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wafer. In man
of ya support plate and one side face of which is pressed,

5 by means of a polishing head, against a polishing plate,
which is covered with a polishing cloth, with a specific
polishing pressure and polished. The invention also
relates to a device which is suitable for carrying out
the method.

10 Making a semiconductor wafer planar by means of
a chemical/mechanical polishing method forms an important
processing step in the process sequence to produce a
flat, defect-free and smooth semiconductor wafer. In many
production sequences, this _nolishing step constitutes the

.15 last shaping step, and hence the step which decisively
determines the surface properties, prior to the further
use of the semiconductor wefer_as_ starting material for
the production of electrical, electronic and microelec-
tronic components. The aims of the polishing method are,

20 in particular, to achieve a high evenness and parallelism
of the two wafer sides, to remove surface layers which
have been damaged by pretreatments ("damage removal®™) and
to reduce the microroughness of the semiconductor wafer.

'Single side and double side polishing methods are

25 usually employed. The present invention relates to the
single side polishing of a batch of a plurality of
semiconductor wafers ("single side batch polishing"). In
this'-method, one side of the semiconductor wafers is
mounted on the front side of a support plate, by produ-

30 cing a positive and force-fitting connect:l.on between the
‘'side and the support plate, for example by means of
adhesion, bonding, cementing or the application of a
vacuum. Generallj;, the semiconductor wafers are nounted
on the support plate in such a way that they form a .

35 pattern of concentric ring';. Following the mounting, the
free wafer sides are pre;sed against a polishing plate,
over which a polishing cloth is_ stretched, with the
supply of a polishing abrasive at a specific polishing
pressure and are polished. In the process, the support
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the 10 the desired evenness and parallelism of the semiconductor

wafers, hereinafter called the desired wafer geometry.

The wafer geometry is unsatisfactory particularly for

polished semiconductor wafers whose sides are not paral-

‘'lel to one another but rather assume the shape of a

15 wedge. For example, deviations from the desired wafer

geometry are already caused by slight unevenness on the

rear side of the support plate. This unevenness results

in an increased or reduced poliéhip.g abrasion on the

semiconductor wafer lying opposite the unevenness. Even

20 a wedge shape of a semiconductor wafer caused by the

polishing is ultimately the result of a polishing pres-

sure acting inhomogeneously on the semiconductor wafer

and of a material abrasion which as a result is neces-

sarily uneven. Therefore, the polishing pressure fre-

25 quently does not act uniformly on the semiconductor

wafer, since the support plate 'is deformed radially

during the polishing by its own weight or has a certain

production-related, radial wedge shape. With polishing

heads of identical design, it is possible for there to be

30 differences in the transmission of the polishing pres-

sure, so that the effect of the polishing head used also

makes its presence felt in the polishing result. On some

occasions, incipient wear of the polishing cloth is also

a cause of the wafer geometry deteriorating in the course

35 of a plurali.ty of polishing passes.

To ameliorate the abovementioned problems during

attempts to achieve the desired wafer geometry, it is
proposed in EP-4033 Al to insert intermediate layers

comprising soft, elastic bodies between the polishing



free wafer sides are pressed against a polishing pI E%mwtsz %%E which a

polishing cloth is stretched, with the supply o braS|ve
at a specific polishing pressure and are pollshe ess -t he
support T 9608 _ - 2- the

pol i shi ng pFate ar Dﬁé&é | y.rotated at di fferent speeds The pol i shi ng
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by a pressure punch, which is_referred to below as a polishing 5

head. A nul cagmod be cﬁufiwfpﬁﬂueq'#nﬁs nABArRBRSibde ta errors.gAingRd such
that they haes audddsd iiy 2hrpeliySiddiendent on the experience and

watchfulness of the operating staff, who have to select
5 and insert the intermediate layers on the basis of their
width. However, .even if no errors are made in doing this,
the 'wedge shape of the .polished semiconductor wafers
remains above a specific-limit value. '
The present invention achieves the obj:ect of
10 achieving ~an improved uniformity of the polishing
abrasion during the polishing of semiconductor wafers
using a single side polishing machine so that in particu-
lar the wedge shape of the polished semiconductor wafers
is slight. _ '
15 The subject-matter of the invenﬁion is a method
of polishing semiconductor wafers, which are mounted on
a front side of a support plate and one side face of
which is pressed, by means of a polishing head, against
a polishing plate, ‘which is covered with a polishing
20 cloth, with a specific polishing pressure and polished,
' which is characterized in that N _ :
a) a specific pressure is applied to at least one of a
- plurality of pressure chambers prior to the polishing of
the semiconductor wafers, and
25 b) during the polishing of the semiconductor wafers,
the polishing pressure is transmitted to a rear side of
the support plate via elastic bearing surfaces of the
pressure chambers to which pressure has been applied.
‘The subject-matter of the invention is further-
30 more a device for carrying out the method, which is
characterized by )
a) a plurality of preséure chambers, to which pressure
can be applied individually and which, on a side of the
polishing head facing toward the rear side of the support
35 plate, are arranged in concentric paths and have elastic
bearing surfaces which,~ during the polishing of the
semiconductor wafers, transmit the polishing pressure to
the rear side of the support plate, as long as pressure
has been applied to the associated ?ressure chamber, and
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10 transmitted to the support plate by a pressure chamber to

which pressure has been applied has the same value at
every point of the elastic bearing surface which in the -
circumferential direction rests on the support plate; A
particular advantage of the invention. results from the
15 fact that the pressure chambers to which pressure. is
applied are preferably selected automatically and pres-
sﬁre is applied to them automatically. Individual charac-
teristics, which affect the polishing result, of the
support plates used and polishing heads déployed can be
20 taken into account in making this selection. '
The invention is described in more detail below
with reference to figures. Figure 1 depicts a preferred
embodiment of the claimed device. Only those features
which are ﬁ- cessa to describe the invention are shown.
25 Figures 2a'and iagrammatically show 'the principle of l
minimizing the wedge shape when polishing semiconductor
wafers in accordance with the invention. '
Reference is firstly made to Figure 1, which
shows a preferred embodiment of a device for carrying out
30 the method. That side of a polishing head 2 which faces
toward a support plate 1 of a polishing machine has open
channels 3, which lie in concentric paths parallel to the
circumference of ‘the support plate. In each channel is
situated a pressure chamber 4, for example a bellows or
35 a flexible tube made of an elastic material with a low
inherent rigidity. The device depicted is equipped with
a total of seven pressure chambers. If pressure is
applied to a pressure chamber, by £filling it with a gas
or a liquid, a bearing surface 5, facing toward the
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Goonotry, e Wl YIS & I cne, gl HiEC i g tiats iieadl 7
corrprl sing $ofis eanipped U&ﬁbsabmtmiboﬂ.ﬁshlmh the aid of
which the support plate 1 can be sucked on by the appli-
5 cation of a vacuum V. The lines through the polishing
head which are required for f£illing the pressure chambers
with gas or liquid are not shown in the figure. The
application of pressure to a pressure chamber is also
.referred to below as "activating the pressure chamber®
10 and the oppé'site operation is also referred to below as
“déactivating a pressure chamber”". The number of pressure
chambers provided depends on the diameter of the support
plate used and on the width of the bearing surface of a
pressure chamber. Preferably 2 to .10, particularly
15 preferably 2 to 7, pressure chambers are used, -the
bearing surfaces of which in the activated state of the
pressure chambers are 10 to 220 mm, particularly prefe-
rably 10 to 30 mmm, wide. '
There is a gap 7 between the polishing head and
20 the rear side of the support plate. The level of thg
pressure in the activated pressure chambers is preferabiy
selected such that the polishing head can under no
circumstances overcome the gap and damage the support
plate during the polishing of the semiconductor wafers.
25 It is particularly preferred to prevent the polishing
head being lowered as far as the support plate by means
of a mechanical barrier. In the exemplary embodiment in
accordance with Figure 1, a stopper 15 is for this
purpose integrated in the polishing head, the action of
30 which means that the height of the gap 7 can never fall
beneath a minimum value. As a result, mechanical damage
to the support plate, which can impair the polishing
result, is reliably avoided.
The device furthermore comprises a system of con-
35 trollable valves 8, by means of which each pressure
chamber can be activated and deactivated independently of-
the other pressure chambers and which provides the
possibility of achieving a pressure compensation between
. activated pressure chambers. It is particularly preferred
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that vated or deactivated automatically. It is preferred in

10 the calculation for the master computer also to take into

account the effect of the respectively used support plate

and of the respectively used polishing heéd, resulting

from production-related details, on the polishing result.

The support plates and polishing heads.being used can be

15 identified, for example, by means of a bar code recogni-

tion. The master computer then accesses a data base in

which offsets are stored which specify which chambers are

to be activated or deactivated when using a specific

support plate or a specific polishing head or a specific

20 combination of support plate and polishing head. The

offsets are updated at regular intervals following the

automatic evaluation of the polishing zresult of a
‘plurality of preceding polishing p.'asses. ) '

It haé furthermore proven advantageous to adjust

25 the height of the gap 7 during polishing to a desired

distance which lies within a narrow tolerance range. This

measure reduces the scatter of the wedge-shaped values.

The adjustment is carried out automatically by means of

the master computer 9, which is connected to a measuring

30 device 16. The master computer continually records the

actual height of the gap 7 and compares this height with

the selected desired distance. If the actual height lies

outside predetermined lower and upper limit values, the

master computer is used to change the pressure in the

35 pressure chambers 4, so that the polishing head is raised

or lowered until the actual height of the gap 7 lies

within the desired tolerance range. Preferred values for

the upper and lower limits of the tolerance range are

4.2 mm and .3.8 mm, respectively. The polishing pressure
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which are mounted on the front side 11 of a support plate

‘1 and have been pressed against a polishing plate 13,
covered with a polishing cloth, with a specific polishing
10 pressure and po;l.:i.shed, are wedge-~shaped. The thickness of
the semiconductor wafers decreases in the direction
toward the center of the support plate, for which reason
a positive wedge shape is referred to. In lche-upper=part |
'eﬁl Figure 2% the situation is the reverse. The semi-. !
15 conductor wafers 10’ depicted have a negative wedge shape.
In both cases, the wedge shape of the semiconductor
wafers occurred because, for example, a support plate
deformed in a wedge shape in the ‘radial direction or a
polishing cloth which was worn to different extents in
20 the radial direction had been used (not shown) and the
focal point of the transmission of the polishing pres-
sure, which is indicated by arrows, was not at a location
which was adapted to this situation.
Asg is shown inWFeﬂ Fig. 2a, all six |
25 available pressure chambers 4 had been activated and
subjected to the same pressure by means of pressure
compensation between the chambers. The focal point of
_ tra.nsmis"sion of the polishing pressure was situated
approximately above the center of the semiconductor ‘
30 wafers. In accordance with the illustration in Fhe—upper ‘
~part—of] Figure 3&, dur_ing the polishing which hdd led to |
semiconductor wafers with a négative wedge . shape, the h
three cuter pressure chambers were activated, so that the
focal point of the transmission of the polishing pressure
35 was situated above the edge region of the semiconductor
wafers. . L= ,
' In order to achieve the situation where the sides
of semiconductor wafers in a following polishing pass
have a higher evenness and parallelism, the focal point
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switching off inner, in the example shown three, pressure
chambers prior to the polishing of these semiconductor
wafers. Consequently, the focal point of the pressure
transmission is displaced radially outward, so tha£ it is
10 situated above the edge region qf the semiconductor

wafers 10b "(&‘ewe—-pari.—-oﬂ'ﬁ'ig. ) . Another negative.

wedge shape of su.bseqﬁently polished semiconductor wafers

oo

10b is counteracted by activating inmer, in 'the__'examble

shown three, pressure chambers prior to the polisﬁing of

15 thése semiconductor wafers. Consequently, the focal point

of the pressure transmission is displaced radialiy

inward, so that it is situated above the center of the

semiconductor wafers 10b (Lewer—pert—ofiFig. %b) . _ [

It is clear from the preceding description that

20 the method can be configured in a wide variety of ways.

The only prerequisite is that at least one of the pres-

sure chambers be activated during the polishing of

semiconductor wafers and transmits the polishing pressure

to the rear side of the .support plate. It is preferred,

25 but not absolutely necessary, to provide'pressure compen-

' sation between activated pressure chambers. The sequence

25

of %ct:'i'gated pressure chambers illustrated in Figures 2a
Q.
and 25 is likewise only an example. It may also, if i

—

appropriate, be necessary, in order to achieve the
30 desired wafer geometry, to select a sequence in which an
activated pressure chamber comes to lie ohiy next to one
or more deactivated pre_ésure chambers. It may also be
necegsary to deacﬁivate one or more of the outer preséure |
chambers during the polishing.
35 Example) _

Several hundreds of polishing passes were carried
out using é commercially available single side polishing
machine with four polishing heads. After each polishing
pass, the wedge shape of the polished. semiconductor



applied are preferably selected automatically and pres- sure is
applied to themautomatically. Individual charac- teristics, which
- affect the polishing result, of the support plates used and polishing
heads' depl oyg#l gg98 asr 28 taken into acegount in making this selection.
The invention is described in nore detail bel ow with reference to
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i nvention are 9. sBawsthe averages, o ascatbexring LAHRY cEPFy show
t he - pritiee Wwedgd shape) zamd TAlSlew 02 carnd aPeshdentlpd| avdidges of

sem conduct qr, wafers i n,accor e with,the.invention.
LQf ﬁi%e g

Ref er ence i <19 r2899° nBREPE, % i,emﬁﬁ?%ﬁucgor ¥RERESa “Iﬂ"é”f"e?# e
enbodi nént dfhen feronte s$bdecarff ythe csuppirtt pdatet hdd. thHeat forte of a

pol i shing heag Jedfileh {]ﬁfﬁé toward a support plate 1 of a polishing
machi ne has open charfel s 3, which lie in concentric paths parallel to
the ci rcunf er erfle wifs @ttderphest.t igl at eeripscafipehishihgipasses
o SR EIN ethal 75 e SR MG splienps (0he
depi cted i s WRfATIHRS Wiphermediate daysraye 2 QPE%%PG% HanBP 54033
Pressuii® 1 Sal. In all other polishing passes, the invention was
employed (test series A, test series B+, B-, C+, C-). The
effect of the offsets which take into account the indivi-
dual characteristics of the support plates used (test
series B+ and B-) and of the polishing heads deployed
15 (test series C+ and C-) on the poiishing result was also
tested ("+" means polishing passes with offsets, ©-v
means polishing passes without offsets) . The tables each
show the average deviations (positive or negative wedge

shape) from a target wvalue set at zero.

20 Table 1) -

_ Polishing head 1 - Polishing head 2
Comparative series 0.7 0.6 -
Test series A 0.3 0.4
H
Table 2)
Polishing Polishixig Polishing Polishing
head 1 head 2 head 3 head 4
Test o -0.2 -1 0.5 0.2
25 series B- :

Test -0.1 0.2 -0.1 ‘0.2
series B+ -

Table 3)

Polishing Polishing Polishing Polishing
head 1 head 2 head 3 head 4
Test -0.5 -0.IT 0.1 (4]
30 gseries C- . :
Test 0.1 -0.1 0.1 (¢}

series C+
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side face of which is pressed, by means of a polishing
head, against a polishing plate, which is covered with a
polishing cloth, with a specific polishing pressure and
polished, which is characterized in that

a) a specific pressure is applied to at least one of a

.plurality of pressure chambers prior to the polishing of

the semiconductor wafers, and
b) during the polishing of the semiconductor wafers,

the polishing pressure is transmitted to a rear side. of °

the support plate via elastic bearing surfaces of the
pressure chambers to which pressure has been applied.

2. Method according to claim 1, characterized. in
that a pressure compensation between the pressure cham-
bers to which pressure has been applied is carried out in
the event of pressure havin§ been applied to a plurality
of the pressure chambers.

3. Method according to claim 1 or 2, characterized
in that the pressure chambers to which ‘pressure is
applied are selected automatically, with the aid of a
computer, prior to a polishing pass. L

4. Method according to claim 3, characterized in
that, when selecting the pressure chambers, offsets are
taken into account which pre_detei‘mine a preselection of
pressure chambers for the support pl'ate' used and the
polishing head deployed.

5. Method according to one of cla:.ms 1l to 4, charac-
terized in that the height of a gap between the polishing
head and the rear side of the support plate is adjusted
automatically during the polishing, in order to keep it
within a predetemihed tolerance range.

6. Method according to claim 5, characterized in
that a mechanical barrier prevents the he:l.ght of the gap
being able to fall below—a minimum value.

7. Device for ©polishing semiconductor wafers,

comprising a support plate having a rear side and a front
side, and a polishing head, which during the polishing
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in the polrsrng t he action of means that t ergt of the
gap 7 can neRe’ rgm surfaces which, durzng the polishing of

10 semiconductor wafers, transmit the polishing pressure to
' the rear side of the support plate, as long as pressure
has been applied to the associated pressure chamber, and
b) an apparatus for applying pressure to the pressﬁr'e
chambers. ' .

15 8. Device according to claim 7, characterized by an
apparatus for carrying -out a pressure compensation
between the pressure chambers to which pressure has been
applied. . )

9. Device according to claim 7 or claim 8, charac-

20 terized by 2 to 10 pressure chambers, which have bearing
surfaces which are 10 to 220 mm wide.' :
10. Device according to one of claims 7 to 9, charac-
terized by a master computer, which, prior to a polishing
pass, selects the pressure chambers to which pressure is

25 to be applied and automatically applies pressure to these
chambers. '

11. Device according to omne of claims 7 to. 10,
characterized by a mechanical barrier, the action of
which means that a gap between the polishing head and the

30 rear side of the support plate cannot £all below a
minimum height. '

12. Device a.ccord:.ng to one of claims 7 to 11,
characterized by a computer-assisted control system for
adjusting the height of a gap between the polishing head

35 and the rear side of the support plate.
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pl ate, which can inpair the polishing result, is reliably avoi ded.
*The device furthernore conprises a systemof con- 35 trollable valves 8,

by neans of g1 ®F0®IDE . Fessure chanber can be activated and

deactivated i ndependent|y of the other pressure chanbers and which

provi des theabstraexsi bility of achieving a pressure conpensati on between
activated pressure chanmbers. It is particularly preferred
- 6- in addition to provide a master conputer 9, which con-

The invention relates to a method of polishing

semiconductor wafers, which are mounted on a front side
of a support plate and one side face of which is pressed,
by means of a polishing head, against a polishing plate,
which is covered with a polishing cloth, with a specific
pelishing pressure and polished. The invention further-
‘more relates to a device which is suitable for cérrying
out the method. The method is characterized in that
a) a specific pressure is applied to at least one of a
- plurality of pressure chambers prior to the polishing of
the semiconductor wafers, and _ - '
b) during the polishing of the semiconductor wafers,
the polishing pressure is transmitted to a rear side of
the support plate wvia elastic bearing surfaces of the
pressure chambers to which pressure has been applied.
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It has furthernore proven advantageous to adjust 25 the height of the gap

7 during polishing to a desired di stance which lies within a narrow
tol erance range. This nmeasure reduces the scatter of the wedge-shaped
val ues. ‘The adjustnment is carried out automatically by neans of

the master conputer 9, which is conneﬁ27q2to a nmeasuring 30 device 16. The
master conputer continually records t actual height of the gap 7 and
conpares this height with . the sel ected desired distance. |If the actua
hei ght |ies out side predeterm ned | ower and upper |imt values, the
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relates to a device which is suitable for carrying out
the method.

Making a semiconductor wafer planar by means of
a chemical/mechanical polishing method forms an important
processing step in the process sequence to produce a
flat, defect-free and smooth semiconductor wafer. In many
production sequences, this polishing step constitutes the
last shaping step, and hence the step which decisively
determines the surface properties, prior to the further
use of the semiconductor wafer as starting material for
the produc'tion of electrical, electronic and microelec-
tronic components., The aims of the polishing method are,
in particular, to achieve a high evenness and parallelism
of the two wafer sides, to remove surface layers which
have been damaged by pretreatments ("damage removal®) and
to reduce the microroughness of the semiconductor wafer.

Single side and double side polishing methods are
usually employed. The present invention relates to the
single side po-lishing of a batch of a plurality of
semiconductor wafers ("single side batch polishing"') . In
this method, one side of the semiconductor wafers is
mounted on th_g front side of a support plate, by produ-

~cing a positive and force-fitting connection between the '

side and the support plate, for example by means of
adhesion, bonding, cementing or the application of a
vacuum. Generally, the semiconductor wafers are mounted
on the support plate in such a way that they form a
pattern of concentric rings. Following the mounting, the
free wafer sides are pressed against a polishing plate,
over which a polishing cloth is stretched, with the
supply of a polishing abrasive at a specific polishing
pressure and are polished. In the process, ‘t-he support
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heads at their disposal and accordingly are able to
accommodate a plurality of support plates;

A number of factora make it difficult to achieve
the desired evenness and parallelism of the semiconductor
wafers, hereinafter called the desired wafer geometry.
The wafer geometry is unsatisfactory particularly for
polished semiconductor wafers whose sides are not paral-
lel to one another but rather assume the shape of a
wedge. For example, deviations from the desired wafer
geometry are already caused by slight unevenness on the
rear side of the support plate. This unevenness results
in an increased or reduced polishing abrasion on the
semiconductor wafer lying opposite the unevenness. Even
a wedge shape of a semiconductor wafer caused by the
polishing is _ultimately the result of a polishing' pres-
sure acting inhomogeneously on the semiconductor wafer

and of a material abrasion which as a result is neces-_

sarily uneven. Therefore, the polishing pressure fre-
quently does not act uniformly on the semiconductor

wafer, since the suppért plate is deformed radially
during the polishing by its own weight or has a certain _

production-related, radial wedge shape. With polishing
heads of identical design, it is possible for there to be
differences in the transmission of the polishing pres-
sure, so that the effect of the polishing head used also
makes its presence felt in the 'po'lishing result. On some
occasions, incipient wear of the polishing cloth ias also
a cause of the wafer geometry deteriorating in the course
of a plurality of polishing passes.

To ameliorate the abovementioned problems during
attempts to achieve the desired wafer geometry, it is
proposed in EP-4033 Al to insert intermediate layers
comprising soft, elastic bodies between the polishing
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the wedge shape of the polished semiconductor wafers
remains above a specific limit wvalue.

The present invention achieves the object of
achieving an improved uniformity of the polishing
abrasion during the polishing of semiconductor wafers
using a single side polishing machine so that in particu-
lar the wedge shape of the polished semiconductor wafers
is slight.

r

The subject-matter of the invention is a method

of polishing semiconductor wafers, which are mounted on
a front side of a support plate and one side face of
which is pressed, by means of a polishing head, against
a polishing plate, which is covered with a polishing
cloth, with a specific polishing pressure and polished,
which is characterized in that
a) a specific pressure is applied to at least one of a
plurality of pressure chambers prior to the polishing of
the semiconductor wafers, and
b) during the polishing of the semiconductor wafers,
the polishing pressure is transmitted to a rear side of
the support plate via elastic bearing surfaces of the
pressure chambers to which pressure has been applied.
The subject-matter of the invention is further-
more a device for carrying out the method, which is
charactefized by |
a) a plurality of pressure chambers, to which pressure
can be applied individually and which, on a side of the
polishing head facing toward the rear side of the support
plate, are arranged in concentric paths and have elastic
bearing surfaces which, during the polishing of the
semiconductor wafers, transmit the polishing pressure to
the rear side of the support plate, as long as pressure
has been applied to the associated pressure chamber, and

of
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polishing head and the support plate. The pressure force
transmitted to the support plate by a pressure chamber to
which pressure has been applied has the same value at
every point of the elastic bearing surface which in the
circumferential direction rests on the support plate. A
particular advantage of the invention results from the
fact that the pressure chambers to which pressure is
applied are preferably selected automatically and pres-
sure is applied to them automatically. Individual charac-
teristics, which affect the polishing result, of the
support plates used and polishing heads deployed can be
taken into account in making this selection.

The invention is described in more detail below

‘with reference to figures. Figure 1 depicts a preferred

embodiment of the claimed device. Only those features
which are necessary to describe the invention are shown.
Figures 2a, 2b and 3a, 3b diagrammatically show the
principle of minimizing the wedge shape when polishing
semiconductor wafers in accordance with the invention.
Reference is firstly made to Figure 1, which
shows a preferred embodiment of a device for carrying out
the method. That side of a polishing head 2 which faces
toward a support plate 1 of a polishing machine has open
channels 3, which lie in concentric paths parallel to the
circumference of the support plate. In each channel is
situated a pressure chamber 4, for example a bellows or
a flexible tube made of an elastic material with a low
inherent rigidity. The device depicted is equipped with
a total of seven pressure chambers. If pressure is
applied to a pressure chamber, by filling it with a gas
or a liquid, a bearing surface 5, facing-:toward the
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inserting internediate |ayers, as described in EP-4033 10
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2 is equipped with a vacuum tool 14, with the aid of
which the support plate 1 can be sucked on by the appli-
cation of a vacuum V. The lines through the polishing
head which are required for filling the pressure chambers
with gas or liquid are not shown in the figure. The
application of pressure to a pressuré chamber is also
referred to below as ®activating the pressure chamber”
and the opposite operation is also referred to below as
ndeactivating a pressure chamber”. The number of pressure
chambers provided depends on the diameter of the support
plate used and on the width of the bearing surface of a
pressure chamber. Preferably 2 to 10, particularly
preferably 2 to 7, pressure chambers are used, the
bearing surfaces of which in the activated state of the
pressure chambers are 10 to 220 mm, particularly prefe-
rably 10 to 30 mmm, wide.

There is a gap 7 between the polishing head and
the rear side of the support plate. The level of the
pressure in the aétivated pressure chambers is preferably
selected such that the polishing head can under no
circumstances overcome the gap and damage the support
plate during the polishing of the semiconductor wafers.
It is particularly preferred to prevent the polishing
head being lowered as far as the suppért plate by means
of a mechanical barrier. In the exemplary embodiment in
accordance with Figure 1, a stopper 15 is £for this
purpose integrated in the polishing head, the action of
which means that the he:ight of the gap 7 can never fall
beneath a minimum value. As a result, mechanical damage
to the support plate, which can impair the polishing
result, is reliably avoided.

The device furthermore comprises a system of con-
trollable wvalves 8, by means of which each pressure
chamber can be activated and deactivated independently of
the other pressure chambers and which provides the
possibility of achieving a pressure compensation between
activated pressure chambers. It is particularly preferred
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in @ddition to provide. 4 master Talipmtar 9, which con-
%QBEQ (i:hf?)o'émmi&mié&“ H8activation of theh‘iﬁdes]au:e
chamggrs completely automatically. After a polishing
pass, this master computer is fed the determined values
of the wafer geometry, for example the determined wedge-
shape values. From these values, it calculates the number
and position of the pressure chambers to be activated and
causes the corresponding pressure chambers to be acti-
vated or deactivated automatically. It is preferred in
the calculation for the master computer also to take into
account the effect of the respectively used support plate
and of the respectively used polishing head, resulting
frcm;production-related details, on the polishing result.
The support plates and polishing heads being used can be

~ identified, for example, by means of a bar code recogni-

tion. The master computer then accesses a data base in
which offsets are stored which specify which chambers are
to be activated or deactivated when using a specific
support plate or a specific polishing head or a specific
combination of support plate and polishing head. The
offsets are updated at regular intervals following the
automatic evaluation of the polishing result of a
plurality of preceding polishing passes. _

It has furthermore proven advantageous to adjust
the height of the gap 7 during polishing to a desired
distance which lies within a narrow tolerance range. This
measure reduces the scatter of the wedge-shapéd values.
The adjustment is carried out automatically by means of
the master computer 9, which is connected to a measuring
device 16. The master computer continually records the
actual height of the gap 7 and compares this height with
the selected desired diétance. I£f the actual height lies
outside predetermined lower and upper limit values, the
master computer is used to change the pressure in the
pressure chambers 4, so that the polishing head is raised
or lowered until the actual height of the gap 7 lies
within the desired tolerance range. Preferred values for
the upper and lower limits of the tolerance range are
4.2 mm and 3.8 mm, respectively. The polishing pressure

head
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0.1 -0.1 0.1 0
is preferably set with the aid of pressure pads 17.

Figures 2a, 2b and 3a, 3b diagrammatically show
how the method is able in particular to improve the
polishing result with regard to the wedge shape of
polished semiconductor wafers. Figure 2a shows the
gituation in which polished semiconductor wafers 1l0a
which are mounted on the front side 11 of a support plate
1 and have been pressed against a polishing plate 13,
covered with a polishing-clath, with a specific polishing
pressure and polished, are wedge-shaped. The thickness of
the semiconductor wafers decreases in the direction
toward the center of the support plate, for which reason
a positive wedge shape is referred to. In Figure 3a, the
situation is the reverse. The semiconductor wafers 10
depicted have a negative wedge shape. In both cases, the
wedge shape of the semiconductor wafers occurred because,
for example, a support plate deformed in a wedge shape in
the radial direction or a polishing cloth which was worn
to different extents in the radial direction had been
used (not shown) and the focal point of the transmission
of the polishing pressure, which is indicated by arrows,
was not at a location wﬁich was adapted to this situ-
ation. )

Ag is shown in Fig. 2a, all six available pres-
sure chambers 4 had been activated and subjected to the
same pressure by means of pressure compensation between
the chambers. The focal point of transmission of the
polishing pressure was situated approximately above the
center of the semiconductor wafers. In accordance with
the illustration in Figure 3a, during the polishing which
had led to semiconductor wafers with a negative wedge
shape, the three outer pressure chambers were activated,
so that the focal point of the tranemission of the
polishing pressure was situated above the edge region of
the semiconductor wafers.

In order to achieve the situation where the sides
of semiconductor wafers in a following polishing pass

have a higher evenness and parallelism, the focal point

head
0 30
C+
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of the pressure transmission is displaced radially
outward, so that it is situated above the edge region of
10 the semiconductor wafers 10b (Fig. 2b). Another negative
wedge shape of subsequently polished semiconductor wafers
10b is counteracted by activating inner, in the example
shown three, pressure chambers prior to the polishing of
these semiconductor wafers. Consequently, the focal point
15 of the pressure transmission is displaced radially
inward, so that it is situated above the center of the
semiconductor wafers 10b (Fig. 3b).
It is clear from the preceding description that
the method can be configured in a wide variety of ways.
20 The only prerequisite is that at least one of the pres-
sure chambers be activated during the polishing of
semiconductor wafers and transmits the polishing pressure
to the rear side of the support plate. It is preferred,
but not absolutely necessary, to provide pressure compen-
25 sation between activated pressure chambers. The sequence
of activated pressure chambers illustrated in Figures 2a,
2b and 3a, 3b is likewise only an example. It may also,
if appropriate, be necessary, in order to achieve the
desired wafer geometry, to select a sequence in which an
30 activated pressure chamber comes to lie only next to oﬁe
or more deactivated pressure chambers. It may also be
necessary to deactivate one or more of the outer pressure
chambers during the polishing.
Example)
35 Several hundreds of poiishing passes were carried
out using a commercially available single side polishing
machine with four polishiﬁg heads. After each polishing
pass, the wedge shape of the polished semiconductor



of the pressure chanbers.
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applied are
to a polishi
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for the suppqrt,Pl&fesHens &hd ta%rages R |€mé nﬁc&ﬁﬁdr
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val ue.

pol i shi ng hea@omﬁgq;p ,q@r:tq@) simm-@ve the pol:l.s :.ng res lt by
inserting intermediate layers, as described in EP-4033
10 Al. In all other polishing passes, the invention was
employed (test series A, test series B+, B-, C+, C-). The
effect of the offsets which take into account the indivi-
dual characteristics of the support plates used (test
series B+ and B-) and of the polishing heads deployed
15 (test series C+ and C-) on the polishing result was also
tested ("+" means polishing passes with offsets, "-"
means polishing passes without offsets). The tables each
show the average deviations (positive or negative wedge
shape) from a target value .set at zero.
20 Table 1)
Polishing head 1 Polisghing head 2
Comparative series 0.7 0.6
Test series A .0.3 0.4
Table 2)
Polishing Polighing Polishing Polishing
head 1 head 2 head 3 head 4
Test -0.2 -1 0.5 0.2
25 series B-
Test -0.1 0.2 -0.1 0.2
series B+
Table 3)
Polishing Polishing Polishing Polishing
head 1 head 2 head 3 head 4
Test -0.5 -0.1 0.1 0
30 series C-
Test 0.1 -0.1 0.1 ]

20 3. Met hod accor di gjto claim1l or
in that the pressure chanbers to chmmm S
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ng pass. 4, Met haod _@icecordi ng to clrarmm3—chara
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- 11- presses sem conductor wafers, which are

AT
si de of agai nst a pol i shi ng pl at%PLWﬁ%&Nﬂ !“‘Eﬂ'vered
with a ;ﬂ"ﬂlﬁmmmumm,m th a speci fic polishing ressure

charactertzéd by "5 sa)+ a plurality of pressure cha

pressure can be applied individually_ and which, gn
polishing head facing toward the rear sice= t he sugp -g5-d ar
arranged in concentric paths and have el astic begri ng surfaces mhlg
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during the polisiPatenaf cLatmd® seniconductor wafers, transmt the
polishing pressuge t0  yeepod of polishing semiconductor wafers, which
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25
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35

are mounted on a front side of a support plate and one
side face of which is pressed, by means of a polishing
head, against a pclishing plate, which is covered with a

ront

polishing cloth, with a specific polishing pressure and

polished, which is characterized in that

a) a specific pressure is applied to at least one of a
plurality of pressure chambers prior to the polishing of
the semiconductor wafers, and

b) during the polishing of the semiconductor wafers,
the polishing pressure is transmitted to a rear side of
the support plate via elastic bearing surfaces of the
pressure chambers to which pressure has been applied.

2. Method according to claim 1, characterized in
that a pressure compensation between the pressure cham-
bers to which pressure has been applied is carried out in

' the event of pressure having been applied to a plurality

of the pressure chambers.

3. Method according to claim 1 or 2, characterized
in that the pressure chambers to which pressure is
applied are selected automatically, with the aid of a
computer,'pribr to a polishing pass. '

4. Method according to claim 3, characterized in
that, when selecting the pressure chambers, offsets are
taken into account which predetermine a preselection of
pressure chambers for the éupport plate used and the
polishing head deployed.

5. Method according to one of claims 1 to 4, charac-
terized in that the height of a gap between the polishing
head and the rear side of the support plate is adjusted
automatically during the polishing, in order to keep it
within a predetermined tolerance range. '
6. Method accord;ng to claim 5, characterized in
that a mechanical barrier prevents the height of the gap
being able to fall below a minimum value.

7. © Device for polishing semiconductor wafers,
comprisiﬁg a support plate having a rear side and a front
side, and a polishing head, which during the polishing
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the rear side m ort plate, as |ong as pressure has been
-applied to thj Ei@,ﬁ QI! ﬂ ure chanber, and b) gn —_
appl yi ng pres " chanbers. 15 8. @gﬁ@*éﬁ §ﬁé5r
according to claim?7, charact erl zed by an apparatus fon ‘lr_zl ng. out a
pressure corrpensation bet ween t he pregssure chanbers to ' MAR 9998
has been appl i ed. 9. Devi cé-Hezor di ng to claim7for claimS8,
charac- 20 terized by 2 to 10 pressure chanbers, which haye bearing
surfaces which are 10 to 220 nm w de. 10. Devi ce aceewding 1o one of

claims 7 to 9, charac- terized by a master conputer, which, prior to a
pol i shi ng Pagtesses e%iu&ﬁmrﬁaeaasbe%m Waikgh ﬁ:&ﬁfubﬁ 1&35
to be applied. ang aut o %y&?‘pplles ress fg’tothee

11. Devi ce act®? ’Eﬁ:nﬁ' | SFPROE + B %‘ffé‘?'éc?e %
mechani cal barr |platéhewhd;t:hod.sofcoveram|vz:tl:hreanpon.lhah1aggazrlolmht,\/\ﬂﬁrtli he

pol i shing head a #l‘?iéopﬁféﬁlﬁg‘ggr%sws gﬂQ?éIPtQLfLS not fall below

a m ni num hel ce acch laims 7 to 11,
5 a) a plurality of pressure chambers, to wh:.ch pressure

can be applied individually and which, on a side of the
polishing head facing toward the rear side of the support
plate, are arranged in concentric paths and have elastic
bearing surfaces which, during the polishing of the

10 semiconductor wafers, transmit the polishing pressure to
the rear side of the support plate, as long as pressure
has been applied to the associated pressure chamber, and
b) an apparatus for applying pressure to the pressure
chambers.

15 8. Device according to claim 7, characterized by an
apparatus = for carrying out a pressure compensation
between the pressure chambers to which pressure has been
applied. ;

9. Device accordiﬁé to c¢laim 7 or claim 8, charac-

20 terized by 2 to 10 pressure chambers, which have bearing
surfaces which are 10 to 220 mm wide.

10. - Device according to one of claims 7 to 9, charac-
terized by a master computer, which, prior to a polishing
pass, selects the pressure chambers to which pressure is

25 to be applied and automatically applies pressure to these
chambers.

11. Device according to one of claims 7 to 10,
characterized by a mechanical barrier, the action of
which means that a gap between the polishing head and the

30 rear side of the support plate cannot £fall below a
minimum height.

12, Device according to one of claims 7 to 11,
characterized by a computer-assisted control system for
adjusting the height of a gap between the polishing head

35 and the rear sﬂ.de of the support plate.




b retete rm oty e sacm,

characterized by a conputer-assisted control system f of” 44myiﬂe
helght of a gap between the polishing head 35q.and t he #%gFQEﬁ%ﬁa1oSH[mm
suppont plate ~~~~~~~~
10 MAR 1998 ]
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METHOD AND DEVICE FOR POLISHING SEMICONDUCTOR WAFERS

Abstract:

The invention relates to a method of polishing
semiconductor wafers, which are mounted on a front side
of a support plate and one side face of which is pressed,
by means of a polishing head, against a polishing plate,
which is covered with a.polishing cloth, with a specific
polishing pressure and polished. The invention further-
more relates to a device which is suitable for carrying
out the method. The method is characterized in that
a) a specific pressure is applied to at least one of a
plurality of pressure chambers prior to the polishing of
the semiconductor wafers, and
b) during the polishing of the semiconductor wafers,
the polishing pressure is transmitted to a rear side of
the support plate via elastic bearing surfaces of the
pressure chambers to which pressure has been applied.

FIGURE 1




