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(57) ABSTRACT 

A polishing endpoint detecting device of a polishing appa 
ratus detects a polishing endpoint of a polishing process by 
measuring light re?ected from a surface of a semiconductor 
substrate being polished. The apparatus also includes a 
polishing pad and a rotary plate each of a light-transmitting 
material. The light is directed onto the surface of the 
semiconductor substrate through the polishing pad and the 
rotary plate and is scanned across the surface of the semi 
conductor substrate along a horizontal line Which passes 
through the centers of the polishing pad and the semicon 
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(22) Filed; Man 18, 2003 ductor substrate. A light-measuring instrument measures a 
characteristic of the light re?ected from the surface of the 

(30) Foreign Application Priority Data semiconductor substrate, and a processor detects the polish 
ing endpoint by analyzing signals produced by the light 
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POLISHING ENDPOINT DETECTING METHOD, 
DEVICE FOR DETECTING A POLISHING 

ENDPOINT OF A POLISHING PROCESS AND 
CHEMICAL-MECHANICAL POLISHING 
APPARATUS COMPRISING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a chemical-me 
chanical polishing process in Which a ?lm formed on a 
semiconductor substrate is planariZed. More particularly, the 
present invention relates to a device using light for detecting 
an endpoint of the chemical-mechanical polishing process. 

[0003] 2. Description of the Related Art 

[0004] Recently, in an effort to meet consumer demand, 
advances in technology for manufacturing semiconductor 
devices have been developed to enhance the integration 
density, reliability, and response speed, etc., of the devices. 
Generally, a semiconductor device is manufactured by form 
ing a ?lm on a semiconductor substrate, such as a silicon 
Wafer, and patterning the ?lm to form a pattern having a 
required electric property. 

[0005] The pattern is formed by means of sequential or 
repeated unit processes including deposition, photolithogra 
phy, etching, ion implantation, polishing, cleaning, and 
drying processes. Among these unit processes, polishing is 
key in attaining a high degree of integration, and structural 
and electrical reliability of the semiconductor device. In the 
chemical-mechanical polishing process, a ?lm on a semi 
conductor substrate is mainly planariZed by a chemical 
reaction betWeen a slurry and the ?lm formed on the 
semiconductor substrate and by mechanical friction betWeen 
the ?lm on the semiconductor substrate and a polishing pad 
of a chemical-mechanical polishing (CMP) apparatus. 

[0006] In addition to the polishing pad, the CMP apparatus 
generally includes a rotating table atop Which the polishing 
pad is attached, a polishing head for holding and rotating a 
semiconductor substrate, a slurry supplying device for sup 
plying slurry betWeen the polishing pad and the semicon 
ductor substrate, and a pad conditioner for improving the 
surface condition of the polishing pad. The CMP apparatus 
further includes a polishing endpoint detecting device for 
determining the endpoint of the chemical-mechanical pol 
ishing process, i.e., the point at Which the polishing process 
should be stopped. 

[0007] The conventional polishing endpoint detecting 
device measures variables related to the surface condition of 
the semiconductor substrate, and detects the polishing end 
point When the variables change abruptly. For eXample, in 
the case in Which an insulation ?lm or a dielectric ?lm on 
semiconductor substrate is polished in order to eXpose a 
metal layer formed beneath the insulation ?lm or the dielec 
tric ?lm, the temperature of the semiconductor substrate, the 
coef?cient of friction, or a characteristic of light re?ected 
from the polished surface of the semiconductor substrate 
changes abruptly once the metal layer is eXposed. The 
polishing endpoint detecting device is thus used to deter 
mine the polishing endpoint by detecting an abrupt change 
in these variables. 

[0008] Polishing endpoint detecting devices are disclosed 
in US. Pat. No. 5,893,796 (issued to Birang et al.), US. Pat. 
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No. 6,045,439 (issued to Birang et al.), and US. Pat. No. 
6,280,290 (issued to Birang et al.). These polishing endpoint 
detecting devices include a platen having a hole, a polishing 
pad having a transparent WindoW, and a laser interferometer 
for detecting the polishing endpoint. Also, a method for 
forming the transparent WindoW is disclosed. Furthermore, 
US. Pat. No. 6,247,998 (issued to WisWesser, et al.) dis 
closes a CMP apparatus having a platen for supporting a 
polishing pad, a polishing head for holding a semiconductor 
substrate, a ?rst optical system for directing a ?rst light onto 
a surface of a semiconductor substrate and for measuring the 
light re?ected from the semiconductor substrate in order to 
generate a ?rst interference signal, and a second optical 
system for directing a second light onto the surface of the 
semiconductor substrate and for measuring the light 
re?ected from the substrate in order to generate a second 
interference signal. 

[0009] FIGS. 1 and 2 illustrate a conventional CMP 
apparatus 100 having a polishing endpoint detecting device. 
Referring FIG. 1, the conventional CMP apparatus 100 
includes a rotational table 110 to Which a polishing pad 102 
is attached, a polishing head 120, a pad conditioner 122 for 
improving the surface condition of the polishing pad 102, 
and a slurry supplying member 124 for supplying a slurry 
124a betWeen a semiconductor substrate 10 and the polish 
ing pad 102. The polishing head 120 holds the semiconduc 
tor substrate 10 so that a surface 10a of the semiconductor 
substrate 10 to be polished faces the polishing pad 102. In 
addition, the polishing head 120 places the surface 10a of 
the semiconductor substrate 10 to be polished in contact 
With the polishing pad 102. 

[0010] The rotational table 110 has a rotary plate 112 to 
Which the polishing pad 102 is attached, a base plate 116 
coupled to a rotary shaft 126, and a sideWall 114 disposed 
betWeen the rotary plate 112 and the base plate 116. The 
rotational table 110 thus has the overall shape of a disc, 
Wherein the sideWall 114 eXtends along the outer peripheral 
edges of the rotary plate 112 and the base plate 11-6. 

[0011] A polishing endpoint detecting device 130 for 
detecting the polishing endpoint of the chemical-mechanical 
polishing process is installed in a space de?ned by the rotary 
plate 112, the side Wall 114 and the base plate 116. The 
polishing endpoint detecting device 130 includes a light 
source 134 for generating a beam of light 132a, a splitter 136 
for directing the light 132a generated by the light source 134 
onto the surface 10a of the semiconductor substrate 10 being 
polished, a light measuring instrument 138 for measuring a 
characteristic of the light 132C re?ected from the surface 10a 
of the semiconductor substrate 10, and a processor 140 for 
detecting the polishing endpoint by analyZing the signals 
produced by the light measuring instrument 138. 

[0012] Furthermore, the rotary plate 112 has a hole 112a 
therethrough, and the polishing pad 102 has a transparent 
WindoW 104 at a location corresponding to the hole 112a. 
The light 132b is directed by the splitter 136 onto the surface 
10a of the semiconductor substrate 10 being polished 
through the hole 112a and the transparent WindoW 104. The 
light 132C re?ected from the semiconductor substrate 10 
passes back through the WindoW 104 and hole 112a to the 
light measuring instrument 138. The light measuring instru 
ment 138 measures the interference of the light 132C 
re?ected from the semiconductor substrate 10 or the ?uX of 
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the re?ected light 132C that is dependent on a re?ection ratio 
of the semiconductor substrate 10. 

[0013] HoWever, a gap eXists betWeen the surface 10a of 
the semiconductor substrate 10 and the transparent WindoW 
104 of the polishing pad 102. The slurry 124a supplied onto 
the polishing pad 102 and a by-product of the polishing 
process accumulate in this gap betWeen the surface 10a of 
the semiconductor substrate 10 and the transparent WindoW 
104. The accumulated slurry 124a and by-product disperse 
the light directed onto the face 10a of the semiconductor 
substrate 10 being polished. The amount of this dispersed 
light is proportional to the amounts of the slurry 124a and 
the by-product that have accumulated betWeen the surface 
10a of the semiconductor substrate 10 and the transparent 
WindoW 104. The dispersed light affects the reading given by 
the light measuring instrument 138, Whereby the polishing 
endpoint can not be properly determined. 

[0014] Referring noW to FIGS. 1 and 2, the light 132b 
applied to the surface 10a of the semiconductor substrate 10 
is focused on a predetermined portion 10b of the semicon 
ductor substrate 10. HoWever, different portions of the 
semiconductor substrate 10 may be polished at different 
rates. Thus, When the polishing endpoint is established using 
measurements taken at only a portion 10b of the semicon 
ductor substrate 10, other portions of the semiconductor 
substrate 10 may be over- or under-polished. 

[0015] MeanWhile, the polishing pad 102 is attached to the 
rotary plate 112 using an adhesive. When the polishing pad 
102 is replaced, the polishing pad 102 must be attached to 
the plate 112 so that the transparent WindoW 104 of the 
polishing pad 102 is aligned exactly With the hole 112a in 
the rotary plate 112. This alignment process requires a 
signi?cant amount of time even When the polishing pad is 
replaced by a highly skilled technician. Accordingly, replac 
ing the polishing pad 102 in a conventional CMP apparatus 
detracts signi?cantly from the efficiency at Which the chemi 
cal-mechanical polishing process can be carried out. 

SUMMARY OF THE INVENTION 

[0016] Objects of the present invention are to overcome 
above-mentioned problems of the prior art. 

[0017] Thus, for instance, a ?rst object of the present 
invention is to provide a polishing endpoint detecting device 
and a method of detecting a polishing endpoint Which can be 
used to measure the amount by Which the entire surface of 
a semiconductor substrate is polished. 

[0018] Another object of the present invention is to pro 
vide a CMP apparatus having a polishing endpoint detecting 
apparatus Which analyZes light re?ected from the semicon 
ductor substrate to detect a polishing endpoint, and in Which 
the polishing pad thereof can be changed in a short amount 
of time. 

[0019] According to one aspect of the present invention, a 
polishing endpoint detecting device comprises a light source 
for producing a beam of light, a light path changing means 
for scanning the light horiZontally across the surface of the 
semiconductor substrate, and a light measuring instrument 
that measures a characteristic of the light re?ected from the 
surface of the substrate. A processor detects a polishing 
endpoint by analyZing signals produced by the light mea 
suring instrument. 
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[0020] According to another aspect of the present inven 
tion, a CMP apparatus comprises a rotational table including 
a rotary plate consisting of a light-transmitting material, a 
polishing pad attached to the rotary plate and also consisting 
of a light-transmitting material, a polishing head for holding 
a semiconductor substrate such that a surface of the semi 
conductor substrate to be polished faces the polishing pad 
and is pressed into contact With the polishing pad, and a 
polishing endpoint detecting device. The polishing endpoint 
detecting device includes a light source for producing a 
beam of light, a light measuring instrument for producing 
signals indicative of a characteristic of the light re?ected 
from the surface, and a processor for detecting a polishing 
endpoint of the semiconductor substrate by analyZing the 
signals produced by the light measuring instrument. Also, as 
per above, the polishing endpoint detecting device prefer 
ably also includes a light path changing means for scanning 
the light horiZontally across the surface of the semiconduc 
tor substrate along a line that passes through the center of 
rotation of the polishing pad. 

[0021] The rotational table may also include a base plate 
disposed beloW the rotary plate and having a shape corre 
sponding to that the rotary plate, a sideWall extending along 
and betWeen the outer peripheral edges of the base plate and 
the rotary plate, and a rotary shaft connected to the base 
plate. In this case, the light source, the light measuring 
instrument and the light path changing means are disposed 
Within the rotational table as supported by the base plate. 
The processor is connected to the light measuring instrument 
through the rotary shaft. 

[0022] The light path changing means may comprise a 
re?ective splitter, i.e., a mirror, for directing the light onto 
the surface of the substrate, and a driving means for rotating 
the splitter so that the light scans the surface. Alternatively, 
the light path changing means may comprise a supporting 
member that supports the light source and the light measur 
ing instrument, and driving means for moving the support 
ing member reciprocally along a straight direction so that the 
light from the light source scans the surface of the substrate. 

[0023] According to an aspect the present invention as 
described above, during the polishing process While the 
surface of the substrate is being pressed against the polishing 
pad and the polishing pad is being rotated relative to the 
surface of the substrate, the light path changing means 
changes scans the light emanating from the light source 
along a horiZontal line across the surface of the semicon 
ductor substrate. Preferably, this horiZontal line passes 
through a center of rotation of the rotary plate and polishing 
pad and/or through the center of the surface of the substrate 
being polished. The light measuring instrument produces 
signals representative of a characteristic of the light re?ect 
ing from the surface of the substrate, and the processor 
detects a polishing endpoint by analyZing the signals pro 
duced from the light measuring instrument. Because the 
amount(s) by Which the entire surface of the substrate is 
polished can be measured in this Way, the semiconductor 
substrate can be prevented from being over-polished or 
under-polished. 

[0024] In addition, the present invention does aWay With 
the need for a transparent WindoW in the polishing pad 
because the rotary plate and polishing pad are made of 
light-transmitting materials. Therefore, the polishing pad 
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can be changed in a relatively short amount of time. Fur 
thermore, the polishing endpoint is detected With a high 
degree of reliability because little of the slurry or by-product 
of the polishing process accumulates betWeen the polishing 
pad and the semiconductor substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description of the preferred 
embodiments thereof made With reference to the accompa 
nying draWings, of Which: 

[0026] FIG. 1 is a schematic cross-sectional vieW of a 
conventional CMP apparatus; 

[0027] FIG. 2 is an enlarged plan vieW of the CMP 
apparatus shoWn in FIG. 1; 

[0028] FIG. 3 is a schematic cross-sectional vieW of a 
CMP apparatus having a ?rst embodiment of a polishing 
endpoint detecting device according to the present inven 
tion; 
[0029] FIG. 4 is an enlarged plan vieW of the CMP 
apparatus shoWn in FIG. 3; 

[0030] FIG. 5 is a detailed cross-sectional vieW of the 
splitter of the polishing endpoint detecting device of the 
apparatus shoWn in FIG. 3; 

[0031] FIG. 6 is a side vieW of the splitter and the light 
measuring instrument of the polishing endpoint detecting 
device of the apparatus shoWn in FIG. 3; 

[0032] FIG. 7 is a schematic cross-sectional vieW of a 
CMP apparatus having a second embodiment of a polishing 
endpoint detecting device according to the present inven 
tion; 
[0033] FIG. 8 is a schematic cross-sectional vieW of a 
CMP apparatus having a third embodiment of a polishing 
endpoint detecting device according to the present inven 
tion; 
[0034] FIG. 9 is a schematic cross-sectional vieW of a 
CMP apparatus having a fourth embodiment of a polishing 
endpoint detecting device according to the present inven 
tion; 
[0035] FIG. 10 is a schematic cross-sectional vieW of a 
CMP apparatus having a ?fth embodiment of a polishing 
endpoint detecting device according to the present inven 
tion; 
[0036] FIG. 11 is a schematic cross-sectional vieW of 
another CMP apparatus comprising the ?rst embodiment of 
the polishing endpoint detecting device according to the 
present invention; 

[0037] FIG. 12 is an enlarged plan vieW shoWing the CMP 
apparatus shoWn in FIG. 11; 

[0038] FIG. 13 is a schematic cross-sectional vieW of 
another CMP apparatus comprising the second embodiment 
of the polishing endpoint detecting device according to the 
present invention; and 

[0039] FIG. 14 is a schematic cross-sectional vieW of 
another CMP apparatus comprising the third embodiment of 
the polishing endpoint detecting device according to of the 
present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0040] The present invention Will be described in detail 
hereinafter, With reference to the attached draWings. 

[0041] FIGS. 3-6 illustrate a ?rst embodiment of a CMP 
apparatus 200 according to the present invention. Referring 
?rst to FIG. 3, a polishing head 220 holds a semiconductor 
substrate 10 so that a surface 10a of the semiconductor 
substrate 10 to be polished faces a polishing pad 202. The 
polishing head 220 also urges the semiconductor substrate 
10 into contact With a polishing pad 202 during the polishing 
of the semiconductor substrate 10. More speci?cally, the 
polishing head 220 eXerts suction on the backside of the 
semiconductor substrate 10 and moves up and doWn. In 
addition, the polishing head 220 rotates in a state in Which 
the semiconductor substrate 10 contacts the polishing pad 
202 in order to effect a uniform polishing of the semicon 
ductor substrate 10. In this case, the polishing pad 202 is 
made of a light-transmitting (transparent) material such as 
polyurethane. In the ?gure, reference numeral 224 desig 
nates a slurry supplying member that dispenses slurry 224a 
onto the polishing pad 202 and hence, betWeen the pad 202 
and the substrate 10. Reference numeral 222 designates a 
polishing pad surface conditioner. 

[0042] Arotary plate 212 in the shape of a disc is made of 
a transparent material and in particular, a plastic such as an 
acrylic acid resin. The polishing pad 202 is adhered to an 
upper surface of the rotary plate 212. The rotary plate 212 is 
coupled to a rotary shaft 226 that rotates the rotary plate 212. 

[0043] A polishing endpoint detecting device 230 for 
detecting the polishing endpoint is installed under the rotary 
plate 212. The polishing endpoint detecting device 230 
includes a light source 234 for generating a beam of light 
232a, such as an infrared laser beam, a light path changing 
unit 240 for changing the path of the light 232a emanating 
from the light source 234, a light measuring instrument 236 
for measuring a characteristic of the light 232c re?ected 
from the surface 10a of the semiconductor substrate 10 
being polished, and a processor 250 for detecting the pol 
ishing endpoint by analyZing signals produced by the light 
measuring instrument 236. 

[0044] The light path changing unit 240 includes a splitter 
242, and a motor 244 for rotating the splitter 242 so that the 
light 232b scans the surface 10a of the semiconductor 
substrate 10 being polished. To this end, the splitter 242 and 
the motor 244 are coupled to each other by means of a timing 
belt 246 and a pair of driving pulleys 248a and 248b. In this 
embodiment, the motor 244 is a step motor by Which the 
rotational angle of the output shaft thereof can be precisely 
controlled. A controller 252 connected to the motor 244 
controls the angular velocity and angle of rotation of the 
motor 244. 

[0045] Referring noW to FIGS. 3, 4 and 5, the splitter 242 
is rotated by the motor 244 to change the path of the light 
232b emanating from the light source 234 such that the light 
scans the surface 10a of the semiconductor substrate 10 
along a horiZontal line 260 Which passes through the center 
of the polishing pad 202. In FIGS. 4 and 5, arroWs represent 
the direction along Which the incident light 232b scans the 
surface 10a of the semiconductor substrate 10. In this case, 
the horiZontal line 260 also passes through the center of the 
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semiconductor substrate 10. The movement of the point of 
the incident light 232b along the surface 10a of the semi 
conductor substrate 10, and the rotation of semiconductor 
substrate 10 by the polishing head 220 thus alloW the entire 
surface 10a of the semiconductor substrate 10 to be ana 
lyZed. 

[0046] As best shoWn in FIG. 5, the optical receptor of the 
light measuring instrument 236 has a surface area that is 
larger than the area (in the same plane) onto Which the light 
232c can be re?ected from the surface 10a of the semicon 
ductor substrate 10, given the entire range of incident angles 
possible With the splitter 242. In the ?rst embodiment of the 
present invention, the light measuring instrument 236 can be 
movable in this plane along With the point of the scanned 
and re?ected light 232c even though the effective surface 
area of the light measuring instrument 236 is large enough 
to receive the light 232c When the instrument is still. 

[0047] In the meantime, the light source 234 and the light 
measuring instrument 236 are connected to the processor 
250 that controls the generation of the light and analyZes the 
signals output by the light measuring instrument 236 to 
detect the polishing endpoint. In this case, the processor 250 
can detect the polishing endpoint by analyZing the intensity 
(?uX) of the light 232c re?ected from the surface 10a of the 
semiconductor substrate 10. For example, the CMP process 
may be used to planariZe an insulation ?lm formed over a 
metal ?lm on the semiconductor substrate 10. In this case, 
When the metal ?lm is eXposed during the polishing of the 
insulation ?lm, the intensity of the re?ected light 232c 
measured by the light measuring instrument 236 abruptly 
changes because the re?ection ratio of the metal ?lm (ratio 
of re?ected light to absorbed light) is different from that of 
the insulation ?lm. The processor 250 perceives the time at 
Which the intensity of the re?ected light 232c abruptly 
changes as the polishing endpoint of the chemical-mechani 
cal polishing process. On the other hand, the processor 250 
can detect the polishing endpoint from the interference 
pattern of the re?ected light 232c. In this case, the re?ected 
light 232c includes (?rst) light re?ected from the insulation 
?lm and (second) light re?ected from the metal ?lm. The 
processor 250 detects the polishing endpoint based on the 
phase difference betWeen the ?rst re?ected light and the 
second re?ected light. 

[0048] Furthermore, the processor 250 determines the 
amount of polishing that has been carried out on respective 
portions of the semiconductor substrate 10 by correlating the 
signals provided by the light measuring instrument 236 With 
information concerning the angular velocity and relative 
rotational position of the splitter 242. A display 254 con 
nected to the processor 250 shoWs these results of the 
analysis of the signals provided by the light measuring 
instrument 236. Although not shoWn in FIGS. 3, 4 and 5, the 
controller 252 not only controls the splitter 242 but also the 
angular velocity of the rotary plate 212, the angular velocity 
of the polishing head 220, and the pressure created betWeen 
the semiconductor substrate 10 and the polishing pad 202. In 
addition, the controller 252 controls the ?oW rate of the 
slurry 224a issuing from the slurry supplying member 224 
and the operation of the pad conditioner 222 for improving 
the surface condition of the polishing pad 202. 

[0049] Furthermore, if the light measuring instrument 236 
Were positioned directly under the splitter 242, the light 232c 
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re?ected from the semiconductor substrate 10 Would 
impinge the splitter 242. To prevent such problems, as 
shoWn in FIG. 6, the plane of the re?ecting surface of the 
splitter 242 subtends a predetermined angle With respect to 
the horiZontal, and the light measuring instrument 236 is 
spaced laterally from the splitter 242 by a corresponding 
amount. 

[0050] According to the ?rst embodiment of the present 
invention, light 232b is directed onto the surface 10a of the 
semiconductor substrate 10 through the transparent rotary 
plate 212 and polishing pad 202. The light 232b is also 
scanned across the surface 10a of the semiconductor sub 
strate 10 by the splitter 242. The light 232b scanning the 
surface 10a of the semiconductor substrate 10 is re?ected 
from the surface 10a onto the light measuring instrument 
236. Therefore, all portions of the surface 10a of the 
semiconductor substrate 10 being polished can be analyZed 
to prevent them from being over-polished or under-polished. 
Also, the amount that any portion of the semiconductor 
substrate 10 has been polished can be determined regardless 
of the rotational speed of the rotary plate 212 and polishing 
pad 202 because the plate 212 and the polishing pad 202 are 
made of light-transmitting materials. Furthermore, the 
amount of slurry 224a or by-product that accumulates 
betWeen the surface 10a of the semiconductor substrate 10 
and the polishing pad 202 is relatively loW because there is 
no gap therebetWeen corresponding to the gap that exists 
betWeen a substrate and the transparent WindoW of the 
conventional polishing pad. Hence, the polishing endpoint 
detection process is more reliable than in the prior art. Still 
further, very little time is required for changing the polishing 
pad 202 because the rotary plate 212 and the polishing pad 
202 are both made entirely of light-transmitting material, 
i.e., do not have to be rotationally aligned relative to one 
another. 

[0051] FIG. 7 is shoWs a CMP apparatus 300 having 
another polishing endpoint detecting device 330 according 
to the present invention. The CMP apparatus 300 also 
includes a rotary plate 312 of a transparent material such as 
an acrylic acid resin, and a polishing pad 302 of a light 
transmitting material attached to the rotary plate 312. The 
polishing endpoint detecting device includes a light source 
334 and a light measuring instrument 336 disposed under the 
rotary plate 312. The light source 334 directs a beam of light 
332a onto a surface 10a of a semiconductor substrate 10 
being polished. The light 232a impinges the surface 10a at 
a predetermined incident angle after the light 332a has 
passed through the plate 312 and the polishing pad 302. The 
light measuring instrument 336 measures a characteristic of 
the light 332b re?ected from the surface 10a of the semi 
conductor substrate 10. 

[0052] A scanning mechanism 340 supports the light 
source 334 and the light measuring instrument 336. The 
scanning mechanism 340 is also operative to scan the 
incident light 332a over the surface 10a of the semiconduc 
tor substrate 10 along a horiZontal line passing through the 
center of the polishing pad 302. The scanning mechanism 
340 includes a supporting member 342 for supporting the 
light source 334 and the light measuring instrument 336, and 
a pneumatic cylinder 344 for reciprocally moving the sup 
porting member 342 in a straight line. When the pneumatic 
cylinder 344 moves the supporting member 342, the point 
Where the light 332a from the light source 334 impinges the 
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surface 10a of the semiconductor substrate 10 moves along 
the aforementioned horizontal line passing through the cen 
ter of the polishing pad 312. 

[0053] A processor 350 is connected to the light source 
334 and the light measuring instrument 336, and a controller 
352 is connected to the pneumatic cylinder 344. Although a 
pneumatic cylinder 344 is shoWn in FIG. 7 as the means for 
reciprocally moving the supporting member 342, other 
linear reciprocal driving mechanisms can be employed. 
Also, although the controller 352 and the pneumatic cylinder 
344 are shoWn as being directly connected, the controller 
352 can further include a direction control valve for con 
trolling the ?oW of compressed air to and from the cylinder 
344 and a ?oW rate control valve for controlling the ?oW rate 
of the compressed air. OtherWise, the functions of the 
processor 350, the controller 352 and the display 354 are 
identical to those of the ?rst embodiment. 

[0054] According to the second embodiment of the present 
invention, the light 332a directed onto the surface 10a of the 
semiconductor substrate 10 being polished scans the surface 
10a of the semiconductor substrate 10 in accordance With 
the extension and retraction of the pneumatic cylinder 334. 
The light 332b re?ected from the surface 10a of the semi 
conductor substrate 10 is measured by the light measuring 
instrument 336. Therefore, all of the polished portions of the 
surface 10a of the semiconductor substrate 10 can be 
analyZed. Such an analysis can be used to prevent the 
over-polishing or the under-polishing of the surface 10a. 
Also, the amounts by Which all of the portions of the 
semiconductor substrate 10 have been polished can be 
measured regardless of the angular velocity of the rotary 
plate 312 and the polishing pad 302 because the plate 312 
and the polishing pad 302 each comprise light-transmitting 
material. 

[0055] FIG. 8 shoWs a CMP apparatus 400 having a third 
embodiment of a polishing endpoint detecting device 430 
according to the present invention. Referring to FIG. 8, a 
polishing pad 402 of a light-transmitting material (same as 
?rst embodiment) is attached to a transparent rotary plate 
412. A light source 434, a splitter 436 and a light measuring 
instrument 438 are disposed under the rotary plate 412. The 
light source 434 emits a beam of light 432a, and the splitter 
436 changes the path of the emitted light 432a so that the 
light 432a is directed onto the surface 10a of the semicon 
ductor substrate 10 being polished. The light measuring 
instrument 438 measures a characteristic of the light 432c 
re?ected from the surface 10a of the semiconductor sub 
strate 10. 

[0056] A light path changing device 440 is operative to 
scan the light 432b from the splitter 436 across the surface 
10a of the semiconductor substrate 10 along a horiZontal 
line 260 (see FIG. 4) passing through the center of the 
polishing pad 402. The light path changing device 440 
includes a supporting member 442 supporting the light 
source 434, the splitter 436 and the light measuring instru 
ment 438, and a pneumatic cylinder 444 for reciprocally 
moving the supporting member 442 in a straight line. The 
pneumatic cylinder 444 moves the supporting member 442 
so that the point of light 432b impinging on the surface 10a 
of the semiconductor substrate 10 moves along a horiZontal 
line passing through the center of the polishing pad 402 and 
the center of the semiconductor substrate 10. A processor 
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450 is connected to the light source 434 and the light 
measuring instrument 438, and a controller 452 is connected 
to the pneumatic cylinder 444. 

[0057] Although a pneumatic cylinder 444 is shoWn in 
FIG. 8 as the means for reciprocally moving the supporting 
member 442, other linear reciprocal driving mechanisms can 
be employed. Also, although the controller 452 and the 
pneumatic cylinder 444 are shoWn as being directly con 
nected, the controller 452 can further include a direction 
control valve for controlling the ?oW of compressed air to 
and from the cylinder 444 and a ?oW rate control valve for 
controlling the ?oW rate of the compressed air. The proces 
sor 450 detects a polishing endpoint by analyZing the signals 
produced by the light measuring instrument 438, and the 
controller 452 controls the operation of the pneumatic 
cylinder 444. OtherWise, the functions of the processor 450, 
the controller 452 and a display 454 are identical to those of 
the ?rst embodiment. 

[0058] FIG. 9 shoWs a CMP apparatus 500 having a fourth 
embodiment of a polishing endpoint detecting device 530 
according to the present invention. Referring to FIG. 9, a 
polishing pad 502 of a light-transmitting material is attached 
to a transparent rotary plate 512. Alight source 534, a splitter 
536 and a light measuring instrument 538 are disposed under 
the rotary plate 512 and polishing pad 502. The light source 
534 emits a beam of light 532a. The light 532a from the light 
source 534 passes through the rotary plate 512 and the 
polishing pad 502 and impinges on the surface 10a of the 
semiconductor substrate 10 at a predetermined angle of 
incidence. The light 532b re?ecting from the surface 10a 
impinges on the splitter 536, Whereby the light 532b 
re?ected from the surface 10a of the semiconductor sub 
strate 10 being polished is directed onto the light measuring 
instrument 538. The light measuring instrument 538 mea 
sures a characteristic of the light 532c re?ecting from the 
splitter 536. 

[0059] The polishing endpoint detecting device 530 also 
comprises a light path changing device 540 including a 
supporting member 542 supporting the light source 534, the 
splitter 536, and the light measuring instrument 538, and a 
pneumatic cylinder 544 connected to the supporting member 
542. Also, the polishing endpoint detecting device 530 
includes a processor 550 for detecting a polishing endpoint 
by analyZing the signals produced by the light measuring 
instrument 538, a controller 552 for controlling the opera 
tion of the pneumatic cylinder 544, and a display 554. The 
light path changing device 540, the processor 550, the 
controller 552 and the display 554 are similar to those of the 
third embodiment of FIG. 8 and as such, a detailed descrip 
tion thereof Will be omitted. 

[0060] FIG. 10 illustrates a CMP apparatus 600 having a 
?fth embodiment of a polishing endpoint detecting device 
630 according to the present invention. Referring to FIG. 
10, a polishing pad 602 of a light-transmitting material is 
attached to a transparent rotary plate 612. Alight source 634, 
a splitter 636 (of a half-mirror type) and a light measuring 
instrument 638 are disposed under the plate 612 and pol 
ishing pad 602. 

[0061] The splitter 636 is positioned over the light source 
634 as oriented With a predetermined angle of inclination. 
The light source 634 emits a beam of light 632a vertically 
toWards the surface 10a of the semiconductor substrate 10 










