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PATTERN SHEET, SEMICONDUCTOR INTERMEDIATE PRODUCT, AND HOLE 

ETCHING METHOD  

TECHNICAL FIELD 

[0001] The present disclosure generally relates to the field of semiconductor equipment, and 

more particularly, to a pattern sheet, semiconductor intermediate product, and hole etching 

method. 

BACKGROUND 

[0002] Affected by user requirements, integrated circuit (IC) manufacturing has shifted from 

two-dimensional (2D) planar integrated manufacturing technology to three-dimensional (3D) 

stereoscopic integrated manufacturing technology. In the 3D stereoscopic three-dimensional 

integrated manufacturing technology, etching technology can be used to form a through-hole 

between a substrate and a substrate to make the substrates vertically conductive. The substrates 

can be silicon substrates (wafers). Specifically, the surface of the substrates is generally provided 

with a complementary metal-oxide-semiconductor (hereinafter referred to as CMOS) dielectric 

layer. During a process of forming the through-hole, the CMOS dielectric layer needs to be 

etched first to form the through-hole penetrating the CMOS dielectric layer. Then, the substrate 

is etched to form a through-hole penetrating the substrate. 

[0003] Currently, a mask used in the etching process is generally a photoresist mask. Since the 

photoresist mask is usually formed on a side of the CMOS dielectric layer away from the 

substrate, the photoresist mask has to play a mask function for the CMOS dielectric layer and the 

substrate. However, due to the limitation of the exposure energy and accuracy of the 

photolithography technology, a thickness of the photoresist mask needs to be smaller than a size 
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of a mask opening, which causes an upper limitation for a thickness of the photoresist mask and 

cannot satisfy thickness requirements of the photoresist mask for a hole with a relatively small 

diameter (such as 2~5 μm) and a relatively large depth. 

SUMMARY 

[0004] The present disclosure provides a pattern sheet and a hole etching method, with which a 

hole with a larger depth can be formed in a substrate to meet application requirements. 

[0005] In order to solve the above problems, the present disclosure adopts the following 

technical solutions. 

[0006] Embodiments of the present disclosure provide a pattern sheet, including a substrate, and 

a dielectric layer and a mask structure sequentially arranged on the substrate along a direction 

away from the substrate. The mask structure includes a multi-layer mask layer sequentially 

arranged in stacks from a side of the dielectric layer away from the substrate and along a 

direction away from the substrate. An uppermost layer of the mask layer is a photoresist layer. A 

thickness of each layer of the mask layer and etching selectivity ratios between layers below the 

mask layer satisfy that, during a process of etching the substrate and the dielectric layer to form 

holes correspondingly by using the mask structure, in each two neighboring layers of the mask 

layer, while a lower layer of the mask layer is etched to form a through-hole penetrating a 

thickness of the lower layer, a remaining thickness of an upper layer of the mask layer is greater 

than or equal to zero, while the dielectric layer is etched to form a through-hole penetrating a 

thickness of the dielectric layer, a remaining thickness of all the mask layer above the dielectric 

layer is greater than zero, and while a hole with a set depth is formed in the substrate, the 

remaining thickness of all the mask layer above the dielectric layer is greater than or equal to 

zero.   



-3-

[0007] In some embodiments, a number of layers of the mask layer is two, which are a second 

mask layer and a first mask layer sequentially stacked along the direction away from the 

substrate. The first mask layer is the photoresist layer. Respective thicknesses of the first mask 

layer and the second mask layer and etching selectivity ratios between layers below the mask 

layer satisfy the following conditions: 

d1×S5>d2, and d2≥(d1－d4/S3)×S2/S1+d4/S4; or 

d1×S5=d2, and d2>(d1-d4/S3)×S2/S1+d4/S4; 

wherein, d1 denotes a thickness of the first mask layer, d2 denotes a thickness of the 

second mask layer, d4 denotes a thickness of the dielectric layer, S1 denotes an etching 

selectivity ratio of the substrate and the first mask layer, S2 denotes an etching selectivity ratio of 

the substrate and the second mask layer, S3 denotes an etching selectivity ratio of the dielectric 

layer and the first mask layer, S4 denotes an etching selectivity ratio of the dielectric layer and 

the second mask layer, and S5 denotes an etching selectivity ratio of the second mask layer and 

the first mask layer. 

[0008] In some embodiments, the second mask layer includes a material containing silicon. 

[0009] In some embodiments, the second mask layer is a silicon dioxide layer. 

[0010] In some embodiments, a number of layers of the mask layer is three, which are a third 

mask layer, a second mask layer, and a first mask layer sequentially stacked along the direction 

away from the substrate. The first mask layer is the photoresist layer. Respective thicknesses of 

the first mask layer, the second mask layer, and the third mask layer and etching selectivity ratios 

between the layers below the mask layer satisfy the following conditions: 

d1'×S5'>d2', and d2'×S6'≥d3', and d3'≥(d1'－d4'/S3')×S2'/S1'+d4'/S4'; or 

d1'×S5'≥d2', and d2'×S6'>d3', and d3'≥(d1'－d4'/S3')×S2'/S1'+d4'/S4'; or 
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d1'×S≥d2', and d2'×S6'≥d3', and d3'>(d1'－d4'/S3')×S2'/S1'+d4'/S4' 

wherein, d1' denotes a thickness of the first mask layer, d2' denotes a thickness of the 

second mask layer, d3' denotes a thickness of the third mask layer, d4' denotes a thickness of the 

dielectric layer, S1' denotes an etching selectivity ratio of the substrate and the first mask layer, 

S2' denotes an etching selectivity ratio of the substrate and the third mask layer, S3' denotes an 

etching selection ratio of the dielectric layer and the first mask layer, S4' denotes an etching 

selectivity ratio of the dielectric layer and the third mask layer, S5' denotes an etching selectivity 

ratio of the second mask layer and the first mask layer, and S6' denotes an etching selectivity 

ratio of the third mask layer and the second mask layer. 

[0011] In some embodiments, the second mask layer is a silicon dioxide layer. 

[0012] In some embodiments, the third mask layer is an APFα-C layer. 

[0013] In some embodiments, the thickness of the first mask layer ranges from 1 μm to 2 μm, the 

thickness of the second mask layer ranges from 400 nm to 700 nm, and the thickness of the third 

mask layer ranges from 6 μm to 7 μm. 

[0014] As another technical solution, embodiments of the present disclosure provide a 

semiconductor intermediate product, which is formed from the pattern sheet of embodiments of 

the present disclosure by an etching process. The semiconductor intermediate product includes a 

substrate and a dielectric layer arranged on the substrate or a substrate and a dielectric layer and 

a remaining mask layer with at least one layer after etching arranged sequentially on the 

substrate along the direction away from the substrate. Through-holes penetrating thicknesses of 

the mask layer with the at least one layer and the dielectric layer are formed in the mask layer 

with the at least one layer and the dielectric layer, and a hole with a set depth is formed in the 

substrate. 
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[0015] As another technical solution, embodiments of the present disclosure provide a hole 

etching method. The substrate and the dielectric layer arranged on the substrate are etched to 

form the corresponding holes by using the pattern sheet of embodiments of the present 

disclosure. The hole etching method includes: 

etching a lower layer of a mask layer to form a through-hole penetrating a thickness of 

the lower layer of the mask layer by using an upper layer of any two neighboring layers of the 

mask layer as a mask; and 

etching a dielectric layer to form a through-hole penetrating a thickness of the dielectric 

layer and forming a hole with a set depth in the substrate by using the remaining mask layer with 

at least one layer above the dielectric layer. 

[0016] In some embodiments, the hole etching method is applied to a through silicon via (TSV) 

etching process. 

[0017] The technical solutions adopted in the present disclosure can achieve the following 

beneficial effects. 

[0018] The present disclosure provides the technical solutions for the pattern sheet, a 

semiconductor intermediate product, and a hole etching method. By using the mask structure of 

the composite film layer, that is, the multi-layer mask layer stacked sequentially from the side of 

the dielectric layer away from the substrate and along the direction away from the substrate, the 

thickness of each layer of the mask layer and the etching selectivity ratios between the layers 

below the mask layer satisfy that, during the process of etching the substrate and the dielectric 

layer to form the holes correspondingly using the mask structure, in each of the two neighboring 

layers of the mask layer, while the lower layer of the mask layer is etched to form the through-
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hole penetrating the thickness of the lower layer of the mask layer, the remaining thickness of the 

upper layer of the mask layer is greater than or equal to zero. While the dielectric layer is etched 

to form the through-hole penetrating the thickness of the dielectric layer, the remaining thickness 

of all the mask layer above the dielectric layer is greater than zero. While the hole with the set 

depth is formed in the substrate, the remaining thickness of all the mask layer above the 

dielectric layer is greater than or equal to zero. Thus, compared to using the photoresist mask 

alone in the existing technology, by using the pattern sheet of the mask structure having the 

composite film layer, the hole with the greater depth is formed in the substrate to satisfy the 

application requirements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The accompanying drawings described herein are used to provide further understanding 

of the present disclosure and constitute a part of the present disclosure. Exemplary embodiments 

of the present disclosure and their descriptions are used to explain the present disclosure and do 

not constitute an improper limitation of the present disclosure. In the accompanying drawings: 

[0020] FIG. 1 is a schematic cross-section diagram of a pattern sheet according to a first 

embodiment of the present disclosure; 

[0021] FIG. 2A is a schematic cross-section diagram showing a pattern sheet after a second 

mask layer is etched to form a through-hole according to a first embodiment of the present 

disclosure; 

[0022] FIG. 2B is a schematic cross-section diagram showing a pattern sheet after a dielectric 

layer is etched to form a through-hole according to a first embodiment of the present disclosure; 

[0023] FIG. 2C is a schematic cross-section diagram of a semiconductor intermediate product 

according to a first embodiment of the present disclosure; 
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[0024] FIG. 3 is a schematic cross-section diagram of a pattern sheet according to a second 

embodiment of the present disclosure; 

[0025] FIG. 4A is a schematic cross-section diagram of a pattern sheet after a second mask layer 

is etched to form a through-hole according to a second embodiment of the present disclosure; 

[0026] FIG. 4B is a schematic cross-section diagram of a pattern sheet after a third mask layer is 

etched to form a through-hole according to a second embodiment of the present disclosure; 

[0027] FIG. 4C is a schematic cross-section diagram of a pattern sheet after a dielectric layer is 

etched to form a through-hole according to a second embodiment of the present disclosure; and 

[0028] FIG. 4D is a schematic cross-section diagram of a semiconductor intermediate product 

according to a second embodiment of the present disclosure. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0029] In order to make the objectives, technical solutions, and advantages of the present 

disclosure clearer, the technical solutions of the present disclosure will be clearly and completely 

described below with reference to specific embodiments of the present disclosure and the 

corresponding accompanying drawings. Obviously, the described embodiments are only some, 

but not all, embodiments of the present disclosure. Based on embodiments of the present 

disclosure, all other embodiments obtained by those of ordinary skill in the art without creative 

efforts shall fall within the protection scope of the present disclosure. 

[0030] The technical solutions disclosed by embodiments of the present disclosure will be 

described in detail below with reference to the accompanying drawings. 

[0031] The present disclosure provides a pattern sheet, which includes a substrate, and a 

dielectric layer and a mask structure sequentially arranged on the substrate along a direction of 
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the substrate. A pattern consisting of holes may be formed on the dielectric layer and the 

substrate by performing an etching process using the mask structure. The etching process may 

include, for example, a through silicon via (TSV) process. The substrate may be a silicon 

substrate. The dielectric layer may be, for example, a CMOS dielectric layer. A CMOS circuit 

may be arranged on the dielectric layer. 

[0032] The above-mentioned mask structure includes a multi-layer mask layer, which is 

arranged from a side of the dielectric layer away from the substrate and is sequentially stacked 

along a direction away from the substrate. An uppermost mask layer may be a photoresist layer. 

The photoresist layer may include a mask pattern consisting of holes. The mask pattern can be 

formed by exposure. The holes in the mask pattern can be circular holes. Radii of the holes can 

be determined according to actual needs. Of course, the holes can also be set to holes with any 

other shapes. In addition, by changing exposure energy, a through-hole penetrating the thickness 

of the mask layer can be formed in the uppermost mask layer whose thickness satisfies the 

requirements. In a process of performing the etching process using the mask structure, at least 

one layer of the mask layer can be etched located below the mask layer using the uppermost 

mask layer as the mask. It should be noted that, before the above-mentioned etching process is 

performed, no pattern corresponding to the above-mentioned mask pattern may be formed on 

other film layers except the photoresist layer. 

[0033] Moreover, a thickness of each layer of the mask layer and an etching selectivity ratio 

between the layers below the mask layer may satisfy that, in an etching process of forming the 

hole in the substrate and the dielectric layer using the above mask structure correspondingly, in 

each of two neighboring layers of the mask layer, while a lower portion of the mask layer is 

etched to form a through-hole penetrating a thickness of the lower portion, the remaining 
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thickness of an upper portion of the mask layer may be greater than or equal to zero. While the 

dielectric layer is etched to form a through-hole penetrating the thickness of the dielectric layer, 

the remaining thicknesses of all mask layers above the dielectric layer may be greater than zero. 

While a hole with a set depth is formed in the substrate, the remaining thicknesses of all mask 

layers above the dielectric layer are greater than or equal to zero. That is, each layer of the mask 

layer can be used as a mask for etching a lower layer neighboring to the layer of the mask layer 

to form the through-hole. When the substrate is etched, a sum of the remaining thickness of all 

mask layers above the dielectric layer is large enough to cause the hole formed in the substrate to 

reach the set depth. 

[0034] As can be seen from the above, compared with using the photoresist mask alone in the 

existing technology, using the pattern sheet with the above-mentioned mask structure with the 

multi-film layers, a hole with a larger depth can be formed on the substrate to meet the usage 

requirements. 

[0035] A specific implementation of the above-mentioned pattern sheet will be described in 

detail below. 

[0036] First Embodiment 

[0037] Referring to FIG. 1, the pattern sheet of the present embodiment includes a substrate 50, 

and a dielectric layer 40 and a mask structure sequentially arranged on the substrate 50 along a 

direction away from the substrate 50. In the mask structure, the mask layer includes two layers, 

which are a second mask layer 20 and a first mask layer 10 which are stacked in sequence along 

the direction away from the substrate 50. The first mask layer 10 may be a photoresist layer, and 

the photoresist layer has a mask pattern composed of a hole 11. In addition, the first mask layer 

10 may be used as a mask for etching a through-hole in the second mask layer 20. A through-
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hole 21 formed in the second mask layer 20 is shown in FIG. 2A. In the present embodiment, 

while the second mask layer 20 is etched to form the through-hole 21 penetrating the thickness of 

the second mask layer 20, the remaining thickness of the first mask layer 10 may be greater than 

zero. That is, when the through-hole 21 is formed, a certain thickness of the first mask layer 10 

may not be consumed. The thickness of the second mask layer 20 may be unchanged. In this 

situation, when the dielectric layer 40 is etched, the remaining first mask layer 10 and the second 

mask layer 20 may both be used as masks for etching a through-hole in the dielectric layer 40. 

[0038] Of course, in other embodiments of the present disclosure, the first mask layer 10 may be 

completely consumed while the second mask layer 20 is etched to form the through-hole 21 

penetrating the thickness of the second mask layer 20, and the second mask layer 20 may still 

remain unchanged. In this case, when the dielectric layer 40 is etched, only the second mask 

layer 20 may be used as a mask for etching the through-hole in the dielectric layer 40. 

[0039] As shown in FIG. 2B, before the dielectric layer 40 is etched to form the through-hole 41 

penetrating the thickness of the dielectric layer 40, the first mask layer 10 is completely 

consumed. While the dielectric layer 40 is etched to form the through-hole 41 penetrating the 

thickness of the dielectric layer 40, the remaining thickness of the second mask layer 20 may be 

greater than zero. That is, when the through-hole 41 is formed, a certain thickness of the second 

mask layer 20 may still not be consumed. In this situation, when the substrate 50 is etched, the 

remaining second mask layer 20 may be used as a mask for etching a hole in the substrate 50. 

[0040] Of course, in other embodiments of the present disclosure, while the dielectric layer 40 is 

etched to form the through-hole 41 penetrating the thickness of the dielectric layer 40, the 

remaining thickness of the first mask layer 10 may also be greater than zero. In this situation, 
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when the substrate 50 is etched, the remaining first mask layer 10 and the second mask layer 20 

may both be used as the masks for etching the hole in the substrate 50. 

[0041] As shown in FIG. 2C, while the hole 51 with the set depth is formed by etching in the 

substrate 50, the remaining thickness of the second mask layer 20 is greater than zero. Thus, 

while the hole with the set depth is formed in the substrate 50, a certain thickness of the second 

mask layer 20 may still remain to prevent the dielectric layer 40 from being etched to ensure that 

the dielectric layer is not damaged and has complete performance. Of course, in other 

embodiments of the present disclosure, while the hole 51 with the set depth is formed by etching 

in the substrate 50, the remaining thickness of the second mask layer 20 may also be equal to 

zero. That is, the second mask layer 20 may be completely consumed. In addition, the hole 51 

with the set depth formed by etching in the substrate 50 may be a blind hole with a depth smaller 

than the thickness of the substrate 50 or may be a through-hole penetrating the thickness of the 

substrate 50. 

[0042] Based on the above embodiment, in some embodiments, the second mask layer 20 

includes a material containing silicon. The silicon has good semiconductor properties, is easy to 

obtain, and has a low cost. Thus, the processing difficulty and processing cost may be reduced. 

In addition, in the process of performing the etching on the substrate using the second mask layer 

20 as a mask, many materials may be used to etch the second mask layer 20 and the substrate, 

which is beneficial to form a hole with a relatively large depth in the substrate. In addition, in the 

situation that the second mask layer 20 includes a material containing silicon, etching may be 

performed on the dielectric layer 40 and the substrate 50 in sequence by fluorine-containing 

plasma. The second mask layer 20 may be used as the mask for etching the dielectric layer 40 
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and the substrate 50, which facilitates the formation of the holes penetrating the respective 

thicknesses of the substrate 50 and the dielectric layer 40.   

[0043] Further, in some embodiments, the second mask layer 20 may be a silicon dioxide layer, 

which can further reduce the material cost and processing difficulty of the second mask layer 20 

and improve product competitiveness. 

[0044] In addition, the respective thicknesses of the first mask layer 10 and the second mask 

layer 20 and the etching selectivity ratio between the layers below each satisfy the following 

conditions: 

d1×S5>d2, and d2≥(d1－d4/S3)×S2/S1+d4/S4; or, 

d1×S5=d2, and d2>(d1－d4/S3)×S2/S1+d4/S4, 

where d1 denotes a thickness of the first mask layer 10, d2 denotes a thickness of the 

second mask layer 20, d4 denotes a thickness of the dielectric layer 40, S1 denotes an etching 

selectivity ratio between the substrate 50 and the first mask layer 10, S2 denotes an etching 

selectivity ratio between the substrate 50 and the second mask layer 20, S3 denotes an etching 

selectivity ratio between the dielectric layer 40 and the first mask layer 10, S4 denotes an etching 

selectivity ratio between the dielectric layer 40 and the second mask layer 20, and S5 denotes an 

etching selectivity ratio between the second mask layer 20 and the first mask layer 10. 

[0045] It should be noted that the etching selectivity ratio may be used to indicate a relative 

etching rate of one material relative to another material under the same etching condition. For 

example, etching selectivity ratio S1 between the substrate 50 and the first mask layer 10 may 

indicate a ratio of an etching rate of the substrate 50 to an etching rate of the first mask layer 10 

under the same etching condition, when the first mask layer 10 is used as a mask, and the 

substrate 50 is used as the material to be etched. 
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[0046] By making the respective thicknesses of the first mask layer 10 and the second mask 

layer 20 and the etching selectivity ratio between the layers below each satisfy the above 

conditions, a portion of the first mask layer 10 and the second mask layer 20 can be used as a 

mask for etching the dielectric layer 40 (or etching the dielectric layer 40 and the substrate 50). 

With the mask structure of the composite film layer compared to using the photoresist alone as 

the mask structure of the dielectric layer and the substrate, a hole with larger depth may be 

formed on the substrate to satisfy application needs. 

[0047] In detail, the meaning represented by d1×S5 is that while the first mask layer 10 with a 

thickness of d1 is completely consumed, the thickness of the second mask layer 20 is consumed 

by dx. When dx is equal to d2, it can be considered that while the first mask layer 10 with the 

thickness of d1 is completely consumed, the second mask layer with the thickness of d2 may be 

also completely consumed. Based on this, by causing d1×S5 to be equal to d2, during a process 

of etching the second mask layer 20 using the first mask layer 10, when the first mask layer with 

the thickness d1 is completely consumed, a through-hole 21 penetrating the thickness of the 

second mask layer 20 may be just formed. It is easy to understand that the pattern including the 

through-hole 21 formed on the second mask layer 20 is consistent with the mask pattern 

including the hole 11 on the first mask layer 10. The position of the through-hole 21 may 

correspond to the position of the hole 11. Obviously, when d1×S5 is greater than d2, it can be 

considered that in the process of etching the second mask layer 20 by using the first mask layer 

10 as a mask, while the through-hole 21 penetrating the thickness of the second mask layer 20 is 

formed on the second mask layer 20, the first mask layer 10 with the thickness of d1 still 

remains. Thus, during the process of etching the dielectric layer 40 (or the dielectric layer 40 and 
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the substrate 50), the remaining portions of the second mask layer 20 and the first mask layer 10 

may be used as the mask.  

[0048] d2=(d1-d4/S3)×S2/S1+d4/S4, that is, it can be deduced as d2-d4/S4=(d1-d4/S3)×S2/S1, 

or it can be further deduced as (d2-d4/S4) /S2=(d1-d4/S3)/S1. 

[0049] In the above equation (d2-d4/S4)/S2=(d1-d4/S3)/S1, d4/S4 may indicate that in the 

process of etching the dielectric layer 40 by using the second mask layer 20 as the mask, the 

thickness of the second mask layer 20 may need to be consumed when the through-hole 41 

penetrating the thickness of the dielectric layer 40 is formed in the dielectric layer 40 with the 

thickness of d4. Further, d2-d4/S4 may indicate the remaining thickness of the second mask layer 

20 when the through-hole 41 penetrating the thickness of the dielectric layer 40 is just formed in 

the dielectric layer 40 with the thickness of d4. Furthermore, (d2-d4/S4)/S2 may indicate the 

depth of the hole formed in the substrate 50 in the process of etching the substrate 50 using the 

second mask layer 20 as the mask when the second mask layer 20 with the thickness of d2-d4/S4 

is just completely consumed.  

[0050] Similarly, d1-d4/S3 may indicate a remaining thickness of the first mask layer 10 in the 

process of etching the dielectric layer 40 by using the first mask layer 10 as the mask, when the 

through-hole 41 penetrating the thickness of the dielectric layer 40 is just formed in the dielectric 

layer 40 with the thickness of d4. Further, (d1-d4/S3)/S1 may indicate a depth of the hole formed 

in the substrate 50 in the process of etching the substrate 50 by using the first mask layer 10 as 

the mask when the first mask layer 10 with the thickness of d1-d4/S3 is just completely 

consumed. 

[0051] Obviously, when (d2-d4/S4)/S2 is equal to (d1-d4/S3)/S1, it can be considered that the 

dielectric layer 40 and the substrate 50 may be etched only by using the second mask layer 20 as 



-15-

the mask compared to etching the dielectric layer 40 and the substrate 50 only by using the first 

mask layer 10 as the mask, the depths of the holes formed in the substrate 50 by the two may be 

equal. When (d2-d4/S4)/S2 is greater than (d1-d4/S3)/S1, that is, d2 is greater than (d1-

d4/S3)×S2/S1+d4/S4, the depth of the hole eventually formed in the substrate 50 by only using 

the second mask layer 20 as the mask may be greater than the depth of the hole eventually 

formed in the substrate 50 by only using the first mask layer 10 as the mask. 

[0052] Therefore, when the respective thicknesses of the first mask layer 10 and the second 

mask layer 20 and the etching selectivity ratios between the layers below each satisfy the 

conditions of d1×S5>d2 and d2≥(d1− d4/S3)×S2/S1+d4/S4, in the process of etching the 

dielectric layer 40 (or the dielectric layer 40 and the substrate 50), the dielectric layer 40 may be 

etched using the remaining portions of the second mask layer 20 and the first mask 10 as the 

mask. Compared to etching the dielectric layer 40 and the substrate 50 only using the first mask 

layer 10 as the mask, the hole with a greater depth may be formed in the substrate 50 to satisfy 

the application needs. When the respective thicknesses of the first mask layer 10 and the second 

mask layer 20 and the etching selectivity ratios of the layers below each satisfy the conditions of  

d1×S5=d2 and d2>(d1−d4/S3)×S2/S1+d4/S4, as mentioned above, the depth of the hole 

eventually formed in the substrate 50 by only using the second mask layer 20 as the mask may be 

greater than the depth of the hole eventually formed in the substrate 50 by only using the first 

mask layer 10 as the mask to satisfy the application requirements. 

[0053] Second Embodiment 

[0054] Referring to FIG. 3, the pattern sheet of the present embodiment includes a substrate 500, 

and a dielectric layer 400 and a mask structure sequentially arranged on the substrate 500 along a 

direction of the substrate 500. In the mask structure, the mask layers may include three layers, 
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which are a third mask layer 300, a second mask layer 200, and a first mask layer 100 

sequentially stacked along a direction away from the substrate 500. The first mask layer 100 may 

be a photoresist layer. The photoresist layer may have a mask pattern composed of holes 110. In 

addition, the first mask layer 100 may be used as a mask for etching a through-hole in the second 

mask layer 200. The through-hole 210 formed in the second mask layer 200 are shown in FIG. 

4A. In the present embodiment, while the second mask layer 200 is etched to form the through-

hole 210 penetrating the thickness of the second mask layer 200, the remaining thickness of the 

first mask layer 100 may be greater than zero. That is, when the through-hole 210 is formed, a 

certain thickness of the first mask layer 100 may still not be consumed, and the thickness of the 

second mask layer 120 may not be changed. In this situation, when the third mask layer 300 is 

etched, the remaining first mask layer 100 and the second mask layer 200 both may be used as 

masks for etching a through-hole in the third mask layer 300. 

[0055] Of course, in other embodiments of the present disclosure, the first mask layer 100 may 

be completely consumed while the second mask layer 200 is etched to form the through-hole 210 

penetrating the thickness of the second mask layer 200, and the thickness of the second mask 

layer 200 may still be unchanged. In this situation, when the third mask layer 300 is etched, only 

the second mask layer 200 may be used as a mask for etching through-hole in the third mask 

layer 300. 

[0056] As shown in FIG. 4B, before the third mask layer 300 is etched to form the through-hole 

310 penetrating the thickness of the third mask layer 300, the first mask layer 100 is completely 

consumed. While the third mask layer 300 is etched to form the through-hole 310 penetrating the 

thickness of the third mask layer 300, the remaining thickness of the second mask layer 200 may 

be greater than zero. That is, when the through-hole 310 is formed, a certain thickness of the 
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second mask layer 200 may still not be consumed. In this situation, when the dielectric layer 400 

is etched, the remaining second mask layer 200 and the third mask layer 300 together may be 

used as masks for etching the through-hole in the dielectric layer 400. 

[0057] Of course, in other embodiments of the present disclosure, while the third mask layer 300 

is etched to form the through-hole 310 penetrating the thickness of the third mask layer 300, the 

remaining thickness of the second mask layer 200 may also be equal to zero. In this situation, 

when the dielectric layer 400 is etched, only the third mask layer 300 may be used as a mask for 

etching the through-hole in the dielectric layer 400. 

[0058] As shown in FIG. 4C, before the dielectric layer 400 is etched to form the through-hole 

410 penetrating the thickness of the dielectric layer 400, the second mask layer 200 may be 

completely consumed. While the dielectric layer 400 is etched to form the through-hole 410 

penetrating the thickness of the dielectric layer 400, the remaining thickness of the third mask 

layer 300 may be greater than zero. That is, when the through-hole 410 is formed, a certain 

thickness of the third mask layer 300 may still not be consumed. In this situation, when the 

substrate 500 is etched, the remaining third mask layer 300 may be used as a mask for etching 

the hole in the substrate 500. 

[0059] Of course, in other embodiments of the present disclosure, while the dielectric layer 400 

is etched to form the through-hole 410 penetrating the thickness of the dielectric layer 400, the 

remaining thickness of the second mask layer 200 may also be greater than zero. In this situation, 

when the substrate 500 is etched, the remaining second mask layer 200 and the third mask layer 

300 may together be used as a mask for etching the hole in the substrate 500. 

[0060] As shown in FIG. 4D, while the substrate 500 is etched to form the hole 510 of the set 

depth, the remaining thickness of the third mask layer 300 may be greater than zero. Thus, while 
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the hole of the set depth is formed in the substrate 500, a certain thickness of the third mask layer 

300 may remain to prevent the dielectric layer 400 from being etched to ensure that the dielectric 

layer is not damaged and has complete performance. Of course, in other embodiments of the 

present disclosure, while the substrate 500 is etched to form the hole 510 with the set depth, the 

remaining thickness of the third mask layer 300 may also be equal to zero. That is, the third mask 

layer 300 may be completely consumed. In addition, the hole 510 of the set depth formed by 

etching the substrate 500 may be a blind hole with a depth smaller than the thickness of the 

substrate 500 or a through-hole penetrating the thickness of the substrate 500. 

[0061] The second mask layer 200 may include a material containing silicon, which has a good 

semiconductor property, is easy to obtain, and has low cost. Thus, processing difficulty and 

processing cost may be reduced. Moreover, when the substrate is etched using the second mask 

layer 200 as a mask, many materials can be used to etch the substrate and the second mask layer 

200 simultaneously, which facilitates forming a hole with a greater depth in the substrate. In 

addition, in the situation that the second mask layer 200 includes the material containing silicon, 

the dielectric layer 400 and the substrate 500 may be etched sequentially by a fluorine-containing 

plasma. The dielectric layer 400 and the substrate 500 may be etched using the second mask 

layer 200 as a mask, which facilitates forming the through-holes penetrating the thicknesses of 

the dielectric layer 400 and the substrate 500 in the substrate 500 and dielectric layer 400. 

[0062] Further, in some embodiments, the second mask layer 200 may be a silicon dioxide layer, 

which can further reduce the material cost and processing difficulty of the second mask layer 200 

and improve product competitiveness. 

[0063] In some embodiments, the third mask layer 300 may be an APFα-C layer. In the situation 

that the third mask layer 300 is the APFα-C layer, the dielectric layer 400 and the substrate 500 
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can be etched sequentially by an oxygen-containing plasma. The dielectric layer 400 and the 

substrate 500 may be etched using the third mask layer 300 as the mask, which facilitates 

forming the through-holes penetrating the respective thicknesses of the substrate 500 and the 

dielectric layer 400 in the substrate 500 and the dielectric layer 400. 

[0064] In some embodiments, the thickness of the first mask layer 100 may range from 1 μm to 

2 μm. The thickness of the second mask layer 200 may range from 400 nm to 700 nm. The 

thickness of the third mask layer 300 may range from 6 μm to 7 μm. Within these thickness 

ranges, the hole with greater depth can be formed on the substrate to meet the application 

requirements. 

[0065] In addition, the respective thicknesses of the first mask layer 100, the second mask layer 

200, and the third mask layer 300, and the etching selectivity ratios between the layers below 

each satisfy the following conditions: 

d1'×S5'>d2', and d2'×S6'≥d3', and d3'≥(d1'－d4'/S3')×S2'/S1'+d4'/S4'; or, 

d1'×S5'≥d2', and d2'×S6'>d3', and d3'≥(d1'－d4'/S3')×S2'/S1'+d4'/S4'; or, 

d1'×S≥d2', and d2'×S6'≥d3', and d3'>(d1'－d4'/S3')×S2'/S1'+d4'/S4'; 

wherein, d1' denotes the thickness of the first mask layer 100, d2' denotes the thickness of the 

second mask layer 200, d3' denotes the thickness of the third mask layer 300, d4' denotes the 

thickness of the dielectric layer 400, S1' denotes the etching selectivity ratio between the 

substrate 500 and the first mask layer 100, S2' denotes the etching selectivity ratio between the 

substrate 500 and the third mask layer 300, S3' denotes the etching selectivity ratio between the 

dielectric layer 400 and the first mask layer 100, S4' denotes the etching selectivity ratio between 

the dielectric layer 400 and the third mask layer 300, S5' denotes the etching selectivity ratio 
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between the second mask layer 200 and the first mask layer 100, and S6' denotes the etching 

selectivity ratio between the third mask layer 300 and the second mask layer 200. 

[0066] By making the respective thicknesses of the first mask layer 100, the second mask layer 

200, and the third mask layer 300, and the etching selectivity ratios between the layers below the 

first mask layer 100, the second mask layer 200, and the third mask layer 300 satisfy the above 

conditions, the third mask layer 300 (or a portion of the first mask layer 100, the second mask 

layer 200, and the third mask layer 300, or a portion of the second mask layer 200 and the third 

mask layer 300) can be ensured to be used as the mask for etching the dielectric layer 400 and 

the substrate 500. The pattern sheet of the composite film layer can be used to form the hole with 

the greater depth on the substrate compared to using the photoresist alone as the pattern sheet of 

the dielectric layer and the substrate to meet the application requirements. 

[0067] In detail, the meaning represented by d1'×S5' may indicate that while the first mask layer 

100 with the thickness of d1' is completely consumed, the thickness of the second mask layer 

200 is dx. When dx is equal to d2', it can be considered that while the first mask layer 100 with 

the thickness of d1' is completely consumed, the second mask layer 200 with the thickness of d2' 

may be also just completely consumed. Based on this, by cause d1'×S5' to be equal to d2', during 

the process of etching the second mask layer 200 using the first mask layer 100 as the mask, 

when the first mask layer 100 with the thickness of d1' is completely consumed, the through-hole 

210 penetrating the thickness of the second mask layer 200 may be just formed. It is easy to 

understand that the pattern including the through-hole 210 that is formed on the second mask 

layer 200 may be eventually caused to be consistent with the mask pattern including the hole 110 

on the first mask layer 100. The position of the through 210 may correspond to the position of 

the hole 110. Obviously, when d1'×S5' is greater than d2', it can be considered that during the 
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process of etching the second mask layer 200 using the first mask layer 100 as the mask, while 

the through-hole 210 penetrating the thickness of the second mask layer 200 is formed on the 

second mask layer 200, the first mask layer 100 with the thickness of d1' may still remain. Thus, 

during the process of etching the dielectric layer 400 and the substrate 500, the second mask 

layer 200 and the remaining portion of the first mask layer 100 may be used as the mask 

together.  

[0068] The meaning represented by d2'×S6' may include that while the second mask layer 200 

with the thickness of d2' is completely consumed, the thickness of the third mask layer 300 may 

have the thickness of dy. When dy is equal to d3', the second mask layer 200 with the thickness 

of d2' while the third mask layer 300 with the thickness of d3' may also be just completely 

consumed. Based on this, by causing d2'×S6' to be equal to d3', during the process of etching the 

third mask layer 300 using the second mask layer 200 as the mask, when the second mask layer 

200 with the thickness of d2' is also just completely consumed, the through-hole 310 penetrating 

the thickness of the third mask layer 300 may just be formed on the third mask layer 300. It can 

be easily understood that the position of the through-hole 310, the position of the through-hole 

210, and the position of the hole 110 may correspond to each other by eventually causing the 

pattern including the through-hole 310 formed on the third mask layer 300 to be consistent with 

the mask pattern including the hole 110 on the first mask layer 100. Obviously, when 

d2'×S6'>d3', it can be considered that in the process of etching the third mask layer 300 by using 

the second mask layer 200 as the mask, when the through-hole 310 penetrating the thickness of 

the third mask layer 300 is just formed on the third mask layer 300, the second mask layer 200 

with a thickness of d2' may still remain. Thus, during the process of etching the dielectric layer 
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400 and the substrate 500, the third mask layer 300 and a portion of the remaining second mask 

layer 200 may be used as the mask.   

d3'=(d1'-d4'/S3')×S2'/S1'+d4'/S4', which can be derived as d3'-d4'/S4'=(d1'-d4'/S3')×S2 

'/S1', and can also be further derived as (d3'-d4'/S4')/S2'=(d1'-d4'/S3')/S1'. 

[0069] In the above equation (d3'-d4'/S4')/S2'=(d1'-d4'/S3')/S1', d4'/S4' may represent that during 

the process of etching the dielectric layer 400 using the third mask layer 300 as the mask, when 

the through-hole 410 penetrating the thickness of the dielectric layer 400 is just formed in the 

dielectric layer 400 with the thickness of d4', the thickness of the third mask layer 300 may need 

to be consumed. Further, d3' -d4'/S4' may represent the remaining thickness of the third mask 

layer 300 when the through-hole 410 penetrating the thickness of the dielectric layer 400 is just 

formed in the dielectric layer 400 with the thickness of d4'. Further more, (d3'-d4'/ S4')/S2' may 

represent a depth of the thole formed in the substrate 500 when the third mask layer 300 with the 

thickness of d3'-d4'/ S4' is just completely consumed during the process of etching the substrate 

500 by using the third mask layer 300 as the mask. 

[0070] Similarly, d1'-d4'/S3' may represent the remaining thickness of the first mask layer 100 

when the through-hole 410 penetrating the thickness of the dielectric layer 400 is just formed in 

the dielectric layer with the thickness of d4' during the process of etching the dielectric layer 

using the first mask layer 100 as the mask. Further, (d1'-d4'/S3')/S1' may represent the depth of 

the hole formed in the substrate 500 when the first mask layer 100 with the thickness of d1'-

d4'/S3' is just completely consumed during the process of etching the substrate 500 by using the 

first mask layer 100 as the mask. 

[0071] Obviously, when (d3'-d4'/S4')/S2'=(d1'-d4'/S3')/S1', it can be considered that, by 

comparing etching the dielectric layer 400 and the substrate 500 only using the third mask layer 
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300 as the mask to etching the dielectric layer 400 and the substrate 500 only using the first mask 

layer 100, the depths of the holes formed in the substrate 500 may be equal to each other. When 

(d3'-d4'/S4')/S2'>(d1'-d4'/S3')/S1', that is, d3'＞(d1'-d4'/S3')×S2'/S1'+ d4'/S4', the depth of the 

hole eventually formed in the substrate 500 by only using the third mask layer 300 as the mask 

may be greater than the depth of the hole formed in the substrate 500 by using only the first mask 

layer 100 as the mask.  

[0072] It can be seen from the above that, similar to the above-mentioned first embodiment, 

when the respective thicknesses of the first mask layer 100, the second mask layer 200, and the 

third mask layer 300, and the etching selectivity ratios between the layers below them satisfy the 

above conditions, the hole with a greater depth may have to be formed in the substrate 500 to 

satisfy the application requirements by comparing to etching the dielectric layer 400 and the 

substrate 500 only using the first mask layer 100 as the mask.   

[0073] Third Embodiment 

[0074] The present embodiment provides a semiconductor intermediate product, which is 

formed by using an etching process on the pattern sheet of the above-mentioned embodiments of 

the present disclosure. Specifically, the semiconductor intermediate product may include a 

substrate and a dielectric layer arranged on the substrate. The through-hole penetrating the 

thickness of the dielectric layer may be formed in the dielectric layer. The hole with the set depth 

corresponding to the through-hole may be formed in the substrate. While the substrate is etched 

to form the hole with the set depth, the remaining thickness of the mask layer located above the 

dielectric layer may be equal to zero, that is, may be completely consumed. In addition, the hole 

with the set depth formed in the substrate may be a blind-hole with the depth smaller than the 

thickness of the substrate or the through-hole penetrating the thickness of the substrate.   
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[0075] Alternatively, the semiconductor intermediate product may further include a substrate, 

and a dielectric layer and a remaining mask layer of at least one layer after etching arranged on 

the substrate in sequence along a direction away from the substrate. Through-holes penetrating 

the thicknesses of the at least one layer of the mask layer and the dielectric layer may be formed 

correspondingly in the at least one layer of the mask layer and the dielectric layer. A hole with a 

set depth corresponding to the through-holes may be formed in the substrate. In the process of 

performing the etching process using the above-mentioned pattern sheet of embodiments of the 

present disclosure, while the substrate is etched to form the hole with the set depth, the remaining 

thickness of the mask layer above the dielectric layer may be greater than zero. Thus, while the 

hole with the set depth is formed in the substrate, the mask layer with a certain thickness may 

still remain, which can prevent the dielectric layer from being etched to ensure that the dielectric 

layer is not damaged and has complete performance. For example, FIG. 2D and FIG. 4D shows 

two semiconductor intermediate products, respectively, which retain the mask layer with the 

certain thickness while the hole with the set depth is formed in the substrate.  

[0076] Fourth Embodiment 

[0077] This embodiment provides a hole etching method, which uses the pattern sheets provided 

by the above-mentioned embodiments of the present disclosure to etch the substrate and the 

dielectric layer arranged on the substrate to form corresponding holes. The hole etching method 

includes: 

etching a lower layer of the mask layer to form a through-hole penetrating a thickness of 

the lower layer of the mask layer by using an upper layer of the mask layer of any two 

neighboring layers of the mask layer as a mask; and 
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etching the dielectric layer to form a through-hole penetrating the thickness of the 

dielectric layer and forming a hole with a set depth in the substrate by using the remaining mask 

layer of at least one layer above the dielectric layer. 

[0078] In some embodiments, the hole etching method provided by the embodiment may be 

applied to a through silicon vias (TSV) etching process to further reduce the processing difficulty 

and improve the processing efficiency. 

[0079] In summary, in the technical solutions of the above-mentioned pattern sheet, 

semiconductor intermediate product, and hole etching method of embodiments of the present 

disclosure, by using the mask structure with the composite film layers, that is, a multi-layer mask 

layer arranged in stacks sequentially from the side of the dielectric layer away from the substrate 

and along the direction away from the substrate, the thicknesses of the layers of the mask layer 

and the etching selectivity ratios between the layers below the mask layer satisfy that, during the 

process of etching the substrate and the dielectric layer to form holes correspondingly by using 

the mask structure, in each two neighboring layers of the mask layer, while the lower layer of the 

mask layer is etched to form a through-hole penetrating the thickness of the lower layer of the 

mask layer, the remaining thickness of the upper layer of the mask layer may be greater than or 

equal to zero, and while the dielectric layer is etched to form the through-hole penetrating the 

thickness of the dielectric layer, a sum of the remaining thicknesses of all the layers of the mask 

layer above the dielectric layer may be greater than or equal to the set depth of the hole formed 

in the substrate. Thus, compared to using the photoresist mask alone in the existing technology, 

by using the pattern sheet of the above mask structure of the composite film layer, the hole with 

a greater depth may be formed in the substrate, which satisfies the application requirements. 
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[0080] The above embodiments of the present disclosure mainly describe the differences 

between the embodiments. As long as the different optimization features of the embodiments are 

not contradictory, the optimization features can be combined to form better embodiments, which 

is not repeated here for brevity of the text. 

[0081] The above descriptions are merely embodiments of the present disclosure and are not 

intended to limit the present disclosure. Various modifications and variations of the present 

disclosure may be made for those skilled in the art. Any modifications, equivalent replacements, 

improvements, etc., made within the spirit and principle of the present disclosure shall be 

included within the scope of the claims of the present application. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A pattern sheet, comprising a substrate, and a dielectric layer and a mask structure 

sequentially arranged on the substrate along a direction away from the substrate, wherein the 

mask structure includes a multi-layer mask layer sequentially arranged in stacks from a side of 

the dielectric layer away from the substrate and along a direction away from the substrate, an 

uppermost layer of the mask layer is a photoresist layer, a thickness of each layer of the mask 

layer and etching selectivity ratios between layers below the mask layer satisfy that, during a 

process of etching the substrate and the dielectric layer to form holes correspondingly by using 

the mask structure, in each two neighboring layers of the mask layer, while a lower layer of the 

mask layer is etched to form a through-hole penetrating a thickness of the lower layer, a 

remaining thickness of an upper layer of the mask layer is greater than or equal to zero, while the 

dielectric layer is etched to form a through-hole penetrating a thickness of the dielectric layer, a 

remaining thickness of all the mask layer above the dielectric layer is greater than zero, and 

while a hole with a set depth is formed in the substrate, the remaining thickness of all the mask 

layer above the dielectric layer is greater than or equal to zero.   

2. The pattern sheet according to claim 1, wherein a number of layers of the mask 

layer is two, which are a second mask layer and a first mask layer sequentially stacked along the 

direction away from the substrate, wherein the first mask layer is the photoresist layer, and 

respective thicknesses of the first mask layer and the second mask layer and etching selectivity 

ratios between layers below the mask layer satisfy the following conditions: 

d1×S5>d2, and d2≥(d1－d4/S3)×S2/S1+d4/S4; or 
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d1×S5=d2, and d2>(d1-d4/S3)×S2/S1+d4/S4; 

wherein, d1 denotes a thickness of the first mask layer, d2 denotes a thickness of the 

second mask layer, d4 denotes a thickness of the dielectric layer, S1 denotes an etching 

selectivity ratio of the substrate and the first mask layer, S2 denotes an etching selectivity ratio of 

the substrate and the second mask layer, S3 denotes an etching selectivity ratio of the dielectric 

layer and the first mask layer, S4 denotes an etching selectivity ratio of the dielectric layer and 

the second mask layer, and S5 denotes an etching selectivity ratio of the second mask layer and 

the first mask layer. 

3. The pattern sheet according to claim 2, wherein the second mask layer includes a 

material containing silicon. 

4. The pattern sheet according to claim 3, wherein the second mask layer is a silicon 

dioxide layer. 

5. The pattern sheet according to claim 1, wherein a number of layers of the mask 

layer is three, which are a third mask layer, a second mask layer, and a first mask layer 

sequentially stacked along the direction away from the substrate, wherein the first mask layer is 

the photoresist layer, and respective thicknesses of the first mask layer, the second mask layer, 

and the third mask layer and etching selectivity ratios between the layers below the mask layer 

satisfy the following conditions: 

d1'×S5'>d2', and d2'×S6'≥d3', and d3'≥(d1'－d4'/S3')×S2'/S1'+d4'/S4'; or 

d1'×S5'≥d2', and d2'×S6'>d3', and d3'≥(d1'－d4'/S3')×S2'/S1'+d4'/S4'; or 
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d1'×S≥d2', and d2'×S6'≥d3', and d3'>(d1'－d4'/S3')×S2'/S1'+d4'/S4' 

wherein, d1' denotes a thickness of the first mask layer, d2' denotes a thickness of the 

second mask layer, d3' denotes a thickness of the third mask layer, d4' denotes a thickness of the 

dielectric layer, S1' denotes an etching selectivity ratio of the substrate and the first mask layer, 

S2' denotes an the etching selectivity ratio of the substrate and the third mask layer, S3' denotes 

an etching selection ratio of the dielectric layer and the first mask layer, S4' denotes an etching 

selectivity ratio of the dielectric layer and the third mask layer, S5' denotes an etching selectivity 

ratio of the second mask layer and the first mask layer, and S6' denotes an etching selectivity 

ratio of the third mask layer and the second mask layer. 

6. The pattern sheet according to claim 5, wherein the second mask layer is a silicon 

dioxide layer. 

7. The pattern sheet according to claim 5 or 6, wherein the third mask layer is an 

APFα-C layer. 

8. The pattern sheet according to any one of claims 5 to 7, wherein the thickness of 

the first mask layer ranges from 1 μm to 2 μm, the thickness of the second mask layer ranges 

from 400 nm to 700 nm, and the thickness of the third mask layer ranges from 6 μm to 7 μm. 

9. A semiconductor intermediate product, which is formed from the pattern sheet 

according to any one of claims 1 to 8 by an etching process, wherein the semiconductor 

intermediate product includes a substrate and a dielectric layer arranged on the substrate or a 
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substrate and a dielectric layer and a remaining mask layer with at least one layer after etching 

arranged sequentially on the substrate along the direction away from the substrate, and through-

holes penetrating thicknesses of the mask layer with the at least one layer and the dielectric layer 

are formed in the mask layer with the at least one layer and the dielectric layer, and a hole with a 

set depth is formed in the substrate. 

10. A hole etching method, wherein the substrate and the dielectric layer arranged on 

the substrate are etched to form the corresponding holes by using the pattern sheet according to 

any one of claims 1 to 8, the hole etching method comprising: 

etching a lower layer of a mask layer to form a through-hole penetrating a thickness of 

the lower layer of the mask layer by using an upper layer of any two neighboring layers of the 

mask layer as a mask; and 

etching a dielectric layer to form a through-hole penetrating a thickness of the dielectric 

layer and forming a hole with a set depth in the substrate by using the remaining mask layer with 

at least one layer above the dielectric layer. 

11. The hole etching method according to claim 10, wherein the hole etching method 

is applied to a through silicon via (TSV) etching process. 


