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i nvention also relates to a device WhICh IS suUltable tor carryl ng
out the process. 10 Maki ng a sem conduct or wafer planar by

nmeans of The invention relates to a process for polishing
' semiconductor wafers, in which at least one side of at
least one semiconductor wafer is pressed against a

5 polishing plate, over which a polishing cloth is
stretched, and is poclished, the semiconductor wafer and
the polishing plate executing a relative movement. The
invention alsoc relates to a device which is suitable for
carrying out the process.

10 Making a semiconductor wafer planar by means of
a chemo-mechanical polishing process represents an
important processing step in the process sequence for
producing a planar, flawless and smooth semiconductor
wafer. In many manufacturing sequences, this polishing

15 step represents the last shaping step, and therefore the
step which decisively determines the surface properties,
before the semiconductor wafer is used further as
starting material for the production of electrical,
electronic and microelectronic components. The aims of

20 the polishing process are in particular to achieve a high
planarity and parallelism of the two sides of the wafer,
to remove gurface layers which have been damaged by
pretreatments ("damage removal) and to reduce the
microrocughness of the semiconductor wafer.

25 Single side polishing processes and double side
polishing processes are generally used. In the case of
single side polishing of a batch of a plurality of
semiconductor wafers ("single side batch polishing®), one
side of the semiconductor wafers is mounted on the front

30 side of a carrier plate by producing a form-fitting and
force-£fitting connection between the side and the carrier
prlate, for example by adhesion, bonding,. cementing or the
application of wvacuum. As a rule, the semiconductor
wafers are mounted on the carrier plate in such a way

35 that they form a pattern of concentric rings. After
having been mounted, the free sides of the wafers are
pressed against a polishing plate, over which a polishing
cloth is stretched, with a defined pol:.sh:.ng force and
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t he front accordingly, are able to accommodate a plurality of
10 carrier plates.

In double side polishing (DSP), the front side
and rear side are polished simultaneocusly, in that a
plurality of semiconductor wafers are guided between two,
upper and lower, polishing plates over which polishing

15 cloths are stretched. In this case, the semiconductor
wafers lie in thin wafer carriers, which are referred to
as rotor disks and are also used in a similar form during
lapping of semiconductor wafers. Double side polishing
processes and devices are always designed for treating

20 groups of semiconductor wafers ("batch polishing®).

A plurality of factors make it difficult to
achieve the desired planarity and parallelism of the
semiconductor wafers, referred to below as the desired
geometry. Polished semiconductor wafers often have sides

25 which do not lie parallel to one another, but rather
assume the form of a wedge in cross-section.

The shape of the wedge can be described using the
term linear thickness variation. The linear thickness
variation is the largest measured difference in thickness

30 between two measurement points which lie on the same
diameter, symmetrically with respect to the center of the
semiconductor wafer. Usually, the measurement points lie
symmetrically on a circle which is at a distance of, for
example, 6 mm from the edge of the semiconductor wafer.

35 If the edge of the semiconductor wafer which faces toward
the eédge of the carrier plate is thicker (thinner) than
the wafer edge which faces toward the center of the
carrier plate, this is known as a posltive (negat;ve)

linear wedge shape.
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A semiconductor wafer wedge shape caused by the
polishing is ultimately the result of uneven removal of
material. This may arise if the carrier plate is deformed
radially during polishing as a result of its own weight

10 or has a certain radial wedge shape caused by its
production. Sometimes, incipient wear to the polishing
cloth is also a cause of the wafer geometry deteriorating
over the course of a number of polishing runs. A certain
fundamental wedge shape results even when using carrier

15 plates which are of ideal planarity, owing to the
kinematic ratios during single wafer polishing, which
require inhomogeneous removal of material.

It is proposed in EP-4033 Al to insert inter-

, layers of soft, elastic bodies between the polishing head
20 and the rear side of the carrier plate, with the result
that the carrier plate is deliberately curved slightly in
a radially smetricé.l manner. In this way, it is
possible, to a certain extent, to prevent the semi-
conductor wafers £from being polished into a wedge.

25 However, this process cannot be automated and is

susceptible to faults, since its success depends for the
i most part on the experience of and the care taken by the
operating personnel, who have to select and insert the
interlayers on the basis of their width. However, even if

30 no mistakes are made in doing this, the wedge shape of
the polished semiconductor wafers remains above a defined
limit wvalue.

The present invention achieves the object of
improving the uniformity of polishing abrasion when

35 polishing semiconductor wafers, so that in particular the
wedge shape of the polished semiconductor wafers is low.

The invention relates to a process for polishing
semiconductor wafers, in which at least one side of at

least one semiconductor wafer is pressed against a
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the number, the radial widths and the temperatures of the

10 regions are fixed before the semiconductor wafers are
polished.

The invention furthermore relates to a device for
carrying out the process, which has a chamber system,
which is accommodated in the polishing plate, comprising

15 concentrically arranged annular chambers through which a
temperature-control medium flows, which is at a defined,
adjustable temperature in each annular chamber.

Investigations carried out by the inventors have
shown that during polishing a radially convex temperature

20 profile is established on the polishing plate, which is
partly responsible for the wedge shape of polished
semiconductor wafers. The temperature profile causes an
inhomogeneous removal of material which cannot be compen-
sated for (for example when using ceramic carrier plates,

25 which practically cannot be curved) or cannot be compen-
sated for sufficiently (when using carrier plates made
from less rigid material) by using the abovementioned
elastic interlayers. The present invention allows such
compensation, because the creation of temperature-

30 controlled regions specifies a radial temperature profile
of the polishing plate which is to some extent decisive
in determining the amount of material removed. The
invention allows the wedge shape of semiconductor wafers
to be set within comparatively wide limits by polishing.

35 By means of the invention, it is possible to produce
semiconductor wafers which have a controlled positive or
negative wedge shape. However, the invention is primarily
used to compensate for kinematic effects and effects of
the carrier plate or of the polishing cloth which would
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the semiconductor wafers pass over at least two regiouns
10 on the polishing plate during polishing, which regions
are kept at certain temperatures by temperature-control
means in the polishing plate. The regions are preferably
positioned in concentric rings, with the temperatures of
at least two of the regions differing. The number, the
15 radial widths and the temperatures of the regions are
fixed before a polishing run. The possibility of changing
the temperatures at which the regions are held during a
polishing run is not ruled out.
Owing to effects of polishing kinematics, the use
20 of carrier plates which are not completely planar and
inhomogenecus wear to the polishing cloth, on a conven-
tional polishing plate the temperature is not homogeneous
during polishing of semicopductor wafers. The temperature
often increases from the edge to r/2 of the polishing
25 plate (r is the radius of the polishing plate) and falls
toward the center of the polishing plate, so that a
radially convex temperature profile results. By
establishing regions on the polishing plate which can be
held at certain temperatures by temperature-control means
30 accommodated in the polishing plate, it is possible to
homogenize the temperature profile. In order to avoid the
formation of a radially convex temperature profile, at
least two temperature-controlled regions should be
established on the polishing plate. A suitable form is,
35 for example, three regions in the form of concentric
rings, the outer and inner regions being held at a higher
temperature than the middle region. As a result, heat
which is generated in the central region of the polishing

plate during polishing of semiconductor wafers is
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plate which are close to the edge, by contrast, receive
additional thermal energy, so that a £latter radial
5 temperature profile is the overall result. In principle,
the invention can be used to level out any desired radial
temperature profile which occurs during polishing.

The number of regions, their radial width and the
temperatures at which they are held are fixed before the

10 semiconductor wafers are polished. Data from analyzing
the gecmetry of previously polished semiconductor wafers,
for example the linear thickness variation determined for
these semiconductor wafers, can be used as a basis for
fixing the above factors. Measured data relating to the

15 radial temperature profile of the polishing plate which
were determined during a preceding polishing run may also
be used as a basis.

The functional connection between the semi-
conductor wafer geometry which is to be expected after a

20 polishing and the number, width and temperatures of the
regions on the polishing plate which are to be fixed is
advantageously determined by routine experiments. In such
experiments, the number, radial width and temperatures of
the regions are systematically changed and the effects on

25 the geometry of the polished semiconductor wafers are
investigated.

After concluding such experiments, the polishing
process can be automated in a simple manner. A master
computer:' receives, as input data, the radial temperature

30 profile which was determined during a preceding polishing
run or data relating to the geometry (for example to the
wedge shape) of semiconductor wafers which were polished
during a preceding polishing run and, on the basis of the
empirically discovered relationship, fixes the parameters

35 required to achieve a desired wafer geometry (number,
radial width and temperature of the regiomns).

The invention is described in more detail below
with reference to figures. PFigure 1 diagrammatically
shows a preferred embodiment of the claimed device. The
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denoted by the same reference symbols.

Reference is made initially to Figure 1. The
embodiment shown relates to a single side polishing
machine with a plurality of polishing heads, one of which
can be seen. The polishing head 1 presses a carrier plate
2 with a polishing force X against a polishing plate 4
over which a polishing cloth 3 is stretched. The carrier
plate is held on the polishing head by means of vacuum
suction, for example. The semiconductor wafers 5 are
fixed on the front side, facing toward the polishing
cloth 3, of the carrier plate 2. During polishing, both
the carrier plate and the polishing plate rotate at a
certain speed and with a certain direction of rotation.
The essential features of the device are annular chambers
in the polishing plate which run in concentrically
arranged paths and through which a temperature-control
medium flows. In the polishing plate illustrated, five

annular chambers Z1 to 25 are provided. Each annular

chamber, independently of any other, has a temperature-
control medium, for example water, flowing through it,
the temperature-contrel medium being at a specific
temperature in each annular chamber and it being possible
for the temperatures to differ. The temperature-control
medium is pumped into the respective annular chambers
through flow lines VZ1l to VZ5 and leaves these chambers
again through return lines RZ1 to RZ5. The flow and
return lines run through a rotary leadthrough 6 which is
attached to the underside of the pelishing plate 4. For
reasons of clarity, the flow and return lines are illus-~
trated in an interrupted manner. The temperature-control
medium is held at a desired temperature by a thermostat
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chambers Zl1 to Z5. The master computer for its part

5 accesses a memory 9 in which measured data from preceding
pelishing runs are stored and, from these, automatically
calculates the desired temperatures.

The temperature-control medium maintains a
defined temperature in each annular chamber, so that
1o radially symmetrical regions of characteristic tempera-
ture are formed on the polishing plate, the semiconductor
wafers passing over these regions during polishing. The
number of available regions depends on the number of
annular chambers provided. The radial widths of the
15 regions are dependent on the selected radial widths of
the annular chambers and on the temperature of the
temperature-control medium which flows through the
annular chambers.
Figure 2 illustrates a horizontal section through
20 the polishing plate of the device in accordance with Fig.
1, in plan view. If the temperature of the temperature-
control medium differs in each annular chamber Z1 to Z5
from the temperatures of the temperature-control medium
in the other annular chambers, the annular chambers form
25 a number of annular regions on the polishing plate which
corresponds to the number of annular chambers. These
regions are kept at a temperature which essentially
corresponds to the temperature of the temperature-~-control
medium in the associated annular chamber. The number of
30 regions is correspondingly lower if the temperature of
the temperature-control medium in two or more adjacent
annular chambers is identical. If the temperature of the
temperature-control medium is identical in two adjacent
annular chambers, this results in a region on the polish-
35 ing plate with a radial width which approximately corres-
ponds to the sum of the radial widths of these annular
chambers. Preferably, 2 to 5 annular chambers are
provided. The radial widths of the annular chambers
preferably amount to 25 to 120% of the diameter of the
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example by integrating heating and cocling elements in
the polishing plate. These may be operated by induction

10 or by a power supply which is also accommodated in the
polishing plate.

Figures 3a, 3b and 4a, 4b diagrammatically
illustrate how the geometry vof semiconductor wafers can
be influenced by employing the invention. The £figures

15 reflect the fesult of exemplary embodiments.

After a polishing run in a device in accordance
with Fig. 1, semiconductor wafers with a positive wedge
shape were obtained. During the polishing run,
temperature-control medium flowed through the annular

20 chambers with its temperature in the annular chambers Zl
to 25 controlled in the following way: Z1=30°C, Z2=30°C,
Z3=40°C, Z4=30°C and Z5=30°C (Fig. 3a). By changing the
temperatures in the annular chambers (Z1=40°C, 22=40°C,
Z3=30°C, 24=40°C and Z5=40°C) it was possible, after a

25 following peolishing run, to obtain semiconductor wafers
with virtually plane-parallel sides (Fig. 3b).

After a polishing run in a device in accordance
with Fig. 1, semiconductor wafers with a negative wedge
shape were obtained. During the polishing run,

30 temperature-control medium flowed through the annular
chambers, with its temperature in the annular chambers Z1
to Z5 controlled in the following way: Z1=30°C, Z2=30°C,
Z3=40°C, Z4=30°C and Z5=30°C (Fig. 4a). By changing the
temperatures in the annular chambers (Z1=20°C, 22=20°C,

35 Z3=50°C, Z4=20°C and Z5=20°C) it was possible, after a
following polishing run, again to obtain semiconductor
wafers with virtually plane-parallel sides (Fig. 4b).
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over at least two regzons on the pollshlng plate during
the polishing, which regions have defined radial widths
10 and are at different temperatures, and temperature-
control means are provided in the polishing plate, with
the aid of which the number, the radial widths and the
temperatures of the regions are fixed before the semi-
conductor wafers are polished.
i5 2. The process as claimed in claim 1, wherein, in
plan view of the polishing plate, the zregions form
concentric rings.
3. The process as claimed in claim 1 or claim 2,
wherein the number, the radial widths and the
20 temperatures of the regions are fixed as a function of
the result of a measurement, which is carried out during
a preceding poclishing run, of the radial temperature
profile of the polishing plate.
4. The process as claimed in claim 1 or claim 2,
25 wherein the number, the radial widths and the
temperatures of the regions are fixed as a function of
the result of an analysis of the geometry of previously
polished semiconductor wafers.
5. The process as claimed in one of claims 1 to 4,
30 wherein the number, the radial widths and the
temperatures of the regions are fixed automatically with
the aid of a computer.
6. The process as claimed in one of c¢laims 1 to 5,
wherein the temperatures of the regions are changed
35 during the polishing. '
7. The process as claimed in one of claims 1 to §,
wherein the polishing is selected from a group of polish-
ing processes which compr:.ses s:.ngle side polishing,
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. plate or of the polishing cloth which woul d “l“‘ mugmgge
*shapes and, for exanple, to extend the service |i hi ng
cl ot h. ST3701 i nvention can be dsed both for single side

pol i shing (single-wafer and_batch polishing) and for 5 doubl e side
pol i shing. THEYMRMEISH Pelighingnefinglapiater poddishirgyamshyRatdp
reference to gomignsa@pl e of single side bat ch poli shing.
According to é.he inve‘{'lt idOleicrjé[ if%rensgigghiggt semiconductor wafers,
having at least one polishing plate over which a polish-
5 ing cloth is stretched, which has a chamber system, which
is accommodated in the polishing plate, comprising
concentrically arranged annular chambers through which a
temperature-control medium flows, which is at a defined,
adjustable temperature in each annular chamber.

10 9. The device as claimed in claim 8, which has a
master computer which, on the bagis of transmitted
process data, controls the temperature of the
temperature-control medium in each annular chamber.

10. The device as claimed in claim 8 or claim 9,
is wherein each annular chamber has a radial width of from

25 to 120% of the diameter of the semiconductor wafers.
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15 radial wi dEF tor w3is%8 hefore
a polishing run. The p035|b|I|ty of changlng the tenperatures at whi ch
the regions are held during a L% run is not ruled out.

OM ng to effects of polishing kinemat el use 20 of carrier plates

whi ch are not conpletely planar and |nhoaneneous wear to the

P ot " “TES Y BRencion Lpoa8haPeb] SbRGALE! Polhoal EaRELG! UT e

i S not honngeneous durin of sem tonduct or ers.
tenperature SemigpRERCEAEr ¥ sﬁnﬁﬂt ehigett depph ome ldpleEhdhg 25

plate (r is theagadi g8eOf sdfifcbetbAT wil fie) :.%nder:%Hs%d aghonaed ahe

center of the lLishin ate, so that radi a convex te erature
profile resuP g shi g gk e, over which a H,fsl'u-imsr dloth TX

stretched, and is polished, the semlconductor wafer and
the polishing plate executing a relative movement. During
the polishing, the semiconductor wafer passes over at
least two regions on the polishing plate, which regions
have defined radial widths and are at different
temperatures. Temperature-control means are provided in
the polishing plate, with the aid of which the number,
the radial widths and the temperatures of the regions are
fixed before the semiconductor wafers are polished. The
invention furthermore relates to a device for carrying

out the process.

heet Has Been Re;i
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establishing regions on the polishing plate which can be hel d at
certain tenperatures by tenperature-control neans 30 acconmmopdated in the

polishing plate, it is possible to honogeni ze the tenperature profile.
In order to avoid the formation of a radially convex tenperature
profile, at |l east two tenperaturd-£@ntrolled regions should be
established on the polishing plate. A suitable formis, 35 for exanpl e,
three regions in the formof concentric rings, the outer and inner
regi ons being held at a higher tenperature than the mddle region. As
a result, heat which is generated in the central region of the
pol i shi ng pl ate during polishing of sem conductor wafers is
K
1 Hi4 I3 12
2
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-6- di ssipated via the tenperature-control neans. The outer and

I nner ring, and hence those parts of the polishing pl ate which are
close to the edge, by contrast, receive addi tional thermal energy, so
that a flatter radial 5 tenperature profile is the overall result. In
principle, the invention can be uspgd 3o Ievel out any desired radial
tenperature profile which occurs during polishing. The nunber
of regions, their radial width and the tenperatures at which they are
held are fixed before the 10 sem conductor wafers are polished. Data from
anal yzi ng the geonetry of previously polished sem conductor wafers,
for exanple the linear thickness variation determ ned for t hese

sem conductor wafers, can be used as a basis for fixing the above
factors. Measured data relating to the 15 radial tenperature profile of

t he polishing plate which were determ ned during a preceding polishing
run may al so




be used as a basis. The functional connection between the sem -
conductor wafer geonetry which is to be expected after a 20 polishing and

the nunmber, width and tenperatures of the regi ons on the polishing

pl ate mhlch are to be fixed is advant ageously determ ned by routine
experinents. In such experiments, ¥ hg number, radial wdth and

t enper at ures of the regions are systematically changed and the effects
on 25 the geonetry of the polshed-serm-conductor wafers are

I nvesti gat ed. T‘\A ter concluding sug¢gh experinents, the polishing
process can be automated in afs+rp}c oA \nagter conput er
receives, as input data§ = ofile which was

det er mi ned during a precedi | ata relating to the
geonetry (for exanple £d m conduct or wafers

whi ch were polished d ¥ run and, on the basis
of the enpirically dis ' ““4rxes the paraneters 35

required to achi eve a desi redzzfvaf geony ry5(nunber,
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Flgures 3a, 3buandA4a 4}

d:g lgescnpugn : paged . 3 to pased (1 ) ons) -
ladnh h  apabedepRY t he regions). e invention is
S.ﬂ'D?Mng(i) Q@ddﬁm?%lﬁv with reference to figures. Figure 1

|| 3@y ABSRact C 2

eferred enmbodi nent of the clained device.
-1 4 figure shows a side view
the device. Figure 2 shows a pI an vi ew of

I garmat |€:§Hy sﬂ%wé)#i&ﬁﬁiué%@r geomet ry of

¥ged...u§

sem conductor wafers can be influenced by enpl oyi ng the invention.
the follow ng text, refLrigRetion relates to a process for polishing

10

15

20

25

30

35

semiconductor wafers, in which at least one side of at
least one semiconductor wafer is pressed against a
polishing plate, over which a polishing cloth 1is
stretched, and is polished, the semiconductor wafer and
the polishing plate executing a relative movement. The
invention also relates to a device which is suitable for
carrying out the process.

Making a semiconductor wafer planar by means of
a chemo-mechanical polishing process represents an
important processing step in the process sequence for

- producing a planar, flawless and smooth semiconductor

wafer. In many manufacturing sequences, this polishing
step represents the last shaping step, and therefore the
step which decisively determines the surface properties,
before the semiconductor wafer is wused further as
starting material for the production of electrical,
electronic and microelectronic components. The aims of
the polishing process are in particular to achieve a high
planarity and parallelism of the two sides of the wafer,
to remove surface layers which have been damaged by
pretreatments ("damage removal") and to reduce the
microroughness of the semiconductor wafer.

Single side polishing processes and double side
polishing processes are generally used. In the case of
single side polishing of a batch of a plurality of
semiconductor wafers ("single side batch polishing"), one
side of the semiconductor wafers is mounted on the front
side of a carrier plate by producing a form-fitting and
force-fitting connection between the side and the carrier
plate, for example by adhesion, bonding, cementing oxr the
application of wvacuum. As a rule, the semiconductor
wafers are mounted on the carrier plate in such a way
that they form a pattern of concentric rings. After
having been mounted, the free sides of the wafers are
pressed against a polishing plate, over which a polishing
cloth is stretched, with a defined polishing force and

This is the replacement sheet
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I's made only to features which are required to explain the inven
“In the figures, simlar features are . denoted by the sane referen
synbols. 10
enbodi mrent shown relates to a single side polishing machi ne with
plurality of polishing heads, one of which ‘can be seen. The pol
head 1 presswitm.aappﬂéshﬁhgtabrasi?ewbEhng puppihédgaﬁdrthekeagﬁdest a
pol i shing pl
carrier
suction, for

si de,

faC|ng

Duri ng pO|IS

at a

essenti al

cer

Reference is nadesinitially to Figure 1. The

t ched

L Doliqur sicHE Doy Y Q%Me* pAce. &8 Cend
i®g pﬁétgeﬁr@oﬁaue%w waf:eﬁgdsa r@ifferengecgrendeh
TheWddl it mp i Grequi¥d Ptk rDishirsdrtdeehe! sbar

g ot t late_and the polishi {
B3¥ olotheaRaThien A1 AN

emper at ur o @i+ B30 LHLhE i tnes FHATTER RERGT 1n, PLETH HF,

five

10

15

20

25

30

35

that they have a plurality of pollshlng heads and,
accordingly, are able to accommodate a plurality of
carrier plates.

In double side polishing (DSP), the front side
and rear side are polished simultaneously, in that a
plurality of semiconductor wafers are guided between two,
upper and lower, polishing plates over which polishing
cloths are stretched. In this case, the semiconductor
wafers lie in thin wafer carriers, which are referred to
as rotor disks and are also used in a similar form during
lapping of semiconductor wafers. Double side polishing
processes and devices are always designed for treating
groups of semiconductor wafers (*batch polishing"}.

A plurality of factors make it difficult to
achieve the desired planarity and parallelism of the
semiconductor wafers, referred to below as the desired
geometry. Polished semiconductor wafers often have sides
which do not lie parallel to one another, but rather
assume the form of a wedge in cross-section.

The shape of the wedge can be described using the
term linear thickness variation. The 1linear thickness
variation is the largest measured difference in thickness
between two measurement points which lie on the same
diameter, symmetrically with respect to the center of the
semiconductor wafer. Usually, the measurement points lie
symmetrically on a circle which is at a distance of, for
example, 6 mm from the edge of the semiconductor wafer.
If the edge of the semiconductor wafer which faces toward
the edge of the carrier plate is thicker (thinner} than
the wafer edge which faces toward the center of the
carrier plate, this is known as a positive (negative)
linear wedge shape.

Date: = q JAN
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annul ar chanbers Z1 to Z5 are provided. Each annul ar chanber,

i ndependently of any other, has a tenperature- control nedium for
“exanple water, flow ng through it, t he tenperature-control medi um bei ng
at a specific 30 tenperature in each anpukar chanber and it being possible
for the tenperatures to differ. The tenperature:control mediumi s

punped i nto the respekbhdovbennmebanrehenbecf the weligeughapleowfl isemsi VZ1 to

T S S GhREEEaE \RHPELS 1o chAU LA QYWY Sl | IRP Skt K25

The flow and 35, Ines run t [ a_rotary | eadthroug I'ch is
attached to tHelghkpessi gardrtima)pol ThiF nyaprat giWesorhe diffaxancef

clarity, the péoweandrhet WHiddds @@ thlidbest pdiiLdohnNtal igdngrs upt ed
manner. The tqugra%ure-cgntrol mediumis held at a desired tenperature
by a therfrost@pHavctor water.

A semiconductor wafer wedge shape caused by the
polishing is ultimately the result of uneven removal of
material. This may arise is the carrier plate is deformed
radially during polishing as a result of its own weight

10 or has a certain radial wedge shape caused by its
production. Sometimes, incipient wear to the polishing
cloth is also a cause of the wafer geometry deteriorating
over the course of a number of polishing runs. A certain
fundamental wedge shape results even when using carrier

15 plates which are of ideal planarity, owing to the
kinematic ratios during single wafer polishing, which
require inhomogeneous removal of material.

It is proposed in EP-4033 Al to insert inter-
layers of soft, elastic bodies between the polishing head

20 and the rear side of the carrier plate, with the result
that the carrier plate is deliberately curved slightly in
a radially symmetrical manner. In this way, it is
possible, to a certain extent, to prevent the semi-
conductor wafers from being polished into a wedge.

25 However, this process cannot be automated and is
susceptible to faults, since its success depends for the
most part on the experience of and the care taken by the
operating personnel, who have to select and insert the
interlayers on the basis of their width. However, even if

30 no mistakes are made in doing this, the wedge shape of
the peclished semiconductor wafers remains above a defined
limit wvalue. '

The present invention achieves the object of
improving the uniformity of polishing abrasion when

35 polishing semiconductor wafers, so that in particular the
wedge shape of the polished semiconductor wafers is low.

The invention relates to a process for polishing
semiconductor wafers, in which at least one side of at
least one semiconductor wafer is pressed against a

This ia the repiacement sheet
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- 8- device 7. The thernostat device is controlled by a nmaster
~computer 8 which prescribes the desired tenperatures SZ1 to SZ5 for the
tenperature-control nediumin the annular . chanbers Z1 to Z5. The naster
conmputer for its part 5 accesses a merD&Y-9 in which neasured data from
pr ecedi ng polishing runs are stored and, fromthese, automatically

cal cul ates t hpoliéshirg tphpeeat uover which a p@ﬂéShénperaﬂaﬂé}cdmtro

redi um mai nt abpSetened, dghined 5sg§sheaur%htans%a%oam%%& Shagierango that

10 radially symetrical regions chafacteristic tenpera- ture are
f ormed on thet%w |Eﬂ¥-h§hb¢5t Rl SHIYHRTt G relatigier M9yereny over

Ejhesedregl OPﬁwHéféﬂﬂ @Hélé&hi@ona_ﬁ@tor wa séﬁs %ﬂr Qi_?iheléﬁﬁ Qiliﬁa dth
epen S 0n e nu n ar ers rqQvli de e Ja .a WI S
of the 15° refPONERE, @ndebaﬁdaﬂ aﬂbﬁﬁt HTiRg oFhei RO

which regions have deflned. radial widths and are at
different temperatures, and temperature-control means are
provided in the polishing plate, with the aid of which
the number, the radial widths and the temperatures of the

10 regions are fixed before the semiconductor wafers are
polished.

The invention furthermore relates to a device for
carrying out the process, which has a chamber system,
which is accommodated in the polishing plate, comprising

15 concentrically arranged annular chambers through which a
temperature-control medium flows, which is at a defined,
adjustable temperature in each annular chamber.

Investigations carried out by the inventors have
shown that during polishing a radially convex temperature

20 profile is established on the polishing plate, which is
partly responsible for the wedge shape of polished
semiconductor wafers. The temperature profile causes an
inhomogeneous removal of material which cannot be compen-
sated for (for example when using ceramic carrier plates,

25 which practically cannot be curved) or cannot be compen-
sated for sufficiently (whén using carrier plates made
from less rigid material) by using the abovementioned
elastic interlayers. The present invention allows such
compensation, because the c¢reation of temperature-

30 controlled regions specifies a radial temperature profile
of the polishing plate which is to some extent decisive
in determining the amount of material removed. The
invention allows the wedge shape of semiconductor wafers
to be set within comparatively wide limits by polishing.

35 By means of the invention, it is possible to produce
semiconductor wafers which have a controlled pdsitive or
negative wedge shape. However, the invention is primarily
used to cowmpensate for kirematic effects and effects of
the carrier plate or of the polishing cloth which would

This is the replacement sheet
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t he annul ar chanbers and on the tenperature of the t enper at ur e-contr ol
“medi um whi ch flows through the annul ar chanbers. Figure 2
illustrates a horizontal 'section through 20. the polishing plate of the
device in accordance with Fig. 1,-i% plan view. If the tenperature of
the tenperature- control nmediumdiffers in each annul ar chanber Z1 to
Z5 fr omlieRd t ePpaedgar athages hand enforateranpkau r P mxtiand the in the

ot her annul arseqhﬁrgéeq%fér& Ihau Mlz])a,q.lglf@g@e@aoftgrm 25 a nunber of annul ar
regions on the polis | at e corresponds_ to the nunber, of

hi
annul ar chambers. Thétg‘? mver’rtétj:ir’on%a%r]%ekléﬁf’d éEhtéfrﬂfe RGEe WALER
essenti al | y polistrmespetngléowsbert emekbr batth gfoliwhimgmpengidir €ogontrol

medi um i Ci d A C The. nunber | ons is
cor respo%dl n§1y Slowg?&i% pgggg%gﬁnﬁé%rlenv e i ﬁ?"?@ﬁﬁ@?&t aFeTebft r ol
medi um i n tmlaﬂaninb@l@dq wibht refereneai@rthehanisors.d ofi déngileabidef the

tenperature @zl polisHigigPerature-control nmediumis identical in two

adj acent annular. chanpers, this results in a region on the polish-
According to the invention, it 1s ensured that

the semiconductor wafers pass over at least two regions

10 on the polishing plate during polishing, which regions

are kept at certain temperatures by temperature-control

means in the polishing plate. The regions are preferably

positioned in concentric rings, with the temperatures of

at least two of the regions differing. The number, the

15 radial widths and the temperatures of the regions are

fixed before a polishing run. The possibility of changing

the temperatures at which the regions are held during a
polishing run is not ruled out.

Owing to effects orf polishing kinematics, the use

20 of carrier plates which are not completely planar and

inhomogeneous wear to the polishing c¢loth, on a conven-

tional polishing plate the temperature is not homogeneous

during polishing of semiconductor wafers. The temperature

often increases from the edge to r/2 of the polishing

25 plate (r is the radius of the polishing plate) and falls

toward the center of the polishing plate, so that a

radially <convex temperature profile results. By

establishing regions on the polishing plate which can be

held at certain temperatures by temperature-control means

30 accommodated in the polishing plate, it is possible to

homogenize the temperature profile. In order to avoid the

formation of a radially convex temperature profile, at

least two temperature-controlled regions should be

established on the polishing plate. A suitable form is,

35 for example, three regions in the form of concentric

rings, the outer and inner regions being held at a higher

temperature than the middle region. As a result, heat

which is generated in the central region of the polishing

plate during polishing of semiconductor wafers is

This is the replacement sheet

-0 JAN ¥
Date: VoY N mag



35 ing plate with a radial w dth which approxi mately corres- ponds

"to the sumof the radial w dths of these annul ar chanbers. Preferably,
2 to 5 annul ar chanbers are provi ded. .The radial wi dths of the annul ar
chanbers preferably anmount to 25-té *20% of the dianeter of the
-9- sem conductor wafers to be polished. As an

al ternative @bsshpatefuvirathen tenparatyre-conkirgl meamse Fheuleutehanbers
may al so be EHE?&%REEYring,fﬁddﬂﬁéﬁééiéﬁ@éeeﬁﬁﬂggeoknﬂﬂ%ﬂﬁﬁiiéKhﬂéwr@- 't
is also 5 possible to, set a geflned radi al  tenperature joflle on

plate which are close to the edge, by contrast, receive

additional thermal energy, so that a flatter radial

5 temperature profile is the overall result. In principle,

the invention can be used to level out any desired radial

temperature profile which occurs during polishing.

The number of regions, their radial width and the
temperatures at which they are held are fixed before the

10 semiconductor wafers are polished. Data from analyzing
the geometry of previously polished semiconductor wafers,
for example the linear thickness variation determined for
these semiconductor wafers, can be used as a basis for
fixing the above factors. Measured data relating to the

15 radial temperature profile of the polishing plate which
were determined during a preceding polishing run may also
be used as a basis.

The functional connection between the semi-
conductor wafer geometry which is to be expected after a

20 polishing and the number, width and temperatures of the
regions on the polishing plate which are to be fixed is
advantageously determined by routine experiments. In such
experiments, the number, radial width and temperatures of
the regions are systematically changed and the effects on

25 the geometry of the polished semiconductor wafers are
investigated.

After concluding such experiments, the polishing
process can be automated in a simple manner. A master
computer receives, as input data, the radial temperature

30 profile which was determined during a preceding polishing
run or data relating to the geometry (for example to the
wedge shape) of semiconductor wafers which were polished
during a preceding polishing run and, on the basis of the
empirically discovered relationship, fixes the parameters

35 required to achieve a desired wafer geometry (number,
radial width and temperature of the regions).

The invention is described in more detail below
with reference to figures. Figure 1 diagrammatically

shows a preferred embodiment of the claimed device. The

it s the sepiacement sheet
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.the polishing plate by providing regions of a specific tenperature in
ot her ways fromthat described above,. for exanpl e by integrating
heating and cooling el enents in the polishing plate. These may be
operated by induction 10 or by a power? supply which is al so accommodat ed
in the polishin plate Figures 3a, 3b and 4a, 4b

di agr ammat i ciigpre shows wstside niewt € geoeattriyradf arat icom dubtoughaf er s

can be pakl ARG byrigARlOY Nghddie &npeahi %ewﬂaﬁ fd %Pﬁz%&talref I ect
the result of exe Iargrerrbodl ment s. ter a polishing run in

a device in 86E&-@8ncEBrough, the FiRplishing, é’&ﬁ&@cteﬁ weher sd¢¥i%e a
positive wedgggures Shapeb aeide 420bidd nBichgranit a1 I ashde| hshi Bige T un,

o tenplr ot SPETERm L, T PSR EEF YR Fets U B e Ry

fol | owi ng wapmp2oy3opeth Cnd3iirer IifrCthe follgwdbpetexC, ZafSbénead

Charours | uLTopion Bl oI sy WP RGiGR i o

Z5=40[ er r | C) the whRVeRSEPH} o Ingf Be sfigures, similar features are
denoted by the same reference symbols.

10 Reference is made initially to Figure 1. The
embodiment shown relates to a single side polishing
machine with a plurality of polishing heads, one of which
can be seen. The polishing head 1 presses a carrier plate
2 with a polishing force K agaimst a polishing plate 4

15 over which a polishing cloth 3 is stretched. The carrier
plate is held on the polishing head by means of vacuum
suction, for example. The semiconductor wafers 5 are
fixed on the front side, facing toward the polishing
cloth 3, of the carrier plate 2. During polishing, both

20 the carrier plate and the polishing plate rotate at a
certain speed and with a certain direction of rotation.
The essential features of the device are annular chambers
in the polishing plate which run in concentrically
arranged paths and through which a temperature-control

25 medium flows. In the polishing plate illustrated, five
annular chambers Z1 to Z5 are provided. Each annular
chamber, independently of any other, has a temperature-
control medium, for example water, flowing through it,
the temperature-control wmedium being at a specific

30 temperature in each annular chamber and it being possible
for the temperatures to differ. The temperature-control
medium is pumped into the respective annular chambers
through flow lines VZ1l to VZ5 and leaves these chambers
again through return lines RZ1 to R2Z5. The flow and

35 return lines run through a rotary leadthrough 6 which is
attached to the underside of the polishing plate 4. For
reasons of clarity, the flow and return lines are illus-
trated in an interrupted manner. The temperature-control
medium is held at a desired temperature by a thermostat

This is the replacement shest
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25 following polishing run, to obtain sem conductor wafers wth

.virtually plane-parallel sides (Fig. 3b). After a polishing
run in a device in accordance with Fig. 1, sem conductor wafers with a
negative wedge shape were obtained& - During the polishing run,

30 tenperature-control nedium flowed through the annul ar chambers,

with its tenp@f¥i@ee? i ThnshatmasiatcHeicesigicontrolpedbyghimasiiaxy in
the foll ow ngc ut@:l—§%l@iéﬂ1ciargé’c§%@£ r{Ke des:.re@%@r[;%x‘étﬁrgél%?ﬂ[ err]C

hanber s ( 2150 P £o% 5ol ePp et ste CortER) IS I Sg AT
Z5=20[err] O q:hamherposzsu bte, zHteTha mast_e‘ml bompu'gepolﬁcml lhgsrlpaxjtagai n
Eg obt Z"bg‘sse”é&?é@g&é % memory'd 9rSwiitH ¥ELEYRLAYaRL 2 Er R A d Rassidles
polishing runs are stored and, from these, automatically
calculates the desired temperatures.
The temperature-control wmedium maintains a
defined temperature in each annular chamber, so that
10 radially symmetrical regions of characteristic tempera-
ture are formed on the polishing plate, the semiconductor
wafers passing over these regions during polishing. The
number of available regions depends on the number of
annular chambers provided. The radial widths of the
15 regions are dependent on the selected radial widths of
the annular chambers and on the temperature of the
temperature-control medium which flows through the
annular chambers.
Figure 2 illustrates a horizontal section through
20 the polishing plate of the device in accordance with Fig.
1, in plan view. If the temperature of the temperature-
control medium differs in each annular chamber Z1 to Z5
from the temperatures of the temperature-control medium
in the other annular chambers, the annular chambers form
25 a number of annular regions on the polishing plate which
corresponds to the number of annular chambers. These
regions are kept at a temperature which essentially
corresponds to the temperature of the temperature-control
medium in the associated annular chamber. The number of
30 regions is correspondingly lower if the temperature of
the temperature-control medium in two or more adjacent
annular chambers is identical. If the temperature of the
temperature-control medium is identical in two adjacent
annular chambers, this results in a region on the polish-
35 ing plate with a radial width which approximately corres-
ponds to the sum of the radial widths of these annular
chambers. Preferably, 2 to 5 annular chambers are
provided. The radial widths of the annular chambers
preferably amount to 25 to 120% of the diameter of the
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- 10 - Pat ent cl ai ns 1. A process for polishing

_sem conductor wafers, in whi ch at | east one side of at |east one

sem conduct or waf er i $ pressed agai nst a polishing plate, over which a
5 polishing cloth is stretched, and is pd i-shed, the sem conduct or
waf er and the polishing plate executing a rel ati ve novenent, wherein

t he seni condusenicaatisctpzswafers tovbe ppliighed.two regi ons on the

polishing plate durings an tdELHRdSH%o WRheD 118 g's%at%\ﬁe diffunf1egn r adi al
wi dt hs 10 and are at different_ tenperatures, t enper at ur e-

control meansF&Be pfovitdéd PROBAAT (ﬂhaéflﬂhefﬁ? pF‘ﬁYe alvﬁ“th e iphearenflys
whi ch the nurmgetuctheedadifalr \Wxdmpdeaith nander iRfPRIAI)US et Ofst §Bsbegi ons

are fixed befBr%sEQ?e %o set a defined radial temperature profile on

the polishing plate by providing regions of a specific

temperature in other ways from that described above, for

example by integrating heating and cooling elements in

the polishing plate. These may be operated by induction

10 or by a power supply which is also accommodated in the
polishing plate.

Figures 3a, 3b and 4a, 4b diagrammatically
illustrate how the geometry of semiconductor wafers can
be influenced by employing the invention. The figures

i5 reflect the result of exemplary embodiments.

After a polishing run in a device in accordance
with Fig. 1, semiconductor wafers with a positive wedge
shape were obtained. During the polishing run,
temperature-control medium flowed through the annular

20 chambers with its temperature in the annular chambers Z1
to Z5 controlled in the following way: Z1=30°C, Z2=30°C,
Z3=40°C, Z4=30°C and 2Z5=30°C (Fig. 3a). By changing the
temperatures in the annular chambers (Z21=40°C, Z2=40°C,
Z3=30°C, Z4=40°C and Z5=40°C) it was possible, after a

25 following polishing run, to obtain semiconductor wafers
with virtually plane-parallel sides (Fig. 3Db).

After a polishing run in a device in accordance
with Fig. 1, semiconductor wafers with a negative wedge
shape were obtained. During the polishing run,

30 temperature-control medium flowed through the annular
chambers, with its temperature in the annular chambers Z1
to 25 controlled in the following way: Z21=30°C, 22=30°C,
Z3=40°C, Z4=30°C and Z5=30°C (Fig. 4a). By changing the
temperatures in the annular chambers (Z1=20°C, Z2=20°C,

35 Z3=50°C, Z4=20°C and 2Z5=20°C) it was possible, after a
following polishing run, again to obtain semiconductor
wafers with virtually plane-parallel sides (Fig. 4b).
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conductor wafers are polished. 15 2. The process as clained in claim

.1, wherein, in plan view of the pol i shing plate, the regions form
concentric rings. 3. The process as clained in claiml or claim2,
wherein the nunber, the radial w-<dtits -and the 20 tenperatures of
the regions are fixed as a function of the result of a nmeasurenent,
whi ch i s carrPatiemttclainsg a precedi ng polishing run, of the radia
t enperature profile of the polishing plate. 4. The process as

clained in claiml1 or claim?2, 25 wherein the nunber, the radial
widths and %he b PFRPRErkar cﬁoltlwéurragus(ﬁwc&rr@qq% wafers.uddtion of

the result ofwﬁﬁcnnahysUe%gtf e g@amebﬁy:ﬁif eyt Obﬁlay semid¥tdudtest
sen conduct or sS .as cl d in one Qf clains 1

Rro
to 4, 30 wheV? E ’r%epr‘?n%%%ragalﬁte P£§11§1h IRG qHRs-S Yy fich a
terrper at us es pdliskeinggicistiar e | sédetichednt i @aadl yisv tgolished he tied of a

conput er. semiconductor wafer and the polishing plate executing a
relative movement, wherein the semiconductor wafer passes
over at least two regions on the polishing plate during
the polishing, which regions have defined radial widths

10 and are at different temperatures, and temperature-
control means are provided in the polishing plate, with
the aid of which the numbsr, the radial widths and the
temperatures of the regions are fixed before the semi-
conductor wafers are polished.

15 2. The process as claimed in claim 1, wherein, in
plan view of the polishing plate, the regions form
concentric rings.

3. The process as claimed in claim 1 or claim 2,
wherein the number, the radial widths and the

20 temperatures of the regions are fixed as a function of
the result of a measurement, which is carried out during
a preceding polishing run, of the radial temperature
profile of the polishing plate.

4. The process as claimed in claim 1 or claim 2,

25 wherein the number, the radial widths and the
temperatures of the regions are fixed as a function of
the result of an analysis of the geometry of previously
polished semiconductor wafers.

5. The process as claimed in one of claims 1 to 4,

30 wherein the number, the radial widths and the
temperatures of the regions are fixed automatically with
the aid of a computer.

6. The process as claimed in one of claims 1 to 5,
wherein the temperatures of the regions are changed

35 during the polishing.

7. The process as claimed in one of claims 1 to 6,
wherein the polishing is selected from a group of polish-
ing processes which comprlses single side polishing,

IIIIIIIl I e e repacement shoe
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6. The process as clainmed in one of clains 1 to 5, wherein the

.tenperatures of the regi ons are changed 35 during the polishing. 7.
The process as clained in one of clainms 1 to 6, wherein the polishing
is selected froma group of polish- - 11ng processes which conprises
singl e side polishing, doubl e side polishing, single wafer

pol i shing anddbabté sideppbilibhigg, single wafardeoldshiog poid shtah
;gr}gﬁ?ductorpg@£§ﬁ§ng' havi ng at | east one polishing plate over which a
8. A device for polishing semiconductor wafers,

having at least one polishing plate over which a polish-
5 ing cloth is stretched, which has a chamber system, which
is accommodated in the polishing plate, comprising
concentrically arranged annular chambers through which a
temperature-control medium flows, which is at a defined,
adjustable temperature in each annular chamber.

10 9. The device as claimed in c¢laim 8, which has a
master computer which, on the basis of transmitted
process data, controls the temperature of the
temperature-control medium in each annular chamber.

10. The device as claimed in c¢laim 8 or claim 9,

15 wherein each annular chamber has a radial width of from
25 to 120% of the diameter of the semiconductor wafers.

L I
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5 ing cloth is stretched, which has a chanber system which S
_.‘accommodat ed in the polishing plate, conpfising concentrically arranged
annul ar chanbers through Wwhich a t enperature-control medi um fl ows,

which is at a seddesl, and deidst Bdd G BIREHRE Wémidorffisdaih N Péx & hanber
10 9. The device as clained in claim8, which has a nmast er

conputer which, on the basis of transmtted process data, controls
the tenperature of the t enpeabstiractont rol nmedi umin each annul ar
chanber . 10. The device as clainmed in claim8 or claim9, 15
wherei n each annul ar chanber has a radial width of from 25 to 120% of
the dianeter of the &@ dowentieon welates to a process for polishing

semiconductor wafers, in which at least one side of at
least one semiconductor wafer is pressed against a
polishing plate, over which a polishing cloth is
stretched, and is polished, the semiconductor wafer and
the polishing plate executing a relative movement. During
the polishing, the semiconductor wafer passes over at
least two regions on the »nolishing plate, which regions
have defined radial widths and are at different
temperatures. Temperature-control means are provided in
the polishing plate, with the aid of which the number,
the radial widths and the temperatures of the regions are
fixed before the semiconductor wafers are polished. The
invention furthermore relates to a device for carrying
out the process.

(Fig. 1)
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SEARCH REPORT | Application No. 9803674-2

'EXT OF THE ABSTRACT

PROCESS AND DEVICE FOR POLISHING SEMICONDUCTOR WAFERS

The invention relates to a process for polishing semiconductor wafers (5), in which at least
one side of at least one semiconductor wafer is pressed against a polishing plate (4), over
which a polishing cloth (3) is stretched, and is polished, the semiconductor wafer (5) and the
polishing plate (4) executing a relative movement. During the polishing, the semiconductor
wafer (5) passes over at least two regions of the polishing plate (4), which regions have
defined radial widths and are at different temperatures. Temperature-control means are
provided in the polishing plate (4), with the aid of which the number, the radial widths and the
temperatures of the regions are fixed before the semiconductor wafers (5) are polished. The
invention furthermore relates to a device for carrying out the process.

Figure 1.
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