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RELATED APPLICATIONS

janei This application claims priority to and benefit from United States Provisional
Application No. 62/808,046, filed on February 20, 2019, which is hereby incorporated by reference

herein in its entirety.

{0002} The present disclosure relates generally to semiconductor design and fabrication.
Specifically, the invention relates to methods for removing dielectric layers from integrated circuit

devices.

BACKGROUND

{8003} Integrated circuits are the foundation of the information industry. The development
and application of 5G, artificial intelligence, Internet of Things, autonomous driving and other
technologies all rely on integrated civeunits such as processors and memories. The pursuit of higher
performance and lower cost integrated civcuits has led to higher integrated density integrated circuits.
This poses challenges for various semiconductor manufacturing equipment such as wet etching

equipment.

{8004} During manufacture of integrated circuit (IC) devices, dielectric layers are often
used to aid the fabrication process. After aiding the fabrication process, the silicon nitride layer must

be removed.

[8085] Several processes are known to remove silicon nitride layers from IC devices which
are selective to silicon oxide, t.e., removing silicon nitride without appreciably attack the silicon
oxide. In one removal process, a substrate coutaining the silicon nitride layer is dipped in high-
temperature (100° C.} water. Other removal processes use phosphoric acid (H3POq). At low
temperatures, phosphoric acid is unable to significantly etch the silicon nitride because of its inability
to appreciably attack the silicon nitride. Higher temperatures speed up not only the etch rate of the
silicon nitride, but also the attack of the silicon oxide. As a result, it has been difficult to eich a

silicon nitride structure using phospheric acid.
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. a need exists for an efficient or cost effective method of

tek)

{6006} In view of the foregoin

selectively removing silicon nitride.

SUMMARY
[B6067] According to a first aspect, a method for removing a material, such as a dielectric

material, from a semiconductor device structure may comprise a processing chamber and a by-
product removal section. The processing chamber may be configured to receive the semiconductor
device structare. The semiconductor device structure may be exposed to an etchant in the processing
chamber to remove a portion of the structure and generate a by-product that enters the etchant. The
by-product removal section may be configured to convert the by-product into a precipitate and
remove the precipitate, thereby removing the by-product continuously.

[3088] In certain aspects, the by-product removal section comprises a precipitation
accelerator supply portion.

{(669] In certain aspects, the precipitation accelerator supply portion comprises a filter,
which is configured to remove the precipitate.

{8014} In certain aspects, the by-product remnoval section further comprises a precipitation
chamber provided on an upstream side of the filter. The precipitation accelerator supply portion is
configured to supply the precipitation accelerator to the precipitation chamber.

{6011} In certain aspects, the system comprises an etchant processing section. The etchant

processing section is confignred to prepare the etchant.

{6812 In certain aspects, the etchant processing section is configured to store the etchant.
[8013] In certain aspects, the etchant processing section comprises a chemical agent supply

section for supplying a chemical agent.

(8014} In certain aspects, the etchant processing section comprises a cavity for mixing and

storing the chemical agent.

{B015] In certain aspects, the f{ilter has a diameter no mere than about 8.22 micrometer, for
example.
{0016} According to a second aspect, a method of for removing a matenal, such as &

dieleciric material, from a semiconductor device structure comprises steps of introducing an etchant



WO 2020/172454 PCT/US2020/019097

into a processing chamber to remove a portion of the semiconductor device structure and generating
a by-product; converting the by-product into a precipitate; and removing the precipitate, thereby

removing the by-product contimiously.

{6017} In certain aspects, converting the by-products into the precipitate comprises the step

of supplying a precipitation accelerator to the etehant.

[801%] In certain aspects, the removing the precipitate comprises {iltering out the
precipitate.

8819 In certain aspects, the eichant comprises a phosphoric acid-containing solution.
0028} In certain aspects, the portion of the substrate comprises silicon nitride.

0021} In certain aspects, the by-products include silicie acid.

{06622} In certain aspects, the precipitation accelerator comprises one or more of the

following: hydrogen fluoride, water, amino acid, amine, or inorganic salt containing Ca, or Mg and
the like.

{3023} In certain aspects, the precipitation accelerator causes the by-products to precipitate
on the precipitation accelerator. The precipitation accelerator comprises one or more of the

following: molecular sieve, silicate power, guartz, or siloxane.

{6024} In certain aspects, the by-products concentration is monitored in real time.
[B025] In certain aspects, the precipitation accelerator 1§ introduced tn proportion.
[0026] In certain aspects, the precipitation accelerator is introduced in an amount other

than in proportion.

{80271 In certain aspects, the precipitation accelerator causes a change of the by-products

temperature, either higher or lower.

{6028] According to a third aspect, a method for removing a material, such as dielectric
material, from a semiconductor device structure comprises steps of exposing a semiconductor device
structure to a solution exhibiting a positive etch selectivity for the materials, such as dielectric
material; and removing the dielectric materials chemically from the semiconductor device structure

in such a way that the solution exhibits negative etch selectivity for silicon oxide.
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{60251 In certain aspects, the dielectric material comprises silicon nitride, for example.
{6036] In certain aspects, the method further comprises converting the silicon nitride to a

by-product.

{8031} In certain aspects, the method further comprises converting the by-product to a
precipitate.

168321 In certain aspects, the method further comprises removing the precipitate from the
solution,

196331 In certain aspects, the method further comprises monitoring composition of the

solution in real time.

DESCRIPTION OF THE DRAWINGS

180344 These and other advantages of the present invention may be readily understood with
the reference to the following specifications and attached drawings wherein

[0035] FIG. 1 illustrates a system for processing a subsirate according to an embodiment
of the present disclosure;

{0034] FIG. 2 illustrates a cross-sectional view of a substrate o be processed according to
an embodiment of the present disclosure;

{0037} FIG. 3 illustrates a system for processing a substrate according to an embodiment
of the present disclosure;

{6038] FIG. 4 illustrates a by-product removal section according to an emsbodiment of the
present invention;

{6039 FIG. 5 illustraies a system for processing a substrate according to an embodiment
of the present disclosure;

[6040] FiG. 6A lusirates an etchant processing section and a connection manner with the
first circulation line according to one ernbodiment of the present invention;

(8041} FIG. 6B illustraies an etchant processing section and a connection manner with the

first circulation line according 1o another embodiment of the present inventiony
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{0042} FIG. 60 illustrates an etchant processing section and a connection manner with the

first circulation line according to yet another embodiment of the present invention; and

{0043] FIG. 7 illustrates a system for processing a substrate according to an embodiment

of the present disclosure; and

{6044] FIG. § illustrates a flowchart of a method for processing a subsirate according to an

embodiment of the present disclosure.

DETAILED DESCRIPTION

[0845] Preferred embodiments of the present disclosure may be described hereinbelow
with reference to the accompanying drawings. In the following description, well-known functions
or constructions are not described in detail because they may obscure the disclosure in unnecessary

detail. For this disclosure, the following terms and definitions shall apply.

[0846] Reference throughout this specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of claimed subject matter. Thus, the appearances
of the phrase “in one embodiment” or “an embodiment” in various places throughout this
specification are not necessarily all referring to the same embodiment. Forthermore, the particular

features, structures, or characteristics may be combined in one or more embodiments.

{047} The process steps deseribed below may not form a complete process flow for
manufacturing IC devices. Only the process steps necessary to understand the present invention are

disclosed.

j6048] Wet etching technology is one of the key technologies of semiconductor
manufacturing technology. When the substrate is etched, in order to precisely control the etching
rate and obtain the etch selectivity for specific materials, in addition to meeting reaction process
conditions such as temperature, it is usually necessary to maintain the content or copeentration of
various components in the etchant or etching solution within the range of error. For example, on one
hand, as the etching reaction progresses, the active ingredients in the etching solution may be
gradually consumed. Therefore, it is necessary to monitor the composition of the etching solution in

real time and replenish the consumed active ingredients in time. On the other hand, the etching
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reaction will produce various etching by-products. If these by-products cannot be removed on time,
these by-products can have a potential adverse effect on the etching process. Unfortunately, the
current design efforts for wet etching equipment are mainly focused on the former, the latter has not
received sufficient attention. This causes the related etching eguipment generally lack the ability to
remove etching by-products. However, with the increasing integration and complexity of integrated
circuits, the lack of this capability will not only reduce the recycling rate of the etching solation, but

also make it difficult to form very fine semiconductor device structures.

[8049] In particular, current NAND memories are generally constructed with a 3D
structure, The key steps for forming the 3D structwre incluode: forming a stack consisting of
alternately stacked silicon nitride layers and silicon dioxide layers on a semiconductor substrate such
as silicon. A trench is formed through the stack by a dry etching technigue to reach the subsirate.
Constructions of 3D NAND are referred to in the U.S. patent application Ser. MNo. 16/517,600, filed
July 21, 2019, which claims priority to and benefit from a PCT application No. PCT/US18/14408,
which was filed on January 19, 2018, which claims priority to and benefit from a United States
Provisional Application No. 62/448.677, filed on January 20, 2017. Constructions of 3D
Ferroelectric Oxide Memory Devices are referred to i the U.S. patent application Ser. No.
16/517,598, which claims priority to and benefit from a PCT application No. PCT/US18/14416,
which was filed on January 19, 2018, which claims United States Provisional Application No.
62/448,677, filed on January 20, 2017. The foregoing applications, owned in common with the

present application and incorporated herein by reference in their entirety.

{06501 The silicon nitride material layer is selectively removed by an etching solution
using phosphoric acid as the main etchant, specifically, the silicon nitride layer in the stack is
exposed to the etchant through the trench formed in the stack and the silicon nitride is thereby
removed. For 3D NAND memories, the main method to increase storage density is to increase the
number of layers in the 3D structure, that {s, the mumber of silicon nitride layers and silicon dioxide
layers. However, an increase in the number of silicon nitride layers and silicon dioxide layers means
not only an increase in the amount of silicon nitride to be removed, but also an increased etch depth
caused by an increased aspect ratio. In this case, the effects of etching by-products cannot be ignored.
The main etching by-product formed by etching stlicon nitride with a phosphoric acid solution is
silicic acid, which exists in the form of orthosilicic acid {S¥{OH)) and phosphoric acid selution. The

inventors have found in practice that as the number of layers of the 3D structure increases,

&
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orthosilicic acid entering (e.g., dissolving) in the phosphoric acid solution is more likely to
polymerize and eventually precipitate beyond its solubility limit during the etching process. This
phenomenon can prevent further silicon nitride etching and even cause particle contamination on the
surface of the structure, making it difficult to form the desired high aspect ratio structure, Currently,

the related art etching equipment canmot solve or alleviate the above problems.

[0881} Frubodiments of the present disclosure will be described below with reference to

the drawings.

{38521 FIG. 1 illustrates a system 1 for processing a substrate according to an embodiment
of the present disclosure. As shown in FIG. 1, the system I for processing a substrate includes a
processing chamber 10 and a by-product removal section 20. The processing charmber 10 is
configured to receive a substrate 100 in which the substrate 100 is exposed o an etchant to remove
a portion of the substrate 100 and generate by-products that enter (e.g., dissolve, eic.) into the
etchant. The by-product removal section 20 is configured to convert the generated by-product into a

precipitate and remove the precipitate, thereby removing the by-product.

{0853] With the above system, it 15 possible to remove or reduce the etching by-products
with potentially adverse effects in the etching solution in ime during the etching process, thereby
ensuring that the eiching process can be performed well. As mentioned above, this is particularly
important for the selective removal of silicon nitride during the manufacture of 3D NAND
memories. According to an embodiment of the present disclosure, the etchant may include a

phosphoric acid solution. The removed portion of the substrate 100 includes silicon nitride.

{6054} FIG. 2 illustrates a cross-sectional view of a substrate 180 to be processed according
to an embodiment of the present disclosure. The substrate 100 is particularly suitable for
manufacturing a 3D NAND memory. As shown in FIG. 2, the substrate 100 may include a substrate
101 {for example, a silicon substrate) and a stack 102 on the substrate 101, The stack 102 includes a
silicon dioxide layer 1021 and a silicon nitride layer 1022 alternately stacked on a substrate 101, The
substrate 100 also includes a hole 103 extending through the stack 102, During the etching process,
the substrate 100 is disposed in the processing chamber 10 and is exposed to an etchant or etching
sohution which enters the holes 103 and thereby removes each silicon nitride layer 1022 in the stack

102,
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[B0S5] FIG. 3 illustrates a systemn for processing a substrate according to an embodiment
of the present disclosure. As shown in FIG. 3, the processing chamber 10 and the by-product removal
section 20 are provided in a first circulation line 50 for circulating the etching solution in the first
circulation direction A. The first circulation line 50 includes a first line 51 and a second line 52. The
first line 51 may be configured to guide the etching solution from the processing chamber 10 to the
hy-product removal portion 20, and the second line 52 is configured to transfer the etchant back to
the processing chamber 10 from the by-product removal section 20, With this system configuration,
the etchant can be circulated between the processing chamber 10 and the by-product removal section
20, and thus can be recycled, which increases processing capacity and material utilization. In
addition, as shown in FIG. 3, a pump P and a valve V are provided in the new circulation cirouit 50
according to actual needs to control the flow and the flow rate of the etching solution. It should be
understood that other additional devices (not shown), such as heating gas, various sensors, pressure
gauges, etc.,, may also be provided in the first circulation line 50, which is pot limited in the

embodiments of the present disclosure.

{6856} FIG. 4 llustrates a by-product removal section according to an embodiment of the
present invention. As shown in FIG. 4, the by-product removal section 20 inclndes a precipitation
accelerator supply section 21 and a filter 22, The precipitation accelerator supply section 21 is
configured to supply to the upstream side of the filter 22, for example, in the first circulation direction
A, a precipitation accelerator for converting au etching by-product into precipitation. The filter 22

is configured to remove the generated precipitate:

{0837} iu the case where the etchant is a phosphoric acid sohution and the material layer to
be etched is a silicon nitride layer, as deseribed above, the etching by-product that is prone to form
a precipitate is silicic acid, which exists in the form of orthosilicic acid in the phospheric acid
solution. Accordingly, the precipitation promoter may include at least one of the following:
hydrogen fluoride, Ho©, amino acids, amines, inorganic salts containing Ca, Mg, and the like. For
example, when the precipitation promoter is hydrogen fluoride, the reaction that generates

precipitation is expressed by the following formula:

16658] ASHOH) + mHF < [Sin{OH)pmFan] |+ miLO.
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{8859] The precipitation promoter may include a solid structure that causes silicic acid o
precipitate on the surface of the solid structure. Such solid structure may include but not limited to

8i( , either in the form of powder or blocks, or a molecular sieve, and the like.

{6060] The precipitation promoter may either heat or cool the by-product to accelerate the
precipitation.
{0861} FIG. 5 illustrates a system for processing a substrate according to an embodiment

of the present disclosure. As shown in FIG. 5, the system for processing a substrate further includes
an etchant processing section 30 connected to the fivst circulation line 50. The etching solution
processing section 30 is configured to achieve at least one of the following functions: 1} preparing
and storing an etching solution; 2} supplying the prepared etching solution to a first ¢irculation line;
and 3} supplying a chemical agent to the first circulation Hines to modulate the etchant. It should be
understood that the etching solution processing part 30 may be connected to any suitable position in
the first circulation line 50 according to actual needs. Although the etchant processing section 30 is
shown as being commected to the second line 52 {i.e., the downstream side of the by-product removal
section 20) in FIG. 5, the etchant processing section 30 may be connected to the first line 51 (e,
upstream side of the by-product removal section). However, considering that the etching by-products
and the precipitation accelerator may have a potential influence on the chemicals from the etching
solution processing section 30, it is advantageous to connect the etching processing section 30 to the

second wiring 52.

[8062] FIGS. 6A-6C illustrate an etchant processing unit and a conpection manner with
the first circulation circuit according to various emabodiments of the present invention. As shown in
FIGS. 6A-6C, the etchant processing section 30 includes a chemical agent supply section 31 for
supplying a chemical agent, and a cavity 32 for mixing and storing the chemical agent. It should be
understood that the cavity 32 of the etchant processing portion 30 is not necessary. Without the
cavity 32, the chemical agent supply unit 30 may directly supply the chernical agent to the circulation
path S0, According to an cmbodiment of the present disclosure, for etching silicon nitride, the
chemical agent provided by the chemical agent supply section 31 may include, but is not limited to,
phosphoric acid, water, and various additives. The additive may include, for example, a silicon

dioxide etching inhibitor {a silicon compound, such as HaSi0s, etc.), a silicon nitride etching
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accelerator (a fluorine compound, such as NHsF, NH4HF:, and the like). At room temperature, the

various additives can be of liqud, solid, or gas.

{8063] According to an embodiment of the present disclosure, as shown in FIG. 6A, the
cavity 32 may include a cavity provided in the first cireulation Hne 50 {particularly, provided in the
second line 52). According to an embodiment of the present disclosure, as shown in FIG. 6B, the
cavity 32 includes a first cavity 32a and a second cavity 32b, and the first cavity 32a which is
provided with a first circulation line 50 (o particular, a second fine 52). The second cavity 32b may
be connected to the first cavity 32a and may be provided in a supply line 60 that does not constitute
the fivst circulation line 50. The chemical agent supply portion 31 is configured to extend to the first
cavity 32a and the second cavity 32b which at least one of the first cavity 32a or the second cavity
32b provides a chemical agent. According to an embodiment of the present disclosure, the cavity 32
may be provided in the supply line 60 that does not constitute the first circulation line 50. As shown
in FIG. 6C, the cavity 32 includes a first cavity 32a and a second cavity 32b which are provided in
the supply line 60. The first cavity 32a is connected to the second line 52, and the second cavity 32b
is connected to the first cavity 32a. In addition, in FIG. 6C, the chemical agent supply section 31 is
configured to supply a chemical agent to at least one of the fivst cavity 32a and the second cavity
32b. In addition, as shown in FIGR. 6B and 6C, the cavity 32 may have a separate circulation line
70 5o that the chemicals supplied into the cavity 32 can be suffictently stured and mixed. o addition,

the cavity 32 may have a heater and various sensors (not shown).

{0064} FIG. 7 dllustrates a system for processing a substrate according to an embodiment
of the present disclosure. As shown in FIG. 7, the system 1 for processing a substrate further inchudes
a third Hne 81. One end of the third line 81 is connected to the first Hine 51, and the other end of the
third line 81 is conunected 1o a portion of the second line located downstream of the etchant processing
unit 30. The third line portion 81 is configured 1o remove the etchant from the second line. The line
52 leads back to the first line 51. After the third line 81 is introduced, the third line 81, the by-product
removal portion 20, and the etchant processing portion 30 may form a second circulation line 80
circulating in the second circulation direction B. This enables the etching solution to be cyclically
processed by the by-product removal section 20 and the etching solution processing section 30
before entering the processing chamber 10, With this configuration, the etching solution can be

sufficiently processed and stabilized before being introduced into the processing chamber 10,

10
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[0865] In another aspect of the present disclosure, a ruethod for processing a substrate is
provided. FIG. 8 illustrates a flowchart of a method for processing a substrate according to an
embodiment of the present disclosure. The method for processing a substrate includes: introducing
an etchant solution into a processing chamber to remove a portion of the substrate and generating a
by-product entering the etching solution (step S101); and converting the by-product into a precipitate
and removing the precipitate, Thereby, the by-product is removed {(step 5102). According to an
embodiment of the present disclosure, converting a by-product into a precipitate includes supplying
a precipitation accelerator to an etching solution afier use to generate the precipitate. According to
an embodiment of the present disclosure, the etching solution includes a phosphoric acid-containing
solution, a portion of the substrate includes silicon nitride (such as the silicon nitride layer 1022 in
FIG. 2), the by-product includes silicic acid, and the precipitation accelerator includes hydrogen
fluoride. Optionally, the method for processing a substrate may further include a step of

reintroducing the etchant solution to the process chamber after the by-product’s reraoval,

{3066} In further another aspect of the present disclosure, a method for removing dielectric
materials from a semiconductor device structure may comprise steps of exposing a serniconductor
device structure to a solution exhibiting a positive eteh selectivity for silicon nitride; and removing
the silicon nitride chemically from the semiconductor device structure in such a way that the solution

exhibits negative eteh selectivity for silicon oxide.

{3067} The method uses an eichant such as acid solution exhibiting a positive etch
selectivity or ability to eich one material (i.e., silicon nitride} faster than a second material (ie.,

silicon oxide).

{(868] A positive etch selectivity means that the acid solution etches dielectric layer (e.g.,
silicon nitride) at a faster rate than silicon oxide. Preferably, the acid solution employed contains
phosphoric acid. The acid solution may contain any concentration of phosphoric acid in water,
provided the acid solution exhibits a positive etch selectivity. Preferably, the phosphoric acid
concentration ranges {rom about 50% to about 100%, and is more preferably 85%. The phosphoric
acid solution may optionally contain additional agents, such as buffering agents and/or other acids

like fluoroboric acid and sulfuric acid.

{8069] A negative etch selectivity means that the acid solution etches silicon oxide at a

slower rate than a silicon nitride.

11
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6781 The method may further include steps of converting the silicon nitride to a by-
product; converting the by-product to a precipitate; removing the precipitate from the solution; and

monitoring composition of the solution n real time, as discussed before.

{06071} Although various embodiments have been described with reference to a particular
arrangement of parts, features, and hike, these are not intended to exhaust all possible arrangements
or features, and indeed many other embodiments, modifications, and variations may be ascertainable
to those of skill in the art, Thus, it is to be understood that the invention may therefore be practiced

otherwise than as specifically described above.

8872} It is to be understood that a process, corprises of converting a poriion of a
semiconductor device imto a soluble by-products, removing the by-products from the process
chamber and preparing the etchant for the process chamber in real-time, can be widely applied in
any suiiable semiconductor processing invelving a liquid selution, and not be restricted by the
semiconductors, such as NAND or dieleciric materials, such as silicon nitride, removal embodiments

described in this invention purely as exampies.
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What is claimed is:

1. A system for removing a material from a semiconductor device structure, comprising:

a processing chamber configured 1o receive the semiconductor device structure, wherein
the sermnitconductor device structure is exposed to an etchant in the processing charnber to remove

a portion of the strocture and generate a by-product that eaters the etchaut;

a by-product removal section configured to convert the by-product into a precipitate and

remove the precipitate, thereby removing the by-product continuously; and

a circulation line that re-introduce the etchant to the processing chamber after the by-

product’s removal,

2. The systern of claim 1, wherein the by-product removal section comprises a precipitation
accelerator supply portion.

-~

3. The system of claim 2, wherein the precipitation accelerator supply portion comprises a

filter, wherein the filter is configured to remove the precipitate.

4. The system of claim 3, wherein the by-product removal section further comprises a
precipitation chamber provided on an upstream side of the filter, wherein the precipitation
accelerator supply portion is configured to supply the precipitation accelerator to the

precipitation chamber.

5. The system of any one of claims 1-4 further comprising an stchant processing section
wherein the eichant processing section is configured to prepare the cichant,

6. The system of any one of claims 1-5, wherein the etchant processing section is
configured to store the etchant,

7. The systemn of any one of claims 5-6, wherein the etchant processing section comprises a
cherical agent supply section for supplying a chemical agent.

&. The system of any one of claims 5-7, wherein the etchant processing section comprises a
cavity for mixing and storing the chemical agent.

9. The system of any one of claims 3-8, wherein the filter has a diameter no more than about

.22 micrometer.

[
(98]
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10, A method for removing a material from a semiconductor device structure, comprising:

introducing an etchant into a processing chamber 1o remove a portion of the

semiconductor device structure and generating a by-product;
converting the by-product into a precipitate; and
removing the precipitate, thereby removing the by-product continuously,

11, The method of claim 10, wherein converting the by-products into the precipitaie
comprises supplving a precipitation accelerator to the cichant.

12, The method of any one of claims 10-11, wherein the removing the precipitate comprises
filtering out the precipitate.

13. The method of any one of claims 10-12, wherein the etchant comprises a phosphoric

acid-coniaining solution.

14. The method of any one of claim 10-13, wherein the portion of the substrate comprises

silicon nitride.

15, The method of any one of claims 10-14, wherein the by-products include silicic acid.
16.  The method of any one of claims 18-15, wherein the precipitation accelerator comprises

one or more of the following: hydrogen fluoride, water, amino acid, amine, or inorganic salt
containing Ca, or Mg,
17. The method of any one of claims 10-15, wherein the precipitation accelerator comprises a

solid structure for the by-products to precipitate on.

18, The method of claim 17, wherein the solid structure comprises silicates.
19. The method of any one of claims 10-15, wherein the by-products are heated or cooled.
20, The method of any one of claims 10-19 further comprising circulating the etchant back to

the processing chamber after the by-product’s removal.
21, A method for removing a material from a semiconductor device structure, comprising:
exposing a semiconductor device structure to a solution exhibiting a positive etch

sefectivity for the material; and

14
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removing the material chemically from the semiconductor device structure in such a way

that the solution exhibiis negative etch selectivity for silicon oxide.

22. The method of claim 21, wherein the material comprises silicon nifride.
23 The method of claim 22, further comprising converting the silicon nitride o a by-product.

24, Themethod of claim 23, further comprising converting the by-product 1o a precipitate.
25, The method of claim 24, further comprising removing the precipitate from the solution.

26.  The method of claim 21, frther comprising monttoring composition of the solution in

real time.
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