POST-SILICIDE SPACER REMOVAL BACKGROUND AND SUMMARY
[0001] The embodiments of the invention generally relate to transistor
manufacturing and more particularly to a method of removing sidewall
spacers after silicide has been formed. [0002] A gate sidewall spacer is

generally used to spg§§-ihe RO It AP Ao TR $ilicide away from

the device channel region (the shallow extension implant bridges the gap).
Once silicide is formed, the spacer is typically left in place where it may
adversely affect subsequent processes. For example, the spacer crowds the
limited area between C|3%‘>é@1£‘ﬂ% %@%gﬁ gquate room to form
good CA contacts. Also, the presence of the spacer forces the stress liner
further from the device channel thereby limiting the effectiveness of stress
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also erode silicide. Use of a sacrificial nitride deposited preferentially on the
foumieshie has been attempted but the beneficial effect of protecting the silicide
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spacer and the additional nitride from the gate sidewall. The net result is the
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exposed regions of the substrate not protected by the gate conductor and the
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protecting the silicide tends to be overwhelmed by the need to etch longer to remove both the
spacer and the additional nitride from the gate sidewall. The net result is the same or more
silicide erosion than the case where no sacrificial nitride is used.

[0004] In view of the foregoing, an embodiment of the invention provides a method
of forming an integrated circuit transistor. The method forms a gate conductor over a
substrate, forms spacers (e.g., nitride spacers) on sides of the gate conductor, and implants an
impurity into exposed regions of the substrate not protected by the gate conductor and the
spacers. Then, the method forms a silicide on surfaces of the exposed regions of the
substrate.

[0005] The method forms a conformal protective layer (e.g., an oxide or other similar
material) over the silicide, the spacers, and the gate conductor. Next, the method forms a

non-conformal sacrificial layer (e.g., nitride or other material that can be selectively removed

with respect to the protective layer) over the protective layer. Because it is non-conformal,
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the sacrificial layer comprises relatively thinner regions that are over the
spacers (e.g., the non-horizontal surfaces) and relatively thicker regions that
are over the substrate and the top of the gate conductor (e.g., the horizontal
surfaces). [0006] The non-conformal nature of the sacrificial layer allows a
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example, the partial etching process could be continued only for a limited
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of the sacrificial layer that are over the substrate are not removed (while the
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acers. Because the portions of the protective Ia)@r, that cover the spacers
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cqver the spacers comprises a selective etching process that attack
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These and other aspects of the embodjments.of the invention will be better
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nderstood, however, that the following descriptions, while indicatin
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retheainvelitionsieifidenblh geicli they are formed of the same material. The protective layer
can remain in place or can be replaced by an insulator layer.

[0007] These and other aspects of the embodiments of the invention will be better
appreciated and understood when considered in conjunction with the following description
and the accompanying drawings. It should be understood, however, that the following
descriptions, while indicating preferred embodiments of the invention and numerous specific
details thereof, are given by way of illustration and not of limitation. Many changes and
modifications may be made within the scope of the embodiments of the invention without

departing from the spirit thereof, and the embodiments of the invention include all such

modifications.



modifications. 2 BRIEF DESCRIPTION OF THE DRAWINGS [0008] The
embodiments of the invention will be better understood from the following
detailed description with reference to the drawings, in which: [0009] FIG. 1 is
a cross-sectional schematic diagram of a partially completed transistor
structure; [0010] FIG. 2 is a cross-sectional schematic diagram of a partially
completed transistor StrUthO%FIG' 3 is a cross-sectional schematic
diagram of a partiaW%B I Q&Et?&%%%%%&ﬂ FIG.4is a
cross-sectional schematic diagram of a partially completed transistor
structure. DETAILED DESCRIPTION OF EMBODIMENTS [0013] The
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embodiments that are illustrated in the accompanying drawings and detailed

in the Y8HAWIG deichiptrs-shcuprrliscbemmiie dinearthata aairedlvicemalesin
trdh@sesavinesare not necessarily drawn to scale. Descriptions of well-known

companents and processing techniques are omitted so as to not
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the embodiments of the inventjon may be practiced and to further enable
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traeResENaytilRe edamples should not be construed as limiting the scope of

the embodiments of the invention. [0014] As djscussed above, the fgﬁ%ﬁ
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longer to remove both the spacer and the additional nitride from the gate

sidewall net resylt is the same or . )
VY86lér]hfhe embodiments o ﬁle invention and the various features and advantageous

details thereof are explained more fully with reference to the non-limiting embodiments that
are illustrated in the accompanying drawings and detailed in the following description. It
should be noted that the features illustrated in the drawings are not necessarily drawn to
scale. Descriptions of well-known components and processing techniques are omitted so as
to not unnecessarily obscure the embodiments of the invention. The examples used herein
are intended merely to facilitate an understanding of ways in which the embodiments of the
invention may be practiced and to further enable those of skill in the art to practice the
embodiments of the invention. Accordingly, the examples should not be construed as
limiting the scope of the embodiments of the invention.

[0014] As discussed above, the problem with simply stripping the nitride spacer after
silicide formation is that etchants suitable for nitride removal also erode silicide. Use of a
sacrificial nitride deposited preferentially on the silicide has been attempted but the beneficial
effect of protecting the silicide tends to be overwhelmed by the need to etch longer to remove

both the spacer and the additional nitride from the gate sidewall. The net result is the same or



3 more silicide erosion than the case where no sacrificial nitride is used.
[0015] In view of the foregoing, an embodiment of the invention provides a
method of forming an integrated circuit transistor 100 (Figures 1-5). The
method forms a gate conductor 102 over gate insulator 109 on a substrate
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sides of theIgate conductor 102, and implants an impurity into exposed
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exposed regions of the substrate 108. [0016] The specifics of processin
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discussed in detail herein so as to focus the reader on the salient points of

sufstraf Lition. Further, the method can include other processing
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after silicide 112 formation followed by a highly non-conformal high density plasma (HDP)
nitride deposition 116 on the oxide layer 114. Because it is non-conformal, the sacrificial
layer 116 comprises relatively thinner regions 126 that are over the spacers 104 (e.g., the
non-horizontal surfaces) and relatively thickers regions 128 that are over the substrate 108
and the top of the gate conductor 102 (e.g., the horizontal surfaces). For purposes of this
application, the positional terms top, above, over, bottom, below, under, horizontal, vertical,
etc. are with respect to the manner in which the transistor is oriented in the drawings. As
would be understood by one ordinarily skilled in the art, the transistor structure can be turned

on its side, upside-down, etc. without altering the relative positions of the structures

discussed herein and the positional terms used herein would change as the structures change



on its side, upside-down, etc. without altering the relative positions of the
structures discussed herein and the positional terms used herein would
change as the structures change 4 relative positions with respect to one
another. Therefore, one ordinarily skilled in the art would understand the
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orientation of the transistor with respect to the viewer. [0018] The
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2. For exarrﬁﬁl‘g, the partial etching process could be continued only for a
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thicker regions 128 of the sacrificial layer 116 that are over the substrate 108
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130 of the protective |layer 114 that cover the spacers 104. Since the HDP
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104 without exposing the oxide 114 on the silicide 112. This oxide 114 can

SOfRER KL removed selectively, thereby exposing the nitride spacer 104. [0020]
Thusj(vacause: ihetpodioniad 30 hé Haemiolgdiyeriayelohlftaiseoyeribas 130 of
spacers, 104 are now exposed, the next step in.the method (shown in Figure
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stage of processing, are still covered by the remnants of the thicker portions 128 of the

sacrificial layer 116). The removing of the portions of the protective layer 114 that cover the
spacers 104 comprises a selective etching process that attacks protective material (e.g.,
oxide) and does not attack sacrificial material (e.g., nitride).

[0021] As the spacers 104 are now exposed and the silicide 112 is protected by the
protective 114 and sacrificial layers 116, the method can safely remove the spacers 104
without affecting the silicide 112, as shown in Figure 4. The removing of the spacers 104
comprises a selective etching process that attacks spacer material 104 and does not attack
protective material 114. For example, the nitride spacers 104 can then be removed by nitride
etch. Using a nitride etch with good selectivity to oxide ensures that the spacer 104 can be

completely removed while retaining the protective oxide layer 114 on the silicide 112. Thus,



comprises a selective etching process that attacks spacer material 104 and
does not attack protective material 114. For example, the nitride spacers 104
can then be removed by nitride etch. Using a nitride etch with good
selectivity to oxide ensures that the spacer 104 can be completely removed

thihierRIGningHIes RiRinstive Auda IXBE AkARNhesiioife i HaysiBeilis 12

invention enables complete removal of the nitride spacer 104 without any
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formed of the same material, as shown in Figure 4. The protective layer 114
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selective. Instead, such a continuous etching process would be designed to
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departing, from the generic concept, and, therefore, such adaptation d
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embodiments. It is to be understood that the phraseology or terminology employed herein is
for the purpose of description and not of limitation. Therefore, while the embodiments of the
invention have been described in terms of preferred embodiments, those skilled in the art will

recognize that the embodiments of the invention can be practiced with modification within

the spirit and scope of the appended claims.



the spirit and scope of the appended claims. 6 CLAIMS What is claimed is:
1. A method of forming an integrated circuit transistor, said method
comprising: forming a gate conductor over a substrate; forming spacers on
sides of said gate conductor; implanting an impurity into exposed regions of
said substrate not protected by said @atg@nductor and said spacers;
forming a silicide on surfaces of said exposed regions of said substrate;
Wfl%ﬁffrﬁ% t&ctive layer over said silicide, said spacers, and said gate
conductor; forming a non-conformal sacrificial layer over said protective
layer, wherein said non-conformal sacrificial layer comprises relatively.
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are oNghsah SRS tatau PRI atahipg.said non-conformal sacrificial layer
such that said relatively thinner regions of said non-conformal sacrificial layer
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are not removed, wherein said partially etching of said non-conformal
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spacers such that saj acers are_exposed and said silicide is not exposed:;
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regitedibirangistorceafdimethaciceimprisiighdt are over said spacers are completely
removed and said relatively thicker regions of said non-conformal sacrificial layer that are
over said substrate are not removed, wherein said partially etching of said non-conformal
sacrificial layer exposes portions of said protective layer that cover said spacers;

removing said portions of said protective layer that cover said spacers such that said

spacers are exposed and said silicide is not exposed; and

removing said spacers without affecting said silicide.
2. The method according to claim 1, wherein said removing of said portions of said
protective layer that cover said spacers comprises a selective etching process that attacks

protective material and does not attack sacrificial material.

3. The method according to claim 1, wherein said removing of said spacers comprises a

selective etching process that attacks spacer material and does not attack protective material.

4. A method of forming an integrated circuit transistor, said method comprising:



forming a gate conductor over a substrate; forming nitride spacers on sides of
said gate conductor; implanting an impurity into exposed regions of said
substrate not protected by said gate conductor and said nitride spacers;
forming a silicide on surfaces of said exposed regions of said substrate;
forming an oxide layer over said silicide, said nitride spacers, and said gate
condtwiainfoapangcashidtmosveontatsvahteitride layer over said oxide layer,
wherFin said non: conformal niHide }agle({ comprisgs relatively thinner regions

orming nitrige spacers on sides o e gonductor .
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over said nitride spacers are completely removed and said relatively thicker
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layer expos%s hOMIONS 01 Said Oxide layer that cover s i fitride spacérs;

corelmawing only said portions of said oxide layer that cover said nitride spacers
suchthat said nitride spacers are.exposed and said silicide is not.exposed.,
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process Rat attacks oxide and does not attack nitride. 6. The method
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removed and said relatively thicker regions of said non-conformal nitride layer that are over
said substrate are not removed, wherein said partially etching of said non-conformal nitride
layer exposes portions of said oxide layer that cover said nitride spacers;
removing only said portions of said oxide layer that cover said nitride spacers such
that said nitride spacers are exposed and said silicide is not exposed; and

removing said nitride spacers without affecting said silicide.

5. The method according to claim 4, wherein said removing of said portions of said
oxide layer that cover said nitride spacers comprises a selective etching process that attacks

oxide and does not attack nitride.

6. The method according to claim 4, wherein said removing of said nitride spacers

comprises a selective etching process that attacks nitride and does not attack oxide.



