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METHOD AND APPARATUS FOR 
DETERMINING A MEASURE OF A 

THICKNESS OF A POLISHING PAD OF A 
POLISHING MACHINE 

TECHNICAL FIELD 

[0001] Embodiments of the present invention refer to a 
method and an apparatus for determining a measure of a 
thickness of a polishing pad of a polishing machine and to a 
polishing machine. 

BACKGROUND 

[0002] A polishing machine is used to polish an element, 
e.g., a Wafer, in order to provide a plan surface of the element. 
For this purpose, the surface of the element is abraded and 
leveled by using a polishing pad. In the process of polishing 
the element, the element is moved and/ or rotated relatively in 
parallel With the polishing pad While the element is pressed by 
a carrier of the polishing machine against the polishing pad. 
The polishing process, or in more detail, several polishing 
processes, cause an abrasion of the polishing pad Which rep 
resents a Wear and tear part of the polishing machine. There 
fore, a polishing pad is replaced When a certain number of 
elements have been polished or When a minimum residual 
thickness of the polishing pad is reached. Due to the small pad 
thickness, e.g., 1200 um, it is a dif?cult task to determine and 
monitor the thickness of the polishing pad exactly. 

SUMMARY OF THE INVENTION 

[0003] An embodiment provides an apparatus for deter 
mining a measure of a thickness of a polishing pad of a 
polishing machine. The apparatus comprises a detector con 
?gured to detect a position of a carrier of an element to be 
polished in a pressing direction While the element is pressed 
by the carrier in the pressing direction against the polishing 
pad With a de?ned pressure and to output a signal indicative of 
the position of the carrier. The apparatus further comprises a 
determiner con?gured to determine the measure of the thick 
ness of the polishing pad based on the signal indicative of the 
position of the carrier. 
[0004] A further embodiment provides an apparatus for 
determining a measure of a thickness of a polishing pad of a 
polishing machine. The apparatus comprises a detector con 
?gured to detect a position of a carrier of an element to be 
polished in a polishing direction While the element is pressed 
by the carrier in the pressing direction against the polishing 
pad With a de?ned pressure, Wherein the detector is con?g 
ured to output a signal indicative of the position of the carrier. 
The apparatus further comprises a determiner con?gured to 
determine the measure of the thickness of the polishing pad 
based on the signal indicative of the position of the carrier and 
on the basis of calibration data obtained in advance using the 
polishing pad of a knoWn thickness, a predetermined pres sure 
and a predetermined thickness of the element, Wherein the 
determiner is con?gured to output an alarm-signal if the 
determined thickness of the polishing pad falls beloW a 
threshold value. 
[0005] Another embodiment provides a polishing machine 
for polishing an element. The polishing machine comprises a 
platen on Which a polishing pad is ?xed and a carrier of the 
element to be polished. The carrier is con?gured to move in a 
pressing direction and to press the element in the pressing 
direction against the polishing pad With a de?ned pressure 
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and to move and/or rotate the element relatively in parallel 
With a polishing pad. The polishing machine comprises a 
detector con?gured to detect a position of the carrier While the 
element is pressed by the carrier in the pressing direction 
against the polishing pad With the de?ned pressure and to 
output a signal indicative of the position of the carrier. The 
polishing machine further comprises a determiner con?gured 
to determine the measure of the thickness of the polishing pad 
based on the signal indicative of a position of a carrier. 
[0006] A further embodiment provides a method for deter 
mining a measure of a thickness of a polishing pad of a 
polishing machine. The method comprises: detecting a posi 
tion of a carrier of an element to be polished in a pressing 
direction While the element is pressed by the carrier in the 
pressing direction against the polishing pad With a de?ned 
pressure; outputting a signal indicative of the position of the 
carrier. The measure of the thickness of the polishing pad is 
determined based on the signal indicative of the position of a 
carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Embodiments according to the present invention 
Will subsequently be discussed making reference to the 
enclosed ?gures in Which: 
[0008] FIG. 1 shoWs a schematic block diagram of a detec 
tor and a determiner applied to a polishing machine according 
to an embodiment; 
[0009] FIG. 2a shoWs a schematic diagram of a pressure 
exerted by a carrier and a consequent compression of a pol 
ishing pad to illustrate the in?uence of the pressure on a 
determination of a measure of the thickness of the polishing 

Pad; 
[0010] FIG. 2b shoWs a schematic vieW of a polishing 
machine having ?ve carriers to illustrate the in?uence of a 
number of carriers used on a determination of a measure of 
the thickness of a polishing pad; 
[0011] FIG. 2c shows a schematic multidimensional table 
to illustrate a relation of a measure of the thickness With a 
signal indicative of a position of a carrier depending on fac 
tors of in?uence; 
[0012] FIG. 3 shoWs a diagram of a plurality of signals 
indicative of the position of a carrier consecutively in time 
plotted over the time during a polishing process; 
[0013] FIG. 4 shoWs a schematic diagram of determined 
measures of thickness of seven polishing pads plotted over the 
time; 
[0014] FIG. 5a shoWs a schematic vieW of an embodiment 
having an optical detector and a determiner applied to a 
polishing machine; and 
[0015] FIG. 5b shoWs a schematic diagram of a signal 
indicative of a position of a carrier detected by the optical 
detector according to the embodiment of FIG. 5a. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0016] FIG. 1 shoWs an embodiment of an apparatus 10 for 
determining a measure of the thickness t of a polishing pad 12 
of a polishing machine 14. The apparatus 10 comprises a 
detector 16 and a determiner 18. The detector 16 is con?gured 
to detect a position 20 of a carrier 22 of the polishing machine 
14 in a pressing direction 24 and to output a signal 26 indica 
tive of the position 20 of the carrier 22. The apparatus 10 is, in 
this embodiment, applied to the polishing machine 14 com 
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prising a platen 28 on Which the polishing pad 12 is ?xed. The 
polishing machine 14 further comprises the carrier 22 of an 
element 30 to be polished Which is pressed by the carrier 22 in 
the pressing direction 24 against the polishing pad 12 With a 
de?ned pressure p l, e.g., 1600 N. The carrier 22 Which holds 
the element 30 is moveable relative to the platen 28 in the 
pressing direction 24, perpendicular to the platen 28, and thus 
may have different positions 20 in the pressing direction 24. 
[0017] In the following, the function of the apparatus 10 for 
determining the measure of the thickness t based on the posi 
tion 20 of the carrier 22 Will be described. The thickness t of 
the polishing pad 12 is the extension thereof in the pressing 
direction 24. 
[0018] The position 20 of the carrier 22 in the pressing 
direction 24 depends on the thickness t of the polishing pad 12 
While the element 30 is pressed by the carrier 22 With the 
de?ned pressure p1. The detector 16 detects the position 20 
and outputs the signal 26 indicative of the position 20, for 
example, a voltage, to the determiner 18. The determiner 18 
determines on the basis of the signal 26 the measure of the 
thickness t on an assumption of a knoWn or constant thickness 
of the element 30. The measure may be an absolute or a 
relative value of the thickness t. It is bene?cial that the mea 
sure of the thickness t of the polishing pad 12 and thus an 
abrasion of the polishing pad 12 may be detected and/or 
monitored during the polishing process of the element 30. So 
the polishing pad 12 may be used to full capacity or, in other 
Words, up to the minimum prede?ned residual thickness t. In 
addition, the apparatus 10 may be applied to different kinds of 
existing polishing machines. 
[0019] Embodiments are based on the recognition that it is 
possible to determine a measure of the thickness t of a pol 
ishing pad indirectly by detecting the position of a carrier 
pressing an element to be polished against the polishing pad. 
The position of the carrier can be detected in an easy manner 
using appropriate detectors, such as a laser based optical 
sensor or a capacitive transducer. Accordingly, the thickness 
t of the polishing pad can be determined in a reliable manner 
even during a polishing process Without having to measure 
the thickness t of the polishing pad directly. 
[0020] In embodiments, conditions While determining the 
measure of the thickness t of the polishing pad are controlled 
to correspond to conditions While obtaining calibration data 
so that the measure of the thickness t of the polishing pad can 
be derived from the output signal of the detector directly by 
accessing the calibration data using the output signal of the 
detector. 
[0021] In other embodiments, calibration data are obtained 
for different conditions, i.e., factors of in?uence, such as 
different pressures, a different number of elements pressed 
against the polishing pad and/ or different thicknesses of the 
element to be polished. In such embodiments, lookup tables 
may be created based on the calibration data and are accessed 
based on one or more of the actual conditions present When 
determining the thickness t of the polishing pad. Appropriate 
sensors for detecting the actual conditions may be provided. 
In other embodiments, the actual conditions may be input to 
the device by an operator. Accessing the lookup table to take 
the actual conditions into account may be regarded as taking 
one or more correction factors into consideration in determin 
ing the measure of the thickness t of the polishing pad. 
[0022] With respect to FIG. 2a to FIG. 20, factors of in?u 
ence on the determination of the measure of the thickness t of 
the polishing pad Will be described. The factors of in?uence 
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may be the pressure p With Which the element is pressed 
against the polishing pad, an actual thickness of the element 
to be polished, a characteristic of the carrier used, e.g., a 
thickness of the carrier, and a number of elements pressed to 
the polishing pad by respective carriers in parallel. 
[0023] FIG. 2a shoWs exemplarily a compression of the 
polishing pad dependent on the pressure p With Which the 
element is pressed against the polishing pad by the carrier of 
a polishing machine. The diagram shoWs a graph 32 of mea 
sured points of the polishing pad compression plotted over the 
pressure p. The graph 32 obtained by an experiment shoWs a 
substantially linear dependence on the tWo measurement 
parameters on a coe?icient of determination of 99.3%, as 
illustrated by a linear graph 34. The folloWing speci?cation 
proceeds on the assumption of a linear dependence on the 
pressure p and the position of the carrier on the basis of Which 
the thickness t of the polishing pad is determined. The com 
pression of the polishing pad caused by the pressure p results 
from an elastic deformation of the polishing pad and has no 
impact on the thickness t, but on its determination. 
[0024] The dependence on the pressure p in?uences the 
determination of the measure of the thickness t. Thus, accord 
ing to embodiments, the de?ned pressure p 1 is controlled to 
correspond to a predetermined pressure p2 With Which the 
element Was pressed against the polishing pad When obtain 
ing calibration data. Thus, the detector detects the position of 
the carrier When conditions in terms of pressure p correspond 
to conditions during obtaining calibration data, i.e., When the 
de?ned pres sure p l is equal to the predetermined pres sure p2. 
In other embodiments, the determiner may use a correction 
factor re?ecting a difference betWeen the de?ned pressure p 1 
and the predetermined pressure p2 in determining the thick 
ness of the polishing pad. 
[0025] The actual thickness of the element to be polished or 
being polished is a further factor Which in?uences the deter 
mination of the measure of the thickness t directly. According 
to embodiments, the actual thickness of the element corre 
sponds to a predetermined thickness of an element used While 
obtaining the calibration data. In other embodiments, the 
determiner may When determining the thickness t of the pol 
ishing pad use a correction factor re?ecting a difference 
betWeen the actual thickness of the element at the time the 
thickness t of the polishing pad is determined and the prede 
termined thickness. 

[0026] FIG. 2b shoWs schematically a polishing machine 
40 having ?ve carriers for ?ve elements to be polished. The 
polishing machine 40 substantially corresponds to the polish 
ing machine 14 shoWn With respect to FIG. 1, but, in contrast, 
the polishing machine 40 has ?ve moveable carriers 42a, 42b, 
42c, 42d and 42e. Each carrier 42a, 42b, 42c, 42d, and 42e 
comprises a respective doWn force cylinder 44a, 44b, 44c, 
44d and 44e con?gured to press an element 46a, 46b, 46c, 46d 
and 46e against the polishing pad 12 in the pressing direction 
24 With the de?ned pressure p l. The detector 16 is associated 
With the carrier 42b in order to detect the position 20 of the 
carrier 42b, as described above. 

[0027] The position 20 of the carrier 42b detected by the 
detector 16 depends on a number and/or a position of carriers 
42a, 42b, 42c, 42d and 42e used in parallel or, in other Words, 
on a number and/ or a position of elements pressed in parallel 
against the polishing pad 12. Background thereof is that a 
load distribution on the polishing pad 12 varies dependent on 
a respective carrier con?guration, i.e., dependent on the num 
ber of carriers actually in use or dependent on the position of 
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carriers actually in use. The load distribution differs, for 
example, if carriers having a small distance to each other 
(e. g., carrier 42b and 420) or carriers having a larger distance 
to each other (e.g., carrier 42b and 42d) are used. In embodi 
ments, the detector 16 detects the position 20 of the carrier 
42b While the conditions in terms of the number and/or the 
position of carriers 42a, 42b, 42c, 42d and 42e used and the 
number and/or the position of elements 46a, 46b, 46c, 46d 
and 46e to be polished correspond to the conditions during 
obtaining the calibration data. In other embodiments, the 
determiner may When determining the thickness t of the pol 
ishing pad use a correction factor re?ecting a difference 
betWeen the number and/or the position of carriers (or ele 
ments) actually in use and the number and/or the position of 
carriers (or elements) used during obtaining the calibration 
data. 

[0028] Furthermore, the carrier itself has an in?uence on 
the determination of the measure of the thickness t of the 
polishing pad due to, for example, a thickness of the carrier or 
its geometric tolerances. Thus, the calibration data may be 
obtained after each change of the carrier in order to ensure 
comparable conditions in terms of the carrier during the deter 
mination of the thickness t and the obtaining of the calibration 
data. 
[0029] FIG. 2c shows a multidimensional table of the thick 
ness t dependent on the signal indicative of the position of the 
carrier and dependent on above discussed factors of in?u 
ence, such as the de?ned pressure p1 and the numbers of 
elements (see 46a, 46b, 46c, 46d and 46e) pressed to the 
polishing pad in parallel. In an area 47 of the table, the signals 
indicative of the position (see column 4811) are assigned to 
respective values of the thickness t (see column 4911). In each 
roW, a signal, e.g., signal 48a_3, complies With a respective 
absolute value of the thickness t, e.g., 49a_3, for the case of 
using one carrier. In a second dimension, the signals (see 
column 4811) are associated to the respective values of the 
thickness t (see column 49a, 49b, 49c, 49d and 49e) depen 
dent on the number of carriers used. In a third dimension, the 
respective signals (cf. column 48a, 48b, 48c, 48d and 48e) are 
assigned to the de?ned pressure p 1 With Which the element is 
pressed against the polishing pad during the determination of 
the measure of the thickness t. The de?ned pressure pl is 
described by a value depending on the predetermined pres 
sure p 2. The multidimensional table may have further dimen 
sions such as for correcting an in?uence of the actual thick 
ness of the element Which may differ from the prede?ned 
thickness. 
[0030] Obtaining the values of a table assigning the values 
of the thickness t to the output signals of the detector, the 
respective pressures p, the number of carriers used and/or the 
thickness of the element may be part of the obtaining of the 
calibration data using a polishing pad of a knoWn thickness t. 
In this embodiment, the output signal of the detector, the 
values of the thickness t and the pressure p have a linear 
dependence, as described above. The dependence betWeen 
the output signal of the detector, the value of the thickness t, 
the number of carriers and/or the pressure p may be linear or 
non-linear. 

[0031] The described assignment using the calibration 
table corresponds to the determination of the thickness t by 
applying one or more correction factors, Wherein a ?rst cor 
rection factor depends on a difference betWeen the de?ned 
pressure p 1 and the predetermined pressure p2, a second cor 
rection factor depends on a difference betWeen the actual 
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thickness of the element to be polished and the predetermined 
thickness and a third correction factor depends on a number of 
elements pressed to the polishing pad by the respective car 
riers (see 42a, 42b, 42c, 42d and 42d) in parallel. According 
to an embodiment, the determiner is con?gured to determine 
the measure of the thickness t by using such a multidimen 
sional lookup table. It is bene?cial that the thickness t of the 
polishing pad may be determined under different conditions, 
e.g., a different de?ned pressure p1. 

[0032] In other embodiments, the apparatus is controlled so 
that the conditions correspond to all conditions of obtaining 
the calibration data so that the thickness t can be determined 
from the output signal of the detector directly such as by using 
an assignment table having a single column only. In other 
embodiments, one or more correction factors are used depen 
dent on Which conditions do not correspond to the conditions 
of the calibration. 
[0033] FIG. 3 shoWs a diagram of the signal indicative of 
the position of the carrier plotted over the time of a polishing 
process. Here, a graph 50 shoWs a plurality of signals detected 
consecutively in time during three phases of the polishing 
process. The ?rst phase 52 is from the beginning of the pol 
ishing process to the point of time When the polishing 
machine is steady-state. The second phase 54 represents the 
main interval of the polishing processing in Which the polish 
ing machine is steady-state. The third phase 56 represents the 
interval just before ?nishing the polishing process and lifting 
the carrier. 
[0034] Graph 50 shoWs in the ?rst phase 52 and the third 
phase 56 high and distorted values due to the loWering and 
lifting of the carrier. In the second phase 54 the signal shoWs 
a constant curve shape With small oscillations. The oscilla 
tions of the signal may be caused by oscillations of the pol 
ishing machine during the polishing process. Due to the con 
stant values in the second interval 54, the detector according 
to this embodiment detects the position of the carrier at a 
predetermined time of the polishing process Within this inter 
val 54. In order to eliminate the oscillations of the signal, the 
determiner, according to embodiments, determines the mea 
sure of the thickness t based on an average of a plurality of 
signals consecutively in time during a further interval 58 
Which is a proper subset of the interval 54 and may have 
duration of 30 seconds. 
[0035] The abrasion of the element being polished during 
the interval 58 or during a singular polishing process is com 
parably small so that the abrasion does not in?uence the 
determination of the measure of the thickness t signi?cantly. 
Furthermore, the detector may detect the position at the pre 
determined time of the polishing process so that determina 
tions of a ?rst and second measure of the thickness t during a 
?rst and a second polishing process are comparable. 
[0036] FIG. 4 shoWs a diagram of different measurements 
of the thickness t determined by the apparatus and method 
described above. The diagram is plotted over the time of 
approximately seven Weeks and shoWs measuring points of 
seven different polishing pads 61a, 61b, 61c, 61d, 61e, 61f 
and 61 g. Each polishing pad has an initial thickness t of 
approximately 1200 um and is used up to the alloWed residual 
thickness t of the polishing pad, e. g., 800 pm, or even longer. 
[0037] The value of the alloWed residual polishing pad 
thickness t represents a threshold value 60. In order to use a 
polishing pad to full capacity (up to the minimum prede?ned 
residual thickness t), the determiner may be con?gured to 
output an alarm-signal if the determined thickness t of the 
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polishing pad falls below the threshold value 60. The thresh 
old value 60 may be determined on an individual basis for 
each kind of polishing pads. The initial thickness t of the 
polishing pad may be subject to variations in a limited range 
of approximately 80 um. Therefore, the determiner may be 
calibrated to a knoWn initial thickness t of the polishing pad 
after changing the polishing pad in order to set the threshold 
value 60 relative to the initial thickness t of the polishing pad. 
This enables to set the alarm-signal based on an abrasion of 
the polishing pad. 
[0038] In the following, a preferred embodiment having an 
optical detector Will be discussed With respect to FIGS. 5a 
and 5b. 
[0039] FIG. 5a shoWs an embodiment comparable to the 
embodiment of FIG. 1a, Wherein the detector is formed by an 
optical detector 62. The detector 62 comprises a re?ector 64 
associated With a carrier 22 such that the position 20 of the 
carrier 22 is coupled With a position 65 of the re?ector 64. The 
detector 62 further comprises a ?xed signal source 66, for 
example, a laser, and a ?xed sensor 68, eg a CCD-chip. The 
re?ector 64 may be displaced by 30 mm (illustrated by arroW 
d) relative to the signal source 66 and may have a range of 
motion of +/—5 mm, illustrated by tWo positions 65b and 650. 
In this embodiment, the signal source 66 is arranged such that 
an electromagnetic Wave 70 is emitted along the pressing 
direction 24 to the re?ector 64. The sensor 68 is angled 
relative to the signal source 66 such that it is con?gured to 
receive an electromagnetic Wave 71a, 71b or 710 diffusely 
re?ected by the re?ector 64. The signal source 66 may further 
comprise a lens 72 via Which the electromagnetic Wave 70 is 
emitted. The sensor 68 may further comprise a lens 74 via 
Which the electromagnetic Wave 71a, 71b or 710 is received. 
[0040] In the folloWing the function of the detector 62 of 
this embodiment Will be discussed. 
[0041] The signal source 66 emits the electromagnetic 
Wave 70 Which is re?ected by the re?ector 64 to the sensor 68. 
The sensor 68 receives the electromagnetic Wave 71a, 71b or 
710 under an angle of incidence 0t Which depends on the 
position 65 of the re?ector 64. For example, if the re?ector 64 
is in a position 6511 it re?ects the electromagnetic Wave 70 
such that the sensor 68 receives the electromagnetic Wave 71a 
under a ?rst angle of incidence 0t. Analogously the electro 
magnetic Wave 71b or 710 is received under a second or third 
angle of incidence 0t if the re?ector 64 is in position 65b and 
650, respectively. The sensor 68 is con?gured to obtain the 
angle of incidence 0t. In the embodiment, the obtained angle 
of incidence 0t corresponds to the electrical signal 26 Which is 
output by the detector 62 or, in more detail, by the sensor 68 
to the determiner 18. As described With respect to FIG. 1, the 
determiner determines the thickness t of the polishing pad 12 
on the basis of the signal 26 indicative of the angle of inci 
dence 0t and thus indicative of the position 65 of the re?ector 
64 and the position 20 of the carrier 22, respectively. 
[0042] BeloW, the detection of the angle of incidence 0t Will 
be described. FIG. 5b schematically shoWs an intensity spec 
trum plotted over a position parameter x (Width) of the sensor 
68. An exemplary graph 78 of the received electromagnetic 
Wave 71b shoWs a maximum intensity at a position 79b. 

[0043] The diffusely re?ected electromagnetic Wave 71a, 
71b or 710 is projected by the lens 74 to the sensor 68 such that 
the position x of the maximum intensity depends on the angle 
of incidence 0t. Exemplarily, three different positions x 79a, 
79b and 790 for the respective ?rst, second and third angle of 
incidence 0t (of the respective electromagnetic Wave 71a, 71b 

Jan. 17,2013 

and 710) are illustrated. It is bene?cial that the angle of 
incidence 0t and thus the thickness t of the polishing pad 12 
may be obtained exactly due to the distinct maximum inten 
sity of the graph 78. 
[0044] An alternative to the determination of the thickness 
t of the polishing pad on the basis of the angle of incidence is 
to determine the thickness t by using a different optical sensor. 
An embodiment for such an optical sensor Would be to obtain 
the travel time of the electromagnetic Wave 70 emitted by the 
?xed signal source 66 re?ected by the re?ector 64 directly to 
a ?xed sensor. The ?xed sensor is con?gured to obtain the 
travel time Which depends on the position of the re?ector or, 
in more detail, on the distance d betWeen the signal source 66 
and the re?ector 64 and the distance betWeen the sensor and 
the re?ector 64 as Well as on the velocity of light. Therefore, 
the determiner 18 determines the position of the carrier 22 on 
the basis of a time difference betWeen the point of time of 
emitting the electromagnetic Wave 70 and the point of time of 
receiving the re?ected electromagnetic Wave 71a, 71b or 710. 
[0045] Detectors of alternative embodiments may use an 
electrical sensor such as a Hall Effect sensor, a potentiometer 
or a capacitive transducer. 

[0046] Embodiments relate to the polishing machine 14 
Which comprises the platen 28 on Which the polishing pad 12 
is ?xed, and the moveable carrier 22 of the element 30 to be 
polished. The polishing machine 14 further comprises the 
detector 16 con?gured to detect the position 20 of the carrier 
22 While the element 30 is pressed by the carrier 22 against the 
polishing pad 12 and the determiner 18 Which is con?gured to 
determine the measure of the thickness t of the polishing pad 
12 (see FIG. 1). The carrier 22 is con?gured to rotate and/or 
move in parallel relatively to the platen 28 in order to polish 
the element 30. Optionally, the platen 28 may rotate. The 
polishing machine 14 may be con?gured to press a plurality 
of elements against the polishing pad 12 or may comprise a 
plurality of carriers each con?gured to press an element 
against the polishing pad 12, as described With respect to FIG. 
2b. Furthermore, the polishing machine may comprise one or 
more doWn force cylinders (see 44a, 44b, 44c, 44d and 44e) 
for pressing the one or more carriers against the polishing pad 
12. In this case the detector 16 of the polishing machine 14 
may be con?gured to detect the position of the doWn force 
cylinder for determining the thickness t of the polishing pad 
12. 

[0047] The polishing machine 14 may be controlled by a 
controller Which is con?gured to provide values such as the 
de?ned pressure p l, the thickness of the element and the 
number of elements pressed to the polishing pad. In order to 
determine the de?ned pressure pl the polishing machine 14 
may comprise a pressure sensor and output the obtained 
de?ned pressure p 1 to the determiner. The values provided by 
the controller and/or output by the pressure sensor may be 
used by the determiner 18 for the determination of the thick 
ness t, such as for accessing a calibration table. 

[0048] In alternative embodiments, at least tWo polishing 
pads may be ?xed on the platen 28 such that the measure of 
the thickness t determined by the apparatus, e. g., the appara 
tus 10, corresponds to a measure of a thickness of at least tWo 
polishing pads. 
[0049] In alternative embodiments, the determination of 
the measure of the thickness t may be performed on the basis 
of a plurality of signals indicative of positions of a plurality of 
carriers. The signals are output by a plurality of detectors each 
con?gured to detect the position of the respective carrier. 



US 2013/0017762 A1 

[0050] Although some aspects have been described in the 
context of an apparatus, it is clear that these aspects also 
represent a description of the corresponding method for deter 
mining the measure of the thickness t of the polishing pad, 
Where a block or device corresponds to a method step or a 
feature of a method step. Analogously, aspects described in 
the context of a method step also represent a description of a 
corresponding block or item or feature of a corresponding 
apparatus. Some or all of the method steps may be executed 
by (or using) a hardWare apparatus, like, for example, a 
microprocessor, a programmable computer or an electronic 
circuit. In some embodiments, some one or more of the most 
important method steps may be executed by such an appara 
tus. 

[0051] A further embodiment of the inventive methods is, 
therefore, a data carrier (or a digital storage medium, or a 
computer-readable medium) comprising, recorded thereon, 
the computer program for performing one of the methods 
described herein. The data carrier, the digital storage medium 
or the recorded medium are typically tangible and/or non 
transitionary. A non-transitory computer readable medium 
comprises instructions, Which, When executed by a processor 
of an apparatus for determining the measure of the thickness 
of the polishing pad, cause the apparatus to perform the above 
described method. 
[0052] Depending on certain implementation require 
ments, embodiments of the invention can be implemented in 
hardWare or in softWare. The implementation can be per 
formed using a digital storage medium, for example, a Blu 
Ray, a CD, an EPROM or a FLASH memory, having elec 
tronically readable control signals stored thereon, Which 
cooperate (or are capable of cooperating) With a program 
mable computer system such that the respective method is 
performed. Therefore, the digital storage medium may be 
computer readable. 
[0053] Other embodiments comprise a computer program 
for performing one of the methods described herein, stored on 
a machine readable carrier. In other Words, an embodiment of 
the inventive method is, therefore, a computer program hav 
ing a program code for performing one of the methods 
described herein, When the computer program runs on a com 
puter. 
[0054] A further embodiment comprises a processing 
means, for example, a computer, or a programmable logic 
device, con?gured to or adapted to perform one of the meth 
ods described herein. In some embodiments, a programmable 
logic device may be used to perform some or all of the 
functionalities of the methods described herein. In some 
embodiments, a ?eld programmable gate array may cooper 
ate With a microprocessor in order to perform one of the 
methods described herein. Generally, the methods are pref 
erably performed by any hardWare apparatus. 
[0055] The above described embodiments are merely illus 
trative for the principles of the present invention. It is under 
stood that modi?cations and variations of the arrangements 
and the details described herein Will be apparent to others 
skilled in the art. It is the intent, therefore, to be limited only 
by the scope of the impending patent claims and not by the 
speci?c details presented by Way of description and explana 
tion of the embodiments herein. 

What is claimed is: 
1. An apparatus for determining a measure of a thickness of 

a polishing pad of a polishing machine, the apparatus com 
prising: 
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a detector con?gured to detect a position of a carrier of an 
element to be polished in a pressing direction While the 
element is pressed by the carrier in the pres sing direction 
against the polishing pad With a de?ned pressure and to 
output a signal indicative of the position of the carrier; 
and 

a determiner con?gured to determine the measure of the 
thickness of the polishing pad based on the signal indica 
tive of the position of the carrier. 

2. The apparatus of claim 1, Wherein the determiner is 
con?gured to determine the measure of the thickness of the 
polishing pad by comparing the signal indicative of the posi 
tion of the carrier to calibration data obtained in advance 
using the polishing pad of a knoWn thickness, a predeter 
mined pressure and a predetermined thickness of the element. 

3. The apparatus of claim 2, Wherein the detector is con 
?gured to detect the position of the carrier While conditions in 
terms of at least one of the de?ned pressure, the carrier used 
and the element to be polished correspond to conditions dur 
ing obtaining the calibration data. 

4. The apparatus of claim 2, Wherein the determiner is 
con?gured to determine the measure of the thickness taking 
into consideration at least one of a ?rst correction factor that 
depends on a difference betWeen the de?ned pressure and the 
predetermined pressure, a second correction factor that 
depends on a difference betWeen an actual thickness of an 
element to be polished and the predetermined thickness and a 
third correction factor that depends on a number and/or a 
position of elements pressed to the polishing pad by respec 
tive carriers in parallel. 

5. The apparatus of claim 1, Wherein the detector is con 
?gured to detect the position of the carrier at a predetermined 
time after starting a process of polishing the element. 

6. The apparatus of claim 1, Wherein the detector is con 
?gured to output a plurality of signals indicative of the posi 
tion of the carrier consecutively in time, and Wherein the 
determiner is con?gured to determine the measure of the 
thickness based on an average of the plurality of signals. 

7. The apparatus of claim 1, Wherein the determiner is 
con?gured to output an alarm-signal if the determined thick 
ness of the polishing pad falls beloW a threshold value. 

8. The apparatus of claim 1, Wherein the detector com 
prises: 

a ?xed signal source con?gured to emit an electromagnetic 
Wave; 

a re?ector associated With the carrier such that the position 
of the carrier is coupled With a position of the re?ector; 
and 

a ?xed sensor con?gured to obtain an angle of incidence of 
the electromagnetic Wave re?ected by the re?ector; 

Wherein the obtained angle of incidence depends on the 
position of the re?ector. 

9. The apparatus of claim 8, Wherein the signal source is a 
laser. 

10. The apparatus of claim 8, Wherein the re?ector re?ects 
the electromagnetic Wave diffusely; and 

Wherein the sensor comprises a lens and an electronic light 
sensor and Wherein the sensor is con?gured to obtain the 
angle of incidence of the re?ected electromagnetic Wave 
by obtaining a maximum intensity of the re?ected elec 
tromagnetic Wave, the maximum intensity is projected 
to the electronic light sensor by the lens. 

11. The apparatus of claim 1, Wherein the detector com 
pnses: 



US 2013/0017762 A1 

a ?xed signal source con?gured to emit an electromagnetic 
Wave; 

a re?ector associated With the carrier such that the position 
of the carrier is coupled With a position of the re?ector; 
and 

a ?xed sensor con?gured to obtain a travel time of the 
electromagnetic Wave re?ected by the re?ector; 

Wherein the obtained travel time depends on the position of 
the re?ector. 

12. The apparatus of claim 1, Wherein the detector com 
prises an electrical position sensor. 

13. An apparatus for determining a measure of a thickness 
of a polishing pad of a polishing machine, the apparatus 
comprising: 

a detector con?gured to detect a position of a carrier of an 
element to be polished in a pressing direction While the 
element is pressed by the carrier in the pres sing direction 
against the polishing pad With a de?ned pressure, 
Wherein the detector is con?gured to output a signal 
indicative of the position of the carrier; and 

a determiner con?gured to determine the measure of the 
thickness of the polishing pad based on the signal indica 
tive of the position of the carrier and on the basis of 
calibration data obtained in advance using the polishing 
pad of a knoWn thickness, a predetermined pressure and 
a predetermined thickness of the element, Wherein the 
determiner is con?gured to output an alarm-signal if the 
determined thickness of the polishing pad falls beloW a 
threshold value. 

14. The apparatus of claim 13, Wherein the determiner is 
con?gured to determine the measure of the thickness of the 
polishing pad When the de?ned pressure is equal the prede 
termined pressure and/ or the de?ned thickness of the element 
is equal predetermined thickness of the element. 

15. A polishing machine for polishing an element, the 
polishing machine comprising: 

a platen on Which a polishing pad is to be ?xed; 
a carrier of the element to be polished, Wherein the carrier 

is con?gured to move in a pressing direction so as to 
press the element in the pressing direction against the 
polishing pad With a de?ned pressure, Wherein the pol 
ishing machine is con?gured to cause a relative move 
ment or rotation betWeen the element and the polishing 
pad in parallel With the polishing pad; 

a detector con?gured to detect a position of the carrier 
While the element is pressed by the carrier in the pressing 
direction against the polishing pad With the de?ned pres 
sure and to output a signal indicative of the position of 
the carrier; and 

a determiner con?gured to determine a measure of the 
thickness of the polishing pad based on the signal indica 
tive of the position of the carrier. 

16. The polishing machine of claim 15, Wherein the carrier 
of the polishing machine is con?gured to press a plurality of 
elements against the polishing pad; or 

Wherein the polishing machine comprises a plurality of 
carriers each con?gured to press an element to be pol 
ished against the polishing pad. 

17. The polishing machine of claim 15, further comprising 
a pressure sensor con?gured to determine the de?ned pres 
sure. 

18. The polishing machine of claim 15, further comprising 
a controller con?gured to control the polishing machine and 
to provide at least one of a value of the de?ned pressure, a 
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thickness of the element to be polished and a number and/or 
a position of elements pressed to the polishing pad by respec 
tive carriers in parallel; and 

Wherein the determiner is con?gured to determine the mea 
sure of thickness of the polishing pad taking the at least 
one value in consideration. 

19. The polishing machine of claim 15, Wherein the detec 
tor is an electrical or optical position sensor. 

20. The polishing machine of claim 15, further comprising 
one or more doWn force cylinders for pressing the one or more 
carrier against the polishing pad, Wherein the detector is con 
?gured to detect a position of the doWn force cylinder. 

21. The polishing machine of claim 15, further comprising 
the polishing pad ?xed on the platen. 

22. A method for determining a measure of a thickness of 
a polishing pad of a polishing machine, the method compris 
mg: 

detecting a position of a carrier of an element to be polished 
in a pressing direction While the element is pressed by 
the carrier in the pressing direction against the polishing 
pad With a de?ned pressure; 

outputting a signal indicative of the position of the carrier; 
and 

determining the measure of the thickness of the polishing 
pad based on the signal indicative of the position of the 
carrier. 

23. The method of claim 22, further comprising obtaining 
calibration data in advance of using a polishing pad of knoWn 
thickness and a thickness of the element; and 

Wherein detecting the position of the carrier is performed 
While conditions in terms of at least one of the de?ned 
pressure, the carrier used and the element to be polished 
correspond to corresponding conditions during obtain 
ing the calibration data. 

24. The method of claim 22, further comprising: 
obtaining calibration data in advance using a polishing pad 

of knoWn thickness, a predetermined pressure and a 
predetermined thickness of the element; and 

correcting the signal indicative of the position based on at 
least one of a ?rst correction factor that depends on a 
difference betWeen the de?ned pressure and the prede 
termined pressure, a second correction factor that 
depends on a difference betWeen an actual thickness of 
an element to be polished and the predetermined thick 
ness and a third correction factor that depends on a 
number and/or a position of elements pressed to the 
polishing pad by respective carriers in parallel. 

25. The method of claim 22, Wherein detecting the position 
of the carrier is performed at a predetermined time after 
starting a process of polishing the element. 

26. A non-transitory computer readable medium compris 
ing instructions, Which, When executed by a processor of an 
apparatus for determining a measure of a thickness of a pol 
ishing pad, causes the apparatus to perform a method com 
prising: 

detecting a position of a carrier of an element to be polished 
in a pressing direction While the element is pressed by 
the carrier in the pressing direction against the polishing 
pad With a de?ned pressure; 

outputting a signal indicative of the position of the carrier; 
and 

determining the measure of the thickness of the polishing 
pad based on the signal indicative of the position of the 
carrier. 


