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Title of the Invention

Polishing Pad Control Method and Apparatus

Field of the'Invention

The present invention felates to a method and apparatus
for controlling a polishing pad adhered to a surface plate

of a plane polishing apparatus.

Prior Art
Plane polishing apparatuses for polishing a
semiconductor wafer generally include a surface plate with

a polishing pad adhered to its top surface and a carrier

that grips a wafer to be polished, wherein the carrier

lowers while rptating in order to presé the held wafer
against the polishing'pad on the rotating surface plate for
polishing.

| In such a polishiﬁg process, the flatness of the wafer
obtained after polishing is very important and is eﬁaluated
using the following as an indicator: the totgl changé ih the
thickness of bare wafers, the uniformity of the remaining.
films, a reduction in the number of stages, or the fiatness
of wafers with inter-layer insulating or metallic f£ilms

™
after polishing. These indicators are impbrtant elements
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that determine the yield of bare or device wafers.

Polishing is also called "transfer" according to the

processing classification, in that the flatness of the

surface plate to which the-polishing.pad is adhered or the

flatness of the polishing pad surface directly transfers to

the flatness of the wafer after polishing. For example, if

the surface plate or the polishing pad has a recessed
surface, the wafer is polished into a protruding surface,
whereas if the surface plate or the polishing pad has.a
protruding surface, the wafer is polished into a recessed
surface. |

‘Thus, to iﬁcrease the flatness of wafers after
polishing, the surféde accuracy of the surface plate and the
polishing pad must be increased. Since, howeve;, the
surface accuracy of the surface plate has been'substantially
increased by having its expansion';educed, and in actual
polishihg the wafer contacts the pblishing pad fof
polishing, attention musf-father be paid to the surface
accuracy of the polishing pad. Particularly, improved
accuracy control is required for those polishing padé'that

comprise non-woven fabric or foaming urethane and which have

‘a relatively high hardness.

In general, the surface of the polishing pad is worn out
and deformed due to the wafer polishing process. Thus, a

grindstone-like reproduction tool called a "pad conditioner®
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or a "dresser" is normally used to provide conqitioning

after a constant number of cycles in order to cut degraded
layers off from the surface qf the polishing pad, thereby
reproduciﬁg the contour and surface roughness of the pad.
Partiqularly, in a process for ?rocessing device wafers
called CMPs, not only the contour of the polishing pad but
also its surféce roughness are attracting attention as
important elements that affect the finish.

In addition, since the.polishing pad is worn out over
time due to polishing and conditioning, it must be repléced
when its wear exceeds a specified limit.

Thus, to strictly control the surface accuracy of the
polishing pad, the interval at which the surface should be
reproduced or the pad should be replaced must bg accurately
known. In order to do this, changes in the shape and
thickness of the surface of the polishing pad must be
measured over time.

No means, however, has been proposed that can
simultaneousiy. simply, and inexpengively measure changes
in the shape and thickness of the Sufface of the golishing
pad.

¥or exémple, Japanese Examined Publication No. Heisei
8-61949 discloses an apparatus that uses two sensors to
simultaneously measure the contours of the surface plate and

the polishing pad. In this apparatus, however, one of the
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sensors measures the contour of the surface plate while the

:other méasures_the contour of the polishing pad, and ﬁhese
contours are not measured simultaneously with the thickness
of the polishing pad. COnsequently, the interval at which
the surface must be reproduced can be known but the interval
at which the pad must be repléced cannot be known.
Furthermore, the use of two sensors signifidanfly increases

the costs of the apparatus.

Disclosure of the Invention

This invention is intended to provide a simple and
inexpensive means that can simultaneously measure changes in
the contour and thickness of a polishing pad caused by
polishing, in order to enable the surface accuracy of the
pad to be efficiently controlled.

To achieve this object, a first controlling method
aécording to this invention is characterized in that it
comprises using a sensor to scan the surface of.a surface
plate in its radial direction prior to the adhesion of a
poliéhing pad, in ordexr to measure'tﬁe position of the
surface plate's surface, and setting into a controlling
means that positiorn as a reference surféce used to measure
the thickness Qf the polishing pad; adhering the polishing
pad to the surface of fhe surface plate; using the sensor to

measure the initial contour and thickness of the polishing
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pad prior to processing and the contour and thickness

thereof after processing; and based on the differences

"between the pre- and post-processing contour and thickness,

outputting from the controlling means a reproduction signal
for surface reproduction or a replacement signal for pad
replacement.

In addition, a second controlling methbd according to
this invention is characterized in that it comprises forming
an exposed pbrtionnfrom which the surface plate surface is
exposed, at at least one end of the surface plate in its
radiai direction after the polishing pad has been adhered;
using the sensor to scan the surface plate in its radial
direction, starting from the exposed portion in order to
measure the thickness §f the polishing pad based on the
positions of the surface ,plate's surface and the pad surface
and also to measure the contour of the pad; and based on

changes in the contour and thickmess of the polishing pad

before and after polishing, outputting from the controlling

means a reproduction signal for pad surface reproduction or
a replacement signal for pad replacement. |
The controlling method according to this'invention'may
include the step of using tbe sensor to also measure the
surface roughness of the polishing pad before and after
proceséing'and, depending on any change in surface

roughness, outputting from the controlling means a
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reproduction signal for pad surface reproduction.

- This invention can bé configured so that, in response to
the reproduction signal output from the controlling means, a
reproductioﬁ means including a dresser automaﬁically
reproduces the surface of the polishing pad.

A controlling apparatus according to this invention is
characterized in that it comprises a single sensor for
detecting the surface positions of both the surface plate
and tﬁe polishing pad adhered to the surface plate, in order
to measure the thickness of the polishing pad.and the
contour of the polishing pad surface; a moving means for
moving the sensor in the radial direction of the surface
plate; and a controlling means including a'function for
outputting a reproduction signal for surface reproduction
depending on the change in the contour of the polishihg pad
surface before and after polishing obtained from measured
data from the sensor, and a function for outputting a
rep1a¢ement signal for pad replacement dependiﬁg on any
change in the thickness of the polishing pad before and
after polishing. |

'According'to this invention, the senéor may have a
function for measuring the surface roughness of the pad, and
the controlling means may output a reproduction signal for
surface reproduction depending on a changa in surféce

roughness.
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In addition, a reproduction means including a dresser

may be provided so that, in response to the reproduction
signai from the controlling means, the reproduction means is

operated to reproduce the surface of the pad.

Brief Description of the Drawings

Figure 1 is é froht view schematically showing the
integral part of a plane polishing apparatus.including a
-controlling device according to this invention.

Figure 2 is a plan view of the integral part of
Figure 1.

Figure 3 is an enlarged cross sectiohal view of the
.integral part of Figure i.

Figure 4 is a plan view 6f a surface plate used for a
different embodiment of a controlling method according to
this invention.

Figure 5 is an'enlarged Cross sectionai‘view of the

integral part of Figure 4.

Detailed Description

The embodiments of ﬁhis invention are described below
with reference to the drawings. Figureé 1l and 2
schematically show the integral part of a singie-side
polishing_apparatus including a controlling device according

to this invention. Reference numeral 1 designates'a body;



8 _
2 is a surface plate mounted on the body 1 and rotatably

driven by a motor; 3 is a polishing pad comprising non-
woven fabric or foaming urethane adhered to the surface (the
surface plate surface) 2a of the surface plate 2; 4 are
carriers that hold a wafer 5 to press it égainst the surface
plate 2; 6 is a supporting plate that supports the carriers
4 so that they can be elevated and lowered and rotatably
driven by almotor; and 7 are rails that guide the movement
of the supporting member 6. In this polishing apparatus,
when the carriers 4 holding the wafer 5 in their loading
position (not shown) are moved to above the surface plate 2
along the rails 7, they lower while rotating.to press the
held wafer 4 against the pdlishing pad 3 on the rotating
surfage plate 2 for polishing. |

The body 1 of the polishing apparatus includes a
reproduction means 10 for reproducing (conditioniﬁg) the
surface (the péd surface) of the polishing pad 3; and a
measuring means 12 for measuring the contour and thickness
of the polishing pad 3. The measuring means 12
constitutes ; controlling device 11 for the polisying
pad 3 together with a controlling means 13, as shown in
Figure 3.

The reproduction means 10 comprises a grindstone~like
reproductioﬁ tool 16 called a "pad conditioner" or a

‘dresser" rotatably mounted at the tip of an arm 15 that
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can be rotated around a supporting shaft 15a a specified

angle. The reproduction tool is used to cut degraded layers
off from the surface of the polishing pad 3 to reproduce the
surface nature (contour and surface roughnéss) of the pad 3,
and is disposed at a position that is different from the
position at which the wafer 5 held by the carriers 4 is
polished.

In addiﬁion, the measuring means 12 includes a
horizontal support arm 18 disposed between the carriers 4
and 4, and supported by the body 1 so as to be moved back
and forth in the radial direction of the surface plate 2 and
to be elevated and lowered; a sensor 19 movably mounted on
the support arm 18 so as t§ be moved along the radius of the.
surface plate 2 and which can measure the positions, shapes,
and roughness of the surfaces of the surface plate 2 and the
polishing pad 3; and a moving means 20 for moving the
sensor.

| The sensor 19 comprises a non-contact laser focus
displacgment gauge. This ;aser focus disélacement gauge
irradiates a measured objeét with laser beams and’receives
reflected beams to measure the distancg to the object. The
sensor 19 can be used to scan the surface of the surface
plate 2 in its radial direction in order to simultaneously
measure. the position, contour, and roughﬁess of the surface

plate's surface or the pad surface.
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The moving means 20 comprises, for example, a pulse

motor and a belt. A controlling circuit (not shown) drives
the pulse motor to move the sensor 19 back and. forth along
the arm 18.

The controlling means 13 processés a measured signal
frpm the sensor 19 and outputs a reproduction signal for the
reproductidn of the surface of the polishing pad 3 and a
replacement.signal for pad replacement. The thickpess of
the polishing pad 3 is determined based on the positions of
the surface plate and pad surfaces measured by the sénsor
19, and the changes in thickﬁess cauéed by processing is
determined. Changes in the contour and surface roughness of
the pad surface caused by processing are determined based
on the contour and the surface roughness, and based on these
changes, the reproduction and the replacement signals are
output to a display device 21 and represented in character
or voice formats. 1In this case, the measured data can be
continuously displayed on the display device 21.

Next, a first embodiment of a method for controlling the
polishing pad 3 using thé controlling device 11 thét uses
the non—contact.sensor 19 is described..

Prior to polishing, the suppért arm 18, which has been
in a standby position, moves forward in the radial direction
of the surface plate 2, to which the polishing pad 3 has not

been adhered. The sensor 19 thus scans the surface of the
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surface plate 2 in the radial direction to measure the

position of the surface plate 2, which is then set in the
controlling means_13 as a reference surface used to measure
the thickness of the polishing pad 3. The reference surface
is measured at one or more positions of the surface plate
surface 2a along the radius of the surface plate 2 s0 that
the average of measured values obtained at the plurality of
points on the radius can be used as the reference surface
in this radial position. |

Next, the polishing pad 3 is adhered to the surface of
the surface plate 2, and the reproduction means 10 carries
out pre-processing conditioning as required. Then, as shown
in Figure 3, the sensor 19 scans the surface of the
polishing pad 3 in the iadial direction of the surface plate
2 at the same positions used for measurement of the
reference surface, in order to measure the initial contour
and surface rOughneés of the pad surface 3a. The position
of the pad surface is simultaneously measured as an average,
and the initial thickness of the polishing pad 3 is measured
based on the pqsition of the pad surface relative to the
reference surface. |

Once the initial contour, surface roughness and
thickness of the polishing pad 3 has been saved to the
controlling means 13, polishing is initiated. In this

polishing, the carriers 4 receive the wafer 5 in its loading
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position (not shown), moves to above the surface plate 2

along the rails 7, and then lowers while rotating to press
the held wafer 5 against the polishing pad 3 on the rotating
surface plate 2.

Once a required number of wafers 5 have been polished,
the sensbr 19 scans the surface of the polishing pad 3,
which is stopped at a predetermined rotating position, in
the radial direction of the surface plate 2 at the same
positions used for measurement of the ipitial data, in order
to measure the contour and surface roughness of the pad
surface after polishing and the thickness of the polishing
pad 3. These measurements are made each time a set number
of wafers 5 are polished.

The term Yafter processing” used in referenqe to this
inventipn refers to the conditions "after the initiation of
polishing® but does not necessarily refer to the conditions
after a specified number of wafers have been completely
processed. In addition, this term does not depend on whether
the surface plate is rotating for polishing or is stopped
for wafer replacement.

The measured data is compared by the controlling means
13 to the data for initial contour, surface roughness, and
thickness obtained prior to processing to determine the
changes in these characteristicé associated with processing.

When the change in contour and/or surface roughness exceeds



13 :
a specified allowable limit, the controlling means 13

outputs a reproduction signal for surface reproduction to
the display device 21. In addition, when the change in
thickness exceeds a specified allowable limit, the
controlling means 13 outputs a replacement signal for pad
replacement to the display device 21. These signals are
represented in voice formldr as characters on the display
device 21. |

In this case, the reproduction signal can be output to
the reproduction means 10 to operate the means 10 in ordex
to automatically condition the pad surface.

The measured data obtained before and after processing
can be directly displayed on the display device 21.

Thus, the surface accuracy of the polishing.pad 3 can_be
strictly controlled by measuring changes in the contéur, énd
surface roughness and thickness of the polishing pad 3
caused by polishing, and hy oﬁtputting the pad reproduction
and the pad replacement signals.

Furthermore, since the single sensor 19 can
simultanecusly measure the contour, surface roughness, and
thickness, the accuracy can be controlled simply and
inexpensively cohpared to conventional methods using a
plurality of expensive sensors.

Although the first embodiment measures the contour,

surface roughness, and thickness of the polishing pad 3
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after polishing while the surface plate 2 is stopped at a

constant position, this measurement can be executed while
the surface plate 2 is rotating. That is, by moving the
sensor 19 in the radial direction of the rotating surface
plate 2 during polishing, the nature of the surface of the
polishing pad 3 can be measured at spirally positioned
measuring points. In this case, data measurements can bé
continuously obtained by repeating the above measurements in
éne or both of the travelling directions while moving the
sensor back and forth in the radial direction of the surface
plate.

As a.result, measured data can be virtually obtained for
the overall surface of the polishing pad 3, in order to
accurately determine the degree of the wear on the pad
surface caused by polishing and associated changes in
contour and surface roughness, thereby enabling éccuracy to

be controlled more-efficiently,

The controlling device 1l can control reproduction
condifions for £he prad surface by the reproduction means 10.
As described above, when the contrdlling means 15 outputs
the reproductibn signal, the reproduction means 10 is
operated to reproduce the surface of the polishing pad 3.
ﬁuring reproduction, the contour énd surface roughness of
the pad surfaée can be measured by using the sensor 19 to

scan the surface of the polishing pad 3 in the radial
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direction of the surface plate 2 while the plate is rotating

or stopped. If the measurement is carried out while the
surface;plate is stopped, it is desirably executed at the
same positions as when the initial data was measured.

The measured data obtained is compared to the initial
confour and surface roughness of the pad surface prior to
processing. When the difference between this data and the
initial data becomes less than a specified allowable limit
in contour and/or s&rface roughness, the controlling means
13 outputs to the display éevice 21 a reproduction-end
signal causing reproduction to be finished. This signal is
given either as a voice signal or as characters on the-
display device 21. The reproduction means 10 is then
stopped.

Thus, using the controlling device 1l to contro; the
process for reproducing the pad surface, an appropriate pad
surface can always be reproduced without providing excessive
or insufficient conditioning, thereby improving reproduction
efficiency and accuracy.

.Figures 4 and 5 show a second embodimenf of a method for
controlling the polishing éad 3 using the controlling device
11 that uses the non-~contact sensor 19.

According to the second embodiment, the polishing pad 3
is cut to form an exposed portion 23 from which the surface

plate surface is exposed, at both radial ends of the surface .
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plate 2 with the polishing pad 3 adhered thereto.

Prior to polishing, while the surface plate 2 is stopped
or rotating, the sensor 19 scans the surface of the surface
plate between the inner and the outer exposed portions 23
and 23 in the plateUs radial direction, to measure the
positions of the surface plate's surface and the pad
surfaces at their exposed portions. Based on.these
positions, the initial thickness, contour, and surface
roughness of the polishing pad 3 are measured.

Subsequently, while the wafer 5 is being processed, the
sensor 19 is used to scaﬁ the surface of the surface plate 2
between the inner and the outer exposed portions 23 and 23
in the plateUs radial direction in order to measure the
thickness, contour, and surface roughness of thg polishing
pad 3 after processing. The results of the measurements are
compared to the initial data.

When the change in contour and/or surface roughness
exceeds a specified allowable limit, the éontrélling means
13 outputs to the display deyice 21 a replacement signal for
. pad surface replacement, which is represented as a voice
signal or as characfgrs on the display device 21.

In this case, the step for obtaining initial data on the
polishing pad 3 prior to the polishing of the wafer 5 may be
omitted, and measured data obtained immediately after the

initiation of polishing may be used as initial data and
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- compared to measured data obtained after processing.

Although this example.measures the thickness, confour,
and surface roughness of the polishing pad while the surface
plate 2 is rotating, the measu?ement can be executed while
the surface plate iz stopped at a specified position.

Furthermore, the position of the surface'plate‘s surface
may be measured at the equséd portions each time the
sensor is mbved in the radial direction of the surface
plate, thereby allowing the thickness of the polishing pad
fo be measured using this position as a reference,

The exzposed portion formed by partially cutting the
pelishing pad 3 may be formed at only one of the inner and
the outer radial positions.

According to the second embodiment, the reproduction
conditions for the pad surface by the reproduction means 10
can be controlled iﬁ substanfially the same manner as in the
first embodiment. |

Although each of the above embodiments use a non-contact
sensor, a contact sensor may 56 used. Such a contact sensor
may be a publicly known thickness éauge that inclqdeé at its
tip & contact. This contact contacts the surface plate or
the pad surface to scan the surface in the radial direction
of the surface plate, thereby enabling the contour of the

surface plate and the contour and thickness of the polishing

pad to be measured.
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Due to tﬁe 1a§k of any capabiliéy to measure surface
roughness, the accuracy-controlling method using a contact
_ sensor cannot accurately control the surface roughness of
the ﬁad surface. The other funcfions of this method,
howeQer, are substantially the same as in the Ffirst
embodiment, so their description is omitted to avoid
dﬁplication. In this éase, however, measurements are
desirably executed while the surface plate is stopped at a
specified position.

In addition, in the above embodiments, the support arm
18 supporting the sensor 19 is mounted on_fhe body 1 so as
to be moved back and forth and moves forward aldng the
radius of the surface plate 2 during measurements.
Furthermore, the measuring means 12 may be_formed
independently of the polishing apparatus so as to be
installed on the surface plate 2 or at another position
during measurements.

Thus, ac&ording to this invention, the sensor measures
changes in the contour, surface roughness, and thickness of
the polishing péd caused by polishihg, to cause the
cpntrolling means to output the pad surface reproduction and
the pad replacement signals, thereby providing efficient
control over~the'surface accuracy of the polishing pad.

Furthermore, since the single sensor can simultaneously

measure the surface contour, surface roughness, and
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thickness, accuracy cen be controlled simply and
inexpensively compared to conventional methods using

‘maltiple expensive sensors.
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What is claimed is:

1. A polishing pad controlling method comprising the
steps of:

using a sensor to scan the surface of a surface plate in
its radial direction'prior to the adhesion of a polishing.
pad, in order to measure the position of the sﬁrface plate
surface and tq gset into a controlling means the position of
the surface plate as a reference surface used to measuie the
thickness of the polishing pad;

adhering the polishing pad to the surface of said
surface plate;

using the sensor to scan the surface of the polishing
pad in the radiai diréction of the surface plate to measure
the initial contour of fhe pad surface prior to:processing_
and.also-to measure the_initial thickness of the polishing
pad Erom the pos;tion of the pad.surface; | |

using the sensor to scan the surface of the polishing
pad in the radial direction of the su:face plate afterx
processing while the surface plate is rotating dr.stopped,
in order to measure the contour of the pad surface aﬁd the
thickness of the polishing pad; and

comparing the measured contour and thickness to said
initial contour and thickness to determine any changes in

contour and thickness caused by polishing, and based on the

changes, outputting from the contrelling means a
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reproduction signal for surface reproduction or a
replacement signal for pad replacement.

2. A polishing pad controllinglmethod-comprising the
steps of:

cutting said polishing pad to form an exposed portion
from which the surface plate's surface is exposed, at at
least one of the radia; ends of the surface plate with the
polishing pad adhered therxeto:

using the sensor to scan the surface of the surface
plate in its radial direction before and after polishing
while thé surface plate is rotating or stopped, to measure
the thickness of the polishing pad based on the positions of
the surface élate's surface and fhe.pad surface at the
exposed portion and also to measure the contour:of the
polishing pad; and

based on changes in the contour and thickness of the
polishing pad caused by polishing, outputting from the
controlling means a reproduction signal for pad surface
reproduction or a replacement signal for bad replacement.

3. A controlling methéd according to C;aim 1l ox 2
further including the étep of using the sensor to also
measure the surface roughness of the polishing pad before
and after processing and depending on any changes in surface
roughness, outputting from fhe controlling means a

reproduction signal for pad surface reproduction.
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4. A controlling method according to Claim 1 or 2
including the steps of:

. in response to the reproduction signal cutput £rom the
controlling means, reproducing the surface of the polishing
pad using'a'reproduction means including é dresser;

using the senscor to scan the surface of the polishing
pad during the reproductibn step to measure the contour of
the pad surface; and

when the difference between the measured contour and the
initial data becomes less than a specified allowable limit,
outputting a reproduction-end signal from said contfolling
means.

5. A controlling method according to Claim 3 including
the steps of:

in response to the reproduction signal cutput from the
'controlling neans, reprbduéing the surface of the polishing
pad using a reproduction means including a dresser;

using the sensor to scan the surface of the polishing
pad during the reproduction step to measure the contour and
.surface roughnéss of the pad surface; and

when the difference between at least one of'thé measured
contoﬁr and surface roughnes§ and the initial data becomes
less than a specified allowable limit, outputting a
reproduction-end signal from said controlling means.

6. A polishing pad controlling apparatus comprising:
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a single sensor for detecting the position. of the

surface of the surface plate and the position of the surface
of the polishing pad adhered to the surface plate, to
measure the thickness and contour of the polishing pad:

a moving means for moving said sensor in the radial
direction of the surface plate; and

a controlling means including a function for ocutputting
a reproduction signal for surface reproduction depending
on the change in the contour of the polishing pad before and

after polishing, as obtained from measured data from the

‘sensor, and a function for outputting a replacement signal

for pad replacement depending on any changes in the
thickness of the polishing pad before and after polishing.

7. A controlling appafatus according to Claim 6 wherein
said sensor also has a funqtion for measuring the surface
roughness of the pad, and wherein said controlling means has
a function for outputting a reproduction signal for surfacé
reproduction depending on a change in surface roughness.

8. A control;ing apparafus according to Claim & wherein
the contrélling appafatus includes a reproduction maans that
uses a dresser to reproduce the surface of the polishing pad
in response to the reproduction signal from the contrelling
means, and wherein said éontrolling means has a function for
outputting a reproduction-~end signal during the reproduction

of the polishing pad by the reproduction means when the
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difference betwean the contour measured by said sensor and
thé initial data becomes less than a specified allowable
limit.

9. A controlliné:apparatus according to Claim 7 wherein
the controlling apparatus includes a'rebrOduction means that
uses a dresser to reprodﬁce the surface of the polishing pad
in response to the reproduction signal from the controlling
means, and wherein said controlling means has a function for
outputting a reproduction-end signal during the reproduction
of the polishing pad by the reproduction means when the
difference between the sﬁfface roughness measured by said
sensor and the initial data becomes less than a specified

allowable limit.



