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REFLECTANCE DETECTION METHOD AND REFLECTANCE DETECTION 

APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a reflecta nce 

detection method and a reflectance detection appara tus 

that can calculate reflectance without using a lase r beam 

with a detection-target wavelength regarding which the 

reflectance of a workpiece is desired to be detecte d. 

Description of the Related Art 

        A wafer on which plural devices such as int egrated 

circuit (IC) and large-scale integration (LSI) are formed 

on a surface in such a manner as to be marked out b y 

planned dividing lines is divided into individual d evice 

chips by a laser processing apparatus and the devic e 

chips are used for pieces of electrical equipment s uch as 

mobile phone, personal computer, and communication 

equipment. 

        As the laser processing apparatus, the foll owing 

types of apparatus exist: a type of apparatus with which 

a workpiece is irradiated with a pulse laser beam w ith 

such a wavelength as to be absorbed by the workpiec e to 

carry out ablation processing and form grooves in p lanned 

dividing lines and thereafter an external force is given 

to the workpiece to divide the workpiece into indiv idual 

device chips (for example, refer to Japanese Patent  Laid-
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open No. 1998-305420); a type of apparatus with whi ch 

irradiation is carried out in such a manner that th e 

light focus point of a pulse laser beam with such a  

wavelength as to be transmitted through a workpiece  is 

positioned at the inside of the workpiece to form a  

modified layer inside planned dividing lines and 

thereafter an external force is given to the workpi ece to 

divide the workpiece into individual device chips ( for 

example, refer to Japanese Patent No. 3408805); and  a 

type of apparatus with which irradiation is carried  out 

in such a manner that the light focus region of a p ulse 

laser beam with such a wavelength as to be transmit ted 

through a workpiece is positioned at a planned divi ding 

line to form plural shield tunnels each composed of  a 

fine pore that extends from the front surface of th e 

planned dividing line to reach the back surface and  an 

amorphous region that surrounds this fine pore and 

thereafter an external force is given to the workpi ece to 

divide the workpiece into individual device chips ( for 

example, refer to Japanese Patent Laid-open No. 201 4-

221483).  An appropriate laser processing apparatus  is 

selected in consideration of the kind of workpiece,  the 

processing condition, and so forth. 

 

SUMMARY OF THE INVENTION 

        In the case of setting the appropriate lase r 

processing condition in the above-described various  kinds 
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of a laser processing apparatus, the output power o f the 

laser beam needs to be adjusted in consideration of  the 

reflectance of the workpiece, at which the laser be am is 

reflected without being used for the processing.  H owever, 

the wavelength of the laser beam oscillated by the laser 

processing apparatus is various and, even when the 

workpiece is the same, the reflectance thereof also  

changes depending on the wavelength of the laser be am 

with which the workpiece is irradiated.  Furthermor e, the 

behavior of the change in the reflectance, which ch anges 

according to the wavelength of the laser beam, also  

differs depending on the workpiece.  Thus, in the c ase of 

desiring to know the reflectance when a certain wor kpiece 

is irradiated with a laser beam oscillated by a cer tain 

laser processing apparatus, a laser oscillator of t he 

same laser beam as the laser oscillator used in thi s 

laser processing apparatus needs to be actually pre pared.  

However, this involves the following problem.  Also  when a 

party who does not actually own the laser processin g 

apparatus, e.g. a party who provides a workpiece, 

attempts to find out the appropriate processing con dition 

according to the workpiece, the party needs to both er to 

prepare a laser oscillator that oscillates a laser beam 

with the same wavelength, which is uneconomical. 

        Thus, an object of the present invention is  to 

provide a reflectance detection method and a reflec tance 

detection apparatus that can calculate the reflecta nce 
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expected when a workpiece is irradiated with a lase r beam 

with a wavelength regarding which the reflectance i s 

desired to be detected (hereinafter, referred to as  

“detection-target wavelength”) without preparing a laser 

beam with the same wavelength as the detection-targ et 

wavelength and actually irradiating the workpiece w ith 

the laser beam. 

        In accordance with an aspect of the present  

invention, there is provided a reflectance detectio n 

method in which a workpiece is irradiated with a la ser 

beam and reflectance is detected.  The reflectance 

detection method includes a first detection step of  

irradiating, with a light amount H0, the workpiece with a 

laser beam having a first wavelength X1 shorter tha n a 

detection-target wavelength X regarding which refle ctance 

is desired to be detected and detecting a light amo unt H1 

of reflected return light, a second detection step of 

irradiating the workpiece with a laser beam having a 

second wavelength X2 longer than the detection-targ et 

wavelength X with the light amount H0 and detecting  a 

light amount H2 of reflected return light, and a 

reflectance calculation step of employing H calcula ted 

based on an expression shown below as the light amo unt of 

return light obtained when the workpiece is irradia ted 

with a laser beam having the detection-target wavel ength 

X and calculating reflectance obtained when the wor kpiece 

is irradiated with the laser beam having the detect ion-
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target wavelength X based on H/H0. 

        H = H1 + (H2 − H1) × (X − X1)/(X2 − X1) 

        In accordance with another aspect of the pr esent 

invention, there is provided a reflectance detectio n 

method in which a workpiece is irradiated with a la ser 

beam and reflectance is detected.  The reflectance 

detection method includes a reflectance calculation  step 

of causing a laser beam having a first wavelength X 1 

shorter than a detection-target wavelength X regard ing 

which reflectance is desired to be detected and a l aser 

beam having a second wavelength X2 longer than the 

detection-target wavelength X to coalesce by a coup ler to 

irradiate the workpiece with a resulting laser beam  with 

a light amount H0, and detecting a light amount H o f 

reflected return light to calculate reflectance obt ained 

when the workpiece is irradiated with a laser beam having 

the detection-target wavelength X based on H/H0.  I f 

output power that generates the light amount H0 of the 

irradiation of the workpiece is defined as W0, the output 

power of the laser beam having the first wavelength  X1 is 

defined as W1, and the output power of the laser be am 

having the second wavelength X2 is defined as W2, t he 

output power of the laser beams when the irradiatio n is 

carried out in the reflectance calculation step is set 

based on an expression shown below. 

        W1 = W0 × (X2 − X)/(X2 − X1) 

        W2 = W0 × (X − X1)/(X2 − X1) 
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        In accordance with a further aspect of the present 

invention, there is provided a reflectance detectio n 

apparatus that irradiates a workpiece with a laser beam 

and detects reflectance.  The reflectance detection  

apparatus includes holding means for holding the 

workpiece, laser beam irradiation means for irradia ting 

the workpiece held by the holding means with a lase r beam, 

a light receiving element that receives reflected l ight 

reflected from the workpiece, and reflectance calcu lation 

means for comparing the light amount of the light 

received by the light receiving element and the lig ht 

amount of the laser beam with which the workpiece i s 

irradiated and calculating reflectance.  The laser beam 

irradiation means includes a first laser oscillator  that 

oscillates a first laser beam having a first wavele ngth 

X1 shorter than a detection-target wavelength X reg arding 

which reflectance is desired to be detected, first output 

power adjusting means for adjusting the output powe r of 

the first laser beam having the first wavelength X1 , a 

second laser oscillator that oscillates a second la ser 

beam having a second wavelength X2 longer than the 

detection-target wavelength X, and second output po wer 

adjusting means for adjusting the output power of t he 

second laser beam having the second wavelength X2.  The 

laser beam irradiation means includes also a couple r that 

causes the first laser beam adjusted by the first o utput 

power adjusting means and the second laser beam adj usted 
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by the second output power adjusting means to coale sce, 

and a condenser that condenses a laser beam that re sults 

from the coalescence by the coupler to irradiate th e 

workpiece held by the holding means with the laser beam.  

Output power W1 of the first laser beam and output power 

W2 of the second laser beam when output power that 

generates a light amount H0 of the laser beam with which 

the workpiece is irradiated and that results from t he 

coalescence by the coupler is defined as W0 are set  based 

on an expression shown below, and a laser beam havi ng the 

detection-target wavelength X is generated in a pse udo 

manner by adjusting the first output power adjustin g 

means to cause the output power of the first laser beam 

to become W1 and adjusting the second output power 

adjusting means to cause the output power of the se cond 

laser beam to become W2. 

        W1 = W0 × (X2 − X)/(X2 − X1) 

        W2 = W0 × (X − X1)/(X2 − X1) 

        Preferably, a beam splitter is disposed bet ween the 

coupler and the condenser and the light receiving e lement 

is disposed on the side to which the optical path o f 

return light reflected by the workpiece is changed by the 

beam splitter.  Preferably, a collimator is dispose d on 

the downstream side of the coupler and the laser be am 

that results from the coalescence by the coupler is  

converted to collimated light. 

        According to one aspect of the present inve ntion, 
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the reflectance when a workpiece is irradiated with  the 

laser beam having the detection-target wavelength X  can 

be calculated even when the laser oscillator of the  laser 

beam having the detection-target wavelength is not 

possessed. 

        According to another aspect of the present 

invention, the laser beam having the detection-targ et 

wavelength can be generated in a pseudo manner, and  the 

reflectance when a workpiece is irradiated with the  laser 

beam having the detection-target wavelength X can b e 

calculated even when the laser oscillator of the la ser 

beam with the detection-target wavelength is not 

possessed. 

        According to a further aspect of the presen t 

invention, the reflectance when a workpiece is irra diated 

with the laser beam having the detection-target 

wavelength X can be calculated even when the laser 

oscillator of the laser beam having the detection-t arget 

wavelength is not possessed. 

        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 some pre ferred 

embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is an overall perspective view of a 

reflectance detection apparatus configured to carry  out a 

reflectance detection method based on the present 

invention and is a perspective view of a workpiece 

(wafer) and a mirror; 

        FIG. 2 is a block diagram showing a first 

embodiment of laser beam irradiation means included  in 

the reflectance detection apparatus described in FI G. 1; 

        FIG. 3 is a graph showing the relationship between 

the wavelength of a laser beam with which the workp iece 

is irradiated and the light amount of reflected ret urn 

light, shown to explain the reflectance detection m ethod 

formed based on the present invention; and 

        FIG. 4 is a block diagram showing a second 

embodiment of the laser beam irradiation means incl uded 

in the reflectance detection apparatus described in  FIG. 

1. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        A reflectance detection method and a reflec tance 

detection device according to the present invention  will 

be described in detail below with reference to the 

accompanying drawings.  A reflectance detection app aratus 

40 shown in FIG. 1 includes a base 41, holding mean s 42 

that holds a workpiece (wafer) 10 as a detection ta rget 

whose reflectance is detected or a mirror 100 that 
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reflects light by 100%, movement means 43 that move s the 

holding means 42, laser beam irradiation means 44 ( 440) 

that carries out irradiation with a laser beam, a f rame 

body 45 that extends upward from the upper surface of the 

base 41 and subsequently extends substantially 

horizontally and in which the laser beam irradiatio n 

means 44 (440) is incorporated, and control means f ormed 

of a computer to be described later.  The reflectan ce 

detection apparatus 40 is so configured that each p iece 

of means is controlled by this control means.  Furt hermore, 

the following means are disposed on the lower surfa ce of 

the tip part of the frame body 45 extending horizon tally: 

a condenser 44a (440a) that condenses a laser beam 

oscillated from a laser oscillator to be described later 

and focuses the laser beam on the workpiece (wafer)  10 as 

the detection target to irradiate the workpiece (wa fer) 

10 with the laser beam; and imaging means 48 that i s 

disposed to line up adjacent to the condenser 44a ( 440a) 

in a direction represented by arrow W in the diagra m and 

is for imaging a reflectance detection region of th e 

workpiece.  The workpiece 10 and the mirror 100 are  held 

by a ring-shaped frame F with the intermediary of a  

holding tape T and are held by the holding means 42  with 

the intermediary of this frame F. 

        The holding means 42 includes a rectangular  X-

direction movable plate 60 mounted over the base 41  

movably in an X-direction represented by arrow X in  the 
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diagram, a rectangular Y-direction movable plate 61  

mounted over the X-direction movable plate 60 movab ly in 

a Y-direction represented by arrow Y in the diagram , a 

circular cylindrical support column 62 fixed to the  upper 

surface of the Y-direction movable plate 61, and a 

rectangular cover plate 63 fixed to the upper end o f the 

support column 62.  Over the cover plate 63, a hold ing 

table 64 that passes through a long hole formed in this 

cover plate 63 to extend upward and holds a circula r 

workpiece is disposed.  The workpiece is held by su ction 

by a suction chuck that forms the upper surface of the 

holding table 64 and is connected to suction means,  which 

is not shown in the diagram.  The X-direction in th e 

present embodiment is the direction represented by arrow 

X in FIG. 1 and the Y-direction is the direction 

represented by arrow Y in FIG. 1 and is the directi on 

orthogonal to the X-direction.  The plane defined b y the 

X-direction and the Y-direction is substantially 

horizontal. 

        The movement means 43 includes X-direction movement 

means 80 and Y-direction movement means 82.  The X-

direction movement means 80 converts rotational mot ion of 

a motor to linear motion and transmits the linear m otion 

to the X-direction movable plate 60 to cause the X-

direction movable plate 60 to advance and retreat i n the 

X-direction along a guide rail over the base 41.  T he Y-

direction movement means 82 converts rotational mot ion of 
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a motor to linear motion and transmits the linear m otion 

to the Y-direction movable plate 61 to cause the Y-

direction movable plate 61 to advance and retreat i n the 

Y-direction along a guide rail over the X-direction  

movable plate 60.  Although diagrammatic representa tion is 

omitted, the X-direction movement means 80 and the Y-

direction movement means 82 are each provided with 

position detecting means.  Due to this, the positio n in 

the X-direction, the position in the Y-direction, a nd the 

rotational position in the circumferential directio n 

regarding the holding table are accurately detected  and 

the X-direction movement means 80 and the Y-directi on 

movement means 82 are driven based on an instructio n 

signal from the control means to be described later .  Thus, 

the above-described holding table 64 can be accurat ely 

positioned at arbitrary position and angle. 

        The imaging means 48 includes an optical sy stem 

that forms a microscope and an imaging element (CCD ) and 

is configured to be capable of sending an image sig nal 

obtained by imaging to the control means and displa ying 

an image on display means, which is not shown in th e 

diagram. 

        With reference to FIG. 2, a description wil l be 

made more specifically regarding the laser beam 

irradiation means 44 that is configured to be inclu ded in 

the above-described reflectance detection apparatus  40 

and corresponds to a first embodiment of the reflec tance 
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detection apparatus of the present invention.  As s hown in 

FIG. 2, the laser beam irradiation means 44 include s a 

first laser oscillator 44b and a second laser oscil lator 

44c that oscillate a laser beam for detecting the 

reflectance.  When the wavelength regarding which t he 

reflectance of the workpiece 10 is desired to be 

calculated is defined as a detection-target wavelen gth X, 

the first laser oscillator 44b is a laser oscillato r that 

oscillates a laser beam with a first wavelength X1 

shorter than this detection-target wavelength X and  the 

second laser oscillator 44c is a laser oscillator t hat 

oscillates a laser beam with a second wavelength X2  

longer than this detection-target wavelength X.  In  the 

present embodiment, the following situation is assu med.  

The detection-target wavelength X is 1600 nm.  The first 

wavelength X1 of the laser beam oscillated by the f irst 

laser oscillator 44b is 1000 nm and the second wave length 

X2 is 2000 nm.  Furthermore, the first laser oscill ator 

44b and the second laser oscillator 44c each oscill ate 

the laser beam with constant output power (10 mW). 

        The laser beams oscillated from the above-d escribed 

first laser oscillator 44b and second laser oscilla tor 

44c are guided to optical path switching means 44d and 

the laser beam of either one of the first laser 

oscillator 44b and the second laser oscillator 44c is 

guided to the condenser 44a based on operation of t he 

optical path switching means 44d.  The laser beam g uided 
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from the optical path switching means 44d is guided  to a 

collimator 44e and is adjusted to become collimated  light.  

The laser beam guided from the collimator 44e is gu ided 

to a beam splitter 44f and the laser beam guided fr om the 

side of the collimator 44e travels straight through  the 

beam splitter 44f and is condensed by the condenser  44a, 

so that the workpiece 10 or the mirror 100 held by the 

holding table 64 is irradiated with the laser beam.  

        Return light reflected by the wafer 10 or t he 

mirror 100 held by the holding table 64 passes thro ugh 

the condenser 44a and is incident on the beam split ter 

44f.  Then, the optical path is converted by a refl ecting 

surface of the beam splitter 44f and the return lig ht is 

incident on a light receiving element 44g that meas ures 

the light amount of the return light.  The light re ceiving 

element 44g is configured to generate a voltage val ue 

according to the light amount of the return light.  A 

voltage signal as the light amount value is transmi tted 

to control means 20, so that the light amount value  of 

the return light based on the voltage value is meas ured 

and information is recorded in a predetermined stor age 

area.  The control means 20 is formed of a computer  and 

includes a central arithmetic processing device (CP U) 

that executes arithmetic processing in accordance w ith a 

control program, a read-only memory (ROM) that stor es the 

control program and so forth, a readable/writable r andom 

access memory (RAM) for storing detection values ob tained 
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by detection, calculation results, and so forth, an  input 

interface, and an output interface (diagrammatic 

representation regarding details is omitted). 

        The reflectance detection apparatus 40 for 

implementing the reflectance detection method of th e 

present invention is configured as above largely.  An 

embodiment of the reflectance detection method 

implemented by using this reflectance detection app aratus 

40 will be described below. 

        The reflectance detection method implemente d by the 

present embodiment is based on the premise that the  

wavelength of a laser beam with which the same work piece 

10 is irradiated with predetermined output power an d the 

light amount value of reflected return light are 

substantially in a linear relationship.  Therefore,  as is 

understood from FIG. 3 showing the relationship bet ween 

the wavelength of the laser beam emitted with const ant 

output power (abscissa axis) and the amount of ligh t that 

is reflected by the workpiece 10 and returns (ordin ate 

axis), it is understood that a relationship represe nted 

by the following expression (1) exists between the 

detection-target wavelength X and a light amount H of 

return light when irradiation is carried out with t he 

detection-target wavelength X if the coordinates of  two 

points of a light amount H1 of return light of the 

wavelength X1 shorter than the detection-target 

wavelength X and a light amount H2 of return light of the 
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wavelength X2 longer than the detection-target wave length 

X are known. 

        H = H1 + (H2 − H1) × (X − X1)/(X2 − X1)   · ·· (1) 

        If the above-described expression (1) is us ed, the 

light amount H of return light when the workpiece 1 0 is 

irradiated with the laser beam with the detection-t arget 

wavelength X with the above-described predetermined  

output power can be calculated in the following man ner. 

        In the case of obtaining the reflectance wh en the 

workpiece 10 is irradiated with the laser beam with  the 

detection-target wavelength X (nm), for example, fi rst 

the mirror 100 whose reflectance is 100% is placed on the 

holding table 64.  Then, the mirror 100 is irradiat ed with 

the laser beam from either the first laser oscillat or 44b 

or the second laser oscillator 44c and a light amou nt H0 

serving as the basis of return light is measured.  Because 

the reflectance of the mirror 100 is 100%, the ligh t 

amount H0 detected by the light receiving element 4 4g is 

the light amount of emitted light from the first la ser 

oscillator 44b or the second laser oscillator 44c.  Thus, 

irradiation with the laser beam from either laser 

oscillator results in the same detected light amoun t H0 

because of the laser beam with the same output powe r (for 

example, 10 mW).  Therefore, either may be selected  to 

carry out the irradiation.  Furthermore, the light amount 

of return light reflected by the mirror 100 does no t 

change basically.  Therefore, after the light amoun t H0 is 
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measured and recorded in the control means 20 once,  the 

light amount H0 does not need to be measured every time 

the reflectance is obtained and it is also possible  to 

use the recorded light amount H0. 

        Next, the mirror 100 is removed from the ho lding 

table 64 and the workpiece 10 is placed on the hold ing 

table 64 to be held by suction.  Moreover, alignmen t is 

performed by using the imaging means 48 to carry ou t 

position adjustment, and the irradiation position o f a 

laser beam is set at a desired position on the work piece 

10 whose reflectance is desired to be measured.  By  

causing the optical path switching means 44d to ope rate, 

irradiation with the laser beam with the first wave length 

X1 shorter than the detection-target wavelength X f rom 

the first laser oscillator 44b is carried out.  The  

irradiation with the laser beam with the first wave length 

X1 from the first laser oscillator 44b is carried o ut 

with output power of 10 mW and the light amount H1 of 

return light detected by the light receiving elemen t 44g 

is detected (first detection step) to be recorded i n the 

control means 20.  Moreover, after the optical path  

switching means 44d is switched, irradiation with a  laser 

beam with the second wavelength X2 longer than the 

detection-target wavelength X from the second laser  

oscillator 44c is carried out with output power of 10 mW 

and the light amount H2 of return light is detected  by 

the light receiving element 44g (second detection s tep) 
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to be recorded in the control means 20. 

        Here, if the light amount H1 of return ligh t when 

irradiation with the laser beam with the first wave length 

X1 (1000 nm) is carried out and the light amount H2  of 

return light when irradiation with the laser beam w ith 

the second wavelength X2 (2000 nm) is carried out a re 

obtained, by using the above-described expression ( 1), 

the light amount H of return light when irradiation  with 

the laser beam with the detection-target wavelength  X 

(1600 nm) is carried out with output power of 10 mW  is 

calculated from the following expression (2). 

        H = H1 + (H2 − H1) × (1600 − 1000)/(2000 − 1000) 

          = H1 + (H2 − H1) × 0.6 = 0.4 × H1 + 0.6 ×  H2   ··· 

(2) 

        If the light amount H is calculated in the above-

described manner, H/H0 can be calculated as the 

reflectance when the workpiece 10 is irradiated wit h the 

laser beam with the detection-target wavelength X ( 1600 

nm) and the output power of 10 mW with use of the l ight 

amount H0 detected to be recorded in the control me ans 20 

in advance.  The result of the reflectance H/H0 cal culated 

in this manner is displayed on the display means, w hich 

is not shown in the diagram, and is recorded in the  

control means 20. 

        Next, another embodiment of the reflectance  

detection method configured based on the present 

invention will be described.  In the above-describe d 
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embodiment using the laser beam irradiation means 4 4, the 

workpiece 10 is separately irradiated with the lase r beam 

with the first wavelength X1 and the laser beam wit h the 

second wavelength X2 emitted with the same output p ower 

and the light amounts H1 and H2 of return light obt ained 

by reflection of a respective one of the laser beam s are 

detected.  Then, the light amount H of return light  

obtained by reflection of the laser beam with the 

detection-target wavelength X by the workpiece 10 i s 

calculated based on the above-described expression (1).  

In contrast, in this another embodiment, a method f or 

detecting the light amount H of reflected return li ght 

when the workpiece 10 is irradiated with the detect ion-

target wavelength X through one time of irradiation  will 

be described. 

        The present embodiment is in common with th e above-

described embodiment in that the reflectance detect ion 

apparatus 40 shown in FIG. 1 is used.  However, the  

present embodiment is different in that laser beam 

irradiation means 440 shown in FIG. 4 is used as a second 

embodiment instead of the laser beam irradiation me ans 44 

described as the first embodiment of the laser beam  

irradiation means.  Based on FIG. 4, the laser beam  

irradiation means 440 will be described. 

        As shown in FIG. 4, the laser beam irradiat ion 

means 440 includes a first laser oscillator 440b an d a 

second laser oscillator 440c that oscillate a laser  beam 
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for detecting the reflectance.  When the wavelength  

regarding which the reflectance of the workpiece 10  is 

desired to be calculated is defined as the detectio n-

target wavelength X, the first laser oscillator 440 b is a 

laser oscillator that oscillates a laser beam with the 

first wavelength X1 shorter than this detection-tar get 

wavelength X and the second laser oscillator 440c i s a 

laser oscillator that oscillates a laser beam with the 

second wavelength X2 longer than this detection-tar get 

wavelength X.  The first laser oscillator 440b and the 

second laser oscillator 440c have the same configur ation 

as the above-described first laser oscillator 44b a nd 

second laser oscillator 44c.  Also in the present 

embodiment, the following situation is assumed.  Th e 

detection-target wavelength X is 1600 nm.  The firs t 

wavelength X1 of the laser beam oscillated by the f irst 

laser oscillator 440b is 1000 nm and the second 

wavelength X2 of the laser beam oscillated by the s econd 

laser oscillator 440c is 2000 nm.  Furthermore, the  first 

laser oscillator 440b and the second laser oscillat or 

440c each oscillate the laser beam with constant ou tput 

power (10 mW). 

        The laser beam with the first wavelength X1  

oscillated from the above-described first laser 

oscillator 440b is guided to first output power adj usting 

means (attenuator) 440h and is adjusted to desired output 

power.  Similarly, the laser beam oscillated from t he 
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second laser oscillator 440c is guided to second ou tput 

power adjusting means (attenuator) 440i and is adju sted 

to desired output power.  The laser beams whose out put 

power has been adjusted by the first output power 

adjusting means 440h and the second output power 

adjusting means 440i are guided to a coupler 440j a nd are 

caused to coalesce.  The laser beam that results fr om the 

coalescence by the coupler 440j is guided to a coll imator 

440e and is adjusted to become collimated light.  T he 

laser beam that has passed through the collimator 4 40e is 

guided to a beam splitter 440f and the laser beam g uided 

from the side of the coupler 440j passes through th e beam 

splitter 440f and is condensed by the condenser 440 a, so 

that the workpiece 10 or the mirror 100 held by the  

holding table 64 is irradiated with the laser beam.  

        Return light reflected by the workpiece 10 or the 

mirror 100 held by the holding table 64 passes thro ugh 

the condenser 440a and is incident on the beam spli tter 

440f.  Then, the optical path is converted by a ref lecting 

surface of the beam splitter 440f and the return li ght is 

incident on a light receiving element 440g that mea sures 

the light amount of the return light.  The light re ceiving 

element 440g is configured to generate a voltage va lue 

according to the light amount of the return light.  A 

voltage signal as the value of the light amount is 

transmitted to the control means 20, so that the li ght 

amount value of the return light based on the volta ge 
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value is measured and information is recorded in a 

predetermined storage area. 

        The reflectance detection method using the above-

described laser beam irradiation means 440 is also based 

on the above-described expression (1).  Thus, the a bove-

described embodiment and the present embodiment hav e the 

same special technical feature.  The concrete featu re of 

the reflectance detection method of the present 

embodiment will be described in detail below. 

        When the above-described expression (1) is 

rearranged based on a term of H1 and a term of H2, the 

following expression is obtained. 

        H = H1 × (X2 − X)/(X2 − X1) + H2 × (X − X1) /(X2 − 

X1)   ··· (3) 

        As is understood from the above-described 

expression (3), the light amount H of return light when 

irradiation with a laser beam with the detection-ta rget 

wavelength X is the value resulting from addition o f a 

value obtained by multiplying the above-described l ight 

amount H1 of return light by (X2 − X)/(X2 − X1) and  a 

value obtained by multiplying the above-described l ight 

amount H2 of return light by (X − X1)/(X2 − X1).  H ere, 

the output power of the laser beam that generates t he 

light amount H0 of the laser beam serving as the ba sis 

when the reflectance is calculated is defined as W0 .  As 

is understood when irradiating the mirror 100 with a 

laser beam with the detection-target wavelength X i s 



23  

assumed, H, H1, and H2 in the above-described expre ssion 

(3) can be all replaced by H0.  Therefore, each of H, H1, 

and H2 can be replaced by W0.  Thus, the following 

expression can be obtained from the above-described  

expression (3). 

        W0 = W0 × (X2 − X)/(X2 − X1) + W0 × (X − X1 )/(X2 − 

X1)   ··· (4) 

        Furthermore, the output power of the laser beam 

with which the workpiece 10 is irradiated and that 

generates the light amount H0 is defined as W0, and  the 

output power of the laser beam emitted from the fir st 

laser oscillator 440b is defined as W1 and the outp ut 

power of the laser beam emitted from the second las er 

oscillator 440c is defined as W2.  In the case of f orming 

the laser beam regarding which the reflectance is 

calculated by causing the laser beams emitted from the 

first laser oscillator 440b and the second laser 

oscillator 440c to coalesce, W0 = W1 + W2 is satisf ied 

and thus the distribution of the output power of th e 

first laser oscillator 440b and the second laser 

oscillator 440c is derived as follows from the abov e-

described expression (4). 

        W1 = W0 × (X2 − X)/(X2 − X1)   ··· (5) 

        W2 = W0 × (X − X1)/(X2 − X1)   ··· (6) 

        The above-described expressions (5) and (6)  can be 

represented as below if the parameters are as follo ws: 

detection-target wavelength X = 1600 nm, first wave length 
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X1 = 1000 nm, and second wavelength X2 = 2000 nm. 

        W1 = W0 × (2000 − 1600)/(2000 − 1000) 

            = W0 × 0.4   ··· (7) 

        W2 = W0 × (1600 − 1000)/(2000 − 1000) 

            = W0 × 0.6   ··· (8) 

        That is, if W0 is 10 mW, when the output po wer W1 

of the first laser oscillator 440b and the output p ower 

W2 of the second laser oscillator 440c are set to 4  mW 

and 6 mW, respectively, in a distributed manner and  laser 

beams are simultaneously oscillated and emitted fro m the 

first laser oscillator 440b and the second laser 

oscillator 440c, these laser beams become the laser  beam 

that yields the reflectance obtained when a laser b eam 

with the detection-target wavelength X (1600 nm) an d 

output power of 10 mW is emitted as it is. 

        In view of the above-described fact, the ca se of 

concretely carrying out the present embodiment will  be 

described.  First, the mirror 100 is placed on the holding 

table 64 and laser beams are simultaneously oscilla ted 

from the first laser oscillator 440b that oscillate s a 

laser beam with the first wavelength X1 (1000 nm) s horter 

than the detection-target wavelength X (1600 nm) 

regarding which the reflectance is desired to be de tected 

and the second laser oscillator 440c that oscillate s a 

laser beam with the second wavelength X2 (2000 nm) longer 

than this detection-target wavelength X.  The laser  beams 

are caused to coalesce by the coupler 440j, so that  the 
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laser beam for obtaining the light amount H0 is emi tted 

toward the mirror 100.  At this time, the output po wer W0 

for obtaining the light amount H0 is set in advance  (for 

example, W0 = 10 mW).  Furthermore, the output powe r W1 of 

the first laser oscillator 440b is set based on the  

above-described expression (7) (4 mW) and the outpu t 

power W2 of the second laser oscillator 440c is set  based 

on the above-described expression (8) (6 mW).  The laser 

beams oscillated from the first laser oscillator 44 0b and 

the second laser oscillator 440c are caused to coal esce 

by the coupler 440j.  The mirror 100 is irradiated with 

the resulting laser beam and the value of light rec eived 

by the light receiving element 440g is recorded in the 

control means 20 as the light amount H0 serving as the 

basis when the reflectance is calculated. 

        After the light amount H0 is recorded in th e 

control means 20, the mirror 100 is removed from th e 

holding table 64 and a wafer as the workpiece 10 is  

placed and held on the holding table 64.  Then, ali gnment 

is performed to carry out position adjustment betwe en the 

laser beam irradiation position and the workpiece 1 0 and 

the laser beam irradiation position is set at the 

position at which the reflectance is desired to be 

measured. 

        Subsequently, the same irradiation conditio n as the 

case of measurement of the above-described light am ount 

H0 serving as the basis is set.  That is, the outpu t power 
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W1 of the first laser oscillator 440b and the outpu t 

power W2 of the second laser oscillator 440c are se t to 4 

mW and 6 mW, respectively.  Then, laser beams are 

simultaneously oscillated from the first laser osci llator 

440b and the second laser oscillator 440c and are c aused 

to coalesce by the coupler 440j to be emitted, so t hat 

the workpiece 10 is irradiated with the laser beam.   The 

workpiece 10 is irradiated with the laser beam in t he 

above-described manner and the light amount H is de tected 

by the light receiving element 440g and is recorded  in a 

predetermined storage area of the control means 20.  

        If the light amount H is calculated in the above-

described manner, H/H0 is calculated by using the l ight 

amount H0, which has been detected in advance and s erves 

as the basis, and thereby the reflectance when the 

workpiece 10 is irradiated with a laser beam with t he 

detection-target wavelength X (1600 nm) and output power 

of 10 mW can be calculated.  This result is display ed on 

the display means, which is not shown in the diagra m, and 

is recorded in the control means 20.  In the above-

described manner, the reflectance H/H0 when the wor kpiece 

10 is irradiated with a laser beam with the detecti on-

target wavelength X (1600 nm) can be calculated wit h use 

of the first laser oscillator 440b and the second l aser 

oscillator 440c. 

        Those who carry out the present invention c an 

detect the reflectance of the workpiece 10 correspo nding 
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to the detection-target wavelength X through prepar ing 

plural laser oscillators corresponding to plural 

wavelengths and selecting, according to the detecti on-

target wavelength X, laser oscillators of laser bea ms 

corresponding to the wavelength X1 shorter than the  

detection-target wavelength X and the wavelength X2  

longer than the detection-target wavelength X.  If a 

reflectance detection apparatus has laser oscillato rs of 

three or more laser beams and it is possible to sel ect, 

according to the detection-target wavelength X, plu ral 

laser oscillators of laser beams corresponding to t he 

wavelength X1 shorter than the wavelength of the 

detection-target wavelength X and the wavelength X2  

longer than the detection-target wavelength X, it i s 

preferable to select two laser oscillators with whi ch the 

wavelength X1 and the wavelength W2 are as close to  the 

detection-target wavelength X as possible. 

        The present invention is not limited to the  details 

of the above described preferred embodiments.  The scope 

of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 

be embraced by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A reflectance detection method in which  a 

workpiece is irradiated with a laser beam and refle ctance 

is detected, the reflectance detection method compr ising: 

        a first detection step of irradiating, with  a light 

amount H0, the workpiece with a laser beam having a  first 

wavelength X1 shorter than a detection-target wavel ength 

X regarding which reflectance is desired to be dete cted 

and detecting a light amount H1 of reflected return  

light; 

        a second detection step of irradiating the 

workpiece with a laser beam having a second wavelen gth X2 

longer than the detection-target wavelength X with the 

light amount H0 and detecting a light amount H2 of 

reflected return light; and 

        a reflectance calculation step of employing  H 

calculated based on an expression shown below as a light 

amount of return light obtained when the workpiece is 

irradiated with a laser beam having the detection-t arget 

wavelength X and calculating reflectance obtained w hen 

the workpiece is irradiated with the laser beam hav ing 

the detection-target wavelength X based on H/H0, 

        H = H1 + (H2 − H1) × (X − X1)/(X2 − X1). 

        2.  A reflectance detection method in which  a 

workpiece is irradiated with a laser beam and refle ctance 

is detected, the reflectance detection method compr ising: 

        a reflectance calculation step of causing a  laser 
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beam having a first wavelength X1 shorter than a 

detection-target wavelength X regarding which refle ctance 

is desired to be detected and a laser beam having a  

second wavelength X2 longer than the detection-targ et 

wavelength X to coalesce by a coupler to irradiate the 

workpiece with a resulting laser beam with a light amount 

H0, and detecting a light amount H of reflected ret urn 

light to calculate reflectance obtained when the 

workpiece is irradiated with a laser beam having th e 

detection-target wavelength X based on H/H0, 

        wherein 

        if output power that generates the light am ount H0 

of the irradiation of the workpiece is defined as W 0, 

output power of the laser beam having the first 

wavelength X1 is defined as W1, and output power of  the 

laser beam having the second wavelength X2 is defin ed as 

W2, the output power of the laser beams when the 

irradiation is carried out in the reflectance calcu lation 

step is set based on an expression shown below, 

        W1 = W0 × (X2 − X)/(X2 − X1) 

        W2 = W0 × (X − X1)/(X2 − X1). 

        3.  A reflectance detection apparatus that 

irradiates a workpiece with a laser beam and detect s 

reflectance, the reflectance detection apparatus 

comprising: 

        holding means for holding the workpiece; 

        laser beam irradiation means for irradiatin g the 
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workpiece held by the holding means with a laser be am; 

        a light receiving element that receives ref lected 

light reflected from the workpiece; and 

        reflectance calculation means for comparing  a light 

amount of the light received by the light receiving  

element and a light amount of the laser beam with w hich 

the workpiece is irradiated and calculating reflect ance, 

        wherein 

        the laser beam irradiation means includes 

                a first laser oscillator that oscil lates a 

first laser beam having a first wavelength X1 short er 

than a detection-target wavelength X regarding whic h 

reflectance is desired to be detected, 

                first output power adjusting means for 

adjusting output power of the first laser beam havi ng the 

first wavelength X1, 

                a second laser oscillator that osci llates a 

second laser beam having a second wavelength X2 lon ger 

than the detection-target wavelength X, 

                second output power adjusting means  for 

adjusting output power of the second laser beam hav ing 

the second wavelength X2, 

                a coupler that causes the first las er beam 

adjusted by the first output power adjusting means and 

the second laser beam adjusted by the second output  power 

adjusting means to coalesce, and 

                a condenser that condenses a laser beam that 
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results from the coalescence by the coupler to irra diate 

the workpiece held by the holding means with the la ser 

beam, and 

        wherein output power W1 of the first laser beam and 

output power W2 of the second laser beam when outpu t 

power that generates a light amount H0 of the laser  beam 

with which the workpiece is irradiated and that res ults 

from the coalescence by the coupler is defined as W 0 are 

set based on an expression shown below, and a laser  beam 

having the detection-target wavelength X is generat ed in 

a pseudo manner by adjusting the first output power  

adjusting means to cause the output power of the fi rst 

laser beam to become W1 and adjusting the second ou tput 

power adjusting means to cause the output power of the 

second laser beam to become W2, 

        W1 = W0 × (X2 − X)/(X2 − X1) 

        W2 = W0 × (X − X1)/(X2 − X1). 

        4.  The reflectance detection apparatus acc ording 

to claim 3, wherein 

        the laser beam irradiation means further in cludes a 

beam splitter disposed between the coupler and the 

condenser and the light receiving element is dispos ed on 

a side to which an optical path of return light ref lected 

by the workpiece is changed by the beam splitter. 

        5.  The reflectance detection apparatus acc ording 

to claim 4, wherein 

        the laser beam irradiation means further in cludes a 
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collimator disposed on a downstream side of the cou pler 

and the laser beam that results from the coalescenc e by 

the coupler is converted to collimated light by the  

collimator. 

  


