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Surface charge dissipation on insulator surfaces can reduce local charging potentials thereby
preventing ion trajectory deflection at the bottom of trenches that leads to lateral sidewall etching
(notching. We perform detailed Monte Carlo simulations of pattern-dependent charging during
etching in high-density plasmas with the maximum sustainable surface electric field as a parameter.
Significant notching occurs for a threshold electric field as low as 0.5 MV/cm or p@nyivhich

is reasonable for the surface of good insulators. The results support pattern-dependent charging as
the leading cause of notching and suggest that the problem will disappear as trench widths are
reduced. ©1998 American Institute of Physids$s0021-897808)04614-3

I. INTRODUCTION to occur for electric fields much lower than bulk breakddivn,
especially in the presence of surface adsorbates or photon
Pattern-dependent chargings a serious problem in (yy, x-ray) irradiation® While surface flashover may be an
high-density plasmdHDP) etching of gate electrodes and exyreme case, surface currents could also flow by subsurface
metal interconnect lines because it can cause apparent Sid&induction, where electrons are injected and propagate in a
wall iirregularities (notching, bowing, et¢.and latent gate  onqyction band of the insulatdt.With the exception of

oxide degradatioA® Since the latter form of damage is slow charge leakagéwvhen surface charging is unstable

fgared to _|mpede_ progress _toward smalle_r crltlc_al d'me_n'such mechanisms for surface charge dissipation are typically
sions, the interest in plasma-induced charging during etchin ~

has skyrocketed in the past few years as inferred by the lar ontrolled by an electric field threshdldienoted here big,,

e . : ) .
number of publications on charging damage. Patterr%Nh'Ch determines the maximum charging potential that can

dependent charging originates in the directionality diﬁ‘erencetorm on the ;urface of a_n insulator. Irrespectwg of the sur-
between ions and electrons as they cross the plasma shed@f® conduction mechanisrés becomes the crucial param-
and, subsequently, interact with mixed conducting and insuéter that controls the ion dynamics in the trench. Thus, the
lating microstructures. fate of notching mechanisms based on ion deflection depends
The prevailing cause of the notching effect is believed to®n how readily surface currents can reduce charging poten-
be the charging of the exposed Si€urface at the bottom of tials at the trench bottom.
cleared trenches between gate electrodes, which can lead to Although there is overwhelming evidence in the litera-
ion trajectory bending and lateral sidewall etchfiigwhen  ture to link pattern-dependent charging with notchirigsur-
SiO, surface charging is reduced, e.g., by decreasing th&ce currents could diminish the importance of charging ef-
thickness of the gate oxide so that electron tunneling befects thereby lending credibility to othénonelectrostatic
comes important, notching is eliminatéfiSurface charging mechanisms to explain notching. For example, Flafpno-
could also be reduced by surface conduction. In our originaposed that notching is caused by background ClI atoms that
paper on the notching effettsurface currents were ne- spontaneously etch the polysilicon at the bottom, where the
glected; it was realized then and pointed out that this asprotective sidewall blocking layer is removed by oxygen,
sumption may have led to an overestimation of the surfacéiberated from the exposed Sj®y ion bombardment. Based
potentials and could cast doubt on the proposed notchingn the observation that in beam experiments notching was
mechanisms. Although the calculated maximum surfac&nhanced by mechanically stressing the polysilicon lines,
electric fields(3—5 MV/cm) did not exceed the threshold for Chang and Sawid corroborated the idea of spontaneous
breakdown of bulk Si@ (~10 MV/cm),” they appear to be etching of polysilicon by providing an explanation for the
adequate for field emission of electrons at the triple junctionarger etch rate near the polysilicon-oxide interface, where
(the interface where the polysilicon electrode, oxide, andesidual tensile stress is most pronounced. Evidence of such
vacuum are in close proximitywvhich could directly neutral- mechanical effects, combined with concern over the large
ize the positive charge accumulated on the oxide in the Vipotentials calculated in the absence of surface currents, led
cinity of the polysilicon sidewall foot. Electron emission at these researchers to the conclusion that “stress at the
the triple junction has been suggested as the first step fQ§o|ysilicon-oxide interface is a major factor in the formation
surface breakdowflashovey of insulators} which is known o the notch[while] the deflection of ions by feature charg-
ing is not sufficient to account for notching.” Thus, tech-
dElectronic mail: giapis@cheme.caltech.edu nigques that reduce the residual stress in the polysilicon film,
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such as annealing or varying the polysilicon deposition con-
ditions, could offer new approaches to preventing notching.
Although mechanical effects may be contributing to notch
enhancement, they could not be a “major factor” as they fail
to explain the fundamental asymmetry of notching: the notch
appears typicallyonly on the inner side of the edge line. In
fact, none of the dependencies of notching on feature aspect
ratio, mask material and thickness, electron temperature, bias
voltage and frequency, and plasma power pulsing could be

explained by stress at the polysilicon-oxide interface. FIG. 1. Schematic of the simulated struct i & definition of .
. . 1. Schematic of the simulated structure with a definition of axes for
The C_rUCIaI mle_ of surface currents on pattem_(_jependerglotting potential distributions in the trench. Two possible mechanisms for
charging is the subject of the present paper. We will systeMgjectron conduction along the SiGurface are showr(a) field emission
aticany investigate the effect of the thl’eSthjg, for surface  from the triple junction, andb) subsurface conduction by electron injection
charge dissipation at the Sj@urface on charging potentials " the conduction band of the oxide.
and notching. We shall demonstrate that redudiggesults

in lower surface potentials at the trench bottom which, how’potential gradients exceedir%s. The charge flow to the

ever,hare s.tlll.lsufﬁmehnt to c.ausle 'Oc? fdeflcra]cuon and I?]OtCh'm-]’polysilicon lines may modify their potentials and, therefore,
Notches, similar to those simulated for the case with N0 SUT% .ico must be accounted for.

face conductiori,can form for voltage gradients as low as A schematic of the microstructure geometry modeled is

01.:5 MV/cm olr 50§\O/‘/,%m, a reasonable value for the surface g,y in Fig. 1. The microstructure and plasma parameters,
of good insulators. and the computational domain employed in our paper on the
notching effect are taken to be identical for the present
Il. SIMULATION DETAILS study. The only difference consists in using the refined mesh
. ~ of square cellg200x200 cellskm?) for both the charging

~ When surface currents are not important, the chargingind etch profile evolution calculations. Surface currents are
distribution in the trench does not change significantly dur-gjjowed to flow along the SiQsurface at the bottom of
ing notch formation and evolution. As a result, one need onljtrenches and open areas, subject to a threshold for surface
focus on the notch area and deal with the charging of th@harge dissipation, which will be varied from 0.2 to 2.0 MV/
newly exposed Si@surface as the notch apex advancescm, The polysilicon surfaces are taken to be perfect conduc-
This approach reduces the computational complexity angprs, The photoresigimask is presumed to be a perfect in-
was followed in our previous workWhen surface currents - sylator; thus, no surface currents will be allowed to flow
are permitted to flow(subject to a threshold surface electric during plasma exposure. Since potential gradients along the
f|e|d), the pOtential distribution along the bottom surface iSmask sidewalls are typ|ca”y less than 0.5 MV/Cm, this as-
modified as the sidewall of the edge lifet low equipoten-  symption is very reasonable. The oxide thickness is assumed
tial) retreats. The potential boundary condition along the botig pe >100 nm: thus, we emphasize cases of severe notch-

tom surface(Vy,) changes, thus requiring that the Laplaceing, where tunneling currents are too small to play a role in
equation,V2V=0, is solved in the whole domain between notch reduction.

the features, including the area of the evolving notch. Now,

both ion and_electron trajec_tories mu_st be_foll_owgd to calcuy; resuLTs

late the continuously evolving charging distribution. Fortu-

nately, the time scale for reaching steady-state charging is The steady-state charging potential distribution in the
still orders of magnitude faster than that for profile evolution,edge trench reveals the perturbation in the local ion dynam-
which allows decoupling of the two calculations for suffi- ics occurring as a result of surface charging. Gradients on
ciently small time steps. As before, the profile is advanced irihis potential surface are a measure of the electric field that
a pseudo-steady-state manner: A charging distribution is cainfluences ion motion. Figure 2 compares the charging po-
culated for a given position of the notch and then is used téential distributions for decreasing values Bf along the
deflect ions that etch the sidewall until the notch apex igoottom SiQ surface. The plots describe results for a per-
advanced by one cell in the computational domain. Chargéectly etched trench, before notching commences; the equi-
accumulation by both ions and electrons at the exposed supotential of the edge line is also shown as a flat surface to the
faces must be monitored during etching, so that new poterright, for X-axis values between 0.0 and Qun (as defined

tial boundary conditions can be calculated at the end of eacin Fig. 1). We remind the reader that in the absence of sur-
etching step. Surface currents are allowed to flow when théce currents, the potential distribution in the trench was
potential gradient along the surface exceeds the threshoRsymmetric, with a pronounced peé¥ about 58 V for the
electric field. Then a fractional charge, proportional to thesame conditionsnear the sidewall foot of the edge life.
potential gradient across neighboring cells, is allowed to flonSuch distributions also occur f&;>3 MV/cm. However, a

in the direction of the gradient, modifying the potentials of threshold of 2.0 MV/cm already allows surface currents to
both cells. The proportionality constant must be sufficientlyreduce considerably the maximum potential at the,Si@r-
small to prevent potential oscillations. This procedure is reface, as shown in Fig.(8). Notice, though, that the potential
peated for all cells along the SjGurface until there are no surface further away from the trench bottom is tilted toward

edge line

resist
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FIG. 2. Three-dimensional charging potential distributions in thNe edge trench, including the edge polysilicon line, at the onset of overetching. Results are
shown as a function of the threshold for surface charge dissipaign (a) 2.0, (b) 1.0, (c) 0.5, and(d) 0.2 MV/cm. The axes are defined in Fig. 1.

the edge line; thus, ions traversing the trench region are stitloser to the sidewall of the neighboring line; fégzo_z
subjected to a transverse electric field in the same directioMv/cm the potential distribution becomes planar with a
As before, the asymmetry results from the lower potential ofklope of exactly 0.2 MV/cm toward the edge liffig. 2(d)].

the edge line, maintained by the greater electron irradiatiomhese observations suggest that notching will decrease as

of the outer sidewall. The potential gradient is large enoughsurface charge dissipation becomes more and more facile.
to impart sufficient energy to the deflected ions so that they It is instructive to continue at this point with the poten-

can etch the sidewall and begin forming the notch. Remarktial distributions after significant overetching; discussion of
ably, there is also a potential gradient toward the neighboringhe corresponding notch profiles is postponed to the next
line which, however, is too small to result in ion energiesparagraph. Overetching time is extremely difficult to com-
sufficient for etching the sidewall. pute in the absence of specific information about the surface
DecreasingE; to 1.0 MV/cm eliminates the potential condition at the sidewall. The horizontal etch rate must be
peak by the sidewall and shifts the broad peak of the distrimeasured experimentally to calibrate the simulation; in the
bution toward the center of the trenfig. 2(b)]. Note that  absence of such measurements, we let the profile evolve by
the overall shape of the potential surface remains unchangegiunching an arbitrary number of ions, which will be held
the potential gradient toward the edge line is still larger thatconstant for all cases discussed below. Figure 3 compares the
toward the neighboring line. WhelB;=0.5 MV/cm, the in- modified charging potential distributions after a fixed
trench potential distribution assumes a pyramidal shape)veretching time, and must be viewed in conjunction with
shown in Fig. Zc), with a peak that no longer appears in the Fig. 2. ForEs=2.0 MV/cm (or large), charging of the bot-

vicinity of the notch but rather closer to the neighboring line.tom surface has increased significantly. As Fi¢g) 3llus-
The peak value is considerably reduced from thaBpr2.0

trates, the potential distribution becomes highly structured
or 1.0 MV/cm. A further decrease i shifts the peak even and asymmetric, reminiscent to that calculated when surface
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FIG. 3. Three-dimensional charging potential distributions in the edge trench, including the edge polysilicon line, after signifieahitrary overetching

time. Results are shown as a function of the threshold for surface charge dissi@ljotaI 2.0,(b) 1.0,(c) 0.5, and(d) 0.2 MV/cm. The axes are defined
in Fig. 1.

currents were neglected. Remarkably, the potential 88k notch profiles at the edge line in arbitrafyut equal incre-

V) appears in the notch region, that is, under the polysilicoments of overetching time are shown in Fig. 4. There is a

line. Note that the ion deflection mechanism that slows dowrbne-to-one correspondence between the final profile in each
ions in the direction normal to the wafer and accelerategase and the potential distribution of Fig. 3 for the same

them in the parallel direction is still operational. Decreasing, 4|,e ofES. Deep and broad notches are obtainecﬁfptz.o

Es to 1.0 MV/icm(Fig. 3(b)], lowers the potential maximum wv/cm [Fig. 4@)], despite the initial absence of a large po-

(to 32 V), as expected; the peak now appears just outside th@niia| peak near the sidewall foiatee Fig. 22)]. Decreasing
notch region. The potential distribution is still asymmetric =

. , Es to 1.0 MV/cm results in a more shallow notch for the

about the trench cgnterlmt_a. L(_)wer vaIuef_gf(Le., 0.5_and same overetching time. In addition, etching of the upper

0.2 MV/cm) result in distributions that differ only slightly . . . o~

from those observed at the onset of overetching, as would b@dewall IS shghtly reduce@Fig. 4(b)]. Dropplng'ES 0 0.5

expected for very little or no notching at all. MV/cm re;ults in an even smgller notch., localized closer to
Profile evolution is performed by considering the sameth€ Polysilicon/Siq interface[Fig. 4(c)]. Finally, a value of

mechanisms and procedures, described in detail in our origFs=0.2 MV/cm leads to virtually no sidewall etchirigig.

nal paper on notching Etching of the neighboring sidewall 4(d)]. The potential gradient across the two polysilicon lines

is not simulated to decrease the computational cost; the in20 V/um) is too small to impart enough energy to the de-

ward tapering, seen when surface currents were neglectefiected ions for reaction.

becomes considerably smaller wheg is decreased, thus The simulated profiles are consistent with the initial

reducing its influence on charging potentials. Sequentia(Fig. 2) and final(Fig. 3 potential distributions in the trench
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FIG. 4. Notch profile evolution at the edge polysilicon line. The sequential ! (d)
profiles correspond to equébut arbitrary overetching time steps. F\:esults > 30+ :
are shown as a function of the threshold for surface charge dissip&ipn ( E .
(a) 2.0,(b) 1.0,(c) 0.5, and(d) 0.2 MV/cm. The equipotentials of the edge = 20} '
line and its neighbor are also given. Etching of the outer sidewall of the edge ¢ '
line and the neighboring line is not simulated. The photoréBiB} has been Q .
truncated to save space. The true aspect ratio is 2.6:1. "5 10t '
a .
0 1

~ 1.00 0.75 0.50 0.25 0.00
for each case oE,. However, it is instructive to consider in

Fig. 5 the time evolution of the potential distribution along X- axis, um

the bottom SiQ S_urface’ n Conjunqlon with the_ proflle Se'_ FIG. 5. Two-dimensional charging potential distributions along the bottom
guences shown in each panel of Fig. 4. The initial potentiakijo, surface in sequence of equal overetching time steps, corresponding to
distribution, before notching starts, is also shown. Figurehe profiles of Fig. 4. Results are shown for decreasing values of the thresh-
5(a) corresponds td&Es=2.0 MV/cm and illustrates how the old for surface charge dissipatioi): (a) 2.0, (b) 1.0, (c) 0.5, and(d) 0.2
peak in the potential distribution by the sidewall foot in- ™"/c™
creases significantly with time and shifts under the polysili-

con as the notch evolves. Note that the potential drops |'”§Iope of the

> g lines connecting the potential peak to
early from the peak location to the notch boundary with thepolysilicon/SiQ interface of both the edge line and the

SiO, surface. Moreover, for all cases considered, the potensgighhoring line is fixed at 0.5 MV/cm. Finally, the lines

tial gradient defined by the straight lines is exactly equal tomerge together foE.=0.2 MV/cm [Fig. 5(d)], as expected
s=0. . ,

2.0 MV/cm, that is, the location of the potential peak shiftsfrom the lack of notching. The potential gradient from the
in unison with the notch apex. The behavior is identical forneighboring line to the edge line is now exactly equal to 0.2
Es=1.0 MV/cm [Fig. S(b)] although the charging potential \;v//em.

does not increase as much. The straight lines connecting the

potential peak to the notch boundary with the Si€dirface
have a slope of exactly 1.0 MV/cm. The situation is repeate
for E;=0.5 MV/cm [Fig. 5(c)], although the potential peak We have argued elsewhere that surface currents along
remains in the vicinity of the trench centerline. Note that thethe surface of SiQ must exist, as a result of the ability to

dV. DISCUSSION AND IMPLICATIONS

Downloaded 30 Apr 2006 to 131.215.240.9. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



688 J. Appl. Phys., Vol. 84, No. 2, 15 July 1998 G. S. Hwang and K. P. Giapis

etch deep trenches in field oxid&Then, the thresholl; for
surface charge dissipation on the insulator surface becomes -
crucial parameter for pattern-dependent charging. For estab po'Y'Sl
lished mechanisms of charge dissipatiotf the magnitude

of Eg; depends strongly on the insulator matefidielectric \
constant, band gap, secondary electron impact energy, etc.
the length of surface between eIeCtrOdeS’. the surface rouglh—I-G. 6. Notch profile evolution at the edge polysilicon line Tr=0.5
ness, the surface temperature, the chemical nature and dq@gcm (or 50 Vjum). The sequence follows the profile of Fig(ch at

sity of the adsorbed gas on the surface, and the illuminatiornger overetching times to illustrate that notch shapes can be similar to
of the surface byPhotons. To the best of our knowledge, ndhose calculated for cases with no surface conduction.

measurements oEg have been reported for thermal- or

chemical-vapor-deposited Sj@xposed to chlorine plasmas.

There is, however, a vast literatfiren surface flashover of relative permittivity « by analogy to fluorinated oxides,
quartz a;nd variomjs grades of Pyrex™, used in Vacuun){vhich are currently pursued as lokveielectrics. There is an

feedthrough applications, where the adsorbed gas is usual pverse relat|(_)nsh|p between the relgtlve permittivityof a
: . ' aterial and its flashover voltadé which suggests that the
water or air. A typical value of the flashover field for such _. . )
) : . SiIQ,CI, film may have a higher flashover voltage than does
glasses is~0.3 MV/cm, as discussed by Blaise and _. y T A :
- : SiO,. Furthermore, chlorine incorporation is expected to sig-
Gressus. Such low electric fields are measured for insulator

.. nificantly roughen the surface of SjOsurface roughenin
surface lengths between electrodes of at least a few mllllm%as beeyn kngwn for decades to b?gn offective vgay to ?aise
ters. It is extremely important to report the surface Iength,the surface breakdown voltage of smooth insulators.

because of a well-known nonlinear dependence of the flash- Thus far we have not considered the geometric differ-

over vqltage on su.rfa.c e length. The relationship, de.\{elopegnces between typical surface flashover cases and the par-
theo;}ethally ?y P:(”a' a;lnd hHacka%fﬁ fortheh prgvall!ng ticular situation encountered during overetching and notch
mechanism of surface flashovésurface discharging in a formation. The potential peak in the vicinity of the polysili-

layer of desorbed gas from the insulator surjdcpredicts con sidewall, observed in the simulations &y=1 MV/cm,

that the surface electric field r_equ|red to cause flashover d%rms because of direct ion bombardment from the plasma.
pends on the length of the insulator to a power law of

: bviously, positive surface charging pre-exists in the latter
—0.5. The Inverse square-root dependence _has bfe_n Vadituation, while it forms as a result of the secondary electron
dated experlmentally for many msulaFor rpaterlgls t0 "gIVe agission avalanche during flasho%éf.Thus, field emission
correct description of the decrease in d|elecfr|c strength Ofi electrons from the triple junction could occur directly onto
the surface with increasing insulator Iengt}f’. When ap- 6 charged spot; the large charge density would then prevent
plied to thinner insulators, the relationship suggests thalg.ondary electrons from being re-emitted. This provides a
larger surface electric fields are required for surface flash+achanism for supplying electrons without surface break-
over. For example, Pillai and chké?rreportgd a flashover yown and suggests that larger surface electric fields may be
voltage of 40 kV for a 2-mm-thick quartz disk, correspond-g|erated in the vicinity of the notch without flashover.
ing to 0.2 MV/cm; using the_ aforementloned relationship, a Despite the uncertainty in the maximum sustainable po-
flashover field of=9 MV/em is predicted for dquart sur-  tentjal gradient along the surface of the oxide, the parametric
face length of Jum under the same measurement conditionsstdy presented above dispells the notion that large charging
This value approaches the bulk breakdown of good qualityyotentials are required to induce ion deflection at a scale
oxide,” which suggests that the relationship may not be exgapable of causing notching. Indeed, even for a potential
trapolated to insulator lengths in the micron regime. A"gradient as low as 0.5 MV/cm or 50 M8 the potential
though the region of applicability was not discusseave distribution in the trenchiFig. 2(c)] is capable of deflecting
can think of no physical reason why it should not apply toand accelerating ions to the sidewall so that deep notches can
lengths in the vicinity of 10Qum, yielding fields of about 1 be formed. This is further demonstrated in Fig. 6, which
MV/cm. The point of this discussion is that significantly extends the last profile of Fig.(@ in increments of equal
larger electric fields could be supported along the surface dfveretching times. Of course, larger overetching times are
SiO; at the bottom of narrow trenchésiicron regim¢than  required for smaller values df to reach a certain notch
those reported for typical feedthrough applicatiomsllime-  depth. Note that the notch shape looks very similar to that
ter regime. obtained when surface currents were neglected.
_There are other reasons to corroborate larger values of |f surface currents along Sisurfaces during overetch-
E, for the surface of Si@exposed to chlorine plasmas. Don- ing in high-density plasmas are not to be disputed, what is
nelly and Layadi® have shown experimentally that, after the validity of our published work on the influence of the
brief etching of thermal SiQin a Cl, plasma at moderate ion electron temperatur€, aspect rati® and other parameters
energy, a surface layer{1—2 nn forms which contains a on notching? Although surface currents were previously ne-
significant amount of chlorine. The oxygen concentration inglected, the potential gradients obtained never exceeded 5
this layer is depleted, indicating that chlorine displaces ony\/IV[qcm.5 The potential distributions were not unlike those
gen to form a silicon oxychlorid¢SiQ,Cly). Although its  for Es=2.0 MV/cm presented in this study, with the excep-
properties are unknown, the SiCl, film could have a lower tion of the distribution at the onset of overetching. Thus, the
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mechanisms and trends presented then should still hold, evéh CONCLUSIONS
when surface currents are allowed to flow. The same applies ; | . e duci
to lower thresholds for surface charge dissipation. Indeed, Surface currents can play an important role in reducing

the effect of the electron temperattitand aspect ratié? for ~ charging on the surface of insulators at the bottom of

example, was to increase the polysilicon equipotential t,renches during overetching. The maximum electric field that

which perturb the potential distribution in the trench, Even¢@n be sustained along the surface, in conjunction with the

when surface currents limit the maximum potential gradientsequ'pOtem'als of the pO|ySI|ICO(‘DI’. met.a) I_|ne§ th"_"t confine

on the SiQ surface, the line potentials will increase with the trench, determine the potential distribution in the trench
aspect ratio or electron temperature, shifting the potentiaﬁmd the perturbation in .the Iﬁcalhlon ﬁylnarrlucs..N?tcihl?g can
distribution higher without changing the gradients. Then, théf:’e reduced b_y decI:easmg_t € thres Od_ N e_ctrlc_ _'e? or sur-
flux of the deflected ions to the sidewall of the edge line will '2€ C‘f’”dfc“on-g e CO”“”‘;F)US (';EdUG“OF‘ n C“t'cadd'med”'
increase accordingly as more incident ions are slowed dowrp'ONS for larger device packing density Is expected to de-
resulting in deeper and broader notches. But how could th&'€ase the importance of charging at the bottom of narrower
trends remain identical, if the potential maximum by thetrenches as the same threshold field for surface conduction
edge trench is so much larger in the absence of surface cofill Produce lower absolute charging potentials, thereby in-
duction? The peak potential affects primarily the most enerfluen%mg the m-trgnch |c(>jn dynamms;or? Ie;ser extent. h
getic of the incident ions; the majority of the ions have sig- The parametric study presented herein suggests that

nificantly lower energies and are deflected before thexpattern-dependent charging is S,ti" the .main cause for notch-
approach the potential maximum. One could artificially re-IN9 €ven when surfacg c_onduc'uon limits the maximum sus-
duce these potentials by more than 50% and still observidinable surface electric fields to values as low as 0.5 MV/cm
substantial notching. We thus stand by our proposed mech&' 50 Vium. Such fields appear to be reasonable for the

nisms and predicted trends of our published work; they©Udn chlorinated —oxide surface encountered during

should be valid in the presence of surface currents subject t%veretching of gate electrodes in high-density plasmas. The

a threshold electric field as low as 0.5 MV/cm significance of charging effects in plasma processing war-
Sincek, is a gradient, the value of the maximum poten- rants an experimental effort to measure thresholds for surface
S )

tial on the trench bottom surface scales linearly with thecondugtlgn on Si@in submicron geometries while exposed
o realistic plasmas.

trench width. In other words, the surface charging potentiaf
at the trench bottom must decrease as the trench becomes

narrower, with a concomitant reduction in notching. Then,

the sequence of profiles of Figs. 2 and 3 could roughly corACKNOWLEDGMENTS
respond to the same threshold electric field, say 2.0 MV/cm
[Figs. 4a) and 3a)] but decreasing trench width to 0.26n
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