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Background of the Inveridon 

.. ·' ,~:. . . ·. 

5 The present invention relates to the manufacture ofse!Wconductor devices. More 

specifically. the present invention relates to improved methri4~\i#id apparatuses for 
::;. 

electrostatically clamping and declamping a semiconductor: waf«,on an electrostatic c_l)uck in a 

processing chamber of a semiconductor wafer processing system. · ·· 

The use of electrpsta,tic chucks in wafer processing ·syste~ is known. For illustrative· 

JO purposes, Fig. I shows an exemplary plasma processing systenf.100~ representing a wafer 

processing system which may be used for etching, oxidatio~ anno.dization, chemical vapor 

deposition (CVD), and other processes associated with the manufacture of semiconducior 
. . . 

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 advanµtges of the present invention, 

15 the invention itself is not limited to any particular type of wafer processing apparatus and may 

be adapted for use in any of the known wafor processing systems. including but not limited to 

those adapted for deposition, oxidation, annodization~ etching (including dry etching, plasma 
£ 

etching, reactive ion etching (RIE). magnetically enhanced reactive ion etching (MERIE). electron 

cyclotron resonance (ECR)), or the like. 

20 As depicted. plasma processing system 100 typically includes a plasma processing 

chamber I 02, a first radio frequency (RF) power supply 104, an~: a second RF power supply 
:. ;··· 
... 

106. Within plasma processing chamber 102, there may be di'spc)sed a shower head 110 and an 

electrostatic chuck 112. Shower head 110 is typically employed)o distribute source etchant 

gases into a plasma region 103 of plasma processing chamber 1 o~ and may be made of a non-
- .:;·. 

25 conductive material sU"ch as quartz. 

. . ::.· .. 

When one or both of RF power supplies 104and106 ~;~:gergized, a plasma is created 

within plasma region I 03 out of the source etch~t gases. A ill~r · 108 is disposed atop 

electrostatic chuck I 12 to be processed by the plasma. Electrostatic chuck 112 may be made of 
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a suitable conductive ma~eria;l,·~µ9h as an aluminum alloy, and may have any number of 

configuration5, including the mo~opolar and bipolar configurations. At the top surface of 
. . . ., 

electrostatic chuck 102, there:fa;t}rpically disposed a dielectric layer 116. Between electrostatic 
. --~ ·... .... . . 

chuck 102 and wafer 108,· ~ h~at .transfer ·gas, e.g., helium, may be p~vided under pressure via a . . :"·::·: ·. 

s·... port 109 to the wafer/chuck int~rf2',Ce. The heat transfer gas act as a heat tranSfer me~ium 
between wafer 108 and electrps_ta,~ic chuck I 02 to facilitate control of the wafer temperature 

during processing. :.:."-\" 

As the tenn is used h~in, an electrostatic chuck is said t~ have a ~onopolar 
configuration when it has on!i;-·4 single pole. Bipolar chucks, on the other hand, have two poles . 

. 10 ::. . . In the example· of Fig. 1, elec~~c chuck 102 represents a bipolar chuck having a donut-and­

base configuration, i.e., having a ~otroid-shaped pole embedded within and electrostatically. 

insulated from a base pole .. oib~r bipolar chuck configurations also e~ist, e.g., including a third 

electrode which may b.e fl:oat~tig, gi:ounded. or insulated. By w~y of ex~ple, Fig. 2 depicts an 

Blternative configuration kno~,_as; an interdigitated or comb configuration wherein the poles . · 
. . . : . . 

15 .. · appear interwoven when viewedJrom the top. 

To securely clamp wafer 108 to electrostatic chuck 102 during processing, electrostatic 
. ·~ -·~. : :·· . . 

forces are induced by a direci ~~nt power supply 114. For the exeJ!lplary bipolar chuck 102 

of Fig. I. pol~s 1 tSA and 115~:µ:.·ay be biased with direct curr~nt potentials having opposite 
. . 

polarities. For example, pole liS:A may be biased positively and pole 'I I SB may be biased 
·-:._ 

20 · negatiyely, or vice versa. The:dir¢ct current potential in each electrostatic pole creates a 

potential difference between the top surface of the pole and the corr~ponding overlying region 

in the bottom surface of the wafer{1hereby generating an electrostaticJorce to hold the wafer to .. , . ·:'' ... 

the electrostatic chuck. 

In the ·prior art, some dielectric layer I I 6 may be fonned ofa;:su:bstantially resistive 
•:· ... :• 

25 · dielectric material. Such a sub~tially resistive dielectric layer exhibits a Johiison-Rahbeck 

effect when the poles of its as~(>ci~ed electrostatic chuck are biased with direct current 
:_;_··.·. 

potentials. In general, an electro-static clamp effect requires a force ii>:l;>e built up across the 

interface between the chuck Slllf¥e and the wafer which is clamped t~)ft. The electric field can 

be applied between the single'pol~::~lectrode, if a monopolar chuck is employed, via an insulating 
.. -···... .. . 
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dielectric layer and thein~~rf.ace gap to the Wafer. In such a system. the charging circuit is · 

completed via the plasma. · 

In the monopolar_c()'.rifig~tion~ charges are generally added or removed while the plasma 
. . - . . 

is present. In addition if, ~is c::ommonly the case, the plasma ca~s a differential d.c. bias 

between surfaces with w~idh it i~ in contact, then that bias may act to modify, e.g .. either 
·.: ... · · .. 

increasing or decreasing, the; electric field in the gap, and hence the: clamping force. In order to . ,.,_ ·.:.:·: .. ,··: ....... 

reduce this effect. it is us~ :1:0. compensate the applied clamping p~tential to mantain the 
. ·:·,. ' 

electric field at a desired level. 

A bipolar chuck is ¢c;mstructed by having the chuck electrode area split in two electrodes 

· 10 such that a differential po~~ritial can be applied without a plasma present. It is preferable that 

the wafer be somewhat co~ductive.toallo~ the induction charge to be redistributed between the 

two poles. Further, the tw(:)·poles may be equal in area. e.g., in a.balanced configuration. to 

equalize the electric fields ¢~~rte.d,.by the poles. However, the electric field exerted by the poles 

of the bipolar chuck configtifation :may also be modified and may pecome unbalanced due to the 
. . ::··· . . . 

15 d.c. bias that is present wh~n. the plasma is turned on. In this case, for example, the electro­

static force exerted by one.pple rriay be greater than that exerted by the other pole of the bipolar 
.. ~ · .. : ·.: 

chuck. .Consequently, bia5.co~peri.sation is also desi~d in the bipolar chuck configuration. 

' .. 
Johnson-Rahbeck chucks 111ay be of a monopolar or a bipolar configuration, and are 

. ····-

typically constructed using ~ sc;mi7conductive layer instead of the conventional high resistivity 

20 dielectric. With a conventiori~I high resistivity dielectric layer. the potential is divided across the 

dielectric layer and the interfa¢~: ~~p, such that only a fraction of the_ potential appears at the 
.... ;.:./:·· ..... -:·· . . . . 

surface of the chuck, and therefore the electric field may be substanti:ally reduced below the 
.. -.~· .':· ~. . 

maximum possible. The clartipjngforce is still further reduced bec~e it typically scales as the 

square of the electric field ...• _ 

25 When the poteatial i(charged across a Johnson-Ra(lbeck diel~ctric layer, a cUITent flows. 

In the context of a chuck sys~~ this enables the charge to migrate.to.the dielectric-wafer 
. . ·~. . .. ·:: ;_ . . 

interface. Consequently~ the.~~ctric field and the clamping force arel.ncreased as a function of 
... : . .·: 

time. The increase typica}ly:Q~c~. with a time constant that is proportional to the dielectric 

resistance and the wafer-to~~~k'.capacitance, which is being charged up. This process accounts 
' -3-
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for the high clamping force .of r.f~bson-Rahbeck chuck as well ~~:'ii~' susceptibility to wafer 

sticking. 

Wafer sticking occurs when residual charge is left on the chuck_dielectric or the wafer 
... .. 

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

5 uncompensated d.c. bias and/ot charge accumulated on the chuck sur:face or on the wafer due to 

excessive local field, which may 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 migrates to the back of a dielectric coated 

wafer on a Johnson-Rahbeck chuck, the resulting residual charge may, be very ciifficult to 

10 ·remove. These causes of_stickin&. may be exacerbated by _s~atial no_ll,:-.l:lnifo~~~,. there~y 

potentially causing one area to stfok while another releases or vice versa. . . ··.· .... ' ..... . 

Fig. 3 illustrates in greater detail wafer 108 and electrostatic chuck 112 of Fig. 1, 

including poles 11 SA and 11 SB, and dielectric layer 116. In the example of Fig: 3, the 

substantially resistive dielectric material in dielectric layer 116 has a resistive component. which 

15 is represented diagramatically by resistor 310 in Fig. 3. 

To simplify discussion, a5sume.that pole 11 SA is biased positively and pole 11 SB is 

biased negatively }O clamp wafer 108 to its top surface. Upon being so biased, electrostatic 

potential differe!lces 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 

20 bottom surface region 305 of wafer 108, which overlies positively biased pole 115A. will 

become negatively charged. Analogously, $e bottom surface region 307 of wafer 108, which 

overlies negatively biased pole it SB, will become positively charged . .As mentioned earlier. 

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

electrostatic chuck. 

25 Over time~ however, electrical charges from the poles tend to r.ed,istribute by migrating 

across substantially resistive dielectric layer 116 (symbolically repre~nted by resistor 310) 

toward the top surface of dielectric layer 116. By way of example, the positive charges from 

positively-charged pole 11 SA will ~ignite upw~rd thrOugh resistive dielectric layer 116 to form 
. : . 
a positively biased region 312 in th~ top surface of dielectric layer 116. Analogously, the 
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negative charges from negatively biased pole l l5B will migrate through resistive dielectric layer 

116 to form a negatively biilsed region 314 at the top, surface of-dielectric layer .116. 

With reference to Fig~ 3, the~e regions 305/312 and 307/314 effectively act as capacitive 
.:· 

plates across gap 306~. As.th.# ~l~trical charges continue to migrate upward through resistive 
. ~ ... . 

5 dielectric layer 116, the po,tential differences across these capacitive plates continue to build up . 
. ;.:• ..... 

If the applied clamping ~~itages ~e held constant throughout the process duration, the potential 
... :·· .- ·:=:: .. 

differences between these .. ~P~itive plates, e.g., between regions 305/312 or 307/314, may be 
.. -······· :. ·~ ......... . 

built up to Mi excessively biglii~~~t.. such ~ excessively high i~\f~f wm result in a high field in 
.·~ . . 

the gap, which may enoo~rt.ge.charge transfer between the chuck'~o the wafer, thereby 

l 0 dec~~.~_ing _th.e. effe.~~ve_.~1-~~p~pg_:f.orce, ~et\\(c:en the cht1ck to_tlt~.-~fer . 
. :-· .. : 

Further, the presencc'~fa large nlimber of electricai chargbs in the upper surface of the 

dielectric ]ayer may significantly increase the amount of time required to satisfactorily remove 

electrical charges froI\1 the ~l~ctrosiatic chuck when processing is completed. Removal of 

charges is necessary to remov~nhe electrostatic force between the wafer and the chuck in order 
..... :·:.:. ·' ......... . 

15 to declamp the wafer thereftotjl.· The longer declamping time is a consequence of the time 

constant required for the electrlcal.charges to bleed down across th~ dielectric layer. The longer 
.-···;·: . 

declamping time disadvanta.g~o\isly reduces the throughput of the plasma processing system, 

i.e., reducing the number of wafers that ca.n be processed by a given plasma processing system 
.• 

per unit of time. 

20 In view of the foregoiog,.there is a need for improved meth~4s and apparatuses for 

preventing the .excessive buUd ,~P ofpotential differences between= the chuck poles and their 
. '-·:.: . .<:. 

respective overlying wafer regi9ns, and for minimizing the deClamping time in order to improve 

the throughput of wafer pr~ss.ing systems. 

..·: 
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Summarv of the Invention 

The invention relates, in one embodiment, to a control system,for controlling a direct 

current power supply, which supplies direct current voltages to a pol~ of an electrostatic chuck 

5 ·having a substantially resistive dielectric layer disposed thereon to cl.amp 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 build-up period. The build-up voJtage:causes a potential difference 

to build up between a first region of the substantially resistive dielectric layer and a second region 

1 o· of the wafer that overlies at least a ponion of the first region. This potential 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 includ~s 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 

15 period to substantially 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. 

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 declamping voltage during a 

declamping period to substantially remove the clamping force, the deC:lamping voltage having a 

20 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 betwe~n a first region of the substantially resistive 

25 dielectric layer and a second region of the wafer that overlies at least _a portion of the first region. 

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

chuck. 

The method funher includes the step of terminating th~ buiJd .. up voltage when the 

clamping force substantially reaches a predefined leveJ. There is further included the step of 

30 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 voltage. 
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These and other ~dy~~ges of the present invention will.J>e~ome apparent upon reading the 
folJowing detailed de$cnpti~~, ~d studying the various figures-~f'.the drawings . 

. .... -:' 

.· ,, .. 
~ . : . -.:· . 
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Brief Description of the Drawings 

Fig. I illustrates an exemplary plasma processing system, representing a wafer 
. ··-···-···· 

processing system which may be adapted for use with the inventive wafer cl3mping technique. 

5 · Fig. 2 depicts a bipolar chuck configuration known as an interdigitated configuration. 

Fig. 3 illustrates in greater detail the wafer and the electrostatjc chuck of Fig~· 1. · 

Fig. 4 is a fl.ow chart illustrating the steps for clamping a waf~r to and declamping it from 

10 . an electrostatic chuck in accordance with.one embodiment ofthe.prese~ilnventloii .. 

15 

Fig. 5 is a plot of the d.c. potential input into the chuck's positive pole vs. time in 

accordance with one embodiment of.the present invention. 

Fig. 6 illustrates, in accordance with one embodiment of the present invention, a plasma 

processing system having a control circuit suitable for prc>Viding the build-up, holding, and 

declaniping voltages of the present invention . . , 
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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 their respective overlying wafer regions. and for 

5 minimizing the declamping time in order to improve the throughput of wafer processing 

systems. In the foilowing description, numerous specific details are set forth in order to 

provide a thorough understanding of the present invention. It will be obvious, howe~~r. to 

one_ skilled in the art, that the present invention may be practiced without some or all of 

these specific detaiis. In. other instances, well known process steps have not been described 

J 0 in detail in order not to unnecessarily obscure the present inventioa 

In accordance with one aspect of the present invention; the wafer is clamped to the 

electrostatic chuck for the processing duration using two separate clamping d.c. voltages; a build-
. ·- . .. 

up voltage and a holding voltage: The bwld-up voltage. is supplied to the electrostatic pole(s) to 

initially clamp the wafer to the chuck. This build-up voltage preferably has a relatively }arge 

15 magnitude to facilitate rapid migration of electrical charges across the dielectric layer. which has a 

time constant 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 electrostatic chuck~ i.e .• to provide the wafer with adequate cooling. 

Once it is detennined that an adequate clamping force has been achieved, the build-up 

20 voltage is preferably replaced by a holding voltage. The holding voltage preferably has a 

magnitude that is sufficient to keep the wafer adequately clamped to the chuck, i.e., to keep it 

adequately cooled, without causing an excessive build up of electrostatic potential differences 

between the wafer and the chuck or permitting the wafer to be declamped during processing. In 

one embodiment, the holding voltage is advantageously maintained at a minimum desired level to 

25 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 syste_ms 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 pennit the 
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wafer to be removed therefroill. In one embodiment, a declamping voltage having a relatively 
~ .. ·. . ' 

large magnitude but opposi~'1ri polarity to the build·up voltage is supplied to the electrostatic 
:',: 

chuck during th~ declamping.~rjod. The large magnitude of the declamping voltage facilitates 
·. ·.' 

the rapid reverse migration:o(~iectrical charges across the dielectric layer and allows electrical 

5 · charges to be rapidly remov~°froin the chuck. In this manner, declamping tifne is . 
" : ·~·: , .. 

advantageously minimizedt6:iinprove the throughput of the wafer processing system. 

. . .. .. .. To discuss the inven'ti~n in greater detail, Fig. 4 is a flow chart illustrating the steps for 
::····-·· ··----·-· ··- .. ····. . -· - ..... -- .. -.. ·---·-···---... -.. -:~ .... -..... ·.:·.'···~:.-..... ____ .... -· . 

clamping a wafer to and decl#p~g it from an electrostatic chuck in accordance with one· 

embodiment of the present ipv~ntion. In the following discussion~ a bipolar chuck is employed · 
:· .. :·~· :;. 

· ~·:J.O.:·::~ to facilitate discussion. I~ _sh<>U}cf be noted, however, that the inventive technique also applies to 
. .. :;_·.=.·.: .··: 

monopolar chucks. which Juiv~¥single pole and therefore requiring only a single build-up 

voltage, a single ·hold voltage IJyel, and a single declamp voltage level. 
.· .. 

·\ :: ~::·. 

In step 402. a wafer js'p~pared for processing in a conventional pre-process step. 

·• The pre-process step may int:l~d~~ for example, introducing the wafer into the chamber for·· 

· 15 processing and positioning it ttirrectly on the electro·static chuck. 
·. /: ·: . 

. ~ ·. 

In step 404, build·up yo,ltages are applied to the chuck poles to initially cl~p the wafer 

to the chuck. In one embodiril~llt, the build up voltage is supplied to the chuck as a square wave 
~ ._,., .. 

pulse. With reference to Fig.j)tl:iese build up voltages may be supplied. using an appropriate 
I . . :. 

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

20 build-up voltages are preferabl;,large to create in as short a time period as possible the required 

~lectrostatic clamping for~e :~e~e~n the wafer and the chpck. More .preferably, the build-up 

voltages have greater magillfud~s :ilian the magnitudes that are necessary to maintain the 

clamping fo~e at the desired i~~el. Preferably, this build-up voltage i~ not too great as to cause 

overvoltage damage. The liiagiiittlde of the required electrostatic clamping force itself varies, 
. . ' . . . 

25 depending on the constituti6~Sftlie dielectric layer, the process, the type of wafer under 

processing, the wafer cooling-~q'Qirements, among others. However, the build-up voltages 
.,,·:,: 

should not have excessively l~g~ magnitudes, as this may cause undesfrable charge transfer, and 

· may eventually leads to sho~ h~tween the wafer and the chuck. Further, the magnitudes of the 
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build-up voltages are pref~rably kept below the chuck's standoff voltage, e.g., the threshold 

voltage beyond which damage to dielectric layer 116 occurs. 

It should be understood that when the chuck is bipolar, these build-up voltages are 

supplied to the chuck poles in opposite polarities. Further, it is not required that the build-up 

5 voltages of the various poles have the same magnitude. In fact, it may be advantageous in some 
. ' : . . 

10 

. .· . 

cases to deliberately skew the magnitudes of the supplied build-up voltages to take into account 

the d.c. bias of the wafer during processing, i.e., to provide more even electrostatic clamping 
. - . . .. . ..... - ... ·-· .• ... . . ······ . . . .. - . 

forces between the various regions of the wafer and the chuck. This is an example of a d.c. bias 

compensation technique. 

Irrespective of their exact magnitudes. the build-up voltages are preferably provided to 

the chuck poles Wltil the desired clamping force is achieved. In accordance with one aspect of 

the present invention. the_ magnitudes of the build-up voltages and the corresponding build-up 

time for a particular_ process envirorunent may be ascertained through a combination of 

calculated estimates and empirical observation. For example, the build-up time may be 

15 ascertained by supplying the.chuck poles with the lower of the maximum \'oltages that the 

power supply can generate:artd the maximum voltages that do not cause damage to the wafer 

and/or chuck sitrface, or for predefined voltages. until the adequate clamping force. i.e., adequate 

wafer cooling. is achieved .. 

Upon achieving the desired.clamping force, holding voltages are then provided to the 

20 chuck poles in step 404. The holding voltages preferably have sufficiently high magnitudes to 

satisfactorily maintain the reqµired electrostatic cl~ping foree between the wafer and the chuck. 

Preferably, the magnitudes .of the holding voltages should not cause the potential differences 

between the chuck's polesiind their respective overlying wafer regions to become excessively 

large so as to damage the wafer or the chuck. These holding voltages are preferably provided to 
. . . . ' 

25 the chuck poles for the remaining 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 adeqtiate clamping force. One 

method for ascertaining the;:reCJll~red magnitudes of suitable holding voltages involves the 
·. ·.::-.:.· ·. ::: 

monitoring of the flow ra~oftheJ1eat exchange gas, e.g .• helium, into the chuck/wafer interface. 
-11-
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' An excessively high flow rate may indicate that a large amount of heat exchange gas is escaping 

. from the chuck/wafer interface. which may result in in~equate 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 magnitudes of the h<.>lding vo~tages . 
. · ... 

5 Alternatively, a temperature probe may be employed to monitor or infer the temperature of the 

wafer itself. An excessively high wafer temperature reading may be corrected by improving the 
' . : .. ··· . 

thennal transfer between the wafer and the. chuck, i.e.,. in~reasing the ~agnitudes of the holding 

voltages and the concomitant electrostatic clamping force. 

When processing is completed, the electrostatic clamping force is preferably 

l 0 substantially removed to permit the removal of the wafer from the electrostatic chuck. In step · 

408, the clamping force is removed by applying declamping voltages .'t~ the chuck ;s poles. For a . 
--~. . 

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 ,;.oltage for a given pole has substantially 

the same magnitude (albeit opposite in polarity) as the build-up voltage. ·However. the 

15 magnitude of the declamping voltage for a given pol~ may be larger or smaller than that of the 

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

than twice the magnitude ofthe·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. 

20 Irrespective of their exact magnitudes, the deC:amping voltages are preferably provided to 

the chuck poles until the wafer can be satisfactorily removed from the chuck. In accordance 
.-.. _.· 

with one aspect of the present invention, the magnitudes of the buil~""lip voltages and the 
. .. -

corresponding declamping time for a particular process environment~ empirically detennined 

in the examples that follow. By way of example. a "pop-oft" test cl;§' be conducted wherein 

25 various declamping voltages are supplied to the poles and measure~';ht5 are taken of the tune it 

takes for the heat transfer gas to pop the wafer off the chuck. The declamping time may be set 

to substantially equal this pop-off time or may exceed the pop-off time by a predefined time 

period, e.g.~ 2 seconds, to ensure that sufficient charges have been. r~~ved from the chuck. 

Note that the declamping voltages and declamping time may vary ft~~ system to system;·wafer 

30 to wafer~ and even process.to process (e.g., due to different chuck designs, wafer sizes, heat 
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transfer gas pressures, or the like). Preferably, the declamping ti111e period ends when the 

potential difference across the gap between the wafer and the d)electric layer is close to zero 

volts. 

In one embodiment, the declamping time is significantly shorter than the build-up time. 

5 e.g., 33% shorter in one case, when the declamping voltage has a magnitude thafsubstantialJy 

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 :migrate more rapidly from the 
top ·surface of the dielectric layer. 

I 0 In step 41 o. the wafer may undergo post-processing steps that are conventional in 

15 

nature. Thereafter. the finished wafer may be cut into dies, which may then be made into IC 
·. 

chips. The resulting IC chip, e.g., IC chips I 50 of Fig. l, may then be incorporated in an 

electronic device, e.g., any of the commercial or_ consumer electronic devices, including digital. 

computers. 

Fig. 5 is a plot of the d.c. potential input into the chuck's positive po1e vs. time in 

accordance with one embodiment of the present invention. To simplify discussion, analogous 

plot for the chuck's negative pole, which may be a mirror image of the plot of Fig. 5, is not 
~ 

included herein. In this embodiment, a 200 mm wafer is disposed atop a bipolar chuck having 

equal area electrodes, which is manufactured by Fujitsu of Japan~ The wafer and chuck are 

20 placed in a TCP (transformer coupled plasma) plasma etch system. which is available from Lam 

RC?search Corporation of Fremont. California. As mentioned earlier, however, the inventive 

technique disclosed herein applies to any wafer processing systell1. whether plasma enhanced or 

adapted for etching, deposition. oxidation, annodization. or the like. 

As shown in Fig. 5, a build-up voltage of about 2,500 vo~ts is applied between poles 
':'.-: 

25 during the build-up period Tl. The build-up voltage is applied substantially as a square wave 
·,.: 

pulse in one embodiment. The generation of the square wave pul~e for creating the build-up 
.. ·.··' 

voltage is conventional and may be accomplished with, e.g., an o~amp comparator in 

conjunction with an R.C. circuit. A build-up-period Tl of about 16 seconds is experimentally 
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determined to be suitable for a particular etching recipe. It should, be.borne in mind that these 

values may vary for differentwtlfers, systems, and process recipes as mentioned earlier. 

. . . 

Once an adequate electrostatic clamping force is achieved, t~~, build-up voltage is 

replaced by a holding voltag~~ which: is about 500 volts in this embodiment. Note that the 

5 holding voltage preferably h~ the same polarity. albeit at a lower magnitude, as that of the 

build-up voltage. The holdirig voltage is preferably supplied for substantially the entire 

processing duration, represented. in Fig. 5 as T2. The duration of th~ holding period T2 varies 
· .. ,·. ' . · .. 

depending upon the requirelll~nts of a particular process. However~ :the minimum necesS8ry . 

voltage is preferred as it redu~es ~barge migration across the interface_ gap, and reduces voltage 

10 .. . stress on the chuck dielectric. . · 

Once processing is completed. a declamping voltage is then ·supplied. In the example of 

Fig. 5~ the declamping volta~ehas about the same magnitude as tluit of the build-up voltage, i.e. 

about 2,500 volts. albeit at an·:opposite polarity. In one embodiment. the declamping voltage is 

also applied as a square wave pulse. The relatively high magnitude of the declamping voltage 

15 advantageously permits the ele~trostatic charges to be rapidly removed from the chuck in order 

to reduce the declamping tim~ and improve the throughput of the plasma processing system. It 

should be noted that the decl~mping voltage may have a magnitude that may be larger or smaller 

than that of the bt1ild-up voltage~ In this experiment, the declamping time is about I 0 seconds . 
. · : . 

In contrast. prior art methods Il1ay require up to 40 seconds to decla.mp the wafer from the 

20 chuck. 

Fig. 6 illustrates. in accordance with one embodiment of the.present invention, a plasma 

processing system having a c~htrol circuit suitable for providing,th~'build-up, holding, and 

declamping voltages of the J>~esent invention. Direct current power supply 114, which supplies 

the d.c. voltages to the chuck's pole(s), is coupled to a control syst~m 600 via line 602. An RF 

25 filter circuit 608, which is conventional in construction, is coupled ~7tween electrostatic chuck 

112 and d.c. power supply l 14 io pf()tect d.c. power supply 114 frcnn the radio frequency (RF) 
···:.-:: 

Within control syste~Jqo~ there is provided a control circui~ 610, which controls the· 
-;_._;·, .. ·· 

output voltages of d.c. pow~r: supply 114 as well as their duration .. Control circuit 610 
~ . . 

·., . 

.. . ·' 

·.·'. 
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establishes, among others, the build-up voltage and build-up duration Tl, the holding voltage and 
' 

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

5). 

There may be provided a bias compensation circuit 612, which accounts for any d.c. bias 

5 induced on wafer 108 by the plasma during processing. Bias compensation circuit 612 may be 

electrically coupled betwe~ 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 induce~,.d.c. bias 

on the wafer. By way of example, such bias compensation circuit may be employed in 

conjunction with a center-tapped d.c. power supply to keep the potential differences over the 

.. JO poles substantialJy 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 voltage and build-~p duration Tl, the holding 

voltage and the holding duration T2. as well as the declamping voltage and the declamp duration 

15 T3, may be performed by a digital processing apparatus. e.g .• a programmable circuit, a 

microprocessor. or a comp~ter. Via line 616, appropriate signals may be provided by digital 

processing apparatus 614 to enable control circuit 61 0 and d.c. power supply 114 to produce at 

least one th~ af6rementioned voltages for the desired duration. 

As can be appreciated from the foregoing, the invention advantageously employs a high 

20 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 qesired level, thereby minimizing 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 ~esired level results in 

25 known, reproducible amounts of charge stored on the chuck. Consequently, the stored charge 
·-

may be removed in a calculated manner to minimize the resiclual clamping force. Additionally, 

the invention adYantageously employs a high voltage (in opposite polarity} to remove stored 

charge, thereby minimizing residual sticking a8 well as the dechucking time to improve wafer 

throughput 
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While this invention has been described in terms of several preferred 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 of the present invention. It is therefore intended that the 

5 following appended claims be interpreted as including all such alterations. permutations. and 

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

1. A control system for controlling a direct current power s~pply, said direct current 

power supply supplying direct current voltages to a pole of an electrostatic chuck tlaving a 

5 substantially resistive dielectric layer disposed thereon to clamp a wafer to said elec,trostatic chuck. 

comprising; 

a control circuit eleetrically coupled to said direct current power supply _for causing said 

direct current power supply to output said direct current voltages at 

a build-up voltage having a first polarity during a build-up period to cause a 

10 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, 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 

15 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 

20 

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. 

2. The control system of claim l 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 a magnitude of said declamping voltage 

25 substantiaIJy equals said magnitude of said build-up voltage. 

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

electrostatic chuck. 

-
11
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5. The control system of claim 4 further comprising a bias compensation circuit 
coupled to said control circuit for adjusting said direct current voltages responsive to an induced 
direct current bias on said wafer. 

6. The control system of claim 1 wherein at least one of.said build-up voltage, said 
hoJding·voltage, and said declamping voltage is generated responsi\le to signals from a digital 
processing apparatus coupled to said control circuit. 

7. . !'h~ c_o11~rol system of claim _6 wherein at least one of said build-up period, said 
10 holding period. and said declamping period is generated responsive to signals from said digital 

processing apparatus. 

8. The control system of claim 1 wherein said control circuit represerits an analog 
control circuit. ·· -

15 

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

l 0. The control system of claim I wherein said build up voltage level is supplied by a 
20 substantially square wave pulse. 

11. A method for clamping a wafer to an electrostatic chu~k having a substantially 
resistive dielectric layer disposed thereon, comprising: 

.. :: 

providing a build-up voltage having a first polarity to a pole of said electrostatic chuck to 
25 cause a potential difference to buiJd up between a first region of said substantially resistive 

dielectric )ayer and a second region of said wafer that overlies at lea$(a ponion of said first region, 
·~ ... 

said potential difference giving rise to a clamping force to clamp said "1afer to said electrostatic 
chuck; 

terminating said step of providing said build-up voltage when said clamping force 
30 substantially reaches a predefined level; and 

-18- . . 
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providing a holdipgyoltage to said po~e of said ele,ccrost~~i.c chuck to substantially maintain 

said clamping force at s~~ predefined level. said holding voltag~·:having said first polarity and a 

magnitude that is lower.tha11 a magnitude of said build-up volta~e. 

12. The metJ:io.d .. ?f claim J J further comprising the step of providing a·declamping 

voltage to said pole of sm~ ~J~trostatic chuck to substantially remove said clamping force, said 

declamping voltage having·~.polarity that is opposite to said first polarity . 

.. :;· 

l 3. The ~eth94:~f.claim 12 wherein a magnitude of said declamping voltage 
. 10 substantially equals said magnitude of said build-up voltage. 

. ,.,., ___ :.·· '· 

15 

20 

....... · ... ' 

·.· . 

14. The meth~cJrif:cJaim 12 ~herein at least one of ~ai~ build-up voltage, said holding 

voltage, and said declampi~g.:Voltage is generated responsive to signals from a digital processing 
.. . ~· . . . 

apparatus coupled to said ~(:mtfe>I ~ircuit. 

15. The methoq 6f.-claim 12 wherein at least one of sai<J build-up voltage, said holding 

voltage, and said declam#i~g·voltage is generated responsive to signals from an analog circuit 

coupled to said control circrlit'. 

16. The method, of claim 12 further comprising the step of adjusting at least one of said 

build-up voltage, said holdil)g ,voltage, and said declamping voltage responsive to an induced 

direct current bias on said *~fe.r. 

I 7. The method· ~t~_Iaim 11 wherein said clamping fore~ represents an electrostatic 
~:; . 

25 force between said wafer alld said chuck that is sufficient to facilitate stable thermal transfer at a 
predefined level during pro~ing. .. 

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

-19-
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19. The method of claim 11 further comprising the step of tenninating said ste.p of 

providing said declamping voltage w.hen said potential difference is about zero volt. 

5 ·20. The method of claim I 1 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 

l 0 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 sub~tantially resistive dielectric layer and a second region of' 

15 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 predCfined level; and 

20 means, coupled to said direct current power supply. for generating a third control signal, 

25 

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 

a magnitude of said build-up voltage. 

22. 'qle apparatus of claim 21 funher 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 havjng a polarity that 

30 is opposite to said first polarity. 

-------------·---
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23. The apparatus of claim 22 wherein a magnitude of said declamping voltage 

substantially equals said ~pitude of said build-up voltage. 

24. The apparatus of claim 22 further comprising means, coupled to said direct current 

5 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 substantially 

re~istive dielectric layer disposed thereon, comprising: 

10 providing a holding voltage to a pole of said electrostatic chuck to substantially maintain a 

15 

20 

clamping force between said wafer and said electrostatic chuck at a predefined J~vel 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 substantially 

remove said clamping force, said declamping voltage having a polarity that is oi)posite to said first 

polarity, said declamping voltage having a declamping voltage magnitude greater than a magnitude 

of said holding voltage. 

26. Jhe method of claim 25 wherein said declamping voltage magnitude is greater than 

twice said magnitude of said holding voltage. 
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