|  METHOD FOR REDUCI NG WAFER ARCI NG BACKGROUND OF THE INVENTION 5 1. Field
of the Invention The present invention relates to wafer processing nethods
and, nore particularly, to efficient and cost effective etch operations
for wafers. 2. Description of the Related Art Modern m crochip designs have
been trending toward ever nore conplicated chip 10 structures and toward
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electric stress each wafer incurs during its processing have increased as well. As a result of this

enhanced complexity in chip manufacturing plasma induced damage may occur more frequently

15 leading to device destruction and, therefore, to yield losses on a product wafer.

in typical wafer etching operations, the wafer is clamped by an electrostatic chuck (ESC)

so that the wafer does not move during wafer etching operation. Under prior art operations, a

high voltage is typically applied to the electrodes of the ESC. The electro-static ficld developed

in response of the applied voltage produces an attractive force between the wafer and the ESC.

20 However, as soon as plasma is struck , the wafer potential is generally driven to a negative
value with respect to the chamber walls within a few dozen RF cycles. Furthermore, when RE
power levels change during the etch process, the wafer potential is driven to a changed value,
typically nearly synchronous with the change in RF power. To avoid upsetting the voltage
balance between both poles and the wafer, an automatic bias compensation, managed by the

25  ESC power supply, has normally been utilized. In this compensation method the center point of
the two pole voltages is driven to the same electrical potential as the wafer surface by
equalizing both ESC pole currents . This, however, may lead to arcing on the wafer, since the

ESC power supply is too slow to follow fast voltage changes on the wafer surface as they occur,

for instance, during plasma ignition.



2 Figure I A shows a silicon wafer 12 that is danmaged by an arcing event
that may occur during an etching process. In this exanple, a surface
potential (for exanple, -1000V) is generated at the top surface of the
waf er which i s being bonmbarded by el ectrons during an etching process. On
the other hand, a substrate potential (ex1g., OV) exists in the substrate of
the 5 silicon wafer 12. Therefore, due to the potential difference bet ween
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progresses. The slope of the surface potential 42 at an early time is extremely steep so the
surface potential 42 quickly increases to the steady state surface potential 48. Therefore, a very
20 large voltage difference 46 may occur exiremely quickly between the surface potential 42 and
the initial substrate potential 44. Unfortunately, in this circumstance, the surface potential 42
increases too quickly for the compensation circuit of the ESC power supply. Therefore the
substrate potential cannot be adjusted in a timely response to the surface potential increase.
Therefore, wafer arcing as is described in reference to Figure 1A may occur thereby damaging

25  the wafer and decreasing wafer production yield and efficiency.

Therefore, there is a need for method that overcomes the problems of the prior art by
using different bias voltages that correspond to different wafer ctching stages and processes so

in any suitable etching process, the bias voltage utilized can reduce wafer arcing.

30

SUMMARY OF THE INVENTION




in any suitable etching process, the bias voltage utilized can reduce wafer
arcing. 30 SUMVARY OF THE | NVENTI ON 3 Broadly speaking, the present
invention fills these needs by providing a nethod for reduci ng wafer arcing
in wafer etching operations. It should be appreciated that the present
invention can be inplenented in nunerous3ways, including as a process, an
apparatus, a system a device or a nethod. Several inventive enbodi nents
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15 of the at least one etching process corresponding to the at least one bias voltage. The method
also includes determining an efching process to be conducted, and maiching the etching process
to a corresponding bias voltage by using the associations in a recipe table. The method further
includes generating one of the at least one bias voltage corresponding to the etching process.
The method also includes applying the one of the at least one bias vollage to an electrostatic
20 chuck (ESC) before initiation of the etching process. The one of the at least one bias voltage

reduces arcing in a wafer during the etching process.

In yet another embodiment, a method for determining bias voltage for reducing wafer
damage during an etching process is provided. In this embodiment, the method includes
determining an etching process to be conducted. The method further includes matching the

25 etching process to a corresponding bias voltage by using associations in a recipe table which
includes associations between at least one bias voltage and at least one etching process wherc

each one of the at least one etching process corresponding to the at least one bias voltage.

In another embodiment, a computer readable media is provided that has program
instructions for determining bias voltage for reducing wafer damage where a bias voltage
30 setting circuit determines the bias voltage that a voltage bias generator applies to an electrostatic

chuck (ESC) during etching to reduce wafer arcing. The computer readable media includes



25 etching process to a correspondi ng bias voltage by using associations in
a recipe table which includes associations between at | east one bias

vol tage and at | east one etching process where each one of the at | east
one etching process corresponding to the at | east one bias voltage. In
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acconpanying drawi ngs, 20 illustrating by way of exanple the priificlples of
t he predgilitidnallgritecarse wafer damage can be decreased dramatically, the wafer yield loss can be

decreased.

Other aspects and advantages of the present invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

20 illustrating by way of example the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings. To facilitate this description, like reference

numerals designate like structural elements.
25

Figure 1A shows a silicon wafer that is damaged through an arcing that may occur

during an etching process.
Figure 1B shows a graph that shows a real-time surface potential during plasma ignition.

Figure 2 shows an etching chamber with voliage bias control using a recipe bias table in

30 accordance with one embodiment of the present invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will be readily
understood by the followi ng detail ed description in conjunction with the
acconpanyi ng drawings. To facilitate this description, like reference
nuneral s designate |ike structural elements. 25 Figure | A shows a silicon
waf er that is damaged through an arcing $hat may occur during an etching
process. Figure |B shows a graph that shows a real-tine surface potenti al
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enbodi nent of the present invention. Figure 8 shows circuitry for
generating bifﬁgurvof tlélg%tratfrﬁ agewisahee fou stitivpebianbotipgrent acofrdpms prths ent
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vol t age I 85 epesefl MR mhodi ment of the present invention. 15
DETAI LED DES I PTI O\l|1 HE PREFERRED EMBODI MENTS An invention is disclosed
for a method M@t eheYHEATIHNHeBFQAEY foF SRifag DascYPpedUn #gOrdepes with one
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Figure 8 shows circuitry for generating bias voltage in accordance with one embodiment

of the present invention.

Figure 9 tllustrates further circuitry for generating bias voltage in accordance with one

embodiment of the present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An invention is disclosed for a method to intelligently decreasing wafer arcing during
etch procedures and other procedures such as, for example, deposition procedures or whenever
there is a process where plasma interacts with a wafer and a bias compensation is needed. In
the following description, numerous specific details are set forth in order to provide a thorough

20 understanding of the present invention. It will be understood, however, by one of ordinary skill
in the art, that the present invention may be practiced without some or all of these specific
details. In other instances, well known process operations have not been described in detail in

order not to unnecessarily obscure the present invention.

In general terms, the present invention is directed toward a method whereby an etch

25  process may be utilized with a dramatic reduction in arcing between structures of the wafer,
between a structure and the substrate, or between a structure and the plasma. This may be
accomplished by presetting bias voltages for each separate elching process. Because each
separate eiching procecss may create the possibility of different bias voltage potentials, by
associating bias voltages applied to the electrostatic chuck (ESC) with different corresponding

30 wafer etching processes, the bias voltages may be intelligently set to a particular bias voltage



there is a process where plasma interacts with a wafer and a bi as
conpensation is needed. In the follow ng description, nunerous specific
details are set forth in order to provide a thorough 20 understandi ng of
the present invention. It will be understood, however, by one of ordinary
skill in the art, that the present inve@tion nmay be practiced w thout sone
or all of these specific details. In other instances, well known process
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et chi ng rdedgbes, the bias voltages may be intelligently set to a
particul ar bias voltage 6 before each particular etching stage. In this
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used with a2 Le!:itc 1?1%' &Jn‘?t?e'r%ﬁ a s%dirlgﬂl\d/ess glil te elgllzrgstatic chuck (ESC) 108 which in one
embodiment may include the a layer 109, electrodes 110, 111, and the RF powered electrode
112 that may hold the wafer 106 in place during an etching operation. Within the ESC 108 are
electrodes 110 and 111. The electrodes 110 and 111 are connected to a bias voltage generator
20 120 through voltage lines 114 and 116 respectively. The ESC 108 is disposed over a base 112.
In one embodiment, the layer 109 of the ESC 108 is made out of a leaky dielectric material so
the electrodes 110 and 111 are electrically semi-isolated thereby generating leaky capacitors
when clamp and bias voltages are applied to lines 114 and 116. Tt should be appreciated that
the semi-insulating material may be any suitable material that may semi-insulate the electrodes
25  from one another to sustain a voltage drop between them and to the substrate. In one
embodiment, the semi-insulating material may be any suitable type of DC semi-insulating
ceramic. The powered RE electrode may be any suitable material such as, for example,

aluminum, stainless steel.

In one embodiment, the level of the bias voltage (also known as bias voltage level) is
30 determined by a recipe bias table 128. The recipe bias table 128 includes associations between
at least one voltage level and at least one etching process. Therefore, a particular etching

process corresponds with a particular bias voltage fevel. In addition, the particular bias voltage



15 nunber of recipes to reduce arcing that may danmage a wafer 106. The

et chi ng chanber 100 al so includes an electrostatic chuck (ESC) 108 which in
one enbodi ment may include the a | ayer 109, electrodes 110, 111, and the
RF powered electrode 112 that may hold the wafer 106 in place during an
etching operation. Wthin the ESC 108 are electrodes 110 and 111. The

el ectrodes 110 and Il are connected to a bias voltage generator 20 120
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setting signal is sent to a bias voltage setting circuit. The bias voltage setting circuit 124
manages the bias voltage generator 120 to generate the bias voltage. In one embodiment, the

bias voltage setting circuit 124 may include a digital to analog converter to convert a digital

20 recipe setting signal to an analog voltage.

Figure 3 illustrates a method of generaling a recipe setting signal in accordance with one

embodiment of the present invention. In one embodiment, a bias voltage sctting code 212
receives the recipe bias table 128 and the processes that are to be utilized in a particular etching
operation. In one embodiment, the particular etching operation includes stage-1 202, stage-2

25 204, stage-3 206 and stage-4 208. In one embodiment, the stage-1 utilizes a process-1, the
stage-2 utilizes a process-3, the stage-3 utilizes the process-1, and the stage-4 utilizes the
process-2 and the process-1. It should be appreciated that the methodology described herein to

set a voltage bias to reduce or eliminate wafer arcing may be uiilized with any suitable type of
numbers of etching operations. In addition, it should be understood that the methodology

30  described herein to reduce the wafer arcing may be utilized with any suitable etching operations

that may have any suitable numbers or type of processes.



10 exist between a wafer surface and a wafer substrate. Consequently,
particul ar bias voltages may be utilized for particular etching operations
thereby tailoring the bias voltage to the particular etching operation to
reduce wafer arcing. Different bias voltages may be assigned to different
reci pes used for etching processes. It should be appreciated that the
reci pe bias table 128 may be either enbodied in software or hardware.

Therefore, a .part. ) ias vol level for a, 15 co ngi ing
o ocese. may bareurE Bl Phe i AL e Ry 40 of i T ¥pPhE e A R 6818
det er m nitdr@nOWhihfobistes dOhtagRith eX@ off 1BE sz ThGW alisigl flRirBdpPbRS efts a
reci pe setting signal is sent to a bias voltage setting circuit. The bias

vol t age 198t therpjat iveldaget settdyg casarldgenay hetdbi eash v ltheapwcepspewathor carpgpemling

generate.t he  hias vol e. Ino odi nent, .the bias. vol.ta sefti
orrourt PisaEe TP GBS . g P of TS T e et Mgkt ane 8 b Py
20 reci perfificti M $kNAH vIIQEBN 280 BehcYRbd 384 thal WH &cB JflthaIPidcates tat are
met hod of generating a recipe setting signal in accordance wth one ‘
enmbodi nelenc.othet herrgnt eentvoltagee havielsnarel ntilsrd. efthodtiferenthe sctbphgoliagasaged is
setting.code 212 . recei ves t recip ias. table 8. and the processes, t hat
are t ol BETE AR dale S tRe erbok SRRBE LAt Yol SRuiatFoRi e e e nant:

t he par@&&uk@ﬂi@hﬁ&@ﬂggggagﬁ%hon i ncl udes stage-1 202, stage-2 25 204,
stage-3 206 and stage-4 208. In one enbodi ment, the stage-I utilizes a

process- 1, 1 gy 8Uag8y2 Ml IR0 MAGESS iy BLRHAIE HcbleZ8Rink Wfmal

process-1, and”the stag utilizes the ~ process-2-a e process-
shotdd heaappiace atitcorichatbddhecnreithiodiol egiond daew e jie«im wiah op@ttian 302
vol t age ?% s to reduce or elimnate wafer arcin nay,be utilized with an
sui t abl & Cab%e”ﬁate%‘f%@r%%iﬁgét%lﬁl whichpe pBE paRedimert igdls rachs setmssial Hbe
under st god F | - 3 SCL her.ej . - .
arcing aagcancd iy eABEhAEERY o P RR PO RuctR L Dol Aub ERNE R, HEP it oRhec
any sui salihg codtBEY 8¢ dysctiyplatalve i edessesto Bgurtlle Tieascipelsttige sketlintigdende
212 exam nes each of the stages 202, 204, 206, and 208 to determ ne what
processeésschrd \@genihah corssPome tohrosessgfe rhichh Biake yipusipgrisk RE ar Walep stabings
tab 8...1 hepbiias:. val tti - h .
pr obess S b BT 1Pt d R Re Bk Bl Radn B TR R SPuRb gy v
t he proamnydesytilifed fopeichisponsts Rehith amywr! fraged evilgSsiddcethhs indentitieds and a
set of voltages 216 is 9enerated such that for each of the processes that
are voltage differentials belween the wafer surface potential and the wafer substrate potential. In
one embodiment, the recipe bias table includes at least one process used with certain stage(s) of
a parlicular etching process which is each associated with a bias voltage. In this way, a
20 particular process corresponds to a particular bias voltage that can reduce or eliminate wafer

arcing when the bias voltage is applied to the ESC.

After operation 302, the method advances to operation 304 which sets electrodes to a
bias voltage corresponding to an etching process. In one embodiment, the elecirodes 110 and
111 as those described in reference to Figure 2 may be set to a voltage level corresponding to
25  the etching process to be done in an etching chamber. The voltage level that is utilized is
predetermined as indicated by the recipe setting signal so the wafer may be attached to the ESC
and arcing is reduced or eliminated. Consequently, different voltage bias levels that adjust the
substrate potential {0 be closer to the wafer surface potential may be utilized for each process
used in a wafer etching operation.
30 Then operation 306 performs the etching process. In one embodiment, once the bias

voltage is set for the etching process, the etching process may proceed without problems of

wafer arcing. This may occur because the bias voltage reduces the voltage potential differences



done, the correct bias voltage levels are utilized. Therefore, the set of
vol tages 216 is incorporated into the recipe setting signal 126 to be sent
to the bias voltage setting circuit as discussed in reference to Figure 2.
Figure 4 shows a flowhart 300 showi ng a nmethod for generating a recipe
setting signal 10 in accordance with ong2 enbodi nent of the invention.
Fl owchart 300 begins with operation 302 which generates a recipe setting
si gnal WitgBed theORSrCTRARE RO S FRGub 8RR ISHLE ' - itable
descri bed inerefereﬁce to Eﬁgu#e f. ’n o%@ge#ﬁgéﬁﬁgg%%h?ﬁggg%gggﬁﬁgﬁugﬁgeis
t he bi astypobf agbingsetdeporiti@opecdd 2nasbdpatorived duetbay €or dx angill € reaihérer dfiow-k
Figure 3, The recipe setting signal includes a set of voltages that
correspdﬂ@egécﬁﬁ8@§§§é§”WﬁW€W=ﬁﬁke up stage(s) of a wafer etching 15
operation. By having a specific bias voltage for each of the processes, the
optimal vol t afyéiel eResgtio , e viethiod zeeivesde opatiop 368 edschvdtichmimay e fipthene
to arcing,since this t hod redyc the ., voltage differentials be e he
wat o s eE Blstand BoOR AR ab Sieteh PER s uRETar:  h° Rateel de
enbodi MeAkthod hepdaBChReatindSotabbe dnaciorless abrd Sasko ﬁﬂﬁle_p'é%ﬁn?]pﬂé%&geé{“tﬁ@
certain stage(s) of a particular etching process which is each associ ated
with a bhetbodendsage. In this way, a 20 particul ar process corresponds to a
particul ar bias voltage that can reduce or elimnate wafer arcing when the
bi as vol t age Figurapplhoed atftovtdhart BBC.whAEH §¢firep elicaddnemntidfaf a tbgpadtthadkignal in
advances to oPerap%on 304 which sets electrodes to a bias voltagg . )
cor r espORtiTAY CoVER BE S GIBPYcRsHe MEschdrbeni el lovHarePEE branesvitn o
and g 1130P@§atiBHQ§9§ \gﬁﬁp%ﬁpﬁgcé é‘re%@;feq:ﬁfsntﬁ et O3S TBY,, Eyger%t%n k® Rctudes
vol tage fevel corresponding to the etching process to one 1'n an
et chi ng cedutinpessocibhieny/oditvagecdchvelthd &taking pratiebdes #eth 4 Sartipriedisiherliape dvhase
i ndi cat ed by th? reci pe setting signal so the wafer may be attached to the
ESC andh&iiitylars biag qrRiegeohake i bacpapedestebigebuching , wefier fase eisdugpg thige
bias le i la I to clpser. [ fer
surfac e\égig)]? gé\{a?g? @?rg@ 'ebgffals ?Ql%y%gtgfl %ﬁ Srggéétsg%{c%@gescor%g%%cﬁ% gla\%vg?tép&es chi ng
oper at i oplta@@ dihkentopipgr dii Gna, 306 peblialiss bhe BE GREMGo PIAESSSe dplinQde bias
enbodi ment, once the bias voltage is set for the etching process, the
et ch? ng CPRBEESE oMyl tagied Eééﬁy\ﬁmlﬁﬁgmt%ww@q%s Qfany\gagur o fatelting ProrRsses-nay
occur because the bias voltage reduces the voltage potential differences 9
After operation 402, the method advances to operation 404 which determines which of
the etching process(es) to be used. It should be understood that the etching processes that are to
be done could be stored or inputted in any suitable way. In one embodiment, the processes are
placed in storage to be retrieved by the bias voltage setting code 212 as discussed above in
20 reference to Figure 3. The bias voltage code can obtain the processes from any suitable type of

storage device.

Then operation 406 matches the etching process(es) to corresponding bias voltage(s) as
included in the recipe bias table. In one embodiment, the etching stage is one stage used in an
etching operation. It should be appreciated in any efching operation, there may be one or more

25  etching stages each with at least one process. Each of the processes use a particular recipe
which may generate different wafer surface and wafer substrate potentials. Therefore, by

utilizing a certain bias voltage level for a particular process, wafer arcing may be avoided.

After operation 4006, the method proceeds to operation 408 which includes the
corresponding bias voltage for each of the etching process(es) in a recipe setting signal. In one
30 embodiment, when the voltage bias levels have been determined for each efching process in

each of the elching stages, this data is incorporated in the recipe setting signal to be set to the



bet ween the wafer surface and the wafer substrate. It shoul d be appreciated
that any suitable type of etching or deposition process may be perforned
such as, for exanple, etching of lowk dielectrics, inorganic dielectrics,
etc. After operation 306, the nethod noves to operation 308 which
determines if a further 5 etching procegs is to be conducted. If an
additional etching process is to be conducted, the nethod repeats

oper at i o306, : 1 3 rther et chi DI

Che “merhau tuns SO Rng ENEEY dhaahool WS B S Yo b s B PR RSP 20
gener at i 3@lighis@dnbei iR rektdncae Biggfted. i N accordance with one enbodi nent of
the present invention. The flowchart 302 begins with 10 operation 402

whi ch gener atgguds (eGlREhY aow @Pérﬁpla%i%ﬁrﬁﬂﬁ?%amt uti | ORET8 kO erate

i ncl udes creating associ ati ons between each "of the etching processes with a
parti cultaas bolegew ofitshgeldiiveappredidied far thecaitcartnbilmsvivbtlvege sndralyexbmpiary in
pre-tested to he found wafer arc reducing bias conpensation yoltages.
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done coul d be stored or inputted in any suitable way. |In one enbodi nent,

t he prodéselishghable pn gxsenal hiastconage(fran peftvaeti Ehepinhy mayden bigs yoltagsget
setting e as . discyssed above.in 20 referenge to Figure 3.. has
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devi ce. cdhestepponali on 406 matches the etching process(es) to corresponding
bi as voltage(s) as included in the recipe bias table. In one enbodi nent,
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appreciated in"any etching operation, there may be one“or nore 25 etching

st ages eadhdimdn odtthd pestntaneenpiooc elasoneEanbodihenth ¢hepeionesy €60 us eomigured to
particul ar.recipe  which may generate different wafer surface_and wafer
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derived {rom software such as, for example, a bias voltage setting code such as, i one

embodiment, the one described above in reference to Figure 3.

Figure 8 shows circuitry 700 for genecrating bias voltage in accordance with one
embodiment of the present invention. In one embodiment, the circuitry 700 is configured to
20 receive an input of the bias setpoint from the circuitry 600 as described in reference to Figure 7

and generate dual bias drive values.

Figure 9 illustrates further circuitry 800 for generating bias voltage in accordance with
one embodiment of the present invention. In one embodiment, the circuitry 800 is configured
to use the dual bias drive inputs received from the circuitry 700 as described in reference to

25  Figure 8 and generate bias voltages for, in one embodiment, the lines 110 and 111 as described

in reference to Figure 2.

While this invention has been described in terms of several preferred embodiments, it
will be appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and equivalents

30 thereof. It is therefore intended that the present invention includes all such alterations,

additions, permutations, and equivalents as fall within the true spirit and scope of the invention.



correspondi ng bias voltage for each of the etching process(es) in a recipe
setting signal. In one 30 enbodi nent, when the voltage bias | evels have
been determ ned for each etching process in each of the etching stages,
this data is incorporated in the recipe setting signal to be set to the 10
bi as voltage setting circuitry that may lutilize the data to nanage the bias
vol tage generator 120 as discussed above in reference to Figure 3. Figures
6 througﬁ,gtﬁggwhﬁfﬁqplary circuitry that may be utilized to set and
generate hblas voltages. It should be appreciated that the circuitry shown
belowis nerely exenplary in 5 nature and that any suitable type of
hardware or software nay be generated as long as the inventive

nmet hodol ogi es as described herein are utilized. Figure 6 illustrates
circuitry 500 that for setting bias voltage in accordance with one

enbodi ment of the present invention. In one enbodinent, the circuitry 500
includes pins | and 14 which enable an external bias control (from
software). The pin 8 nmay be a bias voltage set 10 point input for a bias
vol tage value. This value nmay conme fromsoftware via a digital/anal og
converter (DAC). Figure 7 shows additional circuitry 600 for setting bias
vol tage in accordance wth one enbodinent of the present invention. In one
enbodi ment, the circuitry 600 is configured to receive external bias

vol tage setpoints fromthe circuitry 500 as described in reference to
Figure 15 6 to generate bias voltage setpoints. In one enbodi nent, the
external bias voltage setpoints are derived fromsoftware such as, for
exanpl e, a bias voltage setting code such as, in one enbodinent, the one
descri bed above in reference to Figure 3. Figure 8 shows circuitry 700 for
generating bias voltage in accordance-wth one enbodi ment of the present

i nvention. In one enbodinent, the circuitry 700 is configured to 20
receive an input of the bias setpoint fromthe circuitry 600 as descri bed
in reference to Figure 7 and generate dual bias drive values. Figure 9
illustrates further circuitry 800 for generating bias voltage in accordance
with one enbodi nent of the present invention. In one enbodi nent, the
circuitry 800 is configured to use the dual bias drive inputs received
fromthe circuitry 700 as described in reference to



25 Figure 8 and generate bias voltages for, in one enbodinent, the |ines
110 and 111 as described in reference to Figure 2. Wile this invention
has been described in ternms of several preferred enbodinents, it wll be
appreci ated that those skilled in the art upon reading the preceding
specifications and studying the drawings will realize various alterations,
addi ti ons, pernutations and equivalents 120 thereof. It its therefore

i ntended that the present invention includes all such alterations,

addi tions ermut ati ons, and equivalents as fall within the true spirit and
scope of tﬂEA1WV%nt|on 11 What is clainmed is: - 12- CLAIMS 1. A nethod
for reducing wafer damage during an etching process, conprising: assigning
a first bias voltage froma plurality of bias voltages, wherein each one 5
of the plurali t4 nofthdi fas redobinggescrcdamags goridg to etehinggastesgrempfisiagpl ural ity

f etchi t t h | t bef
Chithationof & sarazingr Bkt e St fREh Jecblig Srotadidone
applying the assi gneg i @ravg) §a08 Jo%a?e@ csllr@s,%ﬁ@@t Aldast RUEK phediay ef

initiation of 10 the selected one of the plurality of etching processes;
and perforning the séhiegpracesses; of the plurallty of etching processes;

wherein the asslgned i as, volta renti bet ween
adj acent net al Stgan:an1%heagﬁm%F%g%wgag% Iel ﬁﬂgoﬁ%$%r%dﬁﬂer§%n t he

vol t age dlfferentlqﬂmnmykﬁs&hk@qﬂo@ﬂmglectrlcal breakdown strength of the
dielectric layer 15 when the selected one of the pluraljty of, etching
processes is be|n@mﬁﬁﬂgQWﬁﬁﬂgw@?m&%%%@%@dmﬁ$$ﬁ?%§ﬁémﬁefWﬁyEHnWQWﬁdé‘dur|ng

N gf ching process ag. LackiRfleiof il Ml b cthBhGhikeldg hehi ng process

|nc udes etching a | ow ctr
performing the selected one of the plurality of etching processes;

wherein the assigned bias voltage generates a voltage differential between
adjacent metal structures within a dielectric of the wafer, wherein the voltage
differential is less than an electrical breakdown strength of the dielectric layer
15 when the selected one of the plurality of etching processes is being

performed.

2. A method for reducing wafer damage during an etching process as recited in claim

1, wherein the etching process includes etching a low-k dielectric.

20
3. A method for reducing wafer damage during an etching process as recited in claim
1, wherein the assigning includes determining the bias voltage that reduced wafer
arcing for the selected at least one etching process.
25 4. A method for reducing wafer damage during an etching process as recited in claim

1, wherein generating the assigned bias voltage includes:
determining the selected etching process to be utilized,
matching the selected etching process to a corresponding assigned bias
voltage;

30 generating a recipe setting signal including the assigned bias voltage.



3. A nethod for reduci ng waf er damage during an etching process as recited
inclaim 1, wherein the assigning includes determ ning the bias voltage
that reduced wafer arcing for the selected at | east one etching process.
25 4. A nethod for reduci ng wafer danage during an etching process as
recited in claim 1, wherein generating the assigned bias vol tage incl udes:
determ ning the selected etching procesd3t-o be utilized, matching the

sel ected etching process to a correspondi ng assigned bias voltage; 30
generating a recipe setting signal including the assigned bias voltage. -
13 5. A nkt hod fethedei®ussdvgingarater dramaegaduting pmgichingaredrsnes jseivdas slam

ited i L a . ) . P . o Cnolud
hpplying the assi s aRIE BP RR ladr ot 0Bt BRI ANl E S
chuck. 5 6. A meflfageltd @éctroddsiti thg ewafretatdafage during an etching process as

recited in claim 1, wherein the bias voltage reduces a voltage potenti al
between a wafer surface and a wafer substrate. 7. A nethod for reducing

waf damgge dugi ' T=Yoy ' ' TR ein
the bi 2o Al t ags "o R R E R Bl R A AR,
reci pe bias t abl, evhefin fhertesshradtape redueciucvoipgouadentid drageenduwifagswfacet chi ng
process, conpri si,ng: enerating a recipe bias table that includes

associ ati ons beat“\%‘gﬁaf@gws%ﬁ% of a 15 plurality of bias voltages and each
one of a plurality of etching processes; determning a first etching
process fromthe plurality of etching processes to be conducted; matching
the first %t chishtnophasdesedueing vedenrdaspandings 81 etshingipgecesois regitedoyp clasiong

apriing the 1ir SesaBRGRTe Bl B Rt A el e A PR R £ 720 on

of the recipe bias table.

g. A method for reducing wafer damage during an etching process, comprising:
generating a recipe bias table that includes associations between each one of a
15 plurality of bias voltages and each one of a plurality of etching processes;
determining a first etching process from the plurality of etching processes to be
conducted;
matching the first etching process to a corresponding first bias voltage by using
the associations in a recipe table;
20 generating the first bias voltage;
applying the first bias voltage to an electrostatic chuck before initiation of the
first etching process; and
performing the first etching process;
wherein the one of the first bias voltage generates a voltage differential between
25 adjacent metal structures within a dielectric of the wafer, wherein the voltage
differential is less than an electrical breakdown strength of the dielectric layer

when the first etching processes is being performed.

9. A method for reducing wafer damage during an etching process as recited in claim

30 8, wherein the first etching process includes etching a low-k dielectric.



first etching process; and performng the first etching process; wherein
the one of the first bias voltage generates a voltage differential between
25 adj acent netal structures within a dielectric of the wafer, wherein the
voltage differential is |less than an electrical breakdown strength of the
dielectric layer when the first etching processes is being perforned. 9. A
met hod for reduci ng waf er damage duringldm etching process as recited in
claim 30 8, wherein the first etching process includes etching a | owk

dlelectrlc -14- 10. A nethod for, reduci ng wafer damage during an e chlng
process as Or eci &@pthod O sedveme walerdamage Keripgap gs R R A

sof t war e. “%%&F@Htﬁe@e%@%‘féﬂ%t £ sof@pge during an etching process

as reC|ted |n aim erein applying the assigned bias voltage
i ncl udes appl ying the assigned blas voltage to electrodes in the

el ectrostat,ic nmet ho r ucin damage durin

ot chi ng. pridces A FEULRT cfREcrarseE tHErE i CehE st oyt ey efites
vol tage pOtent'Eﬁk}Vlﬁ?&lM@ﬁ;ﬂyﬁag\@ﬁé 8% bkEBﬁ’?}Qoﬁ%eqﬂguées%fpﬁﬁng%ﬁe%ﬁgﬂcﬂ bid3. A
nmet hod for redUC|ng waf er “ damage urln an etching process as recited in

claim 8, furth@ﬂa@®ﬁpﬂﬂﬁkﬁgsHﬁbﬁpk@ﬁwﬁycwh@dﬁ|rst et ching process; 15
ceasing applying the first bias voltage to the electrostatic chuck;
determ ning a second etching process fromthe plurality of etching

processes 120 henpondut ﬁamucxmigtufadﬁérrtgnia@e degsondeRhi@RipReeepy fC@Gied A chrim
correspondi ng second _bi as voltage using the associations in a_recipe
table; 20 generfatiisigin He @@c%@g%reégcw ‘fOAfgée palsplialibelvacha waleonuass as

vol fage to theaﬁh%q%ﬁg§§ﬁ$ﬁ&echuck before initiation of the second etching
process;

13. A method for reducing wafer damage during an etching process as recited in claim
8, further comprising:
completing the first etching process;
15 ceasing applying the first bias voltage to the electrostatic chuck;
determining a second etching process from the plurality of etching processes to
be conducted;
matching the second etching process to a corresponding second bias voltage by
using the associations in a recipe table;
20 generating the second bias voltage;
applying the second bias voltage to the electrostatic chuck before initiation of
the second etching process; and
performing the second etching process;
wherein the one of the second bias voltage generates a voltage differential
25 between adjacent metal structures within a dielectric of the wafer, wherein the
voltage differential is less than an electrical breakdown strength of the

dielectric layer when the second etching processes is being performed.

14. A method for reducing wafer damage during an etching process as recited in claim
30 8, wherein the bias voltage is applied to the electrostatic chuck through electrodes

disposed inside the electrostatic chuck.



perform ng the second etching process; wherein the one of the second bias
vol tage generates a voltage differential 25 between adjacent netal
structures within a dielectric of the wafer, wherein the voltage
differential is less than an electrical breakdown strength of the
dielectric |layer when the second etching processes is being perforned. 14.
A net hod for reduci ng waf er damage duri-ng -an et ching process as recited in
claim 30 8, wherein the bias voltage is applied to the electrostatic chuck
t hrough el ectrodes _ di sposed inside the electrostatic chuck. 15- 15, A

met hod f or 1% edudimriheshios redusinggeafen danage airiag én ek ingriseesss asrgciiedingciaim n
claim 8, wherei L0 i i ic material. 16. A
met hod for dete@ﬁﬁk?ﬁg08?%§&%§V@§g§&¥%§gg%g%%Pﬁﬁ%%%ﬂg; damage during an 5
etching process, conprising: determining a first etching process to be

conduct ed; tching t first, etchin rocess . to a corresponding first bias
vol t age byhﬂ? i nS meg%%ﬂf%r SetepRgingPias ?@@ﬂsgortrs%wclén&m%ﬁ d?‘ﬁggﬁifg%g‘% an
assogi ati ons belBeNLRRER, &{h@pﬂﬂ%:a plurality of bias voltages and a

a

correspondi ng each one of a plurality of 10 etching processes, wherein the
one of the first Betssnvolgafjst gehioparezsato bealondgaedi f f erenti al bet ween

adj acent netal structure ithin.a dielectric of .he \waf er, erein.the
Vol tage dif1 or ent PR Pt el gra st f poafrondiaa b mre el BRgOR e ¢ he
dielectric layer whegsddiiohk irbh rRifelthhle viQCRERASs adsSci MM DeRRich RhsEehe and
15 applying the first etching process after the first bias voltage is

applied. 17. A net hot sfrdvratibteiasioligess and acsirteappnding cack dne phgplusdldy of

danpge as recited i j in.t foi S .chi r i ncl udes
cronng o 1ok di el SeihfpBedSts. HRFGh Bl gk heghEr WReRGRRRRS bOT g
for reduci ng waf er daMagedidkrongial betdteémnadjgdent MehbstrydhaeeithinnedieReirizat abl e
is stored in softvvarg. 1?. A’ilme,t hod for determning bias voltage for
reduci ng wafer danmadB® ¥élgcKngeg the,voltage differential is Iess than an electrical

breakdown strength of the dielectric layer when the first etching processes

is being performed; and

15 applying the first etching process after the first bias voltage is applied.

17. A method for determining bias voltage for reducing wafer damage as recited in

claim 16, wherein the first etching process includes etching a low-k dielectric.

20 I8. A method for determining bias voltage for reducing wafer damage as recited in

claim 16, wherein the recipe table is stored in software.

19. A methed for determining bias voltage for reducing wafer damage as recited in
claim 16, wherein the bias voltage reduces a voltage potential between a wafer

25 surface and a wafer substrate.

20. A computer readable media having program instructions for determining bias
voltage for reducing wafer damage where a bias voltage setting circuit determines
the bias voltage that a voltage bias generator applies to an electrostatic chuck

30 during etching to reduce wafer arcing, the computer readable media comprising:

program instructions for determining a first etching process to be conducted;



claim 16, wherein the bias voltage reduces a voltage potential between a
wafer 25 surface and a wafer substrate. 20. A conputer readable nedia
havi ng programinstructions for determ ning bias voltage for reducing

waf er damage where a bias voltage setting circuit determ nes the bias

vol tage that a voltage bias generator applies to an electrostatic chuck 30
during etching to reduce wafer arcing, -tlde conputer readabl e nedia
conprising: programinstructions for determining a first etching process
to be conducted; -16- programinstructions for matching the first etching
process to a corr BEEHHEInguEiienstiobnahing the §est pighinginiercas wocsataspensling, a
reci pe table which i i.ati - b e : rality
of bias vol tages andﬁ}g’! M%%??“e%%%ﬁg'f%g ag%ghﬁgh%ﬁo‘?reg%%F%b?é;ﬁrﬁfcfg} lo?lmé‘#chi ng
processes, wherein tdisocindnd betvebheadh dritoflaiphsraligl dfads vpingssainds: a vol t age
differential between adjacent netal structures within a dielectric of the
waf er, wherein the VOMEEREAING Relspanie aplurallly gL e hRG AIOMS S o aFia e one

breakdown strength qofy tl?ehﬁrsgiéﬁ gﬁlréi%(\genéx‘afégra \)M{Q%b (ﬁih@refniti?lsﬁet\% | dtent

processes is being perforned, rrograminstructions for applying the
first etching procegsetafstmctirtsevithinstdideasc of thewodftiagderesn tpploitege 21. A

conput er readabl e nmedja havi.n rograminstructions as recited .in claim?20,
wherein the first elBRPRBIPibEESEA gt clraueLheridy netraahe etigheiicc. 15
22. A conputer readape wiRditi HAYEQRiNR PP i RfdsdrtRRRdamd ecited in

;
claim 20, wherein the bias voltage reéuces a voltage potential between a
waf er surface andpmgragmfnstruetisys tfpmapplying the first etching process after the first bias

10 voltage is applied.

21, A computer readable media having program instructions as recited in claim 20,

wherein the first etching process includes etching a low-k dielectric.

15 22. A computer readable media having program instructions as recited in claim 20,
wherein the bias voltage reduces a voltage potential between a wafer surface and a

wafer substrate.



