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.l ING M.ASK UNDERCUTS AND NOTCHES  FOR PLASMA
PROCESSING SYSTENI BACKGROUND O lHE INVENTION [Para I
Advances in plasma processing have provided for the
growth in the  semiconductor inda.ustr . With the
utilization of a plasma processing system, stibstrates
may be  transformed into a variety of devices-, such
as a micro elec:tro-n~cchaan cal y stt nt (MEN1'S)
device. Substrate may be processed in a series of
operations in which materials are deposited  onto a
substrate surface and selectively removed (etching)
from predefined areas an the  substrate surface in
order o torm [Tenches, v i as, and w her features
thereon. [Para 21 Consider the situation wdherein, for
example, a silicon substrate having all  insulator
laver and a silicon laver is being etched using
fluorine-based gases such as SF'F, NF,,  and/or CF4.
The silicon la er may have a mask (such as a hard or
resist mask) defining, the  areas available for
etching.. trench may be formed during a vertical etch
into the aarms of the  silicon layer not covered h '
the ma k. As the silicon layer is being etched,
lateral otehin may  unintentionally occur on either
side of the sidewalls of the trench, causing one or
more mask  undercuts to be formed. As discussed
herein, a mask undercut refers to a condition that
occurs  when a sidewall of a trench, vitas, etc. is
being undercut underneath a mask. [Para 31 The
aforementioned etching tends to slow doy-n when an
insulator lacer is  reached. One skilled in the art is
m -are that ]luorine-bared gases are less effective
etchants of  insulator lavers. which ma be dielectric
I`ornre l frorra or t aa~ic aracl'e~r inor;;anic
rraaaterials.  Thus, when the fluorine-based etchant
reaches the insulator laver, deeper lateral etching
may  occur at the intersection of the insulator layer
and the silicon la-ver. causing notches to be  formed
in the s:.idewalls of the boto111 trenches. As
discussed herein, a notch refers to an a undercut into
the wall of the silicon layer I MIT or at the
insulator laver. [Para 41 To facilitate discussion,
Figure l shows an example of a silicon substrate with
ask undercuts and notches.. substrate 100 may include
a silicon base laver 102. An  insulator laver 1t: 1 is
disposed below a silicon lay er 106, which may be
disposed below a.maask  laver 108. To etch silicon
layer 106.. a fluorine-base gas max- be used to.fo.rua
a. trench 110.  As silicon layer 106 is being;
etched.. lateral etching may occur on sidexvaalls
.1.12 and 114 of  trench 1.10 causing mask undercuts
116 and 1.1.8. Para 51 In addition, when insulator
layer 104 is reached, fluorine-based gases may cause  



deeper lateral etching of .adeu aalls 112 and .I 140f
trench 110 to create notches 120 and 1:22 WO
2008/005630 PCT/US2007/069910  into silicon layer 106.
As mentioned above.. fluorine-based as mixtures that
are employed to  etch silicon are less effective
etchants of insulator lavers, which ni w cause the
fluorine-based  gases to etch more of the sides gills
112 and V1 4 of trench 110, causing notches to be
formed in  silicon layer 106, [Para 6 -task undercuts
and notches are undesirable because both mask
undercutting  and notches may cause unreliability or
yield loss in the final product, such as a rmaic:ro
electro- mechanical. system (MEMS) device. Some
manufacturing companies have attempted to  control the
impact of mask undercuts by increasing, the size of
the mask. B empirically  determining the. size of a
mask Undercut, manufacturing companies may be able to
compensate  for the mask undercut by increasing the
size of the a cask, resulting; in a more quality
device.  However, a larger mask usually results in
fewer devices being formed from a substrate, thus an
increase in cost. [Para'[ Other manufacturing
companies has e attempted to control mask undercuts
and  nt?aches l r empl ink rr lcat frecltrenc r l l
rsn as step s. Although, nxaask unrdercuts and
notches may, occur. in both high and lose frequency
plasma processing, systems, those skilled in  the arts
are ass are that lateral etching component may be more
difficult to control in a high  frequency plasma s
stem. resulting in n .ore and/or deeper mask Undercuts
and notches. In  some examples, if notches undercut
too much of the silicon layer. other device features a
iay be  compromised, in an example, notches 121 and
126 have joined toggether to create a  breakthrough
128, which may result in a defecti e device,
Consequently, some manufacturing  companies have
sacrificed such benefits as f aster etcher via a high
.frequency plasma system, in  order to fain control of
the lateral etching. component, by reverting back to
low frequency  plasma systems. Para 81 Since silicon
semiconductor in.du.stiN, is a highly competitive
market.  manufacturing companies are seeking, more
viable solutions for resolving the mask undercut  and
notching issues. SUMMARY OF INVENTION [Para 91 The
Invention relates, it an ermlbodiment, in a plasma
processing char, ber, to a  method for etching a
substrate having thereon a silicon layer. The plasma
processing chan-iber  has a bottom electrode and the
substrate being disposed on the bottom electrode
during the  



etching. The rmmethod includes performing a grain etch
step. The method also? includes  terminating the main
etch step when a predefined etch depth into the
silicon layer is achieved. WO 2008/005630
PCT/US2007/069910  The predefined etch depth is at
least 70 percent of a thickness of the silicon layer.
The method  fort}ter includes perf'ormin j an
overe~tch stop. The overc tch step includes a first
process step, ~.  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 first process recipe rs
configured to per.tbrai using a first  bottom bias
voltage level applied to the bottom electrode. The
second process recipe is  configured to perform using
a second bottom 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 casing. a. third bottom bias
voltage level applied to the bottoin electrode that is
lower  than the second bottom bias t.oltage level.
'IThe. first process step- the second process step,
and  the third process step are alternately performed
a plurality of irxtes_ The method yet also  includes
terminating the overetch step after the silicon layer
is etched through, IPara 101 In another embodiment,
the invention relates to, in a plasma processing
chamber, a method for etching a substrate having
thereon a silicon layer, The plasmal  processing
chamber having a bottom electrode and the substrate is
disposed on the bottom  electrode during the etching.
The method .includes performing a r rain 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 ov eretch
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. J 'be 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  o\ eretch step
after the silicon layer is etched through. [Para I T
These and other features of the present invention w
gill be described in more  detail below in the
detailed description of the invention and in
conjunction with the following  figures, 



BRIEF DESCRIPTION OFTHE DRAWINGS Para 12 The present
invention is illustrated by way of example. and not
gay of  limitation, in the figures of the accompanying
drawin4gs and in \. hich like reference numerals
refer to similar elements and in which: WO 2008/005630
PCT/US2007/069910  IPaara 1:31 Figure :I shows in
exmple of a silicon substrate ww~~ith mask undercuts
and  notches, [Para 1.41 Figure 2 show; , in n bodii
ent, a simple flowchart di.a ranim ng steps fora
critical dimension control process (CDC'P). [Para 151
Figure 3 shoe's, in an etbcodimerat, a simple diagram
of an example of a silicon  substrate prior to being
pr ~ceSses be.in g lk.'t?G s e .rn a plasma processing
system. [Para 161 Figure 4 showvs_ in an embodiment, a
silicon substrate during a main etch step.  [Para 171
Fia ure 5 show s_ in in embodiment. a silicon
substrate p ith a layer of a. polymer- forming gas
mixture. Para 181 Figure 6 shows, in an embodiment, a
silicon substrate after a second etch  s bstel. IPaara
191 Fiuure 7 shows, in an embodiment, silicon
substrate with a lati-er of a ii oxykmi- based gas
mixture. [Para ZOl Figure 8A shows, in an embodiment,
a silicon substrate after C[)CP w i.th the  mask
uundercuts and notches being sitgraifcartly reduced.
[Para 211 Figure 8B show. in an erarbodiment, a
silicon substrate after CDCP with the  mask unde cuts
and notches beirr&: subst a3'.Itially eJ .ruin aced.
DETAILED DESCRIPTION OF MBOD M NTS [Para 221 The
present im ention will nods be described in detail
with reference to a few  embodiments thereof as
illustrated in the, accompanying drawings. In the
fcilltat, iaa4q  description, numerous specific
details are set forth an order to prop ide a thorou;h
under taardin of the present invention. It will be
appareait, however, to one. skilled Ili the art,  that
the present im..ention may be practiced without some
or all of these specific details. Irr  other
instances, well known process steps and/or structures
have not been described in detail in  order to not
unnecessarily obscure the present.im:ention. [Para 231
Various efubodimernts are described herein l elo
including methods and  ieehniques. It should be kept
in rni rid that the iirvention might also cover
articles of  



manufacture that includes a computer readable medium
on which computer-readable  instructions ibr carrviug
out embodiments of the inventive technique are stored.
The computer 4 WO 2008/005630 PCT/US2007/069910
readable medium may Include, for example,
sernicondcactorj magnetic, opto-rnagiaetic, optical,
or other forms of computer readable medium for storing
computer readable code. Further, the  invention Haas,
also cover apparatuses for practicing embodiments of
the invention. Such apparatus may include circuits,
dedicated and/or programmable, to caarr out tasks
pertaining to  embodiments of tlae invention. Exam les
ofsuch apparatus include a ;en ral pu ose  computer
acrd/or a dedicated Computing device when
appropriately programmed and areas'  include a
combination of a computer/computing device and
dedicated 'programmable circuits  adapted for the
various tasks pertaining to embodiments of the
invention. [Para 241 in accordance with embodiments of
the present invention, there is provided a  method for
processing substrates to form semiconductor devices in
a plasma processing  system. Embodiments of the
invention. relate to a critical dimension control
process (CDC"I') in  which the etching process max- be
manipulated to substantially decrease the lateral
etching,  component, resulting in a. reduction in mask
undercuts and notches. [Para 251 In this document,
various implementations may be discussed using; a high
frequency plasma system.. This invention, however, is
not limited to .high frequency plasma  system and may
be employed in other plasma system, including a low
frequene plasma ste.m.. s tfisc a scarf herein lai4~lr
f:requenc refers to tx botltatat fr`claaenc arf l >. (
megahertz or higher. Also, as discussed herein, low
frequency refers to a bottom Rp frequency  below 13.56
megahertz, more preferabl a a.pproxiarrately 50
kilohertz to about 900 kilolhertz.  [Para 261 Also, in
this document, various implementations may be
discussed using a  trench as an example of the type of
pattern that may be etched on a substrate. This
inventions,  howvever_ is not limited to trenches and
rn ay be employed to etch other substrate patterns,
includes 'ias. [Para 271 Embodiments of the invention
include a taro plasma processing steps in etching
silica r layer, amain etch step acrd an oyeretch step,
In the rimin etch step, the s lico`a lad er  may be
etched at a. relatively fast etch rate. By etching at
a. quick rate, the amount of  undercutting that may
occur in the side e<alls of the silicon layer may be
signitacant'l reduced.  Further, a more consistent
etch ma y result.f`rom a..faster etch rate. 



[Para 281 The main etch step may include a number of
intermediate substeps. hi an  erarl?odiment, ilre main
etch step a aa{ include an alternating first
deposition substep and a first  etch substep. In first
deposition substep, a polyrner-foraging gas riaaa?- be
used, thereby causing  passivation of the sidewalls
and the hori oa tal surface. In the first etch
substep. a fluorine 5 WO 2008/005630 PCT/US2007/069910
based gas may be used to etch the silicon layer, The
.first deposition yid tirs etch substeps max., be
alternated with the .removal rate of the .irst etch
substep greater than the passiv anon  rate of the
first deposition step (Para 291 Once the threshold
point (e. T., rapproxirraatel the remaining lt#
percent of  silicon la{ er., ire an embodiment) has
been reached., the etching may be performed at a
slower  rate by saw.itchino; from the main etch stop
to the overetch step. In an embodiment.. the overetch
step may include three substeps: a second deposition
substep, a second etch. substep, and a  third
deposition substep. jPara 30In the second deposition
substep, polymer-forming gas mixture ma~ be  employed
to deposit polymer at a first bottom bias voltage
level for a pre-deterramined time  period, A second
etching substep may then be performed, thereby causing
the silicon layer to  be etched at a second higher
bottom bias voltage level at a pre-determined time
period. In are  embodiruent, tare yga mixture for the.
second etching scibstep may be any etchant: hove ever,
a  fluorine-based gas mixture is preferable. Once the
second etching substep has ended, the third
deposition substep may be performed. In the third
deposition substep, an oxygen-based gas  mixture may
be employed to oxidize the silicon and form a thin
SjOx on the silicon layer at a  third bottom bias
voltage level for a. p.re--deermi aed time period The
ttaree substeps are  alternated with the bottom bias
voltage level for the second etching substep being.
greater than  the bottom bias voltage level for the
second deposition scabsep.. In. the prior art, the
second  etching substep and the third deposition
substep may be combined. However, by separating  the
etching and the oxidation steps, better control may be
provided over the lateral etching  component. IPara
311 The features and advantages of embodiments of the
i.n.oenion may, be better  understood with reference
to glee figures and discussions that follow. Figure 2
shows, in all  embodirrrent.. a simple flowchart
diagramming steps for a critical dimension control
process  (,CDCP). Figure 2 is discussed in relation to
Figures 37 4. 5.. 6.. 7, 8A and S A CDCP may be  



used to etch. a silicon laver of a substrate. The
substrate may be disposed above a bottom  electrode in
a plasma processing cihainber. At a first step 202, a
substrate with a silicon laver is  provided. The
silicon layer.mak be disposed abo e rare insul ator,
lta e.r. l:rr tier er~3bodiraaent, the CDCP ma'
include a to o step process: amain etch step and an
oxeretch step. [Para 321 Figure 3 showvs, in an
embodiment, a simple diagram of an example of a
silicon  substrate, prior to being processed in a
plasma processing system, such as a LAM 9400 6 WO
2008/005630 PCT/US2007/069910  I i '.r r systerra
.ravailalrle front. Lam Research Corporation of
Fremont, California. A silicon  scubstra.t 300 may
include a silicon base layer 302, an insulator layer
304, a. silicon layer 306.  and a. mask 308'. In an.
embodiment mask 338 may include, but is not lin-rited
to a hard mask- and a resist arrasl . Silrconn layer 3
6. such as poiv sdicon, epita\ial silicon, and
rrronocrystalline.. ma be. of v ai);in thickness
depending upon device requirement. The  trenches
formed in silicon layer 306 over insulator layer 304
may be etched to f'iarrar device  structures above
silicon. substrate 332. Insulator laver- 3 4 may be a
dielectric formed from  organic and,/or inorganic
materials. Insulator layer 304 ma also be utiUed to
preN exit  undesirable etching of substrate base laver
302. IPara 331 Referring back to Figure 2, at a next
step 2 4, etching silicon layer may begin  With a main
etch step. In an embodiment, main etch. step 204 may
include etching silicon layer  306 to am approximate
depth tc of and insulator layer 304, Also, main etch
step 2()4 may include  a first process recipe to
perforarm substarntiaii vertic:al etch on a
considerable portion of si1ir::orn  laver 306. Since
the thickness of the silicon material is generally
knowvax, a threshold point that  triers the overetch
step of CDCP may occur at empirically determined-del
tl . Etching  that may occur in main etch step 2U4 may
be considered a. fast etch since silicon la. e:r 306
may  be etched at a quicker rtegregate rate than the
aggregated etch rate of the overetch step, thus
reducing mask undercuts and notches. 1 Then a greater
percentage of silicon laver 306 is etched  at a faster
rate, a faster and more consistent etch process
results. In an embodiment test results  have shot-era
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 percent7 and preferably at about
90 percent of the silicon  laver. IPara 341 Figure 4
shows, in an embodiment, a substrate during amain etch
step 204,.  Main etch step 204 may include any number
of intermediate suhst:eps_ In are embodiment.:  main
etch step 204 may be an alterrnating fiat deposition
substep and first etch srabstep. In all  



embodiment, the gas mixtures emlo~yed during the first
deposition substep may differ lrcrrrr. the  gas
mixtures ermal to ed during the first etch substep. In
the first deposition substep, a polyme-r- forming as
may be utilized. allot. in4= passrvation of sidewalls
402 and 404 of trench 408. In  the first etch substep7
a fluorine-based gas may he utilized. Consider the
situation c :hereirn, for  example, a silicon layer
may be etched. In. the first deposition substep, part
of sidewalls (402  and 4(14) and horizontal surface
4(6 may be passi\ ated using a polymer-forming as such
as  C,rI .During the first etch sarlrste . ere crrl
etching of silicon Irxs er inay occur . Preferably, a
fltrorinxe-teased 4~)as, such as SF(, may be employed
as an utchant. "These h. o substeps may be 7 WO
2008/005630 PCT/US2007/069910  alternated with the
removal rate of tile first etch uf>step treater than
the passivation rate of the  first deposition substep
until the. threshold point (e ., approximately the
re:mainine, 10 percent  of silicon. laver, in an
embmliment) has been reached. In an embodiment, more
than one process recipes may be used durim, the main
etch sep. A i.tee .for a pluralrty~ of process
recipes during the ma n etch step am depend upon re
Iuirera tints of devices being,, created.  Table I.:
Example of Main Etch Step Parameters - - - -- ---- -
Parameters Dur rid 1~i 3 rosrtaon Substop During V,
Etch Substep  t Power I Co W to 5000 `W' 100 WW+ to
55000 Al Oouom as I V to 2000 V 1 V to 2000 V Chair
bef Pressure S miilitcrrr s to 200 rrriiltons 5
militorrs to 200 nriilitorrs   as Mixture C'; Pg S4
IPara 351 flithough parameter ranges may vary-
depending upon the type of devices and  the plasma
processing system that may be utilized, Table I above
shows an example of some  of the parameters for the
first deposition substep and the first etch substep
for a high frequency  plasma system. In an embodiment,
the main etch step may include more than one process
recipe. In an example. the first etch sidestep ma
employ a process recipe that may-' be differer.t  than
a process recipe employed by the first deposition
substep. Note that process recipes for  the main etch
step may depend Capon the type of' substrate tr d
plrrsnma. processRiL, systerrm that  may be tutilied,
I Para 361 In an example7 top power for the process
recipes for the first etch substep and/or  the first
deposition sLibstep may be bet veen about 100W and
about 501) W, preferred range  



retry: be trpproxirrratel-N 4r.:l[? Wto
app.roximar:telyy 3000 W. One skilled i.n the art is
aware that  top power is usually used as a power
source to generate plasma. Also, process recipes for
the  first etch substep and/or the first deposition
substep may include ranges for a bottorn bias  oltaige
level, which may be employed to manipulate ions.
Bottom bias \ oltt ge level applied  to the bottom
electrode ragay be selected between about I V to about
2000 V. in some  embodiments, a, preferred range may
be doubled :in a .lc3~a. frequent  plasrraa, s stc
.tar. As .lbr  chamber pressure' process recipes for
the first etch stibstep and/or the first deposition
subsiep  may include a chamber pressure range of about
5 millitorrs to about 200 rnrllitorrs, Preferably,
chamber pressure array be at least 50 mi:llitorrs.
Farther, although different type of gases may  be
utilized as an etchant, a fluorine-based gas mixture
is preferred. IPara 371 Once a threshold point has
'beery reached, different process recipes may be
applied during r.n overetch step of CDCP. Referring?
back to Figure 2. at a next step 206.  8 WO
2008/005630 PCT/US2007/069910  etching silicon layer
ma , continue with an of:ereich step. In an
embodiment, an overetclh.irng  process may be used to
limit lateral etching; hat may: transpire. hi an
ernhod:irnent, overetch  step 206 mna > include three
substeps: a second deposition su.hstep 208, a second
etch surhstep  210. and a third deposition substep
212. [Para 381 At a next suhstep 208.a . second
deposition substep ma\ include depositing, a  polymer
using. a polynie-r-ftrnHung g rs mixture ar:t a first
bottom bias volt age level fora pre- deterrnined time
period. Figure 5 shoos, in an embodiment. silicon
substrate 300 with a layer  ofa polymer deposited.
Without a second deposition substep, continuing to
et:cl silicon laver  ;tit; clear or at insulator layer
3tt max cause lateral etching resulting in notches 502
and 5tt  and mask undercuts 506 and 508. To limit the
lateral etching that may occur- a second  deposition
substep is employ ed. During the second deposition
substep, a polymer forming gas  mixture such as 0A $
may be employed to deposit polymer on top of silicon
layer 3(")6 and  within trench 408. This substep may
enable (he silicon layer to be rebuilt before the
etching,  continues. Silicon la:txer 306 may he
rebuilt by depositing a polymer into trench 408 and
rimy.  create a nee side d al.l irr trench. 0 . In an
example, sidewalls 510 and 512 may be located al 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  spew sidewalls 520 and 522, which
may be located at a closer proximilx to mask edges 514
and  



516., thus, reducing the site of mask undercuts 506
and 508, in addition, the second del ositiorn  substep
rrra\ also result in horizontal surface 524 to be
rebuilt. [Para 391 At a next step 210.. a second etch
substep may. include etching the silicon laver  at a
second higher bottom bias voltage level fora
pre-determined time period. Although  different type
of gases may be used as an etchant, a fluorine-based
gas such as Sly may be a  more superior etcharrt fi r
etching silicon la e.r than other gas mixtures (e.g,
chlorine aced  gases) Figure C=shod s, in an
embodirtrent, silicon substrate Stitt after the second
etcli substep.  Silicon laver 306 may be etched to
form trench 408 i~.i.th new sidewalls 602 and 604 Due
to  the lateral etching that ina\ occur, mask
undercuts t606 and 608 may be formed with sidewalls
602 arid 604 located in proximity from mask edges 514
and 516. In an embodiment, sideww alts  602 and 604 r
ay be located at a closer proxi mit  to mask edges 514
and 516 than sideaw 'alts  510and51.2, In another
embodiment sidewalls 602 and 604 may be located at a
further  distance from mask edges 514 and 516 than
sideiv:alls 520 and 522. Lateral etching may also
cause notches 610 and 612 to be formed. In an
embodiment, the second etch substep may  cause part of
insulator layer 3 4 to be etched to form a horizontal
surface 614. WO 2008/005630 PCT/US2007/069910  I Para
401 At a next substep 212, a third deposition substep
niay include an oxidation step  operatine. at a lower
third bottom bias voltage level .for a
preedetefTniried time period. In the  third deposition
substep, an oxygen based gas such as ti nay be
employed to passivat-e the  silicon sidewalls and to
rebuild the horizontal surface of silicon layer 306.
Figure 7 shows. in  all, ermmbodirrment, silicon
substrate -100 watt . an oxygen-based gas mixture.
During the third  deposition substep, an oxygen-biased
gas mixture such as 0,, may be eiii-ployed to oxidize
the  silicon and form a thin SiOx horirorrta.l laver
706. The third deposition sobsep may rebuild at  least
part of silicon layer 306 by forming SiOx horizontal
layer 706. Ii ch m iy reduce the  mask undercuts and
the niotches. Silicon layer 306 may be rebuilt by depo
iting an Oxygen- based gas mixture into trench 408,
which many create a new side.-all. in trench 408. In.
an. exa iiple_ sidewalls 602 and 604 may be rebuilt to
forget new sidewalls 702 and 704, which may  be
located at a closer proximity to mask edges 514 and
51. thus., reducing the size of i iask  undercuts 606
and 608. In addition. the third deposition subsiep
allay also result i:n horizontal  surface 614 to be
rebuilt to a new SiOx horizontal level 706. TABLE 2:
Example of O ervtch Step Parameters
------------------------------------------------------
------------------------------------------------------
-- ---
------------------------------------------------------
------------------------------------------------------
------ 



During 2FRt Deposition During 2N During 1*4 Deposition
Parameters Sufistep Etch Sufasti p Scih tegi  ---
----- - ---- ----- ---- f i) l>o "ei 1 oo "to aw 100
q, if) 3000 1 {k '~'U to 3000 VI  Botreiri kias 0 V to
s00 V 0;.r to -s00 1 0 4r to -3100 V ------
----------------- ----- --- ---- -----
......................................................
......  li~ir~'itiei P ensure 1 riiiltons to 200
niiiiitorrs 1 ritilitous to 200 nAlitoirs t
iriii#itori5 to 200 rliillitOrN - Gas Mixture t_ 4t ti
Sk ft,
.................................................
...................................................
.....................................................
R F Frequency for high ti,'~liter y ri achirie 13Sr ,
rriegal'ieitz-- 13 Srr megahei 13 G m 'gail34 rt   RF
Frequency for low iregu r i l ] K f l e JJ kplc?lleit
9 0 0 iel]Oef 5 0 kiloheit W O 1~I oleltz aU ie#~L}ri
t I ioti --riz  [Para 411 ..ltl ough parameters ranges
max vary depending upon the type of devices and  the
plasma processing s -stem that may he utilized, -I
able 2 above, shows an ex-miple of some  of the
parameters for the second deposition subsep, the
second etch su.bstep, and the third  deposition
substep in a high frequency plasma syste, In an
embodimen, the oxeretch 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
step, process recipes for the overetch step may depend
upon the type of substrate and device  that iravi be
desired, 143 WO 2008/005630 PCT/US2007/069910  IPar:a
421 Process recipes fi r the overetch step max include
a top power and chamber  pressure. which max be
similar to r rmrairr etch step. Also, the top power
for the process recipes  of the o~ eretcl~ stets era '
be coast trrt in an embodiment., preferred range l:or
top power may  Vary depending upon the etching rate.
IT a fast etching rate is desired, preferred range for
lop  power may be about 80() W to about 3000 W. if
etching is performed at a slower rate, than  preferred
range for top power may he about 200 W to about 1000
W. 



IPara 431 However, the bottom bias voltages and gas
mixtures for the process recipes for  die overetch
step may vary depending upon the substeps, By
controlling the gas mixtures  and/or the bottom bias
voltage levels that may be applied to the bottom
electrode it each  substep of the overetch step, the
lateral etching component may be controlled- thus-
mask  undercut and/or r otching: may be substantially
reduced or elim inated during processing of the
silicon 1a aver: [Para 44J Different gas mixtures mays
be utilised draino each alternating overetch
substeps. Not only ma , the gas mixtures differ
between overetch substepsn but the !-)as  mixtures
make also be different for an overeich substep duri,
each alternating c~ cl.e,  depending upon requiremews
of devices being created. In are example, during the
first cycle. the gas mixture that may be used during
the oxidizin step may be 02; however, drain the
second cycle, the g rs mixture that may be employed
may be 02 or other oxygen containing gas  mixtures.
[Para 451 By controlling bottom bias voltage level
applied to the bottom electrode at each  substep of
the oleretcl step, the lateral etching component may
be controlled thus, mask  undercut aridior.r otching
may he srbst ntially reduced or eliminated during
processing of the  silicon layer. process recipes for
the oreretch step may include a much lmver bottom bias
voltage range than that of a main etch step- By
reducing the bottom biers voltage level, etching  rate
may be significantly reduced to enable a.rrrore
controlled and precise elchnig of tile  remaining
silicon laver. TABLE 3: Voltage Ranges for Bottom Bias
Level During Overetch Step tturng 21; During 2,4
During 31d Deposition  Parameter", Deposition
ScrtrStep Etch Sub t lr Sutrstop
--------------------- f r fern Edl ktrr kd d 3t) V ter
M) V 0 V to 300 b+ J V to Xk l
------------------------- rare Preferred t arrs ~ 0 V
to ^(r{r 3,1 50 V it) 250.  _o . to 250 v [Para 461
.Although voltage ranges for bottom bias level may da
rn= depending upon the  ti pe of devices and the
plasma processing system that may he utilized. 'T able
3 above, shows  1I WO 2008/005630 PCT/US2007/069910
Some examples of bottom bias voltage ranges during the
second deposition substep. the second  



race subsea p, and [lie third deposition substep. The
preferred range for tee second deposition  stibstep
May- be about --;O V to about }00 V with a more
preferred range of about -30 V to  about -200 V. The
preferred range for bottoaa Was during the second etch
substep may be  about 0 V to about -300 V, w deli a
more preferred range for bottom bias of about -50 V to
about  -250 V. Likewvise, the preferred ran fe for the
third deposition substep may be about 0 V to  about
-300 V, with a more preferred range of about, t) V to
about -250 . TABLE 4. Time Ravages for Bottom Bias
Level ------------------------------------------------
--------- --------------- Para aaaetrxrs During 2"a
Deposition wring 2" Etch During 3Ad Deposition  Subste
Subste Subste rr?t1.earl e L,5 s4xcind to 5 )mwds 0-,5
svCwid t~T 3 5cii nds 0.5 sr?wid W f3E:t]rl S More
Prefer red R; s {3.: sarn3~ri ac, 4 s i;ids {a.=' c`__
_d t `i 0.5 ___ raa to 4 ____ ds  At time 1 0.5
seci,nd 0.5 5uCwd 0.5 S.',+CO nd -----
------------------------------------------------------
- -- ----- _- ---- --- ---- ---- - -- 0u y i YMe J to
iC {~t# ---------------------------
------------------------------------------------------
---------- ----------------------------------
------------------------------------------------------
-- IPara 471 Although tame r{lrages for bottorai Was
voltage level xaay v a r y depending upon the type of
devices and the plasma processing system that may be
utilized. Table 4 above,  slxn `s some examples of
time ranges .for bottom bias voltage level of a high
frequency plsasma.  system. Tune ranges during the
second deposition step may preferably be between about
0.5  second card about. 5 second. are preferably
between about 0.5 second and about 4 seconds,  and
preferably' at about 0.5 second, Time ranges for the
second etch substep ma s; be  between about 0.5 second
and about 5 seconds, more preferably between about
().5 second and  about 4 seconds. and preferably at
about 0.5 second. In the third deposition substep,
time  ranges .amaax preferably be beti\"een 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. IPara 48J Overetch step may
include alternating the RF bottom bias at dif'f'erent
power  levels during each cycle. Time duration for
each substep may yaw depending upon the duty  cycle.
Consider the situation wwlherein, for example., the
dut c cle is 2.5 percent for the second  deposition
substep, 50 percew for the second etch substep~ and 25
percent for the third  



deposition substep. In this exaariple. the second etch
substep is trice aas long as the first or  third
deposition substep. IPara 49 As bottom bias voltage
levels alternate between higher and lo" er levels,
tlae  bottom bias voltage level .may be altered during
each cycle. in an example, during a .first cycle,  the
process recipe may call for a bottom bias level at the
second deposition step to be at () V. I2 WO
2008/005630 PCT/US2007/069910  At a new cy cle., the
process recipe ma : require bottom bias level at
second deposition step to  be increased to 2 V.
Coniplexit  of process recipe may depend upon
requirements of device  being created and capability
of plasma processing system being utilized. (Para 501
At a next step 21 1, the method determines whether a
silicon laver is completely  etched. If a. silicon
lay- er is not completel\> etched., the method returns
to step 206 to continue  etching silicon laver. By
alternating bet,Aeen the second deposition substep,
the second etch  substep, and the third deposition
substep, the remaining thickness of the silicon layer
ma -v be  etched rvith mask undercut and notching
being substantially reduced or eliminated, Terminating
the overetch step imga{ be determined using an optical
emission endpoint method,  for exanmple, 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 88
shows, in a arious embodiment, a silicon layer of a
substrate afier CDCP pith the mask undercuts and
notches being either significantly reduced (trench 802
of Figure 8A) or substantially eliminated  (trench 804
of Figure 8B). Para 511 As can be appreciated fro i
the embodiments of the invention, CDCP provides  for
an eliecti e method of controlling lateral etching
that may occur. therebb. 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 comp rnlies
may appreciate significant financial benefits gained
from a reduction in the number of  defective devices
created. IPar:a 521 While this invention has been
described in terms of several e bodirrients, there  



are alterations, permut ati0ns_ and equivalents, which
frill within the scope of this inve:ntiot . 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  chums be interpreted as including
all such alterationa., permutations, and equivalents
as fall  within the true spirit and scope of the
present invention. In the following claims, the terms
`first second'. "third", ('mirth", "fill.'. and other
sequential terminology are employed for  13 WO
2008/005630 PCT/US2007/069910  Iabeli.n.!w purf ores
tO u prove chatty of understanding and do not necessa
it implk or define a  chronological sequence Or a to
.wal sequence. 14 WO 2008/005630 PCT/US2007/069910
CLAIMS  Wha is claimed is: I Ina plasma processing
chamber, a method for etching a substrate having
thereon a s liccyra laver, said plrasrr a processin
chamber ing a botto electrode, said substrate being
disposed on said bottom electrode during said etching,
comprising: performing amain etch step; terminating
said r rrai:n etch step when a prredel :rrred etch
depth into said silicon layer is  achieved, said
predefined etch depth being. at least 70 percent of a
thickness of said silicon  lay er_ perf-orming an
overetch step, said overt tch step including a first
process step, a second  process step, and a third
process step, said first process step employing a
first process :recipe,  said second process step
employing a second process -recipe, said third process
step employing  a third process recipe, said first
process recipe being configured to perform using a
first bottom  bias voltage level applied to said
bottom electrode, said second process r :cipe bcira
configured  to perform using a second bottom bias
voltage level applied to said bottom electrode that is
higher than said first bottom bias voltage lev el,
said third process recipe being configured to  perform
tusin a third bottom bias voltage level applied to
said bottom electrode that is lower Zt,  than said
second bottom bias voltage level, ww41erein, said
first process step. said second process  step. and
said third process stop are alterrrately per.ffirmed a
plra.ralIty of t1rues -- arid 



terminating said overetch step after said silicon
layer is etched through. The method of claim I wherein
said second process recipe is configured to remove
more silicon Material from said silicon liver than
said first process recipe employed bye aid  first
process step and said third process recipe employed by
said third process step. 3 The method of claim 2 w.
herein said first process recipe: includes using a
polyy rrxer- forrrming gas. 4. The method of claim 2
wherein said second process recipe includes using a
f7uorirre- based gas. 5. The: method of claim 2
wherein said third process recipe includes using an
oxygen- based tgas. 6. The method of claim 3 wherein
said polymer-firming gas includes C'.4F .  7, The
method of claim 4 .wherein said fluorine-based gas
includes Spy,. 8. The method of claim 5 wherein said
oxygen-based gas includes O.  15 WO 2008/005630
PCT/US2007/069910  . The method, of claim .l wherein
said main etch step includes a fourth proces step and
a  fifth process step, said fourth process step
employing, a fourth process recipe that is configured
to remove a core silicon material Frarn said silicon
layer than a.fifth process :recipe employed by  said
fif h process step. said fourth process recipe
employing a gas mixture that is different resat from a
gas mixture e ployed during said fifth process step.
110. The method of claim I wherein said predefined
etch depth being at least 80 percent of  said
thickness of said silicon laver. 11. The method of
claim .1 wherein said predefined etch depth being at
least 90 percent of  said thickness of said silicon
layer. 12. The method of clalin t wherein a first
duration of said first process step is substantially
the same aas a second duration of said second process
step w id a third duration of said third  process
step. 11 The method of claim I wherein said 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 rrmetl od of claim I wherein said first
process step., said second process step and said
third process step last between about 0.5 second and
about 5 seconds, 



15. The method of clahn t wherein said terminating
said overetch step is determined using  an optical
emission endpoint me l .rad. 16. In a plasma
processing chamber., a method for etching a substrate
having thereon a  silicon laver, sand plasma
processin~ng chammmber haa.irng a bottoaxm electrode.
said substrate being  disposed on said bottom
electrode during said etching, comprising: performing
a amain etch step- terminating said main etch step
when a predefined etch depth into said silicon layer
is  achieved. said predefined etch depth being at
least 70 percent of a. thickness of said silicon la
er. performing an overetch step, said c ~ eretcla
stela inc:Itacli.ng, a first process step, a second
process step. and aa. third process step, said first
process stop employing a first process recipe,  said
second process step employing a second process recipe,
said third process step employing  a third process
recipe, said second process recipe being configured to
remoe more silicon  material from said silicon laser
than eider said first process recipe and said third
process  recipe, wherein said first process step, said
second process step, and said third process step are
alternately performed a plurality of times and 16 WO
2008/005630 PCT/US2007/069910  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. 18. The method of claim 16 wherein said second
process recipe includeas using a f'luohne- based gas.
19, The method of claim 16 wherein said third process
recipe includes using an oxyy gen- based gas. 2t1, The
method, of claim 17 ~ herein said polymer-for nm.in e
gas includes C 4F,,-,.  '1. The method of claim 18
wherein said fluorine-based gas includes SF(,. 22. The
method of claai.m 1.9 wherein said oxyygen-lased gas
Includes 0,>. 23. The method of claim 16 wherein said
first process step is being pe fb.rined using, a first
bottom bias voltage level applied to said bottom
electrode. said second process step is being
performed using a second bottom bias voltage level
applied to said bottom electrode that is  higher than
said First bottom bias voltage level., and said third
process step is being perlbraaed  



using a third bottom bias voltage level applied to
said bottom electrode; that is lower than said  second
bottom bias voltage level. 24. The method of claim 16
therein said main etch step includes a fourth process
step and  a fifth process step, said fourth process
stop eramploving a fourth process recipe that is
configured to remove more silicon material from said
silicon layer than a fifth process recipe  employed by
said, fifth process step., said fourth process recipe
employing a. gas mixture that I S  different fro in
aa. gas mixture employed during, said fifth process
step. 25. The method of claim 16 wherein said
predefined etch depth being at least 80 percent of
said thickness of said silicon laver. 26, The method
of claim 16 wherein said predefined etch depth being
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 is a second duration of said
second process step or a third duration of  sal
dth.ird process step. 211. 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 ofsaaid
third  process stop. 'ia. 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. 17 WO 2008/005630
PCT/US2007/069910  30. The method, of c_lai nm 16
wherein said terminal:#.tic, said , ove.retch step is
determined using optical emission endpoint method. I1 


