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HEIGHT DETECTING APPARATUS AND LASER PROCESSING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a height d etecting 

apparatus for detecting the height of a workpiece s uch as 

a semiconductor wafer or the like held on a chuck t able 

and a laser processing apparatus incorporating such  a 

height detecting apparatus. 

Description of the Related Art 

        Wafers having a plurality of devices such a s 

integrated circuits (ICs), large scale integrated 

circuits (LSIs) circuits, etc. formed in areas dema rcated 

on a face thereof by a grid of projected dicing lin es are 

divided by a dicing apparatus, a laser processing 

apparatus, or the like into individual device chips  that 

are used in electric equipment such as mobile phone s, 

personal computers, etc. 

        There are different types of laser processi ng 

apparatus available for processing workpieces.  Acc ording 

to one type of laser processing apparatus, a laser beam 

having a wavelength that is absorbable by a workpie ce is 

applied to the workpiece while the focused spot of the 

laser beam is positioned on an upper surface of the  
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workpiece, thereby to perform an ablation process o n the 

workpiece (see, for example, Japanese Patent Laid-o pen No. 

1998-305420).  Another type of laser processing app aratus 

applies a laser beam having a wavelength that is 

transmittable through a workpiece to the workpiece while 

positioning the focused spot of the laser beam with in the 

workpiece to form modified layers in the workpiece (see, 

for example, Japanese Patent No. 3408805).  Accordi ng to 

still another type of laser processing apparatus, a  laser 

beam having a wavelength that is transmittable thro ugh a 

workpiece is applied to the workpiece while positio ning 

the focused spot or region of the laser beam within  the 

workpiece to form a plurality of shield tunnels in the 

workpiece, each made up of a pore extending from an  upper 

surface of the workpiece to the reverse side thereo f and 

an amorphous body surrounding the pore (see, for ex ample, 

Japanese Patent Laid-open No. 2014-221483). 

        If the upper surface of the workpiece has 

undulations, then the focused spot of the laser bea m 

cannot be placed at appropriate positions on the 

workpiece.  Therefore, there has been proposed by t he 

present applicant a technology for detecting the he ight 

of a to-be-processed region of a workpiece to which  a 

laser beam is to be applied thereby to generate hei ght 



3 

information and applying the laser beam to the work piece 

to process the workpiece while positioning the focu sed 

spot of the laser beam at an appropriate position b ased 

on the height information (see, for example, Japane se 

Patent Laid-open No. 2011-122894). 

 

SUMMARY OF THE INVENTION 

        According to the invention disclosed in Jap anese 

Patent Laid-open No. 2011-122894, despite undulatio ns on 

the surface of the workpiece, the height of the to- be-

processed area is detected and stored as height 

information, and the position of the focused spot o f the 

laser beam is corrected based on the stored height 

information before the laser beam is applied to the  

workpiece.  Therefore, when the workpiece is proces sed by 

the laser beam, the focused spot of the laser beam is 

placed at a desired appropriate position on the wor kpiece 

while the laser beam is being applied to the workpi ece. 

        There is known in the art a spectral-interf erence 

height detecting apparatus that detects the height of the 

upper surface of a workpiece by applying light in a  

particular wavelength band to the upper surface of the 

workpiece, capturing an interference between reflec ted 

light and reference light with an image sensor, and  
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performing Fourier transform, etc. on the captured 

interference.  If a film such as an oxide film, an 

insulating film, or the like is deposited on the up per 

surface of the workpiece, however, the light in the  

particular wavelength band is not sufficiently refl ected 

from the upper surface of the workpiece, with the r esult 

that the height of the upper surface of the workpie ce 

cannot properly be detected. 

        It is therefore an object of the present in vention 

to provide a height detecting apparatus which is ca pable 

of properly detecting the height of the upper surfa ce of 

a workpiece even if a film such as an oxide film, a n 

insulating film, or the like is deposited on the up per 

surface of the workpiece, and a laser processing 

apparatus which incorporates such a height detectin g 

apparatus. 

        In accordance with an aspect of the present  

invention, there is provided a spectral interferenc e 

height detecting apparatus including a chuck table for 

holding a workpiece thereon, and a height detecting  unit 

configured to detect the height of an upper surface  of 

the workpiece held on the chuck table, in which the  

height detecting unit includes a light source for 

emitting light in a predetermined wavelength band i nto a 
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first optical path, a condenser disposed in the fir st 

optical path for converging light onto the workpiec e held 

on the chuck table, a beam splitter disposed betwee n the 

light source and the condenser for splitting the li ght in 

the first optical path into a second optical path, a 

mirror disposed in the second optical path to form a 

basic optical path length, for reflecting light int o the 

second optical path and returning light through the  beam 

splitter to the first optical path, an optical spli tter 

disposed between the beam splitter and the light so urce, 

for splitting interference light produced from ligh t 

reflected by the upper surface of the workpiece hel d on 

the chuck table and returned through the condenser to the 

first optical path and light returned by the mirror , from 

the first optical path into a third optical path, a nd a 

calculating unit disposed in the third optical path , for 

calculating the height of the workpiece based on th e 

interference light, in which the calculating unit 

includes a wavelength band splitter for splitting t he 

light in the wavelength band emitted from the light  

source into light in at least two wavelength bands,  and a 

selector for selecting light in either one of the t wo 

wavelength bands from the wavelength band splitter,  and 

in which interference light in the wavelength band 
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selected by the selector is captured by an image se nsor 

for calculating the height of the workpiece. 

        Preferably, the wavelength band splitter in cludes a 

dichroic mirror for transmitting therethrough light  in a 

first wavelength band included in the light in the 

predetermined wavelength band emitted from the ligh t 

source and reflecting light in a second wavelength band 

included in the light in the predetermined waveleng th 

band emitted from the light source, a first bandpas s 

filter disposed in an optical path for the light in  the 

first wavelength band, for removing noise from the light 

in the first wavelength band, a first diffraction g rating 

for dispersing light from the first bandpass filter  in 

the first wavelength band, a second bandpass filter  

disposed in an optical path for the light in the se cond 

wavelength band, for removing noise from the light in the 

second wavelength band, and a second diffraction gr ating 

for dispersing light from the second bandpass filte r in 

the second wavelength band, and in which the select or 

includes a light blocking plate for blocking either  one 

of the optical path for the light in the first wave length 

band and the optical path for the light in the seco nd 

wavelength band. 

        Preferably, the calculating unit includes a  memory 
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for storing information of the calculated height of  the 

workpiece based on coordinates of the workpiece. 

        In accordance with another aspect of the pr esent 

invention, there is provided a laser processing app aratus 

including a chuck table for holding a workpiece the reon, 

a height detecting unit configured to detect the he ight 

of an upper surface of the workpiece held on the ch uck 

table, a laser oscillator for oscillating a laser a nd 

emitting a laser beam, and an optical system for gu iding 

the laser beam emitted from the laser oscillator to  a 

condenser, in which the height detecting unit inclu des a 

light source for emitting light in a predetermined 

wavelength band into a first optical path, a conden ser 

disposed in the first optical path for converging l ight 

onto the workpiece held on the chuck table, a beam 

splitter disposed between the light source and the 

condenser for splitting the light in the first opti cal 

path into a second optical path, a mirror disposed in the 

second optical path to form a basic optical path le ngth, 

for reflecting light into the second optical path a nd 

returning light through the beam splitter to the fi rst 

optical path, an optical splitter disposed between the 

beam splitter and the light source, for splitting 

interference light produced from light reflected by  the 
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upper surface of the workpiece held on the chuck ta ble 

and returned through the condenser to the first opt ical 

path and light returned by the mirror, from the fir st 

optical path into a third optical path, and a calcu lating 

unit disposed in the third optical path and configu red to 

calculate the height of the workpiece based on the 

interference light; the calculating unit includes a  

wavelength band splitter for splitting the light in  the 

wavelength band emitted from the light source into light 

in at least two wavelength bands, a selector for 

selecting light in either one of the two wavelength  bands 

from the wavelength band splitter, and a memory for  

storing information of the calculated height of the  

workpiece based on coordinates of the workpiece; an d 

interference light in the wavelength band selected by the 

selector is captured by an image sensor for detecti ng the 

height of the workpiece; the laser processing appar atus 

further including an actuator disposed on the conde nser, 

for moving the condenser toward and away from the 

workpiece held on the chuck table based on the 

information of the calculated height stored in the memory. 

        Preferably, the wavelength band splitter of  the 

laser processing apparatus includes a dichroic mirr or for 

transmitting therethrough light in a first waveleng th 
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band included in the light in the wavelength band e mitted 

from the light source and reflecting light in a sec ond 

wavelength band included in the light in the wavele ngth 

band emitted from the light source, a first bandpas s 

filter disposed in an optical path for the light in  the 

first wavelength band, for removing noise from the light 

in the first wavelength band, a first diffraction g rating 

for dispersing light from the first bandpass filter  in 

the first wavelength band, a second bandpass filter  

disposed in an optical path for the light in the se cond 

wavelength band, for removing noise from the light in the 

second wavelength band, and a second diffraction gr ating 

for dispersing light from the second bandpass filte r in 

the second wavelength band, and in which the select or 

includes a light blocking plate for blocking either  one 

of the optical path for the light in the first wave length 

band and the optical path for the light in the seco nd 

wavelength band. 

        The height detecting apparatus according to  the 

present invention is able to properly detect the he ight 

of the upper surface of the workpiece by selecting the 

light in either one of the two wavelength bands eve n if 

the upper surface of the workpiece is deposited wit h a 

film such as an oxide film, an insulating film, or the 
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like. 

        The laser processing apparatus that incorpo rates 

the height detecting apparatus is able to process t he 

workpiece as desired by applying the laser beam to the 

workpiece while placing a focused spot of the laser  beam 

at an appropriate position based on the information  of 

the detected height. 

        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 according to an embodiment of the present  

invention; 

        FIG. 2 is a block diagram of a height detec ting 

apparatus and a laser beam applying unit incorporat ed in 

the laser processing apparatus depicted in FIG. 1; 

        FIGS. 3A and 3B are conceptual diagrams dep icting 

spectral interference waveforms produced by the hei ght 
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detecting apparatus depicted in FIG. 2; 

        FIG. 4 is a perspective view of a semicondu ctor 

wafer as a workpiece processed by the laser process ing 

apparatus depicted in FIG. 1; 

        FIGS. 5A and 5B are plan views depicting th e 

relationship between regions of the semiconductor w afer 

depicted in FIG. 4 and coordinate positions when th e 

semiconductor wafer is held in a predetermined posi tion 

on a chuck table; 

        FIG. 6 is a side elevational view illustrat ing a 

height detecting step carried out by the height det ecting 

apparatus incorporated in the laser processing appa ratus 

depicted in FIG. 1; and 

        FIG. 7 is a table of height information sto red in a 

storage unit of a control unit included in the lase r 

processing apparatus depicted in FIG. 1. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A height detecting apparatus for detecting the 

height of the upper surface of a workpiece and a la ser 

processing apparatus which incorporates the height 

detecting apparatus according to an embodiment of t he 

present invention will be described in detail below  with 

reference to the accompanying drawings.  FIG. 1 dep icts in 



12 

perspective a laser processing apparatus that 

incorporates a height detecting apparatus according  to an 

embodiment of the present invention.  The laser pro cessing 

apparatus, denoted by 1 in FIG. 1, includes a stati onary 

base 2, a holding mechanism 3 for holding a workpie ce to 

be processed, the holding mechanism 3 being dispose d on 

the stationary base 2 for movement in processing fe ed 

directions, i.e., X-axis directions, indicated by t he 

arrows X, a laser beam applying unit support mechan ism 4 

disposed on the stationary base 2 for movement in 

indexing feed directions, i.e., Y-axis directions, 

indicated by the arrows Y perpendicular to the X-ax is 

directions, and a height detecting and laser beam 

applying unit 5 disposed on the laser beam applying  unit 

support mechanism 4 for movement in focused-spot po sition 

adjusting directions, i.e., Z-axis directions, indi cated 

by the Z arrows perpendicular to the X-axis directi ons 

and Y-axis directions. 

        The holding mechanism 3 includes a pair of guide 

rails 31 disposed on the stationary base 2 and exte nding 

parallel to each other along the X-axis directions,  a 

first slide block 32 slidably disposed on the guide  rails 

31 for movement in the X-axis directions, a second slide 

block 33 slidably disposed on the first slide block  32 
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for movement in the Y-axis directions, a support ta ble 35 

supported on the second slide block 33 by a hollow 

cylindrical member 34, and a chuck table 36 support ed on 

the support table 35, for holding the workpiece.  T he 

chuck table 36 includes a suction chuck 361 made of  a 

porous material, and holds the workpiece, such as a  

circular semiconductor wafer, for example, on an up per 

holding surface of the suction chuck 361 under suct ion 

forces applied from suction means, not depicted.  T he 

chuck table 36 is rotatable about its own axis by a  

stepping motor, not depicted, disposed in the hollo w 

cylindrical member 34.  A pair of clamps 362 are at tached 

to the chuck table 36 for securing an annular frame , not 

depicted, on which the workpiece is supported by a 

protective tape, not depicted, to the suction chuck  361. 

        The first slide block 32 has a pair of guid ed 

grooves 321 defined in a lower surface thereof and 

slidably fitted over the guide rails 31, and suppor ts on 

an upper surface thereof a pair of guide rails 322 

extending parallel to each other along the Y-axis 

directions.  According to the present embodiment, t he 

holding mechanism 3 includes a processing feed unit  37 

for moving the first slide block 32 in the X-axis 

directions along the guide rails 31.  The processin g feed 
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unit 37 includes an externally threaded rod 371 dis posed 

between and extending parallel to the guide rails 3 1 and 

a rotary actuator 372 such as a stepping motor, a 

servomotor, or the like for rotating the externally  

threaded rod 371 about its own axis.  The externall y 

threaded rod 371 has an end rotatably supported on a 

bearing block 373 fixed to the stationary base 2 an d the 

other end coupled to the output shaft of the rotary  

actuator 372.  The externally threaded rod 371 is t hreaded 

in an internally threaded through hole, not depicte d, 

defined in an internally threaded block, not depict ed, 

projecting on a lower surface of a central region o f the 

first slide block 32.  When the rotary actuator 372  is 

energized to rotate the externally threaded rod 371  in 

one direction or the other, the first slide block 3 2 is 

moved in one or the other of the X-axis directions along 

the guide rails 31. 

        According to the present embodiment, the la ser 

processing apparatus 1 includes a processing feed 

distance detecting unit 374 for detecting the dista nce 

that the chuck table 36 is processing-fed.  The pro cessing 

feed distance detecting unit 374 includes a linear scale 

374a extending on the stationary base 2 along one o f the 

guide rails 31 and a reading head 374b disposed on the 
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first slide block 32 and movable with the first sli de 

block 32 along the linear scale 374a.  According to  the 

present embodiment, the reading head 374b sends a p ulse 

to a control unit, to be described later, each time  it 

moves 1 µm along the linear scale 374a.  The contro l unit 

counts pulses sent from the reading head 374b to de tect 

the distance that the chuck table 36 is processing- fed 

along one of the X-axis directions.  Alternatively,  if the 

rotary actuator 372 includes a stepping motor, then  the 

control unit may detect the distance that the chuck  table 

36 is processing-fed by counting drive pulses outpu t to 

the stepping motor.  Further alternatively, if the rotary 

actuator 372 includes a servomotor, then the contro l unit 

may detect the distance that the chuck table 36 is 

processing-fed by counting pulses sent from a rotar y 

encoder, not depicted, that detects the rotational speed 

of the servomotor. 

        The second slide block 33 has a pair of gui ded 

grooves 331 defined in a lower surface thereof and 

slidably fitted respectively over the guide rails 3 22 on 

the upper surface of the first slide block 32, so t hat 

the second slide block 33 is movable in the Y-axis 

directions.  According to the present embodiment, t he 

holding mechanism 3 includes a first indexing feed unit 
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38 for moving the second slide block 33 in the Y-ax is 

directions along the guide rails 322 on the first s lide 

block 32.  The first indexing feed unit 38 includes  an 

externally threaded rod 381 disposed between and 

extending parallel to the guide rails 322 and a rot ary 

actuator 382 such as a stepping motor, a servomotor , or 

the like for rotating the externally threaded rod 3 81 

about its own axis.  The externally threaded rod 38 1 has 

an end rotatably supported on a bearing block 383 f ixed 

to the upper surface of the first slide block 32 an d the 

other end coupled to the output shaft of the rotary  

actuator 382.  The externally threaded rod 381 is t hreaded 

in an internally threaded through hole, not depicte d, 

defined in an internally threaded block, not depict ed, 

projecting on a lower surface of a central region o f the 

second slide block 33.  When the rotary actuator 38 2 is 

energized to rotate the externally threaded rod 381  in 

one direction or the other, the second slide block 33 is 

moved in one or the other of the Y-axis directions along 

the guide rails 322. 

        According to the present embodiment, the la ser 

processing apparatus 1 includes an indexing feed di stance 

detecting unit 384 for detecting the distance that the 

second slide block 33, i.e., the chuck table 36, is  
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indexing-fed.  The indexing feed distance detecting  unit 

384 includes a linear scale 384a extending on the s econd 

slide block 33 along one of the guide rails 322 and  a 

reading head 384b disposed on the second slide bloc k 33 

and movable with the second slide block 33 along th e 

linear scale 384a.  According to the present embodi ment, 

the reading head 384b sends a pulse to the control unit 

each time it moves 1 µm along the linear scale 384a .  The 

control unit counts pulses sent from the reading he ad 

384b to detect the distance that the chuck table 36  is 

indexing-fed along one of the Y-axis directions.  

Alternatively, if the rotary actuator 382 includes a 

stepping motor, then the control unit may detect th e 

distance that the chuck table 36 is indexing-fed by  

counting drive pulses output to the stepping motor.   

Further alternatively, if the rotary actuator 382 

includes a servomotor, then the control unit may de tect 

the distance that the chuck table 36 is indexing-fe d by 

counting pulses sent from a rotary encoder, not dep icted, 

that detects the rotational speed of the servomotor . 

        The laser beam applying unit support mechan ism 4 

includes a pair of guide rails 41 disposed on the 

stationary base 2 and extending parallel to each ot her 

along the Y-axis directions, and a movable support base 
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42 slidably disposed on the guide rails 41 for move ment 

therealong in the Y-axis directions.  The movable s upport 

base 42 includes a movable support table 421 slidab ly 

disposed on the guide rails 41 and an upstanding mo unt 

422 mounted on the movable support table 421.  The 

upstanding mount 422 supports on a vertical side su rface 

thereof a pair of guide rails 423 extending paralle l to 

each other in the Z-axis directions.  The laser bea m 

applying unit support mechanism 4 also includes a s econd 

indexing feed unit 43 for moving the movable suppor t base 

42 in the Y-axis directions along the guide rails 4 1.  The 

second indexing feed unit 43 includes an externally  

threaded rod 431 disposed between and extending par allel 

to the guide rails 41 and a rotary actuator 432 suc h as a 

stepping motor or the like for rotating the externa lly 

threaded rod 431 about its own axis.  The externall y 

threaded rod 431 has an end rotatably supported on a 

bearing block, not depicted, fixed to the stationar y base 

2 and the other end coupled to the output shaft of the 

rotary actuator 432.  The externally threaded rod 4 31 is 

threaded in an internally threaded through hole, no t 

depicted, defined in an internally threaded block, not 

depicted, projecting on a lower surface of a centra l 

region of the movable support table 421.  When the rotary 
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actuator 432 is energized to rotate the externally 

threaded rod 431 in one direction or the other, the  

movable support base 42 is moved in one or the othe r of 

the Y-axis directions along the guide rails 41. 

        According to the present embodiment, the he ight 

detecting and laser beam applying unit 5 includes a  unit 

holder 51 and a hollow cylindrical unit housing 52 

mounted on and extending from the unit holder 51.  The 

unit holder 51 is slidably disposed on the guide ra ils 

423 on the upstanding mount 422 for movement in the  Z-

axis directions.  The unit housing 52 mounted on th e unit 

holder 51 houses therein a height detecting unit fo r 

detecting the height of a workpiece held on the chu ck 

table 36 and a laser beam applying unit for applyin g a 

laser beam to the workpiece held on the chuck table  36.  

The height detecting unit and the laser beam applyi ng 

unit will be described below with reference to FIG.  2. 

        The height detecting apparatus according to  the 

present embodiment includes a height detecting unit  6 for 

detecting the height of a workpiece and the chuck t able 

36 that holds a semiconductor wafer 10 as the workp iece 

thereon.  The height detecting unit 6 includes a sp ectral 

interference height detecting unit that detects the  

height of the upper surface of the semiconductor wa fer 10 
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by applying light in a particular wavelength band t o the 

upper surface of the semiconductor wafer 10, captur ing an 

interference between reflected light and reference light 

with an image sensor, and performing Fourier transf orm, 

etc. on the captured interference.  The height dete cting 

unit 6 will be described in detail below with refer ence 

to FIG. 2. 

        The height detecting unit 6 includes a ligh t source 

61 for emitting light in a predetermined wide wavel ength 

band into a first optical path 6a, a condensing len s 65 

disposed in the first optical path 6a as a light 

condenser for condensing and applying the light fro m the 

light source 61 to the semiconductor wafer 10, a fi rst 

optical splitter 62 for guiding the light from the light 

source 61 to the first optical path 6a and guiding light 

traveling back along the first optical path 6a to a  third 

optical path 6c, to be described below, a second op tical 

splitter 64 including a beam splitter 641 for split ting 

light to a second optical path 6b from the light 

traveling straight through the first optical splitt er 62 

along the first optical path 6a to the semiconducto r 

wafer 10, a mirror 67 for reflecting the light guid ed to 

the second optical path 6b back to the first optica l path 

6a, and a calculating unit 7 disposed in the third 
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optical path 6c for calculating the height of the u pper 

surface of the semiconductor wafer 10 based on 

interference light. 

        The light source 61 may include a light emi tting 

diode (LED), a superluminescent diode (SLD), a lase r 

diode (LD), a halogen light source, an amplified 

spontaneous emission (ASE) light source, or a 

supercontinuum that emits light in a wide wavelengt h band, 

e.g., in a wavelength band from 620 to 870 nm.  The  first 

optical splitter 62 may include a polarization-hold ing 

fiber coupler, a polarization-holding fiber circula tor, a 

single-mode fiber coupler, a single-mode fiber coup ler 

circulator, or the like.  According to the present 

embodiment, the second optical splitter 64 includes  the 

beam splitter 641 and a direction-changing mirror 6 42.  

The optical path from the light source 61 to the fi rst 

optical splitter 62 and the optical path from the f irst 

optical splitter 62 to a collimation lens 63 in the  first 

optical path from the first optical splitter 62 to the 

semiconductor wafer 10 on the chuck table 36 includ e an 

optical fiber. 

        The condensing lens 65 for guiding the ligh t guided 

to the first optical path 6a to the semiconductor w afer 

10 held on the chuck table 36, and a condensing len s 66 
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that is disposed between the condensing lens 65 and  the 

second optical splitter 64 are disposed in the firs t 

optical path 6a between the beam splitter 641 and t he 

semiconductor wafer 10.  The condensing lens 66 ser ves to 

converge parallel-ray light guided from the second 

optical splitter 64 into a focused spot positioned in the 

condensing lens 65.  The condensing lens 66 dispose d 

between the condensing lens 65 and the second optic al 

splitter 64 is able to converge the light which has  been 

reflected by the semiconductor wafer 10 on the chuc k 

table 36 and travelling back through the condensing  lens 

65, the condensing lens 66, the second optical spli tter 

64, and the collimation lens 63, into the optical f iber 

of the first optical path 6a.  The condensing lens 65 is 

mounted in a lens case 651 that is movable vertical ly in 

FIG. 2, i.e., in the focused-spot position adjustin g 

directions, i.e., Z-axis directions, perpendicular to the 

holding surface of the chuck table 36, by a first 

focused-spot position adjusting unit 650 such as a voice 

coil motor, a linear motor, or the like.  The first  

focused-spot position adjusting unit 650 is control led by 

a control unit 80 to be described later. 

        The mirror 67 for reflecting parallel-ray l ight 

guided to the second optical path 6b to form a basi c 
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optical path length is disposed in the second optic al 

path 6b.  According to the present embodiment, the mirror 

67 is mounted on the lens case 651 of the condensin g lens 

65. 

        The calculating unit 7 is disposed in the t hird 

optical path 6c into which the light travelling bac k 

through the first optical path 6a is split by the f irst 

optical splitter 62.  The calculating unit 7 includ es a 

wavelength band splitter 69 for splitting the light  in 

the wavelength band emitted from the light source 6 1 into 

light in at least two wavelength bands and selectin g the 

light in either one of the wavelength bands split b y a 

selector assembly 692 of the wavelength band splitt er 69.  

An image sensor 71 captures interference light in t he 

wavelength band selected by the wavelength band spl itter 

69, and the control unit 80 calculates the height o f the 

semiconductor wafer 10 based on the captured interf erence 

light. 

        Specifically, the wavelength band splitter 69 

includes a dichroic mirror 691 for splitting light LB0, 

which is parallel-ray light formed by a collimation  lens 

68, into light LB1 in a first wavelength band rangi ng 

from 600 to 800 nm and light LB2 in a second wavele ngth 

band ranging from 800 to 900 nm, transmitting the l ight 
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LB1 to a first splitter optical path 6d, and reflec ting 

the light LB2 to a second splitter optical path 6e,  and 

the selector assembly 692, which includes a first 

selector 692a and a second selector 692b, for selec ting 

one of the light LB1 and the light LB2 by selective ly 

passing and interrupting the light LB1 and the ligh t LB2.  

The first selector 692a and the second selector 692 b have 

light blocking plates S1 and S2, respectively, actu atable 

by respective actuating means, not depicted, for 

selectively blocking and clearing the first splitte r 

optical path 6d and the second splitter optical pat h 6e.  

The light blocking plates S1 and S2 are controlled by 

instruction signals from the control unit 80 to bri ng the 

wavelength band splitter 69 selectively into a firs t 

selection state in which the wavelength band splitt er 69 

selects and outputs the light LB1 in the first wave length 

band and a second selection state in which the wave length 

band splitter 69 selects and outputs the light LB2 in the 

second wavelength band. 

        According to the present embodiment, the wa velength 

band splitter 69 further includes a first bandpass filter 

693 for transmitting only light in a wavelength ban d 

ranging from 820 to 870 nm to remove noise light fr om the 

light LB1 in the first wavelength band selected by the 
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selector assembly 692, a second bandpass filter 697  for 

transmitting only light in a wavelength band rangin g from 

620 to 670 nm to remove noise light from the light LB2 in 

the second wavelength band selected by the selector  

assembly 692, a first diffraction grating 694 for 

dispersing light LB1’ transmitted through the first  

bandpass filter 693 out of the light LB1 in the fir st 

wavelength band, a second diffraction grating 698 f or 

dispersing light LB2’ transmitted through the secon d 

bandpass filter 697 out of the light LB2 in the sec ond 

wavelength band, and a dichroic mirror 695 for 

transmitting the light LB1’ dispersed by the first 

diffraction grating 694, reflecting the light LB2’ 

dispersed by the second diffraction grating 698, an d 

guiding the transmitted light LB1’ and the light 

reflected LB2’ through a condensing lens 70 to the image 

sensor 71. 

        The light emitted from the wavelength band splitter 

69 via the dichroic mirror 695 travels through the 

condensing lens 70 to the image sensor 71, which de tects 

the intensity at each wavelength of the diffracted light 

that has traveled through the condensing lens 70.  A 

detected signal from the image sensor 71 is sent to  the 

control unit 80.  Based on the detected signal from  the 
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image sensor 71, the control unit 80 determines spe ctral 

interference waveforms as depicted in FIGS. 3A and 3B.  To 

the control unit 80, there is connected a display u nit 81 

for displaying various pieces of information includ ing 

the spectral interference waveforms.  In FIGS. 3A a nd 3B, 

the horizontal axis represents wavelengths of 

interference light and the vertical axis intensitie s of 

light. 

        The control unit 80 determines spectral 

interference waveforms from the detected signal fro m the 

image sensor 71, performs a waveform analysis accor ding 

to the Fourier transform theory or the wavelet tran sform 

theory based on the spectral interference waveforms  and 

theoretical waveform functions to determine the opt ical 

path length difference between the optical path len gth of 

the first optical path 6a from the light source 61 to the 

semiconductor wafer 10 held on the chuck table 36 a nd the 

optical path length of the second optical path 6b f rom 

the light source 61 to the mirror 67, and determine s the 

distance from the surface of the chuck table 36 to the 

upper surface of the semiconductor wafer 10 held on  the 

chuck table 36 based on the optical path length 

difference.  Details of such a calculating process are 

known in the arm as disclosed in Japanese Patent La id-
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open No. 2011-122894 and will not be described belo w. 

        Referring back to FIG. 2, a laser beam appl ying 

unit 9 that is housed in the unit housing 52 of the  

height detecting and laser beam applying unit 5 inc ludes 

a pulsed laser beam oscillating unit 91 for oscilla ting a 

pulsed laser beam that processes the semiconductor wafer 

10 and a dichroic mirror 92 for directing the pulse d 

laser beam oscillated by the pulsed laser beam 

oscillating unit 91 toward the condensing lens 65.  The 

pulsed laser beam oscillating unit 91 includes a pu lsed 

laser oscillator 911 such as a YAG laser oscillator  or a 

YVO4 laser oscillator and repetitive frequency sett ing 

means 912 connected to the pulsed laser oscillator 911.  

The pulsed laser beam oscillating unit 91 oscillate s a 

pulsed laser beam LB having a wavelength of 1064 nm , for 

example.  The dichroic mirror 92, which is disposed  

between the condensing lens 66 and the condensing l ens 65, 

transmits the light from the condensing lens 66 

therethrough, but directs the pulsed laser beam LB 

oscillated by the pulsed laser beam oscillating uni t 91 

toward the condensing lens 65.  In other words, the  

dichroic mirror 92 transmits light in a wavelength band 

from 600 to 900 nm therethrough, but reflects light  in 

other wavelengths including a wavelength of 1064 nm .  
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Therefore, the pulsed laser beam LB oscillated by t he 

pulsed laser beam oscillating unit 91 is changed in  

direction through 90 degrees by the dichroic mirror  92, 

applied to the condensing lens 65, focused by the 

condensing lens 65, and applied to the semiconducto r 

wafer 10 held on the chuck table 36. 

        Referring back to FIG. 1, the laser process ing 

apparatus 1 according to the present embodiment inc ludes 

a second focused-spot position adjusting unit 53 fo r 

moving the unit holder 51 in the focused-spot posit ion 

adjusting directions, i.e., the Z-axis directions, 

perpendicular to the holding surface of the chuck t able 

36 along the guide rails 423 on the upstanding moun t 422 

of the movable support base 42.  The second focused -spot 

position adjusting unit 53 includes an externally 

threaded rod, not depicted, disposed between and 

extending parallel to the guide rails 423 and a rot ary 

actuator 532 such as a stepping motor the like for 

rotating the externally threaded rod about its own axis.  

When the rotary actuator 532 is energized to rotate  the 

externally threaded rod in one direction or the oth er, 

the height detecting and laser beam applying unit 5  is 

moved in one or the other of the Z-axis directions along 

the guide rails 423.  Specifically, according to th e 
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present embodiment, when the rotary actuator 532 is  

energized to rotate in a normal direction, the heig ht 

detecting and laser beam applying unit 5 is moved 

upwardly in FIG. 1, and when the rotary actuator 53 2 is 

energized to rotate in a reverse direction, the hei ght 

detecting and laser beam applying unit 5 is moved 

downwardly in FIG. 1. 

        An image capturing unit 95 is mounted on a front 

end of the unit housing 52 of the height detecting and 

laser beam applying unit 5.  The image capturing un it 95 

includes an ordinary image capturing element (CCD) for 

capturing an image with visible light, an infrared 

radiation applying unit for applying an infrared 

radiation to the semiconductor wafer 10, an optical  

system for receiving the infrared radiation from th e 

infrared radiation applying unit, and an image capt uring 

element (infrared CCD) for outputting an electric s ignal 

commensurate with the infrared radiation received b y the 

optical system.  The image capturing unit sends an image 

signal representing the captured image to the contr ol 

unit 80. 

        The laser processing apparatus 1 according to the 

present invention is basically arranged as describe d 

above.  Operation of the laser processing apparatus  1 will 
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be described below.  FIG. 4 depicts in perspective the 

semiconductor wafer 10 to be processed by the laser  

processing apparatus 1.  As depicted in FIG. 4, the  

semiconductor wafer 10 has a grid of streets 101 on  a 

face side 10a thereof which demarcate the face side  10a 

into a plurality of areas where devices 102 such as  ICs, 

LSI circuits, or the like are formed. 

        A laser processing sequence for applying a laser 

beam to the semiconductor wafer 10 along the street s 101 

to form modified layers in the semiconductor wafer 10 

along the streets 101, using the laser processing 

apparatus 1 will be described below.  When modified  layers 

are to be formed in the semiconductor wafer 10, if the 

thickness of the semiconductor wafer 10 suffers 

irregularities, then the modified layers cannot be formed 

uniformly at a predetermined depth in the semicondu ctor 

wafer 10 due to problems involving the refractive i ndex 

thereof.  Therefore, before the semiconductor wafer  10 is 

processed by the laser beam, the height detecting u nit 6 

described above detects the height of the upper sur face 

of the semiconductor wafer 10 held on the chuck tab le 36. 

        First, the semiconductor wafer 10 with a re verse 

side 10b facing upwardly is placed on the chuck tab le 36 

of the laser processing apparatus 1 and held under 
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suction on the chuck table 36.  The chuck table 36 on 

which the semiconductor wafer 10 is held under suct ion is 

positioned directly below the image capturing unit 95 by 

the processing feed unit 37. 

        When the chuck table 36 is positioned direc tly 

below the image capturing unit 95, the image captur ing 

unit 95 and the control unit 80 perform an alignmen t 

process for detecting a region of the semiconductor  wafer 

10 which is to be processed by a laser beam.  Speci fically, 

the image capturing unit 95 and the control unit 80  

perform an image processing sequence such as patter n 

matching or the like for positioning those streets 101 on 

the semiconductor wafer 10 that extend in a first 

direction with respect to the condensing lens 65 of  the 

height detecting unit 6 of the height detecting and  laser 

beam applying unit 5 to detect the streets 101, and  then 

perform an alignment process on the detected street s 101.  

The image capturing unit 95 and the control unit 80  

similarly perform an alignment process on detected 

positions on the detected streets 101 on the 

semiconductor wafer 10 that extend in a second dire ction 

perpendicular to the first direction.  Although the  face 

side 10a of the semiconductor wafer 10 on which the  

streets 101 are formed faces downwardly in contact with 
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the chuck table 36, the image capturing unit 95 can  

capture an image of the streets 101 through the rev erse 

side 10b because it has the image capturing unit 

including the infrared radiation applying unit for 

applying an infrared radiation, the optical system for 

receiving the infrared radiation from the infrared 

radiation applying unit, and the image capturing el ement 

(infrared CCD) for outputting an electric signal 

commensurate with the infrared radiation received b y the 

optical system, as described above. 

        As a result of the above alignment processe s, the 

semiconductor wafer 10 on the chuck table 36 is 

positioned in coordinate positions depicted in FIG.  5A.  

FIG. 5B depicts the semiconductor wafer 10 on the c huck 

table 36 that is turned 90 degrees from the state 

depicted in FIG. 5A. 

        FIG. 5A depicts feed-start-position coordin ate 

values (A1, A2, A3, ···, An) and feed-end-position 

coordinate values (B1, B2, B3, ···, Bn) for the str eets 

101 extending in the first direction on the semicon ductor 

wafer 10 that is positioned in the coordinate posit ions 

depicted in FIG. 5A.  FIG. 5B depicts feed-start-po sition 

coordinate values (C1, C2, C3, ···, Cn) and feed-en d-

position coordinate values (D1, D2, D3, ···, Dn) fo r the 
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streets 101 extending in the second direction on th e 

semiconductor wafer 10 that is positioned in the 

coordinate positions depicted in FIG. 5B.  Data of those 

feed-start-position coordinate values (A1, A2, A3, ···, 

An), feed-end-position coordinate values (B1, B2, B 3, ···, 

Bn), feed-start-position coordinate values (C1, C2,  C3, 

···, Cn), and feed-end-position coordinate values ( D1, D2, 

D3, ···, Dn) that are measured are stored in a memo ry of 

the control unit 80. 

        After the streets 101 on the semiconductor wafer 10 

held on the chuck table 36 have been detected and a ligned 

as described above, the chuck table 36 is moved to 

position the uppermost street 101 in FIG. 5A, which  

extends between the feed-start-position coordinate value 

(A1) and the feed-end-position coordinate value (B1 ), 

directly below the condensing lens 65 of the height  

detecting unit 6.  Then, as depicted in FIG. 6, the  chuck 

table 36 is moved to position the feed-start-positi on 

coordinate value (A1), which represents the left en d of 

the uppermost street 101 in FIG. 5A, directly below  the 

condensing lens 65. 

        After the feed-start-position coordinate va lue (A1) 

has been positioned directly below the condensing l ens 65, 

the height detecting unit 6 is operated to carry ou t a 
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height detecting step.  The height detecting step w ill be 

described below with reference to FIG. 2.  In prepa ration 

for the height detecting step, the first selector 6 92a 

and the second selector 692b of the selector assemb ly 692 

are set to the first selection state according to 

instruction signals from the control unit 80.  

Specifically, the first selector 692a disposed in t he 

first splitter optical path 6d has its light blocki ng 

plate S1 actuated by the actuating means, not depic ted, 

to move to the position in which the light blocking  plate 

S1 clears the first splitter optical path 6d, i.e.,  to 

the solid-line position, according to an instructio n 

signal from the control unit 80.  In this state, th e light 

LB1 in the first wavelength band split by the dichr oic 

mirror 691 passes through the first selector 692a.  The 

second selector 692b disposed in the second splitte r 

optical path 6e has its light blocking plate S2 act uated 

by the actuating means, not depicted, to move to th e 

position in which the light blocking plate S2 block s the 

second splitter optical path 6e, i.e., to the solid -line 

position, according to an instruction signal from t he 

control unit 80.  The light LB2 in the second wavel ength 

band split by the dichroic mirror 691 is now interr upted 

by the second selector 692b and hence does not pass  
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through the second selector 692b.  In the first sel ection 

state, only the light LB1 in the first wavelength b and 

split by the dichroic mirror 691 passes through the  

selector assembly 692, so that light LB1’ in a wave length 

band ranging from 820 to 870, from which noise has been 

removed by the bandpass filter 693, is diffracted b y the 

first diffraction grating 694 and passes through th e 

dichroic mirror 695 and the condensing lens 70 to t he 

image sensor 71. 

        With the selector assembly 692 in the first  

selection state, the height detecting unit 6 is ope rated, 

and the chuck table 36 is moved in the direction 

indicated by the arrow X1 in FIG. 6 until the feed- end-

position coordinate value (B1), which represents th e 

right end of the uppermost street 101 in FIG. 5A, i s 

positioned directly below the condensing lens 65 (h eight 

detecting step).  As a result, the height of the up per 

surface, i.e., the reverse side 10b, of the semicon ductor 

wafer 10 along the uppermost street 101 in FIG. 5A is 

detected by the height detecting unit 6. 

        After the height of the upper surface of th e 

semiconductor wafer 10 along the uppermost street 1 01 

from the feed-start-position coordinate value (A1) to the 

feed-end-position coordinate value (B1) has been de tected, 
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the operator confirms the spectral interference wav eform 

detected by the image sensor 71 on the display unit  81 

connected to the control unit 80.  As described abo ve, if 

a film such as an oxide film, an insulating film, o r the 

like is deposited on the upper surface of the 

semiconductor wafer 10, the upper surface of the 

semiconductor wafer 10 does not sufficiently reflec t 

light applied thereto, and the refractive interfere nce 

height detecting apparatus fails to produce a refra ctive 

interference waveform based on light in a particula r 

wavelength band, e.g., the light LB1 in the first 

wavelength band in the present embodiment.  Consequ ently, 

a refractive interference waveform suitable for det ecting 

the height of the upper surface of the semiconducto r 

wafer 10 may not be produced, and the height of the  upper 

surface of the semiconductor wafer 10 may not be de tected.  

In the event that no appropriate refractive interfe rence 

waveform is produced while the wavelength band spli tter 

69 is in the first selection state, i.e., the light  LB1 

in the first wavelength band is selected in the 

wavelength band splitter 69, the operator determine s that 

the upper surface of the semiconductor wafer 10 is in a 

state not suitable for reflecting the light LB1 in the 

first wavelength band.  The control unit 80 outputs  



37 

instruction signals to bring the wavelength band sp litter 

69 into the second selection state, i.e., the light  LB2 

in the second wavelength band is selected in the 

wavelength band splitter 69. 

        Specifically, the first selector 692a dispo sed in 

the first splitter optical path 6d has its light bl ocking 

plate S1 actuated by the actuating means, not depic ted, 

to move to the position in which the light blocking  plate 

S1 block the first splitter optical path 6d, i.e., to the 

two-dot-and-dash-line position S1’, according to an  

instruction signal from the control unit 80.  In th is 

state, the light LB1 in the first wavelength band s plit 

by the dichroic mirror 691 does not pass through th e 

first selector 692a, but is interrupted by the firs t 

selector 692a.  The second selector 692b disposed i n the 

second splitter optical path 6e has its light block ing 

plate S2 actuated by the actuating means, not depic ted, 

to move to the position in which the light blocking  plate 

S2 clears the second splitter optical path 6e, i.e. , to 

the two-dot-and-dash-line position S2’, according t o an 

instruction signal from the control unit 80.  The l ight 

LB2 in the second wavelength band split by the dich roic 

mirror 691 is not interrupted by the second selecto r 692b, 

but passes through the second selector 692b.  In th e 
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second selection state, only the light LB2 in the s econd 

wavelength band split into the second splitter opti cal 

path 6e by the dichroic mirror 691 passes through t he 

selector assembly 692, so that light LB2’ in a wave length 

band ranging from 620 to 670 nm from which noise ha s been 

removed by the bandpass filter 697, is diffracted b y the 

second diffraction grating 698 and reflected by the  

dichroic mirror 695, and passes through the condens ing 

lens 70 to the image sensor 71.  The light LB2’ in the 

second wavelength band, from which noise has been r emoved, 

is selected as light that can well be reflected by the 

upper surface of the semiconductor wafer 10 which i s 

deposited with a film such as an oxide film, an 

insulating film, or the like.  With the wavelength band 

splitter 69 in the second selection state, a good 

spectral interference waveform as depicted in FIG. 3B can 

be obtained.  After a good spectral interference wa veform 

has been obtained, the heights of the semiconductor  wafer 

10 at the respective coordinate values are detected . 

        By selecting either the first selection sta te or 

the second selection state for the wavelength band 

splitter 69, an appropriate spectral interference 

waveform can be produced by the height detecting 

apparatus, allowing the calculating unit 7 to accur ately 
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detect the height of the upper surface of the 

semiconductor wafer 10.  The height that is detecte d and a 

coordinate position where the height is detected ar e 

stored in the memory of the control unit 80.  Speci fically, 

the height detecting step is carried out along all the 

streets 101 formed on the semiconductor wafer 10, a nd, as 

depicted in FIG. 7, heights Z(1,1) through Z(n,n) o f the 

upper surface of the semiconductor wafer 10 at resp ective 

coordinate positions (X1 through Xn, Y1 through Yn)  of 

the streets 101 are stored in the memory of the con trol 

unit 80. 

        After the height detecting step has been ca rried 

out along all the streets 101 formed on the semicon ductor 

wafer 10, a laser processing step for forming modif ied 

layers in the semiconductor wafer 10 along the stre ets 

101 is carried out. 

        For carrying out the laser processing step,  the 

chuck table 36 is moved to position the uppermost s treet 

101 in FIG. 5A directly below the condensing lens 6 5 that 

also functions as the condensing lens of the laser beam 

applying unit 9.  Then, the chuck table 36 is moved  to 

position the feed-start-position coordinate value ( A1), 

which represents the left end of the uppermost stre et 101 

in FIG. 5A, directly below the condensing lens 65.  
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Thereafter, the focused spot P of the pulsed laser beam 

emitted from the condensing lens 65 is placed at a 

predetermined depth from the upper surface of the 

semiconductor unit 10.  The laser beam applying uni t 9 is 

then operated to apply the pulsed laser beam throug h the 

condensing lens 65 while the chuck table 36 is 

processing-fed along the uppermost street 101 at a 

predetermined processing feed speed (laser processi ng 

step).  When the pulsed laser beam emitted from the  

condensing lens 65 has reached the feed-end-positio n 

coordinate value (B1) at the right end of the upper most 

street 101, the laser beam applying unit 9 stops ap plying 

the pulsed laser beam to the semiconductor wafer 10 , and 

the chuck table 36 stops moving.  While in the lase r 

processing step, the control unit 80 controls the f irst 

focused-spot position adjusting unit 650 based on t he 

heights, stored in the memory, of the upper surface  of 

the semiconductor wafer 10 along the uppermost stre et 101, 

to move the height detecting and laser beam applyin g unit 

5 in the Z-axis directions, i.e., the focused-spot 

position adjusting directions, thereby vertically m oving 

the condensing lens 6 of the laser beam applying un it 9 

by distances commensurate with the heights of the u pper 

surface of the semiconductor wafer 10 along the upp ermost 
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street 101.  As a result, modified layers are forme d in 

the semiconductor wafer 10 parallel to the upper su rface 

thereof at corresponding depths from the upper surf ace of 

the semiconductor wafer 10. 

        The laser processing step is carried out un der the 

following processing conditions: 

        Laser    : YVO4 pulsed laser 

        Wavelength    : 1064 nm 

        Repetitive frequency  : 100 kHz 

        Pulsed beam output power : 2.5 µJ 

        Focused spot diameter  : 1 µm 

        Processing feed speed  : 100 mm/second 

        After the above laser processing step has b een 

performed along all the streets 101 extending in th e 

first direction on the semiconductor wafer 10, the chuck 

table 36 is turned 90 degrees about its own axis.  Then, 

the laser processing step is carried out along all the 

streets 101 extending in the second direction on th e 

semiconductor wafer 10.  In this manner, the laser 

processing step is carried out along all the street s 101 

on the semiconductor wafer 101.  Thereafter, the ch uck 

table 36 that is holding the semiconductor wafer 10  

thereon is returned to the position where it initia lly 

held semiconductor wafer 10 under suction, and then  



42 

releases the semiconductor wafer 10, which will be 

delivered to a dividing step by delivery means, not  

depicted. 

        In the above embodiment, the height detecti ng 

apparatus for detecting the height of the workpiece  on 

the chuck table is incorporated in the laser proces sing 

apparatus.  However, the height detecting apparatus  

according to the present invention may be incorpora ted in 

other processing apparatus such as a cutting appara tus 

having a cutting blade. 

        In the above embodiment, furthermore, the l ight 

source 61 included in the height detecting unit 6 i s 

configured to emit light in a predetermined wavelen gth 

band that includes a wavelength band ranging from 6 20 to 

870 nm.  Such a wavelength band is selected such th at the 

light source 61 can emit light in a wavelength band  

ranging from 820 to 870 nm that can well be reflect ed 

from the upper surface of a semiconductor wafer tha t is 

free from a film such as an oxide film, an insulati ng 

film, or the like and also light in a wavelength ba nd 

ranging from 620 to 670 nm that can well be reflect ed 

from the upper surface of a semiconductor wafer tha t is 

deposited with a film such as an oxide film, an 

insulating film, or the like.  However, the light s ource 
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may be configured freely to emit light in a wavelen gth 

band depending on the reflection characteristics of  a 

workpiece to be processed. 

        In the above embodiment, the wavelength ban d 

splitter 69 splits light emitted from the light sou rce 61 

into light in two wavelength bands.  Depending on t he type 

of a film deposited on the surface of a workpiece, the 

wavelength band splitter may be configured to split  light 

emitted from the light source 61 into light in thre e or 

more wavelength bands, which may be selected one at  a 

time for height detection.  According to a configur ation 

proposed for such a modification, a set of a dichro ic 

mirror, a light blocking plate, a diffraction grati ng, 

another dichroic mirror, and so on may be disposed in 

either one or both of the first splitter optical pa th and 

the second splitter optical path that are branched from 

the dichroic mirror 691 of the wavelength band spli tter 

69 depicted in FIG. 2, for splitting light emitted from 

the light source 61 into light in three or more 

wavelength bands. 

        The wavelength band splitter 69 according t o the 

present embodiment includes the first and second ba ndpass 

filters 693 and 697 for removing noise from the lig ht LB1 

in the first wavelength band and the light LB2 in t he 
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second wavelength band.  According to the present 

invention, the first and second bandpass filters 69 3 and 

697 are not indispensable requirements.  If an imag e 

sensor of higher resolution is used, then the first  and 

second bandpass filters 693 and 697 may be dispense d with, 

and the lights LB1 and LB2 with noise unremoved the refrom 

may be dispersed by the diffraction gratings for sp ectral 

interference and analysis.  However, a wavelength b and 

that is limited for producing a spectral interferen ce 

waveform by removing noise allows an image sensor o f 

lower resolution, such as the image sensor 71, to b e used 

for analyzing a spectral interference waveform for 

accurate height detection. 

        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 spectral interference height detectin g 

apparatus comprising: 

        a chuck table for holding a workpiece there on; and 

        a height detecting unit for detecting the h eight of 

an upper surface of the workpiece held on said chuc k 

table; 

        wherein said height detecting unit includes  

                a light source for emitting light i n a 

predetermined wavelength band into a first optical path, 

                a condenser disposed in said first optical 

path for converging light onto the workpiece held o n said 

chuck table, 

                a beam splitter disposed between sa id light 

source and said condenser for splitting the light i n said 

first optical path into a second optical path, 

                a mirror disposed in said second op tical 

path to form a basic optical path length, for refle cting 

light into said second optical path and returning l ight 

through said beam splitter to said first optical pa th, 

                an optical splitter disposed betwee n said 

beam splitter and said light source, for splitting 

interference light produced from light reflected by  the 

upper surface of the workpiece held on said chuck t able 
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and returned through said condenser to said first o ptical 

path and light returned by said mirror, from said f irst 

optical path into a third optical path, and 

                a calculating unit disposed in said  third 

optical path, for calculating the height of the wor kpiece 

based on said interference light; 

        said calculating unit includes a wavelength  band 

splitter for splitting the light in the wavelength band 

emitted from said light source into light in at lea st two 

wavelength bands, and a selector for selecting ligh t in 

either one of the two wavelength bands from said 

wavelength band splitter; and 

        interference light in the wavelength band s elected 

by said selector is captured by an image sensor for  

calculating the height of the workpiece. 

        2.  The height detecting apparatus accordin g to 

claim 1, 

        wherein said wavelength band splitter inclu des 

                a dichroic mirror for transmitting 

therethrough light in a first wavelength band inclu ded in 

the light in the predetermined wavelength band emit ted 

from said light source and reflecting light in a se cond 

wavelength band included in the light in the 

predetermined wavelength band emitted from said lig ht 
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source, 

                a first bandpass filter disposed in  an 

optical path for the light in the first wavelength band, 

for removing noise from the light in the first wave length 

band, 

                a first diffraction grating for dis persing 

light from said first bandpass filter in said first  

wavelength band, 

                a second bandpass filter disposed i n an 

optical path for the light in the second wavelength  band, 

for removing noise from the light in the second 

wavelength band, and 

        a second diffraction grating for dispersing  light 

from said second bandpass filter in said second 

wavelength band; and 

        said selector includes a light blocking pla te for 

blocking either one of the optical path for the lig ht in 

the first wavelength band and the optical path for the 

light in the second wavelength band. 

        3.  The height detecting apparatus accordin g to 

claim 1, wherein said calculating unit includes a m emory 

for storing information of the calculated height of  the 

workpiece based on coordinates of the workpiece. 

        4.  A laser processing apparatus comprising : 
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        a chuck table for holding a workpiece there on; 

        a height detecting unit configured to detec t the 

height of an upper surface of the workpiece held on  said 

chuck table; 

        a laser oscillator for oscillating a laser and 

emitting a laser beam; and 

        an optical system for guiding the laser bea m 

emitted from said laser oscillator to a condenser; 

        wherein said height detecting unit includes  

                a light source for emitting light i n a 

predetermined wavelength band into a first optical path, 

                a condenser disposed in said first optical 

path for converging light onto said workpiece held on 

said chuck table, 

                a beam splitter disposed between sa id light 

source and said condenser for splitting the light i n said 

first optical path into a second optical path, 

                a mirror disposed in said second op tical 

path to form a basic optical path length, for refle cting 

light into said second optical path and returning l ight 

through said beam splitter to said first optical pa th, 

                an optical splitter disposed betwee n said 

beam splitter and said light source, for splitting 

interference light produced from light reflected by  the 
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upper surface of the workpiece held on said chuck t able 

and returned through said condenser to said first o ptical 

path and light returned by said mirror, from said f irst 

optical path into a third optical path, and 

                a calculating unit disposed in said  third 

optical path and configured to calculate the height  of 

the workpiece based on said interference light; 

        said calculating unit includes 

                a wavelength band splitter for spli tting the 

light in the wavelength band emitted from said ligh t 

source into light in at least two wavelength bands,  

                a selector for selecting light in e ither one 

of the two wavelength bands from said wavelength ba nd 

splitter, and 

                a memory for storing information of  the 

calculated height of the workpiece based on coordin ates 

of the workpiece; and 

        interference light in the wavelength band s elected 

by said selector is captured by an image sensor for  

detecting the height of the workpiece; 

        said laser processing apparatus further com prising: 

        an actuator disposed on said condenser, for  moving 

said condenser toward and away from the workpiece h eld on 

said chuck table based on the information of the 
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calculated height stored in said memory. 


