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(57) Abstract: A method which is particularly advantageous for improving a Self-Aligned Pattern (SAP) etching process. In such a
process, facets formed on a spacer layer can cause undesirable lateral etching in an underlying layer beneath the spacer layer when
the underlying layer is to be etched. This detracts from the desired vertical form of the etch. The etching of the underlying layer is
performed in at least two steps, with a passivation layer or protective layer formed between the etch steps, so that sidewalls of the
underlying layer that was partially etched during the initial etching are protected. After the protective layer is formed, the etching of
the remaining portions of the underlying layer can resume.
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TITLE OF THE INVENTION
MITIGATION OF ASYMMETRICAL PROFILE IN

SELF ALIGNED PATTERNING ETCH

CROSS REFERENCE TO RELATED APPLICATIONS
[6001) This application claims priority 1o Provisional Application No.
61/831,011 filed June 4, 2013, the entirety of which is incorporated herein by
reference.
FIELD OF THE INVENTION
(00021 The invention relates 1o improved etching methods. The invention can
be particularly advaniageous in efching with Self-Aligned Patterning (SAP}
techniques.
BACKGROUND OF THE INVENTION
[0003] Techniques herein relate 10 sermiconducior devics fabrication. Self-
Aligned Patlferning (SAP) is a known technique for decreasing feature sizes on
semiconductor substrates. Due to the semi conformal nature of spacer materials,
however, SAP techniques can lead o undesirable bowing of underiying layers.
Techniques herein address such bowing by providing a technigue to protect
underlying layers while maintaining critical dimensions.
[6004] In a typical SAP method, a spacer layer is formed upon mandrels, the
top portion of the spacer layer is removed, and then the mandrel is removed, thereby
lsaving spaced portions of the spacer layer upon an underlying laver. The
underlying laver is then stched between the portions of the spacer layer. However,
the spacer layer can often have facels, for example, curved or indlined portions.

When the underlying layer is subseguently elched, ions deflect from such facets and
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can impinge upon sidewalls of the underlving layer. As a resull, the sidewalls are
eiched, and the desired vertical profile for etching of the underlying layer is not
achieved.

SUMMARY OF THE INVENTION
[0005] The invention provides an improved eiching method which is
particularly advaniageous whean used with SAP lechnigues. Typically, when giching
an underlying layer underneath a spacer layer, the underlying layer is etched {o the
complete depth of the elch in one eiching step. In accordance with an example of
the invention, a first portion of the underlving laver is etched followed by the
deposition or growth of a protective layer on the sidewalls of the partially eiched
undertying layer. After the proteclive layer is formed, the remainder of the depth of
the underlying laver is then siched. The protective layer thereby prevents or reducss
fateral etching in the sidewalls of the underlying layer, so that bowing is avoided or
minimized, and a more vertical efch is achieved.
(0008 Inn accordance with a preferred example, after the first portion of the
underlying layer is etched, elching is discontinued, followed by formation of the
protective layer. The prolective laver can be formed not only on the sidewalls of the
parliaily etched underlying layer, but also on botiom surfaces. Therefore, in
accordance with an example, when eiching begins again, a breakthrough etch step
can be first performed followed by continuing of efching through to the remainder of
the depth of the underlving fayer. In the breakihrough etch, the elching conditions
can be modified to be more advaniageous in etching through the protective layer on
the bottom surface of the trench in the partiaily gtched underlving laver. For example,

ihe pressure can be decreased andfor the elch chemislry can be modified.



WO 2014/197324 PCT/US2014/040277

(60871 The initial elching, protective layer forming, and then the continued
etching or completion of etching of the remainder of the underlying layer, ¢an be
formead in the same process chambaer, with a plasma conlinuously maintained
throughout the process. For example, the process chemisiry can be varied so that
after the initial etching of the underlying layer, the eiching is discontinued and the
process chemisiry or plasma chemistry is changed so that the protective layer is
deposited or grown, and thereafler, the process chemistry can be again changed
{e.g., back to that used for the initial siching) so that etching resumes {o elch the
remainder of the underlying layer, with a plasma maintained throughout the process.
Alternately, the plasma can be extinguished after each of the steps, and then
resumed for the next step. By way of example, and not {0 be construed as limiting,
maintaining a plasma continuously throughout the process will typically be desirable
for production of commercial products. However, discontinuing or extinguishing of
the plasma might be desirable, for example, during process development.

(60081 By way of example, the elching of the first portion of the underlying
laver and the etching of the remaining portion of the underlving layer can use the
same process gas chemisiry, because the material of the underlying layer is the
same. As noted above, when the etching initially resumes after deposition or growth
of the protective laver, the process gas chemistry could also be modified during
breakthrough of the protective layer on the bottom wall of the partially elched
underlying layer. Because the eiching is highly directional with vertical ions, this
maodification during breakthrough etching is optional.

[0009] The invention will be belter appreciated with reference 1o the detailled
description of exampies of embodiments herein. His o be undersiood that the

sxamples can be modified, and that certain features or combinations of fealures can
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be utilized without utilizing other features. Thus, the invention could be practiced
using subssts of features or advaniages of the disclosed examples, or with
maodifications o suit particular materials or processes (o which the invention can be
applied. In addition, it is {0 be undersiood that, unless specified, the sequence of
steps of the invention could also be modified or could overlap with one ancther, or
could include additional steps.
BRIEF DESCRIPTION OF THE FIGURES

[6610] Figs. 1A and 1B #lustrate forming and etching of a spacer layerin a
conventional SAP process;

Figs. 2A and 2B illustrate mandrel removal and etching of an
undertying layer in a conventional SAP process;

Figs. 3A - 3D illustrate an example of siching in an SAP process of the
invention; and

Fig. 4 is a Howchart representing an example of a process of the
invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

0011} Figures 1A-B and 2A-B show a conventional self-aligned patterning
(SAP) process and accompanying drawbacks. For such patlemning, a mandrel 10
can be used as a corg, and then a spacer layer 12 is deposited over the mandrel
core. The mandrel and spacer layer are deposited on an underlying layer 14,
During deposition and/or spacer aich - prior 1o removal of the mandrel - the spacers
can resull in a faceted surface 12a on oneg side (the side that is not adjacent to the
mandrel). This can be curved, angled, or otherwise not parallel {0 an opposing side.
in Fig. 2A, with the mandre! removed, the faceled portions 12a of the spacer can be

easily distinguished. Such faceting can be undesirable during a subsequent
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underiaver efching process. During an underlayer elch, the facelsd spacer/mask
can cause ions, radicals, or other species {0 be deflactad and strike sidewsalls of the
underlying layer as represenied by arrows A in Fig. 2B. This is undesirable because
such deflected ions laterally etch the underlying layer, resulting in bowing. The
undercut or bowing is primarily on the non-mandrel side, while the mandrel side (i.e.,
the sidewall surfaces adjacent to where the mandrel was located) has relatively litlle
or no bowing.

10012} in accordance with the invention, a method of seif-aligned patltemn
eiching is provided that reduces bowing of an underlying layer in the presence of a
faceted spacer. Such technigues include executing a partial eich, followad by a
sidewall protection step to protect the partiaily etched underlving layer, and then an
etch of the remaining underlying layer. Note that various different types of materials
and etch/protection chemistries can be used. For conveniencs, techniques herein
will identify certain specific examples of materials. For example, the spacer layer 12
can comprise siiicon oxide (85102}, the underlying layer 14 can be sificon, and the
substrate {or a further layer beneath the underlying layer) 16 can be silicon oxide or
silicon nitride or other material.

10813} The mandrel 10 is formed by convenilional techniques, for example, by
depositing a layer of the mandrel material and then etching the layer so that a
plurality of mandrels remain upon the subsirate. Thereafier, the spacer malerial is
formed upon the mandrel, portions of the spacer material are eiched, and the
mandrel is then removed, for example, by etching as discussed previously with
respect to Figs. 1A-B and 2A.

(06014} Referring to Figs. 3A-D, a substrate is provided or received having a

spacer fayer 112 {mandrel removed), an underlying laver 114, and a substrate or
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further layer 118. This substrate stack includes faceted/angled sidewalls 112a of
spacers 112. Using the spacers in the spacer layer as a mask, a {op portion of the
underlying layer is efched as show in Fig. 38, This partial etch can be executed by
using an etch chemistry that is selective (o the underlying layer relative to the
spacers. Afier the partial elch, a protection laver 115 can be deposited and/or grown
on the now created sidewalls (114a) of the underlying layer 114, By way of a non-
imiting example, when the underlying layer is silicon, then the deposited/grown
protection laver can be silicon dioxide formed, for example, with an oxygen plasma.
Thus, an oxidation step can be used for creating a protection layer. After silicon
dioxide is protecling upper sidewalis of the undarlying layer, then an eich siep can
be continued that etches the underlying layer 114 down to the substrate or target
faver 116 below.

[6015] As mentioned, various chemisiries and protection layers can be
selected based on particular material compositions of the various layers. For
example, if the underlying laver 114 is a nitride, then a fluorocarbon chemistry can
be used to create a protection or passivation layer 115, When the underlying laver
114 is an organic layer, then corresponding chemistries can be used that resist
etching the mask {112, 115} while eiching the underlying layer. Also note that the
invention is not limited {0 a partial efch followed by a single deposition, which is then
followed by a fullfremaining eich. For example, there can be several
etch/deposilion/elch cycles for a particular application.

[6018] The amount of etching of the underlying layer 114 before forming a
protective or passivation layer can vary depending upon the materials and the depth

io be etched. However, preferably the passivation or protective laver 115 is
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deposited when there has been an initial elfch of 50% or less of the total depth to be
efched.

00171 After the first gtching or initial etching, a french is formed in the layer
114 having both sidewalis 114a and a botiom wall 114b in the trench. When the
protective laver is formed, it typically will be formed on both the sidewalls 114a and
bottom walls 114b of the trench of the partially etched underlying layer, with
respactive protective layer portions 115a and 115b. The portion 1150 on the boltom
wall 114b of the underiying layer 114 must therefore be elched through before
continuing 1o eich the remaining portions of the underlying layer 114, Preferably, the
etching of the underlying layer 114 is conducted using a low pressure, for example,
1-160 mTorr which produces ions that are highly directional, so that the proteclive
fayer 115b at the bottom of the trench can be etched through while the protective
faver portion 115a is sufficient to protect the sidewalls 114a with respect 1o deflected
ions.

[6618] To further assist in etching through or breaking through the portion
115b, the process can optionally be modified for a breakihrough sich of the portion
115h, and thereafler, the siching of the remaining portions of the underlying layer
114 can resume {e.g., with the same plasma chemistry and conditions as used in the
initial underlving laver partial eich). For exampls, the pressure and/or etch chemistry
can be modified during the initial etching after the protective layer 115 has been
formed o further assist in efching through the bottom portion 118b of the protective
laver. As noted sarlier, the plasma procsssing is preferably conducted at low
prassure. During the deposition or growth of the protective layer, the pressure can
be slightly higher than that used during elching of the underlying layer, as a slightly

higher pressure is beneficial for formation or growth of the protective layers {during
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the deposition or growih of the protective laver 115, the pressure remains low, for
example, in the 1-100 mTorr range, however the pressure is preferably slightly
higher than the pressure used during eiching). Puring the etching through the
botiom portion 115b, the pressure is again reduced, and is preferably lower than the
pressure used for the deposition/growth of the prolective laver. This reduced
praessure for etching through the botiom portion 115b can be the same as or could be
slightly lower than the pressure used for elching the remainder of underlying layer
114, In addition, the elch chemistry for etching portion 1158b can be modified as
compared with the etch chemistry used for the remaining portion of the underlying
layer 114, For example, during the efching of the bottom portion 115b, fluoring ora
fluorine containing gas, such as CFy or CiFy could be ulilized, and thereafter, the gas
chemistry can be changed back to the gas chemisiry utilized for etching the
underlying layer 114. The gas chemislry used for etching the underlying layer 114
can be the same in the initial etching and for elching of the final or remaining
portions of the underlying laver 114.

(00191 The plasma chemistry will depend upon the materials of the underlying
laver being etched, however, by way of example, and to not be consirued as limiling,
an HBr or Gl plasma can be used for elching the underlying layer. By way of
example, and not to be consirued as limiting, the initial etching of the underlying
laver can proceed for about 20-40 seconds, with the deposition or passivation
forming/growth then proceeding for 2-30 seconds, followed by a breakthrough etch
{to sich the portion 115b) of approximately 2-10 seconds, with the final or remaining
etch proceeding for approximately 30-80 seconds. As noted earlier, rather than

providing a two-step etch of the underlying layer with one deposition/growth in
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between, muitiple cycles of alternating elching and prolective laver forming al sleps
couid be utilized.

[0020] Beneath the underiying layer 114, the substrate 116 or subsirate layers
116 are iilustrated. Various layers 116 could be present undemeath the underlying
fayer 114. The target layer 116 can serve as an eich stop layer so that once the
underlying layer 114 is gtched fully through, the eiching discontinues. By way of
example, the laver 116 can be Si0 or SIN. Of course, various layers can also be
present undemeath the layver immediately below the underlying layer 114, The layer
or substrate 116 could be the silicon wafer substrate or subsirale base itself. The
laver 116 could also be a laver or substrate that is subsequently efched using the
underlying layer 114 as a mask. For example, the underlying laver 114 could be
formed of a mask material so that, afier the elching of the underlying layer 114, the
underlying layer 114 {e.g., as shown in Fig. 3B) provides a mask for subseguent
etching of the substrale 118, with the etching of the substrate 1186 {or other layer
present beneath the underlying layer 114) proceeding in the spaces or aperiures
formed between the portions of the underlying layer 114 remaining upon the
subsirate 116.

60213 As noted eartier, according o an example, the spacer laver 112 can be
Si0;, and it can serve as a mask for the efching of the underlying layer 114 which
can be, for example, Si. An oxygen plasma can then be used for forming the
protective layer 115 so that the proteclive layer Is, for example, a silicon oxide. s
to be understood that alternate materials can be utilized, or in other words, the
prasent invention could also be utilized or applied 1o configurations or architectures
in which alternate materials are used. For example, the spacer or mask layer 112

could be a silicon nitride material. The protective layer can be SI0, or a polymer or
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flucrccarbon such as CyHy, or a silicon coating, for exampie, formed with an SiCl
plasma. Bengath the underlying layer, the layer 1186 can be, for example, SiN or Si0O.
For etching the underlying layer, by way of example, a C, can be used for the
initial etching and for completion of etching of the underlying layer. If desired o use
a different chemistry or different gas for the breakthrough of the portion 115b a
leaner gas {less polymer) could be used during the breakthrough, followed by
resuming of etching with the same gas chemistry for elching the remaining portions
of the underlying iayer 114 as was used for elching the initial portions of the
underlying layer.

(00221 Further by way of example, the spacer or mask layer 112 can also be
or include a carbon material, an oxide, or nitride, and the underlying layercan be a
carbon material such as an OPL {(organic planarization layer), and for protection after
the initial etch, a polymer or silicon polymer can beg formed on the sidewall of the
underlying layer. For elching of the underlving layer, an oxygen based plasma, CQ,
COs, or COS plasmas can be utllized. In addition, if desired, o assist in
breakthrough of the botiom portion 1150 of the protective layer, additional C,F, could
be ulilized for etching through the bottom portion 115b, followed by resumption of
elching with the same gas chemisiry as used during the etching of the initial portion
of the underlying layer 114,

[0023] Fig. 4 is a flowchart representing the process of the invention. As
shown in step $100, mandrels are first formed, for example by etching a layer of the
mandrel material {0 leave mandrels on the underlying layer. After the mandrels are
formed, in step 5102, a spacer layer is formed on the mandrels, followed by efching
of the top portions of the spacer layer in step 8104, Thus, after step 5104, the

spacer ayer is present along the sidewall surfaces of the mandrels, but the {op of the

10
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mandrel is exposed, so that the mandrels can be removed in step B108, for example,
by etching. In step 5108, the first portion of the underlying layer is eiched, followed
by formation of the protective fayer on the partially elched underlying layer in step
S110. Thereafter, a breakthrough eich can be performead in step 5112, As
discussed earlier, the modification of the eiching process for the breakthrough etch is
optional, and the same eich process as used for etching the underlying layer could
also be used 1o eich through the boltomn portion 115b of the protective layer. To
further assist eiching through of the botiom portion of the protective layer, a
breakthrough stch step can be performed in which, for example, the pressure is
reduced and/or the etch chemistry modified (for example, with a leaner or lower
amount of polymer, or with an additional fluorine containing gas) to assist in the
etching through the protective laver bottom portion 1158b. Thereafier, eiching
continues to efch through the underlying layer as indicated in step §114. As also
discussed earlier, the initial etching, formation of the protective layer, the optional
breakthrough elching, and the completion of efching through the underlying layer can
be performed in the same process chamber with a plasma maintained continuously
throughout, and with the elch chemistry or other processing conditions modified for
performing the various steps. Allemnatively, the plasma can be extinguished afler
one or mare of the various steps, and then a plasma is re-struck for the next step.
[0024] in the preceding description, specific deiails have been set forth. H
should be understood, however, that techniques herein may be practiced in other
embodiments that depart from these spacific details, and that such details are for
purposes of explanation and not limitation. Embodiments disclosed herein have
been described with reference to the accompanying drawings. Similarly, for

purposes of explanation, specific numbers, materials, and configurations have been

11
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set forth in order {o provide a thorough understanding. Nevertheless, embodiments
may be practiced without such specific dstails. Operations described may be
parformed in a diffsregnt order than the described sembodimenis unless ctherwise
specified. Various addiional operations may be performed and/or described
operations may be omitted in additional embodiments,

[6025] Those skiiled in the art will also understand that there can be many
variations made to the operalions of the techniques explained above while still
achieving the same objectives of the invention. Such variations are intended {0 be
covered by the scope of this disclosure. As such, the foregoing descriptions of
embodiments of the invention are not infended 1o be limiting upon the scope of the

following claims.

12



WO 2014/197324 PCT/US2014/040277

CLAIMS

1. A method for self-aligned patiern etching, the method comprising:

providing a substrate having spacers formed on a sidewall of one or more
mandrels, wherein the spacers are formed on an underlving laver, and the spacers
are formed of a first material, and wherein the underiving layer is formed of a second
material;

removing the one or more mandrels, such that the resulling spacers have a
cross sectional shape in which a first sidewall is relatively planar and a second
sidewall, on an opposite side of a respective spacer, is faceted having a non-planar
surface;

atching a first portion of the underiving layer using the spacers as a mask;

depositing or growing a protective layer on sidewalls of the underlyving layer
creating during etching of the first portion; and

etching a remaining portion of the underlying layer using the spacers as a
mask.

2. A method as recited in claim 1, wherein etching is stopped during the
depositing or growing of the prolective layer.

3. A method as reciied in claim 2, wherein the eiching of the first portion and
the eiching of the second portion are performad by plasma siching.

4. A method as recited in claim 3, wherein during the depositing or growing of
the protective laver formed during the siching of the first portion, the protective layer
is also deposited on a boltom wall of the underlying layer, and whergin the method
further comprises performing a breakihrough etch o etch through the protective

fayer on the bottom wall of the underlying layer.

13
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5. A method as recited in claim 4, wherein during the breakihrough etch, at
least one of:

{a) a plasma gas chemislry is used which is different than a plasma
gas chemisltry used during etching of the remaining portion of the underlying
laver; or

{b) a pressure in a procassing chamber is reduced compared 10 a
pressure used during the deposiling or growing of the proteclive layer.

8. A method as redited in claim 5, wherein during at least a portion of the
etching of the underlying layer a plasma gas chemistry is used which is the same as
a plasma gas chemistry used during at least of portion of the siching of the first
portion.

7. A method as recited in claim 8, wherein ong of a further layeror a
substrale is positioned directly under said underlying layer, and further wherein
during the etching of the remaining portion of the underlving layer said one of the
further layer or the substrate is exposed.

8. A method as received in claim 7, wherein during forming or growing the
protective layer, a plasma processing pressure is maintained which is higher than a
plasma processing pressure during elching of the first portion of the underiying layer
and further wherein during the breakthrough efch, both:

{a) a plasma gas chemistry is used which is different than a plasma
gas chemistry used during eiching of the remaining portion of the underlying
layer; and

{b) a pressure in a processing chamber is reduced compared o &

pressure used during the depositing or growing of the protective laver.

14
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8. A method as recited in claim 8, wherein during the eiching of the first
portion, a depth of the underlying laver is etched which is less than 50% of a tolal
depth siched of said underlying layer in both the etching of the first portion and the
elching of the remaining portion.

10. A method as recited in claim 1, wherein during the elching of the first
portion, a depth of the underlying layer is etched which is less than 50% of a total
depth etched of said underlving layer in both the elching of the first portion and the
etching of the remaining portion.

11. A method as recited in claim 1, whersin the depositing or growing of the
protective layer is performed with an oxygen plasma.

12. A method for self-aligned pattern elching comprising:

providing a subsirate having a layer of mandrel material thereon and an
underlying layer under the layer of mandrel material;

etching portions the layer of mandrel material to form a plurality of mandrels
on the underlying layer;

depositing a spacer layer on the plurality of mandrels so that the spacer layer
is formed on at least lop and sidewalls of the plurality of mandrels;

atching a top portion of the spacer laver so that the plurality of mandrels are
exposed while portions of the spacer layer remain along the sidewalls of the pluraiity
of mandrels;

removing the plurality of mandrels, wherein afier the plurality of mandrels are
removed, portions of the underlyving layer are exposed and the spacer laver provides
a mask over other portions of the underlving laver;

stehing a first portion of the underlying layer using the spacer layer as a mask

to form a partially etched underlying layer;

15
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depositing or growing a proteciive layer on sidewalls of the partially elched
underlying layer; and

after depositing or growing the protective layer, continuing eiching of the
underlying layer {o etch a second portion of the underlying layer.

13. A method as recited in claim 12, wherein the etching of the first portion of
the underlying layer eiches less than 50% of a total depth etched of the underlying
layer.

14. A method as recited in claim 13, wherein one of a further laver or a
substrate base is disposed immediately beneath the underlying layer, and wherein
the underlying laver is eiched completely through to expose portions of the further
fayer or substrate base.

15. A method as recited in claim 12, wherein during the depositing or growing
of the protective layer, the protective layer is also deposited on a boltom wall of the
underlying layver, and wherein the method further comprises performing a
breakthrough elch 1o elch through the protective layer on the bottom wall of the
underlying layer.

16. A method as recited in olaim 15, wherein during the breakihrough elch,
both:

{3) a plasma gas chemistry is used which is different than a plasma
gas chemistry used during continuing etching of the underlying layer; and

{b) a pressure in a processing chamber is reduced compared to a
prassure used during the depositing or growing of the proteciive layer.

17. A method as recited in claim 12, wherein each of the etching of the first
portion, the deposiling or growing of the protective layer, and the continuing eiching

are periormed with a plasma maintained in a process chamber, and wherein during

16
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the depositing or growing of the protective laver an oxygen plasma is used o form
an oxide layer on sidewalls of the partially efched underlying layer.

18. A method as recited in claim 17, wherein a plasma chemistry used during
the etching of the first portion is the same as a plasma chemistry used during

continuing etching of the underiying layer.

17
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