1 ELECTROSTATI C CHUCK FOR WAFERS FI ELD OF THE

I NVENTI ON The present invention relates to an

el ectrostatic chuck for wafers and especially to a
nobil e, transportable electrostatic chuck where the
chuck keeps clanping a thinlwafer after charging
(application of a clanping voltage) w thout pernmanent
connection to an external power supply unit for
transportation or other process steps up to severa

hougs.ECBACKERBUNDcaECKHEORNWRIEFEREN Mobi | e,
transportabl e el ectrostatic chucks (Transfer-EEC) are
used as mechani cal support carriers for thin

substrmipesr T SINnviEeehowl ogy is applied to the

manufacturing of integrated circuits (ICs) within

the sem conductor industry. The tendency to thinner
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of the transport substrates outside the production
equi pnment. Besides, after charging the Transfer-ESC,
t hergAdkSRAONDe@d THar INSEPTIdMNnal , external current or
vol tage power supply for a |ong period of time. For
this reason the package of Transfer- ESC and thin
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technology 1s applied to the manufacturing of integrated
circuits (IC’s) within the semiconductor industry. The
tendency to thinner chips or wafers 1is evident in RFID-Chip
products as well as for Power-Chips and many different other
applications. These support carriers allow safe manipulation
of thin, brittle wafers on existing production equipment
because the size and thickness of the clamped substrate on the
mobile, transportable electrostatic chuck is similar in size,
thickness and shape to a standard wafer. An advantage of the
support carrier technique is the reversible clamping of the
transport substrates outside the production equipment.
Besides, after charging the Transfer-ESC, there is no need for
additional, external current or voltage power supply for a
long period of time. For this reason the package of Transfer-
ESC and thin wafer can be handled as a normal thick wafer. The
existing transport and process equipment (grinding, etching or
polishing equipment, implanting, PVD, sputtering or CVD tools
- see DE 20311625 Ul can be employed. After a completed

process step, the



pol i shi ng equi prent, inplanting, PVD, sputtering or

CVD tools - see DE 20311625 Ul can be enpl oyed. After

a conpleted process step, the 2 thin wafer or the
separated chips can be taken off the Transfer-ESC

after deactivating the electrostatic clanping force

or it can be recharged again. The Transfer-ESC is
reusable. Simlar problens as described are found in

ot her industrial branches such as the npedicine, gg%a&he
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2ot T BUsabTe °and” are not -~ resi stant to hi gher

tenperatures. Their application is limted to process
steps where the tenperature is |less than 150 degree
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breakage of the brittle, sensitive wafers. The disadvantage of
this technique is that the foils are not reusable and are not
resistant to higher temperatures. Their application is limited
to process steps where the temperature is less than 150 degree

Celsius.

Alternatively, Transfer-ESC can be employed as stabilising
carriers instead of foils. The connection of a thin wafer and
the Transfer-ESC is carried out by applying a clamping voltage
(typically 300 V to 3000 V). An electrostatic field is created
between the electrode structure within the Transfer-ESC and
the wafer. The resulting clamping force 1is similar to the
Coulomb . force of a plate capacitor. After clamping the
Transfer-ESC with the attached wafer, it can be transported or
processed without any further connection to a voltage or
current supply system. After a couple of hours, another
recharging of the Transfer-ESC is necessary, because the
leakage currents of the capacitor structure (typically < 5 na

at room temperature)



the wafer. The resulting clanping force is simlar to

the Coulonb force of a plate capacitor. After

clanping the Transfer-ESC with the attached wafer, it

can be transported or processed without any further

connection to a voltage or 3 current supply system

After a couple of hours, another recharging of the

Transfer-ESC i s necessary, because the | eakage

currents of the capacitor structure (typically <5 nA |
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detaching of the clanped wafer. In EP 1217655 Al a

met hod of mani pulating thin wafers is described,

whi ch_uses the term"Transfer-ESC' the first tine_ for.
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Fof ESE) cthanke nigeenchised the clpgmppriate electrode structure is
deactivated using the matrix structure and by reversing the
polarity of at least two of the electrodes the chip can be

taken off.

By contrast to mobile, transportable electrostatic chucks,
stationary electrostatic chucks (ESC) have been used to clamp
wafers in manufacturing tools for the chip industry for
decades. Stationary ESC as well as end effectors differ in
that they are permanently connected to a power supply unit and
thus are not mobile. For this reason leakage current in
respect of an insufficient power supply has been of less
concern. These ESC are mostly modified to achieve fast
chucking and de-chucking cycle times. In addition, many
different designs for electrode structures have been
developed. Some examples for unipolar, bipolar and multipolar
electrode structures are found in US 4551192, US 4480284, US
4184188, US 4384918, US 4692836, US 4724510, US 5572398, US
5151845, US 6174583, EP 0692814, EP 0460955 and EP 1070381. In
EP 0880818 Bl a low voltage



wafers in manufacturing tools for the chip industry
for decades. Stationary ESC as well as end effectors
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applied clamping voltage. By using a flat-panel-display
(AMLCD) manufacturing technology, the smallest width of the
electrodes in an array of electrodes is 20 pm and the
deposited dielectric layer has a thickness of 5 pm. The
clamping voltage required is less than 1 kV. State of the art
types of stationary ESC have widths of the electrodes of about
3 mm and the spacing between the electrodes 1is about 1 mm.
Typically they work with clamping voltages in the range of 1
kV to 3 kV. The thickness of the dielectric layer is in the
range of 10 pm to 500 um. Different thick-film technologies

are applied to produce stationary ESC.

EP 805487 A2 describes the use of fuses to electrically
disconnect a failed electrode from an output terminal. This
application is related to a stationary ESC permanently
connected to a power supply unit. The resistor fuses are
constructed from resistive materials such as nickel-
phosphorous, nickel-chromium or the like with a length of up

to 5 mm. The



produces a force which tends to pull the dielectric

object into the region of the strongest electric

field. For this reason the sane clanmping force is

achieved with a reduced applied clanping voltage. By

using a flat-panel -display 5 (AMLCD) manuf acturi ng
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of the thickness of the insulator layer (d). Thus, a strong
electrostatic holding force 1is obtained by having a high
clamping voltage (U > 1000 V) with a high dielectric constant
of the material (g, is 3.5 to 9) and a very small thickness of
the insulation layer. Most of the typically used dielectric
materials, as described in the patents above, exhibit a
significant decrease in their insulation behaviour at elevated
temperatures of about 250 degree Celsius. This leads to high
leakage currents and thus only a short clamping time. A major
drawback is also that a single defect of the dielectric layer

can cause total failure of the Transfer-ESC.



reduced by using Transfer-ESC during the manufacturing
and transport of wafers, the clanping power is stil
problematic for some process steps. Those process
steps are CVD, netallization and anneal i ng processes,
which are carried out at tenperatures up to 750
degree Cel sius. The clanping force of Coul onb chucks
is proportional to the square of the applied clanping
voltage (U), the dielectric constant (Cr) of the

i nsul ator layer, and is inversely proportional to the
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clanping force and are still able to work if there
are defects within the dielectric layer. According to

DJIB%&eQVQQ;iQPe$@§ §OHQEBan%Rb@rn%W tyRe 5@113, thin-film
techniques known from the manufacturing process of integrated
circuits (chips) are applied. Each cell comprises an inner
electrode tip, a lateral insulator layer, an outer electrode
surround and a top dielectric layer. It 1s known that SiO, has
a high breakdown voltage of up to 1000 V per pm. In addition,
it is possible to create very pure and defect-free silicon
dioxide layers which generate only small amounts of leakage
currents at 300 degree Celsius. Taking into account that
breakdown voltages from 200 V to 2000 V are needed, the width
of the lateral insulating layer 1is preferably 2 um, which
separates the inner electrode tip from the outer electrode

surround.

Quadratic or hexagonal shapes of cells enable the highest
density of cells on a surface. Currently, a line width of 0.5

pm and below is widely used for IC manufacturing. Taking



nobil e, transportable electrostatic chucks is
described in claim1. Each cluster is preferably
connected to at | east one integrated fuse, which

di sconnects defective clusters. In order to create a

| arge nunber of the cells, thin-film techniques known
fromthe manufacturing process of integrated circuits
(chips) are applied. Each cell conprises an inner
electrode tip, a lateral insulator |ayer, an outer
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Hwterlal is above the critical llmlt for a short period of

time. Therefore the contact with the cluster will be
disconnected. The electrodes can each be formed by a plurality
of these clusters and for this reason the functionality of an
electrode will not be seriously affected by a local defect.
The integrated fuses are designed so that the charging and
discharging procedure of a Transfer-ESC 1is not influenced.
Experience shows that a defect will be recognized during the
charging procedure of the Transfer-ESC. The charging of a
Transfer-ESC is carried out with a rising clamping voltage,
but with a limitation of the charging current from 30 to 300
pA. This small and tightly controlled charging current,
distributed by a bus-system to a large number of integrated
fuses (up to one million or more), enables a technical
solution for the use of fuses within a thin-film technology
and thus a complete integration in the manufacturing process,
known from semiconductor IC technologies. If one cluster is

destroyed



high. This, for instance, can be created by a defect
wthin the top dielectric layer. A typical defect
size during the IC manufacturing process is in the
range of 1 pmor smaller. This defect can cause an
el evat ed | eakage current, i8e. an electric shock
current, which is nuch higher than the normal | eakage
current. This | eakage current can be as high as a few
mA and nelts the fuse, because the current density of
the fuse material is above the critical Iimt for a
short period of time. Therefore the contact with the
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Fig. 2 is a top view of a cluster of cells;

Fig. 3 is a top view of an integrated fuse, the positioning of
the cluster being indicated by dotted lines;

Fig. 4 is a top view of a section of a bus system;

Fig. 5 is a cross-sectional view of a cell with an integrated
fuse in the second level and as part of the bus system;
and

Fig. 6 1is a cross-sectional view of cells with additional
integrated capacitors, embedded in the base-material of
the Transfer-ESC, and a process-wafer to be clamped
thereon, as well as rear side contacts for charging and
discharging of the electrodes and separate contacts for

capacitors.



Considering a cell construction with a 5 pmlattice,
the resulting cluster density is 1,000 clusters per
square mllinmetre. Applied to a 150 mm Transf er-ESC
it means that there are nore than 500, 000, 000
i ndi vi dual active cells. BRI EF DESCRI PTI ON OF THE
DRAW NGS A preferred enbodi‘hent of the invention is
expl ai ned below referring to the acconpanyi ng
drawi ngs, in which: Figs. la and Ib are top views of
quadrati c and hexagonal electrode cells respectively;
DEFCRIPTAGNS O Top RHEGWRBED aENBAUETMENTBf cells; Fig. 3 is
a top view of an integrated fuse, the positioning of
the cluster being indicated by dotted lines; Fig. 4 is
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| ayer (8) . The preferred
comblnations. By joining the electrode cells (10) to each

other, a complete coverage of the surface, as seen in Fig. 2,
is achieved. In this case a cluster (4) of 6 * 6 cells (10) 1is

described.

As normal for IC manufacturing technologies, many different
functional levels can be arranged one above the other. Thus,
an integrated fuse (5) can be positioned directly below each
cluster (4). Fig. 3 shows an integrated fuse (5) with a
serpentine-like track (6). The conductive track (6) is
designed to achieve a length-to-width ratio of typically 300
to 1. The resistance of the integrated fuse (5) in this
embodiment is designed to reach more than 10,000 Ohm. This is
achieved by using amorphous or poly crystalline silicon tracks
with an appropriate doping, but the use of a thin metal layer
is also possible. In Fig. 3 a 125 pm long conductive track (6)
is shown, which melts and cuts off the contact of the cluster
(4y with a bus system (7) in case of an electric shock
current. Individual integrated fuses (5) are connected by a

bus system (7) to each other, as seen in Fig. 4.



material for the electrode tip (1) and the el ectrode
surround (3) is electrically conductive netal such as
copper, alum nium or tungsten, but highly-doped poly
silicon or anorphous silicon can be enpl oyed. The
material for the layers (2 g) is typically thermal,
CVD or plasma oxi de, nitria or other suitable
non- conductive | ayer materials or materi al
conmbi nations. By joining the electrode cells (10) to
each other, a conplete coverage of the surface, as
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electrode tip (1) than in the area near the electrode surround
(3). Although the area of the electrode surround (3) is about
10 times that of the area of the electrode tip, and for this
reason the probability of a defective top dielectric layer (8)
appears higher, in this embodiment the integrated fuse (5) 1is
electrically connected in series with the electrode tip (1).
In another embodiment the fuse (5) could also be electrically
connected in series with the electrode surround (3). Even a
few 10 pm apart from the surface (8a)of the Transfer-ESC,
which is in direct contact with a clamped wafer (12) (Fig.6),
the field lines are nearly parallel to the surface and are
nearly homogeneous. This is why the effect that a dielectric
object, i.e. the process-wafer (12), can be electrostatically
clamped by immersing the object in a non-uniform electric
field, where the non-uniform electric field produces a force
which tends to pull the dielectric object into the region of
the highest electric field, 1is only effective in a close

proximity to the surface (8a)



fuse (5) in a second level and as part of a bus system
(7) is shown. In this enbodi nent the bus system (7)

is linked via the integrated fuse (5) to the cluster
(4), which is built up from 36 electrodes tips (1).
Al'l these parts have the same el ectrical potential,

in this case negative (-). Fhe el ectrode surround (3)

has a positive potential (+), as shown in Fig. 2. 1In
order to highlight the non-uniformelectric field,
arronwed lines running from(+) to (-) indicate the
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gives an opportunity to integrate common semiconductor-
components, such as measurement or control units, processors
or data storage units, because the clamping means - electrode
cells (10), bus system (7) and integrated fuses (5) - required
for the Transfer-ESC are located in layers on top of the base
material (11) . Active and ©passive components such as
transistors, diodes and resistors are preferably integrated in
the base material (11). However, the application temperature
of such semiconductor components is typically limited to lower
temperatures (< 120 degree Celsius). The current and voltage
supply of these active and passive components 1is self-
sufficient, using self-sufficient capacitors (9), batteries or
accumulators. This self-sufficient power supply 1is not
coupled, or 1is coupled only for measurement or control
purposes, to the electrodes of the Transfer-ESC. These

dedicated capacitors (9) or accumulators are charged using

separate contacts (14) of the Transfer-ESC. Integrated active



which tends to pull the dielectric object into the
region of the highest electric field, is only
effective in a close proximty to the surface (8a) 11
Fig. 6 shows a nore general cross-sectional overview
than Fig. 5, with the el eggnts descri bed above, but
al so a base material (11) of the Transfer-ESC and the
process wafer (12) to be clanped thereon. The base
material (11) of a Transfer-ESC is a seni conductor
anwafesssitveel fomfamehesabdan absi | dedrynedf ete  sExter nadlevant
contacts (13) for charging and,_discharging of the
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the base material (11). ‘Active and passive conponents
caguc fdgienepamdidst B LagPodds appirdspstiorsear for certain

adRnef eyabby i ntegrateddd) for the clamping process wafer
(12). Switching off electrodes in the centre of the Transfer-
ESC will relatively increase the force at the edge. Combined
with the clamping voltage of the Transfer-ESC, the clamping
forces can be varied, so that modified forces for concavely
and convexly bowed wafers (12) can be created. An example for
application of this wvariation is photolithography. The
flatness of a clamped process wafer (12) has a very important
influence on the resolution of critical dimensions. A very
high number of electrodes 1is needed to compensate for local
imperfections in the flatness of a process wafer (12). 1In
combination with a flatness measurement tool and a feedback of
the measurement results to a control unit of the Transfer-ESC,
a closed loop can be created to measure, change and control

the flatness of a chucked process wafer (12).

Transfer-ESCs produced using a thick-film technology are not
able to achieve such a flatness. Printing and sintering

processes generate microscopic peaks and valleys on the



the base material (11) . However, the application
tenperature of such sem conductor conponents is
typically limted to | ower tenperatures (< 120 degree
Cel sius) . The current and voltage supply of these
active and passive conponengs is self- sufficient,
using self-sufficient capacitors (9), batteries or
accunul ators. This f-su f|C|ent§pome%%su9gl S no
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appropriate types of bipolar or transi stors, work

ofashsopiarestsaraiesw h%hé@daﬁ@e carr flseet ($yger ed usi ng
the bus system (7), driven by an integrated contro
unit. An application for this kind of controlled

Th%m%h9gh£§béﬁofﬂﬁﬂg'H%@%%lb@dtgﬁb&&fﬂén@ngfpkﬁgiBﬁvéﬁtion is
ctrodes can be programred to be "on" or
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clanplng process wafer 12) . Switching off
prefeeed ogles? iR Sehe2Eent Feloft 4R STHARRT &t common processes

and technologies of the IC industry. The use of electrode tips
makes it possible to generate a non-uniform electric field,
which effectively clamps wafers in close proximity. The use of
very pure materials and sophisticated processes enables
construction of nearly defect-free dielectric layers with a
very flat surface. Microscopic imperfections such as a rough
surface or particles can be reduced or avoided by using IC
manufacturing technologies and environments. The integration
of fuses, which enables retention of the functionality of
electrodes 1if é defect destroys some electrode cells, is also
an important advantage. In this way a very robust, highly
effective, transportable electrostatic chuck, suitable for
temperatures above 300 degrees Celsius, for thin wafer
clamping can be manufactured, the chuck itself being made from
a semiconductor wafer. Using a silicon wafer as a Dbase
material (or other suitable materials to integrate
semiconductor components) to produce a Transfer-ESC, provides

the opportunity



ESC w Il relatively increase the force at the edge.
Conmbined wth the clanping voltage of the
Transfer-ESC, the clanping forces can be varied, so
that nodified forces for concavely and convexly bowed
wafers (12) can be created;4An exanple for
application of this variation is photolithography. The
fl atness of a cl anped process wafer (12) has a very
i nportant influence on the resolution of critica

todi MENSI@ASe A Mefafr hbghlénﬂﬂmamomf et@gionedes i ssuch  as

needed to conpens | ocal erfe ons 'P the .
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rocess maf Transfer-E uc i, n .
elgﬂl%iF?sl eclﬁgﬁodvnére ng?x§§%Fe1$b ac fggé %ﬂ yrEten
cokFatwmiess. iBrkhtiswgpeand sintering processes generate

m croscopi ¢ peaks and valleys on the 13 top

dielectric layer (8), which are each in the range of

about 3 to 30 pmin height. This causes an additiona

gap between the flat wafer (12) and the surface of

the Transfer-ESC (8a). Thus, the effective thickness

of the top dielectric layer (8 wll be increased,

but with an increased thickness of the dielectric

| ayer the clanping force reduces drastically. The

Transfer-ESC with wafer as base material (11) is as

flat as a production wafer (12) and for this reason

they are the best suited for this application. This

flatness is especially needed to generate the extra
force conponent of a non-uniform electric field,

whi ch needs a proximty of a few mcronetres



of the process wafer (12) and the surface (8a). The
advant age of the described enbodi nent of the invention
is that a Transfer-ESC with a hi gh nunber of

el ectrode cells, as well as further integrated

sem conductor conponents, can be produced on a base
waf er made from silicon by conmobn processes and
technol ogies of the IC industry. The use of el ectrode
tips nakes it possible to generate a non-uniform
electric field, which effectively clanps wafers in

cl ose proximty. The use of very pure materials and
sophi sti cated processes enables construction of
nearly defect-free dielectric layers with a very flat
surface. M croscopic inperfections such as a rough
surface or particles can be reduced or avoi ded by
using 1C manufacturing technol ogi es and environnents.
The integration of fuses, which enables retention of
the functionality of electrodes if a defect destroys
sone electrode cells, is also an inportant advantage.
In this way a very robust, highly effective,
transportabl e el ectrostatic chuck, suitable for
tenperatures above 300 degrees Cel sius, for thin wafer
cl anmpi ng can be manufactured, the chuck itself being
made from a sem conductor wafer. Using a silicon
wafer as a base nmaterial (or other suitable materials
to integrate sem conductor conponents) to produce a
Transfer-ESC, provides the opportunity 14 to

i ntegrate other sem conductor conmponents such as
measurenent or control units, processors or data
storage units wthin a Transfer-ESC. Single

el ectrodes can be switched "on" or "off" by using
solid state switches. The use of the sane



material for the wafer and the Transfer-ESC reduces or

even elimnates nechani cal stress, because the

thermal expansion coefficient is the same. 15 16

Clainms 1. A Mobile, transportable electrostatic chuck

wth a surface (8 a) for gkectrostatic clanping

thereon of a thin process wafer (12) by application

of a clanping voltage w thout pernmanent connection to

an external power supply unit, the chuck serving for

transportation or other pnaamss steps and the size

and thickness of the chuck and a thin process wafer

cl anped thereon being simlar to the size, thickness
1.ang M&%ﬂﬂ% &Qa&sﬁbfﬁﬁﬁﬂdﬂéW@EEEQswﬂuﬂdﬂchuthewthmck surface
conp ses sem on ugt or bas naterl 11
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waebect(ng f bgl dapphieaelieat refles cmamplmgruyoatagdulwmthout

fornatlon of |nd|V|duaI bipolar electrode cells )
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of n1crons k as clained in claim
sem;cwmmuaaqr gacte olafstrepl(4)1) cwmphl§é§CﬂrQ¢ﬁﬂiﬂhqnw9noﬁor
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mﬁere

I'm each electro conprises a plural
copbuss Brs 4zmodw5arAfgh@@¢@QK;Qﬂ apdéﬂl¢¢ﬁkﬂhmp@ﬂ4r electrode

céwqgrghﬁ)e@ﬁﬂﬂ?'é&%%e%o%é}iéés an ilnner electrode tip (1), a

lateral insulator layer (2), an outer electrode (3) surround
surrounding the inner electrode tip and a top dielectric layer

(8) and which are combined into clusters (4).

2. A chuck as claimed in claim 1, wherein each cell (10) has

a length and a width each of at most 5 microns.

3. A chuck as claimed in claim 1, wherein each cluster (4)

comprises 4 to 100,000 of the cells (10).

4. A chuck as claimed in claim 1, wherein each electrode

comprises a plurality of clusters (4).

5. A chuck as claimed in claim 4, wherein each cluster (4) is

linked to at least one integrated fuse (5).

6. A chuck according to «claim 1, comprising integrated
semiconductor components incorporated 1in the semiconductor

base material (11).



linked to at | east one integrated fuse (5). 6. A chuck
according to claim1, conprising integrated
sem conduct or conponents incorporated in the
sem conductor base material (11). 17 7. A chuck as
clained in claim6, wherein,the conponents conprise
measurenent units, control unlts processor or data
storage units. 8. A chuck as claimed in claim®6 or
claim7, wherein the conponents conprise active and
7.pagsi Mg Gomponegnt snsel {n subihciggntdne supplid wWohdbnents
energy by capacitors (9), batteries,  or accunul ators.
CogpTASE hUERS W4l 18d “Pn EPAFRYY, URbipr | i SS6Fi ¢r data
stSkale wswt.ches incorporated in the sem conductor base
material (11) and operable to switch the el ectrodes
on and off. 10. A chuck as clainmed in claim9, wherein
the switches are high- voltalge DMOS transi stors.
8. A chuck as claimed~in clai or claim 7, wherein the
components comprise active and passive components self-
sufficiently supplied with energy by capacitors (9), batteries

or accumulators.

9. A chuck as claimed in claim 1, comprising solid state
switches incorporated in the semiconductor base material (11)

and operable to switch the electrodes on and off.

10. A chuck as claimed in claim 9, wherein the switches are

high-voltage DMOS transistors.



