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It 

is apparent that the drawings in the following descriptions are merely some embodiments 

of the disclosure. Other drawings can be obtained by a person skilled in the art according 

to these drawings without any creative work  
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[ 0085] Exemplary embodiments disclosed in the disclosure are described in more 

detail with reference to drawings. Although the exemplary 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 specific embodiments 

described here. On the contrary, these embodiments are provided for more fully 

understanding of the disclosure, and to completely convey a scope disclosed by the 

disclosure to a person skilled in the art  

[ 0086] In the following descriptions, a lot of specific details are given in order to 

provide the more fully understanding of the disclosure. However, it is apparent to a 

person skilled in the art that the disclosure may be implemented without one or more of 

these details. In other examples, in order to avoid confusion with the disclosure, some 

technical features well-known in the field are not described. Namely, not all of the 

features of an actual embodiment are described here, and well-known functions and 

structures are not described in detail  

[ 0087] drawings, the sizes of a layer, a region, and an element and their relative 

sizes may be magnified for clarity. The same reference sign represents the same element 

throughout  

[ 0088] It should be understood that while the element or the layer is referred to as 

being on , adjacent to , connected to  or coupled to  other elements or 

layers, it may be directly on the other elements or layers, adjacent to, connected or 

coupled to the other elements or layers, or an intermediate element or layer may be 

present. In contrast, while the element is referred to as being directly on , directly 

adjacent to , directly connected to  or directly coupled to  other elements or 

layers, the intermediate element or layer is not present. It should be understood that 

although terms first, second, third and the like may be used to describe various elements, 

components, regions, layers and/or sections, these elements, components, regions, layers 

and/or sections should not be limited by these terms. These terms are only used to 
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distinguish one element, component, region, layer or section from another element, 

component, region, layer or section. Therefore, without departing from the teaching of 

the disclosure, a first element, component, region, layer or section discussed below may 

be represented as a second element, component, region, layer or section. While the 

second element, component, region, layer or section is discussed, it does not mean that 

the first element, component, region, layer or section is necessarily present in the 

disclosure  

[ 0089] Spatial relation terms, such as under , below , lower , 

underneath , above , upper  and the like,

drawings It should be understood that in addition to orientations shown in 

the drawings, the spatial relation terms are intended to further include the different 

orientations of a device in use and operation. For example, if the device in the drawings 

is turned over, then the elements or the features described as below  or underneath  or 

under  other elements may be oriented on  the other elements or features. Therefore, 

the exemplary terms below  and under  may include two orientations of up and 

down. The device may be otherwise oriented (rotated by 90 degrees or other orientations) 

and the spatial relation terms used here are interpreted accordingly. 

[ 0090] The terms used here are only intended to describe the specific embodiments 

and are not limitations to the disclosure. As used here, singular forms of a , an  and 

said/the  are also intended to include plural forms, unless otherwise clearly indicated in 

the context. It should also be understood that terms compos  and/or including , 

while used in the description, demonstrate the presence of the described features, integers, 

steps, operations, elements and/or components, but do not exclude the presence or 

addition of one or more other features, integers, steps, operations, elements, components, 

and/or groups. As used herein, a term and/or  includes any and all combinations of 

related items listed  
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[ 0092] those skilled in the art - -

- -  
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[ 0096] In order to make the above purposes, features and advantages of the disclosure 

more apparent and easy to be understood, specific implementations of the disclosure are 

described below in detail with reference to the drawings. For ease of description, a 

schematic diagram may be partially enlarged not to scale during describing the 
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embodiments of the disclosure in detail. The schematic diagram is only illustrative, and 

should not limit a scope of protection of the disclosure herein  
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CLAIMS 

1. A semiconductor structure comprising: 

a substrate; 

a semiconductor pillar located on the substrate and a gate pillar located on the 

semiconductor pillar, wherein the semiconductor pillar and the gate pillar both extend in a 

direction perpendicular to a plane of the substrate; 

a first word line extending in a first direction parallel to the plane of the substrate and 

surrounding the semiconductor pillar; and 

a semiconductor layer located above the semiconductor pillar and at least surrounding 

a sidewall of the gate pillar. 

2. The semiconductor structure of claim 1, wherein the gate pillar and the semiconductor pillar 

are in one-to-one correspondence; or 

wherein a top of the semiconductor pillar is electrically connected to a bottom of the gate pillar; 

or 

wherein an orthographic projection of the semiconductor pillar is at least partially overlapped 

with an orthographic projection of the gate pillar on the plane of the substrate, and a material 

of the gate pillar is same as a material of the semiconductor pillar. 

3. The semiconductor structure of claim 1, wherein the semiconductor pillar comprises a first 

electrode, a first channel region, and a second electrode distributed from bottom to top, and the 

first electrode, the first channel region, and the second electrode are same in term of 

conductivity type. 

4. The semiconductor structure of claim 1, wherein the semiconductor layer comprises a first 

sub-portion, a second sub-portion, and a third sub-portion connected to each other, and 

wherein the first sub-portion covers a top surface of the gate pillar, the second sub-portion 

covers the sidewall of the gate pillar, and the third sub-portion partially covers an upper surface 

of the substrate between adjacent gate pillars. 
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5. The semiconductor structure of claim 4, wherein the semiconductor structure further 

comprises: 

a second word line extending in the first direction, surrounding an end, close to the 

semiconductor pillar, of the second sub-portion and covering an upper surface of the third sub-

portion; and  

a first bit line and a second bit line extending in a second direction parallel to the plane 

of the substrate and perpendicular to the first direction, wherein the first bit line is located below 

the semiconductor pillar and electrically connected to a lower portion of the semiconductor 

pillar, while the second bit line is located above the semiconductor layer and electrically 

connected to the first sub-portion. 

68. The semiconductor structure of claim 3, wherein the semiconductor structure further 

comprises: 

a first gate dielectric layer located between the first word line and the semiconductor 

pillar, and surrounding the first channel region and the second electrode; and 

a second gate dielectric layer comprising a first sub-layer and a second sub-layer 

connected to each other, wherein the first sub-layer is located between the gate pillar and the 

semiconductor layer, covers a top and the sidewall of the gate pillar, while the second sub-layer 

covers an upper surface of the substrate between adjacent gate pillars. 

7. The semiconductor structure of claim 3, wherein the semiconductor structure further 

comprises: 

a first gate dielectric layer located between the first word line and the semiconductor 

pillar, and surrounding the first channel region and the second electrode;  

a second gate dielectric layer covering a top and the sidewall of the gate pillar; and 

a fourth dielectric layer covering an upper surface of the substrate between adjacent gate 

pillars. 
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8. The semiconductor structure of claim 1, wherein materials of the semiconductor pillar and 

the semiconductor layer comprise at least one or a combination of indium oxide, tin oxide, In-

Zn oxide, Sn-Zn oxide, Al-Zn oxide, In-Ga oxide, In-Ga-Zn oxide, In-Al-Zn oxide, In-Sn-Zn 

oxide, Sn-Ga-Zn oxide, Al-Ga-Zn oxide, or Sn-Al-Zn oxide. 

9. The semiconductor structure of claim 1, wherein the semiconductor structure further 

comprises: a word line isolation structure extending in the first direction and located between 

two adjacent first word lines to isolate the adjacent first word lines; or  

wherein the semiconductor structure further comprises: a first dielectric layer located above the 

substrate and a second dielectric layer located above the first dielectric layer, wherein the 

semiconductor pillar and the first word line are located in the first dielectric layer, while the 

gate pillar, the semiconductor layer and the second word line are located in the second dielectric 

layer. 

10. A method for manufacturing a semiconductor structure, comprising: 

providing a substrate; 

forming a pillar on the substrate, wherein the pillar comprises a semiconductor pillar, 

and extends in a direction perpendicular to a plane of the substrate; 

forming a first word line extending in a first direction parallel to the plane of the 

substrate and surrounding part of the pillar; 

forming a gate pillar right above the semiconductor pillar, wherein the gate pillar 

extends in the direction perpendicular to the plane of the substrate; and 

forming a semiconductor layer, wherein the semiconductor layer at least surrounds a 

sidewall of the gate pillar. 

11. The method of claim 10, before forming the pillar on the substrate, further comprising: 

forming an insulating layer on the substrate; 

performing an etching process on the insulating layer to form a plurality of first trenches 

extending in a second direction in the insulating layer, wherein the second direction is parallel 
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to the plane of the substrate and perpendicular to the first direction; and 

filling the plurality of first trenches with a conductive material to form a plurality of 

first bit lines extending in the second direction. 

12. The method of claim 11, after filling the plurality of first trenches with the conductive 

material to form the plurality of first bit lines extending in the second direction, further 

comprising: 

forming a first dielectric layer; 

etching the first dielectric layer to form a plurality of second trenches extending in the 

first direction in the first dielectric layer; and 

filling the plurality of second trenches with an insulating material to form a plurality of 

word line isolation structures extending in the first direction. 

13. The method of claim 12, wherein the forming the pillar on the substrate comprises: 

etching the first dielectric layer to form a plurality of first channel holes for exposing 

the first bit lines; 

filling each of the first channel holes with a semiconductor material to form the pillar, 

wherein the pillar comprises the semiconductor pillar; and  

wherein the forming the first word line extending in a first direction parallel to the plane 

of the substrate and surrounding the semiconductor pillar comprises: 

forming a plurality of third trenches extending in the first direction, wherein each of the 

third trenches is located between two adjacent word line isolation structures; 

forming a first gate dielectric layer in each of the third trenches, wherein the first gate 

dielectric layer surrounds part of the semiconductor pillar; and 

forming the first word line in each of the third trenches, wherein the first word line 

surrounds part of the first gate dielectric layer. 

14. The method of claim 10, wherein the forming the gate pillar right above the semiconductor 
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pillar comprises: 

forming and etching a second dielectric layer to form a plurality of second channel holes 

in the second dielectric layer, wherein each of the second channel holes is used for exposing a 

top of the semiconductor pillar; 

forming the gate pillar in each of the second channel holes; and 

wherein after forming the gate pillar, the method further comprises: 

exposing a top surface and a sidewall of the gate pillar; 

depositing a second gate dielectric layer, wherein the second gate dielectric layer 

comprises a portion surrounding the sidewall and a top of the gate pillar, and a portion covering 

an upper surface of the first dielectric layer; 

forming a semiconductor material layer and a word line material layer on the second 

gate dielectric layer sequentially, wherein the semiconductor material layer is conformal with 

the second gate dielectric layer, and the word line material layer fills a gap between adjacent 

semiconductor material layers; and 

etching the semiconductor material layer and the word line material layer to respectively 

form the semiconductor layer and a plurality of second word lines extending in the first 

direction. 

15. The method of claim 10, after forming the semiconductor layer, further comprising: 

forming a third dielectric layer; 

etching the third dielectric layer to form a fourth trench extending in a second direction 

and exposing an upper surface of the semiconductor layer; and 

forming a second bit line in the fourth trench. 

16. The method of claim 10, wherein the forming the pillar on the substrate comprises: 

forming the pillar the substrate, wherein the pillar protrudes from a surface of the 

substrate, extends in the direction perpendicular to the plane of the substrate, comprises the 
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semiconductor pillar and a gate pillar located right above the semiconductor pillar, and 

wherein after forming the first word line, the method further comprises: forming a 

semiconductor layer at least surrounding a sidewall of the gate pillar. 

17. The method of claim 16, before forming the pillar on the substrate, further comprising: 

forming a plurality of first bit lines extending in a second direction on the substrate; 

forming a first dielectric layer; and 

forming a plurality of word line isolation structures extending in the first direction in 

the first dielectric layer. 

18. The method of claim 17, wherein the forming the pillar on the substrate comprises: 

etching the first dielectric layer to form a plurality of first channel holes for exposing 

the first bit lines; 

forming a semiconductor material layer, wherein the semiconductor material layer 

covers an upper surface of the first dielectric layer and fills the first channel hole; and 

etching the semiconductor material layer to form the pillar, wherein a portion of the 

pillar located in the first channel hole is defined as the semiconductor pillar, and a portion of 

the pillar located right above the first channel hole is defined as the gate pillar. 

19. The method of claim 18, wherein the forming the first word lines extending in the first 

direction comprises: 

forming a plurality of third trenches extending in the first direction, wherein each of the 

third trenches is located between two adjacent word line isolation structures; 

forming a gate dielectric layer, wherein the gate dielectric layer comprises a first gate 

dielectric layer surrounding part of the semiconductor pillar, and a second gate dielectric layer 

surrounding the sidewall and a top of the gate pillar; and 

forming the first word line in each of the third trenches, wherein the first word line 

surrounds part of the first gate dielectric layer. 
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20. The method of claim 19, after forming the first word line, further comprising: 

forming a semiconductor material layer and a word line material layer on the second 

gate dielectric layer sequentially, wherein the semiconductor material layer at least covers the 

second gate dielectric layer, and the word line material layer fills a gap between adjacent 

semiconductor material layers; and 

etching the semiconductor material layer and the word line material layer to remove part 

of the semiconductor material layer and the word line material layer located above the word 

line isolation structure, so as to form the semiconductor layer and a plurality of second word 

lines extending in the first direction respectively. 

 


