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CLAIMS 

 

1. A method for forming a semiconductor structure, comprising: 

providing a base, wherein the base comprises a substrate, a first semiconductor layer 

and a second semiconductor layer sequentially formed on one another;  

forming a plurality of first isolation structures spaced apart from each other and a 

plurality of second isolation structures spaced apart from each other in the base, wherein a 

source layer formed in the second semiconductor layer and a drain layer formed in the 

substrate are provided between any two adjacent first isolation structures of the plurality of 

first isolation structures, each of the plurality of first isolation structures extends in a first 

direction, each of the plurality of second isolation structures extends in a second direction, the 

plurality of first isolation structures penetrate through the first semiconductor layer and the 

second semiconductor layer and partially extend into the substrate, and the plurality of second 

isolation structures are arranged in the substrate;  

forming a channel layer in the first semiconductor layer, wherein a through hole 

extending in a same direction as the first direction is provided between a sidewall of the 

channel layer and each sidewall of two first isolation structures adjacent to the channel layer 

along the second direction; and 

forming a gate structure in the through hole. 

 

2. The method according to claim 1, wherein the method, before forming the plurality of first 

isolation structures spaced apart from each other and the plurality of second isolation 

structures spaced apart from each other in the base, further comprises: 
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performing ion doping on the second semiconductor layer and a portion of the 

substrate to form a drain doped area in the substrate, and to form a source doped area in the 

second semiconductor layer. 

 

3. The method according to claim 1, wherein forming the plurality of first isolation structures 

spaced apart from each other and the plurality of second isolation structures spaced apart from 

each other in the base comprises: 

forming a plurality of initial first isolation structures and a plurality of initial second 

isolation structures in the base, wherein each of the plurality of initial first isolation structures 

extends in the first direction, and each of the plurality of initial second isolation structures 

extends in the second direction, and wherein the plurality of initial first isolation structures 

and the plurality of initial second isolation structures penetrate through the first semiconductor 

layer and the second semiconductor layer, and partially extend into the substrate to form the 

source layer in the second semiconductor layer and to form the drain layer in the substrate; 

and 

etching the plurality of initial first isolation structures to form the plurality of first 

isolation structures, and etching the plurality of initial second isolation structures to form the 

plurality of second isolation structures.  

 

4. The method according to claim 3, wherein forming the plurality of initial first isolation 

structures and the plurality of initial second isolation structures in the base comprises: 

forming a plurality of second isolation structure trenches in the base, and filling the 

plurality of second isolation structure trenches with a first dielectric layer to form the plurality 

of initial second isolation structures; and 
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after forming the plurality of initial second isolation structures in the base, forming a 

plurality of first isolation structure trenches in the base, and filling the plurality of first 

isolation structure trenches with a second dielectric layer and a third dielectric layer to form 

the plurality of initial first isolation structures, wherein the plurality of first isolation structure 

trenches and the plurality of second isolation structure trenches penetrate through the first 

semiconductor layer and the second semiconductor layer, and partially extend into the 

substrate.  

 

5. The method according to claim 4, wherein filling the plurality of first isolation structure 

trenches with the second dielectric layer and the third dielectric layer to form the plurality of 

initial first isolation structures comprises: 

filling the plurality of first isolation structure trenches with the second dielectric layer; 

removing the second dielectric layer at a bottom portion of each of the plurality of first 

isolation structure trenches and on a surface of the second semiconductor layer; and 

filing the plurality of first isolation structure trenches with the third dielectric layer to 

form the plurality of initial first isolation structures.  

 

6. The method according to claim 4, wherein etching the plurality of initial first isolation 

structures to form the plurality of first isolation structures and etching the plurality of initial 

second isolation structures to form the plurality of second isolation structures comprises: 

etching the second dielectric layer in the plurality of initial first isolation structures in 

the second semiconductor layer, and etching the first dielectric layer in the plurality of initial 

second isolation structures in the second semiconductor layer; 
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filling the plurality of etched initial first isolation structures in the second 

semiconductor layer with a fourth dielectric layer; and 

etching the second dielectric layer in the plurality of initial first isolation structures in 

the first semiconductor layer, and etching the first dielectric layer in the plurality of initial 

second isolation structures in the first semiconductor layer to form the plurality of first 

isolation structures and the plurality of second isolation structures. 

 

7. The method according to claim 6, wherein the method, after etching the second dielectric 

layer in the plurality of initial first isolation structures in the first semiconductor layer and 

etching the first dielectric layer in the plurality of initial second isolation structures in the first 

semiconductor layer, comprises: 

etching a portion of the first semiconductor layer to form the channel layer, wherein 

the through hole extending in the same direction as the first direction is provided between the 

channel layer and each of the two first isolation structures adjacent to the channel layer, and 

a width of the channel layer in the second direction is less than each of a width of the source 

layer and a width of the drain layer in the second direction. 

 

8. The method according to claim 5, wherein the method, after removing the second dielectric 

layer at the bottom portion of each of the plurality of first isolation structure trenches and on 

the surface of the second semiconductor layer, and before filing the plurality of first isolation 

structure trenches with the third dielectric layer, further comprises: 

depositing metal cobalt at the bottom portion of each of the plurality of first isolation 

structure trenches; and 

performing an annealing treatment to form silicide in the substrate to form a buried bit 
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line, wherein the drain layer is arranged between the channel layer and the buried bit line, a 

height of a portion of each of the plurality of first isolation structures extending into the 

substrate is less than a height of a portion of each of the plurality of second isolation structures 

arranged in the substrate, and the plurality of second isolation structures penetrate through the 

buried bit line. 

 

9. The method according to any one of claims 1 to 8, wherein forming the gate structure in 

the through hole comprises: 

forming a gate oxide layer in the through hole through thermal oxidation; and 

filling a surface of the gate oxide layer with a conductive material to form the gate 

structure.  

 

10. The method according to claim 9, further comprising: 

filling the second semiconductor layer with a fifth dielectric layer, wherein a top 

surface of the fifth dielectric layer is flush with a top surface of the second semiconductor 

layer; and  

sequentially forming a contact node and a capacitor on the source layer; 

preferably a material of the gate oxide layer comprises silicon oxide, and a material of 

the fifth dielectric layer comprises silicon nitride.  

 

11. The method according to claim 6, wherein a material of the first dielectric layer comprises 

silicon oxide, and a material of the second dielectric layer is the same as the material of the 
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first dielectric layer, and wherein a material of the third dielectric layer comprises silicon 

nitride, and a material of the fourth dielectric layer is the same as the material of the third 

dielectric layer. 

 

12. A semiconductor structure, comprising: 

a base, wherein the base comprises a substrate, a first semiconductor layer and a 

second semiconductor layer sequentially formed on one another;  

a plurality of first isolation structures spaced apart from each other and a plurality of 

second isolation structures spaced apart from each other in the base, wherein each of the 

plurality of first isolation structures extends in a first direction, each of the plurality of second 

isolation structures extends in a second direction, the plurality of first isolation structures 

penetrate through the first semiconductor layer and the second semiconductor layer and 

partially extend into the substrate, and the plurality of second isolation structures are arranged 

in the substrate; 

a source layer arranged in the second semiconductor layer; 

a drain layer arranged in the substrate; 

a channel layer arranged in the first semiconductor layer; and  

a gate structure arranged between the channel layer and each of two first isolation 

structures adjacent to the channel layer and extending in a same direction as the first direction 

characterized in that  

wherein each of the plurality of first isolation structures comprises: a second dielectric layer 

arranged in the substrate, a fourth dielectric layer arranged in the second semiconductor layer, 

and a third dielectric layer penetrating through the first semiconductor layer and the second 
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semiconductor layer and partially extending into the substrate, and wherein a side wall of the 

third dielectric layer is in contact with each of the second dielectric layer and the fourth 

dielectric layer, wherein the gate structure is in contact with the second dielectric, the forth 

dielectric  and the sidewall of the third dielectric, and the gate structure is located between 

the second dielectric and the forth dielectric forth dielectric, and each of the plurality of second 

isolation structures comprises a first dielectric layer arranged in the substrate, preferably, the 

semiconductor structure further comprises: a buried bit line arranged in the substrate and 

penetrated by the plurality of second isolation structures, wherein the drain layer is arranged 

between the channel layer and the buried bit line, and a height of a portion of each of the 

plurality of first isolation structures extending into the substrate is less than a height of a 

portion of each of the plurality of second isolation structures arranged in the substrate; 

preferably, a material of the first dielectric layer comprises silicon oxide, and a material of the 

second dielectric layer is the same as the material of the first dielectric layer, and wherein a 

material of the third dielectric layer comprises silicon nitride, and a material of the fourth 

dielectric layer is the same as the material of the third dielectric layer. 

 

13. The structure according to claim 12, wherein the substrate is a silicon substrate, the first 

semiconductor layer is a silicon germanium layer, and the second semiconductor layer is a 

silicon layer; 

preferably, the gate structure comprises a gate oxide layer, and a conductive material on a 

surface of the gate oxide layer. 

 

14. The semiconductor structure according to any one of claims 12 to 13, further comprising: 

a fifth dielectric layer arranged in the second semiconductor layer, wherein a top 
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surface of the fifth dielectric layer is flush with a top surface of the second semiconductor 

layer; and 

a contact node and a capacitor arranged on the source layer. 

 

 


