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TEST WAFER AND USING METHOD THEREFOR 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a test waf er for 

use in examining the effect of leaky light of a las er 

beam in forming a modified layer inside a substrate  of an 

actual wafer along each division line, and also rel ates 

to a using method for this test wafer. 

Description of the Related Art 

        A plurality of devices such as integrated c ircuits 

(ICs), large-scale integrations (LSIs), light-emitt ing 

diodes (LEDs), microelectromechanical systems (MEMS s), 

and complementary metal-oxide semiconductors (CMOSs ) are 

formed on the front side of a wafer so as to be sep arated 

by a plurality of crossing division lines.  The waf er 

having the devices on the front side is divided alo ng the 

division lines into individual device chips by usin g a 

laser processing apparatus.  The device chips (subs trate 

device chips) thus obtained are packaged and then u sed in 

electronic equipment such as mobile phones and pers onal 

computers. 

        For example, the laser processing apparatus  

includes a chuck table for holding the wafer, laser  beam 
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applying means for applying a laser beam having a 

transmission wavelength to the wafer in the conditi on 

where the focal point of the laser beam is set insi de the 

wafer in an area below each division line, thereby 

forming a modified layer inside the wafer, and feed ing 

means for relatively feeding the chuck table and th e 

laser beam applying means, whereby the modified lay er as 

a division start point for dividing the wafer into the 

individual device chips can be formed with high acc uracy 

(see Japanese Patent No. 3408805, for example). 

        The wafer having the devices to be divided by the 

laser processing apparatus is composed of a substra te and 

a functional layer formed on the front side of the 

substrate, the functional layer forming the devices .  

Accordingly, the laser beam is applied to the wafer  from 

the back side thereof in the condition where the fo cal 

point of the laser beam is set inside the wafer at a 

predetermined depth from the back side of the wafer  

(substrate).  At this time, there is a possibility that a 

part of the laser beam does not contribute to the 

formation of the modified layer, but is transmitted  as 

leaky light through the substrate to reach the fron t side 

of the wafer, wherein the devices formed on the fro nt 

side of the wafer may be possibly damaged by this l eaky 
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light, depending on the laser processing conditions  

adopted in applying the laser beam or the angle of 

transmission of the leaky light in the substrate (s ee 

Japanese Patent Laid-Open No. 2015-085376, for exam ple). 

 

SUMMARY OF THE INVENTION 

        The present inventor has further examined t he cause 

of damage to the devices in performing the laser 

processing using the laser processing apparatus.  A s the 

result of this examination, the following problem h as 

been found out.  A part of the laser beam applied t o the 

wafer in the laser processing apparatus is simply 

transmitted through the wafer (substrate) to reach the 

front side of the wafer in an area along each divis ion 

line present directly below the focal point of the laser 

beam, thus causing damage to the devices.  In addit ion, 

this part of the laser beam may be reflected, refra cted, 

or scattered in an unexpected direction by the modi fied 

layer or cracks formed in the vicinity of the modif ied 

layer to reach another area where the devices are f ormed 

by the functional layer.  That is, this part of the  laser 

beam is transmitted as deflected light through the wafer 

(substrate) to reach the front side of the wafer, c ausing 

damage to a part of each device, e.g., a wiring lay er 
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included in each device. 

        Further, in performing the laser processing  using 

the laser processing apparatus without causing a 

reduction in quality of each device, it is necessar y to 

examine the degree of effect on the functional laye r 

forming the devices due to the leaky light in conne ction 

with the laser processing conditions to be adopted in 

applying the laser beam according to the material, 

thickness, etc. of the wafer as a workpiece. 

        However, damage to the devices formed on th e front 

side of the wafer due to the leaky light is caused inside 

the wafer as a workpiece.  Accordingly, in the case  of 

examining the effect of the leaky light by using th e 

wafer as an actual workpiece, it is not easy to che ck the 

condition of damage inside the wafer from the outsi de 

thereof.  Accordingly, it is difficult to set vario us 

conditions in the laser processing apparatus as avo iding 

the laser processing conditions causing damage to a  part 

of the functional layer formed on the front side of  the 

wafer. 

        It is therefore an object of the present in vention 

to provide a test wafer and a using method therefor  which 

can easily examine the effect of leaky light of a l aser 

beam according to the laser processing conditions i n 
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performing laser processing to an actual wafer incl uding 

a substrate and a plurality of devices formed on th e 

front side of the substrate so as to be separated b y a 

plurality of crossing division lines, the laser bea m 

having a transmission wavelength to the substrate b eing 

applied to the actual wafer from the back side ther eof 

along each division line to thereby form a modified  layer 

inside the substrate along each division line. 

        The term of “leaky light” used in the prese nt 

invention includes laser light that does not contri bute 

to the formation of the modified layer to be formed  in 

the vicinity of the focal point to be set inside th e 

actual wafer, but is transmitted through the substr ate to 

reach the front side of the wafer in performing las er 

processing using a laser processing apparatus for 

applying the laser beam to the actual wafer from th e back 

side thereof along each division line to thereby fo rm the 

modified layer inside the substrate along each divi sion 

line.  That is, the leaky light includes laser ligh t 

reaching an area on the front side of the actual wa fer 

along each division line formed directly below the 

modified layer and also includes deflected light 

generated by the reflection, refraction, or scatter ing of 

the laser beam at the modified layer or the cracks formed 
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near the modified layer to reach an area on the fro nt 

side of the actual layer other than the above-menti oned 

area along each division line. 

        In accordance with an aspect of the present  

invention, there is provided a test wafer for use i n 

examining the effect of leaky light of a laser beam  in 

performing laser processing to an actual wafer incl uding 

a substrate and a plurality of devices formed on a front 

side of the substrate so as to be separated by a 

plurality of crossing division lines, the laser bea m 

having a transmission wavelength to the substrate b eing 

applied to the actual wafer from a back side thereo f 

along each division line to thereby form a modified  layer 

inside the substrate along each division line.  The  test 

wafer includes a test substrate, and a metal foil f ormed 

on a front side of the test substrate. 

        Preferably, the test wafer further includes  a base 

layer formed on the front side of the test substrat e, the 

base layer being formed of Ti or Cr.  The metal foi l is 

formed on the front side of the base layer and is f ormed 

of Al, Sn, Pt, Au, Ag, In, Pb, or Cu.  Preferably, the 

test substrate is formed of Si, SiC, Al 2O3, or GaN. 

        Preferably, the metal foil is formed on the  whole 

of the front side of the test substrate or on the f ront 
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side of the test substrate so as to form a dot patt ern, 

lattice pattern, rectangular pattern, or stripe pat tern.  

Preferably, the test wafer further includes an oxid ation 

preventing film formed on the front side of a metal  foil.  

The oxidation preventing film is formed of SiO 2, TiO 2, 

Ta2O5, or polyethylene terephthalate (PET). 

        In accordance with another aspect of the pr esent 

invention, there is provided a test wafer using met hod 

for using a test wafer including a test substrate a nd a 

metal foil formed on a front side of the test subst rate.  

The test wafer using method includes a modified lay er 

forming step of applying a laser beam having a 

transmission wavelength to the test substrate from a back 

side of the test wafer in the condition where a foc al 

point of the laser beam is set inside the test subs trate, 

thereby forming a modified layer inside the test 

substrate.  The test wafer using method further inc ludes a 

damage detecting step of observing a front side of the 

test wafer after performing the modified layer form ing 

step, thereby detecting damage to the metal foil. 

        According to the present invention, the las er beam 

is applied to the test wafer from the back side the reof 

in the condition where the focal point of the laser  beam 

is set inside the test substrate under the laser 
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processing conditions to be actually adopted, and t he 

presence/absence and size of damage to the metal fo il 

formed on the front side of the test wafer are chec ked to 

thereby easily grasp any laser processing condition s 

causing the effect of the leaky light not used for the 

formation of the modified layer, the effect of the leaky 

light being such that the leaky light may break the  

devices formed on the front side of the actual wafe r.  

Further, by performing the test wafer using method of the 

present invention, the laser processing conditions can be 

easily adjusted to proper processing conditions und er 

which a good modified layer can be formed inside th e 

actual wafer and no leaky light is generated to pre vent a 

reduction in quality of each device. 

        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 
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apparatus; 

        FIGS. 2A to 2C are perspective views for 

illustrating a manufacturing method for a test wafe r 

according to a preferred embodiment of the present 

invention; 

        FIGS. 3A to 3E are perspective views showin g 

various patterns of a metal foil to be formed on th e 

front side of a test substrate; 

        FIG. 4A is a perspective view for illustrat ing a 

modified layer forming step; 

        FIG. 4B is an enlarged cross section taken along 

the line A-A in FIG. 4A; and 

        FIG. 5 is a perspective view showing damage  

generated on the test wafer in performing the modif ied 

layer forming step. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

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

apparatus 1 which can perform the test wafer using method 

according to the present invention.  The laser proc essing 

apparatus 1 shown in FIG. 1 includes a stationary b ase 2, 

a holding table mechanism 3 for holding a workpiece , the 

holding table mechanism 3 being provided on the 

stationary base 2 so as to be movable in an X direc tion 
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(feeding direction) shown by an arrow X, and a lase r beam 

applying unit 4 as laser beam applying means provid ed on 

the stationary base 2. 

        The holding table mechanism 3 includes a pa ir of 

guide rails 31 provided on the stationary base 2 so  as to 

extend parallel to each other in the X direction, a  first 

slide block 32 provided on the guide rails 31 so as  to be 

movable in the X direction, a second slide block 33  

provided on the first slide block 32 so as to be mo vable 

in a Y direction (indexing direction) shown by an a rrow Y 

perpendicular to the X direction, and a cylindrical  

holding table 34 provided on the second slide block  33 so 

as to be rotatable by an internal pulse motor (not shown).  

The holding table 34 has an upper surface as a hold ing 

surface, or a chuck table 37.  In the laser process ing 

apparatus 1 shown in FIG. 1, a workpiece such as a 

semiconductor wafer (not shown) having devices form ed on 

the front side or a test wafer W formed by the pres ent 

invention is placed on the chuck table 37. 

        The lower surface of the first slide block 32 is 

formed with a pair of guided grooves 321 for slidab ly 

engaging the pair of guide rails 31 mentioned above .  A 

pair of guide rails 322 are provided on the upper s urface 

of the first slide block 32 so as to extend paralle l to 
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each other in the Y direction.  Accordingly, the fi rst 

slide block 32 is movable in the X direction along the 

guide rails 31 by the slidable engagement of the gu ided 

grooves 321 with the guide rails 31.  The holding t able 

mechanism 3 further includes X moving means 35 as f eeding 

means for moving the first slide block 32 in the X 

direction along the guide rails 31.  The X moving m eans 35 

includes an externally threaded rod 351 extending 

parallel to the guide rails 31 so as to be interpos ed 

therebetween and a pulse motor 352 as a drive sourc e for 

rotationally driving the externally threaded rod 35 1.  The 

externally threaded rod 351 is rotatably supported at one 

end thereof to a bearing block 353 fixed to the 

stationary base 2 and is connected at the other end  to 

the output shaft of the pulse motor 352 so as to re ceive 

the torque thereof.  The externally threaded rod 35 1 is 

engaged with a tapped through hole formed in an 

internally threaded block (not shown) projecting fr om the 

lower surface of the first slide block 32 at a cent ral 

portion thereof.  Accordingly, the first slide bloc k 32 is 

moved in the X direction along the guide rails 31 b y 

operating the pulse motor 352 to normally or revers ely 

rotate the externally threaded rod 351. 

        The lower surface of the second slide block  33 is 
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formed with a pair of guided grooves 331 for slidab ly 

engaging the pair of guide rails 322 provided on th e 

upper surface of the first slide block 32 as mentio ned 

above.  Accordingly, the second slide block 33 is m ovable 

in the Y direction along the guide rails 322 by the  

slidable engagement of the guided grooves 331 with the 

guide rails 322.  The holding table mechanism 3 fur ther 

includes Y moving means 36 as indexing means for mo ving 

the second slide block 33 in the Y direction along the 

guide rails 322.  The Y moving means 36 includes an  

externally threaded rod 361 extending parallel to t he 

guide rails 322 so as to be interposed therebetween  and a 

pulse motor 362 as a drive source for rotationally 

driving the externally threaded rod 361.  The exter nally 

threaded rod 361 is rotatably supported at one end 

thereof to a bearing block 363 fixed to the upper s urface 

of the first slide block 32 and is connected at the  other 

end to the output shaft of the pulse motor 362 so a s to 

receive the torque thereof.  The externally threade d rod 

361 is engaged with a tapped through hole formed in  an 

internally threaded block (not shown) projecting fr om the 

lower surface of the second slide block 33 at a cen tral 

portion thereof.  Accordingly, the second slide blo ck 33 

is moved in the Y direction along the guide rails 3 22 by 
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operating the pulse motor 362 to normally or revers ely 

rotate the externally threaded rod 361. 

        The first slide block 32 is provided with X  

position detecting means (not shown) for detecting the X 

position of the first slide block 32 in the X direc tion.  

Similarly, the second slide block 33 is provided wi th Y 

position detecting means (not shown) for detecting the Y 

position of the second slide block 33 in the Y dire ction.  

Control means to be described later transmits drive  

signals to the pulse motors 352 and 362 according t o the 

X position of the first slide block 32 and the Y po sition 

of the second slide block 33 detected above, thereb y 

controlling the position (X-Y position) of the hold ing 

table 34 to a desired position. 

        The laser beam applying unit 4 includes a s upport 

member 41 provided on the stationary base 2, a casi ng 42 

supported to the support member 41 so as to extend in a 

substantially horizontal direction, laser beam appl ying 

means 5 provided in connection with the casing 42, and 

imaging means 6 provided at the front end portion o f the 

casing 42 for detecting a subject area of the workp iece 

to be laser-processed by the laser beam applying me ans 5.  

The imaging means 6 includes illuminating means for  

illuminating the workpiece, an optical system for 
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capturing an area illuminated by the illuminating m eans, 

and an imaging device (charge-coupled device (CCD))  for 

imaging the area captured by the optical system.  A n image 

signal output from the imaging means 6 is transmitt ed to 

the control means (not shown) to be described later . 

        The laser beam applying means 5 includes la ser beam 

oscillating means (not shown) provided in the casin g 42 

for oscillating a pulsed laser beam and focusing me ans 

(not shown) provided at the front end portion of th e 

casing 42 for focusing the pulsed laser beam oscill ated 

by the laser beam oscillating means and applying th is 

pulsed laser beam to the workpiece held on the chuc k 

table 37.  Although not shown, the laser beam oscil lating 

means includes power adjusting means for adjusting the 

power of the pulsed laser beam, a laser oscillator for 

oscillating the pulsed laser beam, and repetition 

frequency setting means for setting the repetition 

frequency of the pulsed laser beam.  The laser beam  

applying means 5 further includes focal position 

adjusting means (not shown) for adjusting the focal  

position of the pulsed laser beam in a direction 

perpendicular to the holding surface (upper surface ) of 

the holding table 34. 

        The laser processing apparatus 1 further in cludes 
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control means (not shown).  This control means is 

configured by a computer, and it includes a central  

processing unit for performing operational processi ng 

according to a control program, a read only memory (ROM) 

preliminarily storing the control program, a random  

access memory (RAM) for storing the results of 

computation, etc., an input interface, and an outpu t 

interface.  Detection signals from the X position 

detecting means, the Y position detecting means, an d the 

imaging means 6 are input into the input interface of the 

control means.  On the other hand, control signals are 

output from the output interface of the control mea ns to 

the X moving means, the Y moving means, the focal 

position adjusting means, and the power adjusting m eans. 

        In the laser processing apparatus 1, laser 

processing conditions in performing laser processin g to a 

wafer having a plurality of devices formed on the f ront 

side can be freely set.  A plurality of crossing di vision 

lines are formed on the front side of the wafer to define 

a plurality of separate regions where the plural de vices 

are individually formed.  The laser processing is 

performed by applying a laser beam to the wafer fro m the 

back side thereof along the division lines whose da ta has 

been previously stored in the memory of the control  means, 
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thereby forming a modified layer inside the wafer a long 

each division line, wherein the modified layer is f ormed 

as a division start point for the division of the w afer 

into the individual devices.  The laser processing 

conditions include the wavelength of the laser beam , the 

average power of the laser beam, the repetition fre quency 

of the laser beam, the pulse width of the laser bea m, the 

numerical aperture (NA) of a focusing lens included  in 

the focusing means, the focal position of the laser  beam, 

and the relative feed speed between the laser beam 

applying means 5 and the holding table 34. 

        The laser processing conditions in the lase r 

processing apparatus 1 are set in consideration of,  for 

example, the material and thickness of the wafer to  be 

used, the width of each division line between the d evices 

formed on the front side of the wafer, or processin g 

conditions used in the past processing record.  How ever, 

the laser processing conditions that can form the 

modified layer more reliably may cause a reduction in 

quality of each device (device chip) obtained by di viding 

the wafer due to the effect of leaky light.  Accord ingly, 

in the case of using a new wafer or adopting new 

processing conditions, it is necessary to check whe ther 

or not the processing conditions to be adopted may cause 
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a reduction in quality of each device, prior to adj usting 

the processing conditions.  There will now be descr ibed 

the test wafer W suitable for use in checking wheth er or 

not the processing conditions in the laser processi ng 

apparatus 1 are proper, according to the present 

invention.  A using method for the test wafer W wil l also 

be described. 

        A manufacturing method for the test wafer W  will 

now be described with reference to FIGS. 2A to 2C.  FIG. 

2A shows a test substrate 10 constituting the test wafer 

W, wherein the test substrate 10 has a front side 1 0a and 

a back side 10b.  The material of the test substrat e 10 

may be selected from various materials.  However, t he 

material of the test substrate 10 is to be the same  

material as that of the actual wafer having the dev ices.  

For example, when the substrate of the actual wafer  is 

formed of Si, the material of the test substrate 10  is 

set to Si.  The thickness of the test substrate 10 is 

adjusted to the same as the thickness of the substr ate of 

the actual wafer.  Examples of the material of the test 

substrate 10 include Si, SiC, Al 2O3, and GaN. 

        As shown in FIG. 2B, a base layer 11 is for med by 

evaporation on the whole of the front side 10a of t he 

test substrate 10.  The material of the base layer 11 is 
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typically selected from Ti and Cr.  As an evaporati on 

method, ion plating known in the art may be selecte d.  

However, any other evaporation methods such as sput tering 

may also be selected.  The base layer 11 is formed,  so as 

to well form a metal foil on the test substrate 10 by 

evaporation, the metal foil being required in exami ning 

the effect of leaky light to be hereinafter describ ed.  

However, the base layer 11 may be omitted, provided  that 

the metal foil can be directly formed on the test 

substrate 10.  The thickness of the base layer 11 i s 

suitably selected in the range of 50 nm to 500 nm. 

        As shown in FIG. 2C, a metal foil 12 is for med by 

evaporation on the whole of the front side (upper 

surface) of the base layer 11.  Examples of the mat erial 

of the metal foil 12 include Sn, Al, Pt, Au, Ag, In , Pb, 

and Cu.  The thickness of the metal foil 12 is suit ably 

selected in the range of 50 nm to 500 nm as similar  to 

the base layer 11.  The material of the metal foil 12 is 

decided in consideration of the melting point of th e 

metal forming a wiring layer used in each device fo rmed 

on the actual wafer.  In other words, the metal foi l 12 

functions as a substitute for the devices formed on  the 

actual wafer, and it is unnecessary to actually for m 

devices on the test substrate 10. 
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        For example, as the material of a wiring la yer in a 

general semiconductor device, Al is most adopted an d the 

melting point of Al is approximately 660°C.  Accord ingly, 

in the case of examining damage to a wiring portion  of an 

actual wafer using Al as the material of the wiring  layer, 

any metal having a melting point equal to or lower than 

the melting point of Al is preferably used as the 

material of the metal foil 12.  In this preferred 

embodiment, Sn having a melting point of 220°C is a dopted 

as such a metal.  Accordingly, when heat load at 

temperatures of 220°C or higher is applied to the m etal 

foil 12, melting occurs on the metal foil 12 and it  is 

possible to determine whether or not the devices of  the 

actual wafer may be damaged under the laser process ing 

conditions examined in this preferred embodiment.  This 

point will be described in more detail with referen ce to 

FIGS. 4A to 5. 

        As shown in FIG. 4A, laser processing is pe rformed 

to the test wafer W under the laser processing cond itions 

similar to those for the actual wafer, thereby form ing a 

modified layer inside the test wafer W along an ima ginary 

line corresponding to each division line of the act ual 

wafer (modified layer forming step).  More specific ally, 

the laser beam applying means 5 is operated to appl y a 



20 

laser beam to the test wafer W held on the chuck ta ble 37 

constituting the holding table 34 in the condition where 

the back side 10b of the test substrate 10 is orien ted 

upward.  Further, the feeding means is operated to 

sequentially move the holding table 34 holding the test 

wafer W in the X direction.  Further, the indexing means 

is operated to stepwise move the holding table 34 i n the 

Y direction with the pitch of a plurality of first 

division lines extending in the X direction.  As a result, 

a plurality of modified layers are formed inside th e test 

wafer W along the first division lines.  Thereafter , the 

holding table 34 is rotated 90 degrees to similarly  form 

a plurality of modified layers inside the test wafe r W 

along a plurality of second division lines perpendi cular 

to the first division lines. 

        The modified layer forming step mentioned a bove is 

performed under the following laser processing cond itions, 

for example. 

        Wavelength of laser beam : 1064 nm 

        Repetition frequency  : 50 kHz 

        Pulse width   : 10 ps 

        Average power   : 0.5 W 

        Spot diameter   : 1 µm 

        Numerical aperture (NA) of focusing lens: 0 .85 
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        Work feed speed   : 100 nm/second 

        The effect of leaky light in the modified l ayer 

forming step will now be described with reference t o FIG. 

4B.  As shown in FIG. 4B, the focal point of the la ser 

beam to be applied from the laser beam applying mea ns 5 

is set inside the test substrate 10 of the test waf er W, 

and each modified layer is formed in the vicinity o f the 

focal point.  At this time, all the energy of the l aser 

beam does not always form each modified layer, but there 

is a case that a part of the laser beam as leaky li ght 

may reach the area on the front side 10a of the tes t 

substrate 10 directly below the focal point of the laser 

beam, the front side 10a being held through the bas e 

layer 11 and the metal foil 12 on the chuck table 3 7 (see 

symbol D1 in FIG. 4B).  Depending on the conditions  of the 

laser beam that has reached the front side 10a of t he 

test substrate 10 as leaky light, the laser beam is  

absorbed in this area on the front side 10a of the test 

substrate 10, causing heat generation.  In the case  that 

the amount of heat generated is large, this area is  

melted in the metal foil 12 of the test wafer W by the 

leaky light of the laser beam as shown by the symbo l D1.  

The temperature condition for melting of the metal foil 

12 at this time changes according to the kind, patt ern, 
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and thickness of the metal foil 12. 

        Further, in the case that the modified laye rs have 

already been formed in the direction perpendicular to the 

feeding direction (see point P in FIG. 4B), the las er 

beam is relatively moved in the X direction to pass  the 

modified layer P already formed, and at this time t he 

laser beam may be reflected (or refracted or scatte red) 

by cracks generated inside the test substrate 10 in  

forming the modified layer P or by the modified lay er P 

itself.  This laser beam reflected may be transmitt ed as 

deflected light through the test substrate 10 in an  

unexpected direction to reach the front side 10a of  the 

test substrate 10 (see symbol D2 in FIG. 4B).  As s imilar 

to the case of the symbol D1, depending on the cond itions 

of the laser beam that has reached the front side 1 0a of 

the test substrate 10 as deflected light, the laser  beam 

is absorbed in this area on the front side 10a of t he 

test substrate 10, causing heat generation.  In the  case 

that the amount of heat generated is large, this ar ea is 

melted in the metal foil 12 of the test wafer W by the 

deflected light of the laser beam as shown by the s ymbol 

D2. 

        After performing the modified layer forming  step as 

mentioned above, the test wafer W is removed from t he 
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chuck table 37, and any melted portion of the metal  foil 

12 is observed to detect damage to the metal foil 1 2 

(damage detecting step). 

        As shown in FIG. 5, the damage D1 or D2 due  to 

melting of the metal foil 12 by the laser processin g can 

be detected by observing the front side of the test  wafer 

W where the metal foil 12 is formed.  As shown in a n 

enlarged view of an encircled part B in FIG. 5, the  

damage D1 caused by the leaky light transmitted dir ectly 

below the focal point of the laser beam is linearly  

generated along each division line.  Accordingly, i t is 

determined whether or not the width of the linear d amage 

D1 falls within the width of each division line.  I f the 

width of the linear damage D1 is greater than the w idth 

of each division line, it can be said that the line ar 

damage D1 may cause damage to the adjacent devices of the 

actual wafer.  In the perspective view of the test wafer W 

in FIG. 5, the damage D1 along each division line i s not 

shown. 

        On the other hand, there is a high possibil ity that 

the damage D2 caused by the deflected light due to the 

reflection (or refraction or scattering) of the las er 

beam by the modified layer P or the cracks formed i n the 

vicinity of the modified layer P may be generated i n the 
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area outside each division line of the actual wafer  where 

the devices are formed.  That is, in the case that the 

damage D2 due to the deflected light is detected, i t 

shows that the devices of the actual wafer may be d amaged 

by the laser beam under the same laser processing 

conditions, regardless of the size of the damage D2 . 

        In this manner, by performing the laser pro cessing 

to the test wafer W and then observing the size and  

frequency of occurrence of the damage due to the le aky 

light on the front side of the test wafer W, it can  be 

easily predicted possible damage to the devices of the 

actual wafer with high accuracy. 

        After performing the damage detecting step as 

mentioned above, at least one of the various proces sing 

conditions of the laser processing using the laser 

processing apparatus is adjusted (processing condit ions 

adjusting step).  Examples of the processing condit ions 

include the wavelength of the laser beam, the avera ge 

power of the laser beam, the repetition frequency o f the 

laser beam, the pulse width of the laser beam, the 

numerical aperture (NA) of the focusing lens, the f ocal 

position of the laser beam, and the relative feed s peed 

of the test wafer W.  After adjusting the laser pro cessing 

conditions, the laser processing is performed again  to 
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the test wafer W, so that modified layers can be fo rmed 

in the test wafer W without causing damage to the m etal 

foil 12.  Accordingly, in the case of performing th e laser 

processing to the actual wafer having the devices u nder 

the laser processing conditions adjusted above, pos sible 

damage to the devices can be reduced. 

        While the metal foil 12 of the test wafer W  is 

formed on the whole of the front side of the base l ayer 

11 in the preferred embodiment, various modificatio ns may 

be made for the pattern of the metal foil 12.  FIG.  3A is 

an enlarged view of an encircled part A in FIG. 2C 

according to the preferred embodiment.  FIGS. 3B to  3E 

show various modifications of the pattern shown in FIG. 

3A.  More specifically, FIG. 3B shows a dot pattern , FIG. 

3C shows a lattice pattern, FIG. 3D shows a rectang ular 

pattern, and FIG. 3E shows a stipe pattern.  Each o f these 

patterns shown in FIGS. 3B to 3E has regularly arra nged 

blank portions where the metal foil 12 is not forme d.  In 

the case of the solid pattern shown in FIG. 3A, the re is 

a possibility that even when the temperature of a p art of 

the metal foil locally rises due to the leaky light , the 

heat generated is conducted from this part to a 

peripheral portion, so that the damage due to melti ng is 

less prone to generate.  To the contrary, in the ca se of 
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the patterns shown in FIGS. 3B to 3E, such heat 

conduction can be suppressed and the damage due to 

melting is therefore prone to generate.  Further, t he 

pattern shown in FIG. 3A and at least one of the pa tterns 

shown in FIGS. 3B to 3E may be suitably combined on  a 

single test wafer.  The patterns shown in FIGS. 3B to 3E 

can be easily formed by a known method using a phot omask 

and etching in combination. 

        As described above, the conditions of gener ation of 

the damage change according to the condition of hea t 

conduction in the metal foil 12 of the test wafer W .  

Accordingly, the thinner the metal foil 12, the mor e 

easily the damage is generated, whereas the thicker  the 

metal foil 12, the less easily the damage is genera ted.  

That is, the thickness of the metal foil 12 is sele cted 

in consideration of the material of the metal foil 12, 

depending on the conditions (allowable limit temper ature 

in each device) as required in the test wafer accor ding 

to the actual wafer. 

        Optionally, an oxidation preventing film ma y be 

formed on the front side of the metal foil 12 of th e test 

wafer W.  Examples of the material forming the oxid ation 

preventing film include SiO 2, TiO 2, Ta 2O5, and PET.  By 

forming the oxidation preventing film, unwanted oxi dation 
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of the metal foil 12 can be prevented even when a l ong 

period of time has elapsed after the production of the 

test wafer W. 

        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 test wafer using method for using a test wafer 

including a test substrate and a metal foil formed on a 

front side of said test substrate, said test wafer using 

method comprising: 

a modified layer forming step of applying a laser beam 

having a transmission wavelength to said test 

substrate from a back side of said test wafer in 

the condition where a focal point of said laser 

beam is set inside said test substrate, thereby 

forming a modified layer inside said test 

substrate; 

a damage detecting step of observing a front side of 

said test wafer after performing said modified 

layer forming step, thereby detecting damage to 

said metal foil; and 

a processing conditions adjusting step of adjusting at 

least one of the laser processing conditions 

adopted in said modified layer forming step 

according to the result of detection of said damage 

obtained in said damage detecting step, said at 

least one of the laser processing conditions being 

selected from the group consisting of the 

wavelength of said laser beam, average power of 
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said laser beam, repetition frequency of said laser 

beam, pulse width of said laser beam, numerical 

aperture of a focusing lens for focusing said laser 

beam, focal position of said laser beam, and 

relative feed speed of said test wafer. 

2. The test wafer using method according to claim 1, 

wherein the test wafer includes:  

a base layer formed on the front side of said test 

substrate, the material of said base layer being 

selected from the group consisting of Ti and Cr, 

the material of said metal foil being formed on the 

front side of said base layer and being selected 

from the group consisting of Al, Sn, Pt, Au, Ag, 

In, Pb, and Cu. 

3. The test wafer using method according to claim 2, 

wherein said metal foil is formed on the whole of the front 

side of said test substrate, said metal foil having a 

melting point lower than or equal to a melting point of a 

metal forming a wiring layer included in each device. 

4. The test wafer using method according to claim 2, 

wherein said metal foil is formed on the front side of said 

test substrate so as to have a pattern selected from the 

group consisting of a dot pattern, lattice pattern, 

rectangular pattern, and stripe pattern, said metal foil 
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having a melting point lower than or equal to a melting 

point of a metal forming a wiring layer included in each 

device. 

5. The test wafer using method according to claim 2, 

further comprising:  

an oxidation preventing film formed on a front side of 

said metal foil. 

6. The test wafer using method according to claim 5, 

wherein the material of said oxidation preventing film is 

selected from the group consisting of SiO2, TiO2, Ta2O5, and 

polyethylene terephthalate. 

7. The test wafer using method according to claim 1, 

wherein the material of said test substrate is selected 

from the group consisting of Si, SiC, Al2O3, and GaN. 

8. A test wafer using method for using a test wafer 

including a test substrate and a metal foil formed on a 

front side of said test substrate, wherein said test wafer 

lacks devices, and instead the metal foil functions as a 

substitute for devices formed on an actual wafer, said test 

wafer using method comprising: 

a modified layer forming step of applying a laser beam 

having a transmission wavelength to said test 

substrate from a back side of said test wafer in 

the condition where a focal point of said laser 
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beam is set inside said test substrate, thereby 

forming a modified layer inside said test 

substrate;  

a damage detecting step of observing the metal foil 

after performing said modified layer forming step, 

thereby detecting damage to said metal foil; and  

a laser processing step of performing laser processing 

on an actual wafer including devices, wherein the 

laser processing step is performed under laser 

processing conditions determined based on the 

damage detecting step. 

         

 

 




