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METHODS AND APPARATUSES FOR CLAMPme-AND DECLAMPING A
SEMICONDUCTOR WAFER IN A WAFER PROCESSlN G SYSTEM

Background of the Inventlon

The present invention relates to the manufacture of semlconductor devices. More

specifically, the present invention relates to improved method d apparatuses for
electrostatically clampmg and declamping a semiconductor waf on an electrostanc chuck ina

processing chamber of a semlconductor wafer processing system )

The use of elec_tmst_a_;ic c;_hucks in wafer processing 'systéx_ns is known. For illustrative
purposes, Fig. 1 shows an exemplary plasma prd‘cessing system" 'l 00, representing a wafer
processing system which may be used for etchmg, ox:danon, annodxzatlon chemical vapor
deposmon (CVD), and other processes.associated with the manufacmrc of semiconductor
wafers. It should be borne in mind that although an exemplary plasma processing system 100 is
described in detail herein to facilitate understanding of the advantages of the present invention,
the invention itself is not limited to any particular type of wafer processing apparatus and may
be adapied for use in any of fhe khpwn wafer processing systen;g, including but not limited to
those adapted for deposition, oxidation, annodization, etching (inélixding dry etching, plasma
etching, reacuve ion etching (RIE). magnetically enhanced reactive jon etching (MERIE) electron

cyclotron resonance (ECR)) or the like.

As depicted, plasma processing system 100 t).'pically igdiﬁdes a plasma processing
chamber 102, a first radio ffeqhéncy (RF) power supply 104, anda second RF power supply '
106. Within plasma processing chamber 102, there may Ee‘ dlsposed 5 shower head 110 and an
electrostatic chuck 112. Shower head 110 is typlcally employed to distribute source etchant

- gases into a plasma region 103 of plasma processmg chamber 102 and may be made of a non-

conductwe material such as quartz.

When one or both of RF powér supplies 104 and 106 are ;'ergized, a plasma is created
within plasma region 103 out of the source etchént gaseé. A waferl 08 is disposed atop
electrostatic chuck 112 to be processed by the plasma. Electroét:«iti_c chuck 112 may be made of
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a suitable conductive matenal such as an aluminum alloy, and may have any number of

configurations, mcludmg the monopolar and bipolar conﬁgnratrons At the top surface of

electrostatic chuck 102, there typrcally disposed a dielectric layer l 16. Between electrostatrc

chuck 102 and wafer 108 a h: ._transfer gas, e.g., helium, may be provrded under pressure via a

. port 109 to the wafer/chuck mterface The heat transfer gas act as-a heat transfer medium

between wafer 108 and electrostatrc chuck 102 to facilitate control of the wafer temperature

during processing.

As the tenn. rs used here n:an electrostatrc chuck is sard to have a monopolar
conﬁguranon when it has only single pole. Brpolar chucks on the other hand, have two poles.
In the example of Fig. 1, elec " s_tatrc chuck 102 represents a brpolar chuck having a donut-and-
base configuration, i.e.. havmg : torrmd-shaped pole embedded wrthrn and electrostatically

insulated from a base pole.. Ot rt brpolar chuck configurations also exrst, e.g., inciuding a third

%.. electrode which may- be ﬂoatmg,' rounded, or msulated By way of example Fig. 2 depicts an

’ * " alternative configuration known es: an interdigitated or comb conﬁguranon wherein the poles .-
15 '

appear interwoven when vrewed from the top.

To securely clamp wafer 108 to electrostatlc chuck 102 durmg processing, electrostatic

. forces are induced by a drrect current power supply 114. For the exemplary bipolar chuck 102

of Fig. 1, poles 1¥5A and 1 15:. ‘__'.may be biased with direct current potenuals having opposite

polarities. For example, pole 'l \SA may be biased positively and pole 115B may be biased
20 -

negatively, or vice versa. The-drrect current potential in each electrostatrc pole creates a

potential difference between the top surface of the pole and the correspondlng overlying region

in the bottom surface of the: wafe thereby generating an electrostatnc force to hold the wafer to

In the prior art, some drelectnc layer 116 may be formed of a a ._:_i_bstantrally resistive
dielectric material. Sucha substantxally resistive dielectric layer exhrbrts a Johnson-Rahbeck
effect when the poles of its assocrated electrostatic chuck are brased wrth direct current

potentials. In general, an electro-statlc clamp effect requires a force 10.be built up across the

. interface between the chuck surface and the wafer which is clamped to xt The electric field can

electrode, if a monopolar chuck is ;employed, via an insulating
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dielectric layer and the:_inte:rfa;ce 'gap to the wafer. In such asystem the charging circuit is

completed via the plasma.'-_-:'..:'-

In the monopolar conﬁguratxon charges are generally added or removed while the plasma

s" commonly the case, the plasma causes a differential d.c. bias

is present. ln addition if,
between surfaces with Whl_ ;-xt 1s in contact, then that bias may act to modify, e.2., either
increasing or decreasmg, the electnc field in the gap, and hence the: clampmg force. In order to

reduce this effect, it is usual to'_compensate the applied clamping potentlal to mantain the

- clectnc ﬁeld at a desired level

A bipolar chuck is constructed by having the chuck electrode area spht in two electrodes

such that a differential potentlal can be applied without a plasma present 1t is preferable that

the wafer be somewhat conduct:ve 1o allow the induction charge to be redistributed belween the

_two poles. Further, the two oles may be equal in area, e.g.,ina balanced configuration, to

equalize the electric ﬁclds et_t_ed-_,by the poles. However, the electnc field exerted by the poles

of the bipolar chuck conﬁgtifattldn ‘may also be modified and may become unbalanced due to the

~ d.c. bias that is present when the plasma is turned on. In this case, for example. the electro-

static force exerted by one pole may be greater than that exerted by the other pole of the bipolar

chuck. Consequently, btas:cgr___ttpensatton is also desxred in the blpolar chuck configuration.

J ohnson-Rahbeck chucks may be of a monopolar or a bipolar configuration, and are

typically constructed usmg a :serm-conductwe layer instead of the conventional high resistivity

dielectric. Witha convent_t__' : l htgh resistivity dielectric layer, the p'otentlal is divided across the

dielectric layer and the inte > gep, such that only a fraction of the - potential appears at the
surface of the chuck, and th _;'fore the electric field may be substantxally reduced below the
maximum possible. The clam mg force is still further reduced because it typically scales as the

square of the electric ﬁeld

When the potential is"'feli'arged across a Johnson-Rahbeck dielectric layer, a current flows.
In the context of a chuck system, thxs enables the charge to mtgrate to the dielectric-wafer
interface. Consequently, the electnc ﬁeld and the clamping force are mcreased as a function of

time. The increase typicall

curs with a time constant that is pro_portlonal to the dielectric

resistance and the wafer-to- lc'e_a;_hacitance, which is being charged up. This process accounts
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for the high clamping force o_f a ?jgi;mson-Rahbeck chuck as well 48 isusceptibility to wafer

sticking.

- Wafer sticking occurs when residual charge is left on the chuck dielectric or the wafer

surface leading to undesired el_éé_tgi_c field and clamping force. This may arise because of

 uncompensated d.c. bias and/or charge accumulated on the chuck surface or on the wafer due to

- excessive local field, which x;:iqy cause field emission tunneling across the interface gap.

Generally, charge is gradually bled away from a Johnson-Rahbeck chuck with the same time

~ constant it was charged up with. However, if charge mxgrates to theback of a dielectric coated
. wafer on a Johnson-Rahbeck chuck, the resulting residual charge may be very difficult to
~-remove. These causes of sticking may be exacerbated by spatial non-uniformity, thereby

 potentially causing one area to stick while another rejeases or vice versa. -

| Fig. 3 illustrates in grea’tef detail wafer 108 and electrostatic chuck 112 of Fig. 1,

including poles 115A and 115B, and dielectric layer 116. In the example of Fig: 3, the

substantially resistive dielectric material in dielectric layer 116 hasa resistive component. which

is represented diagramatically by resistor 310 in Fig. 3.

To simplify discussion, as'sﬁme_that pole 115A is biased positively and pole 115B is

‘biased negatively(to clamp wafer 108 to its top surface. Upon being so biased, electrostatic

potential differences begin to build up over a time constant, which may be up to several minutes,

‘between respective regions of dielectric layer 116 that overlies the poles. For example, the

bottom surface region 305 of wa;fer_ 108, which overlies positively biased pole 115A. will

‘become negatively charged. Analogously, the bottom surface region 307 of wafer 108, which

overlies negatively biased pole IISB, Will become positively charged. - As mentioned earlier,

these electrostatic potential differences exert electrostatic forces on the wafer to clamp it to the

electrostatic chuck.

Over time, however, electrical charges from the poles tend to redistribute by migrating
across substantially resistive dielectric layer 116 (symﬁolically -repreég‘_n;ed by resistor 310)
t_oward the top surface of dielectric layer 116. By way of example, the iositive charges from
-:_j)ositively-charged pole 115A will gfnigfate_ upwitrd through resistive dielectric layer 116 to form

a positively biased region 312 in_ith_é "top surface of dielectric layer 116. Analogously, the
o - 4- .



-t

10

15

20

wooswoses T PCT/US97/11340
negatwe charges from negatwely biased pole 115B will migrate through resistive dielectric layer

116 to form a neganvely brased region 314 at the top surface of. dlelectnc layer 116.

With reference to Fxg '3 these regions 305/312 and 3'07/3' 14 effectively act as capacitive

plates across gap 306. As. 'th e electncal charges continue to mrgrate upward through resistive

dielectric layer 116, the pot' nal drfferences across these capacmve plates continue to build up.

If the applied clamping \roltages are held constant throughout the process durauan, the potential

differences between these 'capacxtwe plates, e.g., between ngIOI'lS 305/3 12 or 307/314, may be

built up to an excessively 'hr ok
the gap, which may encourage charge transfer between the chuck to the wafer, thereby

decreasing the effecttve clampmg force between the chuck to the wafer

Further, the presencc-fof a iarge number of electricat charges in the upper surface of the

increase the amount of time required to satisfactorily remove

dielectric layer may signit' ct

_ electrical charges from the_e ctrostatlc chuck when processmg is completed Removal of

charges is necessary to remo the electrostanc force between the wafer and the chuck in order

to declamp the wafer therefrom The longer declamping time is a consequence of the time

l charges to bleed down across the dielectric layer. The longer

constant required for the eleci ._ _
declamping time dxsadvantageously reduces the throughput of the piasma processing system,
i.e., reducing the number of wafers that can be processed by a given plasma processing system

per unit of time.

In view of the foregomg, there is a need for improved methods and apparatuses for -
preventing the excessive burld"' p of potential differences between: the chuck poles and their
respective overlying wafer reglons, and for minimizing the declampmg time in order to improve

the throughput of wafer procg,_ss._mg systems.

-level ‘Such an excesswely hlgh level wxll resultina hxgh fieldin
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Summary of the Inventiop

The invention relates, in one embodiment, to a control system for controlling a direct
current power supply, which supplies direct current voltages to a pole of an electrostatic chuck

‘having a substantially resistive dielectric layer disposed thereon to cl@mp a wafer to the

electrostatic chuck. The control system includes a control circuit electrically coupled to the direct

current power supply for causing the direct current power supply to output a build-up voltage

having a first polarity during a buxld—up period. The build-up voltage causes a potential difference
to build up between a first region of the substantially resistive dielectric layer and a second region
of the wafer that overlies at least a portion of the first region. This pd;ential difference gives rise

" to a clamping force to clamp the wafer to the electrostatic chuck. The build—up period terminates

when the clamping force substantially reaches a predefined level.

The control system includes a control circuit electrically coupled to the direct current power
supply for causing the direct current power supply to output a holding voltage during a holding
period to substannally maintain the clamping force at the predefined level. The holding voltage

- - has the first polarity and a magnitude that is lower than a magnitude of the build-up voltage.

20

25

30

The control system includes a control circuit electrically coupled to the direct current power
supply for causing the direct current power supply to output a declar_ﬁping voltage during a
declamping period to substantially remove the clamping force, the d_eélamping voltage having a
polarity that is opposite to the first polarity.

In another embodiment, the invention relates to a method for clamping a wafer to an
electrostatic chuck having a substantially resistive dielectric layer disposed thereon. The method
includes the step of providing a build-up voltage having a first polarity to a pole of the electrostatic
chuck to cause a potential difference to build up between a first region of the substantially resistive
dielectric layer and a second région of the wafer that overlies at least ;? portion of the first region.

This potential difference gives rise to a clamping force to clamp the wafer to the electrostatic .
chuck. .

The method further includes the step of terminating the buildénp voltage when the
clamping force substantially reaches a predefined level. There is fuﬁher included the step of
providing a holding voltage to the pole of the electrostatic chuck to substantially maintain the
clamping force at the predefined level. This holding voltage has the ﬁrst polarity and a magnitude
that is lower than a magnitude of the build-up voltagc
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These and other adv_ tages of the present invention wxll become apparent upon reading the
following detailed descr ns' and studying the various ﬁgures of the drawmgs
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Brief Description of the Drawings
Fig. 1 illustrates an exemplary plasma processing system represenung a wafer
- processing system Wthh may be adapted for use with the inventive wafer clampmg techmque

5 Fig. 2 depicts a bipolar chuck configuration known as a_n intéidigitated configuration.
Fig. 3 illustrates in greater detail the wafer and the electrostatic chuck of Fig: 1..- - -

Fig. 4 is a flow chart illustrating the steps for clamping a wafer to and declampmg it from

10 - an electrostatic chuck in accordance w1th one embodlment of the present mventlon

Fig. 5 is a plot of the d.c. potential mput into the chuck’s posxtlve pole vs. time in

- accordance with one embodiment of the present invention.

15 - Fig. 6 illustrates, in accordance with one embodiment of the present invention, a plasma
processing system having a control circuit suitable for providing the build-up,' holding, and

declamping voltages of the present invention.

L 4
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Detailed Description of the Preferred Embodiments

An invention is described herein for preventing the excessive build up of potential
differences between the chuck poles and th_éir respective overlying wafer regions, and for
minimizing the declamping time in order to improve the throughput of wafer processing
systems. In the following description, numerous specific details are set forth in order to
provide a tho‘rough __und:rstanding of the present invention. It will be obvious, however, to
one skilled in the al‘t théit the present invention may be ;.)racticed-without some or all of
these specific detalls In other instances, well known process steps have not been descrxbed

in detail in order not to unnecessanly obscure the present mveutlon.

_ In accordance with one aspect of the present invention, the wafer 1s clamped to the
electrostatic chuck for the processing duranon usmg two separate clampmg d.c. voltages: a build-
up voltage anda holdmg voitage The bmld-up voltage is supphed to the electrostatic pole(s) to
initially clamp the wafer to the chuck.” This bulld-up voltage preferabiy has a relatwely large
magnitude to facilitate rapid migration of electrical charges across the dielectric layer, wluch hasa
time coﬁstant that is dependent on the potential difference across it. The large magnitude of the -
build-up voltage advantageously minimizes the time required to satisfactorily clamp the wafer to
the electrostati; chuck, i.e., to provide the wafer with adequate cooling.

Once it is determined that an adequate clamping force has been achieved, the build-up
voltage is preferably replaced by a holding voltage. The holding voltage preferably has a
magnitude that is sufﬁci.e'nt to keep the wafer adequately clamped to the chuck, i.e., to keep it
adequately cooled, without éausing an excessive build up of electrostatic potential differences
between the wafer ahd the chuck or permitting the wafer to be declamped during processing. In
one embodiment, the holding voltage is adirantageously maintaine& at a minimum desired level to

minimize the amount of charge that is stored in the chuck.

In accordance with another aspect of the present invention, the throughput of plasma
processing systems is improved by minimizing the declamping time, i.e., the time required to
remove a sufﬁcient amount of electrostatic charges from the electrostatic chuck to permit the

9-
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wafer to be removed th_e_ref? : ln one embodiment, a declamping voltage having a relatively

large magnitude but opp'osi= polarity to the build-up voltage is supplied to the electrostatic
chuck during the declampir_r_ riod The large magnitude of the declamping voltage facilitates

the rapid reverse migratio‘rr- cmoal charges across the diclectric iayer and allows electrical

charges to be rapidly removed from the chuck. In this manner, declampmg time is

prove the throughput of the wafer processmg system.

) To dlscuss the mvermon m greater detarl Fxg 4 is a flow chart illustrating the steps for -

mg it from an electrostatrc chuck in accordance wrth one

embodrment of the present_-m _ nnon In the following discussion, a blpolar chuck is employed -

to facrhtate discussion. Its uld'be noted, however, that the inventive techmque also applies to

smgle pole and therefore requiring only a single build-up

~ voltage, a single hold voltage level and a single declamp voltage level.

In step 402, a wafer_is ‘pre'pared _for processing in a conventional pre-process step.

G "~ The pre-process step may .incldc'l:e'_,: for example, introducing the wafer into the chamber for - -
15 | |

processing and positioning it oorrectly on the clectro-static chuck.

In step 404, build-up’ voltages are applied to the chuck poles to initially clamp the wafer

to the chuck. In one embodrm nt the build up voltage is supplied to the chuck as a square wave

;t{l_ese build up voltages may be supplied. using an appropriate

analog or digital control clrcurt.from direct current power supply 114. The magnitudes of the

build-up voltages are preferablv rge to create in as short a time period as possible the required
electrostatic clamping force .e__tw en the wafer and the chuck. More preferably, the build-up

voltages have greater magrxitndes than the magnitudes that are necessary to maintain the

clarrrping force at the de'sired:;' Preferably, this build-up voltage i 1s not too great as to cause
__lmde of the required electrostatic clampmg force itself varies,
depending on the constitutiorr 'f ‘the dielectric layer, the process, the type of wafer under

qurrements, among others. However, the build-up voltages

should not have excessxvely largc magmtudes, as this may cause undesrrable charge transfer, and

. may eventually leads to shorts between the wafer and the chuck. F urther, the magnitudes of the

-10-
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build-up voltages are prefei'_ab_ly kept below the chuck’s standoff voltage, e.g., the threshold

voltage beyond which danl_'age to dielectric layer 116 occurs. - |

It should be undefétobd' that when the chuck is bipoIar, these build-up voltages are
supplied to the chuck pol'e"s in oppo'site polarities. Further, it is not required that the build-up
voltages of the various po]es have the same magnitude. In fact, it may be advantageous in some

cases to dehberately skew: the magmtudes of the supplxed bulld- p voltages to take into account

the d.c. bias of the wafer dunng processmg, ie,to provnde more even electrostatic clamping

~ forces between the vanous regxons of the wafer and the chuck 'I‘hxs is an example of ad.c. bxas

compensation techmque

Irrespectwe of theu' exact magmtudes the bmld-up voltages are preferably provnded to

~ the chuck poles untll the desned clamping force is achieved. In accordance with one aspect of

the present mvennon.. the__ magmtudes of the build-up voltages and the corresponding build-up
time for a particular pfoces"s:enviromnem may be ascertained through a combination of
calculated estimates and emplncal observation. For example, the build-up time may be
asccrtaxned by supplymg the chuck poles with the lower of the maximum voltages that the
power supply can generate and the maximum voltages that do not cause damage to the wafer
and/or chuck surface, or for predeﬁned voltages, until the adequate clampmg force. i.e., adequate

wafer cooling, is achieved. .

Upon achieving the desired clamping force, holding voltages are then provided to the
chuck poles in step 404. -'.I‘he:holding voltages preferably have suf_ﬁciently high magni_tudes to
satisfactorily maintzdn th'e requn'ed electrostatic clamping force between the wafer and the chuck.
Preferably, the magni.tude's-t-gt:' the holding voltages should not cause the potential differences
between the chuck’s poles. and their respective overlying wafer_kgions to become excessively
large so as to damage the Wer_ or the chuck. These holding v,o_ltages are preferably provided to

the chuck poles for the renifaining duration of the process.

The magnitudes of the holding voltages may be empirically ascertained. Optimal
application of clamping voltages will result in a constant and adeQdate clamping force. One
method for ascena:mng the requxred magnitudes of suxtable holding voltages involves the

monitoring of the flow rate of the heat exchange gas, e.g., helium, into the chuck/wafer interface.
L -11-
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* from the chuck/wafer interface, which may result in inadequate wafer cooling or inadequate
' holding force between the water and the chuck and may be corrected by increasing the

- electrostatic clamping force, i.e., increasing the magmtudes of the holdmg voltages.

Alternatively, a temperature probe may be employed to momtor or m er the temperature of the

- wafer itself. An excessively high wafer temperature reading may be c_o_:_rected by improving the

' ' | thennel transfer between the wafer and the'chuck, i.e., increasing the 'méi_g'nitudes of the holding

voltages and the concomitant electrostatic clamping force.

When processing is completed, the electrostatic clamping force is preferably
substantially removed to permit the removal of the wafer from the electrostatic chuck. Instep
408, the clamping force is removed by applying declampmg voltages to the chuck’ s poles Fora .

given chuck pole. the declamping voltage preferably has a polarity that is opposite to that of the

- build-up voltage. In one embodiment, the declamping voltage for a given pole has substantially

the same magnitude (albeit opposiie in polasity) as the build-up vol_tage. ‘However, the

magnitude of the deelamping voltage for a given -pole may be larger or smaller than that of the v

* build-up voltage. It is possible to provide a declamping voltage haviug a magnitude of greater

than twice the magnitude of the holding voltage. Preferably, the declamping voltages’
magnitudes should be as high as practicable to facilitate the rapid removal of electrostatic charges

from the chuck’s poles.

Irrespective of their exact magnitudes, the declamping voltages are preferably provided to
the chuck poles until the wafer can be satisfactoriljr removed from the chuck. In accordance
with one aspect of the present invention, the magnitudes of the buxld—up voltages and the

corresponding declamping time for a particular process environme; ita > empirically determined

in the examples that follow. By way of example a “pop-off* test may" be conducted wherein
various declamping voltages are supplied to the poles and measurements are taken of the time it
takes for the heat transfer gas to pop the wafer off the chuck. The declampmg time may be set
to substantially equal this pop-off time or may exceed the pop-off tlme by a predefined time
period, e.g., 2 seconds, to ensure that sufficient charges have been removed from the chuck.

Note that the declamping voltages and declamping time may vary from system to system, wafer

~ to wafer, and even process to process (e.g., due to different chuck de51gns wafer sizes, heat

-12-
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transfer gas pressures, or the like). Preferably, the declamping time period ends when the
potential difference across the gap between the wafer and the dielectric layer is close to zero

volts.

In one embodiment, the declamping time is significantly shorter than the build-up time,
e.g., 33% shorter in one case, when the declamping voltage has a magnitude that substantially
equals the magnitude of the opposite polarity build-up voltage. The advantageously shorter
declamping time is a consequence of the high potential difference across dielectric layer during
the declamping period, which tends to cause electrical charges to ?iﬁi:grate more rapidly from the

top surface of the dielectric layer.

In step 410, the wafer may undergo post-processing steps ‘that are éérﬁventional in
nature. Thereafter. the finished wafer may be cut into dies, v.;hii_:h fn-a-ylthen be m-ade“ into IC |
chips. The resulting IC chip; e.g., IC chips 150 of Fig. 1, may then be inéorporated inan
electronic device, e.g., any of the coxﬁmercial or consumer electronic devices, including digital

computers.

Fig. 5 is a plot of the d.c. potential input into the chuck’s positive pole vs. tiiné in
accordance with one embodiment of the present invention. To s_ifnblify discussion, analogous
plot for the chuck’s negative pole, which may be a mirror image -Iof the plot of Fig. 5, is not
included he‘reix:. In this embodiment, a 200 mm wafer is disposed atop a bipolar chuck having
equal area eléctrodes, which is manufactured by Fujitsu of Japan. The wafer and chuck are
placed in a TCP (transformer coupled plasma) plasma etch system, which is available from Lam
Research Corporation of Fremont, California. As mentioned earlier, however, the inventive
technique disclosed herein applies to any wafer processing systehx,_wheﬂler plasma enhanced or

adapted for etching, deposition, oxidation, annodization. or the lii(e.-_

As shown in Fig. 5, a build-up voltage of about 2,500 volts xs applied between poles
during the build-up period T1. The build-u;i voltage is applied substantlally as a square wave
pulse in one embodiment. The generation.of the square wave pufgé for creating the build-up
voltage is conventional and may be accomplished with, e.g., an op-amp comparator in

conjunction with an R.C. circuit. A build-up period T1 of about :_1'6'.scconds is experimentaily

-13-
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determined to be suitable for a'_p_articular etching recipe. It should be borne in mind that these

values may vary for differentf_'wafers, systems, and process recipes as mentioned earlier.

Once an adequate electrostatrc clamping force is achteved thc build-up voltage is
replaced by a holdmg voltage, whrch is about 500 volts in this embodtment Note that the
holding voltage preferably has the same polarity, albeit at a lower magmtude as that of the

build-up voltage. The holdmg voltage is preferably supplied for substanttally the entire

processmg duratron, represented in Fi 1g 5as T2. The duration of the holdmg period T2 varies

dependmg upon the requtrements of a partlcular process However, the minimum necessary
voltage is preferred as it redt_tc_e_s charge migration across the interface gap, and reduces voltage

stress on the chuck dielectric_,-_'___. -

- Once processing is cdmpleted a declamping voltage is then supplied. In the example of

Fig. 5, the declamping voltage has about the same magmtude as that of the build-up voltage, i.e.

'about 2 500 volts, albeit at an’ opposrte polarity. Inone embodiment. the declamping voltage is

also applied as a square \_vave_ pu_l_se. The relatively high magnitude of the declamping voltage

advantageouslv permits the electrostatic charges to be rapidly removed from the chuck in order
to reduce the declampmg ume and improve the throughput of the plasma processing system. It
should be noted that the deelampmg voltage may have a magnitude that may be larger or smaller
than that of the build-up volt_a_ge._- In this experiment, the declampmg time is about 10 seconds.

In contrast. prior art methods may require up to 40 seconds to declamp the wafer from the

chuck.

Fig. 6 illustrates. in accordance with one embodiment of thf:e;present invention, a plasma
processing system having a control circuit suitable for prOvidingitljrellmild-up, holding, and
declamping voltages of the -pre;ent invention. Direct current power supply 114, which supplies
the d.c. voltages to the chuck’s pole(s), is coupled to a control system 600 via line 602. An RF
filter circuit 608, which is conventxonal in construction, is coupled between electrostatic chuck
112 and d.c. power supply | 14 to protect d.c. power supply 114 from the radio frequency (RF)

energy experienced by the chuck durmg plasma processing.’

~ Within control svst'e':"' ___0 ‘there is provided a control circuit 610, which controls the

output voltages of d.c. pow_ :supply 114 as well as their duration. Control circuit 610
T -14- -
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establishes, among others, the build-up voltage and build-up duration T1, the holding voltage and

the holding. duration T2, the declamping voltage and the déclamp duration T3 (as shown in Fig.

5).

There may be providéd a bias compensation circuit 612, which accounts for any d.c. bias
induced on wafer 108 by the plasma during processing. Bias compensation circuit 612 may be

electrically coupled between control circuit 610 and d.c. power supply 114 to appropriately

adjust the outputs of d.c. power supply 114 to account for the aforementioned induced__d.c. bias

on the wafer. By way of example, such bias compensation circuit may be employved in
conjﬁnction with a center-tapped d.c. power supply to keep the potential differences over the
poles substantially constant by taking into account the induced wafer bias. If the d.c. power
supply is a floating power supply, however. such bias compensation circuit may not be

necessary.

Note that the establishment of the build-up voitage and build-up duration T1, the holding
voltage and the holding duration T2, as well as the declamping voltage and the declamp duration
T3, may be pérformed by a digital processing apparatus, e.g.. a programmable circuit, a
microprocessor, or a compqtei'. Via line 616, appropriate signals may be provided by digital
processing apparatus 614 to enable control circuit 61 0 and d.c. pdwer supply 114 to produce at

least one the aférementioned voltages for the desired duration.

As can be appreciated from the foregoing, the invention advantageously employs a high
voltage to quickly obtain the desired clamping field and the concomitant clamping force. Once
the desired clamping force is achieved, the invention advantageously reduces the holding
potential to maintain the electric field at the minimum desired level.,.thereby mfnimizing the

excess charge transfer across the interface gap. In this manner, sticking is substantially reduced.

Further, the maintenance of the electric field at the minimum desired level resuits in
known, reproducible amounts of charge stored on the chuck. Conséquenﬂy, the stored charge
may be removed in a calculated manner to minimize the residual clzjmping force. Additionally,
the invention advantageously employs a high voltage (in opposite jiolarity) to remove stored
charge, thereby‘ minimizing residual sticking as well as the dechucking time to improve wafer

throughput
-15-
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While this invention has been described in terms of several préferred embodiments,
there are alterations, permutations, and equivalents which fall within the scope of this
invention. It should also be noted that there are many alternative ways of implementing the
methods and apparatuses o_f;fhe present invention. It is therefore intended that the
following appended claims be ii:terpreted as including all such alterations, pérmutations. and _

equivalents as fall within the true spirit and scope of the present invention.

-16-
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CLAIMS

1. A control system for controlling a direct current power supply, said direct current
power supply supplying direct current voltages to a pole of an electrostatic chuck having a
substantlally re51st| ve dlelectrxc layer disposed thereon to clamp a wafer to said electrostatlc chuck
comprising:

a control circuit electrically coupled to said direct current power supply for causing said
direct current power supply to output said direct current voltages at: ' ‘

a bmld-up voltage having a flrst polanty durmg a build-up penod to cause a

potential dxfference to build up between a first regxon of said substantially resistive dielectric layer

and a second region of said wafer that overlies at least a portion of said first region, said potential -
difference giving rise to a clamping force to clamp said wafer to said electrostatic chuck, said
build-up period terminating when said clamping force substantially reaches a predefined level;

a holding voltage during a holding period to substantially maintain said clamping
force at said predefined level, said holding voltage having said first polarity and a magnitude that
is lower than a magnitude of said build-up voltage; and

a declamping voltage during a declamping period to substantially remove said
clamping force, said declamping voltage having a polarity that is opposite to said first polarity.

[ 4

2. The control system of claim | wherein said clamping force represents an
electrostatic force between said wafer and said chuck that is sufficient to stabilize thermal transfer
at a predefined level during processing.

3. The control system of claim 1 wherein a2 magnitude of said declamping voltage
substantially equals said magnitude of said build-up voltage.

4. The control system of claim 1 wherein said electrostatic chuck is a bipolar
electrostatic chuck. '

S T
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3. The control system of claim 4 further comprising a bias compensation circuit
coupled to said control circuit for adjusting said direct current vo)tages responsive to an induced
direct current bias on said wafer '

6. The control system of claim 1 wherein at least one of saxd build-up voltage, said
holdmg voltage, and said declamping voltage is generated responsxve 1o signals from a digital
processing apparatus coupled to said control circuit.

7. The control system of claim 6 wherein at least one of sa1d build-up period, said -

_ holding penod and saxd declampmg penod is generated responswe to srgnals from sald digital

processing apparatus.

8. The comrol system of claim 1 wherem said control circuit represents an analog

control circuit. -

9. The control system of claim 1 wherein said declamping period ends when said
potential difference is about zero volt. '

L4

10.  The control system of claim 1 wherein said build up voltage level is supplied by a
substantially square wave pulse.

1. A method for clampmg a wafer to an electrostatic chuck having a substantially
resistive dlelectnc layer disposed thereon, comprising: '

providing a build-up voltage having a first polarity to a pole ofsaxd electrostatic chuck to
cause a potential difference to build up between a first region of said gubstantially resistive
dielectric layer and a second region of said wafer that overlies at leasf fa portion of said first region,
said potential difference giving rise to a clamping force to clamp sard wafer to said electrostatic
chuck; '

terminating said step of providing said build-up voltage when sand clamping force

substantially reaches a predefined level; and — — _
| *fl{llllllclillll_ll’lllllﬂlllll. I
.._;*_. . L ] S *
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providing a holdm voltage to said pole of said electrostanc chuck to substantially maintain
said clamping force at sa1 prcdeﬁned level, said holding voltagc havmg said first polarity and a
magnitude that is lower _th_ n a magnitude of said build-up yol;agg

12. The mcth_od of claim 11 further comprising the step of providing a'declamping
voltage to sald pole of said electrostatic chuck to substantially remove said clamping force, said

declamping voltage havm a'-polanty that is opposite to said first p_olanty.

13. - The mettg_;__)'fc.l":'.f'_'claim 12 wherein a magnitude of said declamping voltage

substantially equals s_aid_':_ ritude of said build-up voltage.

14. = The metho.?:'of 'claxm 12 whcrem at least one of s.ud build-up voltage, said holding

voltage and said declamp voltage is gencratcd responsxve to slgnals from a digital processing

'_ apparatus coupled to saxd ntro! c:rcuxt

15.  The metho ":'6_f_'-._£_:laim 12 wherein at Jeast one of _said build-up voltage, said holding

voltage, and said declamjj_ voltage is generated responsive to signals from an analog circuit

coupled to said control circuit

’

16. The method 6f élaim 12 further comprising the step of adjusting at least one of said -
build-up voltage, said holdmg vohage, and said declamping voltage responsive to an induced '
dn'ect current bias on said wafer

17. The method': :claim 11 wherein said clamping force represents an electrostatic
force between said wafer an' 'ald chuck that is sufficient to facxhtate stable thcxmal transferat a

predefined level during processmg

18.  The method ofclaxm 11 wherein said electrostatic chuck is a bipolar electrostatic

% € L. M 8§ %
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19.  The method of claim 11 further comprising the step of terminating said step of
providing said declamping voltage when said potential difference is about zero volt. '

'20.  The method of claim 11 wherein said build-up voltage is provided as a
substantially square wave pulse. '

"21.  An apparatus for controlling a direct current power supply, said direct current _
power supply supplying voltages to an electrostatic chuck having a substantially resistive dielectric

layer disposed thereon to effect clamping of a wafer to said electrostatic chuck , comprising:

means, coupled to said direct current power supply, for generating a first control signal,
said direct current power supply providing, responsive to said first control signal, a build-up

 voltage having a first polarity to a pole of said electrostatic chuck to cause a potential difference to

build up between a first region of said substantially resistive dielectric layer and a second region of
said wafer that overlies at least a portion of said first region, said potential difference giving rise to
a clamping force to clamp said wafer to said electrostatic chuck;

means, coupled to said direct current power supply, for generating a second control
signal, said direct current power supply terminating, responsive to said second control signal, said
build-up voltage when said clamping force substantially reaches a predefined level; and

means, coupled to said direct current power supply, for generating a third control signal,
said direct current power supply providing, responsive to said third control signal, a holding
voltage to said pole of said electrostatic chuck to substantially maintain said clamping force at said
predefined level, said holding voltage having said first polarity and a magnitude that is lower than
2 magnitude of said build-up voltage.

22.  The apparatus of claim 21 further comprising means, coupled to said direct current
power supply, for generating a fourth control signal, said direct current power supply providing,
responsive to said fourth control signal, a declamping voltage to said pole of said electrostatic
chuck to substantially remove said clamping force, said declamping voltage having a polarity that
is opposite to said first polarity.

B T B S
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23, The apparatus of claim 22 wherein a magnitude of said declamping voltage
substantially equals said magmtude of said build-up voltage.

24.  The apparatus of claim 22 further comprising means, coupled to said direct current ~
power supply, for adjusting at least one of said build-up voltage, said holding voltage, and said
declamping voltage responsive to an induced direct current bias on said wafer.

25. A method for clamping a wafer to an electrostatic chuck having a substﬁntially
resistive dielectric layer disposed thereon, comprising:

providing a holding voltage to a pole of said electrostatic chuck to substantially maintaina -~ -

clamping force between said wafer and said electrostatic chuck at a predefined level to clamp said
wafer to said electrostatic chuck, said holding voltage having a first polarity;

providing a declamping voltage to said pole of said electrostatic chuck to subétantially
remove said clamping force, said declamping voltage having a polarity that is opposite to said first
polarity, said declamping voltage having a declamping voltage magnitude greater than a magnitude
of said holding voltage. '

26.  The method of claim 25 wherein said declamping voltage magnitude is greater than
twice said miagnitude of said holding voltage.
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