METHODS FOR M NI M ZI NG MASK UNDERCUTS AND NOTCHES FOR

PLASMA PROCESSI NG SYSTEM BACKGROUND OF THE | NVENTI ON
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and notches may cause unreliability or yield loss in
the final product, such as a mcro el ectronechanica
system (MEMS) devi ce. Some manufacturing conpanies
have attenpted to control the inpact of mask undercuts
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retch step includes a first process step, a
phmnggﬁbndsprocess step, and a third process step. The
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The first process recipe is configured to perform
andn(l@lﬁ@lséuqsi rst bottombias voltage |evel applied to the

bott om el ectrode. The second process recipe is

configured to performusing a second bottom bi as

voltage level applied to the bottomelectrode that is

hi gher than the fiSITSVMARYOF BNYENIGONage | evel . The

third process recipe is configured to performusing a

[Para®pi r d D¢ ingBatlunaslaws) in%eenhlﬁ?dﬁhelﬁpmldIﬁdsrh@pﬁobéSbegtcﬂlaﬂiber toa
electrode that is |ower than the second bottom bi as

method 0% eé%}gng @\c,lg}stratpﬁ)@vmgrtgqre@} 3 sidiggn La[yglb Theplasma pregessing chamber
process step, and the third process step are
alternately perforned a plurality of tines. The nethod
yet also includes ternmnati?g the overetch step after
the silicon layer is etched through. [Para 10]In
anot her enbodi ment, the invention relates to, in a
pl asma processi ng chanber, a nethod for etching a



BRI EF DESCRI PTI ON OF THE DRAW NGS [ Para 121The present
invention is illustrated by way of exanple, and not by
way of limtation, in the figures of the acconpanying
drawi ngs and in which like reference nunerals refer to

has a ottt electeddermmditise abdirate bedni dispofddasmathd Bp oy eicetrdds g the
.an_exanple of a silicon substrate with mask (lilnfjer,Clllt(f
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19] Figure 7 shows, in an enbodi nent, silicon substrate
configgredro petfare psing asecopd\pgiipm bias voltage level applied to the bottom electrode

that is higher than the first bottom bias voltage level. The third process recipe is configured to
perform using a third bottom bias voltage level applied to the bottom electrode that is lower
than the second bottom bias voltage level. The first process step, the second process step, and
the third process step are alternately performed a plurality of times. The method yet also
includes terminating the overetch step after the silicon layer is etched through.

[Para 10] In another embodiment, the invention relates to, in a plasma processing
chamber, a method for etching a substrate having thereon a silicon layer. The plasma
processing chamber having a bottom electrode and the substrate is disposed on the bottom
electrode during the etching. The method includes performing a main etch step. The method
also includes terminating the main etch step when a predefined etch depth into the silicon layer
is achieved. The predefined etch depth is at least 70 percent of a thickness of the silicon layer.
The method further includes performing an overetch step. The overetch step includes a first
process step, a second process step, and a third process step. The first process step employs a
first process recipe. The second process step employs a second process recipe. The third
process step employs a third process recipe. The second process recipe is configured to
remove more silicon material from the silicon layer than either the first process recipe or the
third process recipe. The first process step, the second process step, and the third process step
are alternately performed a plurality of times. The method yet also includes terminating the
overetch step after the silicon layer is etched through.

[Para 11] These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the following

figures.



based gas m xture. [Para 20] Fi gure 8A shows, in an
enbodi nent, a silicon substrate after CDCP with the
mask undercuts and notches being significantly
reduced. [Para 21] Figure 8B shows, in an enbodi ment, a
si | i con subsBRIEE BHEIERIPIUIOR OF (IIHE DRAWEKGEnder cut s
and notches being substantially elimnate %%DETAI LED -

[Parag2ECR) e prgsent ie¥onaeR PENYSAtehPRWoY o fiot by way of
imita Y 3R U o (AL B ARTEE WS ordh Mo il teforenog gumerals
refer tb Binhihe ehenoamtamndyinwghicdr:awi ngs. I n the fol |l owi ng
description, numerous specific details are set forth
[Parail3] Or dBigut®] Wy ffexaniphosighicanulibstedtendhigaskfuni&euts and
present 1nvention. It will be apparent, however, to
notchg$ne skilled in the art, that the present invention nay
be practiced wi thout some or all of these specific
[Paradd] ai | Eigure2 slorvrse in amemberdiment, asinipla Howshast diegessming steps for a

... d/or. structures h t been described in detail in
cnucaga%qn%% 088?0113{8%63 %gesllg(l:??y obscure the present

invention. [Para 231Var]j nbodi t d i bed. ...
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forminPERhilkture.0pt 0- magneti ¢, optical, or other forns of
conmput er readabl e nmedium for storing conputer readable

[Parad8fe. Fldutd@showshf e UBBEdiRBntRYilidbS usRYR after a second etch
appar at uses for practicing enbodi nents of the

substepnvent i on. Such apparatus may include circuits,
dedi cated and/ or progranmable, to carry out tasks
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mask SRIF @R WhidGiotthes Byihg e6bstantiallp khmifatdgdl ocessi ng system
Enbodi ments of the invention relate to a critical

di mensi on control process (CDCP) in which the etching
process may be mani pul ated to substantially decrease
the lateral etching conponent, resulting in a
reduction in mask undercuts and notches.

DETAILED DESCRIPTION OF EMBODIMENTS

[Para 22] The present invention will now be described in detail with reference to a few
embodiments thereof as illustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,

that the present invention may be practiced without some or all of these specific details. In



[Para 25]1In this docunent, various inplenentations nmay
be di scussed using a high frequency plasm system
This invention, however, is not limted to high
frequency plasma system and nay be enpl oyed in other
other piseasnioes, 8¢ kaown ippsdessiteyy andlopwiriicteps davyngbaandescribed in detail in
system As djscussed herein, high frequency refers to
order £ pRINBEReRFATIY eRfGRIFdle Bresqn .lwnrg@@aher tz or higher.
Al so, as discussed herein, |ow frequency refers to a
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or othemnfoens bbeomputéudadable medipinafonstopng cesputagresdabpscade. Further, the
. etchin silicon |ayer, a mai.n etch ste d an .
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embodihwntsrdyheiowentionn Bxlamplisidwadt appafatusinclude a generaleppepose

signifjcantly .reduced. . Further nor e
comp By g febisple il HPRES o oSl fly BRieforpmed and may
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I ntermedi ate substeps. In an enbodi nent, the main etch

adaptesk fop thegwpripuetasksepeataining toramhadigernts pEthe degaton-i on
substep and a first etch substep. In first deposition
[Paragdbst efn amoplahgarwith fmboilimentracf theprebent isedtion, egre iyprovided a

sin assivation of the .sid I l.s .and_th .
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~layer. The first deposition and first etch substeps )
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systeny R R se b Rl RRlch Bte Sy Rr FREP BT s0
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m xture may be enployed to deposit_ polynmer at a first
belowddt36onesshedz, venre @geéenabkyeqppfmmateb‘r%f &%ﬂﬁm@ww PeR kilohertz.
period. A second etching substep may then be .
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et ched at. a.second higher . bottom bj as, volt evel. at .
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) etchant, however, a fluorine-based gas mxture is
includpy wip®r abl e. Once the second etching substep has ended,

the third deposition substep nmay be perforned. In the
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three substeps are alternated with the bottom bi as

vol tage |l evel for the second etching substep being
greater than the bottom bias voltage |evel for the
second deposition substep. I°n the prior art, the
second etching substep and the third deposition
substep may be conbi ned. However, by separating the
etching and the oxidation steps, better control may be




el ectrode in a plasm processing chanber. At a first
step 202, a substrate with a silicon layer is
provi ded. The silicon |ayer nmay be di sposed above an
insul ator layer. In an enbodi nent, the CDCP may
undertuttihg et matywocwatie }thepsﬂdﬂ%ls of thengilicondayeh nedyeie stgmificantly reduced.
overetch step { ra 32].F.gure. 3 shows, in an
Furthglod S eRRoIstort efe Eﬁw ra%%ﬁ% adpStgreteh il e of a
silicon substrate, prior to being processed in
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on. devi ce.requi renent. The trenches forned in
nﬁeoﬂ&FQQgﬁbpgygxlgg% over insulator |layer 304 may be
etched to form device structures above silicon
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embodiment, thaganmmtued: foin tlst seporRDetclmay sWestepomay beamdetehdng drowever, a

.etch nce. con.l er 306.m .
fuoriri a3 TR Pl s Dol Rce R atennd et en flos endgd. the third
deposi@fbntsﬁ@stéﬁ/ﬁﬁ?bé Perfbiefed. ThuR thREdepdsidisubstep daroxybén-Bardd gas

not ches.” When a greater percentage of silicon |ayer
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nsi,st ent ocess . r.esul t
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with a nore preferr range of about 80-92 percent,
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In an enbodi nent, nmain etch step 204 may be an

compofieiler nat i ng first deposition substep and first etch
substeg In an enbodi nent, the gas m xtures enpl oyed

[Paradil i ngTheteatiressand pdpensages o e@bbg iantsafythelinvertion paybe better

undersé&ubgis\tgfgl’z réfial)éﬁﬁtgﬁ%g? f[gt%rgy grgd &’ig d391%n§ Blgit follow Iﬁ&&ljg 2 shows, in an

deposi |on su

embodimleitYe sinipdé ﬂbﬁf@h@ﬁ&lagﬁmﬂﬁg dtebk f(ﬁreidcrltﬁh] diwieAgion control process
assi vation of sidewalls 402 and 404 of trench_408

I n
(CDCEM digyre2iis diseyssed ptelagion fo Flgysisidné s dady4ad #By ADQDCP may be
S 1!
used téybich o F0ELPE b T SbRHOMIRY Bt Bispo ] B3R TPhAom
substep, part of sidewalls (402 and 404) and
hori zontal surface 406 may Be passivated using a
pol ymer-form ng gas such as C4F8. During the first
etch substep, vertical etching of silicon |ayer may
occur. Preferably, a fluorine-based gas, such as SF6,



Top Power 100 Wto 5000 W100 Wto 5000 WBottom Bi as
1 Vito 2000 V1Vto 2000 V Chanber Pressure 5
mllitorrs to 200 mllitorrs 5 mllitorrs to 200
millitorrs Gas M xture CAF8 SF6 [Para 351Alt hough
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[Parais.% t enhg‘l% %Usb?rg MIHBOdl}ﬂlgﬁt r{l]plg 4 agra% P ar 1B ple of a silicon

| ude Han ohe process’réec n - an exanp

substrhteepridrit6 beidg qbocfcsﬂa-atlﬁ 2] pt@ma@@de@san@sﬁtem &896h 4€E LAM 9400
he different than a process recipe enplo

DSlETﬁ’wymgla Fatlahle @@ﬁbéﬁ@.&ﬁﬁeeggbgwﬁrﬁmﬁ Fma?ntp%lef@gga 2 A silicon
s SR LT AT B 405 Ak ASHERGCURRD: i e 0,
and a mayk B@S. ulhi ani eretebdiment, mask 308 may include, but is not limited to a hard mask
and a resist mask. Silicon layer 306, such as polysilicon, epitaxial silicon, and
monocrystalline, may be of varying thickness depending upon device requirement. The
trenches formed in silicon layer 306 over insulator layer 304 may be etched to form device
structures above silicon substrate 302. Insulator layer 304 may be a dielectric formed from
organic and/or inorganic materials. Insulator layer 304 may also be utilized to prevent

undesirable etching of substrate base layer 302.

[Para 33] Referring back to Figure 2, at a next step 204, etching silicon layer may begin
with a main etch step. In an embodiment, main etch step 204 may include etching silicon layer
306 to an approximate depth toward insulator layer 304. Also, main etch step 204 may include
a first process recipe to perform substantially vertical etch on a considerable portion of silicon
layer 306. Since the thickness of the silicon material is generally known, a threshold point that
triggers the overetch step of CDCP may occur at an empirically determined-depth. Etching
that may occur in main etch step 204 may be considered a fast etch since silicon layer 306 may
be etched at a quicker aggregate rate than the aggregated etch rate of the overetch step, thus
reducing mask undercuts and notches. When a greater percentage of silicon layer 306 is etched
at a faster rate, a faster and more consistent etch process results. In an embodiment, test results
have shown a fast etching rate may be applied to a preferred range of about 70-95 percent, with
a more preferred range of about 80-92 percent, and preferably at about 90 percent of the silicon

layer.

[Para 34] Figure 4 shows, in an embodiment, a substrate during main etch step 204.

Main etch step 204 may include any number of intermediate substeps. In an embodiment,
main etch step 204 may be an alternating first deposition substep and first etch substep. In an
embodiment, the gas mixtures employed during the first deposition substep may differ from the
gas mixtures employed during the first etch substep. In the first deposition substep, a polymer-

forming gas may be utilized, allowing passivation of sidewalls 402 and 404 of trench 408. In



[Para 36]In an exanple, top power for the process
recipes for the first etch substep and/or the first
deposition substep may be between about 100W and about
5000 W preferred range nmay be approxi mately 400 Wto
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During 2nd Deposition Substep During 2nd Etch Substep
During 3,4 Deposition Substep Top Power 100 Wto 3000
W 100 Wto 3000 W 100 Wto 3000 WBottomBias 0 Vto
-300 VO Vito -300 VO Vto -300 V Chanber Pressure
chamber pressure may be at least 50 millitorrs. Further, although different type of gases may

be utilized as an etchant, a fluorine-based gas mixture is preferred.

[Para 37] Once a threshold point has been reached, different process recipes may be
applied during an overetch step of CDCP. Referring back to Figure 2, at a next step 206,
etching silicon layer may continue with an overetch step. In an embodiment, an overetching
process may be used to limit lateral etching that may transpire. In an embodiment, overetch
step 206 may include three substeps: a second deposition substep 208, a second etch substep

210, and a third deposition substep 212.

[Para 38] At a next substep 208, a second deposition substep may include depositing a
polymer using a polymer-forming gas mixture at a first bottom bias voltage level for a pre-
determined time period. Figure 5 shows, in an embodiment, silicon substrate 300 with a layer
of a polymer deposited. Without a second deposition substep, continuing to etch silicon layer
306 near or at insulator layer 304 may cause lateral etching resulting in notches 502 and 504
and mask undercuts 506 and 508. To limit the lateral etching that may occur, a second
deposition substep is employed. During the second deposition substep, a polymer—forming gas
mixture such as C4Fg may be employed to deposit polymer on top of silicon layer 306 and
within trench 408. This substep may enable the silicon layer to be rebuilt before the etching
continues. Silicon layer 306 may be rebuilt by depositing a polymer into trench 408 and may
create a new sidewall in trench 408. In an example, sidewalls 510 and 512 may be located at a
distance inward from mask edges 514 and 516, resulting in undesirable mask undercuts 506
and 508. With the second deposition substep, sidewalls 510 and 512 may be rebuilt forming
new sidewalls 520 and 522, which may be located at a closer proximity to mask edges 514 and
516, thus, reducing the size of mask undercuts 506 and 508. In addition, the second deposition

substep may also result in horizontal surface 524 to be rebuilt.

[Para 39] At a next step 210, a second etch substep may include etching the silicon layer
at a second higher bottom bias voltage level for a pre-determined time period. Although
different type of gases may be used as an etchant, a fluorine-based gas such as SFs may be a
more superior etchant for etching silicon layer than other gas mixtures (e.g., chlorine-based
gases). Figure 6 shows, in an embodiment, silicon substrate 300 after the second etch substep.
Silicon layer 306 may be etched to form trench 408 with new sidewalls 602 and 604. Due to
the lateral etching that may occur, mask undercuts 606 and 608 may be formed with sidewalls
602 and 604 located in proximity from mask edges 514 and 516. In an embodiment, sidewalls

602 and 604 may be located at a closer proximity to mask edges 514 and 516 than sidewalls
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1 mllitorrs to 200 mllitorrs 1 mllitorrs to 200

millitorrs 1 mllitorrs to 200 mllitorrs Gas M xture

CAF8 SF6 02 RF Frequency for high frequency machi ne

13.56 nmegahertz 13.56 negahertz 13.56 negahertz RF
510 afd £QudAGyother ethbydifert) sidowyllNei2indes08andyt beoloeated at Ofixher

kil ohertz 50 kil ohertz -900 kil ohert kil ohert
distanceyfigmumaskiedges, 514 and 516 than sidewalls 520 and %82 Lafera r.e:tcﬁing may also
cause notches 610 and 612 to be formed. In an embodiment, the second etch substep may

cause part of insulator layer 304 to be etched to form a horizontal surface 614.

[Para 40] At a next substep 212, a third deposition substep may include an oxidation step
operating at a lower third bottom bias voltage level for a pre-determined time period. In the
third deposition substep, an oxygen-based gas such as O, may be employed to passivate the
silicon sidewalls and to rebuild the horizontal surface of silicon layer 306. Figure 7 shows, in
an embodiment, silicon substrate 300 with an oxygen-based gas mixture. During the third
deposition substep, an oxygen-based gas mixture such as O2 may be employed to oxidize the
silicon and form a thin SiOx horizontal layer 706. The third deposition substep may rebuild at
least part of silicon layer 306 by forming SiOx horizontal layer 706, which may reduce the
mask undercuts and the notches. Silicon layer 306 may be rebuilt by depositing an oxygen-
based gas mixture into trench 408, which may create a new sidewall in trench 408. In an
example, sidewalls 602 and 604 may be rebuilt to form new sidewalls 702 and 704, which may
be located at a closer proximity to mask edges 514 and 516, thus, reducing the size of mask
undercuts 606 and 608. In addition, the third deposition substep may also result in horizontal

surface 614 to be rebuilt to a new SiOx horizontal level 706.

TABLE 2: Example of Overetch Step Parameters

During 2 Deposition During 2nd During 3rd Deposition
Parameters Substep Etch Substep Substep
Top Power 100 W to 3000 W 100 W to 3000 W 100 W to 3000 W
Bottom Bias 0Vio-300V 0Vto-300V 0Vto-300V
Chamber Pressure 1 millitorrs to 200 millitorrs 1 millitorrs to 200 millitorrs 1 millitorrs to 200 millitorrs
Gas Mixture C4F8 SFs 02
RF Frequency for high
frequency machine 13.56 megahertz 13.56 megahertz 13.56 megahertz
RF Frequency for low
frequency machine 50 kilohertz — 900 kilohertz 50 kilohertz — 900 kilohertz 50 kilohertz — 900 kilohertz

[Para 41] Although parameters ranges may vary depending upon the type of devices and
the plasma processing system that may be utilized, Table 2 above, shows an example of some
of the parameters for the second deposition substep, the second etch substep, and the third
deposition substep in a high frequency plasma system. In an embodiment, the overetch step
may include more than one process recipe. In an example, the process recipe for the second
deposition substep may be different than the process recipe for the second etch substep and the

process recipe for the third deposition substep. Similar to process recipes for the main etch
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upon the type of devices and the plasm processing
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Deposition Substep During 2nd Etch Substep During 3rd
Deposition Substep Preferred Range -30 Vto -300 VO V
to -300 VO Vto -300 V More Preferred Range -30 V to

+-200 V -50 Vto -250 VO Vto -250 V

[ Para

[Parad#] Al t Adthgligh~alltage eangasn e Hoftom Himtlbashnixiyasry éspehdingypon the
vary dependi ng upon the

type of devices and the plasma processing sys

tem that may be utilized, Table 3 above, shows

some examples of bottom bias voltage ranges during the second deposition substep, the second

etch substep, and the third deposition substep. The preferred range for the second deposition

substep may be about -30 V to about -300 V with a more preferred range of about -30 V to

about -200 V. The preferred range for bottom bias during the second etch substep may be

about 0 V to about -300 V, with a more preferred range for bottom bias of about -50 V to about

-250 V. Likewise, the preferred range for the third deposition substep may be about 0 V to

about -300 V, with a more preferred range of about 0 V to about -250 V.

TABLE 4: Time Ranges for Bottom Bias Level

Parameters During 2™ Deposition During 2" Etch During 3™ Deposition
Substep Substep Substep
Preferred Range 0.5 second to 5 seconds 0.5 second to 5 seconds 0.5 second to 5 seconds
More Preferred Range 0.5 second to 4 seconds 0.5 second to 4 seconds 0.5 second to 4 seconds
At time 0.5 second 0.5 second 0.5 second
Duty Cycle 0 to 90% 0 to 90% 0 t0 90%
[Para 47] Although time ranges for bottom bias voltage level may vary depending upon

the type of devices and the plasma processing system that may be utilized, Table 4 above,
shows some examples of time ranges for bottom bias voltage level of a high frequency plasma
system. Time ranges during the second deposition step may preferably be between about 0.5
second and about 5 second, more preferably between about 0.5 second and about 4 seconds,
and preferably at about 0.5 second. Time ranges for the second etch substep may preferably be
between about 0.5 second and about 5 seconds, more preferably between about 0.5 second and
about 4 seconds, and preferably at about 0.5 second. In the third deposition substep, time
ranges may preferably be between about 0.5 second and about 5 seconds, more preferable

between about 0.5 second and about 4 second, and preferably at about 0.5 second.

[Para 48] Overetch step may include alternating the RF bottom bias at different power
levels during each cycle. Time duration for each substep may vary depending upon the duty
cycle. Consider the situation wherein, for example, the duty cycle is 25 percent for the second
deposition substep, 50 percent for the second etch substep, and 25 percent for the third
deposition substep. In this example, the second etch substep is twice as long as the first or

third deposition substep.

[Para 49] As bottom bias voltage levels alternate between higher and lower levels, the

bottom bias voltage level may be altered during each cycle. In an example, during a first cycle,
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type of devices and the plasma processi ng systemthat
may be utilized, Table 3 above, shows sone exanpl es of
bott om bi as vol tage ranges during the second
deposition substep, the second etch substep, and the
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being atrated ana @Bpabilityiof plaamaprecepuing systegtbeingyelifedr bott om
bi as of about -50 V to about -250 V. Likew se, the

[ParaB0§f er ned nerin@ép 1101, tHehBethbd ﬂ&eﬂﬁnesswhethér ssilisinglpyérdy completely
be about 0 V to about -300 V nore prefery

etched: gl gsiligpn JsTts 1t wmeleépébatshedzslw Iveth?sl\mt_ma to sFFIPr%Oéd to continue
coniFAREE I35 BOSHOTO A LUl RUATRLAS S i scond

subste@emﬁﬂhb tlard d:‘ﬂpbsi’tiep sﬁbssépe t}ree'dm%mgathﬁ:kﬁesfsexf dredsﬂlm)nﬂayer may be
seconds, 0.5 seco 5 seco on to.5
etchedswith mpsk ppdec é‘P ngF%?Hb?e“kg %@3 dieg o clminaisds

Terminating the overetch step may be determined using an optlcal emission endpoint method,
for example, or another endpoint method. If the silicon layer is completely etched, the method
continues to post silicon etch processing at a next step 216. Figures 8A and 8B shows, in
various embodiment, a silicon layer of a substrate after CDCP with the mask undercuts and
notches being either significantly reduced (trench 802 of Figure 8A) or substantially eliminated
(trench 804 of Figure 8B).

[Para 51] As can be appreciated from the embodiments of the invention, CDCP provides
for an effective method of controlling lateral etching that may occur, thereby significantly
shrinking the size of mask undercuts and notches that tend to occur during etching of silicon
layer. By reducing mask undercuts and notches, the number of quality devices that may be
generated from a substrate may increase, resulting in less waste and reduced manufacturing
cost. With CDCP, manufacturing companies may continue to utilize the benefits of a high
frequency plasma processing system, without compromising control of lateral etching
component. Further, as CDCP does not require hardware changes, manufacturing companies
may appreciate significant financial benefits gained from a reduction in the number of

defective devices created.

[Para 52] While this invention has been described in terms of several 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 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. In the following claims, the terms

“first”, “second”, “third”, “fourth”, “fifth”, and other sequential terminology are employed for
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0.5 second to 4 seconds 0.5 second to 4 seconds At
time 0.5 second 0.5 second 0.5 second Duty Cycle O to
90% 0 to 90% 0 to 90% [Para 47] Al though tinme ranges
for bottom bias voltage | evel may vary dependi ng upon
labehh@ puipy s t6 impieve chgitypoturdestpd agrand foane asiesgridy Siifdyor define a
that may be utilized, Table 4 above, shows sone
chronglogigg] ssgueceror #éoglﬁ‘ﬂ@@%uepﬁ‘? bottom bi as vol tage | evel
of a high frequency plasma system Tinme ranges during
the second deposition step may preferably be between
about 0.5 second and about 5 second, nore preferably
bet ween about 0.5 second and about 4 seconds, and
preferably at about 0.5 second. Tinme ranges for the
second etch substep may preferably be between about
0.5 second and about 5 seconds, nore preferably
bet ween about 0.5 second and about 4 seconds, and
preferably at about 0.5 second. In the third
deposition substep, tinme ranges may preferably be
bet ween about 0.5 second and about 5 seconds, nore
pref erabl e between about 0.5 second and about 4
second, and preferably at about 0.5 second. [Para
4810veretch step may include alternating the RF bottom
bias at different power |evels during each cycle. Tine
duration for each substep may vary dependi ng upon the
duty cycle. Consider the situation wherein, for
exanpl e, the duty cycle is 25 percent for the second
deposition substep, 50 percent for the second etch
substep, and 25 percent for the third deposition
substep. In this exanple, the second etch substep is
twice as long as the first or third deposition
subst ep.
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[ Para 49] As bottom bias voltage levels alternate

bet ween hi gher and | ower | evels, the bottom bias

vol tage | evel may be altered during each cycle. In an

exanple, during a first cycle, the process recipe nay
call for a bottom bias | e\ @LARMSt he second deposition

step to be at 0 V. At a next cycle, the process recipe
may require bottom bias |evel at second deposition
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ac}ne‘%{%h%ﬁ‘ﬁ?ﬁg t |dc%§ﬁle(g%ﬂ(§)?elt§e sélil i cgﬁ layer rrgy bgoetS aéhgldlcon e

and being ht meg 05 pectentelf saahttickoess loif sgjdIsdicng layelist anti al | y
reduced or elimnated. Term nating the overetch step
Mp¥rfienife e bvérae step] suid averetph stepinobwding & dirst @rutpss sidp, a second

nmet hod, faqr exanple, or, apother endpoint netggg. | f ) )
processtiteps i & Brird REgesss siepc@ifliist Bogess StREMPIQHRE AdH pEocess recipe, said
o . . .
scong IUCLED GB35y OB Bt Pufboploving i
procesrbape, weidtfirstoprocdss eevipd iagledingfa fastsgas snikarearmt hang @DdRured to

R S R -
proce[éggc?g@gfﬁlﬁliﬂgy a §dcb A PAL Ak tirb bAA B?ing Qﬂn%’éurgd SUsRfoBBusing a second

As can be appreciated fromthe enbodi ments of
bottorh biasivoltaget lewd appiBdropseidhbiottem ¢lestrogn theft fisshigherdhanesaibfirst bottom

. _of cqontrollj | ateral etching that. oceur ereh
bias vEegf APyt GRRIOTR o5t He ok BT B pod PG i ured o
perforiPiSRES tHitidotioBMBla$ GolRMpe WvellaiRg t& 548 bbGoralelirbdctiat is lower
| ayer. By redq0|nq mask undercuts and notches, the
than spidrspeanddfottqurdhing yoltpae evel wheeain paig fise pyegses dem gaiflsegand process

sybst.rat e may incr ' | i
step, SRR ¥ R R e R el gt S e P grhercin said
first g@OMPAieSsidBecond pid Mix@ureCandtsald thitd igahembeangsdré diffekent; and

hi gh frequency plasma processing system w thout

C RERIRANhS 418 0 8RichQhepifie 3di@ kRicof 14508t REtcHRABADESH. -

Further, "as CDCP doe$ not require hardware changes,

manuf act uri ng conpani es nmay appreci ate significant

financial benefits gained froma reduction in the

n er, of f.ect | ' 1P '

2. Tof R ' B G5  54 eipd BR6n G gy mor

silicorefiareiaN®oh Saidt sievon 1ayee tigdntsaidafirsoprocesp @¢dipd @hplopead byasuid first
equi val ents, which fall within Lhe_scqef of this

processysteprand said third prasessorecipe smployrd be gaif Abifd PIogess SifPe many

al ternative ways of inplenenting the nethods and

apparatuses of the present invention. It is therefore

i ntended that the foll ow ng appended cl ai ns be
3. Thé megrodrofickadimaswhereinusdidnrstpriocess céripd ineludes esisg a polymer-forming

permut ati ons, and equivalents as fall within the true
838 gpirit and scope of the present invention. In the

following clainms, the ternms "first", "second",

“third", "fourth-, "fifth", and other sequenti al

term nol ogy are enployed for |abeling purposes to

i mprove clarity of understandi ng and do not

necessarily inply or define a chronol ogi cal sequence

or a |logical sequence. CLAINMS
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1. In a plasma processing chanber, a nethod for
etching a substrate having thereon a silicon |ayer,
said plasma processi ng chanber having a bottom
el ectrode, said substrate being di sposed on said

4. Thbatetlond afl dbaitor beberdir santjsesandipmressiregpe inoludes wiimgya fluorine-based
performng a main etch step; termnating said

835 mmin etch step when a predefined etch depth into said
silicon layer is achieved, said predefined etch depth
being at | east 70 percent of a thickness of said
silicon |ayer and being at nost 95 percent of said

5. The methaseefslasm kwherelst Jaidihird|psgeess recipe inclydasfusingiap @xygen-based gas.
overetch step, said overetch step including a first
process step, a second process step, and a third
process step, said first process step enploying a

6. Thé meshodwfalams] wherefresaidpolgmsefominggadedadest@ps.
enpl oyi ng a second process recipe, said third process
step enploying a third process recipe, said first
process recipe including a first gas m xture and bei ng

7. ThE HEhGHRHhiH0 wﬁ&%ﬁ{mdlﬁﬁ&gmaoasw gés iRALAQBRI as
voltage level applied to said bottom el ectrode, said
second process recipe including a second gas m xture
and bei ng configured to performusing a second bottom

g oo r PRl T OE] S RSl BRMRILAL T g

IeveI said third process recipe including a third gas
nixture and being configured to performusing a third

bott om bi as vol tage |.evel, a I|ed to.said botto

9. Theem@télp@ gtiglatom 4 (whezein ggid main, s §%ﬁpdn§lé<&§ “BTd?rPBfﬁF Bﬁeagf said main
I f r i

etch st\ég ahag%eéoglgzalésceé‘?g%& bgsr%(ﬂn%n ét&ﬁgtcr:ﬂé} serElgfr:réts @%gét%g Fs)t% lo®said main

etch steb earphating y fipse _pfcwesmdcme pdrsasl mbin eodh sttcrp"m}aat is ammlﬁgured to remove

vherein said fir, as mxture, said seco . .
more AR AR HPrE 37 S0P PG s ae e PGS0 B id g tch step
employ&d BY 54l s8&nd %k&e@é’ﬁ&%ﬁﬁuﬁﬁﬁﬁ e@éﬂ ﬁép,%ﬁi'dqirgrﬂ ﬂrbé‘e@,.@ rempe for said

ayer Is etched through
main etttestep meegasnmXprrgﬂ@szs mﬁfenepefrom a:gaﬁfrmgmr@@mpbyed during

ve nor rial fromsaid silicon |ayer
said S‘E"ﬂgg PROSFR S?‘?pr%tltsa’ﬁfrf}algsei%rsé%q pe enpl oyed by said first
process step and said third process reci pe enpl oyed by

said third process step. 3. The nethod of clain11
wherein said first process_recipe_includes usin

10. Tm’pmd_of 6 ;fpﬁgﬁ]@qgm said predefimedgich dgrthsis af lsaside percent of said
e ond process recipe includes using a
thickn J%%?@gig% %ﬁéas 5. The nethod of claim1l wherein
said third process recipe includes using an
oxygen-based gas. 6. The nethod of claim1l wherein

sai d_pql r-formn S i udes. G Fs.. 7. net hod. .
11, ThpmerHa ol ST d U S FrpdrOFn Geh Aeat i aliepst 3 aeent of said
thicknS¥s®f said-siliddg 149k hod of claim 1 wherein said

oxygen- based das includes 02. 9. The nethod of claim

1 wherein said main etch step includes a first process
step of said main etch step and a second process step

12. T‘@eaxingﬁ‘wa gaf@{n& ﬁt eé%tng%ﬁts @.]r%bgnl cgt?sa}dpfglrgg?r%geesés 1§‘) gubstantlally the

same 450 sedSdldurafich Gt skt S prddéssistepG@n faithidd @dration bﬁmﬂd/ third process
nore silicon material fromsaid silicon |ayer than a

step. second process recipe for said main etch step enpl oyed
by said second process step of said nain etch step
said first process recipe for said main etch step
enpl oying a gas mixture that is different froma gas
m xture enployed during said second process step of
said main etch step. 10. ThF nmet hod of claim1l
wherei n said predefined etch %epth is at |east 80
percent of said thickness of said silicon |ayer.



11. The nmethod of claim 1l wherein said predefined etch
depth is at | east 90 percent of said thickness of said
silicon layer. 12. The nmethod of claim 1l wherein a
first duration of said first process step is
13. Thetethmdtof alainy 1t wikersiarseidafirsodsatoonal sdid fast pocess sepiigdifferent than

.. seqgond process step and .a third duratign 0 aidthirgd.
cither 31 Spccel SREEToR of 551 sqhod hupdratotor Otreid i priiaf seidird process
step. first duration of said first process step is different

than either said second duration of said second

process step or said third duration of said third

process step. 14. The nmethod of claim 1l wherein said

irs rgcess .step,. sai econd pr.oces n [ .
t4. Th foplpof 60D 150 Eein 30 300 Mo ERGrel A Gr 3 hnd i
third prb&ud§ step &REHeIEEen abbat 0 FhecorRltdhddbolit Téeadbiidsl wher ei n
said term nating said overetch step is determ ned

using an optical em ssion endpoint nethod. 16. In a
pl asma processi ng chanber, a nethod for etching a
| r‘ . .

LS. T I SN SEh SR using an
opticaberthistioateadfméntngetlodposed on sai d bottom el ectrode

during said etching, conprising: performng a main

etch step; termnating said nmain etch step when

a predefined etch depth into said silicon layer is
16. IAFHaEMLHroceRing daRYEY, hedh&d foh cftfRioh fiBktide Bhvihg fkeon silicon

percent” of a thickness of said silicon |ayer and being .
layer, said pirsma@soqssting echangfer Hayiog e hotRmedertiofle, saidebubstrate being disposed

tch step, said

. I erform .an over s
on Sal‘i%ﬁ?%{lghecg?%ep&nﬁjﬁs {Jal %ghlgg’fqopé’tn%glrg()cess step, a second
process step, and a third process step, said first
png%'g'é“gs?E%meﬁ&' 8¢Png a first process recipe that
includes a first gas m xture, i d ,second, process ste )
elepnBIRHAg SHd gwibeigh siep sdss ams %@e@ gich depibip@egidsilicon layer is
ction S8 U8 U oty L1070 pEEERS BRI P icon e
and beingdtumest 95 pedestaxfeaid thickoess of sad silieob&yag conf i gur ed
to renove nore silicon material fromsaid silicon
| ptformiiioah @verdteli stepy sdid dvesdtctpstop Grbudinea fisst prodessastap, a second
third process recipe, wherein said first pr ocgss step, .
process gieg, Fulotrd prescesyentsas fitghRrosess gtep KMplpyH G2 855 PEqegys recipe that

includ%g fifdk %gsr %?%ﬂfeysapc? §é;c§é&'§?)c@ss%|téﬁr égﬁa;?lgylg f st:cgiﬁgj)éo&ggrecipe that

erelrfi s irst Xt ure, con
includes x$aeeord gandixdaedsaidihid asessbtep emeloying aihirfligrectss reaipe that
. term. nating said qQveretch stejro af ter saigsilicon .
includpeg hird, gas e SEif 6t Prodess fepihe Heing RIGTIgHTof G Fefmayy more silicon
mateﬁméxﬁisgidssﬁic%nfliafe? tha' DEESSid Bt Bﬁ)ckﬁcrteéigg Snd'$Hid Ehi process recipe,
pol ynmer -form ng gas. 18. The nethod of claim 16
wherentsardefinst pmicebs seposaild proone pmcesscsitgpe andhsdid thasl procesg sigp are

SR o TSRS e s
mixtur@XMHRRIPRHEGadRSxture are different; and

terminating said overetch step after said silicon layer is etched through.

17. The method of claim 16 wherein said first process recipe includes using a polymer-forming

gas.
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20. The nmethod of claim 16 wherein said
pol ynmer-form ng gas includes CAF8. 21. The nethod of
claim 16 wherein said fluorine-based gas includes SF6.
22. The nethod of claim 16 wherein said oxygen-based
gas includes 02. 23. The nmethod of claim 16 wherein
said first process step is being perforned using a
18. Thé method@iftcim Hicasgheréih saidsetderoapptdca? ihcudaiwdinget flmrine-based
el ectrode, said second process step is being perforned
ga8. using a second bottom bias voltage |level applied to
said bottomelectrode that is higher than said first
bottom bi as voltage | evel, and said third process step
is being performed using a third bottom bias vol tage
19. Themethodpmificlaid l6ovtsatid shidtthiodpricesstredpe inchules ising amexygen-based
than said second bottom bias voltage level. 24. The
835 method of claim 16 wherein said main etch step
includes a first process step of said main etch step
and a second process step of said main etch step, said
first process step of said main etch step enploying a
20. Th¢ methogrofclaér 16exhanein Saiel pobimaerrfarmingtgap inglusdss Q»l\és& i's
configured to renove nore silicon material fromsaid
silicon | ayer than a second process recipe for said
mai n etch step enpl oyed by said second process step of
21. Théaindthsdiof chim N 6sitespein Said dluorinsbagedgme sicludesiSpe f or
said main etch step enploying a gas mixture that is
different froma gas m xture enpl oyed during said
second process step of said nmain etch step. 25. The
22. THERRARAYF clif 18 Wi §4ifIoRyS&H-Fastdl gaeicRALs ©L.ch depth
Is at least 80 percent of Said thickness of said
silicon | ayer. 26. The nethod of claim 16 wherein
sai d predefined etch depth is at |east 90 percent of

ai d,t hi ckness .of, said .sidi.con | '

23. Tifngirrof SRR A8 i A e YR s n bl p R PELOR  fir
bottonR bR &5 Ragel 18] laPplsdds tsaidtHottbhyel édide avad &ond prcessdtep is being

duration of sald second process step or a_third )
perfortgd aisingra sseonsdhaitonhbingi veliage devel apnied to s3id beemglacigde that is

. I r 8 . .

higherfhyf 8 BBl oflsoBBLEN oY Hha S Bindioltss SR ifiherformed
using 8 tHiRl baatonobias avlthgedevah dpriiedae said boapmastettiode that isi loder than said

duration of said third process step. 29. The nethod
seconspottqm pias Veltagrdfiln said first process step, said

second process step, and said third process step | ast

bet ween about 0.5 second and about 5 seconds. 30. The

met hod of claim 16 wherein said term nating said ) )
24. Theweethod bf Jeiepl6 wheriresad meith ¢feh stgp arclusies adust peogessstep of said main

nt

etch st%B gn%) ia secoglﬁtplggc%'ss step of said main etch step, said first process step of said main
etch step employing a first process recipe for said main etch step that is configured to remove
more silicon material from said silicon layer than a second process recipe for said main etch step
employed by said second process step of said main etch step, said first process recipe for said
main etch step employing a gas mixture that is different from a gas mixture employed during

said second process step of said main etch step.

25. The method of claim 16 wherein said predefined etch depth is at least 80 percent of said

thickness of said silicon layer.
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26. The method of claim 16 wherein said predefined etch depth is at least 90 percent of said

thickness of said silicon layer.

27. The method of claim 16 wherein a first duration of said first process step is substantially the
same as a second duration of said second process step or a third duration of said third process

step.

28. The method of claim 16 wherein said first duration of said first process step is different than
either said second duration of said second process step and said third duration of said third

process step.

29. The method of claim 16 wherein said first process step, said second process step, and said

third process step last between about 0.5 second and about 5 seconds.

30. The method of claim 16 wherein said terminating said overetch step is determined using an

optical emission endpoint method.
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