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3D MEMORY DEVICE, MEASUREMENT
METHOD THEREOF, AND FILM
MEASUREMENT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2022/070581, filed on Jan. 6, 2022,
which claims the benefit of priority to Chinese Application
No.202110147527.7 filed on Feb. 3, 2021, both of which are
incorporated herein by reference in their entireties.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of a
semiconductor device, particularly to a 3D memory device,
a measurement method thereof, and a film measurement
device.

BACKGROUND

[0003] With the feature size of semiconductor manufac-
turing processes becoming smaller and smaller, the storage
density of memory devices becomes higher and higher. In
order to further improve the storage density, a memory
device with a three-dimensional structure (namely a 3D
memory device) has been developed. The 3D memory
device comprises a plurality of memory cells stacked along
a vertical direction, which can increase an integration degree
exponentially on unit area of wafer and can reduce costs.
[0004] In order to increase the density of a 3D memory
device (3D NAND memory device), the number of stacked
layers becomes increasingly larger such as a dual deck, and
the film thickness increases exponentially accordingly.
Meanwhile, the channel hole needs two etches rather than
one etch. The film thickness imposes an important influence
on the structure and electrical performance of devices and
therefore requires strict on-line monitoring in the manufac-
turing process. However, the increasingly thicker films bring
about a big challenge for film thickness measurement meth-
ods. Not only front-end process variations or fluctuations
might disturb subsequent film measurement, but also it is
impossible to distinguish whether the front-end process or
the current station results in the variation. Therefore, it is
possible to result in an unreasonable deviation between the
calculated results and the practical process results.

SUMMARY

[0005] The present disclosure provides a 3D memory
device comprising a substrate; a stack structure over the
substrate for forming a memory array; a channel hole
disposed in the stack structure; and a barrier layer disposed
in the channel hole for blocking a signal within a first
wavelength range.

[0006] In some implementations, the barrier layer pen-
etrates through at least a part of the stack structure.

[0007] In some implementations, the stack structure com-
prises: a first stack structure over the substrate for forming
a memory array; a second stack structure over the first stack
structure for forming the memory array; the channel hole
comprising: a first channel hole disposed in the first stack
structure, wherein, the barrier layer is disposed in the first
channel hole.

[0008] In some implementations, the barrier layer is a
sacrificial layer remained after a front-end process.
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[0009] The present disclosure further provides a measure-
ment method for a 3D memory device, comprising: forming
a substrate; forming a stack structure over the substrate;
forming a channel hole in the stack structure; forming a
barrier layer in the channel hole for blocking a signal within
a first wavelength range; emitting the signal within the first
wavelength range to the stack structure; and obtaining a
thickness of the stack structure that transmits the signal
within the first wavelength range according to the signal
within the first wavelength range not blocked by the barrier
layer.

[0010] In some implementations, the forming a stack
structure over the substrate; the forming a channel hole in
the stack structure comprises: forming a first stack structure
over the substrate; forming a first channel hole in the first
stack structure; forming the barrier layer in the first channel
hole; and forming a second stack structure on the first stack
structure; the obtaining a thickness of the stack structure that
transmits the signal within the first wavelength range
according to the signal within the first wavelength range not
blocked by the barrier layer comprises: obtaining a thickness
of the second stack structure according to the signal within
the first wavelength range not blocked by the barrier layer.
[0011] In some implementations, the forming the barrier
layer in the first channel hole comprises: filling a sacrificial
layer in the first channel hole, wherein at least a part of the
sacrificial layer is configured to form the barrier layer.
[0012] In some implementations, the measurement
method comprises: stacking a first stack structure over the
substrate; opening a first channel mask to etch a first channel
hole in the first stack structure; stacking a second stack
structure over the first stack structure, and the first channel
hole; opening a second channel mask and closing the first
channel mask to etch a second channel hole in the second
stack structure; and opening the first channel mask and
closing the second channel mask to clean the completed
device.

[0013] In some implementations, the forming the stack
structure over the substrate comprises: depositing a plurality
of sacrificial layers and a plurality of interlayer insulating
layers alternatively over the substrate to form the stack
structure.

[0014] In some implementations, the forming the stack
structure over the substrate comprises: forming a first stack
structure over the substrate; for stack structures over the first
stack structure, forming a latter stack structure over a former
stack structure; the measurement method further compris-
ing: measuring a thickness of the former stack structure after
forming the former stack structure; and measuring a thick-
ness of the latter stack structure after forming the latter stack
structure.

[0015] In some implementations, an incident angle of the
signal within the first wavelength range is calculated and
obtained according to a spacing between the adjacent barrier
layers.

[0016] In some implementations, an incident location of
the signal within the first wavelength range includes a
location of the channel hole.

[0017] The present disclosure further provides a film mea-
surement device for measuring a thickness of a film in the
afore-mentioned 3D memory device. The film measurement
device comprises: an optics critical dimension measurement
device configured to measure a film of the 3D memory
device to be measured to obtain a measurement spectrum;
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and a processor configured to obtain a thickness of the film
to be measured according to the measurement spectrum.

BRIEF DESCRIPTION OF DRAWINGS

[0018] The above and other objects, features, and advan-
tages of the present disclosure will become clearer through
the description of implementations of the present disclosure
below with reference to accompanying drawings, in which:
[0019] FIG. 1 shows a structure of a 3D memory device
and a principle of a film thickness measurement;

[0020] FIG. 2 shows a schematic diagram of a structure of
a 3D memory device according to a first implementation of
the present disclosure;

[0021] FIG. 3 shows a flow chart of a measurement
method for a 3D memory device according to the first
implementation of the present disclosure;

[0022] FIG. 4 shows a schematic diagram of a structure of
a 3D memory device according to a second implementation
of the present disclosure;

[0023] FIG. 5 shows a flow chart of a measurement
method for a 3D memory device according to a second
implementation of the present disclosure;

[0024] FIGS. 6 to 8 show schematic sectional diagrams of
stages in the measurement method for the 3D memory
device according to the second implementation of the pres-
ent disclosure;

[0025] FIG. 9 shows a principle of a film thickness mea-
surement for the 3D memory device according to the second
implementation of the present disclosure;

[0026] FIG. 10 shows a flow chart of a measurement
method for a 3D memory device according to a third
implementation of the present disclosure; and

[0027] FIG. 11 shows a schematic diagram of a simulation
result of a 3D memory device according to an implemen-
tation of the present disclosure.

DETAILED DESCRIPTION

[0028] Hereinafter, various implementations of the present
disclosure will be described in more detail with reference to
accompanying drawings. In the drawings, the same elements
are denoted with the same or similar reference numerals. For
clarity, various parts in the drawings are not drawn to scale.
Furthermore, some known parts may not be shown in
drawings.

[0029] The specific implementations of the present disclo-
sure will be further described in detail below with reference
to drawings and implementations. Numerous specific details
of the present disclosure are described below, such as
structures, materials, sizes, processes, and technologies of
components, in order to understand the present disclosure
more clearly. However, as understood by those skilled in the
art, it is possible to implement the present disclosure without
these specific details.

[0030] It will be appreciated that while describing a struc-
ture of a component, when a layer or region is said to be “on”
or “over” another layer or region, it may be directly on
another layer or region, or there may be other layers or
regions between the layer or region and another layer or
region. Furthermore, if the component is reversed, the layer
or region will be “under” or “beneath” another layer or
region.

[0031] In order to increase the bit density of a 3D NAND
memory device, the number of stacked layers becomes
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increasingly larger such as a dual deck, and the film thick-
ness increases exponentially accordingly. Meanwhile, chan-
nel holes need two etches rather than one etch. The film
thickness imposes an important influence on the structure
and electrical performance of devices and therefore requires
strict on-line monitoring in the manufacturing process.

[0032] The inventors have found that the increasingly
thicker films bring about a big challenge for film thickness
measurement methods. Front-end process variations or fluc-
tuations might disturb a subsequent film measurement. Film
measurement based on a regression algorithm can not avoid
inter-linkages among multiple variables, and can’t distin-
guish whether the front-end process or the current station
results in the variation. Therefore, it is possible to result in
an unreasonable deviation between the calculated results and
the practical process results. Also, with a further increase in
the film thickness, this problem will become more and more
serious and can cause the confidence level of measurement
results to be reduced. In addition, due to the loading effect
caused by the pattern density, it may be impossible to
accurately reflect the real condition of a film thickness (such
as the film thickness of the core array) by the measurement
pad. FIG. 1 shows a structure of a 3D memory device and
a principle of a film thickness measurement. As shown in
FIG. 1, the existing 3D memory device is of a stack
structure. While performing a thickness measurement, a
measurement signal is sent, but a plurality of feedback
signals may be obtained, thereby resulting in an inaccurate
measurement of a film thickness.

[0033] The inventors also have found that with the
increase in the thickness of a 3D NAND memory, process
steps increase accordingly, and film thickness monitoring
becomes more and more critical. For the current regression
method and machine for film thickness measurement, due to
the limitations of principle, algorithm, and hardware, chal-
lenges such as model reliability arise while establishing a
measurement site on an upper deck array, and risks such as
an insufficient capacity or even failure might occur in the
future while the device thickness increases. At the dual-deck
site, for a pure film pad, its front-end process results,
especially the completed lower deck, will impact the current
measurement spectrum severely. Due to the similar materi-
als, upper deck and lower deck films are highly interlinked
from a modeling perspective, which makes it impossible to
properly distinguish sources of information in original mea-
surement data with the modeling. And at present, there is no
effective means to block the influence of front-end process
on the present site being measured in terms of signal. For the
loading effect caused by the pattern density difference, it
may be impossible to accurately reflect the real condition of
the film thickness of the core array with the pure film pad
result.

[0034] FIG. 2 shows a schematic diagram of a structure of
a 3D memory device according to an implementation of the
present disclosure. As shown in FIG. 2, the 3D memory
device according to an implementation of the present dis-
closure comprises a substrate 10, a stack structure 20, a
channel hole 30, and a barrier layer 40. Specifically, the
substrate 10 may be, for example, a semiconductor sub-
strate. The stack structure 20 over the substrate 10 is
configured to form a memory array. The channel hole 30 is
disposed in the stack structure 20. The barrier layer 40 is
disposed in the channel hole 30 for blocking a signal within
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a first wavelength range. Optionally, the first wavelength
range is a short wavelength range.

[0035] In an optional implementation of the present dis-
closure, the barrier layer 40 penetrates at least a part of the
stack structure. Optionally, the barrier layer 40 is disposed
on the sidewalls of the channel hole 30.

[0036] FIG. 3 shows a flow chart of a measurement
method for a 3D memory device according to a first imple-
mentation of the present disclosure. As shown in FIG. 3, the
measurement method for the 3D memory device according
to the first implementation of the present disclosure com-
prises the following steps.

[0037] At step S301, a substrate is formed. The substrate
is formed. For example, a semiconductor substrate is formed
as the substrate for the 3D memory device.

[0038] At step S302, a stack structure is formed over the
substrate. The stack structure is formed over the substrate for
forming the memory array. Optionally, a plurality of sacri-
ficial layers and a plurality of interlayer insulating layers are
deposited alternatively over the substrate to form the stack
structure.

[0039] At step S303, a channel hole is formed in the stack
structure. The channel hole is formed in the stack structure.
For example, the channel hole is etched in the stack struc-
ture.

[0040] At step S304, a barrier layer is formed in the
channel hole. The barrier layer is formed in the channel hole
for blocking a signal within a first wavelength range. For
example, the barrier layer is formed on the sidewalls of the
channel hole.

[0041] At step S305, the signal within the first wavelength
range is emitted to the stack structure. The signal within the
first wavelength range is emitted towards the stack structure.
[0042] At step S306, the thickness of the stack structure
transmitting the signal within the first wavelength range is
obtained according to the signal within the first wavelength
range not blocked by the barrier layer.

[0043] The thickness of the stack structure that transmits
the signal within the first wavelength range is obtained
according to the signal within the first wavelength range that
is not blocked by the barrier layer. Specifically, the signal
within the first wavelength range is emitted to the stack
structure. The signal within the first wavelength range
having a transmission path passing through the barrier layer
will be blocked; while the signal within the first wavelength
range having a transmission path not passing through the
barrier layer will not be blocked. It is possible to obtain the
thickness of the stack structure that transmits the signal
within the first wavelength range according to the signal
within the first wavelength range that is not blocked by the
barrier layer. Optionally, the signal within the first wave-
length range is emitted to the stack structure, and a thickness
of a part of the stack structure without a barrier layer (a
thickness of the stack structure with the thickness of the
barrier layer excluded) is obtained according to the received
reflection signal.

[0044] In an optional implementation of the present dis-
closure, forming the stack structure over the substrate com-
prises forming a first stack structure over the substrate; and
for stack structures over the first stack structure, forming a
latter stack structure over a former stack structure, that is,
forming successively a second stack structure, a third stack
structure . . . over the first stack structure. After forming the
former stack structure, the thickness of the former stack
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structure is measured; and after forming the latter stack
structure, the thickness of the latter stack structure is mea-
sured. Optionally, after forming the former stack structure
and measuring the thickness of the stack structure, a barrier
layer is formed in the former stack structure. After forming
the barrier layer in the former stack structure, the latter stack
structure is formed on the former stack structure, and the
thickness of the latter stack structure is measured.

[0045] In an optional implementation of the present dis-
closure, an incident angle of the signal within the first
wavelength range is calculated and obtained according to the
spacing between adjacent barrier layers. Optionally, the
stack structure comprises a first stack structure and a second
stack structure over the first stack structure. A plurality of
barrier layers are provided in the first stack structure. The
incident angle of the signal within the first wavelength range
is calculated and obtained according to the spacing between
adjacent barrier layers such that the signal within the first
wavelength range is blocked from being incident into the
first stack structure to accurately measure the thickness of
the second stack structure.

[0046] In an optional implementation of the present dis-
closure, an incident location of the signal within the first
wavelength range includes the location of the channel hole
(barrier layer). Optionally, the channel hole (barrier layer) is
located in the transmission path of the signal within the first
wavelength range.

[0047] In an optional implementation of the present dis-
closure, the measurement method for the 3D memory device
further comprises filling a sacrificial layer in the channel
hole. At least a part of the sacrificial layer is configured to
form the barrier layer.

[0048] In an optional implementation of the present dis-
closure, the location, depth, diameter etc. of the first channel
hole may be determined according to practical demands to
form barrier layers at different locations. The barrier layer
can block a signal within a short (first) wavelength range
such that the thickness at the location of the barrier layer can
not be measured, thereby accurately measuring the thickness
of the film to be measured.

[0049] FIG. 4 shows a schematic diagram of a structure of
a 3D memory device according to a second implementation
of the present disclosure. As shown in FIG. 4, the 3D
memory device according to the second implementation of
the present disclosure comprises a substrate 10, a stack
structure 20, a channel hole 30, and a barrier layer 40. The
stack structure 20 comprises a first stack structure 21 and a
second stack structure 22. The channel hole 30 comprises a
first channel hole 31.

[0050] Specifically, the substrate 10 may be, for example,
a semiconductor substrate. The first stack structure 21 over
the substrate 10 is configured to form a memory array. The
second stack structure 22 over the first stack structure 21 is
configured to form the memory array. The first channel hole
31 is disposed in the first stack structure 21. The barrier layer
40 is disposed in the first channel hole 31.

[0051] In an optional implementation of the present dis-
closure, the channel hole 30 comprises the first channel hole
31 and a second channel hole (not shown). The second
channel hole is disposed in the second stack structure.
Optionally, the first channel hole 31 and the second channel
hole are connected. That is, the first channel hole 31 and the
second channel hole communicate with each other. Option-
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ally, the axis of the first channel hole 31 and the axis of the
second channel hole coincide with each other.

[0052] In an optional implementation of the present dis-
closure, the 3D memory device according to an implemen-
tation of the present disclosure further comprises a barrier
layer above the first stack structure and below the second
stack structure. In the implementation, the barrier layer is
formed directly between the two stack structures (the first
and second stack structures), which can block all signals
from being incident into the first stack structure (for
example, the bottom stack layer).

[0053] In an optional implementation of the present dis-
closure, the stack structure is not limited to the dual stack,
and may have more stacks. That is, there may further be a
third stack structure, a fourth stack structure, a fifth stack
structure . . . over the second stack structure. Optionally,
after forming the first stack structure, the thickness of the
first stack structure is measured; after forming the second
stack structure, the thickness of the second stack structure is
measured; . . . ; and this operation is repeated if there are
more stack structures to calculate the thickness of all the
stack structures. Optionally, a barrier layer is provided
between two adjacent stack structures. Optionally, after
forming the first stack structure, the thickness of the first
stack structure is measured, and a barrier layer is then
formed on the first stack structure; after forming the second
stack structure, the thickness of the second stack structure is
measured, and a barrier layer is then formed on the second
stack structure; . . . ; and the above operation is repeated if
there are more stack structures.

[0054] In an optional implementation of the present dis-
closure, the barrier layer is the sacrificial layer remained
after the front-end process.

[0055] FIG. 5 shows a flow chart of a measurement
method for a 3D memory device according to a second
implementation of the present disclosure. FIGS. 6 to 8 show
schematic sectional diagrams of stages in the measurement
method for the 3D memory device according to the second
implementation of the present disclosure. As shown in FIG.
5, the measurement method for the 3D memory device
according to the second implementation of the present
disclosure comprises the following steps.

[0056] At step S501, a substrate is formed. The substrate
is formed. For example, a semiconductor substrate is formed
as the substrate for the 3D memory device.

[0057] At step S502, a first stack structure is formed over
the substrate. The first stack structure is formed over the
substrate for forming a memory array. Optionally, a plurality
of sacrificial layers and a plurality of interlayer insulating
layers are deposited alternatively over the substrate to form
the first stack structure. Optionally, a monitor pad is formed
over the substrate as the first stack structure. The monitor
pad is, for example, located at the scribing line on the wafer.
The films, structures, etc., on the scribing line may be
consistent or inconsistent with the core array. Optionally,
consistency or inconsistency of films, structures, etc., on the
scribing line with the core array may be achieved by
controlling ON (developing) or OFF (not developing) of the
mask. At step S503, a first channel hole is formed in the first
stack structure.

[0058] The first channel hole is formed in the first stack
structure. For example, the first channel hole is etched in the
first stack structure. Optionally, the first stack structure is
etched to form the first channel hole penetrating through the
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first stack structure. Optionally, the first channel hole
extends to the substrate and a silicon groove is formed inside
the substrate.

[0059] As shown in FIG. 6, a first stack structure 21 is
formed over a substrate 10. A first channel hole 31 is
disposed in the first stack structure 21. For example, at least
one first channel hole is formed in the first stack structure 21
by a first etch, such as a lower channel etch. Optionally, the
first stack structure 21 further comprises gate lines. As
shown in FIG. 6, a plurality of sacrificial layers and a
plurality of interlayer insulating layers are deposited alter-
natively over the substrate 10 to form the first stack structure
21.

[0060] At step S504, a barrier layer is formed in the first
channel hole.
[0061] The barrier layer is formed in the first channel hole.

For example, the barrier layer is formed on the sidewalls of
the first channel hole. As shown in FIG. 7, the barrier layer
40 is filled in the first channel hole 31. In an optional
implementation of the present disclosure, a sacrificial layer
is filled in the first channel hole 31. At least a part of the
sacrificial layer is configured to form the barrier layer 40.
Optionally, a sacrificial layer (SAC Poly-Si or Carbon) is
filled in the first channel hole 31 as the barrier layer 40.
[0062] At step S505, a second stack structure is formed
over the first stack structure and the first channel holes.
[0063] The second stack structure is stacked over the first
stack structure and the first channel holes for forming the
memory array. Optionally, a plurality of sacrificial layers
and a plurality of interlayer insulating layers are deposited
alternatively over the first stack structure and the first
channel holes to form the second stack structure.

[0064] As shown in FIG. 8, a second stack structure 22 is
formed over the first stack structure 21 and the first channel
holes 31 (upper film deposition). The barrier layer 40
remained in the first stack structure 21 (SAC Poly-Si(Car-
bon) remains untouched on the monitor pad). Optionally, the
monitor pad (the first stack structure) is, for example,
located at the scribing line on the wafer. The films, struc-
tures, etc., on the scribing line may be consistent or incon-
sistent with the core array. Optionally, consistency or incon-
sistency of films, structures, etc., on the scribing line with
the core array may be achieved by controlling ON (devel-
oping) or OFF (not developing) of the mask.

[0065] At step S506, a signal within a first wavelength
range is emitted to the stack structures.

[0066] The signal within the first wavelength range is
emitted to the stack structures (the first stack structure and
the second stack structure).

[0067] At step S507, a thickness of the second stack
structure is obtained according to the signal within the first
wavelength range that is not blocked by the barrier layer.
[0068] The thickness of the second stack structure is
obtained according to the signal within the first wavelength
range (i.e., the signal within the first wavelength range
emitted to the stack structure and reflected by the stack
structure) that is not blocked by the barrier layer. In an
optional implementation of the present disclosure, the mea-
surement method for the 3D memory device further com-
prises:

[0069] At step S508, a second channel hole is formed in
the second stack structure.

[0070] The second channel hole is formed in the second
stack structure. For example, the second channel hole is
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etched in the second stack structure. Optionally, the second
stack structure is etched to form the second channel hole
penetrating through the second stack structure. Optionally,
the second channel hole extends to the upper surface of the
first stack structure.

[0071] In an optional implementation of the present dis-
closure, a first stack structure is formed over the substrate,
and a first pillar penetrating through the first stack structure
is formed. A second stack structure is formed on the first
stack structure, and a second pillar penetrating through the
second stack structure is formed. At least a part of the first
pillar and the second pillar is removed to form the first
channel hole and the second channel hole. Optionally, the
axis of the first channel hole and the axis of the second
channel hole coincide with each other.

[0072] In an optional implementation of the present dis-
closure, a first stack structure and a second stack structure
are successively formed over the substrate. A first channel
hole is disposed in the first stack structure; and a second
channel hole is disposed in the second stack structure. The
second channel hole and the first channel hole are staggered
in the horizontal direction. Optionally, the first channel hole
and the second channel hole do not communicate with each
other.

[0073] In an optional implementation of the present dis-
closure, in the front-end process, the barrier layer is disposed
in the (first) channel hole. Regardless of how the front-end
process varies, the barrier layer is always disposed in the
(first) channel hole. Therefore, variation of the front-end
process will not impact the subsequent measurement.
[0074] FIG. 9 shows a principle of a film thickness mea-
surement for the 3D memory device according to the second
implementation of the present disclosure. As shown in FIG.
9, a signal (an optical signal with a specific wavelength
range) for measuring a film is provided to the film to be
measured from outside, as shown by solid arrows. The signal
to pass the barrier layer will be blocked and can not be
reflected back to the outside (as shown by the blocked
dashed lines). The film to be measured (such as the second
stack structure) has no barrier layer, and the signal can return
normally (as shown by solid arrows), thereby accurately
obtaining the thickness of the film to be measured.

[0075] FIG. 10 shows a flow chart of a measurement
method for a 3D memory device according to a third
implementation of the present disclosure. As shown in FIG.
10, the measurement method for the 3D memory device
according to the third implementation of the present disclo-
sure comprises the following steps.

[0076] At Step S1001, a first stack structure is formed over
a substrate; and a first channel hole is formed in the first
stack structure. The first stack structure is formed over the
substrate. The first channel hole penetrating through the first
stack structure is formed.

[0077] At Step S1002, a barrier layer is formed in the first
channel hole. The barrier layer is formed in the first channel
hole. For example, a poly-Si sacrificial layer (poly-Si)
and/or a carbon sacrificial layer (C) are filled in the first
channel hole. The sacrificial layer filled in the first channel
hole functions as the barrier layer.

[0078] At Step S1003, the first channel mask is opened,
and the second channel mask is closed for cleaning.
[0079] Without any adjustment to the existing process, by
controlling the measurement (pad) region mask, namely
opening (developing) the first channel mask and closing (not
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developing) the second channel mask, the sacrificial layer
(barrier layer) filled in the first channel hole is remained
intact during the subsequent wet cleaning process, so that a
signal within a first wavelength range (such as 190-700 nm)
is blocked by the first stack structure (lower deck). With the
device fabricated based on the method, while performing a
film measurement, an influence of variation of the first stack
structure on subsequent stack structures, such as the second
stack structure may be avoided.

[0080] In an optional implementation of the present dis-
closure, as shown in FIGS. 6-8, the measurement method for
the 3D memory device comprises: stacking a first stack
structure over a substrate. The first channel mask (lower
channel mask) is opened (developed) and a first channel hole
is etched in the first stack structure. A second stack structure
is stacked on the first stack structure and the first channel
hole. The second channel mask (upper channel mask) is
opened (developed), and the first channel mask is closed (not
developed) to etch a second channel hole in the second stack
structure. The first channel mask is opened (developed), and
the second channel mask is closed (not developed) to clean
the resulting part (completed device).

[0081] In the above-mentioned implementations of the
present disclosure, by simply controlling the opening and
closing of masks for the lower channel hole and the upper
channel hole in the measurement (pad) region, the sacrificial
material filled in the lower channel hole in the measurement
(pad) region remains after the subsequent removing (clean-
ing) process. The formed barrier layer physically isolates the
influence of the bottom structure on the present site being
measured, because its strong absorption characteristic for
light within a short (first) band makes it impossible for the
signal propagating downward to the bottom structure to
return to a sensor.

[0082] According to yet another aspect of the present
disclosure, a film measurement device is provided for thick-
ness measurement of the 3D memory device, as mentioned
above. The film measurement device comprises an optics
critical dimension (OCD) measurement device for measur-
ing a film to be measured of the 3D memory device to obtain
a measurement spectrum; and a processor for obtaining the
thickness of the film to be measured according to the
measurement spectrum. Optionally, the processor is con-
nected to the OCD measurement device to receive the
measurement spectrum. FIG. 9 illustrates the measurement
principle of the film measurement device.

[0083] In an optional implementation of the present dis-
closure, a plurality of channel holes are formed in the stack
structure, and barrier layers are formed in at least two
channel holes. The film measurement device calculates an
incident angle of measurement signal according to the
spacing between adjacent barrier layers. Optionally, the
plurality of channel holes are arranged in an array. Option-
ally, the plurality of barrier layers are arranged in an array in
the stack structure.

[0084] In an optional implementation of the present dis-
closure, the location of channel structure (hole) is selected as
the incident location of the measurement signal. Optionally,
the plurality of channel holes are arranged in an array, and
a barrier layer is formed in each channel hole.

[0085] FIG. 11 shows a schematic diagram of a simulation
result of a 3D memory device according to an implemen-
tation of the present disclosure. As shown in FIG. 11, as can
be seen from the OCD simulation result, the influence of CD
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variation in the lower channel hole (LCH) filled with the
sacrificial layer (barrier layer) on the spectrum less than 700
nm is reflected as a smaller SNR (signal to noise ratio),
which approaches a noise level. That is, the variation in the
LCH structure filled with the sacrificial layer has little
influence on the subsequent measurement. For example,
graphs in FIG. 11 represent simulation results of Poly-Si Fill
LCH+TCD 70.dat, Poly-Si Fill LCH+TCD 72.dat, and Poly-
Si Fill LCH+TCD 74.dat, respectively.
[0086] It should be noted that, in the present description,
terms such as first, second, etc., are used only to differentiate
one entity or operation from another entity or operation
rather than necessarily requiring or implying that there is
any actual relationship or order among these entities or
operations. Further, terms “include,” “comprise” or any
other variants thereof are intended to encompass non-exclu-
sive inclusion such that a process, method, article, or device
including a series of elements comprises not only those
elements, but also other elements that have not been listed
explicitly, or further comprises elements inherent in the
process, method, article or device. Without any further
limitations, an element defined by expression “comprising a
... ” does not exclude additional identical elements in the
process, method, article, or device including the element.
[0087] According to implementations of the present dis-
closure as described above, these implementations neither
set forth all details thoroughly nor limit the present disclo-
sure to the described specific implementations. It is obvious
that many modifications and variations may be made accord-
ing to the above description. These implementations have
been selected and described in detail in the description to
better explain the principles and practical applications of the
present disclosure such that those skilled in the art can utilize
the present disclosure and make modifications thereto for
use based on the present disclosure well. The present dis-
closure is only limited by the claims and all their scope and
equivalents.
What is claimed is:
1. A three-dimensional (3D) memory device, comprising:
a stack structure comprising a first stack structure and a
second stack structure over the first stack structure; and
a barrier layer disposed in a first channel hole in the first
stack structure.
2. The 3D memory device of claim 1, further comprising:
a substrate comprising a device region and a scribing line
region at a periphery of the device region, the stack
structure being located over the substrate, wherein the
stack structure is located in the scribing line region.
3. The 3D memory device of claim 1, wherein the barrier
layer is configured to block a signal having a wavelength
within a range of 190 nm to 700 nm.
4. The 3D memory device of claim 1, further comprising:
a second channel hole disposed in the second stack
structure, wherein the second channel hole extends into
the barrier layer in the first channel hole.
5. The 3D memory device of claim 1, wherein the barrier
layer penetrates through the first stack structure.
6. The 3D memory device of claim 1, wherein the barrier
layer is a sacrificial layer remained after a front-end process.
7. The 3D memory device of claim 6, wherein a material
of the sacrificial layer comprises at least one of polycrys-
talline silicon or carbon.
8. A method for measuring a three-dimensional (3D)
memory device, comprising:
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forming a first stack structure over a substrate;

forming a first channel hole in the first stack structure;

forming a barrier layer in the first channel hole;

forming a second stack structure on the first stack struc-
ture, the first stack structure, and the second stack
structure constituting a stack structure;

emitting a signal having a wavelength within a first range

to the stack structure; and

obtaining a thickness of the second stack structure accord-

ing to a reflected signal within the first range.

9. The method of claim 8, wherein the first range is 190
nm to 700 nm.

10. The method of claim 8, wherein forming the barrier
layer in the first channel hole comprises filling a sacrificial
layer in the first channel hole, at least a part of the sacrificial
layer being configured to form the barrier layer.

11. The method of claim 8, further comprising:

stacking the first stack structure over the substrate;

opening a first channel mask to etch the first channel hole

in the first stack structure;

stacking the second stack structure on the first stack

structure and the first channel hole;

opening a second channel mask and closing the first

channel mask to etch a second channel hole in the
second stack structure; and

opening the first channel mask and closing the second

channel mask to clean the 3D memory device.

12. The method of claim 8, wherein forming the first stack
structure over the substrate comprises depositing sacrificial
layers and interlayer insulating layers alternatively over the
substrate to form the first stack structure.

13. The method of claim 8, wherein

forming the second stack structure on the first stack

structure comprises for stack structures over the first
stack structure, forming a latter stack structure over a
former stack structure; and

the method further comprises:

measuring a thickness of the former stack structure
after forming the former stack structure; and

measuring a thickness of the latter stack structure after
forming the latter stack structure.

14. The method of claim 8, wherein an incident angle of
the signal having the wavelength within the first range is
calculated and obtained according to a spacing between the
barrier layer and an adjacent barrier layer.

15. The method of claim 8, wherein an incident location
of the signal having the wavelength within the first range
comprises a location of the first channel hole.

16. A method for manufacturing a three-dimensional (3D)
memory device, comprising:

providing a substrate;

forming a first stack structure over the substrate;

forming a first channel hole in the first stack structure;

forming a barrier layer in the first channel hole; and
forming a second stack structure on the first stack struc-
ture.

17. The method of claim 16, further comprising, forming
a second channel hole in the second stack structure after
forming the second stack structure on the first stack struc-
ture, the second channel hole extending into the barrier layer
in the first channel hole.

18. The method of claim 16, wherein the substrate com-
prises a device region and a scribing line region at a
periphery of the device region; and
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forming the first stack structure over the substrate com-
prises forming the first stack structure in the scribing
line region of the substrate.
19. The method of claim 16, wherein a material of the
barrier layer comprises at least one of poly-silicon or carbon.
20. The method of claim 16, wherein forming the first
stack structure over the substrate comprises depositing sac-
rificial layers and interlayer insulating layers alternatively
over the substrate to form the first stack structure.

#* #* #* #* #*
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