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(57) Abstract: Aspects of the disclosure provide a method including depositing an underlayer comprising silicon oxide over a substrate,
depositing a polysilicon liner on the underlayer, and depositing an amorphous silicon layer on the polysilicon liner. Aspects of the
disclosure provide a device intermediate including a substrate, an underlayer comprising silicon oxide formed over the substrate, a
polysilicon liner disposed on the underlayer, and an amorphous silicon layer disposed on the polysilicon liner.
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POLYSILICON LINERS

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to formation

of polysilicon liners, for example, in the fabrication of semiconductor devices.

Description of the Related Art

[0002] In the formation of some semiconductor devices, multiple films are
deposited in one another in a stack. The films are then further post-
processed, for example, by one or more of etching, polishing, patterning,
annealing, and the like. Depending on the particular post processing and the
composition of the film stock, diffusion of species can occur within films and/or

across film boundaries.

[0003] One example of species diffusion includes the diffusion of hydrogen
within films and across film boundaries. Differing rates of diffusion through
different film compositions results in the accumulation of hydrogen at film
interfaces. As the hydrogen accumulates, bubbles form at the interface,
which reduces adhesion of the films to one another, and may lead to

delamination of the films from one another.

[0004] Therefore, there is a need in the art for improving film adhesion.

SUMMARY

[0005] Embodiments of the present disclosure generally relate to formation

of polysilicon liners, for example, in the fabrication of semiconductor devices.

[0006] In one embodiment, a method includes depositing an underlayer
comprising silicon oxide over a substrate, depositing a polysilicon liner on the

underlayer, and depositing an amorphous silicon layer on the polysilicon liner.

[0007] In one embodiment, a device intermediate including a substrate

having an underlayer comprising silicon oxide formed over the substrate, a
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polysilicon liner disposed on the underlayer, and an amorphous silicon layer

disposed on the polysilicon liner.

[0008] In one embodiment, a method of forming a device intermediate
including depositing an underlayer comprising silicon oxide over a substrate,
depositing a polysilicon liner on the underlayer, the depositing of the
polysilicon liner is performed in the same chamber as the depositing of the

underlayer, and depositing an amorphous silicon layer on the polysilicon liner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the
present disclosure can be understood in detail, a more particular description
of the disclosure, briefly summarized above, may be had by reference to
embodiments, some of which are illustrated in the appended drawings. It is to
be noted, however, that the appended drawings illustrate only exemplary
embodiments and are therefore not to be considered limiting of scope, as the

disclosure may admit to other equally effective embodiments.

[0010] Figure 1 is a flow diagram of a method of processing a substrate,

according to one embodiment of the disclosure.

[0011] Figure 2 is a schematic sectional view of a device intermediate

formed according to the method of Figure 1.

[0012] Figure 3A is a schematic sectional view of a device structure that

includes the device intermediate of Figure 2.

[0013] Figure 3B is a schematic sectional view of another device structure

that includes the device intermediate of Figure 2.

[0014] Figure 4 is a top view of a schematic of a vacuum processing
system that can be used perform the method of forming a device intermediate

of figure 2 according to the method of Figure 1.

[0015] To facilitate understanding, identical reference numerals have been

used, where possible, to designate identical elements that are common to the

2
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figures. It is contemplated that elements and features of one embodiment may

be beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0016] Embodiments of the present disclosure generally relate to formation
of polysilicon liners, for example, in the fabrication of semiconductor devices.
Embodiments of the present disclosure also relates to devices (and device

intermediates) including polysilicon liners.

[0017] Figure 1 is a flow diagram of a method 100 of processing a
substrate, according to one embodiment of the disclosure.  Method 100
begins at operation 102. In operation 102, one or more underlayers are
formed on the substrate. The substrate may be, for example, any substrate or
material surface formed on a substrate upon which film processing is
performed during a fabrication process. For example, a substrate surface on
which processing can be performed include materials such as silicon, silicon
oxide, strained silicon, silicon on insulator (SOI), highly doped silicon, carbon
doped silicon oxides, amorphous silicon, doped silicon, germanium, gallium
arsenide, glass, sapphire, and any other materials such as metals, metal
nitrides, metal alloys, and other conductive materials and combinations, for
example, including an alternating or patterned scheme of metal and oxide,
depending on the application. Highly doped silicon may include silicon doped
with boron or phosphorus at doping levels of about 0.1% and higher.

Substrates include, without limitation, semiconductor wafers.

[0018] The one or more underlayers may include, for example, silicon
oxide. In one example, an underlayer of silicon oxide has an amorphous
structure. The underlayer is formed to a thickness of about 100 angstroms to
about 2000 angstroms, such as about 200 angstroms to about 1000
angstroms, or such as about 300 angstroms to about 500 angstroms.

However, other thicknesses are also contemplated.

[0019] The one or more underlayers may be formed using thermal
chemical vapor deposition (CVD), thermal atomic layer deposition (ALD),
3



WO 2020/172299 PCT/US2020/018854

plasma enhanced chemical vapor deposition (PECVD), or plasma enhanced
atomic layer deposition (PEALD). One example of a suitable processing
chamber includes the Precision (TM) PECVD processing chamber available
from Applied Materials, Inc., of Santa Clara, California. It is contemplated that
other processing chambers, including those from other manufacturers, may

also be used.

[0020] Subsequently, in operation 104, a polysilicon liner is formed on an
upper surface of the one or more underlayers. The polysilicon liner has a
crystallinity of about 1 percent to about 100 percent, such as about 10 percent
to about 90 percent, or about 20 percent to about 80 percent, or about 20
percent to about 70 percent, or about 20 percent to about 60 percent, or about
20 percent to about 50 percent, or about 25 percent to about 40 percent, or

about 25 percent to about 35 percent.

[0021] In one example, the polysilicon liner is formed during a PECVD
process. The PECVD process utilizes one or more of a capacitively coupled
plasma, an inductively coupled plasma, microwave plasma, or a remote
plasma to facilitate deposition of the polysilicon liner on an upper surface of
the one or more underlayers. The polysilicon liner is formed to a thickness
within a range of about 10 angstroms to about 500 angstroms, such as about
10 angstroms to about 200 angstroms, or about 20 angstroms to about 50
angstroms. The polysilicon liner may be formed in the same processing
chamber as the one or more underlayers, or the polysilicon liner may be

formed in a different chamber than the one or more underlayers.

[0022] During formation of the polysilicon liner, one or more process gases
are introduced to the processing chamber, and radicals thereof are generated
via plasma excitation. The one or more process gases include a silicon
source, as well as an optional reducing agent and an optional carrier gas or
other inert gas. In such an example, the process gases include silane or
higher order silanes (e.g., SinHan+2; where n is an integer of 1 or greater). The
process gas may also include hydrogen, such as diatomic hydrogen, and a

carrier gas of helium, argon, or the like. The silane is provided to an internal

4
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volume of the processing chamber at a flow rate within a range of about 10
sccm to about 38 sccm, such as about 15 scem to about 30scem, for a 300
millimeter (mm) substrate. The hydrogen is provided to the interior volume of
the processing chamber at a flow rate within a range of about 500 sccm to
about 3500 sccm, or about 1000 sccm to about 1500 scem for a 300 mm
substrate. A carrier gas may be provided a flow rate of about O sccm to about
1000 sccm, such as about 50 sccm to about 600 scem, or about 200 sccm to
about 300 sccm. High frequency RF power of about 300 watts to about 2700
watts, such as about 1000 watts to about 1500 watts, is applied to the process

gas to generate radicals of the process gas.

[0023] During the deposition of the polysilicon liner, the pressure within the
chamber is maintained within a range of about 0.5 Torr about 10 Torr, such as
about 1 Torr to about 5 Torr. The substrate is maintained at temperature of
about 300 degrees Celsius to about 500 degrees Celsius, for example, about
350 degrees Celsius to about 450 degrees Celsius, during the deposition.
The deposition process may last for a time period sufficient to deposit a
polysilicon liner of predetermined thickness. For example, the deposition time
may last for about 30 seconds to about 1800 seconds, such as about 60

seconds to about 180 seconds.

[0024] In another example, the polysilicon liner is formed during a thermal
deposition process, such as thermal CVD. The polysilicon liner is formed to a
thickness within a range of about 50 angstroms to about 200 angstroms.
Deposition occurs at a temperature of about 350 degrees Celsius to about
650 degrees Celsius, for example between about 500 degrees Celsius and
650 degrees Celsius, and for a time period sufficient to deposit the polysilicon
liner to a predetermined thickness. Precursors similar to those discussed

above may also be utilized in a thermal CVD operation.

[0025] In another example, the polysilicon liner is formed by deposition of
an amorphous silicon layer during a PECVD process or a thermal deposition
process, such as thermal CVD, followed by a crystallization anneal process.

The amorphous silicon layer may be deposited using process conditions

5
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similar to those discussed above. The amorphous silicon layer may be
formed by using a process gas including one or more silicon precursors such
as silane, a carrier gas and a reducing agent. The amorphous silicon layer
may be low hydrogen amorphous silicon, for example, less than 1 percent
amorphous silicon. The amorphous silicon layer is formed to a thickness
within a range of about 10 angstroms to about 1000 angstroms such as about
10 angstroms to about 500 angstroms, or about 50 angstroms to about 100
angstroms. The amorphous silicon layer is further processed using a
crystallization anneal. The crystallization anneal process may be a thermal
anneal at temperature of about 600 degrees Celsius to about 650 degrees
Celsius for a time period of between 1 hour and 4 hours, such as about 1 hour
to 2 hours. In another example, the crystallization anneal process may be a
spiked anneal processes using a rapid thermal anneal process chamber. The
spiked anneal process may be at a temperature of about 900 degrees Celsius
to about 1100 degrees Celsius, such as 1000 degrees Celsius for a period of
time of about 1 second to about 5 seconds. The anneal process strengthens
the adhesion of the polysilicon liner to the upper surface of the underlayers

formed in operation 102.

[0026] In operation 106, one or more additional layers are formed on the
upper surface of the polysilicon liner. The one or more additional layers may
include, for example, doped or undoped amorphous silicon. In a specific
example, the one or more additional layers include alternating layers of n-
doped (e.g., phosphorus) and undoped amorphous silicon in a stack. In
another example, the one or more additional layers include alternating layers
of p-doped (e.g., boron) and undoped amorphous silicon in a stack. In another
example, the one or more additional layers is a single layer of p-doped or n-
doped amorphous silicon. The one or more additional layers may be formed
in a PECVD chamber, using a process gas including one or more a silicon
precursor such as a silane, a carrier gas, a reducing agent, and a dopant,
such as n-type dopant like phosphine. The one or more additional layers
facilitate the formation of semiconductor devices, such as a memory device,

through one or more post processing operations. The one or more additional

6



WO 2020/172299 PCT/US2020/018854

layers may be formed in the same processing chamber as the polysilicon

liner, or in a different processing chambering.

[0027] In operation 108, one or more post processes are performed on the
substrate having the underlayers, polysilicon liner, and one or more additional
layers thereon (also referred to herein as a device intermediate). Post
processing operations include further deposition processes, etching
processes, masking, etching, lithography, doping, thermal treatment, and
polishing, among others. In one particular example, the device intermediate
having deposited layers thereon is subject to a thermal treatment process,
such as annealing. The thermal annealing process facilitates repair of film
defects within the device intermediate, as well as facilitating even distribution

of dopant species within respective layers.

[0028] While Figure 1 describes one method of processing a substrate,
other embodiments are also contemplated. For example, it is contemplated a
native oxide removal process, or another cleaning process, may occur before
operation 102. In such an example, the native oxide removal process or other
cleaning process may occur in the same chamber as operation 102 and/or
104 and/or 106, or with in a different chamber than operation 102 and/or 104
and/or 106. In another example, which can be combined with other examples
and embodiments herein, the one or more additional layers of operation 106

may be formed via a thermal deposition process, rather than by PECVD.

[0029] Figure 2 is a schematic sectional view of a device intermediate 210
formed according to method 100 of Figure 1. A device intermediate as used
herein refers to a device during fabrication, e.g., a device prior to completion
of fabrication. The device intermediate 210 includes a substrate 212 and
intermediate stack 222. Intermediate stack 222 includes, one or more
underlayers 214 (one is shown for clarity) formed over the substrate 212. The
intermediate stack 222 also includes a polysilicon liner 216 formed on the one
or more underlayers 214, as well as one or more amorphous silicon layers

218 (one is shown for clarity) formed on the polysilicon liner 216. It is
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contemplated that the device intermediate 210 may include other features not

shown here for clarity.

[0030] During processing of the substrate, including during post processing
of the device intermediate 210 (i.e., operation 108) and/or during formation of
the one or more additional layers 218 (i.e., operation 106), hydrogen diffuses
within deposited films as well as across film boundaries. The hydrogen is
induced to diffuse due to one or more mechanisms, including (1) a relatively
higher hydrogen concentration in the amorphous silicon layers of the one or
more additional layers 218 versus the hydrogen concentration in the silicon
oxide in the one or more underlayers 214, and (2) elevated temperatures
during processing and/or post processing. One or both of the relatively
greater hydrogen concentration of amorphous silicon and elevated
temperatures facilitates migration of hydrogen from the amorphous silicon of
the one or more additional layers 218 towards the silicon of the one or more
underlayers 214. Due to a higher rate of diffusion of hydrogen through
amorphous silicon (e.g., the one or more additional layers 218) as compared
to silicon (e.g., the one or more underlayers 214), hydrogen has a tendency to
accumulate at the interface of the silicon and the amorphous silicon in
conventional device structures. Such accumulation results in hydrogen
bubbles forming at the amorphous silicon — silicon interface, resulting in
reduced adhesion or delamination of the amorphous silicon (e.g., the one or
more additional layers) from the silicon (e.g., the one or more underlayers) in

conventional structures which do not include a polysilicon liner 216.

[0031] In contrast to conventional approaches (which deposit the
amorphous silicon of the one or more additional layers directly on the silicon
of the one of the one or more underlayers), aspects of the present disclosure
include a polysilicon liner 216 disposed on the one or more underlayers 214.
The polysilicon liner 216 prevents hydrogen from diffusing from the one or
more additional layers to the upper surface of the one or more underlayers
214. Thus, hydrogen does not accumulate at the upper surface of the one or
more underlayers 214, and gas bubble formation at the upper surface of the

one or more underlayers 214 is mitigated or prevented. Because the
8
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formation of hydrogen gas bubbles at the upper surface of the one or more
underlayers 214 is mitigated or prevented, adhesion of the film stack is

improved.

[0032] It is to be noted that even if hydrogen diffuses to the interface of the
one or more additional layers 218 and the polysilicon liner 216, adhesion is
generally not decreased to a level at which delamination occurs. This is due,
at least in part, to the relatively high adhesion between amorphous silicon and
polysilicon. Thus, in examples described herein, hydrogen accumulates at a
relatively stronger adhesive interface (e.g., between amorphous silicon and
the polysilicon) rather than at a relatively weaker adhesive interface (e.g.,

between amorphous silicon and silicon oxide).

[0033] The device intermediate as described above in reference to Figure
2 can be used in various portions of device structures such as a select bit
transistor used in in memory device such as a metal-oxide-silicon field-effect
transmitter (MOSFET) device. In other examples, the method for forming the
device intermediate in Reference to Figure 1 and Figure 2 may be beneficial
to form device intermediate structures that are part of device structures such
as memory device structures including magnetic randon-access memory
(MRAM), spin-tansfer torque random-access memory (STT-RAM),
ferroelectric random-access memory (FeERAM) and phase-change memory
(PCM).

[0034] Figure 3A is a schematic sectional view that illustrates one example
of a thin-film transistor (TFT) device structure 310. Device structure 310
includes a channel 316 that includes the device intermediate 210 and
intermediate stack 222, including silicon underlayer 214, polysilicon liner 216
and amorphous silicon layer 218 described above with regard to Figure 2.
The device structure 310 includes substrate 212 (e.g., glass, silicon), metal
contacts 314, and channel 316 over the substrate 212 and metal contacts
314. An insulator layer 332 (e.g., silicon oxide layer) is deposited on the
channel 316 and a gate metal layer 342 is deposited on the insulator layer
332.
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[0035] Figure 3B is a schematic sectional view that illustrates one example
of device structure 350. Device structure 350 may form part of a MRAM
device, PCM device, FeERAM device or other semiconductor device. Device
structure 350 includes channel 316 that includes the device intermediate 210
and intermediate stack 222, including silicon underlayer 214, polysilicon liner
216 and amorphous silicon layer 218 described above with regards to Figure
2. The device structure 350 includes substrate 351 (e.g., silicon, germanium)
and channel 316. Device structure 350 further includes a field oxide 370
formed over the intermediate stack 222. A source contact 364 is formed in via
371. Avia 372 includes a gate metal layer 356 and an interconnect 366. The
insulator layer 354 (e.g., silicon oxide) is disposed between gate metal layer
356 and the intermediate stack 222. A drain contact 362 is formed in via 373.

[0036] FIG. 4 illustrates a schematic top view of an exemplary vacuum
processing system 400 where the method of forming the device structure, as
described herein, may be performed. This system 400 is of the cluster type of
systems used for manufacturing processed substrates in a vacuum such as
integrated circuits on wafers. The vacuum processing system 400 includes a
transfer chamber 402 typically mounted on a platform (not shown). The
transfer chamber is connected to a system controller 401, the system
controller 401 is configured to store and/or implement aspects of the subject
matter disclosed herein. The transfer chamber 402 has a lid 403 mounted on
its top. When the lid 403 is attached, the lid 403 forms an airtight seal with the
transfer chamber 402, so that when the pressure in the transfer chamber is
reduced to a vacuum, air does not leak into the transfer chamber 402. The
transfer chamber 402 has process chambers 404 attached at facets 406.
Process chambers 404 may be any type of process chamber, such as a
physical vapor deposition chamber, a CVD chamber, an ALD chamber, a
PECVD chamber, a PEALD chamber, an etch chamber, etc. The process
chambers 404 may be supported by the transfer chamber 402 or may be
supported on their own platforms depending on the configuration of the
individual process chambers 404. Slit valves (not shown) in the facets 406

provide access and isolation between the transfer chamber 402 and the

10
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process chambers 404. Correspondingly, the process chambers 404 have
openings (not shown) on their surfaces that align with the slit valves. The
transfer chamber 402 also has load lock chambers 408 mounted at facets
412. Openings (not shown) in the facets 412 provide access and isolation
between the load lock chambers 408 and the transfer chamber 402.
Correspondingly, the load lock chambers 408 have openings on their surfaces

that align with the openings in facets 412.

[0037] The load lock chambers 408 are attached to a mini-environment
414. The load lock chambers 408 and the mini-environment 414 have
corresponding openings (not shown) providing access between load lock
chambers and the mini-environment, while doors (not shown) for the openings
provide isolation. The mini-environment 414 has pod loaders 416 attached on
its front side. Openings (not shown) with corresponding doors (not shown)
provide access and isolation between the mini-environment 414 and the pod
loaders 416.

[0038] In operation, the substrate to be processed in the system 400 are
placed on the top of the pod loaders 416. Then a robot (not shown) begins
removing the substrate, one at a time, out of the pod loaders 416 and into one
of the load lock chambers 408. After the substrates have been loaded into the
load lock chamber 408, the pressure in the load lock chamber is reduced to
match that in the transfer chamber 402. Then the door on the transfer
chamber side is opened, and the transfer chamber robot (not shown) can
begin servicing the load lock chamber 408. The transfer chamber robot moves
the substrates from the load lock chamber 408 to one of the process
chambers 404 for processing, and afterwards moves the substrates back to
one of the load lock chambers 408. When the load lock chamber 408 has
received all of the processed substrates, the pressure in the load lock
chamber is returned to that of the mini-environment, so the robot within the
mini-environment can move the processed substrates back to a substrate pod
loader 416.

11
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[0039] While the foregoing is directed to embodiments of the present
disclosure, other and further embodiments of the disclosure may be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.

12
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What is claimed is:

1. A method, comprising:
depositing an underlayer comprising silicon over a substrate;
depositing a polysilicon liner on the underlayer; and

depositing an amorphous silicon layer on the polysilicon liner.

2. The method of claim 1, further comprising thermal treatment subsequent to
the depositing of the amorphous silicon layer, wherein the thermal treatment is an
annealing process; and

further comprising thermal treatment subsequent to the depositing of the

polysilicon liner and before the depositing of the amorphous silicon layer.

3. The method of claim 2, wherein the thermal treatment is a crystallization
thermal anneal process of between about 600 degrees Celsius and 650 degrees

Celsius for a time period between 1 to 2 hours.

4. The method of claim 2, wherein the thermal treatment is a crystallization
spike anneal process of between about 900 degrees Celsius and 1,100 degrees

Celsius for a time period between about 1 second to about 5 seconds.

. The method of claim 1, wherein the underlayer comprising silicon has an

amorphous structure.

6. The method of claim 1, wherein the polysilicon liner has a crystallinity of

between about 25 percent to about 40 percent.

7. The method of claim 1, wherein the polysilicon liner is formed in the same

chamber as the underlayer.

8. The method of claim 1, wherein the polysilicon liner is formed using a thermal
CVD process at a temperature of between about 350 degrees Celsius to about 500

degrees Celsius.
13
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9. A device intermediate, comprising:
a substrate;
an underlayer comprising silicon formed over the substrate;
a polysilicon liner disposed on the underlayer; and

an amorphous silicon layer disposed on the polysilicon liner.

10.  The device intermediate of claim 9, wherein the silicon is an amorphous

structure.

11.  The device intermediate of claim 9, wherein the polysilicon liner has a
thickness of between 10 angstroms and 200 angstroms and has a crystallinity of

between about 25 percent to about 40 percent.

12.  The device intermediate of claim 9, wherein the amorphous silicon layer is

formed on the upper surface of the polysilicon liner.

13.  The device intermediate of claim 9, wherein the amorphous silicon layer
further includes alternating layers of n-doped and undoped amorphous silicon in a
stack, or wherein the amorphous silicon layer further includes alternating layers of p-

doped and undoped amorphous silicon in a stack.

14.  The device intermediate of claim 9, wherein the amorphous silicon layer is a

single layer of p-doped or n-doped amorphous silicon.

15. A method of forming a device intermediate, the method comprising:
depositing an underlayer comprising silicon over a substrate;
depositing a polysilicon liner on the underlayer, the depositing of the

polysilicon liner is performed in the same chamber as the depositing of the

underlayer; and

depositing an amorphous silicon layer on the polysilicon liner.

14
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