CN 107658309 A

(19) National Intellectual Property Office of the

People’s Republic of China

,;‘D (12) Invention Patent
"*

Application

(10) Application CN 107658309 A
publication number

(43) Application 2018.02.02
publication date

(21) Application number 201710774754.6
(22) Date of application = 2017.08.31

(71) Applicant Yangtze Memory Technologies
Co., Ltd.
Address Room 7018, No. 18 Huaguang Avenue,
Guandong Science and Technology Industrial
Park, Donghu Development Zone, Hongshan
District, Wuhan City, Hubei Province 430074
(72) Zhu Jifeng Lu Zhenyu

Inventor  Cpen Jun Hu Siping
Dai Xiaowang Yao Lan
Xiao Lihong Zheng Aman
Bao Kun Yang Haohao
(74) Patent agency Beijing Chenquan Intellectual
Property Agency Co., Ltd. 11619

Agent Liu Guangda

(51)Int .CI.
HOIL 27/11529(2017.01)
HOIL 27/11551(2017.01)

HOIL 27/11573(2017.01)
HOIL 27/11578(2017.01)

Claims 2 Pages Specification 4 Drawings 5 Pages
Pages

(54) Title of Invention
A Multi-level Contact of Three-dimensional Memory
Array and Manufacturing Method Thereof

(57) Abstract

The present invention provides a multi-level contact of a
three-dimensional memory array and a manufacturing method
thereof. Through structural adjustment, the contact structure
can be prepared in 3D NAND technology with only one layer
of photomask. By placing a termination layer for selectivity
transition above the staircase silicon/substrate structure,
during the etching process, an etching process with a high
selectivity is first used to stop the contact channel on the
termination layer, and then the reverse direction is used. The
selective etching process removes the termination layer, and
finally achieves the purpose of uniformly opening the contact
channel above the staircase silicon/substrate structure.
Through the above mentioned process provided by the present
invention, the situation of insufficient etching or over-etching
caused by using a layer of photomask for etching in the prior
art is avoided. Using this new process can save costs, reduce
process complexity, and expand the process window.
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1. A method for preparing a three-dimensional memory structure, including:

In the first step, etching of the staircase structure:

Provide substrate;

Form a stacked layer on the surface of the substrate, the stacked layer including a plurality of
alternately overlaying oxide layers and nitride layers;

The stacked layer is then etched to form a stacked layer with a staircase structure;

In the second step, a second oxide layer with a staircase structure is formed on the stacked layer of
the staircase structure:

In the third step, a termination layer of the staircase structure is formed on the second oxide layer of
the staircase structure;

In the fourth step, the termination layer of the staircase structure is filled to form a third oxide layer
with the same height as the uppermost layer of the termination layer of the staircase structure. After the
third oxide layer is formed, chemical mechanical polishing (CMP) is used. The process makes the height
of'the third oxide layer of each stage flush with the uppermost layer of the termination layer of the staircase
structure;

In the fifth step, the uppermost termination layer of the termination layer of the staircase structure is
etched to form a contact opening that penetrates each layer until it contacts the substrate, and then the
silicon nitride layer is then replaced with a metal layer including the insulating film HK;

In the sixth step, the third oxide layer is etched and high-selectivity etching is carried out to form
contact channels reaching the termination layer of each step of the staircase structure;

In the seventh step, reverse selectivity etching is used to further etch the contact channel, and through
each step of the staircase structure termination layer, a contact channel reaching the second oxide layer is
obtained;

In the eighth step, the contact channel is further etched, and through the second oxide layer and the
insulating film HK, a contact channel reaching the metal layer of the insulating film HK is obtained;

In the ninth step, after the through holes are realized by etching in the previous steps, the metal
connection structure is realized by metal filling and grinding.

2. A method for preparing a three-dimensional memory structure according to Claim 1, wherein the
termination layer is silicon nitride.

3. A method for preparing a three-dimensional memory structure according to Claim 1, wherein the
metal layer of the insulating film HK includes tungsten.

4. A method for preparing a three-dimensional memory structure according to Claim 1 or 3, wherein
the insulating film HK is a hafhium oxide film, a zirconium oxide film, an aluminum oxide film, a tantalum
oxide film or a lanthanum oxide film.

5. A three-dimensional memory structure prepared by the method described in any one of Claims 1-
3.

6. A three-dimensional memory structure including:

Substrate 01;

A stacked layer, in a staircase structure, is formed on the surface of the substrate 01. The stacked layer
includes a plurality of alternately overlaying first oxide layers 02 and a metal layer including an insulating
film HK;

The second oxide layer 04 has a staircase structure and is located on the stacked layer of the staircase
structure:

The termination layer 05 has a staircase structure and is located on the second oxide layer 04 of the
staircase structure;

The third oxide layer 06 is formed on the termination layer 05; the third oxide layer 06 is flush with
the uppermost layer 08 of the termination layer of the staircase structure;

A contact channel is formed between adjacent third oxide layers 06, passing through the second oxide
layer 04 and the insulating film HK to reach the contact channel 11 of the metal layer of the insulating film
HK;

The contact opening 07 is located on the uppermost termination layer 08 of the termination layer of
the staircase structure, and penetrates through each layer until it contacts the substrate.

7. A three-dimensional memory structure of Claim 6, wherein the termination layer is nitride.

8. A three-dimensional memory structure of Claim 6 or 7, wherein the metal layer of the insulating
film HK includes tungsten.
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9. A three-dimensional memory structure according to Claim 6 or 8, wherein the insulating film HK
is a hafnium oxide film, a zirconium oxide film, an aluminum oxide film, a tantalum oxide film or a
lanthanum oxide film.
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A Multi-level Contact for a Three-dimensional Memory Array
and its Manufacturing Method

Technical field

[0001] The present invention relates to the field of semiconductor devices, and in particular to multi-
contact three-dimensional memory arrays and manufacturing methods thereof.

Background technology

[0002] Prior art methods of fabricating contacts for multi-level memory arrays such as monolithic 3D
arrays. The multi-level memory device includes at least one device area in which memory cells (for example,
vertical NAND strings) are located and at least one contact area in which the multi-level contacts are located.
The far ends of the control gates of the multi-level vertical NAND memory array are arranged in a staircase
structure. In this manner, electrical contact to the individual control gates can be achieved by etching an array
of openings in the surrounding dielectric layer from the upper surface of the memory array down to the step
and depositing contact metal in the opening to contact the step. In the conventional method of making the
control gate contacts of a multi-level memory array, when a one-layer photomask process is used, since one
type of etchant is used to etch to the bottom, due to the different step heights, the resulting etching depth at
different locations is difficult to control, resulting in problems of under-etching or over-etching. Typically two
or three layers of masks are required to accomplish process goals. Therefore, the existing three-dimensional
memory NAND process uses multi-layer masks to achieve the production of contact structures, making the
process complex and costly.

Content of the invention

[0003] The purpose of the present invention is to provide a multi-level contact of a three-dimensional
memory array and a manufacturing method thereof. By adjusting the structure, only one layer of photomask is
needed to prepare the contact structure in 3D NAND technology. By placing a termination layer for selectivity
transition above the staircase silicon/substrate structure, during the etching process, an etching process with a
high selectivity is first used to stop the contact channel on the termination layer, and then the termination layer
is removed using an etching process with a reverse selectivity ratio, and finally the purpose of uniformly
opening the contact channels above the staircase silicon/substrate structure is achieved.

[0004] The present invention uses an etching termination layer. Since the termination layer and its adjacent
layers have completely different etching effects with respect to the etchant during the etching process, therefore,
through the selection of etchants with different etching selectivity ratios, the first etching can be achieved to
accurately stay on the etching termination layer, and then the second etching can be used to achieve the contact
via holes to accurately stay on the metal layer. Compared with the original method of only using one type of
etchant to etch to the bottom, the etching depth at different positions caused by different step heights is difficult
to control, resulting in the problem of under-etching or over-etching, the present invention improves the
etching accuracy.

[0005]  The object of the present invention is achieved by the following technical scheme.

[0006] By placing a termination layer for selective ratio transition above the staircase silicon/substrate
structure, During the etching process, an etching process with a high selectivity ratio is first used to stop the
contact channel on the termination layer, and then an etching process with a reverse selectivity ratio is used to
remove the termination layer. Finally, the purpose of uniformly opening the contact channel above the staircase
silicon/substrate structure is achieved.

[0007] A method of making a three-dimensional memory structure, comprising:

[0008]  In the first step, etching of the staircase structure:

[0000]  Provide a substrate;

[0010] Form a stacked layer on the surface of the substrate, the stacked layer including a plurality of
alternately overlaying oxide layers and nitride layers;

[0011]  The stacked layer is then etched to form a stacked layer with a staircase structure;

[0012]  In the second step, a second oxide layer with a staircase structure is formed on the stacked layer of
the staircase structure:
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[0013]  In the third step, a termination layer of the staircase structure is formed on the second oxide layer
of the staircase structure;

[0014]  In the fourth step, the termination layer of the staircase structure is filled to form a third oxide layer
with the same height as the uppermost layer of the termination layer of the staircase structure. After the third
oxide layer is formed, chemical mechanical polishing (CMP) is used. The process makes the height of the third
oxide layer of each step flush with the uppermost layer of the termination layer of the staircase structure;
[0015] In the fifth step, the uppermost termination layer of the termination layer of the staircase structure
is etched to form a contact opening that penetrates each layer until it contacts the substrate, and then the silicon
nitride layer is then replaced with a metal layer including the insulating film HK;

[0016] In the sixth step, the third oxide layer is etched and high-selectivity etching is carried out to form
contact channels reaching the termination layers of each step of the staircase structure;

[0017] In the seventh step, reverse selectivity etching is used to further etch the contact channel, and
through each staircase structure termination layer, a contact channel reaching the second oxide layer is obtained;
[0018]  In the eighth step, the contact channel is further etched, and through the second oxide layer and the
insulating film HK, a contact channel reaching the metal layer of the insulating film HK is obtained;

[0019]  In the ninth step, after the through holes are realized by etching in the previous steps, the metal
connection structure is realized by metal filling and grinding.

[0020]  Preferably, the termination layer is silicon nitride.

[0021]  Preferably, the metal layer of the insulating film HK comprises tungsten.

[0022] Preferably, the insulating film HK is a hafnium oxide film, a zirconium oxide film, an aluminum
oxide film, a tantalum oxide film or a lanthanum oxide film.

[0023] A three-dimensional memory structure prepared by any of the methods described above.

[0024] A three-dimensional memory structure comprising:

[0025] Substrate 01;

[0026] A stacked layer formed on the surface of the substrate 01 in a staircase structure, the stacked layer
comprising a plurality of alternately overlaying first oxide layers 02 and metal layers comprising an insulating
film HK;

[0027] A second oxide layer 04, in a staircase structure, on the stacked layer of the staircase structure:
[0028] A termination layer 05, in a staircase structure, on the second oxide layer 04 of the staircase
structure;

[0029] A third oxide layer 06 formed on the termination layer 05; the third oxide layer 06 is flush with the
uppermost layer 08 of the termination layer of the staircase structure;

[0030] A contact channel formed between the adjacent third oxide layer 06 and through the second oxide
layer 04 and the insulating film HK to reach the contact channel 11 of the metal layer of the insulating film
HK;

[0031]  The contact opening 07 is located on the uppermost termination layer 08 of the termination layer of
the staircase structure and penetrates through the layers until it is in contact with the substrate.

[0032]  Preferably, the termination layer is a nitride.

[0033]  Preferably, the metal layer of the insulating film HK comprises tungsten.

[0034] Preferably, the insulating film HK is a hafnium oxide film, a zirconium oxide film, an aluminum
oxide film, a tantalum oxide film or a lanthanum oxide film.

[0035]  An advantage or benefit of the present invention is that: Through the above process provided by the
present invention, the original one-step etch is changed to two-step etch by using the setting of an etching
termination layer. The principle is that the termination layer used has different etch effects for different
etchants, thereby avoiding under-etching or over-etching produced during the etch process with one layer of
photomask in the prior art. The use of this new process can save costs, reduce process complexity, and expand
the process window.
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Description of Drawings

[0036] Various other advantages and benefits will become apparent to those of ordinary skill in the art by
reading the following detailed description of the preferred embodiments. The drawings are for the purpose of
illustrating preferred embodiments only and are not to be construed as limiting the invention. Also throughout
the drawings, the same reference characters are used to designate the same components. In the drawings:
[0037] Figure 1 shows a three-dimensional peninsula memory structure obtained by using a three-layer
mask process in the background technology of the present invention;

[0038] Figure 2 shows a defective three-dimensional peninsula memory structure obtained by using a one-
layer mask process in the background technology of the present invention;

[0039] Figures 3-10 show the schematic structural diagram of the structure preparation process flow for a
three-dimensional memory according to an embodiment of the present invention.

Specific embodiments

[0040] Example embodiments of the present disclosure will be described in more detail below with
reference to the drawings. While example embodiments of the disclosure are shown in the drawings, it should
be understood that the disclosure may be implemented in various forms and should not be limited by the
embodiments set forth herein. Rather, these embodiments are provided to enable a more thorough
understanding of the disclosure and to fully convey the scope of the disclosure to those skilled in the art.
[0041]  Referring to Figures 3-10, an embodiment of the present invention provides a structural preparation
process for a three-dimensional memory, comprising the following steps:

[0042] A method of making a three-dimensional memory structure, comprising:

[0043] In the first step, etching of the staircase structure:

[0044]  Provide a substrate 01;

[0045]  Form a stacked layer on the surface of the substrate 01, the stacked layer including a plurality of
alternately overlaying first oxide layer 02 and nitride layer 03;

[0046]  The stacked layer is then etched to form a stacked layer with a staircase structure;

[0047]  In the second step, a second oxide layer 04 with a staircase structure is formed on the stacked layer
of the staircase structure:

[0048]  In the third step, the termination layer 05 of the staircase structure is formed on the second oxide
layer 04 of the staircase structure;

[0049]  In the fourth step, the termination layer of the staircase structure is filled to form a third oxide layer
06 with the same height as the uppermost layer of the termination layer of the staircase structure. After the
third oxide layer 06 is formed, chemical mechanical polishing (CMP) is used. The process makes the height
of the third oxide layer 06 of each step flush with the uppermost layer of the termination layer of the staircase
structure;

[0050] In the fifth step, the uppermost termination layer 08 of the termination layer of the staircase structure
is etched to form a contact opening 07 that penetrates each layer until it contacts the substrate, and then the
silicon nitride layer 03 is then replaced with a metal layer including the insulating film HK;

[0051]  The insulating film HK is a film of insulating material having a higher dielectric constant
(permittivity) than each of oxide and silicon nitride, that is, a so-called high-k film (high dielectric constant
film). In the present application, a high-k film or a high dielectric constant film refers to a film having a
dielectric constant (permittivity) higher than that of silicon nitride.

[0052] A metal oxide film may be used as the insulating film HK, such as a haftnium oxide film, a zirconium
oxide film, an aluminum oxide film, a tantalum oxide film, or a lanthanum oxide film. Such metal oxide films
may also comprise one or both of nitrogen (N) and silicon (Si). The insulating film HK may be formed, for
example, by an atomic layer deposition (ALD) process. The insulating film HK has a thickness of, for example,
3 nm. When a high dielectric constant film (here the insulating film HK) is used as a gate insulating film, the
physical thickness of the gate insulating film can be increased compared to the case with an oxide film; thus,
the leakage current can be reduced.

[0053]  In the sixth step, the third oxide layer 06 is etched and high-selectivity etching is carried out to form
contact channel 09 reaching the termination layers of each step of the staircase structure;

[0054] In the seventh step, reverse selectivity etching is used to further etch the contact channel, and
through each staircase structure termination layer 05, a contact channel reaching the second oxide layer 04 is
obtained;
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[0055]  In the eighth step, the contact channel is further etched, and through the second oxide layer 04 and
the insulating film HK, a contact channel 11 reaching the metal layer of the insulating film HK is obtained;
[0056] In the ninth step, after the through holes are realized by etching in the previous steps, the metal
connection structure is realized by metal filling and grinding.

[0057] The present invention provides a three-dimensional memory structure prepared by the
aforementioned preparation method.

[0058]  Preferably, the termination layer is silicon nitride.

[0059] Preferably, the insulating film HK is a hafnium oxide film, a zirconium oxide film, an aluminum
oxide film, a tantalum oxide film or a lanthanum oxide film.

[0060] A three-dimensional memory structure comprising:

[0061] Substrate 01;

[0062] A stacked layer formed on the surface of the substrate 01 in a staircase structure, the stacked layer
comprising a plurality of alternately overlaying first oxide layers 02 and metal layers comprising an insulating
film HK;

[0063] A second oxide layer 04, in a staircase structure, on the stacked layer of the staircase structure:
[0064] A termination layer 05 in a staircase structure on the second oxide layer 04 of the staircase structure;
[0065] A third oxide layer 06 formed on the termination layer 05; the third oxide layer 06 is flush with the
uppermost layer 08 of the termination layer of the staircase structure;

[0066] A contact channel formed between adjacent third oxide layer 06 to reach a contact channel 11 of
the metal layer of the insulating film HK through the second oxide layer 04 and the insulating film HK;
[0067]  The contact opening 07 is located on the uppermost termination layer 08 of the termination layer of
the staircase structure and penetrates through the layers until contact with the substrate.

[0068]  Preferably, the termination layer is silicon nitride.

[0069]  Preferably, the insulating film HK is a hafnium oxide film, a zirconium oxide film, an aluminum
oxide film, a tantalum oxide film or a lanthanum oxide film.

[0070] The above description is only a preferred embodiment of the present invention, but the scope of
protection of the present invention is not limited to this. Any readily conceivable change or replacement within
the scope of the invention disclosed by any person skilled in the art of the present technology shall be covered
by the scope of protection of the present invention. Therefore, the scope of protection of the present invention
should be according to the scope of protection of its claims.
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