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LAYERS UPON HIGH STEP HEIGHT INTEGRATED CIRCUIT SUBSTRATES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to methods for
forming patterned polysilicon layers within integrated circuits.
More particularly, the present invention relates to methods for
forming residue free patterned polysilicon layers upon high step

height patterned substrate layers within integfated circuits.

2. Description of the Related Art

As integrated circuit te_chnology has progressed towards
increasingly higher levels of integration, line-widths and spacings
within advanced integrated circuits have become increasingly
narrower while aspect ratios of structures within advanced
integrated circuits have become increasingly higher. 1In addition
to characteristics which relate directly to the size and spacing of
structures within advanced integrated circuits, it is also common
that structures within advanced integrated circuits are formed upon
substrate layers which have significant topographic diffefentials,

such as substantial step height variations. The sum of these
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wi thin advanced integrated circuits have becone increasingly narrower while
aspect ratios of structures within advanced integrated circuits have becone
i ncreasingly higher. In addition to characteristics which relate directly
to the size and spacing of structures within advanced integrated circuits,
It i4s al so common that structures within advanced integrated circuits are
formed upon substrate | ayers which have significant topographic

differentials, such as substantial step Jeight variations. The sum of
these -2- factors often inpedes production of fully functional and

factors often impedes production of fully functional and reliable
patterned structures, such as patterned polysilicon structures,

within advanced integrated circuits.

One of the more common defects which often occurs when
photo-~lithographically forming patterned structures upon high step
height patterned substrate layers within integrated circuits is the
simultaneous formation of undesirable patterned structure residues
at lower step levels of the high step height substrate layers. The
results of this defect are illustrated, in general, by reference to
Fig. 1 and Fig. 2. Shown in Fig. 1 is a blanket substrate layer 10
upon which is formed a pair of high step height patterned substrate
layers 12a and 12b. Upon the exposed surface;_of the blanket
substrate layer 10 and the high step height patterned substrate
layers 12a and 12b is formed a blanket conformal layer 14 which is
typically, although not exclusively, a blanket conformal layer 14
of a conductor material, such as, but not limited to, a polysilicon
conductor material. Formed upon portions of the blanket conformal
layer 14 residing above the high_step height pa;terned substrate
layers 12a and 12b, respectively, are patterned photoresist layers

16a and 16b.

" As shown in Fig. 2, upon anisotropic etching of the
blanket conformal layer 14 employing the patterned photoresist

layers 16a and 16b as an etch mask, there is formed the desired

e
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tructures, such as patterned polysilicon structures, within

tegrated circuits. One of the nore common defects which often
occurs when photo-lithographically form ng patterned structures upon high
step height patterned substrate |ayers within integrated circuits is the-

s formati on of undesirable patterned-structure residues at
of the high step height substrate |ayers. The results of t
illustrated, in general, by -reference to Fig. 1 and Fig. 2.
g. 1 is a blanket substrate layer 10 upon which is forned a
fhrggiyg patterned substrate |ayers 12a and 12b. Upon t he
aces of the blanket substrate layer 10 and the high step h

pRStertied éouirhallfaydnd 14 aha 149, Rty AAKEE 1X@ANESKBEmall
layer residues 14a, 1l4c, 144 and 14f. Typically, although not
exclusively, the anisotropic etching is accomplished through an
anisotropic Reactive Ion Etch (RIE) plasma etch method. The
presence of the undesired conformal layer residues 14a, l4c, 14d
and 14f, when formed of a conductor material, may lead to
electrical shorts and bridging. It is thus in general towards the
goal of removing undesired residues, such as undesired conformal
layer residues 14a, 14c, 14d and 14f, while simultaneously
preserving the dimensions and integrity of patterned layers, such
as the patterned conformal layers 14b and 14e, that the present

invention is directed.

Although it is, in general, possible to remove undesired
residues from lower step levels within an integrated circuit
through either a more vigorous anisotropic etching or an isotropic
etching of those undesired residues, such additional etching will
typically substantially over-etch, erode or otherwise damage the
edges of the patterned conformal layer exposed beneath a
photoresist etch mask while simultaneously removing the undesired
conformal layer residues. The results of such over-etching, within
the context of the structures illustrated within Fig. 1 and Fig. 2,
are shown in Fig. 3. Shown within Fig. 3 are the over-etched
patterned conformal layers 14b' and 14e-’. Under circumstances

where the high step height patterned substrate layers 12a and 12b,
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typically, although not exclusively, a blanket conformal |ayer 14 of a
conductor material, such as, but not limted to, a polysilicon conductor
mat erial. Forned upon portions of the blanket conformal |ayer 14 residing
above the high step height patterned substrate |ayers 12a and 12b,
respectively, are patterned photoresist |ayers 16a and 16b. As shown in
Fig. 2, upon anisotropic etching of the blanket conformal |ayer 14

enpl oyi ng the patterned photoresist |ayens-16a and 16b as an etch mask,
there is fornmed the desired - 3-

Cs 95-058

and patterned photoresist layers 1l6a and 16b, are particularly
narrow, the extent of over-etching, erosion or damage may yield
over—-etched patterned conformal layers 14b' and 14e' which are
sufficiently over-etched such that a functional or reliable

integrated circuit is not formed.

Methods through which patterned structufes within
integrated circuits may be protected from deterioration due to
exposure to integrated circuit processing operations are known in
the art. For example, Beitman, in U.S. Patent 4,795,718 discloses
a method for manufacturing an Insulated Gate Field Effect
Transistor (IGFET) having self-aligned source/drain contact
regions. The method employs forming a low melting po;yt dielectric
layer over the gate electrode of the IGFET device and heating the
dielectric until it covers and encapsulates the gate electrode of
the IGFET. The éelf-aligned source/drain contacts may then be

formed without shorting to the gate electrode.

“Although not directed towards the goal of encapsulating
delicate integrated circuit structures, Mitsuaki et al., in U.S.
Patent 4,981,809 describe a related method for forming fine mask
patterns for use in producing advanced transistors. The method
employs a patterned photoresist layer formed and subsequently
annealed upon a semiconductor substrate. The annealing process

reflows the patterned photoresist layer and forms smaller openings

———— .
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patterned conformal |ayers 14b and 14e, and the undesired conformal |ayer
residues 14a, 14c, 14d and 14f. Typi cally, although not exclusively, the
ani sotropic etching is acconplished through an ani sotropic Reactive |on
Etch (RIE) plasma etch nethod. - The presence of the undesired confornmal-

| ayesr residues 14a, i4c, 14d and 14f, when fornmed of a conductor material,
may |lead to electrical shorts and bridging. It is thus in general towards
t he goal of renoving undesired residuesy such as undesired conformal |ayer
resi dues 1l4a, 14c, 14d and 14f, while sinultaneously preserving the

di mensi ons @fdhsgkgarity of patterned |ayers, such as the patterned
conformal |ayers 14b and 14e, that the present invention is directed.

Al t hough i twithin nhegephertalres psts palbbkerno Abeoswaliredesperihgs yield a fine

mask pattern which is useful in forming advanced transistors.

Although also not directed towards the goal of
encapsulating delicate integrated circuit structures, S.M. Sze, in
VLSI Technology, (McGraw Hill Book Co., Singapore (1986)) pp. 221-
222 discloses materials through which polysilicon and polycide
{(polysilicon/metal silicide stack) layers may be etched in a

Reactive Ion Etch (RIE) plasma.

In addition, Sung, in U.S. Patent 5,371,025 describes a
method for making Thin Film Transistors (TFTs) for use within
Liquid Crystal Displays (LCDs). The method employs a patterned
photoresist layer formed upon a gate electrode, which patterned
photoresist layer is subsequently thermally re-flowed to form a
mask which prevents channel overlap between the gate electrode and
the source/drain electrodes of the Thin Film Transistor (TFT).
Thin Film Transistors (TFTs) which have limited channel overlap
_exhibit a higher signal to noise ratio. Thus, they produce higher

quality Liquid Crystal Displays (LCDs).

Finally, there is disclosed within a related disclosure
from this laboratory an alternative method for addressing problems
analogous to the problem to which the present invention is

directed. See, M.S. Zhou et al., "Methods for Forming Residue Free
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residues fromlower step levels within an integrated circuit through either
a npre vigorous anisotropic etching or an isotropic etching of those

undesi red residues, such additional etching will typically substantially
over-etch, erode or otherw se damage the edges of the patterned conform

| ayer exposed beneath a photoresist etch mask whil e simultaneously renoving
the undesired confornal |ayer residues. The results of such over-etching,
within the context of the structures idlustrated within Fig. 1 and Fig. 2,
are shown in Fig. 3. Shown within Fig. 3 are the over-etched patterned
conformal bkayessgskib’ and 14e' Under circunstances where the high step
hei ght patterned substrate Iayers 12a and 12b,

Patterned Conductor Layers Upon High Step Height Integrated Circuit
Substrates," Atty. Docket No. CS5 94-020, filed __/__/95. The
disclosure describes a method for reflowing patterned photoresist
layers to encapsulate exposed edges of patterned conductor layers
upon high step height integrated circuit substrates. Conductor
layer residues may then be removed from lower step levels of those

integrated circuit substrates without damaging the patterned

conductor layers.

Desirable in the art are additional methods for removing
undesired residues from lower step levels of high step height
substrate layers while simultaneously avoiding damage to patterned
layers formed upon upper step levels of the high step height
substrate layers. Particularly desirable are additional methods
vhich may be employed in-situ for removing undesired polysilicon
residues while simultaneously avoiding damage to patterned

polysilicon layers.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
method for removing undesired polysilicon residues from lower step
levels of high step height patterned substrate layers within

integrated circuits while simultaneously avoiding damage to
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-4- and patterned photoresist |layers 16a and 16b, are particularly narrow,
t hezextent of over-etching, erosion or danage nmay yield over-etched
patterned conformal |ayers 14b and 14e which are sufficiently over-etched
such that a functional or reliable integrated circuit is not formed.

Met fods t hrough which patterned structures within integrated circuits may
be protected fromdeterioration due to exposure to integrated circuit
processi ng operations are known in the apt. For exanple, Beitman, in U S
Pat ent 4, 795,718 di scl oses a nethod for manufacturing an Insulated Gate
Field EffecggTgsupsigst or (1 GFET) having sel f-aligned source/drain contact

patterned polysilicon layers formed upon upper step levels of the

high step height patterned substrate layers.

A second object of the present invention is to provide a
method in accord with the first object of the present invention,

which method may be employed in-situ.

A third object of the present invention is to provide a
method in accord with the first object of the present invention and
the second object of the present invention, which method is also

manufacturable.

In accord with the objects of the present invention there
is provided a method for removing undesired polysilicon residues
from lower step levels of high step height patterned substrate
layers within integrated circuits while simultaneously avoiding
damage to patterned polysilicon layers formed upon upper step
. levels of the high step height substrate layers. To practice the
method of the present invention, there is first provided a
substrate having formed thereon a high step height patterned
substrate layer. Formed upon, the high step height patterned
substrate layer is a polysilicon layer, and formed upon the
polysilicon layer is a patterned photoresist layer. The patterned
photoresist layer exposes portions of the polysilicon layer at a

lower step level of the high step height patterned substrate layer.
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regions. The nethod enploys formng a low nelting point dielectric |ayer
over the gate electrode of the | GFET device and heating the dielectric
until it covers and encapsul ates the gate el ectrode of the | G-ET. The
self-aligned source/drain contacts may then be fornmed wi thout shorti.ng to
thesgate el ectrode. Although not directed towards the goal of encapsul ating
delicate integrated circuit structures, Mtsuaki et al., in U S Patent
4,981, 809 describe a related nmethod for- gornming fine mask patterns for use
i n produci ng advanced transistors. The method enpl oys a patterned
photoresist | a gr formed and subsequently anneal ed upon a sem conduct or
substrate. %h% E%ﬁ%aling process reflows the patterned photoresist |ayer

and forms sggk! G651 PPENNAGS layer is then patterned employing the patterned
photoresist layer as an etch mask via an anisotropic first etch
process to yield a patterned polysilicon layer upon the surface of
the high step height patterned substrate layer and polysilicon
residues at the lower step level of the high step height patterned
substrate layer. The anisotropic first etch process is a Reactive
Ion Etch (RIE) anisotropic first etch process which simultaneously
passivates the exposed edges of the patterned polysilicon layer.
Finally, the polysilicon residues formed at the lower step level of
the high step height patterned substrate layer are removed through
an isotropic second etch process. The isotropic second etch
process is a Reactive Ion Etch (RIE) isotropic second etch process
which employs hydrogen bromide (HBr) and sulfur hexafluoride (SF6)

as reactant gases.

The present invention provides a method for removing
undesired polysilicon layer residues from lower step levels of high
step height patterned substrate layers while simultaneously
avoiding damage to patterned polysilicon. layers formed upon upper
step levels of the high step height patterned substrate layers.
Through the method of the present invention, exposed sidewall edges
of a patterned polysilicon layer are simultaneously passivated
through a Reactive Ion Etch (RIE) anisotropic first etch process
which is employed in forming the patterned polysilicon layer.

Polysilicon layer residues which reside at lower step levels of the
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-5- within the photoresist pattern. The smaller openings yield a fine mask
pattern which is useful in form ng advanced transistors. Al though al so not
directed towards the goal of encapsulating delicate integrated circuit
structures, S.M- Sze, in VLSl Technol ogy, (MG aw Hill Book Co., Singapore
(1988)) pp. 221- 222 discloses materials through which pon5|I|con and
polycide (polysilicon/netal silicide stack) |layers may be etched in a
Reactive lon Etch (RIE) plasma. I n additdiegn, Sung, in U S. Patent 5,371, 025
describes a nethod for making Thin Film Transistors (TFTs) for use within

CsS 95-058

high step height patterned substrate layer may be removed through
a Reactive Ion Etch (RIE) isotropic second etch process which
contains hydrogen bromide (HBr) as a reactant gas, while not
damaging the exposed edges of the patterned polysilicon layers.
The hydrogen bromide (HBr) provides additional in-situ passivation
of the exposed sidewall edges of the patterned polysilicon layers

while the polysilicon layer residues are removed.

The present invention provides a readily manufacturable
method which may be employed in-situ in removing polysilicon layer
residues from lower step levels of high step height patterned
substrate layers within integrated circuits, upon the upper levels
of which high step height patterned substrate layers are formed
pPatterned polysilicon layers. The method of the present invention
provides a Reactive Ion Etch (RIE) anisotropic first etch process
followed by a Reactive Ion Etch (RIE) isotropic second etch
process. Since both the first etch process and the second etch
process are Reactive Ion Etch (RIE) etch processes, the present
invention provides a readily manufacturable method which may be
employed in-situ by sequentially varying the reactant gases and
process conditions employed in the first etch process and the

second etch process.
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Liquid Crystal D splays (LCDs). The nmethod enploys a patterned photoresi st
| ager forned upon a gate el ectrode, which patterned photoresist |ayer is
subsequently thermally re-flowed to forma nmask which prevents channel

overl ap between the gate el ectrode and the source/drain el ectrodes of the
Thisn Film Transistor (TFT). Thin Film Transistors (TFTs) which have limted
channel overlap exhibit a higher signal_ to noise ratio. Thus, they produce
hi gher quality Liquid Crystal D splays J(q_CDs) Finally, there is disclosed
within a related disclosure fromthis |aboratory an alternative nethod for
addr essi ng FPoBP2RE anal ogous to the probl emto which the present invention

is directed. See, MS. Zhoﬁhféﬁ' %ESCREMS? {,‘% d:l&meg Resi due Free

The following drawings, which form a material part of

this disclosure, show the following:

Fig. 1 to Fig. 3 show a series of schematic cross-
sectional schematic diagrams which illustrate progressive stages in
forming residue free patterned layers upon high step height

patterned substrate layers through a method of the prior art.

Fig. 4 and Fig. 5 show a pair of schematic cross-
sectional diagrams illustrating progressive stages in forming
residue free patterned polysilicon layers upon high step height
patterned substrate layers in accord with the first preferred

embodiment of the present invention.

Fig. 6 to Fig. 9 show a series of schematic cross-
sectional diagrams illustrating progressive stages in forming
residue free patterned polysilicon layers upon high step height
patterned substrate layers within an integrated circuit in accord

with the second preferred embodiment of the present invention.
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-6- Patterned Conductor Layers Upon H gh Step Height Integrated Crcuit
Substrates,"” Atty. Docket No. CS 94-020, filed | 195, The di scl osure
describes a nethod for reflowi ng patterned photoresist |layers to
encapsul at e exposed edges of patterned conductor |ayers upon high step

hei ght integrated circuit substrates. Conductor |ayer residues may then be
removed fromlower step |evels of those jntegrated circuit substrates

wi t hout damagi ng the patterned conductor]1ayers. Desirable in the art are
addi tional nethods for renoving undesired residues fromlower step |evels

of high stepghekghis
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a method for forming
residue free patterned polysilicon layers upon high step height
patterned substrate layers within an integrated circuit, while
simultaneously preserving the integrity of the patterned
polysilicon 1layers. In order to accomplish this goal, the
preferred embodiments of the present invention provide a two step
Reactive Ion Etch (RIE) plasma etch method. Within the first step
there is provided a Reactive Ion Etch (RIE) anisotropic first etch
process through which the exposed sidewall edges of a patterned
polysilicon layer formed upon a high step height patterned
substrate layer are passivated when the patterned polysilicon layer
is patterned from a polysilicon layer. Simultaneous with
patterning of the polysilicon layer there is formed at lower step
levels of the high step height patterned substrate layers undesired
polysilicon layer residues. Within the second step of the two step
Reactive Ion Etch (RIE) plasma etch method there is provided a
Reactive Ion Etch (RIE) isotropic second etch process through which
the undesired polysilicon layef residues are removed without over-
etching, eroding or otherwise damaging the patterned polysilicon
layers. The Reactive Ion Etch (RIE) isotropic second etch process
employs hydrogen bromide (HBr) and sulfur hexafluoride (SF6) as

reactant gases.
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substrate | ayers while sinultaneously avoi di ng danage to patterned | ayers

f or-med upon upper step |levels of the high step height substrate |ayers.
Particularly desirable are additional nmethods which may be enployed in-situ
for renoving undesired polysilicon residues while sinultaneously avoi di ng
darfage to patterned polysilicon |ayers. SUMVARY OF THE | NVENTI ON A first

obj ect of the present invention is to provide a nethod for renoving

undesi red polysilicon residues fromlo %'step | evel s of high step height
patterned substrate layers within integrated circuits while sinultaneously

avoi di ng dQﬂP@%-B?a

The present invention may be practiced in forming residue
free patterned polysilicon layers upon any high step height
patterned substrate layer of sufficiently high step height such
that polysilicon 1layer residues are routinely formed when
polysilicon layers upon the high step height patterned substrate
layer are patterned into patterned polysilicon layers when
employing an anisotropic etch process and a patterned photoresist
etch mask. The method of the present invention may be employed_in
forming residue free patterned polysilicon layers within integrated
circuits including but not limited to Static Random Access Memory
(SRAM) integrated circuits, Dynamic Random Access Memory (DRAM)
integrated circuits, Application Specific Integrated Circuits
(ASICs), integrated circuits having within their fabrications Field
Effect Transistors (FETs) and integrated circuits having within
their constructions bipolar transistors. The method of the present
invention has broad applicability in forming within integrated
circuits dimensionally stable residue free patterned polysilicon

layers.

Referring now to Fig. 4 and Fig. 5, there is shown a pair
of schematic cross-sectional diagrams illustrating the results of
progressive stages in forming residue free patterned polysilicon
layers upon high step height patterned substrate layers in accord
with the first preferred embodiment of the present invention. The
first preferred embodiment of the present invention is a general
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-7- patterned polysilicon layers fornmed upon upper step |evels of the high
step height patterned substrate |ayers. A second object of the present
invention is to provide a nethod in accord with the first object of the
present invention, which nethod may be enployed in-situ. A third object of
the resent invention is to provide a nethod in accord with the first

obj ect of the present invention and the gecond obj ect of the present

i nvention, which nethod is al so manuf act

of the present

rable. In accord with the objects
invention there is provided a nethod for renoving undesired

pol ysi | i concs eg5-hs8s

embodiment of the present invention which follows analogously from

the prior art as illustrated by reference to Fig. 1 to Fig. 3.

The structure illustrated in Fig. 4 correlates with the
structure illustrated in Fig. 2, with the exceptions that: (1) the
patterned conformal layers 14b and l14e illustrated in Fig. 2 have
been replaced with patterned polysilicon layers 15b and 15e, and
(2) the conformal layer residues 14a, 14c, 144 and 14f illustrated
in Fig. 2 have been replaced with conformal polysilicon layer
residues 15a, 1S5c¢, 154 and 15f. The blanket substrate layer 10,
the high step height patterned substrate layers 12a and 12b, and

the patterned photoresist layers 16a and 16b remain the same.

Practice of the present invention provides most value
when the step height, H, of the high step heigﬁt patterned
substrate layers 12a and 12b is substantial in comparison with
conventional integrated circuits. Preferably, the step height, H,
is at least about 3000 angstroms. Less significant in the practice
of the present invention are the individual widths, W, of the high
step height patterned substrate layers 12a and 12b, and the )
distance, D, separating those layers. Typically the widths, W, of
the high step height patterned layers 12a and 12b are greater than
about 5000 angstroms each, and the distance, D, separating those

layers is at least about 2000 angstroms.
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fromlower step |l evels of high step height patterned substrate |ayers
Wthin integrated circuits while simnmultaneously avoi di ng damage to
patterned polysilicon |ayers formed upon upper step levels of the high step
hei ght substrate | ayers. To practice the nethod ‘of the present invention,
thefe is first provided a substrate having fornmed thereon a high step
hei ght patterned substrate | ayer. For med upon, the high step height
patterned substrate |ayer is a ponS|r1é6n | ayer, and formed upon the
polysilicon layer is a patterned photoresist |layer. The patterned
phot or esi st dsayeLgsposes portions of the polysilicon layer at a | ower step
| evel of the high step height patterned substrate |ayer.

Although the high step height patterned substrate layers

12a and 12b may be formed of materials including but not limited to
conductor materials, insulator materials and semicondu_'ctor
materials, the high step height patterned substrate layers 12a and
12b are typically and preferably formed of insulator materialst it
is preferred and desirable in practice of the present invention
that the blanket substrate layer 10 and the high step height
patterned substrate layers 12a and 12b be formed of materials, or
composites of materials, which have a low etch selectivity to the
multiple etch processes to which those layers are exposed through

the method of the present invention.

Analogously with the prior art, the patterned polysilicon
layers 15b and 15e, and the conformal polysilicon layer residues
15a, 15¢, 15d and 15f are also forme.d through anisotropic Reactive
Ion Etch (RIE) plasma etching, albeit of a blanket conformal
polysilicon layer. The blanket conformal polysilicon layer may be
formed upon the exposed surfaces of the blanket substrate layer 10
at‘nd the high step height patterned substrate layers 12a and 12b
through methods .as are cc;nventional in the art, including but not
limited to Chemical Vapor Deposition (CVD) methods, Low Pressure
Chemical Vapor Deposition (LPCVD) methods and Physical Vapor
Deposition (PVD) sputtering methods. Typically, although not
exclusively, the blanket conformal polysilicon layer will also be

made conductive through incorporation of a suitable type and amount
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8 The polysilicon layer is then patterned enploying the patterned
photoresi st |ayer as an etch mask via an anisotropic first etch process to
yield a patterned polysilicon | ayer upon the surface of the high step
hei ght patterned substrate | ayer and polysilicon residues at the | ower step
| evél of the high step height patterned substrate |ayer. The ani sotropic
first etch process is a Reactive lon Etch (RIE) anisotropic first etch
process whi ch simultaneously passivat éslfHe exposed edges of the patterned
polysilicon layer. Finally, the polysilicon residues fornmed at the | ower
step level 66 9%re0d98 gh step height patterned substrate |ayer are renoved
t hrough an isotropic second etch %rocess. The isotropi ¢ second etch
of dopant, through methods as are conventional in the art.
Typically, the thickness of the blanket polysilicon layer is from

about 200 to about 4000 angstroms.

Also shown in Fig. 4 is the presence of the pattérned
photoresist layers 16a and 16b. The composition of the patterned
photoresist layers 16a and 16b is typically not critical to
practice of the present invention. Thus, the patterned photoresist
layers 16a and 16b may be formed from any of several photoresist
materials which are conventional in the art. Analogously with the
blanket substrate layer 10 and the high step height patterned
substrate layers 12a and 12b, it is preferred in the present
invention that the photoresist material from which is formed the
patterned photoresist layers l16a and 16b be a photoresist material
that is not susceptible to substantial degradation through exposure
to the multiple etch processes to which the patterned photoresist
layers 16a and 16b are exposed. Preferably, the patterned
photoresist layers 16a and 16b are from about 4000 to about 30000

angstroms thick each.

In order to arrive at the structure illustrated in Fig.
4, the blanket conformal polysilicon layer from which is formed the
patterned polysilicon layers 15b and 15e, and the polysilicon layer
residues 15a, 15c, 154 and 15f, is etched through a Reactive Ion

Etch (RIE) anisotropic first etch process. The Reactive Ion Etch
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process is a Reactive lon Etch (RIE) isotropic second etch process which
enpkoys hydrogen brom de (HBr) and sul fur hexafl uoride (SF6) as reactant
gases. The present invention provides a nmethod for renoving undesired
polysilicon |ayer residues fromlower step |levels of high step height
patterned substrate |ayers while simultaneously avoi ding danmage to
patterned polysilicon |ayers formed upongupper step |evels of the high step
hei ght patterned substrate |ayers. Through the nmethod of the present

i nvention, exposed sidewall edges of a patterned polysilicon |ayer are

si nmul t aneougbysparsy vat ed through a Reactive lon Etch (RIE) anisotropic
first etch process which is enployed in formng the patterned polysilicon
| ayer. Pol y$REEL oanispsppiesfiifts ehfh cProcassdemploys vk rkeacddve iR £ t he

(RIE) plasma which simultaneously passivates the exposed sidewall
edges of the patterned polysilicon layers 15b and 15e as. the
patterned polysilicon layers 15b and 15e are formed from the

blanket conformal polysilicon layer.

It has been found experimentally that a chlorine (Cl2)
and hydrogen bromide (HBr) containing Reactive Ion Etch (RIE)
plasma will provide the desired passivation to the exposed sidewall
edges of the patterned polysilicon layers 15b and 15e. Preferably,
the chlorine (C12) and hydrogen bromide (HBr) containing Reactive
Ion Etch (RIE) plasma is provided at a chlorine:hydrogen bromide

volume ratio of from about 10:1 to about 2:1.

Other parameters under which is provided the chlorine
(C12) and hydrogen bromide (HBr) containing Reactive Ion Etch (RIE)
plasma include a reactor chamber pressure of from about 220 to
about 330 mtorr, a radio frequency power of from about 170 to 260
watts, a background helium (He) flow rate of from about 140 to
abotit 250 standard cubic centimeters per minute (.scc;m) and a total
chlorine (Cl12) and hydrogen bromide (HBr) flow rate of from about
170 to about 280 standard cubic centimeters per minute (sccm). The
blanket conformal polysilicon layer from which is formed the
patterned polysilicon layers 15b and 15e is exposed to the chlorine
(C12) and hydrogen bromide (HBr) containing Reactive Ion Etch (RIE)
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-9- high step height patterned substrate | ayer nay be renoved through a
Reaetive lon Etch (RIE) isotropic second etch process which contains
hydrogen brom de (HBr) as a reactant gas, while not damagi ng the exposed
edges of the patterned polysilicon |ayers. The hydrogen brom de (HBr)
provi des additional in-situ passivation of the exposed sidewall edges of

the patterned polysilicon |ayers while the polysilicon |ayer

resi dues are

renmoved. The present invention provi désih Teadi |y nanufacturabl e nethod

whi ch may be enployed in-situ in renoving polysilicon |ayer

Cs 95-058

anisotropic first etch process for a time period sufficient to: (1)
completely etch the patterned polysilicon layers 15b and 15e from
the blanket conformal polysilicon 1layer, and (2) sufficiently
passivate the sidewall edges of the patterned polysilicon layers
15b and 15e. Typically, the etch time will be from about 100 to

about 180 seconds.

Referring now to Fig. S5, there is shown a schematic
cross-sectional diagram illustrating the results of further
processing of the structure whose cross-sectional schematic diagram
is illustrated in Fig. 4. Absent from the structure whose cross-
sectional diagram is illustrated by Fig. 5 are the conformal
polysilicon layer residues 15a, 15¢, 15d and 15f. The conformal
polysilicon layer residues 15a, 15¢, 15d and 15f are removed
through a Reactive Ion Etch (RIE) isotropic second etch brocess.
In contrast with the prior art as illustrated within Fig. 3, the
conformal polysilicon layer residues 15a, 15c, 154 and 15f are
removed without over-etching, eroding or otherwise damaging the

patterned polysilicon layers 15b and 15e.

In order to provide optimal manufacturing efficiency, an
in-situ Reactive lon Etch (RIE)} isotropic second etch process 1is
preferred. It has been found experimentally that the Reactive Ion
Etch (RIE) isotropic second etch process preferably employs sulfur

hexafluoride (SF6) and hydrogen bromide (HBr) reactant gases.
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residues fromlower step levels of high step height patterned substrate
| ayers within integrated circuits, upon the upper l'evels of which high step
hei ght patterned substrate |layers are formed patterned polysilicon |ayers.
The met hod of t-he present’ invention provides a Reactive lon Etch (R E)
ani sotropic first etch process followed by a Reactive lon Etch (R E)
i sotropic second etch process. Since bo H the first etch process and the
second etch process are Reactive lon Et (RIE) etch processes, the present
i nvention provides a readily manufacturabl e net hod which nay be enpl oyed
In-situ by semsqossal | y varying the reactant gases and process conditions
enployed in_the first etch process and the second etch process.
Preferably, the sulfur hexafluoride (SF6) and hydrogen bromide
containing Reactive Ion Etch (RIE) isotropic second etch process is
employed at a sulfur hexafluoride:hydrogen bromide volume ratio of

from about 20:1 to about 2:1.

Other parameters under which is provided the sulfur
hexafluoride (SF6) and hydrogen bromide (HBr) containing Reactive
Ion Etch (RIE) isotropic second etch process include a reactor
chamber pressure of from about 400 to about 600 mtorr, a radio
frequency power of from about 100 to 180 watts, a background helium
(He) flow rate of from about 45 to about 90 standard cubic
centimeters per minute (sccm) and a total sulfur hexafluoride (SF6)
and hydrogen bromide (HBr) flow rate of from about 150 to about 260
standard cubic centimeters per minute (sccm). The conformal
polysilicon layer residues 15a, 15¢, 15d and 15f are exposed to the
sulfur hexafluoride (SF6) and hydrogen bromide (HBr) Reactive Ion
Etch (RIE) isotropic second etch process for an etch timé
sufficient to complétely remove the conformal polysilicon layer
residues 15a, 15c, 15d and 15f. Typically, the etch time will vary
dependent upon various geometric factors, including but not limited
to the thickness of the blanket polysilicon layer from which is
formed the conformal polysilicon layer residues 15a, 15c, 15d and
15f, and the width of the blanket substrate layer 10. Typically,

etch times are-in the range of about 20 to about 60 seconds.
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-10- BRI EF DESCRI PTI ON OF THE DRAW NGS The fol | ow ng drawi ngs, which forma
material part of this disclosure, showthe followng: Fig. 1 to Fig. 3 show
a series of schematic cross- sectional schematic diagranms which illustrate
progressive stages in formng residue free patterned | ayers upon high step
hei ght patterned substrate layers through a nethod of the prior art. Fig. 4
and Fig. 5 show a pair of schematic cross- sectional diagrans illustrating
progressive stages in forming residue fr&® patterned polysilicon |ayers
upon hi gh step hei ght

CS 95-058

Upon etching the conformal polysilicon layer residues
15a, 15c¢, 15d and 15f there is formed the structure of the first
preferred embodiment of the present invention. The structure of
the first preferred embodiment of the present invention has formed
therein residue free patterned polysilicon layers 15b and 15e upon
high step height patterned substrate layers 12a and 12b,
respectively. Conformal polysilicon layer residues 15a, 15c, 15d
and 15f are removed from lower step levels of the high step height
patterned substrate layers 12a and 12b without over=-etching,
eroding or otherwise damaging the patterned polysilicon layers 15b

and 1Se.

In addition to the first preferred embodiment of the
pPresent invention which derives from the general structure where a
patterned polysilicon layer is formed upon the surface of a high
step height patterned layer, a second preferred embodiment of the
pPresent invention 1is also disclosed. The second preferred
embodiment of the present invention derives from a more specific
integrated circuit structure where a patterned polysilicon layer is
formed upon the surface of a high step height éatternéd substrate
layer which contains Field Effect Transistors (FETs) or other
integrated circuit devices formed therein and there~upon. The
upper surfaces of the Field Effect Transistors (FETs) or other
integrated circuit devices form the upper surfaces of the high step

patterned substrate layers of the second preferred embodiment of

—_—
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patterned substrate layers in accord with the first preferred enbodi nent of
the«present invention. Fig. 6 to Fig. 9 show a series of schematic cross-
sectional diagrans illustrating progressive stages in form ng residue free
patterned polysilicon 1ayers upon high step hetght patterned substrate

| ayers within an integrated circuit in accord with the second preferred
enbodi nent of the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The present inventiaoon provi des a nethod for form ng
residue free patterned polysilicon |ayers upon high step height

CS 95-058

the present invention. Lower 1levels of the Field Effect
Transistors (FETs) or other integrated circuit devices form the
lower step levels of the high step height patterned substrate
layers of the second preferred embodiment of the present invention.
The results of progressive stages in forming residue free patterned
polysilicon layers upon high step height patterned substrate layers
within the integrated circuit of the second preferred embodiment of
the present invention are illustrated by reference to Fig. 6 to

Fig. 9.

Shown in Fig. 6 is a semiconductor substrate 30 upon and
within whose surface are formed isolation regions 32a and 32b which
define the active region of the semiconductor substrate 30. Within
the active region of the semiconductor substrate 30 is formed a

pair of Field Effect Transistors (FETs).

The semiconductor 'substrate 30 upon which is practiced
the second preferred embodiment of the present invention may be
formed with either dopant polarity, any dopant concentration and
any crystallc;graphic orientation. Typically, the semiconductor
substrate 30 wupon which is practiced the second preferred
embodiment of the present invention is a Si (100) semiconductor

substrate of N- or P- polarity.

In general, isolation regions within and/or upon
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patterned substrate layers within an integrated circuit, while

simtl taneously preserving the integrity of the patterned polysilicon
| ayers. In order to acconplish this goal, the preferred enbodi nents of
the present- invention provide a two step Reactive lon Etch (RIE) plasna
etcH nmethod. Wthin the first step there is provided a Reactive lon Etch
(RIE) anisotropic first etch process thrgQugh which the exposed sidewal |
edges of a patterned polysilicon |ayer formed upon a high step height
patterned substrate |ayer are passivated when the patterned polysilicon
layer is p&St8PmeeB from a polysilicon |ayer. Si mul t aneous with

patterning ofn}he olysilicon |ayer thgre Is fornmed at | ower_step_| evels of
the high sté&f§ _ﬁg?‘@ﬁfc %t 58 ﬁE’EF"s%/?bgPlya 8 f%ﬁ’@dg thraugh rmethadsy dncileding ayer
residues. Weulti dd1e 1555008 LoePsfedtife! WhethGR oxidation methods and
selective oxide deposition/patterning methods. For the second
preferred embodiment of the present invention, the isolation
regions 32a and 32b are preferably formed through thermal oxidation
of portions of the semiconductor substrate 30 exposed through a
suitable mask to form isolation regions 32a and 32b of silicon

oxXide.

The pair of Field Effect Transistors (FETs) formed within
the active region of the semiconductor substrate 30 are comprised
of gate oxide layers 34a and 34b upon which reside, respectively,
gate electrodes 36a and 36b. In addition to the gate oxides 34a
and 34b and the gate electrodes 36a and 36b, the pair of field
effect transistors alsoc includes the source/drain electrodes 38a,
38b and 38c, and the insulator spacers 40a, 40b, 40c and 40d. The
methods and materials through which all of these Field Effect
Transistor (FET) components may be formed within or upon the

semiconductor substrate 30 are conventional to the art.

For example, gate oxide layers may be formed through
methods including but not limited to thermal oxidation methods
whereby portions of semiconductor substrates are consumed to form
gate oxide layers, and oxide deposition methods whereby gate oxide

layers are formed from independently deposited and patterned gate
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Reactive lon Etch (RIE) plasma etch nethod there is provided a Reactive |on
Etch (RIE) isotropic second etch process through which the undesired
polysilicon | ayer residues are renoved w thout over- etching, eroding or

ot herwi.se damagi ng the patterned polysilicon |ayers. The Reactive lon Etch
(RIE) isotropic second etch process enpl oys hydrogen brom de (HBr) and

sul fur hexafluoride (SF6) as reactant gases. - 12 - The present

i nvention may be practiced in formngTé%idue free patterned polysilicon

| ayers upon any high step hei ght

Cs 95-058

oxide layer materials. Gate electrodes are typically, but not
exclusively, formed via patterning through methods as are
conventional in the art of blanket layers of highly conductive
materials such as metals, metal alloys, highly doped polysilicon
and polycides (metal silicide/polysilicon stacks}. As is
conventional in the art, source drain electrodes are typically
formed i:hrough ion implanting suitable dopant species into the
surface of a semiconductor substrate. Finally, insulator spacers
are typically formed through anisotropic etching of blanket layers
of insulator spacer materials formed upon semiconductor substrate
surfaces. The insulator spacer materials include but are not
limited to silicon oxide materials, silicon nitride materials and

silicon oxynitride materials.

For the second preferred emp;':diment of the present
invention, the gate oxide layers 34a and 34b are preferably formed
to a thickness of about 40 to about 500 angstroms each through
thermal oxidation of the surface of the semiconductor substrate 30.
The gate electrodes 36a and 36b are preferably about 3000 to about
4000 angstroms thick each and preferably formed.from either doped
polysilicon or a polycide formed from alternating layers of
polysilicon and tungsten silicide. The source/drain electrodes
38a, 38b and 38c are preferably formed of a low dose/low energy ion
implant at about 1E13 to about 5E14 ions per square centimeter dose

and about 20 to about 80 keV ion implant energy, followed by a high
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patterned substrate |layer of sufficiently high step height such that
polysilicon | ayer residues are routinely formed when polysilicon |ayers
upon the high step height patterned substrate |ayer are patterned into
patterned polysilicon | ayers when enployi-ng an ani sotropic etch process and
a patterned photoresist etch mask. The nethod of the present invention may
be enployed in formng residue free patterned polysilicon |ayers within
integrated circuits including but not tiddited to Static Random Access
Menory (SRAM integrated circuits, Dynam ¢ Random Access Menory (DRAM

i nt egrat ed €9 ra5+068, Application Specific Integrated G rcui ts (ASI Cs),

i ntegrated CII’C |ts having within their fabrications Field

Transi st or s%¢ igh fReTH dGPaIRIADY, 8 RCHavEAY TR (3R ﬁE?’? *fons per
constructi ogg, AiePRbit 1hd A5 a3ChSout R To! BBGuL! 1'% eV 98fi " imp1rantation

energy. Between the low dose/low energy ion implant and the high
dose/high energy ion implant there are formed the insulator spacers
40a, 40b, 40c and 404, preferably through anisotropic Reactive Ion
Etch (RIE) etching of a blanket layer of either a silicon oxide

material or a silicon nitride material.

Also shown in Fig. 6 is the presence of two additional
layers formed conformally upon the surfaces of the pair of Field
Effect Transistors (FETs). The first layer is a conformal
insulator layer 42 and the second layer is a conformal polysilicon
layer 44. Methods and materials through which conformal insulator
layers and conformal polysilicon 1layers may be formed upon
semiconductor substrates are known in the art. Conformal insulator
layers may be formed from silicon oxides or silicon oxynitrides
formed upon a semiconductor substrate through methods including but
not limited to Low Pressure Chemical Vapor Deposition (LPCVD)
methods, Plasma Enhanced Chemical Vapor Deposition (PECVD) methods
and ﬁabid Thermal ﬁitridation (RTN) (of silicon oxide) methods.
Analogously, conformal polysilicon layers may be formed upon
semiconductor substrates through methods including but not limited
to Chemical Vapor Deposition (CVD) m'ethods, Low Pressure Chemical
Vapor Deposition (LPCVD) methods and Physical Vapor Deposition

(PVD) sputtering methods.
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i nvention has broad applicability in forming within integrated circuits

di mensionally stable residue free patterned polysilicon |ayers. Referring
nowto Fig. 4 and Fig. 5, there is shown a pair of schematic
cross-sectional diagrans illustrating the results of progressive stages in
form ng residue free patterned polysilicon |ayers upon high step height
patterned substrate layers in accord with the first preferred enbodi nent of
the present invention. The first prefer2éd enbodi nent of the present

i nvention is a general - 13-

Cs 95-058

For the second preferred embodiment of the present
invention, the conformal insulator layer 42 is preferably formed of
a silicon oxide material deposited upon the surface of the
semiconductor substrate 30 through a Plasma Enhanced Chemical Vapor
Deposition (PECVD) method. Preferably, the thickness of the
conformal insulator layer 42 is from about 200 to about 2000
angstroms. For the second preferred embodiment of the present
invention, the conformal polysilicon layer 44 is preferably formed
of a polysilicon deposited upon the surface of the semiconductor
substrate 30 through a Low Pressure Chemical Vapor Deposition
(LPCVD) process. Preferably, the polysilicon within the conformal
polysilicon layer 44 is made conductive through ion implanting with
about 5E14 to about 2E16 dopant atoms per square centimeter.
Alternatively, the dopant atoms may be incorporated in-situ as the
conformal polysilicon layer 44 is formed. Preferably, the
thickness of the conformal polysilicon layer 44 is from about 200

to about 4000 angstroms.

Within the second preferred embodiment of the present
invention, the high step beight patterned substrate layer is the
ﬁop surface of the conformal insulator layer 42 over the surface of
the gate electrode 36a or the gate electrode 36b. The lower step
level of the high step height patterned substrate layer is the
surface of the conformal insulator layer 42 over the surface of the

source/drain electrode 38b. Since the conformal insulator layer 42
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enbodi nent of the present invention which follows anal ogously fromthe
prier art as illustrated by reference to Fig. 1 to Fig. 3. The structure
illustrated in Fig. 4 correlates with the structure illustrated in Fig. 2,
with the exceptions that: (1) the patterned conformal |ayers 14b and 14e
illustrated in Fig. 2 have been replaced with patterned polysilicon |ayers
15b and 15e, and (2) the conformal |ayer residues 14a, 14c, 14d and 14f
illustrated in Fig. 2 have been replace®th conformal polysilicon |ayer
resi dues 15a, 15c, 15d and 15f. The bl anket substrate |ayer 10, the high
step heightc$a§§5ﬂ§%ed substrate layers 12a and 12b, and the patterned

phot oresi st Tayers 16a and 16b remain the sane. Practice of the present

i nvention pigvadesni®sialy ainse1dben 1dferst apehaitept helighef féhettd gdecsinap

hei ght patterned
preferred embodiment of the present invention is approximately
equal to the thickness of the gate electrode 36a or 36b plus the
thickness of the gate oxide 34a or 34b, respectively. Thus, for
the second preferred embodiment of the present invention the step
height is from about 3000 to about 4500 angstroms for patterned
conformal polysilicon layers which terminate upon the surfaces of
either of the gate electrode 36a or the gate electrode 36b. For
patterned conformal polysilicon layers which terminate upon the
isolation regions 32a or the isolation region 32b, the step height
would include the isolation region 32a or isolation region 32b
thickness above the surface of the semiconductor substrate 30,

which is typically in the range of from about 2500 to about 5000

angstroms. o

Referriné now to Fig. 7, there is shown a schematic
cross-sectional diagram illustrating the results of further
processing of the integrated circuit whose structure is illustrated
in F}g._ 6. Shown in Fig. 7 is the presence of patterned
photoresist layers 46a and 46b formed upon the surface of the
semiconductor substrate illustrated in FPig. 6. Analogously to the
first preferred embodiment of the present invention, the patterned
photoresist layers 46a and 46b may be formed from any of several
photoresists which are conventional in the art. Preferably, the

patterned photoresist layers 46a and 46b are formed of a
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substrate layers 12a and 12b is substantial in conmparison with conventi onal
integrated circuits. Preferably, the step height, H 1is at |east about 3000
angstrons. Less significant in the practice of the present invention are
the individual widths, W of the high step height patterned substrate

| ayers 12a and 12b, and the distance, D, separating those |ayers. Typically
the wdths, W of the high step height patterned |ayers 12a and 12b are
greater than about 5000 angstrons each; %&nd the distance, D, separating
those layers is at | east about 2000 angstrons. - 14 -

Cs 95-058

photoresist material which is not substantially affected by the
multiple Reactive Ion Etch (RIE) etch processes to which the
patterned photoresist layers 46a and 46b are exposed. Preferably,
the patterned photoresist layers 46a and 46b are from about 4000 to

about 30000 angstroms thick each.

As is shown in Fig. 7, the conformal polysilicon layer 44
which resides beneath the patterned photoresist layers 46a and 46b
has been patterned through a Reactive Ion Etch (RIE) anisotropic
first etch process to yield the patterned conformal polysilicon
layers 44a and 44b. Analogously with the first preferred
embodiment of the present invention the Reactive Ion Etch (RIE)
anisotropic first etch process preferably contains chlorine (Cl12)
and hydrogen bromide (HBr) reactant gases. The Reactive Ion Etch
(RIE) anisotropic first etch process provides the desired
passivation to the exposed sidewall edges of the patterned
conformal polysilicon layers 44a and 44b as the patterned conformal
polysilicon layers 44a and 44b are patterned from the conformal
polysilicon layer 44. Preferably, the chlorine (Cl12) and hydrogen
bromide (Hﬁr) containing Reactive Ion Etch (RIE) first etch process
is provided at a chlorine:hydrogen bromide wvolume ratio of from

about 10:1 to about 2:1.

Other parameters under which is provided the chlorine

(C12) and hydrogen bromide (HBr) containing Reactive Ion Etch (RIE)
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Al t hough the high step height patterned substrate |ayers 12a and 12b may be
formed of materials including but not limted to conductor nmaterials,

i nsul ator materials and sem conductor materials, the high step height
patterned substrate |ayers 12a-and 12b are typically and preferably forned
of tnsulator materials. It is preferred and desirable in practice of the
present invention that the bl anket substrate | ayer 10 and the high step

hei ght patterned substrate layers 12a arfd 12b be fornmed of materials, or
conposites of materials, which have a |ow etch selectivity to the multiple
etch proces§§§§§go§gjch those | ayers are exposed through the nethod of the
present invention.~Anal ogously with the prior art, the patterned

pol ysilicon $a:er sedipprabdsd 38c1a84 a Peasdy ehambe P Pr¥silie R £ hbout
residues 220 to about 330 mtorr, a radio frequency power of from about 170
to 260 watts, a background helium (He) flow rate of from about 140
to about 250 standard cubic centimeters per minute {sccm) and a
total chlorine (Cl2) and hydrogen bromide (HBr) flow rate of from
about 170 to about 280 standard cubic centimeters per minute
(sccm). The conformal polysilicon layer 44 from which is formed
the patterned conformal polysilicon layers 44a and 44b is exposed
to the chlorine (Cl2)} and hydrogen bromide (HBr) Reactive Ion Etch
(RIE) anisotropic first etch process for a time period sufficient
to: (1) completely etch the patterned conformal polysilicon layers
44a and 44b from the conformal polysilicon 1layer 44, and (2)
sufficiently passivate the sidewall edges of the patterned
conformal polysilicon layers 44a and 44b such that the patterned
conformal polysilicon layers 44a and 44b will not be over-—etched,
eroded or otherwise damaged within the subsequent isotropic etch
step to which the patterned conformal polysilicon layers 44a and
44b will be exposed. Typically, the etch time will be from about

100 to about 180 seconds.

As also illustrated in Fig. 7, there remains after the
Reactive Ion Etch (RIE) anisotropic first etch process the
conformal polysilicon layer residues 44c and 44d which result from
incomplete etching of the conformal polysilicon layer 44 at

locations where the conformal polysilicon layer 44 adjoins the high
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15a, 15c, 15d and 15f are also fornmed through ani sotropic Reactive lon Etch
(RIE) plasma etching, albeit of a blanket conformal polysilicon |ayer. The
bl anket confornal polysilicon |layer nmay be formed upon the exposed surfaces
of the blanket substrate |ayer 10.and the high step hei ght patterned -
sub&trate | ayers 12a and 12b t hrough nethods as are conventional in the
art, including but not limted to Chem cal Vapor Deposition (CVvD) nethods,
Low Pressure Chemical Vapor Deposition™(d8PCVD) net hods and Physical Vapor
Deposition (PVD) sputtering methods. Typi cal ly, although not
excl usi vel ycst be-pd@mnket conformal polysilicon layer will also be nade
conductive through incorporation of a suitable type and anount

step height vertical sidewall regions of the insulator spacers 40b

and 40c. It is towards removal of the conformal polysilicon layer
residues 44c and 44d without damaging the sidewall edges of the
patterned conformal polysilicon layers 44a and 44b exposed beneath
the patterned photoresist layers 46a and 46b that the second

preferred embodiment of the present invention is directed.

Referring now to Fig. 8 there is shown a schematic cross-
sectional diagram illustrating the results of further processing of
the integrated circuit whose structure is illustrated in Fig. 7.
Absent from Fig. 8 are the conformal polysilicon layer residues 44c
and 444 which, analogously with the first preferred embodiment of
the presenf invention, are removed through a Reactive Ion Etch
(RIE) isotropic second etch process. Also analogously with the
first preferred embodiment of the present invention, the conformal
polysilicon layer residues 44c and 44d are removed without over-
etching, eroding or otherwise damaging the exposed sidewalls of the

patterned conformal polysilicon layers 44a and 44b.

In order £o provide optimal manufacéuring efficiency, an
in-situ Reactive Ion Etch (RIE) isotropic second etch process is
preferred. It has been found experimentally that the Reactive Ion
Etch (RIE) isotropic second etch process preferably employs sulfur
hexafluoride (SF6) and hydrogen bromide (HBr) reactant gases.

Preferably, the sulfur hexafluoride (SF6) and hydrogen bromide
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- 15 - of dopant, through nethods as are conventional in the art.

Typtcally, the thickness of the blanket polysilicon layer is from about 200
to about 4000 angstrons. Al so shown in Fig. 4 is the presence of the
patterned photoresist |ayers 16a and 16b. The conposition of the patterned
photoresi st |layers 16a and 16b is typically not critical to practice of the
present invention. Thus, the patterned photoresist |ayers 16a and 16b nay
be formed from any of several photore§1§?‘haterials whi ch are conventi onal
in the art. Analogously with the bl anket substrate |layer 10 and the high

st ep hei ghtC$&5t+888ed substrate |l ayers 12a and 12b, it is preferred in the
present containing Reactive Ion Etch (RIE) isotropic second etch process is
provided at a sulfur hexafluoride:hydrogen bromide volume ratio of

from about 20:1 to about 2:1.

Other parameters under which is provided the sulfur
hexafluoride (SF6) and hydrogen bromide (HBr) containing Reactive
Ion Etch (RIE) second etch process include a reactor chamber
pressure of from about 400 to about 600 mtorr, a radio frequency
power of from about 100 to 180 watts, a background helium (He) flow
rate of from about 45 to about 90 standard cubic centimeters per
minute (sccm) and a total sulfur hexafluoride (SF6) and hydrogen
bromide (HBr) flow rate of from about 150 to about 260 standard
cubic centimeters per minute (sccm). The conformal polysilicon
layer residues 44c and 44d are exposed to the sulfur hexafluoride
(SF6) and hydrogen bromide (HBr) Reactive Ion Etch (RIE) isotropic
second etch process for an etch time sufficient to completely
remove the conformal polysilicon layer residues 44c and 44d.
Typically, the etch time will vary dependent upon various geometric
factors, including but not limited to the thickness of the blanket
conformal polysilicon layer 44 and the widéh of the semiconductor
substrate 30. Typically, etch times are in the range of about 20

to about 60 seconds.

Referring now to Fig. 9, there is shown a schematic

cross—~sectional diagram illustrating the results of further
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i nvention that the photoresist material fromwhich is fornmed the patterned
phot oresi st | ayers 16a and 16b be a photoresist material that is not
susceptible to substantial degradation through exposure to the nmultiple
etch processes to which the patterned photoresist |layers 16a-and 16b are
expbsed. Preferably; the patterned photoresist |ayers 16a and 16b are
from about 4000 to about 30000 angstrons thick each. In order to arrive at
the structure illustrated in Fig. 4, thé bl anket conformal polysilicon

| ayer fromwhich is fornmed the patterned polysilicon |ayers 15b and 15e,
and the polysilicon | ayer residues 15a, 15c, 15d and 15f, is etched through
a Reactive oﬁsEggﬂ (RIE) anisotropic first etch process. The Reactive lon

Etch processing of the integrated circuit whose structure is illustrated
in Fig. 8. Shown in Fig. 9 is the integrated circuit structure as
illustrated in Fig. 8 from which have been removed the patterned
photoresist layers 46a and 46b. Methods and materials through
which patterned photoresist layers may be removed from
semiconductor substrates are known in the art. Such methods
include but are not limited to wet chemical etch methods which
employ solvents or aqueous solutions appropriate to the photoresist
material, and dry plasma etch methods which typically employ oxygen
as the active material to assist in removal of photoresist
residues. For the sec_ond preferred embodiment of the present
invention, the patterned photoresist layers 46a and 46b are
preferably removed from the surface of the semiconductor substrate
30 through a dry plasma etch process employing oxygen, as is most

common in the art.

. Upon removing the patterned photoresist layers 46a and
46b, there is formed the integrated circuit of the second preferred
embodiment of the present invention. The integrated circuit of the
second preferred embodiment of the present invention has formed
therein residue free patterned conformal polysilicon layers 44a and
44b upon the conformal insulator 1layer 42, which conformal
insulator layer 42 exhibits substantial topographic variations due
to underlying high step height patterned substrate layers. The

upper surfaces of Field Effect Transistors (FETs) form the high
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(RIE) anisotropic first etch process enploys a Reactive lon Etch (R E)

pl asma whi ch simultaneously passivates the exposed sidewall edges of the
patterned polysilicon |ayers 15b and 15e as the patterned polysilicon

| ayers 15b and 15e -are forned from the blanket conformal polysilicon

| ayer. It has been found experinentally that a chlorine (Cl12) and hydrogen
brom de (HBr) containing Reactive lon Etch (RIE) plasma wll provide the
desired passivation to the exposed si devial T edges of the patterned
polysilicon | ayers 15b and 15e. Preferably, the chlorine (Cl2) and hydrogen
brom de (HBr% rg I ning Reactive lon Etch (RIE) plasma is provided at a
chl ori ne: hy& oggﬁ romi de

step within underlying high step patterned substrate layers of the
second preferred embodiment of the present invention. Conformal
polysilicon layer residues are removed from lower step levels of
the conformal insulator layer 42 of the second preferred embodiment
of the present invention without over-etching, eroding or otherwise
damaging the patterned conformal polysilicon layers 44a and 44b.
Lower levels of Field Effect Transistors form the lower step levels
of the underlying high step height patterned substrate layers of

the second preferred embodiment of the present invention.
EXAMPLES

Formed within and upon the surface of a 6 inch silicon
semiconductor substrate was an integrated circuit equivalent to the
integrated circuit illustrated in Fig. 6. The integrated circuit
included a pair of Field Effect Transistors (FETs), each Field
Effect Transistor (FET) having a gate oxide layer of thickness
about 125 angstroms, upon which was formed a gate electrode of
thickness about 4000 angstroms. Upon the pair of Field Effect
Transistors (FETs) was formed a conformal insulator 1layer of
silicon oxide, through a Plasma Enhanced Chemical Vapor Deposition
(PECVD) method, at a thickness of about 2000 angstroms. Upon the
conformal insulator layer was formed a conformal polysilicon layer,
through a Low Pressure Chemical Vapor Deposition (LPCVD) method, at

a thickness of about 800 angstroms.
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volune ratio of fromabout 10:1 to about 2:1. O her paraneters under which
I's provided the chlorine (Cl2) and hydrogen brom de (HBr) contai ning
Reactive lon Etch (RIE) plasma include a reactor chanmber pressure of from
about 220 to about 330 ntorr, a radio frequency power of from about 170 to
260" watts, a background helium (He) flow rate of from about 140 to about
250 standard cubic centineters per mnute (sccn) and a total chlorine (Cl2)
and hydrogen bromide (HBr) flow rate of 3#rom about 170 to about 280
standard cubic centinmeters per mnute (sccm. The bl anket confornma

pol ysi |l i conckaygLgdg om which is fornmed the patterned polysilicon |ayers 15b
and 15e is exposed to the chlorine (Cl2) and hydrogen brom de (HBr)

cont ai ni ng Reactive IThe H cindiRl £1licon semiconductor substrate was then

processed further to yield an integrated circuit equivalent to the
integrated circuit illustrated in Fig. 7. Formed upon the surface
.of the integrated circuit was formed a blanket novolak photoresist
layer at a thickn?ss'of about 10000 angstroms. The blanket novolak
pPhotoresist layer was patterned to leave exposed a portion of the
conformal polysilicon layer which resided between the two Field

Effect Transistors (FETs).

The conformal polysilicon layer was then patterned
employing the patterned novolak photoresist layer as an etch mask
to yield a pair of patterned conformal polysilicon layers and a
pair of conformal polysilicon layer residues equivalent to those
illustrated in Fig. 7. The patterning was accomplished through a
Reactive Ion Etch (RIE) anisotropic first etch process employing
chlorine (Cl2) and hydrogen bromide (HBr) as reactant gases. The
pétterning was accomplished at a chlorine:hydrogen bromide volume
ratio of about 6:1, a reactor chamber pressure of about 275 mtorr,
a radio frequency power of about 215 watts, a background helium
flow rate of about 180 standard cubic centimeters per minute (sccﬁ)
and a, total chlorine (Cl12) and hydrogen bromide (HBr) flow rate of
about 210 standard cubic centimeters per minute {sccm). The

patterning was accomplished in an etch time of about 150 seconds.

The pair of conformal polysilicon layer residues was then
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- 17 - anisotropic first etch process for a time period sufficient to: (1)
conpl etely etch the patterned polysilicon |ayers 15b and 15e fromthe

bl anket conformal polysilicon layer, and (2) sufficiently passivate the

si dewal | edges of the patterned polysilicon |ayers 15b and -15e. Typically,
the etch time wll be from about 100 to about 180 seconds. Referring now to

Fig. 5, there is shown a schematic cross-sectional diagramillustrating the
results of further processing of the strixture whose cross-sectional
schematic diagramis illustrated in Fig. 4. Absent fromthe structure whose
Cross- CS 95-058

removed through a Reactive Ion Etch (RIE) isotropic second etch
process. The Reactive Ion Etch (RIE) isotropic second etch process
employed sulfur hexafluoride (SF6) and hydrogen bromide (HBr) as
reactant gases. The Reactive Ion Etch (RIE) isotropic second etch
process was provided at a sulfur hexafluoride:hydrogen bromide
volume ratio of about 12:1, a reéctor chamber pressure of about 500
mtorr, a radio frequency power of about 125 watts, a background
helium flow rate of about 60 standard cubic centimeters per minute
(scem), and a total sulfur hexafluoride (SF6) and hydrogen bromide
(HBr) flow rate of about 190 standard cubic centimeters per minute.

The etch time was about 24 seconds.

Equivalent conditions may be employed for etching an
equivalent polysilicon layer within an otherwise equivalent
integrated circuit formed upon an 8 inch silicon semiconductor
substrate, with the exception that the sulfur hexafluoride:hydrogen
bromide volqme ratio within the Reactive Ion Etch (RIE) isotropic
second etch process should be adjusted from 12:1 to 2:1 and the
etch time should be changed from‘about 24 seconds to about 45

seconds.

The patterned photoresist layers were then removed and
the integrated circuit was processed to completion, including the
formation of additional insulator and conductor layers. The

integrated circuit was then cross-sectioned and the integrity of
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sectional diagramis illustrated by Fig. 5 are the conformal polysilicon

| ayer residues 15a, 15c, 15d and 15f. The confornmal polysilicon |ayer

resi dues 15a, 15c, 15d and 15f are renoved through a Reactive lon Etch
(RIE) isotropic second etch process. In contrast with the prior art as
illustrated wwthin Fig. 3, the conformal polysilicon |ayer residues 15a,
15c, 15d and 15f are renoved w thout over-etching, eroding or otherw se
damagi ng the patterned polysilicon Iayér§4I5b and 15e. In order to provide
opti mal manufacturing efficiency, an in-situ Reactive lon Etch (R E)

i sotropi c sE8oPer®&h process is preferred. It has been found

experinmenta t the Reactive lon Etch (RLE) isotropic secgnd, etch
process pr e%é%a%%]gteerrﬁ?ﬁo%n ‘Eﬁ“faﬁr pﬂ@&%{‘ﬁ[ﬁ?&‘i éé}f’é'f:éfasarﬂ?sﬁﬁﬁ?gg%{sbr% de
(HBr) reactand qfAefSelectron microscope. The patterned conformal polysilicon

layers exhibited no over-etching, erosion or other damage.

For comparison purposes, a second integrated circuit was
fabricated under otherwise equivalent conditions to those employed
in forming the first integrated circuit, with the exception that
the hydrogen bromide component of the Reactive Ion Etch (RIE)
isotropic second etch process was omitted. Electron microscopic
evaluation of a cross-section of the second integrated circuit
showed patterned conformal polysilicon layers which were over-

etched, eroded and damaged.

As is understood by a person skilled in the art, the
preferred embodiments and EXAMPLES of the present invention are
illustrative of the present invention rather than limiting of the
present invention. Revisions to the methods, materials, structures
and dimensions through which are formed the preferred embodiments
and EXAMPLES of the present invention may be made while yielding
additional embodiments and EXAMPLES which are within the spir.it and

scope of the present invention.

What is claimed is:
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- 18 [ Preferably, the sul fur hexafluoride (SF6) and hydrogen brom de
contdining Reactive lon Etch (RIB) isotropic second etch process is
enpl oyed at a sul fur hexafl uoride: hydrogen brom de volume—+atio—-of from

about 20:1 to about 2:1. Qther paraneters under which
sul fur hexafluoride (SF6) and hydrogen- bysoni de (HBr) ﬁi@giw iliz m I ve
lon Etch (RIE) isotropic second etch process incl ud

pressure otsfgergggoout 400 to about 600 ntorr, a radl 0 frequency power of
from about 100 to 180 watts, a background helium

the patterned conformal polysilicon layers was observed with the
aid of an electron microscope. The patterned conformal polysilicon

layers exhibited no over-etching, erosion or other damage.

For comparison purposes, a second integrated circuit was
fabricated under otherwise equivalent conditions to those employed
in forming the first integrated circuit, with the exception that
the hydrogen bromide component of the Reactive Ion Etch (RIE)
isotropic second etch process was omitted. Electron microscopic
evaluation of a cross-section of the second integrated circuit
showed patterned conformal polysilicon layers which were over-

etched, eroded and damaged.

As 1is understocod by a person skilled in the art, the
preferred embodiments and EXAMPLES of the present invention are
illustrative of the present invention rather than limiting of the
present invention. Revisions to the methods, materials, structures
and dimensions through which are formed the preferred embodiments
and EXAMPLES of the present invention may be made while yielding
additional embodiments and EXAMPLES which are within the spirit and

scope of the present invention.

What is claimed is:
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(He) flow rate of from about 45 to about 90 standard cubic centineters per
m nuite (sccm and a total sul fur hexafluoride (SF6) and hydrogen brom de
(HBr) flowrate of from about 150 to about 260 standard cubic centineters
per mnute (sccn). The conformal polysilicon | ayer residues 15a, 15c,
15d "and 15f are exposed to the sul fur hexafl uoride (SF6) -and. hydrogen-
brom de (HBr) Reactive lon Etch (RIE) is gropl c second etch ﬁrocess

n
etch time sufficient to conpletely r enove>t he confornalrmlt“lﬁﬂ M jmlhﬂﬂe
resi dues 15a, 15c, 15d and 15f. Typically, the etch ti

dependent umrgg@rsbous geonetric factors, including but "not Ilmted to the
t hi ckness of the bl anket polysilicon |ayer fromwhich is fornmed the
conformal pol ysil.i COA nethed fars ifdneﬁxglia;esﬁaue ek patitdixied polysilldcandt h

of the bl anket substrate Iayer 10. Typi cal Ia/
layer upon a high stép height patterned substrate layer

comprising:

providing a substrate having formed thereon a high step
height patterned substrate layer;

forming upon the high step height patterned substrate
layer a polysilicon layer;

forming upon the polysilicon 1layer a patterned
photoresist layer, the patterned photoresist layer exposing
portions of the polysilicon layer at a lower step level of the
high step height patterned substrate layer;

patterning through the patterned photoresist layer the
polysilicon layer via an anisotropic first etch process to
yield a patterned polysilicon layer upon the surface of the
high step height substrate layer and polysilicon residues at
the 1lower step level of the high step height patterned
substrate layer, the anisotropic first etch process being a
Reactive Ion Etch (RIE) anisotropic first etch process which
simultaneously passivates the exposed edges of _the patterned
polysilicon layer; and

removing through an isotropic second etch process the
polysilicon residues formed at the lower step level of the
high step height patterned substrate layer, the isotropic
second etch process being a Reactive Ion Etch (RIE) isotropic

second etch process comprising hydrogen bromide (HBr) as a

S
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etch tinmes are in the range of about 20 to about 60 seconds. - 19 - Upon
etchling the conformal polysilicon |ayer residues 15a, 15c¢, 15d and 15f
there is formed the structure of the first preferred enbodi nent of the
present invention. The structure of the first preferred enbodi nent of the
present invention has forned therein residue free patterned polysilicon

| ayers 15b and 15e upon high step height patterned Ssubstrate '|ayers:

12a and 12b, respectively. Conformal poly&iticon |ayer r

15d and 15f are renoved from | ower step |evels of the hi
Cs 95-058

reactant gas.

AN 5 AT T

2. The method of Claim 1 wherein the distance between the

patterns in the high step height patterned substrate layer is

at least abhout 2000 angstroms.

3. The method of €laim 1 wherein the step height of the high

step height patterned substrate layer is at least about 3000

angstroms.

4. The method of Claim 1 wherein the thickness of the

polysilicon layer is.from about 200 to about 4000 angstroms.

5. The method of Claim 1 wherein the thickness of the

patterned photoresist layer is from about 4000 to about 30000

angstroms.

6. The method of Claim 1 wherein the Reactive Ion Etch (RIE)

anisotropic first etch process employs chlorine (Cl2) and

hydrogen bromide (HBr) as reactant gases.

7. The method of Claim 6 wherein the chlorine:hydrogen

bromide volume ratio is from about 10:1 to about 2:1.

8. The method of Claim 7 wherein the Reactive Ion Etch (RIE)
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patterned substrate |ayers 12a and 12b w t hout over-etching, eroding or
ot hetwi se damagi ng the patterned polysilicon |ayers 15b and 15e. In
addition to the first preferred enbodi nent of the present invention which
derives fromthe general structure where a patterned paolysil.icon. Iayer is
fornmed upon the surface of a high step height patterned Iaﬁer a seco

preferred enbodi nent of the present invention is aI uul

-second preferred enbodi ment of the pres%ﬁt i nvention

N, e

specific integrated circuit structure where a patterned pol ysi |1 con Iayer
I's formed upon the surface of a high step height patterned substrate | ayer

whi ch cont aigss 96ebk8l Ef f ect Transi stors (FETs) or ot her
devi ces formed therein and there-upon. The

Integrated circuit

anisotropic first etch process is employed at a radio

frequency power of from about 170 to about 260 watts.

9, The method of Claim 1 wherein the Reactive Ion Etch (RIE)

isotropic second etch process employs sulfur hexafluoride

(SF6) and hydrogen bromide (HBr) as reactant gases, at a

sulfur hexafluoride:hydrogen bromide wvolume ratio of from

about 20:1 to about 2:1.

10. The method of Claim 9 wherein the Reactive Ion Etch (RIE)

isotropic second etch process is employed at a radio frequency

power of from about 100 to about 180 watts.

11. A method for forming a residue free patterned polysilicon

layer upon a high step height patterned substrate layer within

an integrated circuit comprising:

providing a semiconductor substrate having formed thereon

a high step height patterned substrate 1layer, the

semiconductor substrate also having formed thereon a minimum

of one transistor;

forming upon the high step height patterned substrate

layer a polysilicon layer;

forming upon the polysilicon layer a patterned

photoresist layer, the patterned photoresist layer exposing

portions of the polysilicon layer at a lower step level of the
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upper surfaces of the Field Effect Transistors (FETs) or other integrated
circuit devices formthe upper surfaces of the high step patterned

substrate | ayers of the second preferred enbodi nent of

20 - the

present invention. Lower levels of the Field EHfect Transistors
(FETs) or other integrated circuit devices formthe lOIEH Sbﬂi | evel s of

the high step height patterned substratesd ayers of the
enbodi ment of the present invention. The results of pr

UNETALLAR .

form ng residue free patterned Polysilicon |ayers upon hlgh step helg t

patterned s¢8s8B8eQ38 | ayers

high step height patterned substrate layer;

patterning through the patterned photoresist layer the
polysilicon layer via an anisotropic first etch process to
Yield a patterned polysilicon layer upon the surface of the
high step height substrate layer and polysilicon residues at
the lower step 1level of the high step height patterned
substrate layer, the anisotropic first etch process being a
Reactive Yon Etch (RIE) anisotropic first etch process which
simultaneously passivates the exposed edges of the patterned
polysilicon layer; and

removing through an isotropic second etch process the
polysilicon residues formed at the lower step level of the
high step height patterned substrate layer, the isotropic
second etch process being a Reactive Ion Etch (RIE) isotropic
second etch process comprising hydrogen bromide (HBr)} as a

reactant gas.

12. The method of Claim 11 wherein the transistor is a Field

Effect Transistor (FET).

13. The method of Claim 11 wherein the distance between the
patterns in the high step height patterned substrate layer is

at least about 2000 angstroms.

14. The method of Claim 11 wherein the step height of the
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within the integrated circuit of the second preferred enbodi nent of the
present invention are illustrated by reference to Fig. 6 to Fig. 9. Shown
in Fig. 6 is a sem conductor substrate 30 upon and wi thin whose surface are
formed isolation regions 32a and 32b which define the active regi-on of -the

sem'conduct or substrate 30. Wthin the active region of
substrate 30 is formed a pair of Field Effgct TranS|st04 ’Bﬂ g [
sem conductor substrate 30 upon which is practiced the s

enbodi ment ofs tgxegggesent invention may be formed with elther dopant
polarity, any dopant concentration and any crystallographic orientation.
Typi cal 'y, the séighosiceir hedght hritteraedOsubddiratli ThyédrS far aet 1686k QR8ut

second preferred
3000 angstroms.

15. The method of Claim 11 wherein the thickness of the

Polysilicon layer is from about 200 to about 4000 angstroms.

16. The method of Claim 11 wherein the thickness of the
patterned photoresist layer is from about 4000 to about 30000

angstroms.

17. The method of Claim 11 wherein the Reactive Ion Etch
(RIE) anisotropic first etch process employs chlorine (C12)

and hydrogen bromide (HBr) as reactant gases.

18. The method of Claim 17 wherein the chlorine:hydrogen

bromide volume ratio is from about 10:1 to about 2:1.

19. The method of Claim 18 wherein the Reactive Ion Etch
(RIE) anisotropic first etch process is employed at a radio

frequency power of from about 170 to about 260 watts.

20. The method of Claim 11 wherein the Reactive Ion Etch
(RIE) isotropic second etch process employs sulfur
hexafluoride (SF6) and hydrogen bromide (HBr) as reactant

gases, at a sulfur hexafluoride:hydrogen bromide volume ratio
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enbodi ment of the present invention is a Si (100) sem conductor substrate
of N or P- polarity. In general, isolation regions within and/or upon -
21 - sem conductor substrates may be forned through nethods including but
not limted to selective thermal oxidation nmethods and sel ective oxide -
depbsi tion/ patterning nmethods. For the second preferred enbodi nent of the
present invention, the isolation reglons 2a and 32b are referab%ﬁ f or med

te)f(llrogggg :Ere(r)lrjrglh gm dation of portions of {{fe seni conduc1 “mﬁmslml mm*jll

Cs 95-058

of from about 20:1 to about 2:1.

21. The method of Claim 20 wherein the Reactive Ion Etch
(RIE) isotropic second etch process is employed at a radio

frequency power of from about 100 to about 180 watts.

22. The method of Claim 11 further comprising forming an
insulator layer upon the high step height patterned substrate

layer immediately beneath the polysilicon layer.

23. The method of Claim 22 wherein the insulator layer is a
silicon oxide insulator layer at a thickness of from about 200

to about 2000 angstroms.

TthhanH
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suitable mask to formisolation regions 32a and 32b of silicon oxide. The
pait of Field Effect Transistors (FETs) forned within the active region of
t he sem conductor substrate 30 are conprised of gate oxide | ayers 34a and
34b upon which reside, respectively, gate el ectrodes 36a and 36b. In
addition to the gate oxides 34a and 34b and the gate el ectrodes 36a and
36b, the pair of field effect transistors also includes the source/drain

el ectrodes 38a, 38PEIRCP FOR FORMENG RESIDUE FREF, PATTHRNEP POLPSILICON, 40c and
40d. The net hods pivgrEaiseRi Mch SH¥OHR R retecRhter bridias Cofrsthalrss’ | €Ct

Transi stor (FET) conponents nmay be formed within or upon the sem conduct or
substrate 30 are conventional to the art. For exanple, gate oxide |ayers

may be formed through ABSTRACT OF THE DISCLOSURE

A method for forming a residue free patterned polysilicon
layer upon a high step height patterned substrate layer. First,
there is provided a semiconductor gubstrate haviné formed there§n
a high step height patterned substrate layer. Formed upon the high
step height patterned substrate layer is a polysilicon layer, and
formed upon the polysilicon layer is a patterned photoresist layer.
The patterned photoresist layer exposes portions of the polysilicon
layer at a lower step level of the high step height patterned
substrate layer. The polysilicon layer is then patterned through
the patterned photoresist layer as an etch mask employing an
anisotropic first etch process to yield a patterned polysilicon
layer upon the surface of the high step height patterned substrate
layer and polysilicon residues at the lower step level of the high
step height patterned substrate layer. The anisotropic first etch
process is a Reactive Ion Etch (RIE) anisotropic first etch process
which simultaneously pasSivates the exposed sidewall edges of the
patterned polysilicon .layer. Finally, the polysilicon residues
formed at the lower step level of the high step height patterned
substrate layer are removed through an isotropic second etch
procesg. The isotropic second etcp process is a Reactive Ion Etch
(RIE) isotropic second etch process which employs hydrogen bromide

(HBr) and sulfur hexafluoride (SF6) ‘as the reactant gases.

(FIGURE 4 IS SUGGESTED FOR PUBLICATION)



met hods including but not [imted to thermal oxidation nmethods whereby
por#ions of sem conductor substrates are consuned to form gate oxide

| ayers, and oxi de deposition nethods whereby gate oxide |ayers are forned
fromindependently deposited and patterned gate - 22 - oxide layer

mat éri al s. Gate el ectrodes are typica|}gy, but not exclusively, forned via
patterni ng through nethods as are converitional in the art of blanket |ayers
of highly conductive materials such as netals, netal alloys, highly doped
polysilicon and polycides (netal silicide/polysilicon stacks). As
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conventional in the art, source drain electrodes are typically forned

t hreugh ion inplanting suitable dopant species into the surface of a

sem conductor substrate. Finally, insulator spacers are typically forned

t hrough ani sotropic etching of blanket |ayers-of insulator spacer materials
forfred upon sem conductor substrate surfggfs. The insul at or spacer
materials include but are not limted to licon oxide materials, silicon
nitride materials and silicon oxynitride materials. For the second
preferred enbodi nent of the present h vention, the gf%&boxide | ayers 34a
and 34b are preferably forned to a t ness of abou to about 500
angstrons each through thermal oxidatilon of the surfade of the

sem conductor substrate 30. The gate €] ectrodes 36a and 36b are preferably

about 3000 to about SN Qis:

FIG. 8 — Pri1or Art
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4000 angstrons thick each and preferably formed from either doped

pol ysilicon or a polycide formed fromalternating |ayers of polysilicon and
tungsten silicide. The source/drain el ectrodes 38a, 38b and 38c are
preferably fornmed of a | ow dose/low energy ion inplant at about 1E13 to
about 5E14 ions per square centineter dose and about 20 to about 80 keV ion
i npl ant energy, followed by a high - 23 - dose/ high energy ion inplant
at about 5E14 to about 5E15 ions per square centineter and about 30 to _
about 100 key ion inplantation energy. Bggsween the | ow dose/l ow energy ion
i npl ant and the high

16a 16b

3 ——15e

FIG. 5



dose/ high energy ion inplant there are formed the insul ator spacers 40a,
408, 40c and 40d, preferably through anisotropic Reactive lon Etch (RIE)
etching of a blanket |ayer of either a silicon oxide material or a silicon
nitride material. Also shown in Filg. 6 is the presence of two additional

| ayers formed conformally upon the surfaces of the pair of Field Effect
Transi stors (FETs). The first Jlayer 1is a conformal insulator |ayer
42 and the second layer is a conformal polysilicon |ayer 44. Methods and
materi al s t hrough whi ch conf or nal insulg%?r | ayers and conf or mal
polysilicon | ayers may be fornmed upon s conductor substrates are known in
the art. Conformal insulator |ayers may be fornmed fromsilicon oxides or
silicon oxynitrides forned upon a seni conductor substrate through mnethods

i ncl udi ng but
40a 40b 40c 40d
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not limted to Low Pressure Chem cal Vapor Deposition (LPCVD) nethods,

Pl asma Enhanced Chem cal Vapor Deposition (PECVD) nethods and Rapi d Ther nal
Nitridation (RTN) (of silicon oxide) nethods. Anal ogously, conformnal
polysilicon | ayers may be fornmed upon sem conductor substrates through -
met hods including but not linited to Chemical Vapor Deposition (CVD)

nmet hods, Low Pressure Chem cal Vapor Depg)}s_,j'tion (LPCVD) net hods and

Physi cal Vapor Deposition (PVD) sputtering methods. - 24 - For the
second preferred enbodi nent of the present
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i nvention, the conformal insulator |ayer 42 is ‘reTmﬁbigEﬁWEﬁ«Sa SG

silicon oxide material deposited upon the surfa %qjesél iohePag &pdu veny

sub frate 30 through a Plasma Enhanced Chemi cal p03| Lo 5’(@% liq.o
10d. Preferably, the thickness of the con iwi g ;d] a¥g

from about 200 to about 2000 langstroms . For t {}rﬁ%

enbodi ment of the present invention, the confor po ySili aﬁé? pﬁi‘ﬂ 1 s

preferably fornmed of a pdl ysilicon deposﬂt ed up; n t he surface of FEB 1997‘
seni conduct or substrate 30 through a Low Pressul ¢2&REPE REGEB .. Beposi-ti on
(LPCVD) process. Preferably, the polysilicon wthin the conf or mal
polysilicon layer 44 is nmade conductive through ion inplant |ﬁgﬁ(w t h about

5E14 to about 2EMETHAPARER XM NGeREITRIE EREENPATRRENED RPVEPHAGMel y, the
dopant atoms Mgy Resi HEAN RAGR! §Fes ?iE'ibh‘k' PSTEdMATED CIRCUIT SUBSTRATES

BACKGROUND OF THE INVENTION

_1. Field of the Invention

The present invention relates generally to methods for
forming patterned polysilicon layers within integrated circuits.
More particularly, the present invention relates to methods for
forming residue free patterned polysilicon layers upon high step

height patterned substrate layers within integrated circuits.

2. Description of the Related Art

As integrated circuit te'chnOIOgy has progressed towards
increasingly higher levels of integration, line-widths and spacings
within advanced integrated c¢ircuits have become increasingly
narrower while aspect ratios of structures within advanced
integrated circuits have become’ increaéingly higher. In addition
to characteristics which relate directly to the size and spacing of
structures within advanced integrated circuits, it is also common
that structures within advanced integrated circuits are formed upon
substrate layers which have significant topographic differentials,

such as substantial step height variations. The sum of these
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conformal polysilicon layer 44 is forned. Preferably, the

t hi ckness of the confornmal polysilicon layer 44 is from about 200 to about
4000 angstrons. Wthin the second preferred enbodi nent of the present

i nvention, the high step height patterned substrate layer is the top
syrface of the conformal insulator |ayer 42 over the surface of the gate
el ectrode 36a or the gate el ectrode 36b. The |l ower step | evel of the high
step height patterned substrate layer_is_the surface of the confornal

i nsul ator |ayer 42 over the surface of the source/drain el ectrode 38b.

Since the conformal insulator |ayer 42

factors often impedes production of fully functional and reliable
Patterned structures, such as patterned polysilicon structures,

within advanced integrated circuits.

One of the more common defects which often occurs when
photo-lithographically forming patterned structures' upon high step
height patterned substrate layers within integrated circuits is the
simultaneous formation of undesirable patterned structure residues
at lower step levels of the high step height substrate layers. The
results of this defect are illustrated, in general, by reference to
Fig. 1 and Fig. 2. Shown in Fig. 1 is a blanket substrate layer 10
upon which is formed a pair of high step height patterned substrate
layers 12a and 12b. ~Upon the exposed surfaces of the blanket
Ssubstrate layer 10 and the high ;tep height patterned substrate
layers 12a and 12b is formed a blanket conformal layer 14 which is
typically, although not exclusively, a blanket conformal layer 14
of a conductor material, such as, but not limited fo, a polysilicon
conductor material. Formed upon portiops of the blanket conformal
layer 14 residing above the high_step height patterned substrate
layers 12a and 12b, respectively, are patterned pgotoresist layers

16a and 16b.

As shown in Fig. 2, upon anisotropic etching of the
blanket conformal layer 14 employing the patterned photoresist

layers 16a and 16b as an etch mask, there is formed the desired
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- 25 - is a conformal insulator |ayer, the step height for the second
preferred enbodi nent of the present invention is approximtely equal to the
t heckness of the gate el ectrode 36a or 36b plus the thickness of the gate
oxi de 34a or 34b, respectively. Thus, for the second preferred enbodi nent
of the present invention the step height is fromabout 3000 to about 4500
arfgstrons for patterned conformal polysilicon |ayers which terninate upon
the surfaces of either of the gate el ecgrode 36a or the gate el ectrode 36b.
For patterned conformal polysilicon |ayers which term nate upon the

I sol ation regions 32a or the isolation region 32b, the step height would

I ncl ude the isolation region 32a or isolation region 32b thickness above

the surfacg,@fedddd SEESHARYUELrsSIdtPbhalf1e30and the undesired conformal
layer residues i4a, 1l4c, 144 and 14f. Typically, although not
exclusively, the anisotropic etching is accomplished through an
anisotropic Reactive Ion Etch (RIE} plasma etch method. The
presence of the undesired conformal layer residues 1l4a, 14c, 14d
and 14f, when formed of a conductor material,” may lead to
electrical shorts and bridging. It is thus in general towards the
goal of removing undesired residues, such as undesired conformal
layer residues 1l4a, 1l4c, 14d and 14f, while simultaneously
preserving the dimensions and integrity of patterned layers, such
as the patterned conformal layers 14b and 14e, that the present

invention is directed.

Although it is, in general, possible to remove undesired
residues from lower step levels within an integrated circuit
through either a more vigorous anisotropic etchiné or an isotropic
etching of those undesired residues, such additional etching will
typically substantially over-etch, erode or otherwise damage the
edges of the patterned conformal layer exposed beneath a
photoresist etch mask while simultaneously removing the undesired
conformal layer residues. The results of such over-etching, within
the context of the structures illustrated within Fig. 1 and Fig. 2,
are shown in Fig. 3. Shown within Fig. 3 are the over-etched
patterned conformal layers 14b' and 14e°. Under circumstances

where the high step height patterned substrate layers 12a and 12b,
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which is typically in the range of from about 2500 to about 5000 angstrons.
Referring nowto Fig. 7, there is shown a schematic cross-sectional diagram
il lPustrating the results of further processing of the integrated circuit

whose structure is illustrated in Fig. 6. Shown in Fig. 7 is the
presence of patterned photoresist |ayers 46a and 46b formed upon the
surface of the sem conductor substrate illustrated in Fig. 6. Anal ogously

to the first preferred enbodi nent of theypresent invention, the patterned
phot oresi st | ayers 46a and 46b may be fornmed from any of several
phot oresi sts which are conventional in the art. Preferably, the patterned
phot oresi st | ayers 46a and 46b are fornmed of a REPLACEMENT SHEET

and patterned photoresist layers 16a and 16b, are particularly
narrow, the extent of over-etching, erosion or damage may yield
over-etched patterned conformal layers 14b' and 14e' which are
sufficiently over-etched such that a functional or reliable
integrated circuit is not formed. '

Methods through which patterned structufes within
integrated circuits may be protected from deterioration due to
exposure to integrated circuit processing operations are known in
the art. For example, Beitman, in U.S. Patent 4,795,718 discloses
a4 method for manufacturing an Insulated Gate Field Effect
Transistor (IGFET) having self-aligned source/drain contact
regions. The method employs forming a low melting poipt dielectric
layer over the gate electrode of the IGFET device ané heating the
dielectric until it covers and encapsulates the gate electrode of
the IGFET. The self-aligned source/drain contacts may then be

formed without shorting to the gate electrode.

Although not directed towards the goal of encapsulating
delicate integrated circuit structures, Mitsuaki et al., in U.s.
Patent 4,981,809 describe a related method for forming fine mask
patterns for use in producing advanced transistors. The method
employs a patterned photoresist layer formed and subsequently
annealed upon a semiconductor substrate. The annealing process

reflows the patterned photoresist layer and forms smaller openings
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- 26 - photoresist material which is not substantially affected by the
multiple Reactive lon Etch (RIE) etch processes to which the patterned
photoresi st | ayers 46a and 46b are exposed. Preferably, the patterned

phot oresi st | ayers 46a and 46b aré from about 4000 to about 30000 angstrons
thgck each. As is shown in Fig. 7, the conformal polysilicon |ayer 44 which
resi des beneath the patterned photoresist |ayers 46a and 46b has been
patterned through a Reactive lon Etch (RisE} anisotropic first etch process
to yield the patterned conformal polysilicon

within the photoresist pattern. The smaller openings yield a fine

mask pattern which is useful in forming advanced transistors.

Although also not directed towards the goal of
encapsulating delicate integrated circuit structures, S.M. Sze, in
VLSI Technology, {McGraw Hill Book Co., Singapore (1986)) pp. 221-
222 discloses materials through which polysilicon and polycide
(polysilicon/metal silicide stack) layers may be etched in a

Reactive Ion Etch (RIE) plasma.

In addition, Sung, in U.S. Patent 5,371,025 describes a
method for making Thin Film Transistors (TFTs) for use within
Liquid Crystal Displays (LCDs). The method employs a patterned
photoresist layer formed upon a gate electrode, which patterned
photoresist layer is subsequently thermally re-flowed to form a
mask which prevents channel overlap between the gate electrode and
the source/drain electrodes of the Thin Film Transistor (TFT).
Thin Film Transistors (TFTs) which have limited channel overlap
_exhibit a higher signal ;o noise ratio. Thus, they produce higher
quality Liquid Crystal Displays (LCDs). .

Finally, there is disclosed within a related disclosure
from this laboratory an alternative method for addressing problems
analogous to the problem to which the present invention is

directed. See, M.S. Zhou et al., "Methods for Forming Residue Free
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| ayers 44a and 44b. Anal ogously with the first preferred enbodi nent
of the present invention the Reactive lon Etch (RIE) anisotropic first etch
prdcess preferably contains chlorine (Cl2) and hydrogen brom de (HBr)
reactant gases. The Reactive lon Etch (RIE) anisotropic first etch process’
pr%vides the desired passivation to the exposed sidewall edges of the
patterned conformal polysilicon |ayers 44a and 44b as the patterned
conformal polysilicon |ayers 44a and 44l are patterned fromthe conformal
polysilicon |ayer 44. Preferably, the chlorine (Cl2) and hydrogen brom de
(HBr) containing Reactive lon Etch (RIE) first etch process is provided at
a chlorine: hydrogen brom de volune ratio of fromabout 10:1 to about 2:1.
Q her par af@téesned Fonduttazh Lagers Upou diighhStemHedgine Integrated Circuit

Substrates," Atty. Docket No. CS 94-020, filed _ / /95. The
disclosure describes a method for reflowing patterned photoresist
layers to encapsulate exposed edges of patterned conductor layers
upon high step height integrated circuit substrates. Conductor
layer residues may then be removed from lower step .levels of those
integrated circuit substrates. without damaging the patterned

conductor layers.

Desirable in the art are additional methods for removing
undesired residues from lower step levels of high step height
substrate layers while simultaneously avoiding damage to patterned
layers formed upon upper step levels of the high step height
substrate layers. Particularly desirable are additional methods
which may be employed in-situ fof removing undesired polysilicon
residues while simultaneously avoiding damade to patterned

polysilicon layers. -

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
method for removing undesired polysilicon residues from lower step
levels of high step height patterned substrate layers within

' integrated circuits while simultaneously avoiding damage to
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(C12) and hydrogen brom de (HBr) containing Reactive lon Etch (Rl E)
REPLACENMENT SHEET - 27 - first etch process include a reactor chanber
pressure of from about 220 to about 330 ntorr, a radio frequency power of
fromabout 170 to 260 watts, a background helium (He) flow rate of from
about 140 to about 250 standard cubic centineters per mnute (sccn) and a
tdtal chlorine (Cl12) and hydrogen bronmde (HBr) flow rate of from about 170
to about 280 standard cubic centineterssper mnute (sccn). The confornal
polysilicon |ayer 44 fromwhich is forned

patterned polysilicon layers formed upon upper step levels of the

high step height patterned substrate layers.

A second object of the present invention is to provide a
method in accord with the first object of the present invention,

which method may be employed in-situ. .

A third object of the present invention is to provide a
method in accord with the first object of the present invention and
the second object of the present invention, which method is also

manufacturable.

In accord with the objects of the present invention there
is provided a method for removing undesired polysilicon residues
from lower step levels of high step height patterned substrate
layers within integrated circuits while simult;neously avoiding
damage to patterned polysilicon layers formed upon upper step
. levels of the high step height substrate layers. To practice the
method of the present invention, there is first provided a
substrate having formed thereon a high step height patterned
substrate layer. Formed upon, the high step height patterned
substrate layer is a polysilicon layer, and formed upon the
polysilicon layer is a patterned photoresist layer. The patterned
photoresist layer exposes portions of the polysilicon layer a?: a

lower step level of the high step height patterned substrate layer.
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the patterned conformal polysilicon |ayers 44a and 44b is exposed to the
chlorine (C12) and hydrogen brom de (HBr) Reactive lon Etch (RIE)

am sotropic first etch process for a tinme period sufficient to: (1)
conpletely etch the patterned confornmal polysilicon |ayers 44a and 44b from
the conformal polysilicon |layer 44, and (2) sufficiently passivate the
sidewal | edges of the patterned confornmal polysilicon |ayers 44a and 44b
such that the patterned conformal polysidicon |ayers 44a and 44b will not
be over-etched, eroded or otherw se danaged within the subsequent isotropic
etch step to which the patterned conformal polysilicon |ayers 44a and 44b
w Il be exposed. Typically, the etch tine will be from about 100 to about

180 secondsy, £, 8591 LLE4 1420 s WnbhIpadeeddy nb8PLAS Ald Sadtitnea
photoresist layer as an etch mask via an anisotropic first etch
process to yield a patterned polysilicon layer upon the surface of
the high step height patterned substrate layer and polysilicon
residues at the lower step level of the high step height patterned
substrate layer. The anisotropic first etch process is a Reactive
Ion Etch (RIE) anisotropic first etch process which simultaneously
passivates the exposed edges of the patterned polysilicon layer.
Finally, the polysilicon resiaues formed at fhe lower step level of
the high step height patterned substrate layer are removed through
an isotropic second etch process. The isotropic second etch
process is a Reactive Ion Etch (RIE) isotropic second etch process
which employs hydrogen bromide (HBr) and sulfur hexafluoride (SF6)

as reactant gases.

The present invention provides a nméhod for removing
undesired polysilicon layer residues from lower §£ep levels of high
step height patterned substrate layers while simultaneously
avoiding damage to patterned polysil;con layers formed upon upper
step levels of the high step height patterned substrate layers.
Through the method of the present invention, exposed sidewall edges
of a patterned polysilicon layer are simultaneously passivated
through a Reactive Ion Etch (RIE) anisotropic first etch process
which is employed in forming the patterned polysilicon layer.

Polysilicon layer residues which reside at lower step levels of the
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Reactive lon Etch (RIE) anisotropic first etch process the confornal
polysilicon |ayer residues 44c and 44d which result frominconpl ete etching
of “the conformal polysilicon |ayer 44 at |ocations where the confornal

pol ysilicon | ayer 44 adjoins the high - 28 - step height vertical
sidewal | regions of the insulator spacers 40b and 40c. It is towards
renoval of the confornmal polysilicon |ayer residues 44c and 44d w t hout
damagi ng the sidewall edges of the pattermmed conformal polysilicon |ayers
44a and 44b exposed beneath the patterned photoresist |ayers 46a and 46b

t hat the second
high step height patterned substrate layer may be removed through
a Reactive Ion Etch (RIE) isotropic second etch process which
contains hydrogen bromide (HBr) as a reactant gas, while not
damaging the exposed edges of the patterned polysilicon layers.
The hydrogen bromide (HBr) provides additional in-situ passivation
of the exposed sidewall edges of the patterned polysilicon layers

while the polysilicon layer residues are removed.

The present invention provides a readily manufacturable
method which may be employed in-situ in removing polysilicon layer
residues from lower step levels of high step height patterned
substrate layers within integrated circuits, upon the upper levels
of which high step height patterned substrate layers are formed
patterned polysilicon layers. The method of the present invention
provides a Reactive Ion Etch (RIE) anisotropic first etch process
followed by a Reactive Ion Etch (RIE) isotrépic second etch
process. Since both the first etch process and the second etch
process are Reactive Ion Etch (RIE) etch processes, the present
%nvention provides a readily manufacturable method which may be
employed in-situ by sequentially varying the reactant gases and
process conditions employed in the first etch process and the

second etch process.




preferred enbodi nent of the present invention is directed. Referring now to
Fig. 8 there is shown a schematic cross- sectional diagramillustrating the
results of further processing of the integrated circuit whose structure is
illustrated in Fig. 7. Absent fromFig. 8 are the confornmal polysilicon

| ayer residues 44c and 44d which, anal ogously with the first preferred
erfbodi nent of the present invention, grﬁlgennved t hrough a Reactive |on
Etch (RIE) isotropic second etch process. Also analogously with the first
preferred enbodi nent of the present invention, the conformal polysilicon

| ayer residues 44c and 44d are renoved w thout over- etching, eroding or

ot herw se damagi ng the ex PEdertdtroNObF! TeE wakged confor nal
polysilicon |layers 44a and 44b. In order to provide optiml manufacturing
efficiency, an

The following drawings, which form a material part of

this disclosure, show the following:

Fig. 1 to Fig. 3 show a series of schematic cross-
sectional schematic diagrams which illustrate progressive stages in
forming residue free patterned layers upon high step height

patterned substrate layers through a method of the prior art.

Fig. 4 and Fig. 5 show a pair of schematic cross-
sectional diagrams illustrating progressive stages in forming
residue free patterned polysilicon layers upon high step height
patterned substrate layers in accord with the first preferred

embodiment of the present invention.

Fig. 6 to Fig. 9 show a series of‘_ schematic cross-
sectional diagrams illustrating progressive stages in forming
residue free patterned polysilicon layers upon high step height
patterned substrate layers within an integrated circuit in accord

with the second preferred embodiment of the present invention.
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In-situ Reactive lon Etch (RIE) isotropic second etch process is preferred.
It has been found experinentally that the Reactive lon Etch (RIE) isotropic
second etch process preferably enploys sul fur hexafluoride (SF6) and
hydrogen bromi de (HBr) reactant gases. Preferably, the sul fur hexafl uoride
(SE6) and hydrogen brom de - 29 - containing Reactive lon Etch (RIE)

i st ropi ¢ second etch process is provid at a sul fur hexafl uoride: hydrogen
bromi de volunme ratio of fromabout 20:71*to about 2:1. Other paraneters
under which is provided the sul fur

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a method for forming
résidue free patterned polysilicon layers upon high step height
patterned substrate layers within an integrated circuit, while
simultaneously preserving the integrity of -‘the patterned
polysilicon 1layers. In order to accomplish this goal, the
preferred embodiments of the present invention provide a two step
Reactive Ion Etch (RIE) plasma etch method. Within the first step
there is provided a Reactive Ion Etch (RIE) anisotropic first etch
process through which the exposed sidewall edges of a patterned
polysilicon layer formed upon a high step height patterned
substrate layer are passivated when the patterned polysilicon layer
is patterned from a polysilicon layer. Simultaneous with
patterning of the polysilicon layer there is formed at lower step
levels of the high step height patterned substrate layers undesired
polysilicon layer residues. Within the second step of the two step
Reactive Ion Etch (RIE} plasma etch method there is provided a
Reactive Ion Etch (RIE) isotropic second qtch.précess through which
the undesired polysilicon Iayef residues are removed without over-
etching, eroding or otherwise damaging the patterned polysilicon
layers. The Reactive Ion Etch (RIE) isotropic second etch process
employs hydrogen bromide (HBr) and sulfur hexafluoride (SF6) as

reactant gases.

REPLACEMENT SHEET

O SFEB 1997




hexaf | uori de (SF6) and hydrogen brom de (HBr) containing Reactive lon Etch
(RIE) second etch process include a reactor chanber pressure of from about
400 to about 600 ntorr, a radio frequency power of from about 100 to 180
watts, a background helium (He) flow rate of from about 45 to about 90
standard cubic centineters per mnute (sccm) and a total sulfur

hexaf| uori de (SF6) and hydrogen brom de . (HBr) flow rate of from about 150
to about 260 standard cubic centinmeters fer mnute (sccmy. The confornal
pol ysilicon | ayer residues 44c and 44d are exposed to the sul fur
hexaf | uori de (SF6) and hydrogen brom de (HBr) Reactive lon Etch (Rl E)

I sotropi c second etch process for an etch tinme sufficient to conpletely

renove the confor nal TRelpteiskht Ahvieay £6n Ay K69 addfcdd dn‘ditnihyPi&alduy the

etch time will vary dependent upon various geonetric
free patterned polysilicon layers upon any high step height
patterned substrate layer of sufficiently high step height such
that polysilicon 1layer residues are routinely formed when
polysilicon layers upon the high step height patterned substrate
layer are patterned into patterned polysilicon layers when
employing an anisotropic etch process and a patterned photoresist
etch mask. The method of the present invention may be employed in
forming residue free patterned polysilicon layers within integrated
circuits including but not limited to Static Random Access Memory
(SRAM) integrated circuits, Dynamic Random Access Memory (DRAM)
integrated circuits, Application Specific Integrated Circuits
(ASICs), integrated circuits having within their fabrications Field
Effect Transistors (FETs) and integrated circuits having within
their constructions bipolar transistors. The method of the present
invention has broad applicability in forming within integrated
circuits dimensionally stable residue free patterned polysilicon

layers.

Referring now to Fig. 4 and Fig. 5, there is shown a pair
of schematic cross-sectional diagrams illustrating the results of
progressive stages in forming residue free patterned polysilicon
layers upon high step height patterned substrate layers in accord
with the first preferred embodiment of the present invention. The

first preferred embodiment of the present invention is a general
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factors, including but not limted to the thickness of the bl anket

conformal polysilicon |ayer 44 and the wdth of the sem conductor substrate
30." Typically, etch times are in the range of about 20 to about 60 seconds.
Referring nowto Fig. 9, there is shown a schematic cross-sectional diagram

il lLustrating the results of further - 30 - processing of the integrated
circuit whose structure is illustrated g?_Fig. 8. Shown in Fig. 9 is the
integrated circuit structure as illustrated in Fig. 8 fromwhich have been

renoved the patterned

embodiment of the present invention which follows analogously from

the prior art as illustrated by reference to Fig. 1 to Fig. 3.

The structure illustrated in Fig. 4 correlates with the
structure illustrated in Fig. 2, with the exceptions that: (1) the
patterned conformal layers 1l4b and l1l4e illustrated in Fig. 2 have
been replaced with patterned polysilicon layers 15b and 15e, and
{2) the conformal layer residues 14a, 14c, 144 and 14f illustrated
in Fig. 2 have been replaced with conformal polysilicon layer
residues 15a, 15c, 154 and 15f. The blanket substrate layer 10,
the high step height patterned substrate layers 12a and 12b, and

the patterned photoresist layers 16a and 16b remain the same.

Practice of the present invention provides most wvalue
when the step height, H, of the high step heigﬁt patterned
substrate layers 12a and 12b is substantial in comparison with
conventional integrated circuits. Preferably, the step height, H,
is at least about 3000 angstroms. Less significant in the practice
of the present invention are the individual widths, W, of the high
step height patterned substrate layers 12a and 12b, and the ~
distance, D, separating those layers. Typically the widths, W, of
the high step height patterned layers 12a and 12b are greater than
about 5000 angstroms each, and the distance, D, separating those

layers is at least about 2000 angstroms.
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phot oresi st | ayers 46a and 46b. Methods and materials through which
patterned photoresist I|ayers my be renoved from sem conductor
substrates are known in the art. Such nethods include but are not Iimted
to wet chenical etch methods which enploy solvents or aqueous sol utions
appropriate to the photoresist material, and dry plasma etch nethods which
typically enpl oy oxygen as the active naterial to assist in renoval of
phot or esi st resi dues. For the second Htéferred enbodi ment of the present
i nvention, the patterned photoresist |ayers 46a and 46b are preferably
renoved fromthe surface of the sem conductor substrate 30 through a dry

pl asma etch process enpl oyi ng oxygen, as is nost common in the art. Upon
renovi ng the patt er natithgughotie ibdigh| step bedght patterned substrate layers

12a and 12b may be formed of materials including but not limited to
conductor materials, insulator materials and semicondu_'ctor
materials, the high step height patterned substrate layers 12a and
12b are typically and preferably formed of insulator materialst It
is preferred and desirable in practice of the present invention
that the blanket substrate layer 10 and the high step height
patterned substrate layers 12a and 12b be formed of materials, or
composites of materials, which have a low etch selectivity to the
multiple etch processes to which those layers are exposed through

the method of the present invention.

Analogously with the prior art, the patterned polysilicon
layers 15b and 1Se, and the conformal polysilicon layer residues
15a, 15c, 154 and 15f are also formeld through anisotropic Reactive
Ion Etch (RIE) plasma etching, albeit of a bBlanket conformal
polysilicon layer. The blanket conformal polysilicon layer may be
formed upon the exposed surfaces of the blanket substrate layer 10
a_nd the high step height patterned substrate iayers 12a and 12b
through methods as are cénventional ir.x the art, including but not
limited to Chemical Vapor Deposition (CVD) methods, Low Pressure
Chemical Vapor Deposition (LPCVD) methods and Physical Vapor
Deposition (PVD) sputtering methods. Typically, although not
exclusively, the blanket conformal polysilicon layer will also be

made conductive through incorporation of a suitable type and amount

REPLACEMENT SHEET

0 5FEB 197




46b, there is forned the integrated circuit of the second preferred

enbodi nent of the present invention. The integrated circuit of the second
pref erred enbodi nent of the present invention has forned therein residue
free patterned conformal polysilicon |ayers 44a and 44b upon the confornma

I nsul ator |ayer 42, which conformal insulator |ayer 42 exhibits substantial
t opogr aphi c variations due to underlying high step hei ght patterned
substrate |l ayers. The upper surfaces ofl5Freld Effect Transistors (FETS)
formthe high REPLACEMNT SHEET O 5 FEB 1997

of dopant, through methods as are conventional in the art.
Typically, the thickness of the blanket polysilicon layer is from

about 200 to about 4000 angstroms.

Also shown in Fig. 4 is the presence of the patterned
photoresist layers 16a and 16b. The composition of the patterned
photoresist layers 16a and 16b is typically not critical to
practice of the present invention. Thus, the patterned photoresist
layers 16a and 16b may be formed from any of several photoresist
materials which are conventional in the art. Analogously with the
blanket substrate layer 10 and the high step height patterned
substrate layers 12a and 12b, it is preferred in the present
invention that the photoresist material from which is formed the
patterned photoresist layers 16a and 16b be a photoresist material
that is not susceptible to substantial degradation through exposure
to the multiple etch processes to which the patterned photoresist
layers 16a and 16b are exposed. Preferably; the patterned
photoresist layers 16a and 16b are from about 4000 to about 30000

angstroms thick each.

In order to arrive at the structure illustrated in Fig.
4, the blanket conformal polysilicon layer from which is formed the
patterned polysilicon layers 15b and 15e, and the polysilicon layer
residues 15a, 15c, 154 and 15f, is etched through a Reactive Ion

Etch (RIE) anisotropic first etch process. The Reactive Ion Etch
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- 31 - step within underlying high'step patterned substrate |ayers of the
second preferred enbodi nent of the present invention. Conformal polysilicon
| &yer residues are renoved fromlower step | evels of the confornal
i nsul ator layer 42 of the second preferred enbodi nent of "the present
I nvention w thout over-etching, eroding or otherw se danmagi ng the patterned
conformal polysilicon |ayers 44a and 44f _Lower |evels of Field Effect
Transistors formthe |ower step | evels of the underlying high step height
patterned substrate |ayers of the second preferred enbodi ment of the
present invention. EXAVPLES Forned wi thin and upon the surface of a 6 inch
silicon sem conductor substrate was an integrated circuit equival ent to t he

(RIE) anisotropic first etch process employs a Reactive Ion Etch

(RIE) plasma which simultaneously passivates the exposed sidewall

edges of the patterned polysilicon layers 15b and 1S5e as the

patterned polysilicon layers 15b and 15e are formed from the

blanket conformal polysilicon layer. i

It has been found experimentally that a chlorine (C12)

and hydrogen bromide (HBr) containing Reactive Ion Etch (RIE)

plasma will provide the desired passivation to the exposed sidewall

edges ‘of the patterned polysilicon layers 15b and 15e. Preferably,

the chlorine (Ci2) and hydrogen bromide (HBr) containing Reactive

Ion Etch (RIE) plasma is érovided at a chlorine:hydrogen bromide

volume ratio of from about 10:1 to about 2:1.

Other parameters under which is provided the chlorine
(C12) and hydrogen bromide (HBr) containing Reactive Ion Etch (RIE)
plasma include a reactor chamber pressure of from about 220 to
about 330 mtorr, a radio frequency power of from about 170 to 260
watts, a background helium (He) flow rate of ‘from about 140 to
about 250 standard cubic centimeters per minute (sccm) and a total
chlorine (Cl2) and hydrogen bromide (HBr) flow rate of from about
170 to about 280 standard cubic centimeters per minute (sccm). The
blanket conformal polysilicon layer from which is formed the
patterned polysilicon layers 15b and 15e is exposed to the chlorine
(C12) and hydrogen bromide (HBr) containing Reactive Ion Etch (RIE)
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integrated circuit illustrated in Fig. 6. The integrated circuit included a
pair of Field Effect Transistors (FETs), each Field Effect Transistor (FET)
having a gate oxide |ayer of thickness about 125 angstrons, upon which was
formed a gate el ectrode of thickness about 4000 angstrons. Upon the pair
of .Field Effect Transistors (FETs) was formed a conformal insulator |ayer
of silicon oxide, through a Pl asna Enuaggqﬁ Chem cal Vapor Deposition
(PECVD) nethod, at a thickness of about “2000 angstronms. Upon the confornal

i nsul ator |ayer was fornmed a confornmal polysilicon |ayer, through a Low
Pressure Chem cal Vapor Deposition (LPCVD) nethod, at a thickness of about

800 angstrons.,
anisotropic first etch process for a time period sufficient to: (1)
completely etch the patterned polysilicon layers 1Sb and i5e from
the blanket conformal polysilicon 1layer, and (2) sufficiently
passivate the sidewall edges of the patterned polysilicon layers
15b and 15e. Typically, the etch time will be from about 100 to

about 180 seconds. .

Referring now to Fig. 5, there is shown a schematic
Cross-sectional diagram illustrating the results of further
processing of the structure whose cross-sectional schematic diagram
is illustrated in Fig. 4. Absent from the structure whose cross-
sectional diagram is illustrated by Fig. 5 are the conformal
polysilicon layer residues 15a, 1Sc, 15d and 15f. The conformal
polysilicon layer residues 15a, 15c, 15d and 15f are removed
through a Reactive Ion Etch (RIE) isotropic second etch'process.
In contrast with the prior art as illustrated within Fig. 3, the
conformal polysilicon layer residues 15a, 15c, 154 and 15f are
removed without over-etching, eroding or otherwise damaging the

patterned polysilicon layers 15b and 15e.

In order to provide optimal manufacturing efficiency, an
in-situ Reactive Ion Etch (RIE) isotropic second etch process is
preferred. It has been found experimentally that the Reactive Ion
Etch (RIE) isotropic second etch process preferably employs sulfur

hexafluoride (SF6) and hydrogen bromide (HBr) reactant gases.
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- 32 - The 6 inch silicon sem conductor substrate was then processed
further to yield an integrated circuit equivalent to the integrated circuit
illFustrated in Fig. 7. Fornmed upon the surface of the integrated circuit
was forned a bl anket novol ak photoresist |ayer at a thickness of about
10000 angstronms. The bl anket novol ak photoresist |ayer was patterned to
| eave exposed a portion of the conformal,polysilicon |ayer which resided
between the two Field Effect Transistors (FETs). The conformal polysilicon
| ayer was then patterned enpl oying the patterned novol ak photoresist |ayer
as an etch mask to yield a pair of patterned conformal polysilicon |ayers
and a
Preferably, the sulfur hexafluoride (SF6) and hydrogen bromide
containing Reactive Ion Etch (RIE) isotropic second etch process is
employed at a sulfur hexafluoride:hydrogen bromide volume ratio of

from about 20:1 to about 2:1.

Other parameters under which is provided the sulfur
hexafluoride (SF6) and hydrogen bromide (HBr) containing Reactive
Ion Etch (RIE) isotropic second etch process include a reactor
chamber pressure of from about 400 to about 600 mtorr, a radio
frequency power of from about 100 to 180 watts, a background helium
(He) flow rate of from about 45 to about 90 standard cubic
centimeters per minute (sccm) and a total sulfur hexafluoride (SF6)
and hydrogen bromide (HBr) flow rate of from about 150 to about 260
standard cubic centimeters per minute (sccm). The conformal
polysilicon layer residues 15a, 15¢, 15d and 15f are exposed to the
sulfur hexafluoride (SF6) and hydrogen bromide (HBr) Reactive Ion
Etch (RIE) isotropic second etch process for an etch time
sufficient to complétely remove the conformal polysilicon layer
residues 15a, 15c, 154 and 15f. Typically, the etch time will vary
dependent upon vafious geometric factors, including but not limited
to the thickness of the blanket polysilicon layer from which is
formed the conformal polysilicon layer residues 15a, 15c, 154 and
15f, and the width of the blanket substrate layer 10. Typically,

etch times are ‘in the range of about 20 to about 60 seconds.




pair of conformal polysilicon |ayer .residues equivalent to those
illustrated in Fig. 7. The patterning was acconplished through a Reactive
lon Etch (RIE) anisotropic first etch process enploying chlorine (Cl2) and
hydrogen brom de (HBr) as reactant gases. The patterni ng was acconplished
at .a chlorine: hydrogen brom de volune ratio of about 6:1, a reactor chanber
‘pressure of about 275 mtorr, a radio freguency power of about 215 watts, a
background heliumflow rate of about I88%standard cubic centineters per

m nute (sccm and a, total chlorine (Cl2) and hydrogen brom de (HBr) fl ow
rate of about 210 standard cubic centineters per mnute (sccm. The
patterni ng was acconplished in an etch tinme of about 150 seconds. The pair
of conformal pol ysi |YRsan dtohdngr the doerfopmdlt Pedysilicon layer residues

15a, 15c, 15d and 15f there is formed the structure of the first
preferred embodiment of the present invention. The structure of
the first preferred embodiment of the present invention has formed
therein residue free patterned polysilicon layers 15b and 15e upon
high step height patterned substrate layers ,12a and 12b,
respectively. Conformal polysilicon layer residues 15a, 15c, 15d
and 15f are removed from lower step levels of the high step height
patterned substrate layers 12a and 12b without over-etching,
eroding or otherwise damaging the patterned polysilicon layers 15b

and 1Se.

In addition to the first preferred embodiment of the
Present invention which derives from the general structure where a
patterned polysilicon layer is formed upon the surface of a high
step height patterned layer, a second preferred embodiment of the
present invention is also disclosed. The -second preferred
embodiment of the present invention derives from a more specific
integrated circuit structure where a patterned pdlysilicon layer is
formed upon the surface of a high step height patternéd substrate
layer which contains Field Effect Transistors (FETs) or other
integrated circuit devices formed therein and there-upon. The
upper surfaces of the Field Effect Transistors (FETs) or other
integrated circuit devices form the upper surfaces of the high step

patterned substrate layers of the second preferred embodiment of
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- 33 - renoved through a Reactive lon Etch (RIE) isotropic second etch

process.

The Reactive lon Etch (RIE)

sul*f ur hexafl uoride (SF6) and hydrogen brom de (HBr) as reactant gases.
Reactive lon Etch (RIE) isotropic second etch process was provided at a
sul fur hexafl uoride: hydrogen brom de volune ratio of about 12:1, a reactor

chanber

pressure of about 500 ntorr,

| sotropi c second etch process enpl oyed
The

a radi o frequency power of about 125

watts, a background heliumflow rate of 2bout 60 standard cubic centineters

per mnute (sccm, and a total sulfur hexafluoride (SF6) and hydrogen
bromde (HBr) flow rate of about 190 standard cubic centineters per

the present invention. Lower 1levels of the Field Effect
Transistors (FETs) or other integrated circuit devices form the
lower step levels of the high step height patterned substrate
layers of the second preferred embodiment of the present invention.
The results of progressive stages in forming residue free patterned
polysilicon layers upon high step height patterned substrate layers
within the integrated circuit of the second pr;ferred embodiment of
the present invention are illustrated by reference to Fig. 6 tﬁ

Fig. 9.

Shown in Fig. 6 1s a semiconductor substrate 30 upon and
within whose surface are formed isolation regions 32a and 32b which
define the active region of the semiconductor substrate 30. Within
the active region of the semiconductor substrate 30 is formed a
pair of Field Effect Transistors (FETs).

The semiconductor ‘substrate 30 upon which is practiced
the second preferred embodiment of the present invention may be
formed yith either dopant polarity, any dopant.concentration and
any crystallographic orientation. Typically, the semiconductor
substrate 30 upon which is practiced the second preferred
embodiment of the present invention is a Si (100) semiconductor

substrate of N- or P- polarity.

In general, isolation regions within and/or upon

m nut e.
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The etch tinme was about 24 seconds. Equivalent conditions nmay be enpl oyed
for etching an equivalent polysilicon |ayer within an otherw se equi val ent

i nfegrated circuit fornmed upon an 8 inch silicon sem conductor substrate,
with the exception that the sul fur hexafl uoride: hydrogen brom de vol une
ratio within the Reactive lon Etch (RIE) isotropic second etch process
shoul d be adjusted from12:1 to 2:1 andyyhe etch time should be changed
from about 24 seconds to about 45 seconds. The patterned photoresist |ayers
were then renoved and the integrated circuit was processed to conpletion,
including the formati on of additional insulator and conductor |ayers. The

I ntegrat ed %ieﬁxfclzjci)rgduvc\:l%sért Qggsga%ses- §.§§t£é’ " odrm%%d t%xgguiggtn?gtrtlc} (.)i];'xcluding
but not 1limited to selective thermal oxidation methods and
selective oxide deposition/patterning methods. For the second
preferred embodiment of the present invention, the isolation
regions 32a and 32b are preferably formed through thermal oxidation
of portions of the semiconductor substrate 30 exposed through a
suitable mask to form isolation regioms 32a and 32b of silicon

oxide.

The pair of Field Effect Transistors (FETs) formed within
the active region of the semiconductor substrate 30 are comprised
of gate oxide layers 34a and 34b upon which reside, respectively,
gate electrodes 36a and 36b. 1In addition to the gate oxides 34a
and 34b and the gate electrodes 36a and 36b, the pair of field
effect transistors also includes the source/drain electrodes 38a,
38b and 38¢, and the insulator spacers 40a, 40b, v40c and 40d. The
methods and materials through which all of these Field Effect
Transistor (FET) components may be formed within or upon the

semiconductor substrate 30 are conventional to the art.

For example, gate oxide layers may be formed through
methods including but not limited to thermal oxidation methods
whereby portions of semiconductor substrates are consumed to form
gate oxide layers, and oxide deposition methods whereby gate oxide

layers are formed from independently deposited and patterned gate
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- 34 - the patterned conformal polysilicon |ayers was observed with the aid
of an electron mcroscope. The patterned conformal polysilicon |ayers

exhi bited no over-etching, erosion or other damage. For conparison

pur poses, a second integrated circuit was fabricated under otherw se

equi val ent conditions to those enployed in formng the first integrated
circuit, with the exception that the hy%&ogen brom de conponent of the
Reactive lon Etch (RIE) isotropic second etch process was omtted. Electron
m croscopi ¢ eval uation of a cross-section of the second integrated circuit

oxide layer materials. Gate electrodes are typically, but not
exclusively, formed via patterning through methods as are
conventional in the art of blanket layers of highly conductive
materials such as metals, metal alloys, highly doped polysilicon
and polycides (metal - silicide/polysilicon stacks). As is
conventional in the art, source drain electrodes are typically
formed through ion implanting suitable dopant species into the
surface of a semiconductor substrate. Finally, insulator spacers
are typically formed through anisotropic etching of blanket layers
of insulator spacer materials formed upon semiconductor substrate
surfaces. The insulator spacer materials include but are not
limited to silicon oxide materials, silicon nitride materials and

silicon oxynitride materials.

For the second preferred emb;diment of the present
invention, the gate oxide layers 34a and 34b are-preferably formed
to a thickness of about 40 to about 500 angstroms each through
thermal oxidation of the surface of the semiconductor substrate 30.
The gate electrodes 36a and 36b are preferably about 3000 to about
4000 angstroms thick each and preferably formed from either doped
polysilicon or a polycide formed from alternating layers of
Polysilicon and tungsten silicide. The source/drain electrodes
38a, 38b and 38c are preferably formed of a low dose/low energy ion
implant at about 1E13 to about 5E14 ions per square centimeter dose

and about 20 to about 80 keV ion implant energy, followed by a high




showed patterned conformal polysilicon |ayers which were over- etched,
eroded and danmaged. As is understood by a person skilled in the art, the
pr éf erred enbodi nents and EXAMPLES of the present invention are
illustrative of the present invention rather than limting of the present
invention. Revisions to the nmethods, materials, structures and di nmensions
t hrough which are fornmed the preferred enbodi nents and EXAMPLES of the
present invention may be nade while yi®eRding additional enbodi nents and
EXAMPLES which are within the spirit and scope of the present invention.
What is clained is:

dose/high energy ion implant at about 5E14 to about 5E15 ions per
Square centimeter and about 30 to about 100 keVv ion implantation
energy. Between the low dose/low energy ion implant and the high
dose/high energy ion implant there are formed the insulator spacers
40a, 40b, 40c and 40d, preferably through anisotropic Reactive Ion
Etch (RIE) etching of a blanket layer of either a silicon oxide

material or a silicon nitride material.

Also shown in Fig. 6 is the presence of two additional
layers formed conformally upon the surfaces of the pair of Field
Effect Transistors (FETs). The first layer is a conformal
insulator layer 42 and the second layer is a conformal polysilicon
layer 44. Methods and materials through which conformal insulator
layers and conformal polysilicon layers may be formed upon
semiconductor substrates are known in the art. Conformal insulator
layers may be formed from silicon oxides or silticon oxynitrides
formed upon a semiconductor substrate through methods including but
not limited to Low Pressure Chemical Vapor Deposition (LPCVD)
methods, Plasma Enhanced Chemical Vapor Depositibn (PECVD) methods
and Rapid Thermal Nitridation (RTN) (of silicon oxide) methods.
Analogously, conformal polysilicon layers may be formed upon
semiconductor substrates through methods including but not limited
to Chemical Vapor Deposition (CVD) méthods, Low Pressure Chemical
Vapor Deposition (LPCVD) methods and Physical Vapor Deposition

(PVD) sputtering methods.

REPLACEMENT SHEET
O5FEB 1997




the patterned conformal polysilicon |ayers was observed-with the aid of an
el ectron m croscope. The patterned conformal polysilicon |ayers exhibited
no® over - et chi ng, erosion or other damage. For conpari son purposes, a second
integrated circuit was fabricated under otherw se equivalent conditions to
those enployed in formng the first integrated circuit, with the exception
that the hydrogen bronide conponent of g:hg Reactive lon Etch (RIE)
i sotropi c second etch process was omi Tt&d. El ectron m croscopi ¢ eval uation
of a cross-section of the second integrated circuit showed patterned
conformal polysilicon |ayers which were over- etched, eroded and danaged.
As is understood by a person skilled in the art, the

For the second preferred embodiment of the present

invention, the conformal insulator layer 42 is preferably formed of
a silicon oxide material deposited upon the surface of the
semiconductor substrate 30 through a Plasma Enhanced Chemical Vapor
Deposition (PECVD) method. Preferably, the thickness of the
conformal insulator layer 42 is from about 200° to about 2000
angstroms. For the second preferred embodiment of the present
invention, the conformal polysilicon layer 44 is preferably formed
of a polysilicon deposited upon the surface of the semiconductor
substrate 30 through a Low Pressure Chemical Vapor Deposition
(LPCVD) process. Preferably, the polysilicon within the conformal
polysilicon layer 44 is made conductive through ion implanting with
about 5E14 to about 2E16 dopant atoms per square centimeter.
Alternatively, the dopant atoms may be incorporated in-situ as the
conformal polysilicon layer 44 is formed. Preferably, the
thickness of the conformal polysilicon layer 44 'is from about 200

to about 4000 angstroms.

Within the second preferred embodiment of the present
invention, the high step height patterned substrate layer is the
ﬁop surface of the conformal insulator layer 42 over the surface of
the gate electrode 36a or the gate electrode 36b. The lower step
level of the high step height patterned substrate layer is the
surface of the conformal insulator layer 42 over the surface of the

source/drain electrode 38b. Since the conformal insulator layer 42
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preferred enbodi nents and EXAMPLES of the present invention are
illustrative of the present invention rather than limting of the present
i nVention. Revisions to the nethods, materials, structures and di nensions
t hrough which are forned the preferred enbodi nrents and EXAMPLES of the -
present invention nmay be nmade while yielding additional enbodi nents and
EXAMPLES which are within the spirit and scope of the present invention.
VWhat is clained is: - 35 - 1. A-n¥t hod for formng a residue free

patterned polysilicon

is a conformal insulator layer, the step height for the second
preferred embodiment of the present invention is approximately
equal to the thickness of the gate electrode 36a or 36b plus the
thickness of the gate oxide 34a or 34b, respectively. Thus, for
the second preferred embodiment of the present invention the step
height is from about 3000 to about 4500 angstronis for patterned
conformal polysilicon layers which terminate upon the surfaces of
either of the gate electrode 36a or the gate electrode 36b. For
patterned conformal polysilicon layers which terminate upon the
isolation regions 32a or the isolation region 32b, the step height
would include the isolation region 32a or isolation region 32b
thickness above the surface of the semiconductor substrate 30,
which is typically in the range of from about 2500 to about 5000

angstroms. -

Referrin§ now to Fig. 7, there is ;hown a schematic
cross-sectional diagram illustrating the results of further
processing of the integrated circuit whose structure is illustrated
in t;g. 6. Shown in Fig. 7 is the presence of patterned
Photoresist layers 46a and 46b formed upon the surface of the
semiconductor substrate illustrated in Fig. 6. Analogously to the
first preferred embodiment of the present invention, the patterned
Photoresist layers 46a and 46b may be formed from any of several
photoresists which are conventional in the art. Preferably, the

pPatterned photoresist layers 46a and 46b are formed of a
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| ayer upon a high step height patterned substrate |ayer conprising:

provi ding a substrate having fornmed thereon a high step hei ght patterned
substrate | ayer; form ng upon the high step height patterned substrate

| ayer a polysilicon |ayer; formng upon the polysilicon |layer a patterned
phot oresi st | ayer, the patterned photoresist |ayer exposing portions of the
polysilicon layer at a |lower step |evel of the high step height patterned
substrate layer; patterning through thé®patterned photoresist |ayer the
polysilicon layer via an anisotropic first etch process to yield a
patterned polysilicon |ayer upon the surface of the

photoresist material which is not substantially affected by the
multiple Reactive Ion Etch (RIE) etch processes to which the
patterned photoresist layers 46a and 46b are exposed. Preferably,
the patterned.ﬁhotoresist layers 46a and 46b are from about 4000 to

about 30000 angstroms thick each.

As is shown in Fig. 7, the conformal polysilicon layer 44
which resides beneath the patterned photoresist layers 46a and 46b
has been patterned through a Reactive Ion Etch (RIE) anisotropic
first etch process to yield the patterned conformal polysilicon
layers 44a and 44b. Analogously with the first preferred
embodiment of the present invention the Reactive Ion Etch (RIE)
anisotropic. first etch process preferably contains chlorine {Cl2)
and hydrogen bromide (HBr) reactant gases. The Reactive Ion Etch
(RIE) anisotropic first etch process provides the desired
passivation to the exposed sidewall edges Sf the patterned
conformal polysilicon layers 44a and 44b as the p'aitterned conformal
polysilicon layers 44a and 44b are patterned from the conformal
polysilicon layer 44. Preferably, the chlorine (Cl1l2) and hydrogen
bromide (Hﬁr) containing Reactive Ion Etch (RIE) first etch process
is provided at a chlorine:hydrogen bromide volume ratio of from

about 10:1 to about 2:1.

Other parameters under which is provided the chlorine

(C12) and hydrogen bromide (HBr) containing Reactive Ion Etch (RIE)
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hi gh step height substrate |layer and polysilicon residues at the | ower step
| evel of the high step height patterned substrate |ayer, the anisotropic
first etch process being a Reactive lon Etch (RIE) anisotropic first etch
process which sinultaneously passivates the exposed edges of the patterned
polysilicon |ayer; and renoving through an isotropic second etch process
the polysilicon residues fornmed at the |l gwer step |evel of the high step
hei ght patterned substrate | ayer, the 7& tropi ¢ second etch process being a
Reactive lon Etch (RIE) isotropic second etch process conprising hydrogen

brom de (HBr) as a
first etch process include a reactor chamber pressure of from about
220 to about 330 mtorr, a radio frequency power of from about 170
to 260 watts, a background helium (He) flow rate of from about 140
to about 250 standard cubic centimeters per minute (sccm) and a
total chlorine (C12) and hydrogen bromide (HBr) flow rate of from
about 170 to about 280 standard cubic centimeters per minute
{(scem). The conformal polysilicon layer 44 from which is formed
the patterned conformal polysilicon layers 44a and 44b is exposed
to the chlorine (C12) and hydrogen bromide (HBr) Reactive Ion Etch
(RIE) anisotropic first etch process for a time period sufficient
to: (1) completely etch the patterned conformal polysilicon layers
442 and 44b from the conformal polysilicon layer 44, and (2)
sufficiently passivate the sidewall edges of the patterned
conformal polysilicon layers 44a and 44b such that the patterned
conformal polysilicon layers 44a and 44b will not be over-etched,
eroded or otherwise damaged within the subsequéht isotropic etch
step to which the patterned conformal polysilicon layers 44a and
44b will be exposed. Typically, the etch time will be from about

100 to about 180 sgponds.

As also illustrated in Fig. 7, there remains after the
Reactive Ion Etch (RIE) anisotropic first etch process the
conformal polysilicon layer residues 44c and 44d which result from
incomplete etching of the conformal polysilicon layer 44 at

locations where the conformal polysilicon layer 44 adjoins the high
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react ant gas. 2. The nethod of Claim1 wherein the distance between the
patterns in the high step height patterned substrate |layer is at |east
abdut 2000 angstrons. 3. The nethod of Claim1 wherein the step height of
the high step height patterned substrate |ayer is at |east about 3000
angstrons. 4. The nmethod of Claim1 wherein the thickness of the
polysilicon layer is,fromabout 200 to about 4000 angstrons. 5. The
method of Caim 1 wherein the thickness %5f the patterned photoresist |ayer
is fromabout 4000 to about 30000 angstrons.

step height vertical sidewall regions of the insulator spacers 40b
and 40c. It is towards removal of the conformal polysilicon layer
residues 44c and 44d without damaging the sidewall edges of the
Patterned conformal polysilicon layers 44a and 44b exposed beneath
the patterned photoresist layers 46a and 46b that the second

preferred embodiment of the present invention is directed.

Referring now to Fig. 8 _there is shown a schematic cross-
sectional diagram illustrating f;he results of further processing of
the integrated circuit whose structure is illustrated in Fig. 7.
Absent from Fig. 8 are the conformal polysilicon layer residues 44c
and 444 which, analogously with the first preferred embodiment of
the presenﬁ invention, are removed through a Reactive Ion Etch
(RIE) isotropic second etch process. Also analogously with the
first preferred embodiment of the present invention, the conformal
polysilicon layer residues 44c and 44d are removed without over-
etching, eroding or otherwise damaging the exposed sidewalls of the

patterned conformal polysilicon layers 44a and 44b.

In order to provide optimal manufacturing efficiency, an
in-situ Reactive Ion Etch (RIE) isotropic second etch process is
preferred. It has been found experimentally that the Reactive Ion
Etch (RIE) isotropic second etch process preferably employs sulfur
hexafluoride (SF6) and hydrogen bromide (HBr) reactant gases.

Preferably, the sulfur hexafluoride (SF6) .and hydrogen bromide
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6. The nethod of Claim1 wherein the Reactive lon Etch (RIE) ani sotropic.
first etch process enploys chlorine (Cl2) and hydrogen bromde (HBr) as

redct ant gases. 7. The net hod of Cl aim 6 wherein the chlorine: hydrogen
brom de volume ratio is fromabout 10:1 to about 2:1. 8. ° The net hod of
Claim7 wherein the Reactive lon Etch (R E) - 37 - anisotropic first

etch process is enployed at a radio frqg%§npy power of from about 170 to
about 260 watts. 9. The method of Claii1l wherein the Reactive lon Etch
(RIE)

containing Reactive Ion Etch (RIE) isotropic second etch process is

provided at a sulfur hexafluoride:hydrogen bromide volume ratio of

from about 20:1 to about 2:1.

Other parameters under which is provided the sulfur
hexafluoride (SF6) and hydrogen bromide (HBr) containing Reactive
Ion Etch (RIE) second etch process include a reactor chamber
pressure of from about 400 to about 600 mtorr, a radio frequency
power of from about 100 to 180 watts, a background helium (He) flow
rate of from about 45 to about 90 standard cubic centimeters per
minute (sccm) and a total sulfur hexafluoride (SF6) and hydrogen
bromide (HBr) flow rate of from about 150 to about 260 standard
cubic centimeters per minute (sccm). The conformal polysilicon
layer residues 44c and 44d are exposed to the sulfur hexafluoride
(SF6) and hydrogen bromide (HBr) Reactive Ion Etch (RIE) isotropic
second etch process for an etch time sufficient to completely
remove the conformal polysilicon layer residues 44c and 44d.
Typically, the etch time will vary dependent upon various geometric
factors, including but not limited to the thickness of the blanket
conformal polysilicon layer 44 and the widéh of the semiconductor
substrate 30. Typically, etch times are in the range of about 20

to about 60 seconds.

Referring now to Fig. 9, there is shown a schematic

cross—-sectional diagram illustrating the results of further
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I sotropi c second etch process enploys sul fur hexafluoride (SF6) and .
hydr ogen brom de (HBr) as reactant gases, at a sul fur hexafl uoride: hydrogen
br dm de volume ratio of fromabout 20:1 to about 2:1. 10. The nethod of
Claim9 wherein the Reactive lon Etch (RIE) i'sotropic second eteh process
is enployed at a radio frequency power of from about 100 to about 180
watts. 11. A nethod for formng a residue free patterned polysilicon |ayer
upon a high step height patterned subst?é?e'layer within an integrated
circuit conprising: providing a sem conductor substrate having forned
thereon a high step height patterned substrate |ayer, the

sem conductor substrate al so having fornmed thereon a m ni num

processing of the integrated circuit whose structure is illustrated
in Fig. 8. shown in Fig. 9 is the integrated circuit structure as
illustrated in Fig. 8 from which have been removed the patterned
photoresist layers 46a and 46b. Methods and materials through
which patterned photoresist 1layers may be reﬁoved from
semiconductor substrates are known in the art.' Such methods
include but are not limited to wet chemical etch methods which
employ solvents or aqueous solutions appropriate to the photoresist
material, and dry plasma etch methods which typically employ oxygen
as the active material to assist in removal of photoresist
residues. For the second preferred embodiment of the present
invention, the patterned photoresist layers 46a and 46b are
preferably removed from the surface of the semiconductor substrate
30 through a dry plasma etch process employing oxygen, as is most

common in the art.

- Upon removing the patterned photoreéist layers 46a and
46b, there is formed the integrated circuit of the second preferred
embodiment of the present invention. The integrated circuit of the
second preferred embodiment of the present invention has formed
therein residue free patterned conformal polysilicon layers 44a and
44b upon the conformal insulator layer 42, which conformal
insulator layer 42 exhibits substantial topographic variations due
to underlying high step height patterned substrate layers. The
upper surfaces of Field Effect Transistors (FETs) form the high
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of one transistor; formng upon the high step height patterned substrate

| ayer a polysilicon layer; form ng upon the polysilicon |ayer a patterned
photoresi st |ayer, the patterned photoresist |ayer exposing portions of the
polysilicon layer at a |ower step |evel of the - 38 - high step height
patterned substrate |ayer; patterning through the patterned photoresist

| ayer the polysilicon |layer via an anigqﬁygpic first etch process to

step within underlying high step patterned substrate layers of the
second preferred embodiment of the present invention. Conformal
polysilicon layer residues are removed from lower step levels of
the conformal insulator layer 42 of the second preferred embodiment
of the present invention without over—-etching, eroding or otherwise
damaging the patterned conformal polysilicon layers 44a and 44b.
Lower levels of Field Effect Transistors form the lower step levels
of the underlying high step height patterned substrate layers of

the second preferred embodiment of the present invention.
EXAMPLES

Formed within and upon the surface of a 6 inch silicon
semiconductor substrate was an integrated circuit equivalent to the
integrated circuit i{1lustrated in Fig. 6. The integrated circuit
included a pair of Field Effect Transistors (FETs), each Field
Effect Transistor (FET) having a gate oxide “layer of thickness
about 125 angstroms, upon which was formed a gate electrode of
thickness about 4000 angstroms. Upon the pair of Field Effect
Transistors (FETs) was formed a conformal insulator layer of
silicon oxide, through a Plasma Enhanced Chemical Vapor Deposition
(PECVD) method, at a thickness of about 2000 angstroms. Upon the
conformal insulator layer was formed a conformal polysilicon layer,
through a Low Pressure Chemical Vapor Deposition (LPCVD) method, at

a thickness of about 800 angstroms.
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yield a patterned polysilicon |ayer upon the surface of the high step
hei ght substrate | ayer and polysilicon residues at the |lower step | evel of
t he high step height patterned substrate |ayer, the anisotropic first etch
process being a Reactive lon Etch (RIE) anisotropic first etch process
whi ch si nmul t aneously passivates the exposed edges of the patterned
polysilicon |ayer; and renoving through an isotropic second etch process
the polysilicon residues fornmed at the 3dwer step |evel of the high step
hei ght patterned substrate |layer, the isotropic second etch process being a
Reactive lon Etch (RIE) isotropic second etch process conprising hydrogen
brom de (HBr) as a reactant gas.

The 6 inch silicon semiconductor substrate was then

Processed further to yield an integrated circuit equivalent to the
integrated circuit illustrated in Fig. 7. Formed upon the surface
of the integrated circuit was formed a blanket novolak photoresist
layer at a thickness.of about 10000 angstroms. The blanket novolak
photoresist layer was patterned to leave exposed a portion of the
conformal polysilicon layer which resided between the two Field

Effect Transistors (FETs).

The conformal polysilicon 1layer was then patterned
employing the patterned novolak photoresist layer as an etch mask
to yield a pair of patterned conformal polysilicon layers and a
pair of conformal polysilicon layer residues equivalent to those
illustrated in Fig. 7. The patterning was accomplished through a
Reactive Ion Etch (RIE) anisotropic first etch process employing
chlorine (C12) and hydrogen bromide (HBr) as reactant gases. The
pétterning was accomplished at a chlorine:hydrogen bromide volume
ratio of about 6:1, a reactor chamber pressure of about 275 mtorr,
2 radio frequency power of about 215 watts, a‘background helium
flow rate of about 180 standard cubic centimeters per minute (sccﬁ)
and a, total chlorine (Cl2) and hydrogen bromide (HBr) flow rate of
about 210 standard cubic centimeters per minute {sccm) . The

patterning was accomplished in an etch time of about 150 seconds.

The pair of conformal polysilicon layer residues was then
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12. The nethod of Claim1l wherein the transistor is a Field Effect
Transistor (FET). 13. The nethod of Caim 1l wherein the distance between
the patterns in the high step height patterned substrate layer is at |east
about 2000 angstrons. 14. The nmethod of C aim 11 wherei-n the step-height of
t he 39 high step height patterned substrate |ayer is at |east about 3000

angstrons. 15. The nethod of Claimill ;?erein the thickness of the

removed through a Reactive Ion Etch (RIE) isotropic second etch
process. The Reactive Ion Etch (RIE) isotropic second etch process
employed sulfur hexafluoride (SF6) and hydrogen bromide (HBr) as
reactant gases. The Reactive Ion Etch (RIE) isotropic second etch
process was provided at a sulfur hexafluoride:hydroéen bromide
volume ratio of about 12:1, a reactor chamber pressure of about 500
mtorr, a radio frequency power of about 125 watts, a background
helium flow rate of about 60 standard cubic centimeters per minute
{scem), and a total sulfur hexafluoride (SFS) and hydrogen bromide
(HBr) flow rate of about 190 standard cubic centimeters per minute.

The etch time was about 24 seconds.

Equivalent conditions may be employed for etching an
equivalent polysilicon layer within an otherwise equivalent
integrated circuit formed upon an 8 inch silicon semiconductor
substrate, with the exception that the sulfur-heiﬁfluoride:hydrogen
bromide volume ratio within the Reactive Ion Efch (RIE) isotropic

| seconﬁ etch process should be adjusted from ;2:1 to 2:1 and the
etch time should be phanged from‘about 24 seconds to about 45

seconds.

The patterned photoresist layers were then removed and
the integrated circuit was processed to completion, including the
formation of additional insulator and conductor 1layers. The

integrated circuit was then cross-sectioned and the integrity of
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polysilicon layer is fromabout 200 to about 4000 angstrons. 16. The

met hod of Claim 11 wherein the thickness of the patterned photoresist |ayer
i s *from about 4000 to about 30000 angstrons. 17. The nethod of Claim 11
wherein the Reactive lon Etch (RIE) anisotropic first etch process enpl oys

chl.orine (Cl2) and hydrogen brom de (HBr) as reactant gases.

18. The net hod

of Claim17 wherein the chlorine: hydrogen brom de volune ratio is from

about 10:1 to about 2:1. 19. The nethod &% C aim 18 wherein

the Reactive

lon Etch (RIE) anisotropic first etch process is enployed at a radio
frequency power of from about 170 to about 260 watts. 20. The nmet hod of

Claim1ll mhgﬁgin t he Reactive lon E

tch
patterned conformal polysilicon layers was observed with the

aid of an electron microscope. The patterned conformal polysilicon

layers exhibited no over-etching, erosion or other damage.

For comparison purposes, a second integrated circuit was

fabricated under otherwise equivalent conditions to those employed

in forming the first integrated circuit, with the exception that

the hydrogen bromide component of the Reactive Ion Etch {RIE)

isotropic second etch process was omitted. Electron

microscopic

evaluation of a cross-section of the second integrated circuit

showed patterned conformal polysilicon 1layers which were over-

etched, eroded and damaged.

As is understood by a person skilled in the art, the

preferred embodiments and EXAMPLES of the present invention are

illustrative of the present invention rather than limiting of the

present invention. Revisions to the methods, materials, structures

and dimensions through which are formed the preferred embodiments

and EXAMPLES of the present invention may be made while yielding

additional embodiments and EXAMPLES which are within the spirit and

scope of the present invention.

What is claimed is:
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(R E) I sotropic second etch process enpl oys sul fur hexafl uoride
(SF6) and hydrogen brom de (HBr) as reactant gases, at_a sulfur —
hexaf | uori de: hydrogen brom de volune ratio - 40 - of from a‘ti

ut 20:1 to
about 2:1. 21. The nethod of C aim 20 wherein tmumm‘“ H/w Btch (RIE)
| sotropi c second etch process is enpl gyed at a power of

from about 100 to about 180 watts. 22. The methdd 6f Qaim 11 further

conprising formng an insulator |ayer upon the high step height patterned
substrate

the patterned conformal polysilicon layers was observed with the
aid of an electron microscope. The patterned conformal polysilicon

layers exhibited no over-etching, erosion or other damage.

For comparison purposes, a second integrated circuit was
fabricated under otherwise équivalent conditions to those employed
in forming the first integrated circuit, with the exception that
the hydrogen bromide component of the Reactive Ion Etch (RIE)
isotropic second etch process was omitted. Electron microscopic
evaluation of a cross-section of the second integrated circuit
showed patterned conformal polysilicon layers which were over-

etched, eroded and damaged.

As is understood by a person skilled in the art, the
preferred embodiments and EXAMPLES of the present invention are
illustrative of the present invention rather than limiting of the
present invention. Revisions to the methods, materials, structures
and dimensions through which are formed the preferred embodiments
and EXAMPLES of the present invention may be made while yielding
additional embodiments and EXAMPLES which are within the spii'it‘ and

scope of the present invention.

what is claimed is:
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| ayer i mredi ately beneath the polysilicon |ayer. 23. The nethod of C aim 22
wherein the insulator layer is a silicon oxide insulator |ayer at a
t ht ckness of from about 200 to about 2000 angstrons.

~ _ e IR

1. A method for forming a residue free patterned polysilicon
layer upon a high step height patterned substrate layer
comprising:

providing a substrate having formed thereon a high step
height patterned substrate layer;

forming upon the high step height patterned substrate
layer a polysilicon layer;

forming upon the polysilicon layer a patterned
photoresist layer, the patterned photoresist layer exposing
portions of the polysilicon layer at a lower step level of the
high step height patterned substrate layer;

patterning through the patterned photoresist layer the
polysilicon layer via an anisotropic first etch process to
yield a patterned polysilicon layer upon the surface of the
high step he'ight substrate layer and polysilicon residues at
the lower step level of the high step “height patterned
substrate layer, the anisotropic first ‘etch process being a
Reactive Ion Etch (RIE) anisotropic first etch process which
simultaneously passivates thg exposed edgéé of Fhe patterned
polysilicon layer; and

removing through an isotropic second etch process the
polysilicon residues formed at the lower step level of the
high step height patterned substrate layer, the isotropic
second etch process being a Reactive Ion Et;h (RIE) isotropic

second etch process comprising hydrogen bromide (HBr) as a
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2. The method of Claim 1 wherein the distance between the
patterns in the high step height patterned substrate layer is

at least about 2000 angstroms.

3. The method of €laim 1 wherein the step height of the high
step height patterned substrate layer is at least about 3000

angstroms.,

4. The method of Claim 1 wherein the thickness of the

polysilicon layer is,from about 200 to about 4000 angstroms.

5. The method of Claim 1 wherein the thickness of the
patterned photoresist layer is from about 4000 to about 30000

angstroms.

6. The method of Claim 1 wherein the Reactive Ion Etch (RIE)
anisotropic first etch process employs chlorine (Cl2) and

hydrogen bromide (HBr) as reactant gases.

7. The method of <Claim 6 wherein the chlorine:hydrogen

bromide volume ratio is from about 10:1 to about 2:1.

8. The method of Claim 7 wherein the Reactive Ion Etch {RIE)
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anisotropic first etch process is employed at a radio

frequency power of from about 170 to about 260 watts.

9. The method of Claim 1 wherein the Reactive Ion Etch (RIE)
isotropic second etch process employs sulfur hexafluoride
(SF6) and hydrogen bromide (HBr) as reacta;:t gases, at a
sulfur hexafluoride:hydrogen bromi;ie volume ratio of from

about 20:1 to about 2:1.

10. The method of Claim 9 wherein the Reactive Ion Etch (RIE)
isotropic second etch process is employed at a radio frequency

power of from about 100 to about 180 watts.

11. A method for forming a residue free patterned‘polysilicon
layer upon a high step height patterned subsfirate layer within
an integrated circuit comprising:

providing a semiconductor substrate having formed thereon
a high step height patterned substrate layer, the
semiconductor substrate also having formed thereon a minimum
of one transistor;

forming upon the high step height patterned substrate
layer a polysilicon layer;

forming upon the polysilicon layer a patterned
photoresist layer, the patterned photoresist layer exposing

portions of the polysilicon layer at a lower step level of the




L
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high step height patterned substrate layer;

patterning through the patterned photoresist layer the
polysilicon layer via an anisotropic first etch process to
yield a patterned polysilicon layer upon the surface of the
high step height substrate layer and polysilicon residues at
the lower step level of the high step height patterned
substrate layer, the anisotropic first etch process being a
Reactive Ion Etch (RIE) anisotropic first etch process which
simultaneously passivates the exposed edges of the patterned
polysilicon layer; and

removing through an isotropic second etch process the
Polysilicon residues formed at the lower step level of the
high step height patterned substrate layer, the isotropic
second etch process being a Reactive Ion Etch (RIE) isotropic
second etch process comprising hydrogen bromide (HBr) as a
reactant gas. -
12. The method of Claim 11 wherein the transistor is a Field

Effect Transistor (FET).

13. The method of Claim 11 wherein the distance between the
patterns in the high step height patterned substrate layer is

at least about 2000 angstroms.

14. The method of Claim 11 wherein the step height of the
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high step height patterned substrate layer is at least about

3000 angstroms.

15. The method of Claim 11 wherein the thickness of the

polysilicon layer is from about 200 to about 4000 angstroms.

16. The method of Claim 11 wherein the thickness of the
patterned photoresist layer is from about 4000 to about 30000

angstroms.

17. The method of Claim 11 wherein the Reactive Ion Etch
(RIE) anisotropic first etch process employs chlorine (C12)

and hydrogen bromide (HBr) as reactant gases.

18. The method of Claim 17 wherein the chlorine:hydrogen

bromide volume ratio is from about 10:1 to about 2:1.

19. The method of Claim 18 wherein the Reactive Ion Etch
(RIE) anisotropic first etch process is employed at a radio

frequency power of from about 170 to about 260 watts.

20. The method of Claim 11 wherein the Reactive Ion Etch
(RIE) isotropic second etch process employs sulfur
hexafluoride (SF6) and hydrogen bromide (HBr) as reactant

gases, at a sulfur hexafluoride:hydrogen bromide volume ratio
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