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The subject matter of the invention is a method

for removing a semiconductor wafer'from a flat substrate,

5 in particular from a polishing cloth of a double side
polishing machine, and to a device for removing a semi-
conductor wafer from a polishing cloth of a double side
pelishing machine.

Making a semiconductor wafer planar by means of

-10 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 decisgively

15 determines the surface properties, prior to the further
use of the semiconductor wafer as starting material for
the production of electrical, electronic and microelec-
tronic components. The aims of the polishing method are,
in particular, the achievement of a high evenness of the

20 wafer sides (plane parallelity), the removal of surface
layers which have been damaged by pretreatments ("damage
removal”) and the reduction of the microroughness of the
semiconductor wafer. The two sides of a semiconductor
wafer are distinguished as a rear side and a front side,

25 as a rule only the front side being used for the attach-
ment of component structures. '

It is wusual for single side and double side
polishing.methods to be used. In the case of single side
polishing (SSP), following the mounting of the rear side

30  onto a suitable carrier, only the front side is polished
using a polishing cloth stretched onto a polishing plate.
During the mbunting, a positive and forcible connection
is produced between the rear side and the carrier, for
example by means of adhesion, bonding, cementing or the

35 application of a vacuum. Single side polishing methods
and devices are usual for treating single wafers ("single
wafer polishing") or for the treatment of groups of
wafers ("batch polishing"). In the case of double side



procesglng S
def ect - free
.sequences t
hence t he st
_Bpﬁﬁ to the
“material for
tronic conpo
parti cul ar,
(pl ane paral
damaged by p
m cr or oughne
sem condutt o
si de,

ment “of conp
doubl e si de

sui tabl e car

10

15

20

25

30

35

tep in the process sequence to produce & This ShebtltB! Been R

and snoot h sem conductor wafer. In many
hi s polishing step constitutes the g’,!ﬂ& wﬂglﬁ
Bre82sh decisively @eer-m nes the su

further use of the sem conductor wafer as starting

i

enlaced

S,

and

polishim p¢RARIL | Bhef ﬁadqmi risddle ehdct rearc sbdeniareel ec-

J&'esﬁh@ft&}eéﬂﬁlg 15inge r@t%iﬁifty of s?ﬂlfcon-

|evenen evenness

Si1 des

IQH???? vaEerenpdEp ofuddetdacdetween | gppexr wank hiteeebeen

rﬁélfmi’@@t plat G&W&Q:ﬁvez('jedtb rgz?aaismf?d?wehsedm:c enief the
SS O . conduc r war er e es O a
(case, Qﬁ%f%ﬁm%ﬁ %%%F?ﬁgﬁ? B a%k®q ?%%Pe ghﬂna9$+%mt

asages L whmohy airlee defievrad dteo bes nyatfesd cfamrﬂaln aatﬂcacbre

i s.,usual for i ngl e si de and

Afdd éL% #Fl%smt%c’% f]?eghel ﬁ'aﬁ?é‘n(,gase o? 1‘?‘@?e si de
pol i shi ng (SSP;Cttﬁl)IWa-)ﬁ\ﬁrg- tDeubbenside pdliskinganetsholdes and dentoem

r4£4 Ad NaebifReds 862! SeRE! 'Sllfiftment of groups of
semiconductor wafers ("batch polishing®).

The successful production of microelectronic
components having a high integration density places
extreme requirements on the degree of flatness, freedom
from defects and roughness of the semiconductor wafer
produced by polishing. These requirements are satisfied
in the best way if the semiconductor wafer is polished on
both sides. The advantage of the presence of a polished
rear side in addition to a polished front side stems,
inter alia, from the £fact that a semiconductor wafer
polished on both sides, by comparison with a semiconduc-
tor wafer polished only on one side, has very many fewer
disturbing particles, is simpler to clean, is less
susceptible to contamination during its further process-
ing and is also simpler in terms of being able to be
measured, characterized and specified métrologically.
Furthermore, as a result of the identical treatment of

the sides, material stresses resulting from differently‘

structured front and rear sides are avoided.

In principle, a semiconductor wafer that is

~polished on both sides can be produced by the front side

and rear side being polished one after the other using a
Bingle side polishing method (sequential SSP). However,
the method which is predominantly used in order to
achieve polishing of both sides of a semiconductor wafer
is double side polishing. The advantages of DSP over
sequential SSP reside in the superior degree of achiev-
able evenness of the side surfaces, in particular from
the point of view of the plane-parallelity of the front

. and rear side, which is decisive during further process-
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5 Each handling of a freshly polished semiconductor

wafer using a mechanically acting handling tool, for

example a gripper ("handler"), carries the risk of

damaging a polished wafer surf'ace, for example as a

result of the fact that impressions or scratches are

10 produced. Such damage is particularly critical when it

involves the front side of the semiconductor wafer.

Freshly polished semiconductor wafers are also extremely

sensitive to uncontrolled chemical attack, for example by

an etching agent. The risk of such attack and -hence

15 impairment of the evenness of the polished surfaces

exists in particular directly after chemical/mechanical

polishing. At this point in time, a further chemical

action of the polishing agent on the semiconductor wafer

is damaging and must be stopped as rapidly as possible,

20 for example by transferring the semiconductor wafer into
a washing, neutralization or cleaning bath.

In the case of sgingle side polishing or sequen-

tial SSP, the semiconductor wafer that is mounted on the
. carrier is removed as rapidly as possible from the
25 polishing device without the mechanical action of a
handling tool, and immediately fed to cleaning, washing
or neutralization. This method séquence may be carried
out cost-effectively, fully automatically and with high
protection of the semiconductor wafer against further
30 chemical action by the polishing agent.

This removal method cannot be used for double
side polishing, since the mounting necessary for this of
the semiconductor wafer on a carrier does not exist.
Although it is usual to use polishing .cloths having

35 different adhesion coefficients, for éxample pelisghing
cloths made of various materials or having wvarious
texturings, in order that all the semiconductor wafers .
are located on the lower polishing plate following the
DSP and the removal of the upper polishing plate, and are
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semiconductor wafer can only be lifted from the polishing
cloth after strong adhesion forces (capillary forces)
10 . have been overcome. These forces can be traced back to a
film of polishing agent residues, which is enclosed in a
gap between the semiconductor wafer and the polishing
cloth. It is therefore usual for each semiconductor chip
to be removed manually from the polishing cloth, which
15 requires special skill and .care. The operator of the
double side polishing machine has to 1lift the semicon-
ductor wafer adhering to the polishing cloth carefully,
using g} ved fingers, by gripping underneath the rounded
wafer hand-[sic]l. In the process, the semiconductor wafer
20 must be deliberately subjected to bending, in order that
the gap occupied by the polishing agent film is expanded
slightly in a wedge shape; with the result that the
polisbhing agent £ilm in the gap shrinks back and slowly
- releages the semiconductor wafer. If the design features
25 of the polishing machine permit,' it is instead also
possible for the semiconductor wafer to be displaced
laterally on the polishing cloth beyond the edge of the
polishing plate, sliding on the adhesive (capillary)
' polishing agent film. The disadvantage of these methods
30 of manual wafer removal is the continuing risk of mechan-
ical and chemical damage to the semiconductor wafer, the
lack of possible automation of the methods and the
inability to track individual wafers. The last-menti'oned
term is understood to mean the increasingly requested
35 requirement to be able at the same time to follow and
record the actual manufacturing conditions £for each
individual semiconductor wafer in detail. _
The - presént invention solves' the problem of
removing a semiconductor wafer from a flat substrate, in
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28 characterized in that a liquid is pressed
through the substrate against the semiconductor wafer

lying on the substrate, the semiconductor wafer being
10 lifted from the substrate by the action of the liquid and
then being picked up by a pick-up device.

The liquid is selected from a group of liquids
which includes water, aqueocus washing and cleaning
agents, non-aqueous media, conditioning agents adapted to

15 further treatment of the semiconductor wafer, for example
hydrophilization agents, and arbitrary mixtures of the
said liquids. Picking up the semiconductor wafer washed
free by the liquid is preferably performed using a tool
during whose use the risk of mechanical damage to the

20 semiconductor wafer is low. Preference is given to a

- gripping tool which engages only at the edge of the
semiconductor wafer and does not touch the front or rear
side of the semiconductor wafer, or to a pick-up tool
which sucks up one side of the semiconductor wafer. It is

25 particularly preferred to provide a pick-up device with
which it is possible to carry out the removal of the
semiconductor wafer from the substrate automatically.
Such a method and a pick-up device suitable for it are
described in more detail below using a device for remov-

30 ing a semiconductor wafer from a polishing cloth of a
double side polishing machine. '

This device likewise forms the subject matter of
the invention and is characterized by a polishing plate
which is provided with liquid leadthroughs which open

35 into outlet bores, pointing toward the. semiconductor
wafer, in the polishing cloth, and by a pick-up device
for the semiconductor wafer which has a cylindrical guide
and a blocking device which, in an activated state,
prevents the semiéonductor wafer falling back onto the
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Such danage is particul a criti n it involves t ront side of the
sem conduct RORnFRtact washing free of the semiconductor wafer by

expanding the capillary gap between the semiconductor

5 wafer and the polishing cloth. This is achieved by

pressing a suitable fluid through liquid leadthroughs in

the lower polishing plate and exit bores in the polishing

cloth. In a further step, the semiconductor wafer is

lifted by the liquid pressure into a cylindrical pick-up

10 container and, in the process, is further washed around

by the liquid. The inner wall of the pick-up container

functions as a cylindrical guide for the edge of the

semiconductor wafer. The pick-up container has a blocking

. device which prevents the semiconductor wafer falling

15 back onto the polishing cloth after the liquid pressure
has decreased.

The method and the device are distinguished in
particular by the fact that the semiconductor wafer is
washed free without mechanical handling and preferably

20 using a liquid which does not attack said wafer chemi-
cally in an uncontrollable way. Furthermore, the picking
up of the semiconductor wafer into the cylindrical pick-
up container is performed only by guiding the edge of the
semiconductor wafer. There is always a liquid £ilm

25 between the edge and the inner wall of the pick-up
container, which results in direct mechanical contact
between semiconductor wafer and pick-up tool being
avoided. Furthermore, the semiconductor wafer is able to
sink slowly onto the blocking device, with continued

30 washing around by the liquid, and does not need to be
n"gripped" spontaneously by a tool. The entire mei:hod from
washing free as far as the picking up of the semiconduc-
tor wafer in the pick-up container is thus carried out
with constant washing of the semiconductor wafer ("wet-

35 in-wet handling”). Moreover, the semiconductor wafer can
be lifted from the polishing cloth immediately following
the end of polishing, and can be freed from polishing
agent résidues, since the wafer carrie'r', in whose bore it
is located, does not have to be removed beforehand.
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exemplary embodiment. Figure 1 shows in schematic form

the top view of the lower polishing plate of a double

10 side polishing machine. The upper polishing plate is not
illustrated, for reasons of simplicity. A partial detail

of the polishing plate is illustrated from the same
perspective in Figures 2A and 2B. Figure 3 shows a
partial cross section through the lower polishing plate.

15 Illustrated in Figures 4A-4C .is a further feature of the
invention, in addition to the features shown in Figure 3.
Firstly, reference will be made to Figure 1.

Toothed wafer carriers 3 having holes 4 into which
semiconductor wafers 5 are inserted are located on a

20 polishing plate 2 which is covered by a polishing cloth
1. The example illustrated is selected in such a way that’
there is space on the polishing plate for five wafer
carriers, each wafer carrier being able to accommodate
three semiconductor wafers in its holes in a typically

25 symmetrical arrangement. The teeth of the wafer carriers
engage in an inner toothed ring 6 and in an outer toothed

ring 7. The kinematics of double side polishing are
described by the interlinked movements of rotation of the
wafer carriers (illustrated by a sharply curved thick

30 arrow) and translation of the wafer carriers (illustrated
by a slightly curved thick arrow), as well as rotation(s)

(not illustrated) of the plate carrying the polishing
cloth. During polishing, the center points of the wafer
carriers move uniformly on a large circular path 8 about

35 the center point of the polishing plate, and the center
points of the semiconductor wafers of one wafer carrier
move on a small circular path 9 about the center point of

Ehe wafer carrier (shown on only one wafer carrier, the
contours of the wafer carriers being illustrated in an
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liquid leadthroughs 10 through the polishing plate, which
open into outlet bores 11 in the pelishing cloth. A
5 bundle 12 of outlet bores, which must lie on a circle 13
corresponding to the small circular path 9, belongs to
each wafer carrier. The bundles of outlet bores must also
correspond in number and angular distribution to the
number and relative position of the wafer carriers. The
10 five wafer carriers illustrated in the exemplary embodi-
ment, which are advantageously arranged in each case at
an angle of 360°:5 = 72° with respect to one another, are
therefore assigned five bundles of outlet bores, the
angles between the bundles likewise being 72°.
15 The wafer carriers are aligned in accordance with
the distribution of the bundles of cutlet bores only when
they are first inserted onto the polishing plate, a
procedure which is required only once. This is expedi-
ently carried out with the aid of corresponding marking
20 marks 14 on the inner toothed ring 6 or the polishing
plate and the respective wafer carrier. In the case of:
the exemplary embodiment illustrated, having three
semiconductor wafers per wafer carrier, a number of at
least five outlet bores per bundle should be provided, in
25 order to ensure that in each case at least one outlet
bore can be brought to lie underneath a semiconductor
wafer of the wafer carrier. In order to be able to remove
all the semiconductor wafers from the polishing plate in
a manner according to the invention, the circles 13, on
30 which in each case one bundle of outlet bores is located,
and the small circular paths 9, which correspond to the
movement of the center points of the semiconductor wafers
of a wafer carrier, are brought into coincidence in
pairs. This may be carr'ied out either by following up the
35 angular position of the polishing plate 2 or by means of
further translation of the wafer carriers, and, for
example, performed automatically with the aid of known
vector-controlled servomotors at the end of the polishing
travel. Such a movement is illustrated in schematic form
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The principle of washing free a semiconductor
10 wafer 5 inserted into the bore 4 of a wafer carrier 3, by
means of pressing a suitable liquid 15 into the gap 16
between polishing cloth 1 and semiconductor wafer 5, is
shown in Figure 3. By pressing liquid through the liquid
leadthrough 10 and the outlet bores 11 in the polishing
15 cloth, the gap 16 is widened. At the same time, the
. semiconductor wafer 5 is lifted (illustrated by a thick
arrow) and washed around by liquid 15. Excess liquid
escapes through the opening between the edge of the
semiconductor wafer and the bore in the wafer carrier

20 (illustrated by curved arrows).

In principle, it is possible to guide the liquid-
through or along the axis of the lower polishing plate to
the liquid leadthroughs 10. However, because of the
contact necessary for this of the liquid with moving

25 .parts, there is a risk of contamination of the liquid,
which contamination could be transferred to the semicon-
ductor wafer. It is therefore preferred to lead the
liquid at zero pressure to the lower polishing plate and
to cbndugt'it via a drain into an annular catching trough

30 that is connected to the polishing plate. The catching
trough may be arranged, for example, inside the inner
toothed ring or outside the outer circumference of the
polishing plate. From the catching trough, the liquid is
pressurized with the aid of pumps, preferably diaphragm

35 metering pumps that co-rotate with the polishing plate,

. and led to the respective liquid leadthroughs.

As soon as a semiconductor wafer has been washed
free, as illustrated in Figure 3, it can be picked up
using a pick-up tool, for example using a gripping tool
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10 In a particularly preferred configuration of the
invention, the semiconductor wafer is washed free auto-
matically and is picked up with the aid of a pick-up
device that likewise operates automatically. The pick-up

_ device and its functionél principle are shown in Figures

15 4A-4C. )

Even before the semiconductor wafer 5 is washed
freé, a cylindrical removal head 17, whose diameter
corresponds to_the internal diameter of the bore 4 in the
wafer carrier 3 and is slightly larger than the external

20 diameter of the semiconductor wafer, is put down
centrally over the semiconductor wafer 5 on the wafer
carrier 3 (Fig. 4a). Imn the process, a positive and
force-transmitting connection is produced between the
removal head and the wafer carrier, with the result that

25 the liquid is conducted into the removal head when the

" gpemiconductor wafer is being washed free. The centering
of the removal head can be facilitated, for example, by
guide bores in the wafer carrier and associated fitting
centering pins on the removal head. The removal head

30 which has been put down fixes the wafer carrler on the
polishing plate, so that the wafer carrier cannot float
up, even if an outlet opening has also accidentally come
to lie under said wafer carrier. .

After the picking up of the semiconductor wafer

35 has been prepared in this way, the semiconductor wafer is
pressed into the gap 16 between the semiconductor wafer
5 and the polishing cloth 1 by feeding liquid through the
liquid leadthrough 10 and the outlet bore 11, as already
described, the semiconductor wafer being lifted off from
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flowing behind presses the gemiconductor wafer further up

into the removal head as far as an activated, upper

5 blocking device 18, by means of which the inner diameter

of the removal head is narrowed to such an extent that

the semiconductor wafer is prevented at its edge from

continuing the upwardly directed movement. Liquid flowing

further behind emerges at the open upper end of the

10 removal head (illustrated by curved arrows). As soon as

' the semiconductor wafer has reached the upper blocking

device 18, provision is made to reduce the liquid supply
(illustrated by dashed, cyarﬁ arrows) and at the same [

time to activate a lower blocking device 19, which the

15 semiconductor wafer has passed during its upward movement

(Fig. 4B). After this, the semiconductor wafer is caught

-in the removal head 17 and can no longer f£all back onto

the polishing cloth 1.

Particularly suitable as blocking device are

20 hoses or bellows (retaining bea&s), which in a non-

' activated, zero-pressure state run annularly around the

‘inner wall of the removal head and terminate flush with

the inner wall. Their activation is performed pneumati-

cally, for example by filling with very clean air, or

25 hydraulically, for example by filling with water. When

this is done they expand into the removal head and narrow

it, so that its internal diameter becomes smaller at the

relevant point than the diameter of the semiconductor

wafer. Alternatively, any type of blocking latches which

30 can be activated magnetically, by an electric motor,

pneumatically or hydra.ulically, may be used instead of

retaining beads. However, a blocking device should have

at least three such blbcking .latches which are spaced

apart uniformly from one another, so that the edge of the

35 semiconductor wafer is supported at three supporting

points provided by the blocking latches. With the advan-

tage of particular operational security, it is also

possible to use a divided ring of expansiblé material

which runs around in a groove in the removal head and



The liquid is selected froma group of I|iquids which incl yfg§heé@iaeBeen Replaced
aqueous washi ng and cl eani ng agents, non-aqueous nedi a, con ts
adapted to further treatnment of the sem conductor wafer, ‘M% ﬁ”‘ﬂm
hydr ophi | i zs&#98R%gents, and arbitrary 3@ xtures of the sa d

Pi cking up the sem conductor wafer washed free by the liquid is preferably
per f or med usprq;ueacta)odutjmf hevgsmovs elrte the keatovak fheid sthatunidge t o

t he sem con t fefe t ool

whi ch engagi‘kpon at teﬁ'léélcfo%g o‘flr?e eél}s%@c%éndda%%lﬁb O?grtﬂghagm oesé not
touch the frihe zt#ng @aatssaaeaaf achivateicbhacking deviee- fmip afyaxk- up

tool which Wsaﬁplﬁe?@tﬁéﬁeoff EBE X3 PQ@dU%Wra‘@.fﬁ! od lpdeumid cul arly
preferred to provide a pick-up device w S 055| bIe to carry

out the¥e sg)re s s"e‘?‘ﬁ FHRA A retehed §9 O?H‘Tlhea%l guf fhat it

aut omat i cal Icyj.sa&u;séaﬁs rm&dipxhwmy aupwktw gevdee. ssinedlthd aring g e
descri bed in e detai |l bel ow us n i

sem conduct o D Vighe olaeT i o b 6 CP8?§IBF aﬁ%ueﬁ'ni?vs-s?nlﬁ‘g&ﬁgq‘*cs%‘?%g

nmachi ne. wafer when energy is not being supplied, it is not

possible for the semiconductor wafer to fall out of the

10 removal head, for example following a sudden failure of
the power or liquid. A similar security concept can be
achieved even in the case of using retaining beads or
blocking latches, for example by these blocking devices

~ being retained in the non-blocking state by the applica-

15 tion of a vacuum. ) .

The removal head 17 is £inally lifted together
with the semiconductor wafer 5, which is prevented from
falling back toward the polishing cloth (Figure 4C). At
the same time, the supply of further liquid is discontin-

20 ued, in order to avoid floating up of the wafer carrier,
which is now no longer held down. Because of the discon--
tinuation of the supply of liguid, the hydraulic lifting
of the semiconductor wafer in the removal head ceases.
Said semiconductor wafer is now no longer pressed against

25 the upper blocking device 18, but sinks slowly downward,
until it is braked by the lower blocking device 19.

The semiconductor wafer i1s removed from the
removal head by the lower blocking device being deacti-
vated. The semiconductor wafer then £alls out of the

30 removal head and is available for the further treatment
intended in each case. In this way, it is possible for
the semiconductor wafer, for example, to be fed to a
commercial wet tray filler having wafer feed by water
chute and a tray indexer. '

35. The washing free of polished semiconductor wafers
from the polishing cloth and their picking up in a pick- D'F
‘device are preferably carried out fully automatically.
The semiconductor wafers located in the wafer carriers
are washed free and picked up in accordance with a



This device |ikewi se forns the subject matter of the invention and is
characterized by a polishing plate which is provided with |iquid
| eadt hr oughs which open into outlet bores, pointing toward the
sem conduct ors@é®s, in the polishing clp;;h and by a pick-up device for
t he sem conductor wafer which has a cylindrical guide and a bl ocki ng device
whi ch, in an prédetersnisédt @lamw.cvEdt 94 hpraeafrabmducﬁtmravvaé@diuéz@tiang back
onto the removal sequence is maintained :Ln req.%ltllsm r'{% Ctl_ﬁ)et hwafer
carriers present. In this case, one wafer carrier after
the next is moved into a fixed removal position by means
5 of synchronous further cycling of the polishing table. In
order to increase the removal speed, it is proposed to
wash free and pick up the semiconductor wafers from cne
wafer carrier at the same time. For this purpose, the
same number of removal heads are combined into one unit
10 and operated at the same time as the number of wafers

that are inserted into the wafer carrier.
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In a first step, the nethod and the device effect non-contact washing free
of the sem conductor wafer by expanding the capillary gap between the

‘'sem conductor wafer and the polishing cloth. This is Abh$eudtds Bsen Bewal ng a
sui tabl e flui8T96@%ugh |iquid | eadthroughé +n the | ower mnum%i’ﬁwﬂe and
exit bores in the polishing cloth. In a further step, t or
wafer is I|ft¥§FiE¢t¢kﬁ#¢ﬁU|d pressure into a cylindrical pick-up container
and, in the process, is further washed around by the liquid. The inner wall
of the pi ck-up container. functions as cyllndrlcal gU|de for the edge of
the seni conduttor waf¥et 9ﬂef%ﬁcﬁeﬁﬁvéﬁﬂtijﬁ@?lﬁ%g YUCHPH KR FT dBT PR Whi ch

prevents the swcmdsefseewaiﬁr pE&'t'ibmatiaCﬂi‘dii’ltd) ;tdsnming heDgte! 8€h
after the |i ékﬁ# ssur %5 %%reas " t hod and %he devi ce
are distingui ﬁ%} 8 @nQYﬁ??E&?eth%?afﬂ% §5ﬁ?8 nHBcFBRtWafer is
washed frie viiduaid rechpresaledhathtroughancher efubistidateusaggiasici qghd which
does, not 20! HdnPobaNOLEr GOFOL 15ALLYoR AL HOSOELLE] 2PhE UBM;con-

Furt hernore e pIC
ductor wafer being lifted from the substrate by the

action of the liquid and then being picked up by a pick-
up device.

10 2. Method according to claim 1, characterized in
that the semiconductor wafer is washed by the liquid into
a pick-up container and the .aemicondu.ctor wafer is
prevented from falling back onto the substrate.
3. Method according to claim 1 or claim 2, charac-

15 terized in that the lifting of the semiconductor wafer
and the washing of the semiconductor wafer into the pick-
up container are performed by an automated method.
4. Method according to c¢claim 1, characterized in
that the semiconductor wafer is picked up by a pick-up

20 tool, the semiconductor wafer being touched only at an’
edge region. | '
5. Method according to claim 1, characterized in
that the semiconductor wafer is picked up by one side of
the semiconductor wafer being sucked up by a pick-up

25 tool.
6. Device for remdving a semiconductor wafer from a
polishing cloth of a double side polishing machine,
characterized by a polishing plate which is provided with
liquid leadthroughs which open into outlet bores, point-

30 ing toward the semiconductor wafer, in the polishing
cloth, and by a pick-up device for the semiconductor
wafer which has a cylindrical guide and a blocking device
which, in an activated étate, prevents the semiconductor
wafer falling back onto the polishing cloth.

35 7. Device according to claim 6, characterized in
that the blocking device is activated or. deactivated
pneumatically, hydraulically, by an electric motor,

magnetically or by applying a vacuum.
L



up of the sem conductor wafer into the cylindrical pick- up container is
_perfornmed only by guiding the edge of the sem conductor wafer. There is
always a liquid filmbetween the edge and the inner wall of the pick-up _
cont ai ner, WAF8A2Pesults in direct mechanical contact between seni conduct or
waf er and pi ck-up tool being avoi-ded. Furthernore, the sem conductor wafer
is able to sﬁh§t§ﬁﬁﬁﬂy onto the bl ocking device, with continued washi ng
around by the liquid, and does not need to be "gripped" spontaneously by a
tool. The entire net?gd f%%qlmashin free as far as the picking up of the
seni conduc- tor waf er2f éeﬁFcEﬁﬁ§QﬁMﬂ§ﬂqhﬁ IRVEREAOR o3 B TGS t h
const ant \/\/asﬁbngrahovi]ngserﬁémnchtcdf ﬁtdﬁfvlafe(f\mtomdf ianf%/at blangﬁ'k-aq"e.l. ]
Mor eover, t em Cc waf er n be lifte romthe_pqlishing clot
medt ot el y TAPTSubRadY ReEe 42 Bk £RR PacentiZh 1aOdLRSTACdavERsnEasi ( shi ng
agent resi dutemoyingeat Aempabnductori wafernfrbwsa poléshingscllotat ed, does
not have to0 ReqéePy o6 86U Ahg machine. The method is character-

ized in that a liquid is pressed through the substrate

against the semiconductor wafer lying on the substrate,

the semiconductor wafer being lifted from the substrate

by the action of the ligquid and then being picked up by

a pick-up device.
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-7- Finally, the method permts an unequi vocal, conprehen- sible
waf er/ position assignnent, so that tracking single wafers is possible in a

sinpl e way, even follow ng the actual polishing. The invention is
described in nore detail below using figures. The representations serve
only to illus- trate the invention and 328m10nly features of a preferred
exenpl ary enbodi nent. Figure 1 shows in hematic formthe top view of the

| ower polishing plate of a doubl e side polishing machi ne. The upper
polishing plate is not illustrated, for reasons of sinplicity. A partial
det ai |




of the polishing plate is illustrated fromthe sanme perspective in Figures
2A and 2B. Figure 3 shows a partial cross section through the |ower
polishing plate. Illustrated in Figures 4A-4Cis a further feature of the

i nvention, in addition to the features shown in Figure 3. Firstly,
reference will be made to Figure 1. Too??zd wafer carriers 3 having holes 4
i nto which sem conductor wafers 5 are i rted are | ocated on a polishing
plate 2 which is covered by a‘ﬁ%llshlng cloth 1. The exanple illustrated is
sel ected in such Y e here pace on the polishing platefor five
waf er carrier®) e.ﬂﬁﬁﬁsﬁw:r er belng able cae/)

sen conduct or wargs q' in atypl

The teeth of the AR ] '
outer toothed ring

/:i'scribed

by the interlinkeg (U ldlistrated
by a sharply curvgd:thiKK: divoW): zand:t 1 At » , SoarNCE
(illustrated by afstight (EVedCE NirgH=a \ 3 é% i ory S°

- = v g




and
nove on

Duri ng

only indicative

-8-

poi nt of the wafer carrier (shown

f the wafer carriers being

4

points of the wafer carriers nove uniformy on a
t he cont our

nivk . %

2222227 -----wmwwwmmmmmmmmmmmmmmmmmwmmmmmm:ﬁwwmmw ........... |

the center
| arge circular path 8 about the center point of the polishing plate,

the center points of the sem conductor wafers of one wafer carrier

il lustrated) of the plate carrying the polishing cloth.
circular path 9 about the cent

pol i shi ng,
a small

(not

on only one wafer carrier,

illustrated in an

way for better understanding).



The essential feature of the device are the liquid |eadthroughs 10 through
t he polishing plate, which open into outlet bores 11 in the polishing
cloth. A bundle 12 of outlet bores, which nmust lie on a circle 13
corresponding to the small circular path 9, belongs to each wafer carrier.
The bundl es of outlet bores nust al so Zﬁfrespond I n nunber and angul ar
distribution to t nunber and relativ sition of the wafer carriers. The

five wafer carrietis illustrgted gn thegexenplary enbodi - nent, which are
advant ageously arr ed in pach Ggase an angle of 360[err]:5 = 72[err]

w th respect t% one are jrher signed five bundles of outlet
bores, the ang ' e being 72 25 waf er
carriers are alp ned istributlmgﬂ- | es of
outl et bores o y -Hiey-ar-e- fRESTHoserhd onto the polishing plate, a
procedure whichgis r VOO AN et A NS Qpe - ently carried out
with the aid of \cofr O Ag Trar KRG +Takk on tfhe inner {oothed ring 6
or the polishing p :aﬁy}fﬁeiygggeg}lygl  he case of

—-\ |- N

/ \
17 12 10

15 1’ o0




REPLACEMENT SHEETS SG A M ;/
the exenmpgADys@posg!: il fphgas €31, haV|ng three seniconduct or *éfs er
waf er carig efaim )nu_ gledd% & si- f{ve outlet bores per bundl e shodt be
provi ded, ﬂih&%l & A aS L TH bach case at |east one outlet bore can
be broughv? t:r g El eraéé’tEo a fﬁrﬁ'tmduct or wafer of the wafer carrier. In
order. td e abl & to Ve al esefrr donduct or wafers fromthe polishing
plate i a nmanner accordln L-q he i nyention, the circles 13, on which.in
each cas d%ﬁd%%CﬁHﬂbut? E ores |s located, and the small circul ar
paths 9, whi ch ¥&F ERoEADVERRINIRT & BENLERREHCERF ALY friom

sem conduct or vaf£rse cdubsswady carrier,
This may be carried out either

pairs.

are

by follow ng up the angul ar

into coi ncidence in
position

br ought

of the polishing plate 2 or by means of further translation of the wafer
for exarfhe,sykddaly maktan orfatthal igventien e & eeshodnown

vect or - cont r ol | sk thséﬁiébﬁdﬁﬂgoﬂfwiﬂ.& ERlonS Bi £f0a & rAMYtraBeGh a

carriers, and,

novenent

is illustrat
p B

schenmati c

n parglcu ar

polishing machine,

rom a péilshlng cloth of a double side
and to a device for removing a semi-

conductor wafer from a polishing cloth of a double side

polishing machine.

Making a semiconductor wafer planar by means of

a chemical/mechanical polishing method forms an important

processing step in the process sequence to produceﬁa

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 semicoihductor wafer as starting material for

the production of electrical,
tronic components. The aima of
in particular,

wafer sides (plane parallelity).

layers which have been damaged
removal®”) and the reduction of

semiconductor wafer. The two

electronic and microelec-
the polishing method are,

the achievement of a high evenness of the

the removal of surface
by pretreatments ("damage
the microroughness of the

Bides of a semiconductor

wafer are distinguished as a rear side and a front side,:-

as a rule only the front side being used for the attach-

ment of component structures.

It is usual for single side and double side

polishing-methods to be used. In the case of single side

polishing (SSP), following the

mounting of the rear side

onto a suitable carrier, only the front side is polished

using a polishing cloth stretched onto a polishing plate.

During the méunting, a positive and forcible connection

is produced between the rear side and the carrier,

for

example by means of adhesion, bonding, cementing or the

application of a vacuum. Single side polishing methods

and devices are usual for treating single wafers ("single

wafer polishing")

wafera ("batch polishing").

or for the treatment of groups of
In the case of double side

This is the replacement sheet
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in Figures 2A and 2B. Figure 2A shows a situation in which the outlet bores
11 are not yet |located in the envisaged position. In the illustration
according to Figure 2B, this is the case and the sem conductor wafers can
be renoved according to the invention fromthe polishing cloth since there
Is at | east one outlet bore under each segiconductor wafer, irrespective of
the intrinsic angle of rotation of the water carrier. The principle

of washing fregofiseihgonasespr Wafer sronsepliad i 268 tRaborf gh ol vafer
carrier 3, by TBang, o8 BISSPiifedusty ! a0l Gnd Y Srin il e L8R 18-
ductor wafers are guided between upper and lower
polishing plates covered by polishing cloths. In this
case, the semiconductor waferas are located in thin guide
cages, which are referred to as wafer carriers and are
alsc used in a similar form in the lapping of semicon-
ductor wafers. Double side polishing methods and devices
are always designed for the treatment of groups of
semiconductor wafers ("batch polishing®").

The successful production of microelectronic
components having a high integration density places
extreme requirements on the degree of flatness, freedom
from defects and roughness of the semiconductor wafer
produced by polishing. These requirements are satiasfied
in the best way if the semiconductor wafer is polished on
both sides. The advantage of the presence of a polished
rear s8ide in addition to a polished front side stems,
inter alia, from the fact that a semiconductor wafer
polished on both sides, by comparison with a semiconduc-
tor wafer polished only on one side, has very many fewer
disturbing particles, is simpler to clean, is less
susceptible to contamination during its further process-
ing and is also simpler in terms of being able to be
measured, characterized and specified métrologically;
Furthermore, as a result of the identical treatment of
the sides, material stresses resulting from differently
structured front and rear sides are avoided.

In principle, a semiconductor wafer that is
poliéhed on both sides can be produced by the front side
and rear side being polished one after the other using a
single side polishing method (sequential SSP). However,
the method which is predominantly used in order to
achieve polishing of both sides of a semiconductor wafer
is double side polishing. The advantages of DSP over
sequential SSP reside in the superior degree of achiev-
able evenness of the side surfaces, in particular from
the point of view of the plane-parallelity of the front
and rear side, which is decisive during further process-

This is tha replacernent sheel
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bet ween polishing cloth 1 and sem conductor wafer 5, is shown in Figure 3.
By pressing liquid through the Iiquid | eadthrough 10 and the outlet bores
11in the polishing cloth, the gap 16 is widened. At the sane tine, the
sem conductor wafer 5 is |ifted (illustrated by a thick arrow) and washed
around by liquid 15. Excess liquid escapes tshrough the openi ng between the
edge of the sem conductor wafer and the bore in the wafer carrier
(il'lustrated by:rDyr vike agpblbyy to carryl myy ithke ppelisking possi biaxd o

gui de the |i quidhdtUeRGh 1Ak eAkidRG ekh€afdi 8n8f nibReL OUREcRMUASI i Rl © tO
the liquid Ieaa{ﬁhroﬁtijﬁghs &n%v However, because of the contact necessary for
this of the Iidtidhss ¢He Fﬁ@ﬂﬁaﬁg,f’f%ﬂésﬂ@%w&swsb Elom maHERDNn of
the |iquid, whiddmaortizng aatli earfind dsted htefsanrgdihosédpeseia L @sp duct or
wafer. 1t 1s therefore sucel gLradihg J£ad «bgnh L Obhe: ghod Y MESRIEA O the
| ower polishing plate and t ooconduet°T € via a drarn TRTO an annul ar

catchi ng troughaffr vPsirgnmecrechanicalpokicshnag handldndrhsoedt cHiay

trough nmay be ai=aaed. af Ogrexs8P! epridipidat)he AReies the risk of
damaging a polished wafer surface, for example as a
result of the fact that impressions or scratches are
produced. Such damage is particularly critical when it
involves the front side of the semiconductor wafer.
Freshly polished semiconductor wafers are also extremely
sensitive to uncontrolled chemical attack, for example by
an etching agent. The risk of such attack and hence
impairment of the evenness of the polished surfaces
exists in particular directly after chemical/mechanical
pelishing. At this point in time, a further chemical
action of the polishing agent on the semiconductor wafer
is damaging and must be stopped as rapidly as possible,
for example by transferring the semiconductor wafer into
a washing, neutralization or cleaning bath.

In the case of single side polishing or sequen-
tial SSP, the semiconductor wafer that is mounted on the
carrier is removed as rapidly as possible ' from the
polishing device without the mechanical action of a
handling tool, and immediately fed to cleaning, washing
or neutralization. This method sequence may be carried
out cost-effectively, fully automatically and with high
protection of the semiconductor wafer against further
chemical action by the polishing agent.

This removal method cannot be used for double
side polishing, since the mounting necessary for this of
the semiconductor wafer on a carrier does not exist.
Although it is wusual to use polishing cloths having
different adhesion coefficients, for example polishing
cloths made of wvarious materials or having various
texturings, in order that all the semiconductor wafers
are located on the lower polishing plate following the
DSP and the removal of the upper polishing plate, and are
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t.oothed ring or outside the outer circunference of the polishing plate.
Fromthe catching trough, the liquid is pressurized with the aid of punps,
preferably di aphragm netering punps that co-rotate with the polishing
plate, and led to the respective liquid |eadthroughs. As soon as a
sem conductor wafer has been washed free, jag illustrated in Figure 3, it
can be picked up using a pick-up tool, for exanple using a gripping tool
- 10 - which gagagestalibhbedesdea Ofaddidin SPABHISHI WK Aheraiwes polishing
plates, removal with the aid of a mechanical handling
tool, for example a robot arm that grips the semiconduc-
tor wafera one after the other by sucking them on and
lifts them from the polishing cloth and transfers them
into a washing or cleaning bath, founders on the risk of
scratching or breaking up the semiconductor wafer. The
semiconductor wafer can only be lifted from the polishing
cloth after strong adhesion forces (capillary forces)
have been overcome. These forces can be traced back to a
film of polishing agent residues, which is enclosed in a
gap between the semiconductor wafer and the polishing
cloth. It is therefore usual for each semiconductor chip
to be removed manually from the polishing cloth, which
requires special skill and .care. The operator of the
double side polishing machine has to 1lift the semicon-
ductor ﬁafer adhering to the polishing cloth carefully,
using glpved fingers, by gripping underneath the rounded
wafer h;nd—ésa,c-] . In the process, the semiconductor wafer
must be deliberately subjected to bending, in order that
the gap occupied by the polishing agent film is expanded
slightly in a wedge shape; with the result that the
polishing agent film in the gap shrinks back and slowly
releases the semiconductor wafer. If the design features
of the polishing machine permit,' it is instead also
possible for the semiconductor wafer to be displaced
laterally on the polishing cloth beyond the edge of the
polishing plate, sliding on the adhesive (capillary)
polishing agent film. The disadvantage of these methods
of manual wafer removal is the continuing risk of mechan-
ical and chemical damage to the semiconductor wafer, the
lack of possible automation of the methods and the
inability to track individual wafers. The last-mentioned
term is understood to mean the increasingly requested
requirement to be able at the same time to follow and
record the actual manufacturing conditions for each
individual semiconductor wafer in detail.
The present invention solveas the problem of
removing a semiconductor wafer from a flat asubstrate, in
This is the replacement sheet
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usi ng vacuum forceps which suck up the free side of the sem conductor
wafer. In the case of this manner of picking up the wafer, it is

advant ageous to provi de biased nonreturn valves in the outlet openings,
whi ch val ves automatically close when the pressure drops. Such val ves
prevent a sem conductor wafer that has beeh washed free from being thrown
out of the bore of the wafer carrier. In a particularly preferred
configuration oparhécuhaentizmm shepskidbingluctiothhvabér 3 sdpibied side

auto- matical | ypaDdshen®iskadh A, Wilkhohemabdalcal Mikaghp tdetheer bt
| i kewi se oper at es aut O”EF;' cal | Y. ‘I; e prCk- up devj ce ‘?nq%l ts félnct I pnal
principle are shbWA PR FPGUFEET4RMAE ©f th FPLGT R M cBhdlict or
wafer 5 i s washedoftretima aspfli wikhcaher ppesabihdby 67, tvhokingi dndiei-
corresponds to &hgyiphespsl diameter of the bore 4 in the wafer carrier 3

and is slightly larger than the external dianeter of the sem conductor
wafer, is put down centTRf| §UBIRFt tHALSRH| eBntRt YRVERFEPR Signa tRethRd er

which is characterized in that a liquid is pressed
through the substrate against the semiconductor wafer
lying on the substrate, the semiconductor wafer being
lifted from the substrate by the action of the liquid and
then being picked up by a pick-up device.

The liquid is selected from a group of liquids
which includes water, aqueous washing and cleaning
agents, non-aqueous media, conditioning agents adapted to
further treatment of the semiconductor wafer, for example
hydrophilization agents, and arbitrary mixtures of the
said liquids. Picking up the semiconductor wafer washed
free by the liquid is preferably performed using a tool
during whose use the risk of mechanical damage to the
semiconductor wafer is low. Preference i_s given to a
gripping tool which engages only at the edge of the
semiconductor wafer and does not touch the front or rear
side of the semiconductor wafer, or to a pick-up tool
which sucks up one side of the semiconductor wafer. It is
particularly preferred Eo provide a pick-up device with
which it is possible to carry out the removal of the
semiconductor wafer from the substrate automatically.
Such a method and a pick-up device suitable for it are
described in more detail below using a device for remov-
ing a semiconductor wafer from a polishing cloth of a
double side polishing machine. .

This device likewise forms the subject matter of
the invention and is characterized by a polishing plate
which is provided with liquid leadthroughs which open
into outlet bores, pointing toward the. semiconductor
wafer, in the polishing cloth, and by a pick-up device
for the semiconductor wafer which has a cylindrical guide
and a blocking device which, in an activated state,
prevents the semiconductor waferxr fallinq_ back onto the

Phi e IR raniscemeamt sheet
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carrier 3 (Fig. 4A). In the process, a positive and force-transmtting
produced between the renoval head and the wafer carrier,
head when the

connection is

the result that the liquid is conducted into the renova

senm conduct or
can be facilit
associ ated fit

whi ch has beenpgui gEong élgeﬁ the wafer carrier on the polishing plate,

that the wafer

accidental |y come to | TR fddsts&tePualbr BEF

up of the sem
sen conduct or

wafer is being washed free. The centering of the renova

W th

head

ated, for exanple, by guidecbores in the wafer carrier and
ting centering pins on the renoval head. The renoval head

SO

carrier_cann fl oat up,. even $f an outl et  openi ng _has al so

nondclonbacwaﬁreshlhag feen pephedsenitdmducicayr water by

p@rand the dexdcs effachi cking

R .%ﬁ?ﬁ&i%f??#?%&egﬁﬁ S FRe o ep ERREYE

| eadt hr ough 10%& artr?éz%utthet petés an9a§1atrbead9’héesc#$bea@h=tehr@d by

sem conduct or

PRELEINE| H0abidwrh ffuild MBrough liquid leadthroughs in
the lower polishing plate and exit bores in the polishing
cloth. In a further step, the semiconductor wafer is
lifted by the liquid pressure into a cylindrical pick-up
container and, in the process, is further washed around
by the liquid. The inner wall of the pick-up container
functions as a cylindrical guide for the edge of the
semiconductor wafer. The pick-up container has a blocking
device which prevents the semiconductor wafer falling
back onto the polishing cloth after the liquid preasure
has decreased.

The method and the device are distinguished in
particular by the fact that the semiconductor wafer is
washed free without mechanical handling and preferably
using a liquid which does not attack said wafer chemi-

cally in an uncontrollable way. Furthermore, the picking

up of the semiconductor wafer into the cylindrical pick-
up container is performed only by guiding the edge of the
semiconductor wafer. There is always a liquid £ilm

between the edge and the inner wall of the pick-up

container, which results in direct mechanical contact
between semiconductor wafer and pick-up toocl being
avoided. Furthermore, the semiconductor wafer is able to
sink slowly onto the blocking device, with continued
washing around by the liquid, and does not need to be
"gripped" spontaneously by a tool. The entire metﬁod from
washing free as far as the picking up of the semiconduc-
tor wafer in the pick-up container is thus carried out
with constant washing of the semiconductor wafer ("wet-
in-wet handling"). Moreover, the semiconductor wafer can
be lifted from the polishing cloth immediately following
the end of polishing, and can be freed from polishing
agent residues, since the wafer carrier, in whose bore it

is located, does not have to be removed beforehand.
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the polishing cloth by the Iiquid pressure and beginning to mgrate into
the renoval head (Fig. 4A). Liquid flow ng behind presses the sem conductor
wafer further up into the renoval head as far as an activated, upper

bl ocki ng device 18, by neans of which the inner dianeter of the renoval
head is narrowed to such an extent that -tI7e -sem conductor wafer is
prevented at its edge fromcontinuing the upwardly directed novenent.

Li qui d fl owi ngFioathes bble methasd geermi ts hanopaedadyscadnd empteherenoval

head (illustraped1Bywssb¥Posi £ OYS)asdESROEE 2Ssd hensend Cyid@feer has
reached the upper bLOilél rg)%scﬁ\g ce 18, provision is nmade to reduce the

liquid supply afer le in 'a aimple way, even following the

actual polishing.

The invention is described in more detail below
using figures. The representations serve only to illus-
trate the invention and show only features of a preferred
exemplary embodiment. Figure 1 shows in schematic form
the top view of the lower polishing plate of a double
side polishing machine. The upper polishing plate is not
illustrated, for reasons of simplicity. A partial detail
of the polishing plate is illustrated from the same
perspective in Figures 2A and 2B. Figure 3 shows a
partial cross section through the lower polishing plate.
Illugtrated in Figures 4A-4C .is a further feature of the
invention, in addition to the features shown in Figure 3.

Firstly, reference will be made to Figure 1.
Toothed wafer carriers 3 having holes 4 into which
semiconductor wafers 5 are inserted are located on a
pelishing plate 2 which is covered by a polighing cloth
1. The example illustrated is selected in such a way that"
there is space on the polishing plate for five wafer
carriers, each wafer carrier being able to accommodate '
three semiconductor wafers in its holes in a typically
symmetrical arrangement. The teeth of the wafer carriers
engage in an inner toothed ring 6 and in an outer toothed
ring 7. The kinematics of double side polishing are
described by the interlinked movements of rotation of the
wafer carriers (illustrated by a sharply curved thick
arrow) and translation of the wafer carriers (illustrated
by a slightly curved thick arrow), as well as rotation(s)
(not illustrated) of the plate carrying the polishing
cloth. During polishing, the center points of the wafer
carriers move uniformly on a large circular path 8 about
the center point of the polishing plate, and the center
points of the semiconductor wafers of one wafer carrier
move on a small circular path 9 about the center point of
the wafer carrier (shown on only one wafer carrier, the
contours of the wafer carriers being illustrated in an
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(illTustrated by dashed, curved arrows) and at the sanme tinme to activate a
| oner bl ocking device 19, which the sem conductor wafer has passed during
its upward novenent (Fig. 4B). After this, the sem conductor wafer is
caught in the renoval head 17 and can no |onger fall back onto the
polishing cloth 1. Particul arl y- fuit abl e as bl ocking device are
hoses or bellows (retaining beads), which in a_non- activated,

zer o- pr essur e & dnddwazdiel wayy farobagteReuPAREPEABALRS) -t he renpval head

and termnate flush wrha t 88sént£4]l Wadatubleei bfaCﬁ:]:h.datde&IlcleS pesf aryeed

pneumati - cal ly, f.ar ,ex le b li.ng wi.t r n_ai or
hydraul i cal | y,:L %e%g Egr8‘3}9¥f'l H’ ’%‘ﬁ? (0 Pglg\ﬁgﬁnghﬁ’#?@ JHEER hey
expand into tlepemenbubd Iwa:d-ea-ncbmz! owli tin s@hiehenonshing echakhdi dnet er

becones snal | gpdl1 o A8 L2 %\&%@Ltpgb%s h@ﬂz&ﬂemgb@r@iéroﬂ’f té‘ﬁ-cl 13
sem conductor wafer. Alfernativel Zgﬁ 1IL | ocki ng Iatc es V\:hl ch can
%I ﬁc £orar jr

be activated FEFFEEPORERT P o pRBGRatri cAiglpngs to
hydr aul i cal | yealashywheeusedrrnefearh@fb-.xrenasmldfgoheaés bbtbasuwaigt aaldocki ng

devi ce Shomdc%%\é%spond in number and angular distribution to the
number and relative position of the wafer carriers. The
five wafer carriers illustrated in the exemplary embodi-
ment, which are advantageously arranged in each case at
an angle of 360°:5 = 72° with respect to one another, are
therefore assigned £five bundlea of ocutlet bores, the
angles between the bundles likewise being 72°.

The wafer carriers are aligned in accordance with
the distribution of the bundles of outlet bores only when
they are first inserted onto the polishing plate, a
procedure which is required only once. This is expedi-
ently carried out with the aid of corresponding marking
marks 14 on the inner toothed ring 6 or the polishing
plate and the respective wafer carrier. In the case of
the exemplary embodiment illustrated, having three
semiconductor wafers per wafer carrier, a number of at
least five outlet bores per bundle should be provided, in
order to ensure that in each case at least one outlet
bore can be brought to lie underneath a semiconductor
wafer of the wafer carrier. In order to be able to remove
all the semiconductor wafers from the polishing plate in
a manner according to the invention, the circles 13, on
which in each case one bundle of outlet bores is located,
and the small circular paths 9, which correspond to the
movement of the center points of the semiconductor wafers
of a wafer carrier, are brought into coincidence in
pairs. This may be carr.ied out either by following up the
angular position of the polishing plate 2 or by means of
further translation of the wafer carriera, and, for
example, performed automatically with the aid of known
vector-controlled servomotors at the end of the polishing
travel. Such a movement is illustrated in schematic form

g
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at least three such bl ocking | atches which are spaced apart uniformy from
one another, so that the edge of the sem conductor wafer is supported at

t hree supporting points provided by the blocking | atches. Wth the advan-
tage of particular operational security, it is also possible to use a

di vided ring of expansible material whichS3S uns around In a groove in the
renoval head and - projects out of

the groove intd® ELFERY aPAhaRd Hen Figpze| g& h@"f’é? 02 pRds¥atdonsH& t ened
state. In thiswiiaile,the outlet bores 11 are not yet located in the

envisaged position. In the illustration according to
Figure 2B, this is the case and the semiconductor wafers
can be removed according to the invention £from the
polishing cloth since there is at least one outlet bore
under each semiconductor wafer, irrespective of the
intrinsic angle of rotation of the wafer carrier.

The principle of washing free a semiconductor
wafer 5 inserted into the bore 4 of a wafer carrier 3, by
means of pressing a suitable liquid 15 intc the gap 16
between polishing cloth 1 and semiconductor wafer 5, is
shown in Figure 3. By pressing liquid through the liquid
leadthrough 10 and the ocutlet bores 11 in the polishing
cloth, the gap 16 is widened. At the same time, the
semiconductor wafer 5 is lifted (illustrated by a thick
arrow) and washed around by ligquid 15. Excess liquid
escapes through the opening between the edge of the
semiconductor wafer and the bore in the wafer carrier
(1llustrated by curved arrows).

In principle, it is possible to guide the liquid
through or along the axis of the lower polishing plate to
the 1liquid leadthroughs 10. However, because of the
contact necessary for this of the liquid with moving
parts, there is a risk of contamination of the quuidﬂ
which contamination could be transferred toc the semicon-
ductor wafer. It is therefore preferred to lead the
liquid at zero pressure to the lower polishing plate and
to cénduqt it via a drain into an annular catching trough
that is connected to the polishing plate. The catching
trough may be arranged, for example, inside the inner
toothed ring or outside the outer circumference of the
polishing plate. From the catching trough, the liquid is
pressurized with the aid of pumps, preferably diaphragm
metering pumps that co-rotate with the polishing plate,
and led to the respective liquid leadthroughs.

As soon as a semiconductor wafer has been washed
free, as illustrated in Figure 3, it can be picked up
using a 'pick-up tool, for example using a gripping tool

-
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the ring acts as an activated bl ocking device. Only after the application
of, for exanple, hydraulic or pneumatic pressure is the ring stretched to
such an extent that it disappears conpletely into the groove. Since the
ring is in the zero-pressure state hol ding back the sem conductor wafer
when energy is not being supplied, it is qyt. possible for the sem conductor
wafer to fall out of the renoval head, for exanple follow ng a sudden

failure 01;1 thewnmu?reﬁgabhﬂuid_- tihe Séddd £ Sﬁfeublrdé:ﬂkd._d‘diimﬁmol r?C&\al%.f][&&,aels*i evled
even in the cage L.ng_retaining s _or ocking atc : r exanpl e
by these bl ock?‘lﬁégaej\(/}lgg‘elgmb PAG P8t Xgﬁgg PHCEREPhSREDIESER ﬂgﬁﬁ 8?e’°§§? t he
applica- tion epmiconduahpr wafer Th&nr ehbealcdmad o/ kbifi neddnex i pfed
together with fhexsgy dygior £l L Cl 4l I ed.fr l4lai NQ
back towar d th%,pol B CPet gurgﬁc A ‘téﬁﬂeﬁa;%\aé%&tsti%,%?ﬁ%%supply
of further |iqgBiasrd RWEHHITR YRS niBr e (P BWRF doPPBARSRg MWHiGE t he
waf er carrier, valireb aatemwtioal DRoeIode|whelDWhe Batadifarofdridies .diswenn-

tinuation of t991%%89$¥e93nLié“9é%iéﬁi JE%%Ea%LE%r'LﬂéLnﬁas been washed
free from being thrown out of the bore of the wafer
carrier.

In a particularly preferred configuration of the
invention, the semiconductor wafer is washed free auto-
matically and is picked up with the aid of a pick-up
device that likewise operates automatically. The pick-up
device and its functional principle are shown in Figures
4A~-4C.

Even before the semiconductor wafer 5 is washed
free, a cylindrical removal head 17, whose diameter
corresponds to the internal diameter of the bore 4 in the
wafer carrier 3 and is slightly larger than the extermal
diameter of the semiconductor wafer, is put down
centrally over the semiconductor wafer 5 on the wafer
carrier 3 (Fig. 4a). In the process, a positive and
force-transmitting connection is produced between the
removal head and the wafer carrier, with the result that
the liquid is conducted into the removal head when the
semiconductor wafer is being washed free. The centering
of the removal head can be facilitated, for example, by
guide bores in the wafer carrier and associated fitting
centering pins on the removal head. The removal head
which has been put down fixes the wafer carrier on the
polishing plate, sc that the wafer carrier cannot float
up, even if an outlet opening has also accidentally come
to lie under said wafer carrier.

After the picking up of the semiconductor wafer
has been prepared in this way, the semiconductor wafer is
pressed into the gap 16 between the semiconductor wafer
5 and the polishing cloth 1 by feeding liquid through the
liquid leadthrough 10 and the ocutlet bore 11, as already
described, the semiconductor wafer being lifted off from
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of the sem conductor wafer in the renoval head ceases. Said sem conduct or
wafer is now no | onger pressed against the upper blocking device 18, but
sinks slowy downward,- until it is braked by the | ower bl ocking device 19.
The sem conductor wafer is renoved fromthe renoval head by the | ower

bl ocki ng devi ce being deacti- vated. The ierfi conductor wafer then falls out

of the renpval _head d 1s avail.ahl e for .t.he further treat t Lntended in
each case. In Pﬁlesp ﬂ)gg,sh#'?gi% %%%g?%lt@? &i%élu ?é'rﬁa@b‘ﬁ&uﬁg‘ragﬁﬂ*g??n?or
exanpl e, to betbednigrateortmsoci the wstentaval f blehdr (Rig ng 44df.er Ligudidby
water chute ang)gwihgYbéiieXYresses the %%%ﬁ@é&ﬁ@goé e sRQkhabedy

sem conduct or @gfers fromthé polishing and their fl cking up 1h a
pi ck- up devi cEREPe Tl EREBYIL chedde ABuEaFUIFY ATt AREIEAN9Yy. YRReT
sem conduct or mabekingodaiiele i 18} ey wWidails &F Wbdich zhe Waseeddiametand

picked up in aSEOEﬂgn%%ngvtaH %ead is narrowed to such an extent that
the semiconductor wafer is prevented at its edge from
continuing the upwardly directed movement. Liquid flowing
further behind emerges at the open upper end of the
removal head (illustrated by curved arrows). As soon as
the semiconductor wafer has reached the upper blocking
device 18, provision is made to reduce the liquid supply
(illustrated by dashed, cu d arrows) and at the same
time to activate a lower blocking device 19, which the
semiconductor wafer has passed during its upward movement
(Fig. 4B) . After this, the semiconductor wafer is caught
in the removal head 17 and can no longer fall back onto
the polishing cloth 1.

Particularly suitable as blocking device are
hoses or bellows (retaining beads), which in a non-
activated, zero-pressure state run a.nnulariy around the
inner wall of the removal head and terminate flush with
the inner wall. Their activation is performed pneumati-
cally, for example by filling with very clean air, or
hydraulically, for example by £filling with water. When
this is done they expand into the removal head and narrow
it, so that its internal diameter becomes smaller at the
relevant point than the diameter of the semiconductor
wafer. Alternatively, any type of blocking latches which
can be activated magnetically, by an electric motor,
pneumatically or hydraulically, may be used instead of
retaining beads. However, a blocking device should have
at least three such blocking latches which are spaced
apart uniformly from one another, so that the edge of the
semiconductor wafer is supported at three supporting
points provided by the blocking latches. With the advan-
tage of particular operational security, it is also
possible to use a divided ring of expansible material
which runs around in a groove in the removal head and
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-~ 13 - predetermned plan. It is preferable if a sequential renoval
sequence is maintained in relation to the wafer carriers present. In this
case, one wafer carrier after the next is noved into a fixed renova

posi tion by means of synchronous further cycling of the polishing table. In
order to increase the renoval speed, it %5 proposed to wash free and pick
up the sem conductor wafers fromone wafeér carrier at the sanme tinme. For

this purpose, gdas exade ouenBe’ b §208YE! 11EUEREr FetiOVRL NE8ad PedNEL UNI t
is in the zero-pressure, shortened state. In this state,
the ring acts as an activated blocking device. Only after
the application of, for example, hydraulic or pneumatic
pressure is the ring stretched to such an extent that it
disappears completely into the groove. Since the ring is
in the zero-pressure state holding back the semiconductor
wafer when energy is not being supplied, it is not
possible for the semiconductor wafer to fall out of the
removal head, for example following a sudden failure of
the power or liquid. A similar security concept can be
achieved even in the case of using retaining beads or
blocking latches, for example by these blocking devices
being retained in the non-blocking state by the applica-
tion of a vacuum.

The removal head 17 is finally lifted together
with the semiconductor wafer 5, which is prevented from
falling back toward the polishing cloth (Figure 4C). At
the same time, the supply of further liquid is discontin-
ued, in order to aveoid floating up of the wafer carrier,
which is now no longer held down. Because of the discon-
tinuation of the supply of liquid, the hydraulic lifting
of the semiconductor wafer in the removal head ceases.
Said semiconductor wafer is now no longer pressed against
the upper blocking device 18, but sinks slowly downward, -
until it is braked by the lower blocking device 19.

The semiconductor wafer is removed from the
removal head by the lower blocking device being deacti-
vated. The semiconductor wafer then falls out of the
removal head and is available for the further treatment
intended in each case. In this way, it is possible for
the semiconductor wafer, for example, to be fed to a
commercial wet tray filler having wafer feed by water
chute and a tray indexer.

The washing free of polished semiconductor wafers
from the polishing cloth and their picking up in a pick-ﬂT
device are preferably carried out fully automatically.
The semiconductor wafers located in the wafer carriers
are washed free and picked up in accordance with a
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and operated at the sanme tine as the nunber of wafers that are inserted
into the wafer carrier. - 14 - Patent

cl ai s 1. Met hod for renoving a sem conductor wafer froma flat
substrate, in particular froma polishing cloth of a double side polishing
machi ne, characterized in that a liquid is pressed through the substrate
agai nst the

- 13 -

predetermined plan. It is preferable if a sequential
removal sequence is maintained in relation to the wafer
carriers present. In this case, one wafer carrier after
the next is moved into a fixed removal position by means
of synchronous further cycling of the polishing table. In
order to increase the removal speed, it is proposed to
wash free and pick up the semiconductor wafers from omne
wafer carrier at the same time. For this purpose, the
same number of removal heads are combined into one unit
and operated at the same time as the number of wafers

that are inserted into the wafer carrier.
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sem conductor wafer lying on the substrate, the sem con- ductor wafer being
lifted fromthe substrate by the action of the liquid and then being picked
up- by a pick- up device. 2. Met hod according to claim 1, characterized
in that the sem conductor wafer is washed by the liquid into a pick-up
contai ner and the sem conductor wafer is jyavented fromfalling back onto
the substrate. 3. Met hod according to claim1 or claim?2, charac-
terized in tharatéecl t1aimg of the sem conductor wafer and the washing of

t he sem conductor wafer into the pick- up container are performed by an

aut omat ed net hod. 4. Met hod according to claim 1, characterized in that
t he sem conducter waf efetBod| ke kepprwing pisswnigerndisiton mafeanifeomdact or

waf er being togtheds@Bb¥rateanNiRUPSrt€GL0Ar Brom a MRLMGH1AGCENEIERT olEO

claim 1. sher actglieed el ol G el st o talery Lo HGkedul 7 one
liquid is pressed through the substrate against the
semiconductor wafer lying on the substrate, the semicon-
ductor wafer being lifted from the substrate by the
action of the liquid and then being picked up by a pick-
up device.
2. Method according to claim 1, characterized in
that the semiconductor wafer is washed by the liquid into
a pilck-up container and the .semiconductor wafer is
prevented from falling back ontoc the substrate.
3. Method according to claim 1 or claim 2, charac-
terized in that the lifting of the semiconductor wafer
and the washing of the semiconductor wafer into the pick-
up container are performed by an automated method.
4. Method according to claim 1, characterized in
that the semiconductor wafer is picked up by a pick-up
toocl, the semiconductor wafer being touched only at an:
edge region.
5. Method according to claim 1, characterized in
that the semiconductor wafer is picked up by one side of
the semiconductor wafer being sucked up by a pick-up
tool.
6. Device for removing a semiconductor wafer from a
polishing cloth of a double side polishing machine,
characterized by a polishing plate which is provided with
liquid leadthroughs which open into ocutlet bores, point-
ing toward the semiconductor wafer, in the polishing
cloth, and by a pick-up device for the semiconductor
wafer which has a cylindrical guide and a blocking device
which, in an activated state, prevents the semiconductor
wafer falling back onto the polishing cloth.
7. Device according to claim 6, characterized in
that the blocking device is activated or deactivated
pneumatically, hydraulically, by an electric motor,

magnetically or by applying a vacuun.
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6. Device for renpving a sem conductor wafer froma polishing cloth of
a doubl e side polishing machine, characterized by a polishing plate which
is provided with Iiquid | eadt hroughs whi ch open into outlet bores, point-
ing toward the sem conductor wafer, in the polishing cloth, and by a

pi ck-up device for the sem conductor wafer which has a cylindrical guide
and a bl ocking device which, in an activated state, prevents the

sem conductor wafer falling back onto the polishing cloth. 7. Devi ce
according to claim®6, characterized in that the bl ocking device is
activated or deactivated pneumatically, hydraulically, by an electric

not or, magnetically or by applying a vacuum

Method and device for removing a semiconductor wafer from a flat

substrate

Absgtract

The subject matter of the invention is a methed
for removing a semiconductor wafer from a flat substrate.
The subject matter of the invention is alsoc a device for
removing a semiconductor wafer from a polishing cloth of
a double side polishing machine. The method is character-
ized in that a liquid is pressed through the substrate
against the semiconductor wafer lying on the sﬁbstrate,
the semicondﬁc:or wafer being lifted from the substrate
by the action of the liquid and then being picked up by
a pick-up device.

Figure 3
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