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SELECTIVE ETCH METHOD FOR SELECTIVELY ETCHING MULTI-LAYER

STACKLAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to methods for formihg patterned layers
within microelectronic fabrications. More particularly, the pfesent invention relates to selecfi_ve '

etch methods for forming patterned layers within microelectronic fabrications.
2. Description of the Related Art

Microelectronic fabrications are formed from microelectronic substrates over
which are formed patterned microelectronic conductor layers which are separated by

microelectronic dielectric layers.

In the course of forming patterned mxcroelectromc layers within microelectronic
fabrications, mcludmg but not hmxted to patterned mlcroelectromc conductor layers, patterned

mxcroelectromc semiconductor layers and patterned microelectronic dielectric layers within
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mlcroelectromc fabrications, it is often desiratlc *o selectively etch a first microelectronic layer in
the presence of a second microelectronic layer, where the first microelectronic layer and the
second microelectronic layer are formed of exthe_;_' equivalent mlcroel_ectromc materials or

sufficiently similar microelectronic materials'suc’ll that the first microelectronic layer would not

otherwise etch selectively with respect to the second microelectronic layer.

a8

An example, by no means hmltmg, where it is desired to selectively etch within the
context of the above Ilmltatlons a first mlcroelectromc layer in the presence of a second
microelectronic layer is illustrated within the schematic cross-sectional diagram of Fig. 1.

Shown in Flg 1is a substrate 10 upon which there is formed a second intermediate
patterned microelectronic layer 12, which in tunl has formed thereupon a third upper patterned
microelectronic layer 14. Within Fig, 1, the substrate 10 comprlses a first lower microelectronic
layer which is formed of a first material either equivalent to a second materlal from which is
formed the third upper patterned mieroelectronlé;layer 14 or suﬁ'xeiently similar such that the
" substrate 10 and the third upper patterned microelectronic layer 14 are othemlise etchable in the
same etchant. Within the context .of_' Fig. 1, a problem towards which the present invention is

directed is stripping from the second intermediaté patterned microelectronic layer 12 the third

upper patterned microelectronic layer 14 while not etching the substrate 10,

It is thus towards the goal of forming wlthin micl'oelectronlc fabrications
microelectronic structures which result from selectively etching a third ueper patterned
microelectronic layer in the presence of a first louler'mic;oelectronie layer, Where the third upper
 patterned microelectronic layer is separated from the first lower microelectronic layer by a second

intermediate patterned microelectronic layer, and where the third upper patterned mierdelectronic
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- layer is not otherwise selectively etchable within the presence of the first lower microelectronic

layer.

Various etch methods have been disclosed in the art of microelectronic fabrication

for forming patterned layers with desirable broperties within microelectronic fabrications.

For example, Tsai et al., in U.S. Patent Nd. 5,753,418, discloses a .méthod for
forming within a microelectronic fabrication a patterned layer of aperture width dimension as
narrow as about 0.30 microns while empioying near ultra-violet (NUV) (i.e. 3.6'5 nm)

'photo'exposure radiatioh. The -method-employs forming interposed between: (1) a pétterned
photoresist layer which is patterned employing the near ultra-violet (NUV) photoexposure
radiation which provides ﬁithin tﬁe patterned photoresist layer an aperture width.dir.nension
typically ﬁs narrow as about only 0.35 microns; and (2) a blaﬁket target layer to be patterned |
while employing the patterned photoresist layer, a blanket focusing iayer. The blanket focusing
layer is formed of an organic anti-reflective coating (ARC) material which is susceptible to

' provid.ing a reproduciBle positive taper of a patterned focusing layer when forming the patterned
focusing layer ffom the blanket focusing layer »;/hile employing a plasma etch method which
employs an etchant gas composition. comprising carbon tetrafluoride and argon. The p;atterrie_d .
focusing layer may then be employea as an etch mask for forming a patterned target layer from

the blanket target layér.

In addition, Linliu et al., in U.S. Patent No. 5,773,199, discloses a method for
forming within a microelectronic fabrication a patterned microelectronic fabrication structure,
such as a gate electrode within a field effect transistor (FET) within a semiconductor int_egrated.'

circuit microelectronic fabrication, with a iin_ewidth at least as narrow as about 0.25 microns while
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employmg near ultra-violet (NUV) (ie. 365 nm, photoexposure radlatxon Similarly with Tsai et

al., as cited above, the method employs formmg mterposed between: (1) a pattemed photoresist
layer which is pattemed employing the near ultra-vxolet (NUV) photoexposure radnatlon and (2) a
blanket target layer which is desired to be pattemed while employing the pattemed photoresist
layer, a blanket focusing layer. However, in contrast wrth that which is disclosed by Tsai et al.,
the blanltet focusing layer is formed from an orgénic anti-reflective coating (ARC) material which
is susc'eptil)le to a reproducible negative etch bia's_ when patterned to form a patterned focusing
layer while employing'a plasma etch method emﬁloying an etchant gas composition comprising
trifluoromethane, carbon tetraﬂuonde oxygen and argon. The patterned focusing layer may then

be employed as an etch mask for formmg a patterned target layer from the blanket target layer.

Fmally, McKee in U.S. Patent No 5,804,088, also discloses a method for forming
within a microelectronic fabrication a patterned layer of linewidth dimension less than about 0.30
microns while employing near ultra-vrolet NUV) _(r.e. 365 nm) photoexposure radiation.
' _Similar]y with the foregoing disclosures, the metl:'_od empl_oys. an int_erm_ediate layer formed
"interposed between: (1) a target layer to be patterned with the linewidth dimension of less than
about 0.30 microns; and (2) a patterned photoreslSt formed employing the near ultra-violet
(NUV) photoexposure radiation, wlrere the patterned photoresist Iayer is further isotropically |
etched while simultaneously forming a patterned intermediate layer of linewidth less than the
patterned photoresist layer, and where the patterned intermediate layer is then employed as an

etch mask for forming a patterned target layer from the'target layer.

Desirable in the art of microelectronic fabrication are'methods for forming within .
' -mlcroelectromc fabrications microelectronic structures which result from selectlvely etching a

third upper patterned mlcroelectromc layer in the presence ofa ﬁrst lower mlcroelectromc layer
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where the third upper patterned microelectronic layer is separated from the first lower
microelectronic. layer by a second intermediate patterned microelectronic layer, and where the
" third upper patterned microelectronic layer is not otherwise selectively etchable within the

presence of the first lower microelectronic layer.

It is towards the foregoing object that the present invention is both generally and -

more specifically directed.

SUMMARY OF THE INVENTION

A first object of the presenf invention is to provide a method for selectively etching
‘within a microelectronic fabrication a third upper patterned microelectronic layer with respect to a-
first lower microelectronic layer within a multi-layer microelectronic stack layer within the
microelectronic fabrication, where fh_e third upper patterned micrdelectronic 1ayer is separated
 from the first lower microelectronic layer by a second intermediate patterned microelectronic iayer

within the multi;layer microelectronic stack layer.

A second object of the present invention is tor provide a method in accord with the.
first object of the present invention, where the third upper patterned microelectronic layer within
the multi-layer microelectronic stack layer is not otherwise selectively etchable with respect to the

first lower microelectronic layer.

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
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is readily commercially implemented.
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In accord with the objects of the present invention, there is provided by the present
invention a method for formmg a patterned mlcroelectromc layer. To practice the method of the
present mventron there is first provided a substrate There is then formed over the substrate a
multl-layer stack layer compnsmg (1) afirst lower microelectronic layer; (2) a second
intermediate patterned microelectronic layer formed over the first lower mlcroelectromc layer and-
3) a third upper pattemed microelectronic layer formed over the second intermediate patterned
microelectronic layer, where the first lower mxcrgelectromc layer and the third upper patterned
mieroelectronic layer are susceptible to etching \;ithln a first etchant. There is then formed
encapsulatmg the first lower mrcroelectromc layer and at least portxon of the second intermediate
pattemed microelectronic layer while leaving exposed at least 2 portron of the third upper
patterned microelectronic layer an encapsulating Iayer There is then etched selectively, while
employing a f tst etch method which employs the first etchant the third upper patterned
‘microelectronic layer while the first lower mlcroelectromc layer and at least the portion of the
second mtermedlate patterned microelectronic layer are encapsulated with the encapsulating layer.
Finally, there is then stripped, while employmg a second etch method which employs a second
etchant, from the first mrcroelectromc layer and at least the portion of the second mtermedlate '

patterned microelectronic layer the encapsulating layer.

There is provided by the present invention a method for 'selectlyely etching within a
microelectronic fabrication a third "upper patterned microelectronic layer-with respect to a first
lower microelectronic layer within a multi-layer rnicroeleotronie stack layer within the :
microelectronic fabrication, where the third upper patterned mloroelectronic layer.is separated

from the first lower microelectronic layer by a second intermediate patterned microelectronic layer
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within the multi-layer microelectronic stack layer, and where the third upper patterned

microelectronic layer within the mnlti-layer microelectronic stack layer is not otherwise selectively
etchable with respect to the first lower microelectronic layer. The method of the present
invention realizes the foregoing objects by employing when forming the microelectronic
fabrication a multi-layer stack layer comprising: (1) a first lower microelectronic layer, (2) a
second intennediate patterned microelectronic layer formed over the first lower microelectronic -
layer; and (3) a third upper patterned microelectronic layer formed over the second intermediate
Ipattemed microelectronic layer, where the first lower microelectronic layer and the third upper
patterned microelectronic layer are suscepttble to etching within a first etchant. There is then
formed encapsulating the first lower mtcroelectromc layer and at least part of the second
intermediate patterned microelectronic layer an encapsulating layer There is then etched
selectively the third upper patterned microelectronic layer while employing a first etch method
employing the first etchant while the first lower mtcroelectromc layer and at least the portion of
the_ second tntermedtate patterned microelectronic layer are encapsulated with the encapsulating
layer. Finally, there is then stripped from the first lower microelectronic layer and at least the

* portion of the second intermediate patterned microelectronic layer the encapsulating layer while

employing a second etch method employing a second etchant. -

The method of the present invention is readily commercially implemented. Asis
illustrated within the Desc_ription of the Preferred Embodiments which follows, the present
invention employs methods and materials as are otherwise generally known and conventional in
the art of microelectronic fabrication. Since it isa particular ordering and use of methods and
materials which provides at least in part the present invention, rather than the existence of
methods and materials which provides the present invention, the method of the present invention

is readtly commercially tmplemented



BRIEF DESCRIPTIOﬁ OF THE DRAWINGS
The objects, features and advant;:ges of tl}é present invention are understood
within the context of the Descﬁption of the Preferred Embodiments, as set forth below. The
De_scﬁptfon of the Preferred Embodiments is ung:erstood within the context of the accompanying

drawings, which form a material part of this disg_‘l.osure, wherein:

Fig. 1 shows a schematlc Cross- sectnonal diagram of a microelectronic fabncanon
conventional in the art of m:croelectromc fabrncatxon from whlch microelectronic fabrication it is
desired to strip a third upper patterned mlcroelectromc layer while not etching a first lower

mlcroelectromc layer.

| Fig. 2, Fig. 3, Fig. 4_and Fig. 5 showa series of schematic cross-sectional diagrams

 illustrating the results of forming in accord with ;"general_ einbodifnent_of the present invention

~which comprises a first preferred embodiment of ihe present invention a patterned microelectronic
stack layer havﬂig stripped from its surface a third upper pattgrnéd microelectronic layer while not

etching a first lower microelectronic layer, in accord with the present invention.

Fig. 6, Fig. 7, Fig. 8, Fig. 9 and Fig. 10 show é series of schefnatfc cross-sectional
diagrams_.' illustrating the results of forming in accord with a mofe épeciﬁc embodiment of the
present invention which -co'mprises a second preferred embodiment of thé present invention a gate
electrode for use within a field effect transistor (FET) for use within a semiconductor integrated
circuit nﬁcroel¢¢tronip fabr_icéﬁon, where the gaté electrode has stripped from its surface a

patterned dielectric cap layer while not etching a gate dielectric layer employed within the field



effect transistor (FET).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

 Thereis provided by the present invention a method for s;alectively etching within a
microelectronic fabrication a third upper pattemed microelectronic layer with respect to a first
lower nﬁcroelectronicilayer within a multi-layer microelectronic stack layer within the
mi.cro.electronic fabrication, where the tﬁird upper patterned microelectronic layer is séparated o
from the first lower miéroelectr_onic Iayer by a second intermediate patteméd microelectronic layer
within the multi-layer microelectronic stack layer, and where the third upper patterned
microelectronic layer within the fnulti-layef microelectronic stack .layer is not otherwise selectively
etchable with respect to the first lower mic_roeiectronic layef; The method of the present |
invention realizes the foregoing objects by employing when forming the microelectronic

- fabrication a multi-layer stack layer comprising: (1) a first lower rﬁicroelectronic layer; (2) a

* second intermediate patterned microelectronic layer formed over the first lower rrﬁcroeléctrorﬁc
layer; and (3) alt_hird upper patterned microelectronic layer formed over the second intermediate
‘patterned microelectronic layer, where the first lower microelectronic layer and the third uppe_l; _
patterned microelectronic layér are susqeptible to etching within a first etchant. There is then
formed enc'apsulaﬁng the ﬁr_sf lower nﬁcroelectfonic layer and at least part of the second |
intermediate patterned microelectronic layer an encapsulating layer. There is then etched
selectively the third upper patterned microelectronic la;yer while employing a first etch method
employing the first efchant while the first lower microelectronic layer and at least the portion of
the second intermediate pattemed microelectronic layer are encap#ul_ated with the encapsulétihg'

layer. Finally, there is then stripped from the first lower microelectronic layér and af least the
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portion of the second intermediate patterned mi*roelectronic layer the encapsulating layer while.

employing a second etch method employing a sé‘iond etchant.

The method of the present invené'zon may be employed for forming microelectronic
structures resulting from selective etching of thir?d.upper patterned microelectronic layers with
respect to first lower microelectronic layers withjn microelectronic fabrications including but not
limited to integrated circuit microelectronic fabri?;:ations, ceramic substrate mic.roelectronic
fébrications, solar cell .optoelectronic microélectxfbnic fabrications, sensor image array

optoelectronic microelectronic fabrications and display image array optoelectronic microelectronic

fabrications.

Y

First Preferrec’i Embodimehf |

Lo

»

Referring now to Fig. 2 to Fig. 5,there is shown a series of schematic cross-
sectional diagrams illustraﬁng tﬁe results of formi.ng, in accord with a general embodiment of the -
present inventidn which comprises a first preferred embodiment of the present invention, 8
patterned microelectronic stack layer having stripbed from its surface a third upper patterned

“microelectronic layer while not etching a first lower microelectronic layer, in accord with the
present invention. Shown in Fig. 2 is a schematic cross-sectional diagram of the microeléétrorﬁc

| fabrication at an early stage in its fabrication in accord with the first prefefred embodiment of the
present invention. |

Shown in Fig. 2 is a substrate 20 having formed thereupon a second intenhediat§ _

patterned microelectronic layer 22 which in turn has formed and a!igned thereupon a third u}éper
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patterned r_nicroelect_ro'nic_layer 24

Witﬁin the first preferred embodimeﬁt of the present iriventjon with respect to the
substrate 20, the substrate 20 may be a substrate employed within a microelectronic fabrication
selected from the group including but not limited to integrated circuit microelectronic fabrications, .
ceramic substrate microelectronic fabrications, solar cell optoelectronic microelectronic
fabrications, sensor image array optoele_.ct'rohic microelectronic fabrications and display imag.e
aﬁay optoelectronic microélectronic fabrications.
'Although not speciﬁcéliy illustrated within the schematic cross-sectional diagram
of Fig. 2, the substrate 20 may be a substrate alone as employed within the microelectronic
fabrication, or, in the alte'rﬁative, lthe subst.rate 20 may be tﬁe substrate as employed within the
microelectronic fabrication, where the substrate has formed ﬂiereupdn and/or thereover, and fhus
incorporated 'therein, any of several additional layers as are conventional within the |
microelectronic fabrication within which is employéd the _substraté. Similarly, with the substrate
' ifself, such additional microelectronic layers may be formed of microeléctronic materials selected
from the group. including but not limited to microelectronic conductor materials, microelectronic
semiconductor mﬁterials and microelectronic dielectric materials. Within the first preferred |
embodiment of the present inventioﬁ, the substrate 20, whether employed as a substrate alone as
employed within a microelectronic fabrication or whether employed in the alteff}ative as fhe
substrate as employéd within the microelectronic fabrications, Wﬁere the substrate has additional
layers formed théreupon and/or thereover, functions as a first lower microelectronic layer within
the microelectronic fabrication whose schematic cross-sectional diagram is illustrated in Fig. 2,

| analogously within the substrate 10 as illustrated w.ithin the schematic cross-sectional diagram of

Fig. 1 which also serves as the first lower microelectronic layer within the microelectronic
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fabncatlon whose schematic Cross- sectronal di a,:;ram is illustrated in Fig. 1 as dlscussed in greater
detail within the Descnpnon of the Related Art -

Srrmlarly, although also not specxﬁcally illustrated wrthm the schematlc Cross-
sectronal diagram of Fig. 2, the substrate 10, partlcularly but not exclusively when the substrate
10 compnses a semrcon_ductor substrate employgd within a semiconductor integrated crr_cult |
‘microelectronic fabrication, .has_'formed therein éx_.i_d/or thereupon mfcroelectronic devices as are
conventional within the microelectronic fabri.cati;o; within which is employed the substrate 20.

F

Such microelectronic devices may include, but a%e not limited to, resistors, transistors, diodes and

. . ' e
capacitors. _ =

Within the first preferred embodiment of the present invention wrth respect to the
second intermediate patterned microelectronic lai%er 22, the second intermediate 'patterned
microelectronic layer 22 is, s1m11ar1y with the substrate 20, also formed from a material selected .

from the group including but not limited to mlcroelectromc conductor materials, microelectronic
semiconductor matenals and mlcroelectromc d:electnc materials. However, the second |
intermediate patterned mlcroelectromc layer 22is formed of a material which i is not susceptible to
etching within a first étchant which may be employed to etch at least the upper portion of the
substrate 20. Typically and preferably, the second mtermedlate patterned microelectronic layer 22

is formed to a thickness of from about 1000 to ab'gut 5000 angstroms upon the substrate 20,

_n_y

Within the'ﬁr_st preferred embodiment of the present invention with respect to the
third upper patterned microelectronic layer 24, similarly with the second intermediate 'pattemed
microelectronic layer 22 and the substrate 20, the third upper patterned microelectronic layer 24

may independently be formed of a microelectronic material selected from the group ihc_luding but
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not limited to microelectronic conductor maierial§, microelectronic semiconductor materials and
nucroelectromc dielectric materials. However, within the first pref‘enred embodxment of the
present invention the third upper patterned m:croelectromc layer 24 is formed of a material which-
is susceptible to etchmg within the first etchant within which at least the upper portion of the
substrate 20 is susceptible to etching. Typiéally and preferab!y, the third upper patterned
mi_croeléctronic layer 24 is formed to a thickness of from about 100 to about IOOO'Iangstroms

upon the second intermediate patterned microelectronic layer 22.

“Referring now to Fig. 3, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the microelectronic fabrication whose schematic

~ cross-sectional diagram is illustrated in Fig. 2.

 Shown in Fig. 3 is a schematic cross-sectional diagram of a microelectronic
fabrication otherwise equivalent to the microelectronic fabrication whose schematic cross-
sectional diagram is illustréted in Fig. 2, but wherein there has beén formed adjoining and
- encapsulating a pair of opposite edges of the second intermediate patterned microelectronic layer
22 and the third upper patterned microelectronic layer 24, while completely covering exposed |

‘portions of the substrate 20, a pair of patterned encapsulating microelectronic layers 26a and 26b.

Although within the schematic cross-sectional diagram of Fig. 2 the pair of
patterned encapsulating microelectronic layers is illustrated as cbmpletely encapsulating the
“substrate 20, completely encapsulating the second intermediate patterned microelectronic layer 22
and pamally encapsulating the third upper pattemed microelectronic layer 24, within the method
| of the present invention and the first preferred embodiment of the method of the present .

mventxon, an encapsulatmg layer (such as is illustrated by the pa1r of patterned encapsulating
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rmcroelectromc layers 26a and 26b) need only !’e formed completely encapsulating a ﬁrst lower

mlcroelectromc layer (such as is illustrated by the substrate 20) and at least pomon of a second
intermediate patterned microelectronic layer (such as is ﬂlustrated by the second mtermedlate
patterned microelectronic layer 22) while Ieavmg exposed at least a portion of a third upper
patterned microelectronic layer (such as is 1llustrated by the third upper patterned microelectronic
layer 24). | . : |
oy _
Within the first preferred embodi'rnent of the present invention, the pair of
patterned encapsulating mrcroelectromc layers Z%a and 26b may be formed from any of several
encapsulating materials as are kriown in the art of microelectronic fabrication, including inorganic
encapsulating materials or organic enca'psu!ating _materia]s, given the proviso that the
encapsulating material is net appreeiably etchahie within the first etchant within which both the
third upper patterned microelectronic layer 24 ai%d at least the upper portion of the substrate 20
are susceptibte to etching. By “not appreciably™ etchable, it is intended that the microelectronic
material from which is formed the pair of patterned encapsulatmg mtcroelectromc layers 26a and
- 26b have with respect to the material(s) from which is formed the third upper patterned

nucroelectromc layer 24 and at least the upper portlon of the substrate 20 an etch rate ratio of at

least about 2:1, more preferably at least about 4:'1.

Referring now to Fig. 4, there is shown a schematic cross-sectional diagram | ‘
illustrating the results of further p'rbcessing of the microelectronic fabrication whose schematic
cross-sectional diagram is illustrated in Fig. 3.

Shown in Fig. 4 is a schematic cross-sectional diagram of a microelectronic

fabrication otherwise equivalent to the microelectronic fabrication whose schematic cross-
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sectional diagram is illustrated in Fig. 3, but wherein the third upper patterned microelectronic

layer 24 has been etched _from the second intermediate patterned microelectronic layer 22 while |
_ emponihg a first eﬁ:hant 28. Within the first preferred embodiment of the present invention, the
first etchant 28 would otherwise etch in addition to the third upper patterned microelectronic
layer 24 thé substrate 20, but due to the présence of the pair of patterned encapsulating
microelectronic layers 26a and 26b, the substrate 20 is not otherwisé etched. Althdugh the
schematic cross-sectional diagram of Fig. 4 illustrates the third upper patterned microelectronic
layer 24 as being coniplete]y etc}i_ed from the second intermediate patterned layer 22 through use
of the first etchant 28, there may under &nain circumstances exist microelectronic fabrication
structures wherein it is desirable to oniy partially etch a third upper patte_méd microelectronic
layer (such as is illustrated by the third upper patterned microelectronic layer 24) from a second
intermediate patterned miéroe]ecfronic layer (such as is illﬁstrate_d by the second intermediate
patterm;,d microelectronic layer 22) while not etching a first lower rriicroelectronic layer (such as
is illustrated by the substrate 20). Such is not precluded within either the present invention or the

ﬁrst preferred embodlment of the present invention.

Referring now to Fig. 5, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the microelectronic fabrication whose schematic

cross-sectional diagram is illustrated in Fig. 4.

Shown in Fig. § ié a schematic cross-sectional dfagram of a microelectronic
fabrication otherwise equivalent to the microelectronic fabrication whose schematic cross-
sectional dfagram is illustrated in Fig. 4, bl;lt wherein there is stripped from the microelectronic
 fabrication the pair of patterned encapsulating layers 26a and 26b while employing a second

etchant 30.
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Wrthm the first preferred emboc rnent of the present invention, the second etchant
30 may be employed ‘within etch methods mcludmg but not hmrted to wet chemical etch methods
and dry plasma etch methods. Within the first preferred embodiment of the present mventlon, '
both the substrate 20 and the second mtermedrate patterned microelectronic layer 22 are
substantially un-etched by the second etchant 30. Within the context of the present invention and -
the first preferred embodiment of the present .inyje‘ntion, “substantially un-etched” is intended to
indicate that the material from which is formed the patterned encapsulating layers 26a and 26b has
with respect to the meterial from which is formeﬁd either the second intermediate patterned
microelectronic layer 22 or the substrate 20 an etch rate ratio of greater than about 200:1,

preferably greater than about 400:1.

Upon forming the microelectron'iiz fabrication whose schematic cross-sectional
diagram is illustrated within Fig. 5, there is fonnéd a microeleetronic fabrication having formed
therein a microelectronic structure resulting from etching ot' a third upper pattemed |
microelectronic layer formed upon a seeond inte';rnediate_ pattemed microelectronic layer in t'urn_
) formed upon a substre_te which comprises a first iower microelectronic layer; where the third
upper pattemed' microelectronic layer is etched whiie not etchrng the first lower microelectronic
layer, while both the third upper patterned microelec':tronic layer and the first lobver

microelectronic layer are nonetheless both susceptible to etching within the same etchant.

Second Preferred Embodiment

‘Referring now to Fig. 6 to Fig. 10, there is shown a series of sch_ematie cross- - |

sectional diagrams illustrating the results of forming in accord with a more specific embodiment of
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the present invention which comprises a second preferred embodiment of the present invention a

gate electrode wnthm a field effect transistor (FET) within a semlconductor mtegrated circuit
microelectronic fabncatlon, where the gate electrode has stnpped from its surface a patterned
dielectric cap layer while not etching a .gate dielectric layer émployed within the field eﬁ"ect | |
transistor (fET). Shown in Fig. 6 is a schematic cross-sectional diagram of the semiconductor
iﬁtegrated_circuit microelectronic fabrication at an early stage in its fabrication in accord with the

second preferred embodiment of the present invention.

Shown in Fig. 6, in a ﬁr_st instance, is a semiconductor substrate 40 having formed
within and upon its surface a pair of isolation regions 42a and 42b which defines an active region

of the semiconductor substrate 40.

~ Within the second preferred embodiment of the present invention with respect to
the semiconductor substrate 40, although it is known in the art of semiconductor integrated circuit

microelectronic fabrication that semiconductor substrates are available with either dopant polarity,

‘various dopant concentrations and several crystallographic orientations, for the second preferred

embodiment of the present invention the semiconductor substrate 40 is typically and preferably a

(100) silicon semiconductor substrate having an N- or P- doping. Similarly, although it is also

known in the art of semiconductor integrated circuit microelectronic fabrication that isolation
regions may be formed within and/or upon a semiconductor substrate to define an active region of
the semiconductor substrate while employing methods including but not limited to isolation

regions thermal growth methods and isolation region deposition/patterning methods, for the

'second preferred embodiment of the present mventmn the isolation regions 42a and 42b are

typxcally and preferably formed within and upon the semiconductor substrate 40 to define the |

active region of the semiconductor substrate 40 while employing an iso_lation region thermal

AY
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growth method at a temperature of from about "950 to about 1100 degrees centrgrade to form the

isolation regions 42a and 42b of silicon oxide wrthm and upon the semiconductor substrate 40.

~ Shown also within the schematiécr_oss-sectional diagram of Fig. 6 formed upon
the active region of the semiconductor substrate 40 is a gate dielectric layer 44, and there is also
shown within Fig. 6 formed upon the gate dielec—tric layer 44 and nominally centered within the
active region of the semrconductor substrate 40 a gate electrode 46 having formed and aligned
thereupon a pattemed dlelectnc cap layer 48,

Within the second preferred embédiment of the present invention with respect to
the gate dielectric '!ayer 44, although it is kndwd in the art of semiconductor integrated circuit
microelectronic fabrication that gate dielectric té(ers may' be formed employing methods including
but not limited to gate dielectric layer thermal gr%)wth methods and gate dielectric layer |
deposrtlon/pattemmg methods, for the second preferred embodiment of the present invention, the '
gate dielectric layer 44 is typlcaﬂy and preferabl; formed employmg a gate dielectric layer thermal
- growth method at a temperature of from about 700 to about 1000 degrees centrgrade to form the

gate dielectric layer 44 of silicon oxide of thickness about 20 to about 250 angstroms formed

upon the active region of the semiconductor substrate 40.

“Within the second preferred embodiment of the present invention with respect to
the gate electrode 46, although it is known in the art ot‘ semiconductor' integrated circuit
microelectronic fabrication that gate electrodes may be formed via patterning, while employmg
methods as are conventional in the art of semiconductor mtegrated circuit mlcroelectromc
fabrication, of blanket Iayers of gate electrode materials including but not limited to metal, metal

alloy, doped polysilicon (typically greater than about SE19 electncally active dopant atoms per
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cubic centimeter) and polycide (doped polysilicon/metal silicide stack) gate electrode materials,
for the second preferred embodiment of the present invention, the gate electrode 46 is typically
and prefefably forrﬁed via patterning, while employing methdds as aré conventional in the art of
semiconductor integrated circuit microelectronic fabrication, of a blanket layer of doped
polysilicon or polycide gate electrode material formed upon thé gate dielectric layer 44 and the
iso.lation. regions 42a and 42b of the integrated circuit microelectronic fabrication whose
schematic cross-sectional diagram is illustrated in Fig. 6 to a thickness of fron; about 1000 to

about 5000 angstroms.

Slmllarly, within the second preferred embodiment of the present invention with
respect to the pattemed dxelectnc cap layer 48, although it is also known in the art of
semiconductor integrated mrcunt mncroelectromc fabrication that patterned dielectric cap layers
may be formed, via patterning, while employing methods as are conventional in the art of |
semiconductdr integrated circuit microelectronic fabricaﬁoh, of blanket dielectric cap lay_er§
formed of dielectric materials including but not limited to silicon o.xide die]ectﬁc materials, silicon

“nitride dielectric materials or silicon oxynitride dielectric materials, for the second preferred
embodiment of ihe present invention, the patterned dielectric cap layer 48 is preferably forrhed via
patterning, while employing methods as are conventional in the art of semiconductor integrated
circuit microelectronic fabrication, of a blanket dielectric cap layer formed of a silicon containing
dielectric mateiral such as a siiiCon oxide dielectric material, a silicon nitride digléctric miaterial or
a silicon oxynitride dielectric material, formed to a thickness of from about 100 to about 500
angstroms upon the blanket gate electrode material layer from which is formed the géte electrode

46,

Although not specifically illustrated within the schematic cross-sectional diagram
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of Fig. 6, as is understood by a person skilled i n] "the art, the patterned dielectric cap layer 48 and

the gate electrode 46 are typically and preferably formed via a sequential patterning ¢ of the
corresponding blanket dielectric cap layer and tl:e correspondmg blanket gate electrode material
layer while er_nployirrg a single patterned photor%sist'mask layer which is formed upon the blanket ..
dielectric cap layer when forming the patterned ;lielectric cap layer 48 and the gate electrode 46.
Under soch eircumstances, the blanket dielectri,g:cap layer from whieh is formed the patterned
dielectric eap layer 48 may serve as an anti-reﬂeetive coating (ARC) layer when forming the _
oattemed photoresist layer from pho'toexposure::of a corresponding blanket photoresist layer.
Alternatively and/or comcrdentally, the patternecl dielectric cap layer 48 may also serve as a hard
mask layer which provrdes superror linewidth control when formmg the gate electrode 46 from
the blanket gate electrode material layer. - |
- Within the second preferred embodiment of the present invention, it is desired to

strip from gate electrode 46 the patterned dielectric cap layer 48 while not etching the gate . |
dielectric layer 44, where since both the pattern;"l dielectric cap layer 48 and the gate dielectric
" layer 44 are formed of enalogous_ or equivalent silicon containing dielectric materials the patterned
dielectric cap layer 48 is not othérwlse typically selectively etchable within the presence of the

~ gate dielectric layer 44.

Referring now to Fig. 7, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the microelectronic fabrication whose schematic

 cross-sectional diagram is illustrated in Fig. 6. -

Shown in Fig. 7 is a schematic cross-sectional diagram of a microelectroriic

fabrication otherwise equivalent to the microelectronic fabrication whose schematic cross- |
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sectional dlagram is illustrated in F ig 6, but wherein there has been formed upon the

microelectronic fabrication and totally encapsulatmg the patterned dielectric cap layer 48 the gate
electrode 46, the gate dielectric layer 44 and the pair of isolation regions 42a and 42b a blanket

encapsulatmg layer 50.

Within the'second preferred embodiment of the present invention with respect to
the blanket encapsulating layer 50, although the _hlanket encapsula_ting layer 50 may be formed of -
encapsulating materials selected from the general;'roups of encapsulating materials including but
not limited to organic encapsulating materials and i morgame encapsulating materials which may be
formed with a profile as illustrated thhm the schematlc cross-sectional diagram of Fig. 7, where
the blanket encapsulating layer 50 has a limited th:ckness over the pattemed dielectric cap layer
48 in comparison with other portions of the blanket encapsulatmg layer 50, the blanket
encapsulating layer 50 is typically and preferably formed of an orgamc polymer spm-on-polymer
(SOP) encapsulating material. Typically and preferably, the organic polymer spin-on-polymer
(SOP) encapsulating material is forrned ina substahtially planarizing manner lwhich leaves
remaining a thickness of the blanket planarizing lafer 50 of about 200 angstroms over the
patterned dielectric cap layer 48. The organic pol;/mer spin-on-polymer (SbP) encapsnlatlng
‘material from which is formed the blanket encapsul;.:atting layer 50 may comprise an anti-reflective
coating (ARC) organic polymer spin-onépolymer (%OP) encaosulating material a photoresist
organic polymer spm-on-polymer (SOP) encapsulatmg material, or an otherwxse functional or

non-functional organic polymer spm-on-polymer (SDP) encapsulatmg matenal

Referring now to Fig. 8 there is shown a schematxc cross-sectional dlagram
1llustrat1ng the results of further processing of the semiconductor integrated circuit

microelectronic fabrication whose schematic cross-sectlonal diagram is lllustrated in Flg 7.
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Shown in Fig. 8 is a schematic cfiossfsectional diagram of .a. semiconductor
integrated circuit microelectronic fabrication ht}{fémise equivalent to the sémicbnductor integrated
circuit microelectronic fabrication whose schematlc cross-sectlonal diagram is 1lIustrated in Fig. 7,
but wherein the blanket encapsulating layer 50 has been etched within a first etchant 52to forma
pair of pattemed encapsulatmg layers 50a and 50b while leavmg exposed at least a portion of the
patterned dielectric_catp_ layer 48, and while simq_l:taneously at least pértially encapsulating the gate
electro@e 46-and fully ehcapsulating the gate dié;ectric layer 44, Within the second preferretl '
embodiment of the present invention, the pattert;:éd encapsulating layers 50a and 50b serve
analogously with the patterned encapsulatihg layg.;-.rs 26a and 26b within the first preferred _
embodiment of the present invention as illu'strate% within the schematic cross-sectiorjal diagram of

Fig. 3.

Within the second preferred embg—diment of the present invention with respect to

: the first etchant 52, when the blanket encapsulatmg layer 50 is formed of an orgamc polymer spm--
on-polymer (SOP) encapsulating material, the ﬁrst etchant 52 is typlcally and preferably a first
 plasma etchant employed within a first plasma etch method, where the first plasma etchant
comprises an etchant gas composmon which upon plasma activation provides an oxidizing
species. Although any of several oxidizing etchant gas composmons may be employed as the first
plasma etchant within the first plasma etch method, including but not limited to oxygen, ozone,
nitrous oxide and nitric oxide containing oxidizing etchant gas compositi'ons, along with shitable'
diluents and co-reactants, more preferably, the first plasma étchant within the first plasma etch
method comprises is a first plasma etchaht comprising oxygen and hydrogen bromide. Within the
first plasma etchant, hydrogen bromide is empldyé_d for providing. optimal control of the etch rate

of the blanket encapsulating layer 50.
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When etching the blanket encapsulating layer 50 to form the pair of patterned -

encapsulating layers 502 'and 50b upon an eight inch diameter semiconductor substrate 40, the

| first plasma etch method also employs: (1) a reactor chamber pressure of from about 0.02 to

about 0.1 torr; (2) a radio frequency source power of from about 100 to about 400 watts ata
source radio frequency of 13.56 MHZ and a bias power of from about 50 to about 100 watts; (3) -
a semiconductor substrate 40 temperature of from about 30 to about 60 degrees centigrade; )]

an oxygen flow rate of from'about 20 to about Sq;standard cubic centimeters.per minute (sccm);
and (5) a hydrogen bromide flow rate of from ab'e;t 10 to about 20 standard cubic centimeters

per minute (sccm), which typically provides an etih rate of the blanket encapsulating lnyer 50 of

. from about 100 to about 1000 angstroms per minute.

Typicelly and preferably, when emp__ioying the first plasma etch method employing
the first etchant 52 to etch the blanket encapsulatigg layer.SO' when forming the patterned |
encapsulating layers 50a and 50b, the blanket encapsulating layer 50 is etched to fully expose the
~ surface of the patterned dielectric cap layer 48 whi;fe fully encapsulating'the gate electrode 46 and
the gate dielectric layer 44, although further etching of the patterned encap.sulating layers 50a and
50b within the context of the limits disclosed within the ﬁnst preferred embodiment of the present-
invention is not precluded within the second prefer‘%r;‘ed embediment of the present invention.

Asis understood by a person sknlledm the art, although the schematic cross-
sectlonal diagram of Fig. 8 illustrates a blanket etchback of the blanket encapsulatmg layer 50 to
form the patterned encapsulating layers 50a and SOb while employmg the first etchant 52, it is also
plausible and under certain circumstances preferredfwithin the present invention, including either
the first preferred embodiment of the present invention or the second pref‘erred embodiment of the

present mventlon, that there is instead employed a selectwe photoexposure and development of a
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blanket encapsulating layer 50 when formed of ,4 photoresist organic polymer spm-on-polymer

(SOP) material to provnde a further selective exposure of only a subgroup of third upper pattemed
rmcroelectromc layers, such as the patterned dlelectnc cap layer 48, within a microelectronic
fabrication analogous or equwalent to the mxcroelectromc fabrication whose schematic cross- -
sectional diagram is illustrated within Fig. 8. Such additional selectivity may provide for greater
process latitude when fabricating certain types gt‘ microelectronic fabrications while employing the
method of the present invention. For example apd without limitation, such additional selectivity
may provide an opportunity for selectively fonnihg multiple types of metal silicide layers within
subgroups of gate electrodes or polysxhcon mterconnects within a microelectronic fabrication |
analogous or equrvalent to the microelectronic fabncanon whose schematic cross-sectional
diagram is illustrated in Fig. 8. For additional eXample and without limitation, such polysilicon
interconnects may be formed upon isolation reéi:ons within the microelectronic fabrication, such as
the isolation regions 42a and 42b as is illustratedgrvithin the mi_croelectronic fabrication whose
schematic cross-sectional diagram is illustrated iﬁ__l’ig. 8, and the subgroups of polysilicon
interconnects and/or gate electrodes need not be%f equivalent height above the substrate

~ employed within the microelectronic fabrication. -

Referring now to Fig. 9, there is shown a schematic cross-sectional diagram
1llustrat1ng the results of further processing of the semiconductor mtegrated circuit

microelectronic fabrication whose schematic cross—sectxonal dlagram is illustrated in Fig. 8

Shown in Fig. 9 is a schematic cross-sectional diagram of a semiconductor
integrated circuit microelectronic fabrication otherwise equivalent to the semiconductor integrated
 circuit microelectronic fabrication whose schematic cross-sectional diagram s illustrated in Fig, 8,

but wherein there has been etched from the gate electrode 46 the patterned dielectric cap layer 48
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while employing a second etchant 54, while simultaneously further etching the pair of patterned

encapsulating layers 50a and 50b to form a bair of etched patterned encapsulating layers 502’ and

500’.

Within the second preferred embolliment of the present invention with respect to
the second etchant 54, under circumstances wh'ere'tlhe pattemed dielectric cap layer 48 is formed
from a silicon containing dielectric material such as but not limited to a silicon oxide. dielectric
material, a silicon nitride dielectric material ora si_lficon oxynitride dielectric material, the second
etchant 54 is typically and preferably a second plasma etchant employed within a second plasma
etch method, where the second plasma etchant compnses a second etchant gas composition wh|ch. |
upon plasma activation provides an active fluorine contammg etchant species. More typically and
preferably, the second etchant gas composition co_mpnses a fluorocarbon, such as but not limited
toa p'erﬂuorecarbon ora hydroﬂuerocarbon of uf); to about 5 carbon atoms, sulfur hexafluoride
or nitrogen trifluoride, along with suitable diluents.. Most typically and preferably, the second
etchant gas composition comprises carbon tetraﬂu;f)rlde.

>

Similarly, typically and preferably, ;Jvhen etching the patterned dielectric cap layer

- 48 from upon the gate electrode 46 upon an eight mch dxameter semiconductor substrate 40, the

' econd plasma etch method also employs 1Na reactor chamber pressure of from about 0.01 to

about 0.1 torr; (2) a radio frequency source power - of from about 100 to about 400 watts at a
source radio frequency of 13. 56 MHZ and a bias power of from about 100 to about 300 watts;

(3) a semiconductor s_ubstrate -40 temperature of from- about 30 to about 60 degrees centigrade;

~ and (4) a carbon tetrafluoride ﬂew rate of from about 20 to about 100 standard cubic centimeters

' per minute (sccm), to provide an etch rate ratio of the material from which is formed the .

patterned dielectric cap layer 48 with respect to the material from which is formed the blanket
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encapsulating layer 50 of at least about 5:1. ~ *

.

Referring now to Fig. 10, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of thg semiconductor integrated circuit

microelectronic fabrication whose schematic cros;s-s_ectional diagram is illustrated in Fig. 9.

w2

Shown in Fig. 10 is a schematic cgoss-sectional diagram of a semiconductor |
integrated circuit microelectronic fabrication ochrwise equivalent to the semiconductor integrated
circuit microelectronic fabrication whose schemifzic crbss—sectional diagram is illustrated in Fig. 9,
but wherein there ha§ béen stripped from the sen{iconductor integrated circuit microelectronic.
fabrication the pair of etched patterned encaps'ulét_ing iayers 50a’ and 50b’ through etching within

a third etcﬁant 56.

x

| Within the second preferred embodiment of the present invention .with respect to
the third etchant 56, the third etchant 56 will typr"ally émd preferaﬁly employ etchants as are
typical in the art of microelectfbnic fabrication fox; stripping organic polymer spin-on-polymer
(SOP) encapsulating materials from upon microel_gétfonic fabrications. Such etchants rh_ay include
plasma etchant gas compositions which upon plas;rla activation provide active oxidizing specieS
(such as are employed within the first plasma etch method which employs the first etchant 52 as
illustrated within the schematic cross-sectional diégram of Fig. 8), as well as organic solvént
etchants as are conventional in the art of nﬁcroelgctr,onié fabricaﬁon, althoﬁgh plasma etch
methods which employ etchant gas compositions which upon plasma actfvatio’n form active

oxidizing species are typically preferred.

When stripping the etched patterned encapsul.itirig layers 50a’ and 50b° from over
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an eight mch diameter semrconductor substrate 40 while employing a third plasma etch method

which employs an oxygen plasma as the third etchant 56, there is typlcally and preferably also
employed (1) a reactor chamber pressure of from about 0.5 to about 2 torr; (2) a radio frequency
source power of from about 500 to about 800 watts at a source radio frequency of 13.56 MHZ
and a bias power of up to about 100 watts; (3) a éemlcond’uctor substrate 40 temperature of from
about 100 to about 250 degrees centlgrade (4) an oxygen flow rate of from about 100 to about

500 standard cubic centrmeters per minute (sccm)

Upon forming the semiconductor igtegrated circuit microelectronic fahrication
whose schematic cross-sectional cliagram is illustr;ted in Fig. 10, there is formed a semiconductor
integrated circuit m'icroelectronic fabrication havihg formed therein a gate electrode for use within .
a field effect transistor (FET), from which gate eleetrode has been stripped a patterned dielectric
cap layer while not etching a gate dielectric layer \i{hich is erriployed within the field effect

 transistor (FET) within the semiconductor integrated circuit microelectronic fabrication. The
foregoing result is realized by completely encapsulatmg the gate dielectric layer and at least a
portion of the gate electrode within the semlconductor mtegrated circuit mlcroelectromc
fabrication while employmg an encapsulating layer whlch leaves exposed at least a portion of the
patterned dielectric cap layer, while stnppmg the pattemed dielectric cap layer while employing an '

etchant which would otherwise etch both the pattemed dielectric cap layer and the gate dielectric -

layer. .

T TR

. The semrconductor integrated czrcmt microelectronic fabncat:on whose schematlc
. cross-sectional dlagram is 1llustrated in Fig. 10 may be ﬂxrther fabncated employing methods and
matenals as are conventlonal in the art of semiconductor mtegrated circuit microelectronic

fabncatlon to pr.ovrde a fully functional ﬂeld effect _t,ransr_stor (FET) within the semiconductor
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integrated circuit mlcroelectromc fabrication. °‘Jch methods and matenals will typically mclude

ion implant methods as are conventional in the art of semiconductor integrated c1rcu1t _
microelectronic fabrication to form within the field effect transistor (FET) a pair of source/drain

regions within the active region of the semicondif:ctor substrate 40 at areas not covered by the

gate electrode 46.

R

As is understood .by a person skil!ed in the art, the preferred embodiments of the
present invention are illustrative of the present iri/ention rather than limiting of the present
invention. Revisions and modifi catxons may be rﬁade to methods, materials, structures and
dlmensmns through which is prov1ded a mlcroelcctromc fabrication or a semxconductor integrated
circuit mlcroelectromc fabrication in accord with the preferred embodiments of the present
invention whlle still prowdmg embodiments of the present invention which are within the spmt

X

and scope of the present invention, as defined by the appended claims.

. ..3«;.‘&;,:»5:
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1. A method for forming a patterned microelectronic layer comprising:

providing a substrate;
forming over the substrate a multi-layer stack layer comprising:

a first lower microelectronic layer;

a second intermediate patterned microelectronic layer formed over the first lower -

microeleétronic layer; and |
a third upper patterned microélectronic layer formed over the second intermediate
_ pattemed microelectronic layer, where the first lower microelectronic layer and the third upper
pattemed microelectronic layer are susceptxble to etching within a first etchant;
formmg encapsulatmg the first lower microelectronic layer and at least a portion of the
second intermediate pattemed mlcroelectromc layer whlle leaving exposed at least a portion of the
third upper pattemed mlcroelectromc Iayer an encapsulating layer; _
| etchmg selectively, while employing a first etch method which employs the first etchant,
the third upper patterned microelectronic layer while the first lower microelectronic layer and at _
least the portion of the second intermediate pattem.ed microélectrénic layer are encapsulated with
tﬁe éncapsulating layer; and
stnppmg, while employing a second etch method whlch employs a second etchant from
 the first microelectronic layer and at least the portion of the second intermediate pattemed

_n_ncroelectromc layer the encapsulating layer.

2. The method of claim 1 wherein the substrate is employed within a microelébtronic fabrication
selected from the group consisting of intégrated circuit microelectronic fabrications, ceramic
substrate microelet:trdnic fabt_‘icétions, solar cell optoeiectronic microeleqtronic fabrications,
‘'sensor image array optoelectronic microelectronic fabrications and display image array

optoelectronic microelectronic fabrications.

prCTe.
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3. The method of clarm 1 wherem each of the first lower microelectronic layer, the second

mtermedrate patterned microelectronic layer and the third upper pattemed mrcroelectromc layeris
mdependently formed from a microelectronic r‘natenal selected from the group consisting of

mrcroelectromc conductor matenals mrcroe]eptromc semrconductor matena]s and mrcroelectromc

N X7 i

4. The method of claim 1 wherem the second. mtermedrate pattemed mrcroelectromc layer is

formedtoa thlckness of from about 1000 to aﬁout 5000 angstroms

5. The method of clarm 1 wherem the third upper pattemed microelectronic layer is formed to a

thickness of from about 100 to about 1000 angstroms

6 The method of claim 1 wherem the encapsufatmg layer is formed from an encapsulatmg
material selected from the group consxstmg of i morgamc encapsu]atmg matenals and organic

encapsulating matenals

3

7. The method of claim 1 wherein the encapsulating layer is formed to leave exposed at least the

portron of the third upper patterned mxcroelectromc layer while not exposmg a portron of an other

- third upper patterned microelectronic layer thhm an other multl-layer stack layer also formed

over the substrate,

8. The rhethod of claim 7 wherein:

the second intermediate patterned microelectronic layer within the multi-layer stack and an
other second intermediate patterned microelectronic layer within the other multi-layer stack are

both formed of polysilicon; and .
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a metal silicide layer is formed selectively upon the second intermediate patterned

microelectronic layer.

9. The method of claim 8 wherein the seednd intermediate patterned microelectronic layer and
the other second intermediate pattemed m1croelectromc layer are each independently selected
from the group of microelectronic layers cons1stmg of gate electrodes and polysilicon

mterconnects
10, The method of claim 1 wherein the first etch method is a first plasma etch method.

11. A method for forming a gate elec_trode comprislng:
- providing a semiconductor substrate;
forming I;pon the semicenducter- substrate a multi-layer stack layer comprisirlg:
" a gate dielectric layer formed upon the semiconductor substrate;
a gate electrode formed upon the gate drelectnc layer, and
a patterned dxelectnc cap layer formed and alngned upon the gate electrode, where
the gate dxelectrlc layer and the patterned dielectric cap layer are susceptrble to etching wrthm a
first etchant; |
| forming encapsulating the gate dielectric layer and at least portion of the gate electrode,
while leaving exposed at least & portion of the patterned dielectric cap layér, an encapsulating -
loye: . o . | .
 etching selectively, while employing a first etch melhod whicll employs the first etchant,
~_the patterned dielectric cap layer while the gate dielectric layer and at least. the portion of the gate:
electrode are encapeulated_with the encapsulating layer; and

stripping, while employing a second etch method which employs a second etchant, from
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the gate dielectric layer and at least the portion’of the gate electrode the encapstrlating layer.
12. The method of claim 11 wherein the gate electrode is formed to a thickness of from about

--1000 to-abotxt 5000 ar_tgstroms'.' R

i

Tha

13. The method of claim 11 wherein the patterned dielectric cap layer is formed to a thickness of

from about 100 to about 500 angstroms.

v e l")";.i. i

| 14 The method of claim 11 wherem the encapsulatmg layer is formed from an orgamc polymer
' spm-on-polymer (SOP) encapsulatmg matenal S
15. The method of claim 11 wherein the encapsulatmg layer is formed to leave exposed at least
the portion of the pattemed drelectrrc cap layer whrle not exposmg a portion of another pattemed :
dielectric cap layer formed within another multr-layer stack layer also formed over the

semrconductor substrate.

16. The method of claim 15 wherein: B
the gate electrode is formed of polysrlrcOn and
there is selectwely formed upon the gate L electrode a metal silicide layer while not further
processing the other multi-layer stack layer also formed over the substrate.

1

" 17. The method of claim 11 wherein the first efch method is a first plasma etch method.



