, a cover table 35 supported bylandyical member 34 standing on the
second slide block 33, and a chuck table 36 aspieck holding means. The chuck
table 36 has a vacuum chuck 361 formed of a pamaterial. A workpiece such as
a disk-shaped semiconductor wafer is adapted toelee under suction on the upper
surface of the vacuum chuck 361 as a holding saerfgocoperating suction means (not
shown). The chuck table 36 is rotatable by a pais¢or (not shown) provided in
the cylindrical member 34. The chuck table 36 lisvwed with clamps 362 for
fixing an annular frame supporting a semiconduetafer as the workpiece through a
protective tape.

The lower surface of the first slide bl&X is formed with a pair of guided
grooves 321 for slidably engaging the pair of gualés 31 mentioned above. A pair
of guide rails 322 are provided on the upper serfaicthe first slide block 32 so as to
extend parallel to each other in the Y directiokccordingly, the first slide block 32
is movable in the X direction along the guide r&@ls by the slidable engagement of
the guided grooves 321 with the guide rails 31. e Workpiece holding mechanism 3
further includes X moving means 37 for moving timstfslide block 32 in the X

direction along the guide rails 31. The X movingans 37 includes an externally



threaded rod 371 extending parallel to the guidks 131 so as to be interposed
therebetween and a pulse motor 372 as a drive edarcrotationally driving the
externally threaded rod 371. The externally theelarbd 371 is rotatably supported
at one end thereof to a bearing block 373 fixedh® stationary base 2 and is
connected at the other end to the output shati@pulse motor 372 so as to receive
the torque thereof. The externally threaded rabli8 2ngaged with a tapped through
hole formed in an internally threaded block (nobwh) projecting from the lower
surface of the first slide block 32 at a centrattipo thereof. Accordingly, the first
slide block 32 is moved in the X direction along thuide rails 31 by operating the
pulse motor 372 to normally or reversely rotateakeernally threaded rod 371.

The laser processing apparatus 1 includg®sition detecting means 374
for detecting the X position of the chuck table 3@he X position detecting means
374 includes a linear scale 374a extending aloregadrihe guide rails 31 and a read
head 374b provided on the first slide block 32 amovable along the linear scale 374a
together with the first slide block 32. The readt 374b of the X position detecting
means 374 transmits a pulse signal of one pulseyelepm in this preferred
embodiment to control means which will be hereimaftlescribed. This control
means counts the number of pulses as the pulsal sigrut from the read head 374b
to thereby detect the X position of the chuck tabte In the case that the pulse
motor 372 is used as the drive source for the Xingpmeans 37 as in this preferred
embodiment, the number of pulses as a drive sigmigiut from the control means to
the pulse motor 372 may be counted by the contedms to thereby detect the X
position of the chuck table 36. In the case thaemo motor is used as the drive
source for the X moving means 37, a pulse signghudurom a rotary encoder for
detecting the rotational speed of the servo motay be sent to the control means, and

the number of pulses as the pulse signal input titerotary encoder into the control



means may be counted by the control means to thetetect the X position of the
chuck table 36.

The lower surface of the second slide bl88kis formed with a pair of
guided grooves 331 for slidably engaging the paigwde rails 322 provided on the
upper surface of the first slide block 32 as memd above. Accordingly, the
second slide block 33 is movable in the Y directadong the guide rails 322 by the
slidable engagement of the guided grooves 331 with guide rails 322. The
workpiece holding mechanism 3 further includes YWimg means 38 for moving the
second slide block 33 in the Y direction along thaede rails 322. The Y moving
means 38 includes an externally threaded rod 3&inding parallel to the guide rails
322 so as to be interposed therebetween and a maise 382 as a drive source for
rotationally driving the externally threaded rodl38 The externally threaded rod 381
Is rotatably supported at one end thereof to aihgdrock 383 fixed to the upper
surface of the first slide block 32 and is conneéciethe other end to the output shaft
of the pulse motor 382 so as to receive the tothaeeof. The externally threaded
rod 381 is engaged with a tapped through hole fdrmen internally threaded block
(not shown) projecting from the lower surface ad #econd slide block 33 at a central
portion thereof. Accordingly, the second slidedBll@3 is moved in the Y direction
along the guide rails 322 by operating the pulseéom882 to normally or reversely
rotate the externally threaded rod 381.

The laser processing apparatus 1 includg®sition detecting means 384
for detecting the Y position of the chuck table 3@he Y position detecting means
384 includes a linear scale 384a extending alomgadithe guide rails 322 and a read
head 384b provided on the second slide block 33namebble along the linear scale
384a together with the second slide block 33. rHael head 384b of the Y position

detecting means 384 transmits a pulse signal opafse every 1 um in this preferred



embodiment to the control means to be describaxt. lafThis control means counts
the number of pulses as the pulse signal input fleenread head 384b to thereby
detect the Y position of the chuck table 36. la tase that the pulse motor 382 is
used as the drive source for the Y moving meanas3@ this preferred embodiment,
the number of pulses as a drive source output ftencontrol means to the pulse
motor 382 may be counted by the control meansdreltly detect the Y position of the
chuck table 36. In the case that a servo motosesl as the drive source for the Y
moving means 38, a pulse signal output from a yotrcoder for detecting the
rotational speed of the servo motor may be setttdaontrol means, and the number
of pulses as the pulse signal input from the roagoder into the control means may
be counted by the control means to thereby detecY fposition of the chuck table 36.

The laser beam applying unit 4 includesigpsrt member 41 provided on
the stationary base 2, a unit casing 42 supporyeithd support member 41 so as to
extend in a substantially horizontal directionelabeam applying means 5 provided
on the unit casing 42, and imaging means 6 forctiete a subject area to be laser-
processed. The laser beam applying means 5 ircclodlsed laser beam oscillating
means (not shown) provided in the unit casing 48 anprocessing head 51 for
focusing a pulsed laser beam oscillated by theeplulsser beam oscillating means and
applying this pulsed laser beam to the workpiedd ba the chuck table 36. The
pulsed laser beam oscillating means includes aeg@user oscillator and repetition
frequency setting means.

The imaging means 6 is provided on the casing 42 at a position lying on
an extension line from the processing head 51 enxlidirection so as to be spaced a
predetermined distance. The imaging means 6 ieslah ordinary imaging device
(CCD) for imaging the workpiece by using visiblght, infrared light applying means

for applying infrared light to the workpiece, antiopl system for capturing the
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infrared light applied to the workpiece by the ard light applying means, and an
imaging device (infrared CCD) for outputting anadtecal signal corresponding to the
infrared light captured by the optical system. H#mage signal output from the
imaging means 6 is transmitted to the control méare described later.

The laser processing apparatus 1 furtheudies three-dimensional imaging
means 7 for imaging a processed condition of thekpiece held on the chuck table
36 to form a three-dimensional image. The threeedisional imaging means 7
includes an interference type imaging mechanisnpro®ided on the unit casing 42
for imaging the workpiece held on the chuck talBeirBthree dimensions composed
of the X direction, the Y direction perpendicularthe X direction, and the Z direction
perpendicular to both the X direction and the ediion and then outputting an image
signal obtained above. The interference type in@gnechanism 70 is supported to
first Z moving means 8 provided on the unit casi2gso as to be movable in the Z
direction by the first Z moving means 8. The iféegnce type imaging mechanism
70 and the first Z moving means 8 constituting ttiree-dimensional imaging means
7 will now be described in detail with referencéHIGS. 2 to 4.

The interference type imaging mechanisnsi@vn in FIGS. 2 to 4 is a so-
called Mirau interference type imaging mechanisms shown in FIG. 3 in detail, the
interference type imaging mechanism 70 includeseahanism housing 71, imaging
device means 72 provided at the upper portion@htlechanism housing 71, focusing
means 73 provided at the lower portion of the mema housing 71 so as to be
opposed to the holding surface (upper surface)hef ¢huck table 36, and light
applying means 74 for applying light through theusing means 73 to the workpiece
held on the holding surface of the chuck table 3Bhe imaging device means 72
includes a plurality of pixels arranged in the Xedtion and the Y direction and

outputs an image signal to the control means toeseribed later.
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The focusing means 73 constituting the rfatence type imaging
mechanism 70 is composed of a unit case 731 arubjactive lens 732 provided in
the unit case 731. As shown in FIG. 4, the obyeckens 732 functions to focus the
light from the light applying means 74 to a focalm P (imaging position). In this
preferred embodiment, the focused spot diamettreatocal point P is set to 100 pum.
Further, interference light generating means #rawided in the unit case 731 of the
focusing means 73. The interference light genegatieans 75 functions to generate
interference light according to return light reflsd on the workpiece held on the
holding surface of the chuck table 36. As showrFi6G. 4, the interference light
generating means 75 is composed of a glass plateindrposed between the
objective lens 732 and the chuck table 36 and st Beam splitter 752 interposed
between the glass plate 751 and the chuck table BBe glass plate 751 is provided
with a central microscopic mirror 751a having angger of 0.5 mm, for example.
The first beam splitter 752 functions to partiaignsmit the light applied from the
light applying means 74 and focused by the objeciians 732, thereby applying the
transmitted light to the workpiece held on the haddsurface of the chuck table 36
and also to partially reflect the light applied rfrahe light applying means 74 and
focused by the objective lens 732, thereby dirgctime reflected light toward the
mirror 751a of the glass plate 751. The transihitight through the first beam
splitter 752 is reflected at the focal point P (gimg position) to interfere with the
reflected light from the first beam splitter 752 tre glass plate 751. Thus, the
focusing means 73 and the interference light géingraneans 75 cooperate to
generate interference light having a high intensityl guide this interference light
toward the imaging device means 72.

As shown in FIG. 3, the mechanism housidghas a bottom wall 711

formed with a mount hole 711a. The unit case #8itaining the objective lens 732
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and the interference light generating means 75asned to the mechanism housing
71 so as to be movable through the mount hole oilthe bottom wall 711 in a
direction (vertical direction as viewed in FIG. @rpendicular to the holding surface
(upper surface) of the chuck table 36. A flangdipon 731a is provided at the upper
end of the unit case 731, and an actuator 76 ged between the bottom wall 711
of the mechanism housing 71 and the flange porf@ita of the unit case 731 of the
focusing means 73. The actuator 76 functions @&®nsk Z moving means for
moving the unit case 731 in the vertical directiam viewed in FIG. 3. In this
preferred embodiment, the actuator 76 is provided Ipiezoelectric motor including
a piezoelectric element adapted to axially exteocdomling to a voltage applied.
Accordingly, the actuator 76 provided by such apeectric motor can move the unit
case 731 in the vertical direction as viewed in.@n the direction perpendicular to
the holding surface of the chuck table 36) accardm a voltage applied under the
control by the control means to be described lat&ys a modification, a high-
responsive voice coil motor such as a piezoelentotor may be used for the actuator
76.

The light applying means 74 is composea ¢ifht source 741 such as an
LED provided in a side projection 712 projectingnr one side surface of the
mechanism housing 71 and a second beam splitteppit@aded in the mechanism
housing 71 at a position between the imaging dewvieans 72 and the focusing means
73. The second beam splitter 742 functions toeyti@ light emitted from the light
source 741 toward the focusing means 73 and algoitie the light reflected from the
workpiece held on the holding surface of the chteidde 36 toward the imaging
device means 72.

The configuration of the first Z moving nmsa3 will now be described in

detail with reference to FIG. 2. The first Z mayimeans 8 is composed of a support
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case 81 for supporting the mechanism housing 7thefinterference type imaging
mechanism 70 so that the mechanism housing 71 valn®in the Z direction shown
by an arrow Z (in the direction perpendicular te tiolding surface of the chuck table
36) and operating means 82 for moving the mechahisusing 71 supported to the
support case 81 in the Z direction. The supp@é &l is composed of an upper wall
811, a bottom wall 812, opposite side walls 813 &idl, and a rear wall (not shown).
The opposite side walls 813 and 814 project toftbet side to respectively form a
pair of guide rails 813a and 814a. The operatimgms 82 includes an externally
threaded rod 821 extending parallel to the oppaside walls 813 and 814 of the
support case 81 so as to be interposed therebetwd@ére externally threaded rod
821 is rotatably supported to the upper wall 81#l #me bottom wall 812. The
operating means 82 further includes a pulse ma@r& a drive source provided on
the upper wall 811 for rotationally driving the emtally threaded rod 821. An
internally threaded block 713 having a tapped tbhobole 713a is provided on the
rear wall of the mechanism housing 71. The tapgedugh hole 713a of the
internally threaded block 713 is threadedly engagehl the externally threaded rod
821 of the operating means 82. Accordingly, themmaism housing 71 having the
internally threaded block 713 is moved along thalguails 813a and 814a in the Z
direction by operating the pulse motor 822 to ndiynar reversely rotate the
externally threaded rod 821.

The three-dimensional imaging means 7 @&irtincludes Z position
detecting means 80 for detecting the Z positionthaf interference type imaging
mechanism 70 to be moved by the first Z moving meé&an The Z position detecting
means 80 is composed of a linear scale 80a prowidetle guide rail 813a and a read
head 80b mounted on the mechanism housing 71 ointegerence type imaging

mechanism 70 and movable along the linear scalet@pzther with the mechanism
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housing 71. The read head 80b of the Z positideatiag means 80 transmits a
pulse signal of one pulse every 1 um, for examfethe control means to be
described later.

The laser processing apparatus 1 furthdudes control means 9 shown in
FIG. 5. The control means 9 functions to gendratge information according to an
image signal output from the imaging device meaBso¥ the interference type
imaging mechanism 70. The control means 9 controtsonly the components of
the three-dimensional imaging means 7, but alsthalbther components of the laser
processing apparatus 1. The control means 9 ifgooed by a computer, and it
includes a central processing unit (CPU) 91 forfgraring operational processing
according to a control program, a read only men{R®M) 92 preliminarily storing
the control program, a random access memory (RABIJd® storing the results of
computation, etc., an input interface 94, and atpuwuinterface 95. Detection
signals from the X position detecting means 374, Xposition detecting means 384,
the imaging means 6, the imaging device means #Beointerference type imaging
mechanism 70, the read head 80b of the Z positedecting means 80 for detecting
the Z position of the interference type imaging heagdsm 70, and input means 90 are
input into the input interface 94 of the controlanse 9. On the other hand, control
signals are output from the output interface 93hef control means 9 to the pulse
motor 372 of the X moving means 37, the pulse m88& of the Y moving means 38,
the laser beam applying means 5, the pulse mo®io8he first Z moving means 8,
the actuator 76 provided by a piezoelectric matmictioning as the second Z moving
means, the light source 741 of the light applyingans 74, and output means 900
such as display means and a printer. The RAM Q3udles a memory area
preliminarily storing a control map shown in FIGf@ setting the relation between a

voltage applied to the actuator 76 provided by ez@electric motor and an axial
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displacement of the piezoelectric motor. The RABI&so includes other memory
areas.

The operation of the laser processing aiparl configured above will now
be described. FIG. 7 is a perspective view of misenductor wafer 10 as a
workpiece to be processed by the laser procesgipgratus 1 in the condition where
the semiconductor wafer 10 is attached to a ditapge T supported to an annular
frame F. The semiconductor wafer 10 shown in FIGs a silicon wafer. A
plurality of crossing division lines 101 are formea the front side 10a of the
semiconductor wafer 10 to define a plurality of arype regions where a plurality of
devices 102 such as ICs and LSIs are respectigaetyed.

There will now be described a setting pdutce for processing conditions in
forming a laser processed groove having a predetethdepth (e.g., 10 um) on the
semiconductor wafer 10. First, the semiconductafew 10 supported through the
dicing tape T to the annular frame F is placed e ¢huck table 36 of the laser
processing apparatus 1 shown in FIG. 1 in the ¢cmmdwhere the dicing tape T is in
contact with the upper surface of the chuck taléle 3Thereafter, the suction means
(not shown) is operated to hold the semiconductiewl10 through the dicing tape T
on the chuck table 36 under suction. Accordinghg semiconductor wafer 10 is
held through the dicing tape T on the chuck tal@len3the condition where the front
side 10a of the semiconductor wafer 10 is orientpdiard. Further, the annular
frame F supporting the dicing tape T is fixed bg thamps 362 provided on the chuck
table 36. Thereafter, the X moving means 37 igaipd to move the chuck table 36
holding the semiconductor wafer 10 to a positiaeday below the imaging means 6.

In the condition where the chuck table 8¢asitioned directly below the
imaging means 6, an alignment operation is perfdrime the imaging means 6 and

the control means 9 to detect a subject area ade¢h@conductor wafer 10 to be laser-
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processed. More specifically, the imaging meaasd the control means 9 perform
image processing such as pattern matching for rgakie alignment of the division

lines 101 extending in a first direction on the smmductor wafer 10 and the
processing head 51 of the laser beam applying mgahsis performing the alignment
for the division lines 101 extending in the firstettion.  Similarly, this alignment is

performed for the other division lines 101 extegdin a second direction

perpendicular to the first direction on the semauetor wafer 10.

After performing the alignment operationdetect the subject area of the
semiconductor wafer 10 held on the chuck tablea3@;ocessing conditions adjusting
step is performed by the control means 9 in sudmamner that the processing
conditions are adjusted so as to obtain a desireckpsing result input by the input
means 90 according to the desired processing rasdlta three-dimensional image
formed by the three-dimensional imaging means W. thls processing conditions
adjusting step, the operator first sets the tadggtth of the laser processed groove
(e.g., 10 um) as the desired processing resulabsudsets the fundamental numerical
ranges of processing factors shown in FIG. 8. fainget depth and the fundamental
numerical ranges set above are input from the inpeans 90 to the control means 9
by the operator. For example, the processing fachoe defined as the repetition
frequency of a pulsed laser beam, the power optliged laser beam, and the work
feed speed. The fundamental numerical range di pamcessing factor is set by
setting the maximum value and the minimum valueadth processing factor. For
example, as shown in FIG. 8, the maximum value #wedminimum value of the
repetition frequency of the pulsed laser beam atets 200 kHz and 40 kHz,
respectively, the maximum value and the minimurnuealf the power of the pulsed
laser beam are set to 2 W and 0.5 W, respectiaely,the maximum value and the

minimum value of the work feed speed are set tora@lsecond and 50 mm/second,
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respectively.

After inputting the fundamental numericahge of each processing factor,
the control means 9 performs a fundamental numeratae setting step of computing
according to the fundamental numerical range ohegaocessing factor by using an
experimental design to thereby set a fundamentaéwvat each processing factor. By
performing this fundamental numerical value setstgp, the fundamental numerical
value of each processing factor is set as showrl@ 9A. For example, five test
samples #1 to #5 are prepared as shown in FIG. vé#erein the fundamental
numerical values for the repetition frequency, povead work feed speed as the
processing factors are set in each test sampleéhengdrocessing result (the depth of
the laser processed groove) is also set. The foed&l numerical values set above
are stored into the RAM 93.

After performing the fundamental numeriealue setting step mentioned
above, the control means 9 performs a fundamemtalepsing performing step of
controlling the laser beam applying means 5 anXth®ving means 37 according to
the fundamental numerical values set in the fundaaheumerical value setting step
to thereby perform fundamental processing to tineicanductor wafer 10 held on the
chuck table 36. More specifically, the control me&® moves the chuck table 36 to
position one end of a predetermined one of thesiimilines 101 directly below the
processing head 51 of the laser beam applying mBans hereafter, the control
means 9 operates the laser beam applying meand &hanX moving means 37 by
using the fundamental numerical values set inegsegample #1 (repetition frequency:
200 kHz, power: 2 W, work feed speed: 200 mm/sectmdhereby apply a pulsed
laser beam along the predetermined division line 10rhe focused spot diameter of
the pulsed laser beam to be focused by the praxehsiad 51 is preliminarily set to 2

um, for example. As a result, a laser processedvgr denoted by #1 in FIG. 10 is

18



formed on the semiconductor wafer 10.

Thereafter, the control means 9 operatesytimoving means 38 to move
the chuck table 36 in the Y direction by the piththe division lines 101, thereby
positioning one end of the next division line 10dectly below the processing head
51. Thereafter, the control means 9 similarly apes the laser beam applying means
5 and the X moving means 37 by using the fundarentaerical values set in the
test sample #2 (repetition frequency: 40 kHz, pow&enW, work feed speed: 50
mm/second) to thereby apply a pulsed laser beangalus next division line 101.
As a result, a laser processed groove denoted by #2G. 10 is formed on the
semiconductor wafer 10. Thereafter, laser proongss similarly performed along
the further next division lines 101 by using thedamental numerical values set in
the test samples #3, #4, and #5. As a result; f[aseessed grooves denoted by #3,
#4, and #5 in FIG. 10 are formed on the semicommtweafer 10.

After performing the fundamental processpggforming step, the control
means 9 performs a three-dimensional imaging stepmaging the processed
condition of the semiconductor wafer 10 to formheee-dimensional image. In this
three-dimensional imaging step, the control meaop&ates the X moving means 37
to move the chuck table 36 holding the semiconduatafer 10 processed by the
fundamental processing performing step to a pasitioectly below the focusing
means 73 constituting the interference type imagmgchanism 70 of the three-
dimensional imaging means 7. In this conditiore thser processed groove #1
formed on the semiconductor wafer 10 is position@ctly below the focusing
means 73. Thereafter, the first Z moving meanss 8operated to lower the
interference type imaging mechanism 70 from a pezdened standby position.
Further, a voltage of 60 V, for example, is appliedhe actuator 76 provided by a

piezoelectric motor as the second Z moving medmreby axially extending the
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actuator 76 by an amount of 60 um as shown in €lG.In this extended condition,
the focal point P (see FIG. 4) of light to be apglfrom the focusing means 73 of the
interference type imaging mechanism 70 is set theafront side 10a (upper surface)
of the semiconductor wafer 10 held on the chucletab.

Thereatfter, the control means 9 operatesrtfaging device means 72 and
the light source 741 of the light applying meansc@dstituting the interference type
imaging mechanism 70. Further, the voltage appliedthe actuator 76 as a
piezoelectric motor is reduced from 60 V in stepd &. As a result, the actuator 76
as a piezoelectric motor is reduced in length@épstof 1 um as apparent from FIG. 6,
so that the focusing means 73 is lowered in thérection in steps of 1 um. Every
time the focusing means 73 is lowered in steps pirl, the X moving means 37 is
operated by the control means 9 and the imagingeéeweans 72 forms an image and
transmits an image signal to the control meansThe control means 9 inputs the
image signal transmitted from the imaging devicanse72 in steps of 100 um for the
movement of the chuck table 36 in the X directiooaading to the detection signal
from the X position detecting means 374, therebyning a three-dimensional image
of the laser processed groove #1 as shown in FIG. This three-dimensional
imaging step is similarly performed to the otheselaprocessed grooves #2 to #5 to
thereby form three-dimensional images of the lggecessed grooves #2 to #5 as
shown in FIG. 11. At the same time, the depththeflaser processed grooves #1 to
#5 are measured from the three-dimensional imafygsedaser processed grooves #1
to #5. Thereafter, the control means 9 storesthihee-dimensional images of the
laser processed grooves #1 to #5 formed abovahet®RAM 93 and also records the
depths of the laser processed grooves #1 to #5umeehabove into the column of the
groove depth (um) shown in FIG. 9A, which is premly stored with the fundamental

numerical values of the processing factors in tAdRB3. The depths (um) of the
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laser processed grooves #1 to #5 as recorded abewhown in FIG. 9B.

If any one of the depths (um) of the lapevcessed grooves #1 to #5
recorded above falls within an allowable range (@b to 10.5 um) of the desired
processing result (10 um as the target depth ofafer processed groove), the control
means 9 decides the processing conditions for fitcomaf this laser processed groove
having the depth falling within the allowable raragedesired processing conditions.

Thereatfter, the control means 9 perfornggagph making step of making a
graph of the processing results in relation to gardtessing factor according to the
three-dimensional images formed in the three-dinosa$ imaging step. More
specifically, the control means 9 computes accgrdinthe three-dimensional images
shown in FIG. 11 by using an experimental desigd #en graphs the processing
tendency for the depth of the laser processed groovrelation to the repetition
frequency of the pulsed laser beam, the powerepthlised laser beam, and the work
feed speed as shown in FIGS. 12A to 12C. Thengctimrol means 9 selects the
processing factor having an influence upon the ggsing results by comparing the
graphs shown in FIGS. 12A to 12C. That is, as eppdrom the graphs shown in
FIGS. 12A to 12C, it can be determined that thecg@ssing factor having a greatest
influence upon the desired processing result (10gsnthe target depth of the laser
processed groove) is the work feed speed having@gsing tendency related to the
target depth of 10 um (changed numerical rangengestep). After determining that
the processing factor having an influence upondésired processing result is the
work feed speed, the control means 9 determineéghbaange of the work feed speed
exerting an influence upon the desired processasglt in the graph shown in FIG.
12C is higher than 125 mm/second which is a migdiet between 50 mm/second
and 200 mm/second. Then, the control means 9 elsathg minimum value of the

work feed speed as the processing factor from 50seoond (see FIG. 8) to 125
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mm/second (see FIG. 13) and sets this changed mahsnge (changed numerical
range setting step).

After performing the changed numerical esgtting step mentioned above,
the control means 9 performs a changed numeridakwsetting step of computing
according to the changed numerical range of thectsd processing factor by using
an experimental design and changing the numeradakvof each processing factor to
set this changed numerical value. By performing tthanged numerical value
setting step, the changed numerical values for @asbessing factor in all the test
samples #1 to #5 are set as shown in FIG. 14A. chHamged numerical values set
above are stored into the RAM 93.

After performing the changed numerical eadetting step mentioned above,
the control means 9 performs a changed processirigrping step of controlling the
laser beam applying means 5 and the X moving m&@reccording to the changed
numerical value of each processing factor set enciiianged numerical value setting
step, thereby performing changed processing teséneiconductor wafer 10 held on
the chuck table 36. This changed processing paifgy step is performed in a
manner similar to that of the fundamental procesgperforming step mentioned
above.

After performing the changed processinggraring step mentioned above,
the control means 9 performs a second three-dimealsimaging step of imaging the
processed condition of the semiconductor wafer ifcgssed by the changed
processing performing step and then forming a tdmeeensional image. This
second three-dimensional imaging step is performedmanner similar to that of the
three-dimensional imaging step of imaging the pseed condition of the
semiconductor wafer 10 processed by the fundamgmtadessing performing step

mentioned above by using the three-dimensional imgagmeans 7. In this manner,
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the control means 9 creates three-dimensional imaf¢he laser processed grooves
#1 to #5 and measures the depths of the laser gmedegrooves #1 to #5. Further,
the control means 9 stores the three-dimensionalge® of the laser processed
grooves #1 to #5 into the RAM 93 and also recongsdepths of the laser processed
grooves #1 to #5 measured above into the coluntheofroove depth (um) shown in
FIG. 14A, which is previously stored with the chadgnumerical values of the
processing factors in the RAM 93. The depths (efithe laser processed grooves
#1 to #5 as recorded above are shown in FIG. 14Bany one of the depths (um) of
the laser processed grooves #1 to #5 recorded dhtisevithin the allowable range
(9.5 um to 10.5 pum) of the desired processing t€30lum as the target depth of the
laser processed groove), the control means 9 dedtite processing conditions for
formation of this laser processed groove havingdiggh falling within the allowable
range as desired processing conditions. In the shewn in FIG. 14B, the control
means 9 decides the processing conditions for fitomaf the laser processed groove
#3 having a depth of 10.4 um falling within theoathble range as the desired
processing conditions for formation of the lasengaissed groove having the target
depth of 10 um (repetition frequency: 200 kHz, povie5 W, work feed speed: 125
mm/second). Thereafter, the control means 9 ositgbeé decided processing
conditions (repetition frequency: 200 kHz, power5 W, work feed speed: 125
mm/second) to the output means 900, thereby disgaitem on display means such
as a monitor or printing them out through a printer

In the case that the depth of each lasmgssed groove does not fall within
the allowable range (9.5 um to 10.5 um) of therdegprocessing result (10 pum as the
target depth of the laser processed groove) irséltend three-dimensional imaging
step, all of the graph making step, the changedenigal range setting step, the

changed numerical value setting step, the changesbgsing performing step, and the
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second three-dimensional imaging step are repeattidthe actual processing result
obtained by the changed processing falls withirall@vable range.

In the laser processing apparatus accordonghe present invention
described above, the processing conditions fomtikpiece can be automatically set
by inputting necessary items. Accordingly, the rap@ does not need to set the
processing conditions by trial and error, so thatgroductivity can be improved.

While the repetition frequency of the pdidaser beam, the power of the
pulsed laser beam, and the work feed speed aes $bé processing conditions in the
above preferred embodiment, it is preferable talseipulse width of the pulsed laser
beam and the focused spot diameter of the pulsser laeam as the processing
conditions.

The present invention is not limited to tetails of the above described
preferred embodiment. The scope of the invensasefined by the appended claims
and all changes and modifications as fall withia #guivalence of the scope of the

claims are therefore to be embraced by the inventio
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WHAT ISCLAIMED IS:

1. Alaser processing apparatus comprising

a chuck table for holding a workpiece;

a laser beam applying unit having a praogskead for applying a laser
beam to said workpiece held by said chuck table;

moving mechanism for relatively moving saiguck table and said laser
beam applying unit;

an alignment unit for detecting a subjeetaof said workpiece held by said
chuck table;

a controller for controlling said laser beapplying unit and said moving
mechanism;

an operation panel for inputting a desingebcessing result to said
controller; and

three-dimensional imaging unit for imagiagorocessed condition of said
workpiece held by said chuck table to form a thateeensional image,

wherein said controller performs a proaggsionditions adjusting step of
adjusting processing conditions so as to obtaith dasired processing result input by
said operational panel according to said desirextgssing result and said three-
dimensional image formed by said three-dimensianalging unit, and then controls
said laser beam applying unit and said moving masha according to said
processing conditions adjusted in said processingitions adjusting step.

2. The laser processing apparatus acaptdinlaim 1,

wherein said processing conditions adjgststep by the control means
includes:

a fundamental numerical value Bgttistep of setting a

fundamental numerical value of each processingofaatcording to said desired
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processing result input from said operation pand @ fundamental numerical range
of each processing factor;

a fundamental processing perfornsitggp of controlling said laser
beam applying unit and said moving mechanism aatgrdo the fundamental
numerical value of each processing factor set id &amdamental numerical value
setting step to thereby perform fundamental prongds said workpiece held by said
chuck table;

a three-dimensional imaging step aferating said three-
dimensional imaging unit to image the processedditiom of said workpiece
processed by said fundamental processing perforstiey thereby forming a three-
dimensional image;

a graph making step of making ahraf the processing results in
relation to each processing factor according td #aee-dimensional image formed in
said three-dimensional imaging step;

a changed numerical range settieg of selecting the processing
factor having an influence upon the processingltesly comparing the graphs each
corresponding to the processing factors as madaithgraph making step and then
setting a changed numerical range for the procggantor selected above;

a changed numerical value settitgp sof setting a changed
numerical value of each processing factor accortiinthe changed numerical range
set in said changed numerical range setting step; a

a changed processing performing ste controlling said laser
beam applying unit and said moving mechanism aaogrtb the changed numerical
value of each processing factor set in said changederical value setting step,
thereby performing changed processing to said weckpheld by said chuck table;

all of said three-dimensional imaging stepid graph making step, said
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changed numerical range setting step, said chamgerical value setting step, and
said changed processing performing step being reghaatil the actual processing
result obtained by said changed processing falthimvian allowable range of said
desired processing result.

3. The laser processing apparatus acaprtbnclaim 2, wherein said
fundamental numerical value setting step, said lgrapking step, and said changed

numerical value setting step are performed accgrttiran experimental design.
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