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Colloidal Silica Growth Inhibitor and Associated Method and System

[0001] This application claims priority to Provisional Patent Application No.
62/315,632, filed March 30, 2016; the disclosure of which is expressly incorporated
herein, in its entirety, by reference. This application also claims priority to Provisional
Patent Application No. 62/315,559, filed March 30, 2016; the disclosure of which is
expressly incorporated herein, in its entirety, by reference. This application also
incorporates by reference, in its entirety, concurrently filed U.S. Patent Application No.
15/467973, entitled "Process and Apparatus for Processing a Nitride Structure
Without Silica Deposition," by Bassett et al.

BACKGROUND

[0002] The present disclosure relates to the processing of silicon substrates in
phosphoric acid (H3P04) solutions. In particular, it provides a novel method to
prevent the growth of colloidal silica deposits on the substrate surface during
processing in phosphoric acid.

[0003] Phosphoric acid has been used in the semiconductor industry to remove
silicon nitride films with high selectivity to silicon dioxide and pure silicon. In
1967, Gelder and Hauser published an article where they proposed the use of boiling
phosphoric acid to remove silicon nitride films. They used the boiling point of the acid
at a given dilution to control the acid temperature and its concentration in the process
tank. This process has been widely adopted in the semiconductor industry and it is

used in production today.

[0004] A typical application of the boiling phosphoric acid process in the
semiconductor industry is the removal of silicon nitride films. In such applications,
the silicon nitride film typically sits on a silicon dioxide film and it is surrounded by
deposited silicon dioxide. The process for the removal of the silicon nitride film begins
by a careful removal of any remaining silicon dioxide that might rests on top of the
silicon nitride film by a diluted hydrofluoric acid (HF) treatment. The dilution of the HF
is tailored to remove any remaining silicon dioxide from the surface of the silicon

nitride without significantly removing the deposited silicon dioxide that was placed
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between the silicon nitride regions. After the silicon nitride deglaze step in HF, a high
selectivity etch is performed in boiling phosphoric acid to remove the silicon nitride
film without removing the deposited silicon dioxide film that exists between the silicon
nitride films, stopping on the silicon dioxide film that lays under the silicon nitride film.
[0005] It has been found that during processing of certain semiconductor
structures the adverse growth of colloidal silica deposits on the exposed silicon
dioxide regions may hinder silicon nitride removal and / or other subsequent
process steps. There is a need for a method to inhibit the growth of colloidal silica

deposition during the treatment of surfaces in phosphoric acid.

SUMMARY

[0006] Described herein are innovative methods to inhibit the growth of colloidal
silica deposits on surfaces treated in phosphoric acid (H3P04). In one embodiment,
the disclosed techniques include the use of a colloidal silica growth inhibitor as an
additive to the phosphoric acid solution. In some embodiments, the additive may have
a chemistry that may contain strong anionic groups. Possible anionic groups include,
but are not limited to, -COOH and -PO3H2. These chemical groups react with the Si
centers in the colloidal silica network leading to the formation of silicate esters R-
C(0)- SiOx resulting in the colloidal silica remaining in solution. Other colloidal silica
growth inhibitors may also be utilized. In some embodiments, a method and
apparatus is provided that monitors the silica concentration and/or the growth inhibitor
concentration in the phosphoric acid during processing and adjusts the amount of
those components as needed. The techniques described herein provide a high
selectivity etch of silicon nitride towards silicon dioxide without the growth of
colloidal silica deposits on the exposed surfaces.

[0007] In one embodiment, the disclosed techniques include providing a chemical
composition for wet etching of structures on a microelectronic substrate. The
composition may comprise water, phosphoric acid, and a colloidal silica growth
inhibitor, wherein the microelectronic substrate includes at least a first structure and
a second structure, the chemical composition etching the first structure selectively to
the second structure without creating a growth of colloidal silica deposits on exposed
surfaces of the first or second structures.

[0008] In another embodiment, a method for wet etching of structures on a
microelectronic substrate is provided. The method may comprise loading a

substrate into a wet chemical processing system, the substrate having a first
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structure and a second structure, and dispensing onto the substrate a wet
etching solution. The wet etching solution may comprise water, phosphoric acid,
and a colloidal silica growth inhibitor, wherein the wet chemical processing
system is configured to etch the first structure on the substrate selectively over the
second structure on the substrate without creating a growth of colloidal silica
deposits on exposed surfaces of the first structure or second structure on the
substrate.

[0008a] In one aspect, there is provided a method for wet etching of structures
on a microelectronic substrate, comprising loading the microelectronic substrate
into a wet chemical processing system, the microelectronic substrate having a first
structure of silicon nitride and a second structure of silicon oxide, each having an
exposed surface; dispensing onto the microelectronic substrate a wet etching
solution, wherein the wet etching solution comprises water, phosphoric acid, and a
colloidal silica growth inhibitor; etching the first structure on the microelectronic
substrate selectively over the second structure on the microelectronic substrate
without creating a growth of colloidal silica deposits on the exposed surfaces of
the first structure or second structure on the microelectronic substrate, and
monitoring the concentration of colloidal silica and the concentration of the colloidal
silica growth inhibitor during the etching and increasing the concentration of the
colloidal silica growth inhibitor as the concentration of colloidal silica increases.

[0008b] In another aspect, there is provided a method for wet etching of
structures on a microelectronic substrate, comprising loading the microelectronic
substrate into a wet chemical processing system, the microelectronic substrate
having a first structure of silicon nitride and a second structure of silicon oxide, each
having an exposed surface; selecting a target etch rate and a target etch selectivity
for etching the first structure of silicon nitride relative to the second structure of
silicon oxide; dispensing onto the microelectronic substrate a wet etching solution
comprising water, phosphoric acid, a colloidal silica growth inhibitor, and optionally
sulfuric acid; selectively etching the first structure over the second structure, wherein
a colloidal silica concentration in the wet etching solution increases as the first
structure of silicon nitride is etched, and wherein the colloidal silica growth inhibitor
reacts with the colloidal silica to cause it to remain in solution without depositing on
the exposed surfaces; and while selectively etching the first structure, monitoring the
concentrations of the colloidal silica growth inhibitor, water, phosphoric acid and
colloidal silica in the wet etching solution and adjusting the wet etching solution by
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adjusting the concentration of one or more of the colloidal silica growth inhibitor,
water, or silica to maintain a concentration profile for the wet etching solution that
achieves the target etch rate and the target etch selectivity until the first structure is
removed without depositing the colloidal silica on the exposed surfaces.

[0009] In yet another embodiment, a wet chemical processing system is
provided. The wet chemical processing system may comprising a chamber
configured to receive a substrate and expose the substrate to a wet etch
chemical composition. The wet chemical processing system may further comprise
a chemical supply system coupled to the chamber, the chemical supply system
supplying the wet etch chemical composition to the chamber. The wet etch chemical
composition comprises water phosphoric acid, and a colloidal silica growth
inhibitor. The wet chemical processing system further comprises a controller
configured to control components of the wet chemical processing system,
including at least the chemical supply system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete understanding of the present inventions and
advantages thereof may be acquired by referring to the following description taken
in conjunction with the accompanying drawings, in which like reference numbers
indicate like features. It is to be noted, however, that the accompanying drawings
illustrate only exemplary embodiments of the disclosed concepts and are therefore
not to be considered limiting of the scope, for the disclosed concepts may admit
to other equally effective embodiments.

[0011] Figures 1A-1D illustrate an exemplary semiconductor structure having
silicon nitride to be removed and the formation of silica deposits on the
semiconductor structure.

[0012] Figure 2 illustrates an exemplary wet chemical processing system
which may be used to perform the techniques described herein.

[0013] Figure 3 illustrates an exemplary dispense system for a single
substrate wet chemical processing system.

[0014] Figures 4 and 5 illustrate an exemplary process flow for one embodiment
of a single substrate wet chemical processing system utilizing the techniques
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described herein.

[0015] Figure 6 illustrates an exemplary process flow for one embodiment of a
batch immersion wet chemical processing system utilizing the techniques
described herein.

DETAILED DESCRIPTION

[0016] It has been found that during phosphoric acid etching of silicon nitride of
certain semiconductor structures the adverse growth of colloidal silica depositing
on exposed silicon dioxide regions may hinder silicon nitride removal during
processing. More specifically, silicon nitride formed in structures having narrow gaps,
narrow trenches, and/or high aspect ratios are particularly problematic. As used
herein, high aspect ratio structures have aspect ratios of at least 4.1 or greater. Such
structures may be found in a wide variety of semiconductor structures such as logic
devices, interconnect structures, Fin Field Effect Transistors (FinFET), 3D
semiconductor structures, flash memory devices such as Not AND (NAND) type

memory devices, etc.

[0017] In a phosphoric acid silicon nitride etch, the high selectivity between the
silicon nitride and silicon dioxide etch rates is modulated, at least in part, by the
silicon content in the phosphoric acid solution. The higher the silicon content the
lower the silicon dioxide etch rate. Since the silicon nitride is little affected by the
silicon content, the selectivity between silicon nitride and silicon dioxide etch
increases as the silicon content of the solution increases. However, the increase in
the silicon content of the solution results in the growth of colloidal silica deposits on
the exposed silicon dioxide regions during processing. The growth of colloidal silica
deposits has a negative impact for the etch of complex structures, as the colloidal
silica deposits can prevent the solution flow into high aspect ratio trenches,
significantly slowing the nitride etch process. Furthermore, the growth of colloidal
silica deposits may have adverse effects on subsequent processing steps.

[0018] As described above, the techniques disclosed herein may be applicable
to a wide variety of semiconductor structures such as logic devices, interconnect
structures, FINFETs, 3D semiconductor structures, NAND flash memory devices,
etc. An exemplary structure is shown in Figure 1A. Such a structure may exist in
a 3D NAND device or any of many other semiconductor devices. It will be recognized
that the narrow gap, high aspect ratio structure of Figure 1A is merely exemplary

and those skilled in the art will understand that the techniques described herein may
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be useful for the processing of many other structures in which the adverse formation
of colloidal silica deposits occurs. Thus the narrow gap, high aspect ratio structure
shown in Figure 1A is merely exemplary of any of a wide variety of narrow and/or high
aspect ratio structures. For example, the techniques described herein are relevant
to high aspect ratio trench structures.

[0019] As shown in Figure 1A, an exemplary semiconductor structure 100, which
may be for example a portion of a 3D NAND structure, is shown having silicon
nitride structures and silicon dioxide structures, with the silicon nitride formed in
narrow, high aspect ratio, gaps. As shown narrow, high aspect ratio, gaps are formed
between silicon dioxide (Si02) layers 102. Si02 layers 102 may alternatively be Si
layers or other oxide layers. Silicon nitride (SiN) layers 104 are formed in the gaps
between the Si02 layers. Etching of the SiN layers may then occur by exposing the
semiconductor structure 100 to hot phosphoric acid solution, such as for example be
immersion in a hot phosphoric bath or exposing the structure to a spray of hot
phosphoric acid. Due to the etching of the SiN, there is a high concentration of
colloidal silica (Si(OH)4) 110 dispersed in the phosphoric acid solution near the
surface of the Si02 as shown in Figure 1B. As shown in Figure 1B, as the SiN
etching occurs, the Si(OH)4 concentration increases and colloidal silica 110
deposits to form silica deposits 112 on the Si02 surfaces as shown in Figure 1B.
Figure 1C illustrates the structure 100 when the SiN layer 104 is completely removed.
As can be seen in the figure, silica deposits 112 are provided on the Si02 layers
102. It is noted that in Figure 1C, relatively uniform silica deposits are provided.
However, in practice, the deposits may build up over time at the entrances to narrow
gaps or trenches. Thus, as shown in Figure 1D, the deposits may actually "pinch off"
the gaps or trenches, significantly impacting the effectiveness of the ability of the
phosphoric acid to etch the remaining silicon nitride. Thus, as shown in Figure 1D
silica deposits 116 may completely close off the gap region 118 formed between Si02
layers 102, preventing the complete etch of SiN layers 104.

[0020] Described herein are innovative methods to inhibit the growth of colloidal
silica deposits on surfaces treated in phosphoric acid. In one embodiment, the
disclosed techniques include the use of a colloidal silica growth inhibitor as an
additive to the phosphoric acid solution. In some embodiments, the additive may have
a chemistry that may contain strong anionic groups. Possible anionic groups include,
but are not limited to, -COOH and -PO3H2. These chemical groups react with the Si

centers in the colloidal silica network leading to the formation of silicate esters R-
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C(0)-SiOx resulting in the colloidal silica remaining in solution. In some embodiments,
a method and apparatus is provided that monitors the silica concentration and/or the
growth inhibitor concentration in the phosphoric acid during processing and adjusts
the amount of those components as needed. Thus, techniques are provided for a
method and apparatus to control the additive concentration to be used as well as
the silica concentration in the phosphoric acid solution. The techniques described
herein provide a high selectivity etch of silicon nitride towards silicon dioxide without
the growth of colloidal silica deposits on the exposed surfaces. As is known in the
art, water, sulfuric acid (H2S04), and silica may also be added to the phosphoric
acid solution in order to control water and/or silica content and/or process
temperature so that desired etch rates and selectivities may be obtained.

[0021] As mentioned above, an additive to prevent the growth of colloidal silica
deposits during the phosphoric acid treatment may be utilized. Potential additives
and selection techniques for choosing additives are described in more detail below.

[0022] In one embodiment, the colloidal silica growth inhibitor may be selected
from chemistries containing strong anionic groups. Possible anionic groups include,
but are not limited to: -COOH and -PO3H2. Some colloidal silica growth inhibitors that
contain the needed anionic groups are: citric acid, acetic acid, oxalic acid, malic acid,
2- phosphonobutane-1,2,4-tricarboxylate (PBTC), diethylenetriaminepentaacetate
(DETPA), ethylenediamine-tetracarboxylate (EDTA), 1,2,3,4-butanetetracarboxylate
(BTC), and amino acids such as, for example, L-histidine and L-phenylalanine.
Fluorine containing chemicals such as, for example, ammonium bifluoride and
ammonium fluoride, may also be used as a colloidal silica growth inhibitor. Yet
another potential colloidal silica growth inhibitor is polycarboxylate. Further, it is
possible to combine 2 or more of the above identified chemistries to achieve the
colloidal silica growth inhibition. Preferably, the inhibitor concentration in solution is
selected to prevent increase in silicon dioxide etch rates and consequently loss of
selectivity between silicon nitride and silicon dioxide. The disclosed addition of the
colloidal silica growth inhibitor to the phosphoric acid solution prevents the colloidal
silica deposition during processing without affecting the silicon nitride etch rate and
without causing silicon dioxide loss.

[0023] In some embodiments, the colloidal silica growth inhibitor (CSGI) is added
to the phosphoric acid solution prior to exposing the substrate surface to the solution.
One possibility is to mix the CSGI into the phosphoric acid supply system. In the case

of an immersion system, the CSGI can be mixed in the immersion tank. It is also
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possible to spike the CSGI during the phosphoric acid processing to keep its
concentration constant inside the solution. For the case of single substrate
processing, the CSGI can be mixed to the phosphoric acid supply line prior to the
fluid dispense on the substrate surface or can be supplied by a separate feed and
supplied separately to the substrate surface. In the case where the CSGI is supplied
by a separate feed, the CSGI dispense volume and location can be controlled to
achieve the best concentration distribution over the substrate surface. More details
of exemplary apparatus and techniques for applying the CSGI are provided below.
It will be recognized that embodiments of the techniques described herein are not
limited to particular apparatus and methods for supplying the CSGI. Thus, those
skilled in the art will recognize that a wide range of methods and apparatus may
utilize the CSGI techniques disclosed herein.

[0024] As described, in one embodiment the addition of a colloidal silica growth
inhibitorto the H3P04 solution is provided. The various inhibitors described above
may be utilized singularly or in combination. Thus, it is possible to combine 2 or
more chemistries to achieve the colloidal silica growth inhibition. Further, it will be
recognized that various equivalent chemical compositions may be utilized to achieve
the benefit of inhibiting the growth of colloidal silica. The disclosed addition of the
colloidal silica growth inhibitor to the phosphoric solution prevents the colloidal silica
deposition during processing and minimizes the effects on the silicon nitride etch rate
and silicon dioxide loss. Further, though described herein with regard to a process
that inhibits colloidal silica deposition on a surface, the use of a colloidal silica growth
inhibitor may also be utilized in combination with techniques that remove silica growth
deposited on a surface by reversal of the colloidal silica deposition process, such as
described in concurrently filed U.S. Patent Application No. 15/467973, entitled
"Process and Apparatus for Processing a Nitride Structure Without Silica Deposition,"
by Bassett et al., the disclosure of which is expressly incorporated herein in its entirety
by reference.

[0025] As is known to those skilled in the art, a variety of techniques and
apparatus may be utilized to accomplish a hot phosphoric acid etch. For example,
single substrate systems may be utilized or batch multi-substrate immersion
systems may be utilized. Any of such variety of techniques may advantageously
utilize the techniques disclosed herein. Further, how the CSGI is added to the
wet chemical etching system may vary. For example, the CSGI may be added to the

phosphoric acid solution through a mechanism of supplying CSGI from a separate
7



WO 2017/172532 PCT/US2017/024123

holding or supply tank to the substrate processing system. One possibility is to mix the
CSGl to the phosphoric acid supply system in a "point of use" mixing configuration.
Another possibility is to mix the CSGI into the phosphoric acid supply system in a
blending tank prior to releasing to the substrate processing system (the advantage
here of maintaining better control of chemical concentration and mixing temperature
fluctuations).

[0026] Thus, for example, in the case of an immersion system, the CSGI can be
mixed in the immersion tank via an independent supply line that supplies the
CSGil. Alternatively, the CSGI can be pre-mixed to the phosphoric acid solution prior
to dispense into the tank. In yet another alternative, the CSGI can be added to the
phosphoric acid solution recirculation loop. It is also possible to, periodically or at
a predetermined point of time, spike the CSGI during the phosphoric acid
processing. The goal of adding the CSGI during the processing (as opposed to
pre-mixing CSGI prior to application), is to keep its concentration constant inside the
solution in the case of "bleed and feed" acid replenishment methods, or to conserve
cost of consumables (if the additive is only necessary above a certain amount of
dissolved silicon, which occurs after the processing has been ongoing for some time).

[0027] For the case of single substrate processing, the CSGI can be mixed to the
phosphoric acid solution supply line prior to dispense on the substrate surface or can
be supplied by a separate dispense apparatus, for example a second dispense
nozzle. In the case where the CSGI is applied by a separate nozzle, the CSGI
dispense volume and location can be controlled to achieve the best concentration
distribution over the substrate surface.

[0028] Figure 2 illustrates one exemplary wet chemical processing system 200. It
will be recognized that the techniques described herein may be utilized with a
wide variety of other wet chemical processing systems. A chamber 202 is provided.
The chamber 202 is configured to receive a substrate and expose the substrate to
a wet etch chemical composition. The chamber 202 may be a single substrate
chamber or may be a chamber for process multiple substrates such as a batch
immersion wet etch tank. A chemical supply system 203 may comprise a wet
chemical source 204 (for example holding the phosphoric acid solution),
recirculation lines 206 and 208 which provide wet chemicals to and from the
chamber and a CSGI source 220 which may provide CSGI to the chamber 202,
chemical source 204 or recirculation line 206 via CSGI supply lines 222, 224 and/or

226. It will be recognized that, in most embodiments, only one CSGI supply line 222,
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224 or 226 need be utilized as most systems would be designed for introduction of
CSGlI at only one point in the system. A controller 210 is coupled to the chamber
202, wet chemical source 204 and the CSGI source 220 to control and/or receive
feedback from the various components of the wet chemical processing system 200
via signal lines 212, 213 and 214. In one exemplary embodiment, the controller
210 may be a processor, microcontroller, or programmable logic device in
combination with other circuitry such as memory, 1/0 ports, etc. In one embodiment,
the processor, microcontroller or programmable logic device may be configured to
execute instructions or configuration files to perform the functions described herein.
[0029] Independent of which technique is utilized to dispense the CSGI into the
wet chemical processing system, the methods and apparatus described herein allow
for the system to achieve and control the desired concentration of colloidal silica
growth inhibitor in the solution. In one embodiment, the controller 210 of the system
monitors the colloidal silica growth inhibitor concentration, monitors the water
concentration in the phosphoric acid solution, monitors the solution temperature,
and monitors the silica concentration in the phosphoric acid solution. The system
adds colloidal silica growth inhibitor and / or water and / or silica to achieve the
target etch rate and selectivity without the growth of colloidal silica on the exposed
surfaces. The system can adjust the amount of added CSGI at a time-dependent
point in the processing, determined by experimental determination, or the system may
dynamically adjust the amount of added colloidal silica growth inhibitor to the solution
to obtain the desired concentration profile through a feedback control mechanism,
or through a pre-determined (feed forward) control mechanism. It can be
advantageous to start at lower or no concentration of CSGI in solution and ramp
the CSGI concentration during the etch as silica from the dissolution of the silicon
nitride is added to the solution locally, thereby increasing the silica concentration.
[0030] The capability of dynamically and spatially controlling the concentration of
the colloidal silica growth inhibitor during the wet process also brings the possibility
of tailoring the etch rate selectivity on the substrate surface that is low at the
regions where silicon dioxide needs to be removed and high at the regions where
silicon dioxide cannot be removed. Moreover, it also allows for a process sequence
where an initial low selectivity step is used to slowly remove the silicon dioxide or
silicon oxynitride layer that resides on top of the silicon nitride film, being followed by
a high selectivity step to quickly remove the silicon nitride layer without resulting in

the deposition of colloidal silica.
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[0031] Thus, a method and apparatus to dynamically and spatially control the
concentration of colloidal silica growth inhibitor is provided. Control of an exemplary
single substrate system is described below, however, it will be recognized that
the control techniques may also be applied to immersion batch systems.

[0032] An exemplary single substrate CSGI dispense apparatus 300 is provided
in Figure 3. The single substrate CSGI dispense apparatus 300 may be provided
within a single substrate chamber of wet chemical processing system 200 of Figure
2. As shown in Figure 3, a substrate 301 is provided with an angular rotation (w)
302. A plurality of chemical dispense nozzles 310, 312, 314 and 316 are also
provided. In one embodiment, each nozzle may dispense a different fluid. Thus, in
such an embodiment, multiple chemicals may be mixed at the point of use on the
single substrate. It will be recognized, however, that fewer dispense nozzles, or even
one dispense nozzle may be used. In such cases, different chemicals may be pre-
mixed prior to application on the substrate. As shown in the embodiment of Figure
3, nozzle 310 may dispense a CSGI, nozzle 312 may dispense phosphoric acid,
nozzle 314 may dispense water, and nozzle 316 may dispense sulfuric acid. In an
alternative embodiment, one of the nozzles may be used to dispense silica. In an
alternative embodiment, two nozzles may be used, with nozzle 310 dispensing CSGI
and nozzle 312 dispensing a phosphoric acid solution comprised of water and
phosphoric acid. In yet another embodiment, silica may be co- dispensed with the
phosphoric acid. Those skilled in the art will recognize that other combinations of
the number of nozzles and chemicals may be utilized while still obtaining the
beneficial use of CSGI as described herein. In one embodiment, the dispense
nozzles may move during chemical dispensing. In one embodiment, such nozzle
movement occurs while the substrate 301 moves with angular rotation (w) 302. As
shown, nozzle 310 may move through an angle SCSGI, nozzle 312 may move
through an angle Sphos, nozzle 314 may move through an angle Swater, and
nozzle 316 may move through an angle Ssulfuric. The nozzles 310, 312, 314, and
316 may be single point dispense nozzles or may be a multi-point dispense nozzle
having multiple dispensing points, such as a spray bar.

[0033] As described herein, the single substrate processing system provides an
apparatus where a multi nozzle setup may be used to dispense the separate
chemistries at different locations on the substrate surface. The selection of the
temperatures, concentrations and dispense flow rates of the chemistries is done

in conjunction with the dispense point to create a mixing fluid on the substrate surface
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with the desired concentration profile that achieves the desired etch selectivity while
inhibiting the growth of colloidal silica on the substrate.

[0034] Exemplary process flows for using CSGI in a single substrate system are
shown in Figures 4 and 5. It will be recognized that many other process flows may
be used while still obtaining the benefits of the use of CSGI. Further, it will be
recognized that various steps of the process flows are not required to be performed,
or if performed, may not be performed for each substrate. As shown in Figure 4, a
process flow 400 begins at step 402 with a determination of the thickness profile of
the film to be removed. At step 404, a determination is made for the selectivity
profile required to compensate for the film thickness profile of step 402. In step 406,
a determination of the silica content profile that achieves the desired selectivity profile
is made. At step 408, H3P04 is provided at a given temperature, concentration and
flow. At step 410, H3P04 is dispensed to the substrate surface. At step 412, CSGl is
provided at a given temperature, concentration and flow. At step 414, CSGI is
dispensed at locations on the substrate surface to achieve the desired selectivity
profile without colloidal silica growth. It will be recognized that the dispense steps 410
and 414 may be performed together at the same time, may be performed serially, or
may be performed in a combination of a simultaneous and serial dispense. For
example, step 410 may initially start and then step 414 may start at a later point in
time while step 410 is still being performed.

[0035] The process flow 400 may also include a variety of other steps. For
example, as shown in Figure 400 the process flow may optionally include step 420
in which silica is provided at a given concentration, temperature and flow. Then at
step 422, silica may be dispensed to the substrate surface. As with the other dispense
steps, step 422 may be performed simultaneously with the other dispense steps,
performed serially or performed as a combination of a simultaneous and serial
dispense. Additionally, though not shown, water and sulfuric acid may also be
provided and dispensed in the process flow 400.

[0036] Figure 5 provides an alternative process flow 500 for using CSGI in a
single substrate system. As shown in the process flow 500, phosphoric acid, silica,
and CSGI may be provided together, such as for example, through pre-mixing in a
chemical supply line or chemical supply tank. As shown in Figure 5, process flow
500 includes step 502 in which phosphoric acid is provided at a given concentration,
temperature, and flow. In step 504, silica is provided at a given concentration,

temperature, and flow. In step 506, CSGI is provided at a given concentration,
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temperature, and flow. Then in step 510, the phosphoric acid, CSGI and silica are
dispensed to the substrate. Additional chemicals may be added to the system such
as shown by step 520 in which sulfuric acid is provided at a given concentration,
temperature, and flow. Also, additional water may be added to the system as needed
at step 522 which provides water at a given temperature and flow.

[0037] An exemplary process flow 600 for a batch immersion system is provided
in Figure 6. Process flow 600 begins with step 602 with a determination of the
thickness profile of the film to be removed. At step 604, a determination is made for
the selectivity profile required to compensate for the film thickness profile of step 602.
In step 606, a determination of the silica content profile that achieves the desired
selectivity profile is made. At step 608, phosphoric acid, silica and CSGI are provided
at a given temperature, concentration and flow. At step 610, phosphoric acid, silica
and CSGlI are co-dispensed on the surfaces of the batch of substrates by immersing
the substrates in the solution. At step 612, the phosphoric acid, silica and CSGI
concentrations, temperatures and flows are monitored. At step 614, the phosphoric
acid, silica and CSGI concentrations, temperatures and flows are controlled to
achieve the desired selectivity profile without colloidal silica growth on the substrate.

[0038] Though not shown in the process flows of Figures 4, 5 and 6, it will be
recognized that when the desired etching is completed, the substrate(s) may be
removed from exposure to the wet chemical etching solution. Further, additional
processing such as a rinse may then occur, as is known in the art.

[0039] Thus, as described above, a variety of process flows and conditions may
be utilized to advantageous provide CSGI to a phosphoric acid solution in a variety
of wet etch apparatus, including single substrate and batch immersion systems. A
wide range of process conditions and variables may be adjusted, monitored and
controlled to achieve a desired combination of etch characteristics (etch rate,
selectivity, etc.) and inhibition of colloidal silica deposits. Further, it will be
recognized that the desired process conditions and variables will depend upon the
particular structures and layers on the substrate that are being processed. Thus, a
number of process variables and conditions for each chemical component utilized
in the system may be relevant. For example, phosphoric acid at an initial temperature
(Tphos1) and concentration (Cphos1) may be delivered to a surface, for example a
silicon substrate surface, at a given flow rate (Fphos1). Simultaneously, or at a later
time in the etch process, colloidal silica growth inhibitor may be delivered at a

given temperature (Tcsgi1) and concentration (Ccsgi1) to the same surface at a
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given flow rate (Fcsgi1). For a single substrate system, the dispense location of
the colloidal silica growth inhibitor (Rcsgi1) may be selected to create the desired
concentration profile distribution over the substrate surface. The temperature,
concentration, flow rate, and dispense location of the chemicals (Tphos1, Tcsgi1,
Cphos1, Ccsgi1, Fphos1, Fcsgi1, Rphos1 and Rcsgi1) are selected to ensure that
the mixture reaches the desired temperature (Tmix1) and concentration (Cmix1)
profile at the surface under treatment. The temperature (Tmix1) and concentration
(Cmix1) profile of the chemicals in contact with the surface can be easily controlled
and dynamically modified by adjusting the ratio of the flow rates of the phosphoric
acid (Fphos) to the colloidal silica growth inhibitor (Fcsgi) and the dispense location
of the colloidal silica growth inhibitor (Rcsgi1). Concentrations, temperatures, flow
rates, etc. of other chemicals (such as water, silica and/or sulfuric acid) may also be
adjusted, monitored and controlled. The adjustment, monitoring and control of the
system may be performed through the use of a controller, such as for example,
the controller 210 of the system of Figure 2.

[0040] Some illustrative process conditions are described herein, however, these
will be recognized to generally be exemplary. For example, in a single substrate
system, the substrate with the surface to be treated may be rotated with a rotation
speed between 1rpm and 10,000 rpm, preferentially with a speed between 30 rpm
and 3000 rpm, while receiving the dispense of phosphoric acid at a given temperature
(Tphos1) in a range of 160-165 degrees C. In some cases, the temperature
(Tphos1) may even exceed 180 degrees C. In batch systems, temperatures in the
160-165 degrees C range may also be used, though temperatures as low as 145-155
degrees C may be advantageous. In one embodiment, the phosphoric acid
concentration (Cphos1) utilized may be in the range of about 80-90 wt%. In one
embodiment, colloidal silica growth inhibitor (CSGI) concentrations between about
0.1% and 10% volume may be utilized. More preferable CSGI concentrations may
be between about 0.2% and 1% by volume. Due to potential silicon dioxide etch rates,
and consequently loss of selectivity between silicon nitride and silicon dioxide,
fluorine containing chemicals such as ammonium bifluoride and ammonium fluoride
may be utilized at even lower concentrations, between about 0.01% to 10% by
volume, and more preferably between about 0.02% and 1% by volume. In one
embodiment, colloidal silica growth inhibitor may be co- dispensed during the
process at a temperature (Tcsgi1) in the range of about 25-180 degrees C. The

process can be started with either a phosphoric acid solution single dispense, a
13
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colloidal silica growth inhibitor dispense, or a co-dispense, preferentially being
started with a phosphoric acid solution dispense. Sulfuric acid can also be co-
dispensed during the process to enable temperature and water concentration
selection. Furthermore, deionized water can be added during the process to enable
temperature and etch rate control. During processing the process parameters can
be dynamically changed to locally modulate the process temperature of the substrate
surface.

[0041] As describe above, growth of colloidal silica deposits on a substrate is
inhibited through the use of a CSGI additive added to a phosphoric acid solution.
The use of a CSGlI is particularly advantageous for phosphoric acid solutions that
are used to etch silicon nitride over a silicon oxide. The use of CSGI is particularly
advantageous for removing silicon nitride from high aspect ratio structures.

[0042] Further modifications and alternative embodiments of the inventions will
be apparent to those skilled in the art in view of this description. Accordingly,
this description is to be construed as illustrative only and is for the purpose of
teaching those skilled in the art the manner of carrying out the inventions. It is to be
understood that the forms and method of the inventions herein shown and described
are to be taken as presently preferred embodiments. Equivalent techniques may be
substituted for those illustrated and describe herein and certain features of the
inventions may be utilized independently of the use of other features, all as would
be apparent to one skilled in the art after having the benefit of this description of the

inventions.
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What is Claimed is:

1. A method for wet etching of structures on a microelectronic

substrate, comprising:

loading the microelectronic substrate into a wet chemical processing system,
the microelectronic substrate having a first structure of silicon nitride

and a second structure of silicon oxide, each having an exposed surface;

dispensing onto the microelectronic substrate a wet etching solution, wherein
the wet etching solution comprises:

water,

phosphoric acid, and

a colloidal silica growth inhibitor;

etching the first structure on the microelectronic substrate selectively over the
second structure on the microelectronic substrate without creating a growth of
colloidal silica deposits on the exposed surfaces of the first structure or

second structure on the microelectronic substrate, and

monitoring the concentration of colloidal silica and the concentration of the
colloidal silica growth inhibitor during the etching and increasing the
concentration of the colloidal silica growth inhibitor as the concentration of

colloidal silica increases.

2. The method of claim 1, wherein the wet etching solution further comprises:
sulfuric acid.
3. The method of claim 1, wherein the colloidal silica growth inhibitor contains at

least one -COOH group, or at least one -PO3H2 group, or both.

4. The method of claim 1, wherein the colloidal silica growth inhibitor is a
polycarboxylate.
5. The method of claim 1, wherein the colloidal silica growth inhibitor comprises

at least one compound selected from citric acid, acetic acid, oxalic acid, malic
acid, 2- phosphonobutane-1,2,4-tricarboxylate (PBTC),
15



diethylenetriaminepentaacetate (DETPA), ethylenediamine-tetracarboxylate
(EDTA), 1,2,3,4-butanetetracarboxylate (BTC), amino acids, L-histidine, L-

phenylalanine, ammonium bifluoride, and/or ammonium fluoride.

The method of claim 1, further comprising:
monitoring etch selectivity during the etching and adjusting the wet etching
solution to maintain the etch selectivity.

The method of claim 6, wherein adjusting the wet etching solution comprises
adjusting the concentration of the colloidal silica growth inhibitor, a flow rate of
the colloidal silica growth inhibitor, a temperature of the colloidal silica growth
inhibitor, the concentration of the water, a flow rate of the water, a temperature
of the water, the concentration of the phosphoric acid, a flow rate of the
phosphoric acid, a temperature of the phosphoric acid, the concentration of
sulfuric acid, a flow rate of the sulfuric acid, a temperature of the sulfuric acid,
a flow rate ratio of the phosphoric acid to the colloidal silica growth inhibitor,
and a concentration of silica added to the wet etching solution.

A method for wet etching of structures on a microelectronic substrate,
comprising:

loading the microelectronic substrate into a wet chemical processing system,
the microelectronic substrate having a first structure of silicon nitride and a

second structure of silicon oxide, each having an exposed surface;

selecting a target etch rate and a target etch selectivity for etching the first
structure of silicon nitride relative to the second structure of silicon oxide;

dispensing onto the microelectronic substrate a wet etching solution
comprising water, phosphoric acid, a colloidal silica growth inhibitor, and

optionally sulfuric acid;

selectively etching the first structure over the second structure, wherein a
colloidal silica concentration in the wet etching solution increases as the first
structure of silicon nitride is etched, and wherein the colloidal silica growth
inhibitor reacts with the colloidal silica to cause it to remain in solution without
depositing on the exposed surfaces; and

16



10.

11.

12.

13.

while selectively etching the first structure, monitoring the concentrations of
the colloidal silica growth inhibitor, water, phosphoric acid and colloidal silica in
the wet etching solution and adjusting the wet etching solution by adjusting the
concentration of one or more of the colloidal silica growth inhibitor, water, or
silica to maintain a concentration profile for the wet etching solution that
achieves the target etch rate and the target etch selectivity until the first
structure is removed without depositing the colloidal silica on the exposed
surfaces.

The method of claim 8, wherein the adjusting the wet etching solution includes
adding more of the colloidal silica growth inhibitor to increase its concentration
as the colloidal silica concentration increases to cause the increased colloidal

silica to remain in solution.

The method of claim 8, wherein adjusting the wet etching solution further
comprises adjusting one or more of a flow rate of the colloidal silica growth
inhibitor, a temperature of the colloidal silica growth inhibitor, a flow rate of the
water, a temperature of the water, a flow rate of the silica, a temperature of the
silica, the concentration of the phosphoric acid, a flow rate of the phosphoric
acid, a temperature of the phosphoric acid, a flow rate ratio of the phosphoric
acid to the colloidal silica growth inhibitor, a concentration of the sulfuric acid,
a flow rate of the sulfuric acid, and a temperature of the sulfuric acid.

The method of claim 8, wherein the colloidal silica growth inhibitor contains at
least one —COOH group, or at least one —PO3H2 group, or both.

The method of claim 8, wherein the colloidal silica growth inhibitor is a
polycarboxylate.

The method of claim 8, wherein the colloidal silica growth inhibitor comprises
at least one compound selected from citric acid, acetic acid, oxalic acid, malic
acid, 2-phosphonobutane-1,2,4-tricarboxylate (PBTC),
diethylenetriaminepentaacetate (DETPA), ethylenediamine-tetracarboxylate
(EDTA), 1,2,3,4-butanetetracarboxylate (BTC), amino acids, L-histidine, L-

phenylalanine, ammonium bifluoride, and/or ammonium fluoride.
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