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CONDENSING POINT POSITION DETECTING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a method o f 

detecting the position of a condensing point of a l aser 

beam. 

Description of the Related Art 

        A wafer on which a plurality of devices suc h as 

integrated circuits (ICs), large scale integrations  

(LSIs), or the like are demarcated by planned divid ing 

lines is divided into individual device chips by a laser 

processing apparatus.  The device chips are used in  

electric apparatuses such as a mobile telephone, a 

personal computer, a communication apparatus, and t he 

like.  As the laser processing apparatus, there is a laser 

processing apparatus which includes holding means f or 

holding a wafer and irradiates the wafer with a las er 

beam while the condensing point of the laser beam h aving 

a wavelength capable of passing through the wafer h eld by 

the holding means is positioned inside a planned di viding 

line, and a modified layer as a starting point of 

division is formed along the planned dividing line,  so 

that the wafer can be divided into individual devic e 

chips (see Japanese Patent No. 3408805, for example ). 
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        There is also a laser processing apparatus that 

positions a laser beam having a wavelength absorbab le by 

a wafer at a planned dividing line and irradiates t he 

planned dividing line with the laser beam, and thus  forms 

a dividing groove along the planned dividing line b y 

ablation (see Japanese Patent Laid-open No. 1998-30 5420, 

for example). 

        Further, there is a laser processing appara tus that 

positions a laser beam having a wavelength capable of 

passing through a wafer at a planned dividing line and 

irradiates the planned dividing line with the laser  beam, 

and thus forms, along the planned dividing line, a 

plurality of shield tunnels constituted of a plural ity of 

fine holes extending from a top surface to an 

undersurface and an amorphous substance surrounding  each 

fine hole (see Japanese Patent Laid-open No. 2014-2 21483, 

for example). 

 

SUMMARY OF THE INVENTION 

        The laser processing apparatus that forms a  

modified layer as a starting point of division alon g a 

planned dividing line, in particular, has problems as 

follows. 

        (1) The condensing point condensed by a con denser 

needs to be properly positioned inside the wafer.  The 
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position of the condensing point condensed by the 

condenser is adjusted so as to coincide with a posi tion 

at which a reticle is projected on the upper surfac e of 

the wafer after being guided coaxially with the opt ical 

axis of the condenser.  It is assumed that the posi tion of 

the condensing point condensed by the condenser is 

positioned at the upper surface of the wafer when t he 

reticle is clearly projected on the upper surface o f the 

wafer.  However, there is actually an error of 

approximately a few µm between the projection position of 

the reticle and the position of the condensing poin t 

condensed by the condenser. 

        (2) In order to adjust the above-described error, a 

modified layer is formed inside a dummy wafer by 

positioning the condensing point of the condenser i nside 

the wafer with the reticle as a reference, and appl ying a 

laser beam.  The modified layer is thereafter expos ed by 

dividing a region in which the modified layer is fo rmed.  

A length from the upper surface of the wafer to the  

modified layer is actually measured.  The error of the 

position of the condensing point when the reticle i s set 

as the reference is thereby detected, and set as a 

correction value.  However, the actual measurement takes a 

considerable time, thus resulting in poor productiv ity.  

The above-described problem can occur also in the l aser 
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processing apparatus that forms a dividing groove b y 

ablation and the laser processing apparatus that fo rms a 

shield tunnel. 

        Accordingly, it is an object of the present  

invention to provide a condensing point position 

detecting method that can detect the position in an  

optical axis direction of the condensing point of a  

condenser accurately and easily. 

        In accordance with an aspect of the present  

invention, there is provided a condensing point pos ition 

detecting method of detecting a position in an opti cal 

axis direction of a condensing point of a laser bea m 

condensed by a condenser of a laser processing appa ratus, 

the condensing point position detecting method incl uding: 

a mask preparing step of preparing a mask including  a 

slit portion extending in a radial direction of the  laser 

beam oscillated by a laser oscillator and diffracti ng a 

part of the laser beam and a condensing point formi ng 

portion passing a part of the laser beam forming th e 

condensing point; a substrate preparing step of pre paring 

a substrate in which an irradiation mark is to be f ormed 

in a region to be irradiated with the laser beam; a  

substrate holding step of making a chuck table hold  the 

substrate; an irradiation mark forming step of form ing a 

plurality of irradiation marks in the substrate by 
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irradiating the substrate held by the chuck table w ith 

the laser beam while moving the condenser in the op tical 

axis direction with respect to the substrate; and a  

condensing point position detecting step of detecti ng an 

irradiation mark having a proper shape from the plu rality 

of irradiation marks formed in the substrate, and 

detecting the position of the condensing point form ing 

the proper irradiation mark as a position of an acc urate 

condensing point, in which in the irradiation mark 

forming step, when the laser beam is applied while a 

condensing point preset in the condenser is positio ned at 

an upper surface of the substrate, a part of the la ser 

beam, the part reaching the slit portion formed in the 

mask, semicylindrically diffracts with the slit por tion 

as an axis, is condensed by the condenser in a 

longitudinal direction of the slit portion and is n ot 

condensed by the condenser in a lateral direction o f the 

slit portion, and forms a linear irradiation mark 

orthogonal to the slit portion, and a part of the l aser 

beam, the part reaching the condensing point formin g 

portion formed in the mask, is condensed by the con denser 

and forms a circular irradiation mark, and when a 

plurality of irradiation marks are formed by moving  the 

condenser in a positive optical axis direction and a 

negative optical axis direction from the condensing  point 
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preset in the condenser, the plurality of irradiati on 

marks are formed such that the linear irradiation m ark 

moves in a manner of frame-by-frame advance from on e edge 

to another edge of the circular irradiation mark, a nd in 

the condensing point position detecting step, an 

irradiation mark in which the linear irradiation ma rk 

divides the circular irradiation mark into two equa l 

parts is detected as the irradiation mark having th e 

proper shape. 

        Preferably, the laser processing apparatus includes 

condenser positioning means for projecting a reticl e 

indicating the position of the condensing point pre set in 

the condenser onto an upper surface of a workpiece held 

by the holding means, and positioning the condensin g 

point preset in the condenser at the upper surface of the 

workpiece, and in the condensing point position det ecting 

step, a difference between the detected position of  the 

accurate condensing point of the condenser and the 

indicated position of the condensing point indicate d by 

the reticle, is obtained and set as a correction va lue.  

Preferably, the substrate prepared in the substrate  

preparing step is a tin film plate formed by coatin g an 

upper surface of a plate with a tin film or a two-l ayer 

plate formed by coating an upper surface of a plate  with 

a titanium film and further coating an upper surfac e of 
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the titanium film with a tin film.  Preferably, a p itch at 

which the condenser is moved in the optical axis 

direction in the irradiation mark forming step is 0 .5 to 

1.0 µm. 

        According to the present invention, the pos ition in 

the optical axis direction of the condensing point of the 

laser beam condensed by the condenser of the laser 

processing apparatus can be detected accurately and  

easily. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a laser pro cessing 

apparatus; 

        FIG. 2 is a block diagram of laser beam irr adiating 

means of the laser processing apparatus shown in FI G. 1; 

        FIG. 3A is a perspective view of a wafer; 

        FIG. 3B is a sectional view of the wafer; 
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        FIG. 4A is a schematic diagram showing a st ate in 

which a laser beam passed through a slit portion of  a 

mask shown in FIG. 2 diffracts semicylindrically; 

        FIG. 4B is a sectional view taken along a l ine b-b 

of FIG. 4A; and 

        FIG. 5 is a schematic diagram of a pluralit y of 

circular irradiation marks and a plurality of linea r 

irradiation marks formed in a substrate. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        An embodiment of a condensing point positio n 

detecting method according to the present invention  will 

hereinafter be described with reference to the draw ings.  

A laser processing apparatus 2 shown in FIG. 1 incl udes: 

a base 4; holding means 6 for holding a workpiece; laser 

irradiating means 8 for irradiating the workpiece h eld by 

the holding means 6 with a laser beam; feeding mean s 10 

for moving the holding means 6 and the laser irradi ating 

means 8 relative to each other; imaging means 12 fo r 

imaging the workpiece held by the holding means 6; and 

display means 14 for displaying an image imaged by the 

imaging means 12 and the like. 

        As shown in FIG. 1, the holding means 6 inc ludes: a 

rectangular X-direction movable plate 16 mounted on  the 

base 4 so as to be movable in an X-direction; a 
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rectangular Y-direction movable plate 18 mounted on  the 

X-direction movable plate 16 so as to be movable in  a Y-

direction; a cylindrical column 20 fixed to an uppe r 

surface of the Y-direction movable plate 18; and a 

rectangular cover plate 22 fixed to an upper end of  the 

column 20.  An elongated hole 22a extending in the Y-

direction is formed in the cover plate 22.  A circu lar 

chuck table 24 extending upward through the elongat ed 

hole 22a is rotatably mounted on the upper end of t he 

column 20.  A circular suction chuck 26 that is for med of 

a porous material and extends substantially horizon tally 

is disposed on an upper surface of the chuck table 24.  

The suction chuck 26 is connected to suction means (not 

shown) by a flow passage.  The chuck table 24 can s uck and 

hold the workpiece mounted on an upper surface of t he 

suction chuck 26 by generating a suction force in t he 

upper surface of the suction chuck 26 by the suctio n 

means.  In addition, a plurality of clamps 28 are a rranged 

at intervals in a circumferential direction around the 

periphery of the chuck table 24.  Incidentally, the  X-

direction is a direction indicated by an arrow X in  FIG. 

1, and the Y-direction is a direction indicated by an 

arrow Y in FIG. 1 and orthogonal to the X-direction .  A 

plane defined by the X-direction and the Y-directio n is 

substantially horizontal. 
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        Description will be made with reference to FIG. 1 

and FIG. 2.  The laser irradiating means 8 includes : a 

frame body 30 (see FIG. 1) extending upward from an  upper 

surface of the base 4 and then extending substantia lly 

horizontally; a laser oscillator 32 (see FIG. 2) in cluded 

in the frame body 30; a condenser 34 (see FIG. 1 an d FIG. 

2) fitted to a lower surface of an end of the frame  body 

30; and a mask 36 (see FIG. 2) disposed in an optic al 

path between the laser oscillator 32 and the conden ser 34.  

The laser oscillator 32 is configured to oscillate a 

pulsed laser beam LB of a predetermined wavelength (for 

example, 1342 nm).  The condenser 34 has a condensi ng lens 

(not shown) for condensing the pulsed laser beam LB  

oscillated by the laser oscillator 32 and irradiati ng the 

workpiece held by the chuck table 24 of the holding  means 

6 with the pulsed laser beam LB.  The mask 36, whic h can 

be formed of a rectangular glass substrate, is deta chably 

fitted in the frame body 30.  In the present embodi ment, 

as shown in a front view of the mask 36 in a direct ion of 

an optical axis of the mask 36 in FIG. 2, the mask 36 

includes: a slit portion 38 that extends in a radia l 

direction of the pulsed laser beam LB oscillated by  the 

laser oscillator 32 and diffracts a part of the pul sed 

laser beam LB; and an annular condensing point form ing 

portion 40 that passes a part of the pulsed laser b eam LB 
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forming a condensing point.  The slit portion 38 is  

coupled to an inner circumferential edge of the 

condensing point forming portion 40. 

        A part other than the slit portion 38 and t he 

condensing point forming portion 40 in the mask 36 is 

covered with a light shielding film 36a that blocks  the 

pulsed laser beam LB.  The width of the slit portio n 38 

(length in a direction orthogonal to the radial dir ection 

of the pulsed laser beam LB) may be, for example, 

approximately 40 µm.  The slit portion 38 in the present 

embodiment has a shorter length in the radial direc tion 

of the pulsed laser beam LB than the inside diamete r of 

the condensing point forming portion 40, and is, fo r 

example, formed so as to have approximately half of  the 

inside diameter of the condensing point forming por tion 

40.  The inside diameter of the condensing point fo rming 

portion 40 may be approximately 3 to 4 mm.  The out side 

diameter of the condensing point forming portion 40  may 

be approximately 6 mm.  That is, the outside diamet er of 

the condensing point forming portion 40 is set slig htly 

smaller than the diameter of the pulsed laser beam LB 

(for example, approximately φ7 mm) oscillated by the 

laser oscillator 32 (passed through an attenuator 4 2 in 

the present embodiment).  In addition, in the prese nt 

embodiment, the attenuator 42 that adjusts the powe r of 
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the pulsed laser beam LB oscillated by the laser 

oscillator 32 is disposed between the laser oscilla tor 32 

and the mask 36, and a mirror 44 that reflects the pulsed 

laser beam LB passed through the mask 36 and guides  the 

pulsed laser beam LB to the condenser 34 is dispose d 

between the mask 36 and the condenser 34. 

        In the present embodiment, as shown in FIG.  2, the 

laser irradiating means 8 includes condenser positi oning 

means 46 for projecting a reticle indicating the po sition 

of the condensing point preset in the condenser 34 onto 

an upper surface of the workpiece held on the chuck  table 

24 of the holding means 6, and positioning the cond ensing 

point preset in the condenser 34 at the upper surfa ce of 

the workpiece.  The condenser positioning means 46 

includes: a white light source 48; a dichroic mirro r 50 

that reflects the light of the white light source 4 8 and 

guides the light of the white light source 48 to th e 

condenser 34; a camera 52 that images return light formed 

by reflection, from the workpiece, of the light of the 

white light source 48 which light is applied from t he 

condenser 34; raising and lowering means 54 for rai sing 

and lowering the condenser 34; and detecting means 56 for 

detecting the vertical position of the condenser 34 .  The 

dichroic mirror 50 is configured to reflect the lig ht of 

the white light source 48 (which light has waveleng ths of 
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400 to 800 nm, for example) and guide the light of the 

white light source 48 to the condenser 34, and tran smit 

light having wavelengths other than the wavelengths  of 

the light of the white light source 48.  Hence, bec ause 

the pulsed laser beam LB oscillated by the laser 

oscillator 32 is set at a wavelength (for example, 1342 

nm) other than the wavelength of the light of the w hite 

light source 48, the pulsed laser beam LB passes th rough 

the dichroic mirror 50 and enters the condenser 34.   The 

camera 52 is electrically connected to the display means 

14.  A signal of an image imaged by the camera 52 i s 

output to the display means 14. 

        The raising and lowering means 54 includes a ball 

screw 58 extending in a vertical direction and a mo tor 60 

coupled to one end portion of the ball screw 58.  A  nut 

portion 62 of the ball screw 58 is fixed to an exte rnal 

surface of the condenser 34.  The raising and lower ing 

means 54 converts a rotary motion of the motor 60 i nto a 

rectilinear motion by the ball screw 58, and transm its 

the rectilinear motion to the condenser 34, thereby  

raising and lowering the condenser 34 along a guide  rail 

(not shown) extending in the vertical direction.  T he 

detecting means 56 includes a scale 64 disposed alo ng the 

vertical direction and a read head 66 fitted to the  nut 

portion 62 of the ball screw 58 of the raising and 
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lowering means 54.  The read head 66, which may be fitted 

to the condenser 34, outputs pulse signals of one p ulse 

at intervals of 0.1 µm, for example.  The output pulse 

signals are counted by a computer (not shown).  The  

vertical position of the condenser 34 is thereby de tected.  

Incidentally, in a case where the motor 60 of the r aising 

and lowering means 54 is a pulse motor, the vertica l 

position of the condenser 34 can also be detected b y 

counting driving pulse signals output to the motor 60 of 

the raising and lowering means 54.  In addition, in  a case 

where the motor 60 of the raising and lowering mean s 54 

is a servomotor, the vertical position of the conde nser 

34 can also be detected by counting pulse signals o utput 

by a rotary encoder (not shown) that detects the 

rotational speed of the motor 60 of the raising and  

lowering means 54. 

        Continuing the description of the condenser  

positioning means 46 with reference to FIG. 2, a 

condensing lens 68, a reticle 70, a collimating len s 72, 

and a half-silvered mirror 74 are arranged in order  from 

the white light source 48 side between the white li ght 

source 48 and the dichroic mirror 50.  The light of  the 

white light source 48 is condensed by the condensin g lens 

68, and enters the reticle 70.  As shown in a secti onal 

view of the reticle 70 in FIG. 2, a cross shape por tion 
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70a that passes the light of the white light source  48 

which light is condensed by the condensing lens 68 is 

formed in the reticle 70 in the present embodiment,  and a 

part of the reticle 70 other than the cross shape p ortion 

70a is covered with a light shielding film 70b that  

blocks the light of the white light source 48.  The  light 

of the white light source 48 after passing through the 

cross shape portion 70a of the reticle 70 is conver ted 

into collimated light by the collimating lens 72, a nd 

then enters the half-silvered mirror 74.  The half-

silvered mirror 74 is configured to transmit half o f 

incident light, and reflect half of the incident li ght 

and convert the optical path.  Half of the light of  the 

white light source 48 which light enters the half-

silvered mirror 74 is transmitted by the half-silve red 

mirror 74 and guided to the dichroic mirror 50, nex t 

reflected by the dichroic mirror 50, guided to the 

optical path coaxial with the optical axis of the 

condenser 34, and made incident on the condenser 34 . 

        When the light of the white light source 48  after 

entering the condenser 34 is condensed by the conde nser 

34 and applied to the workpiece, a pattern 76 havin g the 

same shape as the shape of the cross shape portion 70a of 

the reticle 70 is projected onto the workpiece beca use 

the light of the white light source 48 has passed t hrough 
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the cross shape portion 70a of the reticle 70.  The  light 

of the white light source 48 after being applied to  the 

workpiece is reflected by the workpiece, passed thr ough 

the condenser 34, next reflected by the dichroic mi rror 

50 and guided to the half-silvered mirror 74, and f urther 

reflected by the half-silvered mirror 74 and guided  to 

the camera 52.  The pattern 76 projected on the wor kpiece 

is thereby imaged by the camera 52.  The pattern 76  imaged 

by the camera 52 is displayed by the display means 14.  

Then, the condenser 34 is raised or lowered as 

appropriate by the raising and lowering means 54.  When 

the pattern 76 displayed by the display means 14 be comes 

clear (that is, when the pattern 76 is clearly proj ected 

on the upper surface of the workpiece), it means th at the 

condensing point preset in the condenser 34 is posi tioned 

at the upper surface of the workpiece.  The condens er 

positioning means 46 can thus project the pattern 7 6 of 

the cross shape portion 70a of the reticle 70 indic ating 

the position of the condensing point preset in the 

condenser 34 onto the upper surface of the workpiec e held 

on the chuck table 24 of the holding means 6, and 

position the condensing point preset in the condens er 34 

at the upper surface of the workpiece. 

        Description will be made with reference to FIG. 1.  

The feeding means 10 includes: processing feeding m eans 
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78 for processing-feeding the holding means 6 in th e X-

direction with respect to the laser irradiating mea ns 8; 

indexing feeding means 80 for indexing-feeding the 

holding means 6 in the Y-direction with respect to the 

laser irradiating means 8; and rotating means (not shown) 

for rotating the chuck table 24 with respect to the  

column 20.  The processing feeding means 78 has a b all 

screw 82 extending in the X-direction on the base 4  and a 

motor 84 coupled to one end portion of the ball scr ew 82.  

A nut portion (not shown) of the ball screw 82 is f ixed 

to the undersurface of the X-direction movable plat e 16.  

The processing feeding means 78 converts a rotary m otion 

of the motor 84 into a rectilinear motion by the ba ll 

screw 82, and transmits the rectilinear motion to t he X-

direction movable plate 16 to advance or retreat th e X-

direction movable plate 16 in the X-direction along  guide 

rails 4a on the base 4.  The chuck table 24 is ther eby 

processing-fed in the X-direction with respect to t he 

condenser 34.  The indexing feeding means 80 has a ball 

screw 86 extending in the Y-direction on the X-dire ction 

movable plate 16 and a motor 88 coupled to one end 

portion of the ball screw 86.  A nut portion (not s hown) 

of the ball screw 86 is fixed to the undersurface o f the 

Y-direction movable plate 18.  The indexing feeding  means 

80 converts a rotary motion of the motor 88 into a 
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rectilinear motion by the ball screw 86, and transm its 

the rectilinear motion to the Y-direction movable p late 

18 to advance or retreat the Y-direction movable pl ate 18 

in the Y-direction along guide rails 16a on the X-

direction movable plate 16.  The chuck table 24 is thereby 

indexing-fed in the Y-direction with respect to the  

condenser 34.  The rotating means has a motor (not shown) 

included in the column 20.  The rotating means rota tes the 

chuck table 24 with respect to the column 20 about an 

axis extending in the vertical direction. 

        The imaging means 12 for detecting a region  to be 

processed in the workpiece and imaging an image for  

performing alignment between the condenser 34 of th e 

laser irradiating means 8 and the workpiece is atta ched 

to the lower surface of the end of the frame body 3 0 so 

as to be spaced from the condenser 34 in the X-dire ction, 

as shown in FIG. 1.  In addition, the display means  14 for 

selectively displaying the image imaged by the imag ing 

means 12 and the image imaged by the camera 52 of t he 

condenser positioning means 46 is mounted on an upp er 

surface of the end of the frame body 30. 

        When the position in an optical axis direct ion of 

the condensing point condensed by the condenser 34 of the 

laser processing apparatus 2 described above is det ected, 

a mask preparing step is first performed which prep ares a 
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mask constituted of a slit portion that extends in the 

radial direction of the pulsed laser beam LB oscill ated 

by the laser oscillator 32 and diffracts a part of the 

pulsed laser beam LB and a condensing point forming  

portion that condenses a part of the pulsed laser b eam LB 

and forms a condensing point.  The mask prepared in  the 

mask preparing step may be the mask 36 described ab ove, 

or may be a spatial light phase modulator formed of  a 

liquid crystal (LCOS-SLM manufactured by Hamamatsu 

Photonics K.K., for example).  Then, the prepared m ask is 

placed in the optical path of the pulsed laser beam  LB 

between the laser oscillator 32 and the condenser 3 4 

(between the attenuator 42 and the mirror 44 in the  

present embodiment). 

        In addition, a substrate preparing step is 

performed which prepares a substrate in which an 

irradiation mark is to be formed in a region to be 

irradiated with the laser beam.  The substrate prep aring 

step may be performed before the mask preparing ste p, 

after the mask preparing step, or in parallel with the 

mask preparing step.  As shown in FIG. 3A and FIG. 3B, for 

example, the substrate prepared in the substrate 

preparing step is suitably a two-layer plate 96 for med by 

coating an upper surface of a plate 90, which can b e 

formed by a circular glass plate having a thickness  of 
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approximately 2 mm, with a titanium (Ti) film 92, a nd 

further coating an upper surface of the titanium fi lm 92 

with a tin (Sn) film 94.  The titanium film 92 and the tin 

film 94 may each have a thickness of approximately 50 nm.  

When the tin film 94 side of the two-layer plate 96  is 

irradiated with a laser beam, the tin film 94 in a region 

irradiated with the laser beam is melted, thereby f orming 

an irradiation mark.  In addition, when the upper s urface 

of the titanium film 92 is coated with the tin film  94, 

the titanium film 92 is exposed at the time of the 

melting of the tin film 94 and the formation of the  

irradiation mark by the irradiation with the laser beam, 

and the irradiation mark can be detected relatively  

easily due to a moderate contrast between the tin f ilm 94 

around the irradiation mark and the exposed titaniu m film 

92.  In the present embodiment, a lower surface of the 

two-layer plate 96 is affixed to an adhesive tape 1 00 

whose circumferential edge is fixed to an annular f rame 

98.  Incidentally, the substrate to be prepared in the 

substrate preparing step may be a tin film plate fo rmed 

by coating an upper surface of a plate, which can b e 

formed by a circular glass plate having a thickness  of 

approximately 2 mm, with a tin film having a thickn ess of 

approximately 50 nm. 

        After the substrate preparing step is perfo rmed, a 
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substrate holding step is performed which makes the  

holding means 6 hold the substrate.  In the substra te 

holding step in the present embodiment, first, the two-

layer plate 96 is placed on the upper surface of th e 

chuck table 24 with an upper surface (the tin film 94 

side) of the two-layer plate 96 directed upward.  N ext, a 

suction force is produced on the upper surface of t he 

suction chuck 26 by actuating the suction means con nected 

to the suction chuck 26, so that the lower surface of the 

two-layer plate 96 is stuck to the chuck table 24.  In 

addition, an outer circumferential edge portion of the 

annular frame 98 is fixed by the plurality of clamp s 28.  

The holding means 6 is thus made to hold the two-la yer 

plate 96. 

        After the substrate holding step is perform ed, an 

irradiation mark forming step is performed which fo rms a 

plurality of irradiation marks in the substrate by 

applying the laser beam while moving the condenser 34 in 

the optical axis direction with respect to the subs trate 

held by the holding means 6.  In the irradiation ma rk 

forming step, first, the two-layer plate 96 is posi tioned 

below the condenser 34 by moving the chuck table 24  by 

the feeding means 10.  Next, the condensing point p reset 

in the condenser 34 is positioned at the upper surf ace of 

the two-layer plate 96 by the condenser positioning  means 
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46.  Next, the condenser 34 is moved by the raising  and 

lowering means 54 to one side in the optical axis 

direction by an appropriate distance from the state  in 

which the condensing point preset in the condenser 34 is 

positioned at the upper surface of the two-layer pl ate 96.  

Next, irradiation mark formation processing is perf ormed 

which forms a plurality of irradiation marks in the  upper 

surface of the two-layer plate 96 at intervals in t he X-

direction by irradiating the two-layer plate 96 wit h the 

pulsed laser beam LB from the condenser 34 while 

processing-feeding the chuck table 24 in the X-dire ction 

with respect to the condenser 34 by the processing 

feeding means 78 at an appropriate processing feed speed. 

        The pulsed laser beam LB oscillated from th e laser 

oscillator 32 in the irradiation mark formation 

processing is adjusted, by the attenuator 42, to an  

appropriate power at such a level as to be able to form 

the irradiation marks in the two-layer plate 96.  T he 

pulsed laser beam LB then passes through the mask 3 6, and 

is then reflected by the mirror 44, so that the opt ical 

path of the pulsed laser beam LB is converted.  The  pulsed 

laser beam LB then passes through the dichroic mirr or 50, 

is thereafter condensed by the condenser 34, and is  

applied to the two-layer plate 96.  Here, making de tailed 

description of the pulsed laser beam LB that has pa ssed 
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through the mask 36, first, a part of the pulsed la ser 

beam LB which part reached the annular condensing p oint 

forming portion 40 formed in the mask 36 is condens ed by 

the condenser 34, and therefore forms a circular 

irradiation mark 102 (see FIG. 5) when applied to t he 

two-layer plate 96.  On the other hand, as shown in  FIG. 

4A and FIG. 4B, a part of the pulsed laser beam LB which 

part reached the slit portion 38 formed in the mask  36 

becomes a circular wave, and diffracts semicylindri cally 

with a longitudinal direction L of the slit portion  38 as 

an axis. 

        Therefore, the part of the pulsed laser bea m LB 

which part passed through the slit portion 38 becom es a 

circular wave and diffuses in a lateral direction S  of 

the slit portion 38, and is thus not condensed by t he 

condenser 34 in the lateral direction S of the slit  

portion 38, while the part of the pulsed laser beam  LB 

which part passed through the slit portion 38 is no t 

affected by the slit portion 38 (does not become a 

circular wave and does not diffuse) in the longitud inal 

direction L of the slit portion 38, and is thus con densed 

by the condenser 34 in the longitudinal direction L  of 

the slit portion 38.  Hence, the part of the pulsed  laser 

beam LB which part passed through the slit portion 38 

forms a linear irradiation mark 104 (see FIG. 5) 
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extending in a direction orthogonal to the longitud inal 

direction L of the slit portion 38 (that is, the la teral 

direction S of the slit portion 38) when applied to  the 

two-layer plate 96. 

        After the first irradiation mark formation 

processing is performed in the irradiation mark for ming 

step, the indexing feeding means 80 indexing-feeds the 

chuck table 24 to one side in the Y-direction with 

respect to the condenser 34, and the condenser 34 i s 

moved to another side in the optical axis direction .  Then, 

circular irradiation marks 102 and linear irradiati on 

marks 104 under a plurality of conditions obtained by 

moving the condenser 34 to the other side in the op tical 

axis direction at an appropriate pitch are formed i n the 

upper surface of the two-layer plate 96 at interval s in 

the Y-direction by alternately repeating the indexi ng 

feeding to the one side in the Y-direction and the 

movement of the condenser 34 to the other side in t he 

optical axis direction and the irradiation mark for mation 

processing.  The irradiation mark forming step can be 

performed under the following processing conditions , for 

example. 

        Wavelength of the pulsed laser beam: 1342 n m 

        Repetition frequency: 60 kHz 

        Average power: 0.1 to 0.3 W 
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        Processing feed speed: 600 mm/second 

        When the first irradiation mark formation 

processing is performed in the irradiation mark for ming 

step, because an error of approximately a few µm can 

occur between the condensing point preset in the 

condenser 34 and an accurate condensing point conde nsed 

by the condenser 34, it suffices to move the conden ser 34 

to the one side in the optical axis direction by a 

predetermined distance (for example, 10 µm) slightly 

larger than the error from the state in which the 

condensing point preset in the condenser 34 is posi tioned 

at the upper surface of the two-layer plate 96.  In  

addition, when the condenser 34 is moved to the oth er 

side in the optical axis direction after the first 

irradiation mark formation processing is performed,  it 

suffices to move the condenser 34 by a distance (fo r 

example, 20 µm) approximately twice the predetermined 

distance at a pitch of 0.5 to 1.0 µm. 

        In the irradiation mark forming step, when a 

plurality of irradiation marks are formed while the  

condenser 34 is moved in a positive optical axis 

direction and a negative optical axis direction fro m the 

condensing point preset in the condenser 34, the 

plurality of irradiation marks are formed such that  a 

linear irradiation mark 104 moves in a manner of fr ame 
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advance from one edge to another edge of a circular  

irradiation mark 102.  Specifically, referring to F IG. 5, 

description will be made of relation of the condens ing 

point condensed by the condenser 34 to circular 

irradiation marks 102 and linear irradiation marks 104.  

FIG. 5 shows both a case where the first irradiatio n mark 

formation processing is performed after the condens er 34 

is moved in the negative optical axis direction 

(direction indicated by “-” in FIG. 2) by 10 µm from the 

state in which the condensing point preset in the 

condenser 34 is positioned at the upper surface of the 

two-layer plate 96 and a case where irradiation mar k 

formation processing is performed after the chuck t able 

24 is indexing-fed in the Y-direction by 1.0 mm and  the 

condenser 34 is moved in the positive optical axis 

direction (direction indicated by “+” in FIG. 2) by  1.0 

µm from the state in which the first irradiation mar k 

formation processing has been performed.  In additi on, FIG. 

5 shows that circular irradiation marks 102 and lin ear 

irradiation marks 104 are formed in the two-layer p late 

96 at intervals of 10 µm in the X-direction when the 

chuck table 24 is moved in the X-direction at a 

repetition frequency of 60 kHz and a processing fee d 

speed of 600 mm/second. 

        Further, FIG. 5 shows circular irradiation marks 
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102 and linear irradiation marks 104 as viewed alon g the 

Y-direction at an arbitrary position in the X-direc tion 

among circular irradiation marks 102 and linear 

irradiation marks 104 formed in the two-layer plate  96 by 

performing the irradiation mark formation processin g 

while indexing-feeding the chuck table 24 in the Y-

direction by 1.0 mm and moving the condenser 34 in the 

positive optical axis direction by 1.0 µm from the state 

in which the first irradiation mark formation proce ssing 

has been performed.  A circular irradiation mark 10 2 is 

formed in a central part of relatively high energy in the 

condensing point, and is not formed in a peripheral  part 

of relatively low energy in the condensing point.  Thus, 

the center of the circular irradiation mark 102 mat ches 

the center of the condensing point, and the diamete r of 

the circular irradiation mark 102 is smaller than t he 

diameter of the condensing point.  However, the dia meter 

of the circular irradiation mark 102 hardly differs  

between a case where the condensing point is positi oned 

at the upper surface of the two-layer plate 96 and a case 

where the condensing point is positioned slightly a bove 

the upper surface of the two-layer plate 96 or slig htly 

below the upper surface of the two-layer plate 96.  

Therefore, when only circular irradiation marks 102  are 

formed, it is difficult to determine whether or not  the 



28 

condensing point is positioned at the upper surface  of 

the two-layer plate 96. 

        On the other hand, a linear irradiation mar k 104 

passes through the slit portion 38 whose length in the 

radial direction of the pulsed laser beam LB is sho rter 

than the inside diameter of the condensing point fo rming 

portion 40.  Thus, when the condensing point is pos itioned 

at the upper surface of the two-layer plate 96, the  

linear irradiation mark 104 is formed at a position  

passing through the center of the circular irradiat ion 

mark 102 (that is, the center of the condensing poi nt), 

whereas when the condensing point is not positioned  at 

the upper surface of the two-layer plate 96, the li near 

irradiation mark 104 is formed at a position separa ted 

from the center of the circular irradiation mark 10 2.  As 

the condensing point goes away from the upper surfa ce of 

the two-layer plate 96, a distance between the cent er of 

the circular irradiation mark 102 and the linear 

irradiation mark 104 is increased.  For example, as  shown 

in FIG. 5, the vertical position of the condenser 3 4 when 

the condensing point preset in the condenser 34 is 

positioned at the upper surface of the two-layer pl ate 96 

by the condenser positioning means 46 is set as a 

reference, and the linear irradiation mark 104 form ed in 

the two-layer plate 96 passes through the center of  the 
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circular irradiation mark 102 when the condenser 34  is 

moved in the negative optical axis direction by 4 µm.  

Hence, the position shifted by 4 µm in the negative 

optical axis direction from the condensing point pr eset 

in the condenser 34 is an accurate position of the 

condensing point condensed by the condenser 34. 

        As is understood by referring to FIG. 5, wh en the 

accurate position of the condensing point condensed  by 

the condenser 34 is positioned above the upper surf ace of 

the two-layer plate 96, the linear irradiation mark  104 

is formed at a position deviating to one side (righ t side 

in FIG. 5) from the center of the circular irradiat ion 

mark 102.  When the accurate position of the conden sing 

point condensed by the condenser 34 is positioned b elow 

the upper surface of the two-layer plate 96, the li near 

irradiation mark 104 is formed at a position deviat ing to 

another side (left side in FIG. 5) from the center of the 

circular irradiation mark 102.  In addition, as the  

condensing point goes away from the upper surface o f the 

two-layer plate 96, the distance between the center  of 

the circular irradiation mark 102 and the linear 

irradiation mark 104 is increased.  When the irradi ation 

mark forming step is thus performed, a plurality of  

irradiation marks are formed such that the linear 

irradiation mark 104 moves in a manner of frame adv ance 
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from one edge to the other edge of the circular 

irradiation mark 102, as shown in FIG. 5. 

        After the irradiation mark forming step is 

performed, a condensing point position detecting st ep is 

performed which detects an irradiation mark having a 

proper shape from the plurality of irradiation mark s 

formed in the substrate, and detects the position o f the 

condensing point forming the proper irradiation mar k as 

the position of an accurate condensing point.  As 

described above, the linear irradiation mark 104 pa sses 

through the center of the circular irradiation mark  102 

when the condensing point is positioned at the uppe r 

surface of the two-layer plate 96.  Thus, in the 

condensing point position detecting step, an irradi ation 

mark in which the linear irradiation mark 104 divid es the 

circular irradiation mark 102 into two equal parts is 

detected as the irradiation mark having the proper shape.  

In the present embodiment, as shown in FIG. 5, the linear 

irradiation mark 104 divides the circular irradiati on 

mark 102 into two equal parts at the position shift ed by 

4 µm in the negative optical axis direction from the 

condensing point preset in the condenser 34.  This 

position is therefore detected as the position in t he 

optical axis direction of the accurate condensing p oint.  

As described above, the present embodiment can dete ct the 
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position in the optical axis direction of the conde nsing 

point condensed by the condenser 34 accurately and easily.  

Incidentally, when laser processing is performed us ing 

the laser processing apparatus 2, a difference (4 µm in 

the present embodiment) between the detected positi on of 

the accurate condensing point of the condenser 34 a nd the 

position of the condensing point which position is 

obtained by projecting the pattern 76 of the cross shape 

portion 70a of the reticle 70 onto the upper surfac e of 

the substrate is obtained and used as a correction value.  

Therefore, the condensing point condensed by the 

condenser 34 can be positioned at a proper position  

according to the laser processing. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

of the scope of the claims are therefore to be embr aced 

by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A condensing point position detecting m ethod of 

detecting a position in an optical axis direction o f a 

condensing point of a laser beam condensed by a con denser 

of a laser processing apparatus, the condensing poi nt 

position detecting method comprising: 

        a mask preparing step of preparing a mask i ncluding 

a slit portion extending in a radial direction of t he 

laser beam oscillated by a laser oscillator and 

diffracting a part of the laser beam and a condensi ng 

point forming portion passing a part of the laser b eam 

forming the condensing point; 

        a substrate preparing step of preparing a s ubstrate 

in which an irradiation mark is to be formed in a r egion 

to be irradiated with the laser beam; 

        a substrate holding step of making a chuck table 

hold the substrate; 

        an irradiation mark forming step of forming  a 

plurality of irradiation marks in the substrate by 

irradiating the substrate held by the chuck table w ith 

the laser beam while moving the condenser in the op tical 

axis direction with respect to the substrate; and 

        a condensing point position detecting step of 

detecting an irradiation mark having a proper shape  from 

the plurality of irradiation marks formed in the 
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substrate, and detecting the position of the conden sing 

point forming the proper irradiation mark as a posi tion 

of an accurate condensing point, 

        wherein in the irradiation mark forming ste p, 

        when the laser beam is applied while a cond ensing 

point preset in the condenser is positioned at an u pper 

surface of the substrate, a part of the laser beam,  the 

part reaching the slit portion formed in the mask, 

semicylindrically diffracts with the slit portion a s an 

axis, is condensed by the condenser in a longitudin al 

direction of the slit portion and is not condensed by the 

condenser in a lateral direction of the slit portio n, and 

forms a linear irradiation mark orthogonal to the s lit 

portion, and a part of the laser beam, the part rea ching 

the condensing point forming portion formed in the mask, 

is condensed by the condenser and forms a circular 

irradiation mark, and 

        when a plurality of irradiation marks are f ormed by 

moving the condenser in a positive optical axis dir ection 

and a negative optical axis direction from the cond ensing 

point preset in the condenser, the plurality of 

irradiation marks are formed such that the linear 

irradiation mark moves in a manner of frame-by-fram e 

advance from one edge to another edge of the circul ar 

irradiation mark, and 
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        in the condensing point position detecting step, an 

irradiation mark in which the linear irradiation ma rk 

divides the circular irradiation mark into two equa l 

parts is detected as the irradiation mark having th e 

proper shape. 

        2.  The condensing point position detecting  method 

according to claim 1, wherein 

        the laser processing apparatus includes con denser 

positioning means for projecting a reticle indicati ng the 

position of the condensing point preset in the cond enser 

onto an upper surface of a workpiece held by the ch uck 

table, and positioning the condensing point preset in the 

condenser at the upper surface of the workpiece, an d 

        in the condensing point position detecting step, a 

difference between the detected position of the acc urate 

condensing point of the condenser and the indicated  

position of the condensing point indicated by the r eticle, 

is obtained and set as a correction value. 

        3.  The condensing point position detecting  method 

according to claim 1, wherein 

        the substrate prepared in the substrate pre paring 

step is a tin film plate formed by coating an upper  

surface of a plate with a tin film or a two-layer p late 

formed by coating an upper surface of a plate with a 

titanium film and further coating an upper surface of the 
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titanium film with a tin film. 

        4.  The condensing point position detecting  method 

according to claim 1, wherein 

        a pitch at which the condenser is moved in the 

optical axis direction in the irradiation mark form ing 

step is 0.5 to 1.0 µm. 


