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SEMICONDUCTOR STRUCTURE AND METHOD FOR 

MANUFACTURING SAME, MEMORY AND OPERATION METHOD 

THEREOF 

 

CROSS-REFERENCE TO RELATED APPLICATION 5 

[0001] This application is based on, and claims priority to Chinese Patent Application 

No. 202210728734.6, filed on June 24, 2022, and entitled “SEMICONDUCTOR 

STRUCTURE AND METHOD FOR MANUFACTURING SAME, MEMORY AND 

OPERATION METHOD THEREOF”, the disclosure of which is hereby incorporated by 

reference in its entirety. 10 

 

TECHNICAL FIELD 

[0002] The disclosure relates to the technical field of semiconductor, and relates to but is 

not limited to, a semiconductor structure and a method for manufacturing the same, a 

memory and an operation method thereof. 15 

 

BACKGROUND 

[0003] With the continuous development of science and technology, the performance of 

semiconductor memory devices is becoming more and more powerful, while the feature 

size is becoming smaller and smaller. Herein, one time programmable (OTP) memory is 20 

a kind of non-volatile memory (NVM), which can still keep the stored data even when 

the power supply is shut down. The one-time programmable memory can only be 

programmed once, and cannot be erased electrically. It can be applied to program 

memory, serial configuration memory and system-on-chip (SOC), and plays a role in ID 

identification, memory repair and the like. 25 

[0004] At present, the one-time programmable memory mainly adopts the similar 

structure of dynamic random access memory (DRAM), which includes a selective 
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transistor and a capacitor (1T1C). Since the breakdown of the dielectric layer in the 

capacitor is irreversible, the solidified storage data can be obtained by reading the 

breakdown state of the capacitor. However, one time programmable memory faces 

problems, such as large storage area, low integration, complex manufacturing process, 

high manufacturing cost, and so on. 5 

SUMMARY 

[0005] In view of this, embodiments of the disclosure provide a semiconductor structure 

and a method for manufacturing the same, and a memory and a method for operating the 

same. 

[0006] In the first aspect, embodiments of the disclosure provide a semiconductor 10 

structure including a substrate, a gate structure and an anti-fuse bit structure. 

[0007] The substrate has a plurality of active areas close to a surface of the substrate. 

The gate structure is located in a first structure layer on the substrate. The gate structure 

and the active areas constitute a selective transistor. The anti-fuse bit structure is located 

in a second structure layer on the first structure layer, and is connected with an active 15 

area of the selective transistor through a first connecting structure. A breakdown state 

and a non-breakdown state of the anti-fuse bit structure represent different stored data. 

[0008] In some embodiments, the anti-fuse bit structure includes: a first electrode 

connected to the active area through the first connecting structure; a second electrode 

located in a same plane with the first electrode, in which the plane where the first 20 

electrode and the second electrode are located is parallel to the surface of the substrate; 

and an anti-fuse bit dielectric layer located between the first electrode and the second 

electrode and connected with the first electrode and the second electrode, in which the 

breakdown state is a state in which the anti-fuse bit dielectric layer is broken down, and 

the non-breakdown state is a state in which the anti-fuse bit dielectric layer is not broken 25 

down. 

[0009] In some embodiments, the second electrodes of a plurality of anti-fuse bit 

structures, located in an extension direction parallel to the gate structure, are connected 

with each other. 
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[0010] In some embodiments, a side of the first electrode close to the second electrode 

has a convex structure, and a side of the second electrode close to the first electrode has 

a concave structure corresponding to the convex structure. 

[0011] In some embodiments, a projection of the anti-fuse bit structure on the substrate 

at least partially overlaps a projection of the gate structure on the substrate. 5 

[0012] In some embodiments, the first structure layer further includes a first isolation 

layer surrounding at least a bottom surface and side surfaces of a gate electrode of the 

gate structure; the second structure layer further includes a second isolation layer 

surrounding at least a bottom surface and side surfaces of the anti-fuse bit structure, and 

the first connecting structure penetrates the first isolation layer and the second isolation 10 

layer. 

[0013] In some embodiments, the first isolation layer is an oxide material, in which a 

part of the first isolation layer in the gate structure serves as a gate dielectric of the 

selective transistor. 

[0014] In some embodiments, the active area includes a first doped region and a second 15 

doped region, which are of a same doping type, and the first doped region and the 

second doped region are respectively located at two sides of the gate structure, in which, 

the first doped region is connected with the anti-fuse bit structure through the first 

connecting structure. 

[0015] In some embodiments, the semiconductor structure further includes: a first metal 20 

line located in a third structure layer above the second structure layer, in which the first 

metal line is connected with the second doped region through a second connecting 

structure, and an extension direction of the first metal line is perpendicular to an 

extension direction of the gate structure. 

[0016] In some embodiments, the third structure layer further includes a third isolation 25 

layer surrounding at least a bottom surface and side surfaces of the first metal line. 

[0017] In some embodiments, two adjacent ones of the anti-fuse bit structures are 

symmetrically arranged, and the two selective transistors connected to the two 

symmetrical anti-fuse bit structures share a same second doped region. 
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[0018] In some embodiments, the semiconductor structure further includes: an isolation 

structure located between two adjacent ones of the first doped regions, in which the two 

adjacent ones of the first doped regions are the first doped regions corresponding to two 

adjacent ones of the selective transistors that do not share the same second doped region. 

[0019] In the second aspect, the embodiments of the disclosure provide a method for 5 

manufacturing a semiconductor structure including: providing a substrate having a 

plurality of active areas close to a surface of the substrate; forming a first structure layer 

comprising a gate structure on the substrate, where the gate structure and the active areas 

below the gate structure constitute a selective transistor; and forming a second structure 

layer comprising an anti-fuse bit structure on the first structure layer, and forming a first 10 

connecting structure connecting the anti-fuse bit structure and an active area of the 

selective transistor, in which a breakdown state and a non-breakdown state of the 

anti-fuse bit structure represent different stored data. 

[0020] In some embodiments, forming the second structure layer comprising an anti-fuse 

bit structure on the first structure layer and forming the first connecting structure 15 

connecting the anti-fuse bit structure and the active area of the selective transistor 

includes: depositing an insulating material on the first structure layer, in which the 

insulating material is used for forming a second isolation layer in the second structure 

layer; forming a first trench and a second trench in the insulating material, and forming a 

first connecting hole in the first trench, penetrating the first structure layer; filling a 20 

conductive material in the first connecting hole to form the first connecting structure; 

filling a conductive material in the first trench and the second trench to form a first 

electrode and a second electrode, respectively; the insulating material at a location other 

than the first electrode and the second electrode serving as the second isolation layer; 

part of the second isolation layer between the first electrode and the second electrode 25 

serving as an anti-fuse bit dielectric layer of the anti-fuse bit structure; herein, the 

breakdown state is a state in which the anti-fuse bit dielectric layer is broken down, and 

the non-breakdown state is a state in which the anti-fuse bit dielectric layer is not broken 

down. 

[0021] In some embodiments, an extension direction of the first trench and the second 30 

trench are parallel to an extension direction of the gate structure. 
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[0022] In some embodiments, filling the conductive material in the first trench and the 

second trench to form the first electrode and the second electrode respectively includes: 

filling the conductive material in the first trench and the second trench; and removing at 

least part of the conductive material in the first trench to form a plurality of first 

electrodes separated from each other and the second electrodes of a plurality of the 5 

anti-fuse bit structures in a same line parallel to an extension direction of the gate 

structure connected with each other. 

[0023] In the third aspect, embodiments of the disclosure further provide a method for 

operating a memory including the semiconductor structure as described in any of the 

above-described embodiments of the disclosure, and the method includes: breaking 10 

down a target anti-fuse bit structure of the anti-fuse bit structures of the memory 

according to data to be written to convert the target anti-fuse bit structure from a 

non-breakdown state to a breakdown state; and maintaining a non-breakdown state of a 

non-target anti-fuse bit structure, in which, the non-target anti-fuse bit structure is an 

anti-fuse bit structure other than the target anti-fuse bit structure. 15 

[0024] In some embodiments, breaking down one target anti-fuse bit structure of the 

anti-fuse bit structures of the memory to convert the target anti-fuse bit structure from 

the non-breakdown state to the breakdown state including: applying a first voltage to the 

gate structure of the selective transistor to which the target anti-fuse bit structure is 

connected, to turn on the selective transistor; applying a second voltage to the first metal 20 

line to which the selective transistor is connected; and applying a third voltage to the 

second electrode of the target anti-fuse bit structure to convert the target anti-fuse bit 

structure from the non-breakdown state to the breakdown state, in which a voltage 

difference between the second voltage and the third voltage is greater than or equal to a 

breakdown voltage of the anti-fuse bit structure. 25 

[0025] In some embodiments, maintaining the non-breakdown state of the non-target 

anti-fuse bit structure includes: applying a first voltage to the gate structure of the 

selective transistor to which the non-target anti-fuse bit structure is connected, to turn on 

the selective transistor; applying a fourth voltage to the first metal line to which the 

selective transistor is connected; and applying a third voltage to the second electrode of 30 

the non-target anti-fuse bit structure to maintaining the non-breakdown state of the 

non-target anti-fuse bit structure, in which a voltage difference between the fourth 
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voltage and the third voltage is smaller than the breakdown voltage of the anti-fuse bit 

structure. 

[0026] In some embodiments, maintaining the non-breakdown state of the non-target 

anti-fuse bit structure includes: applying a fifth voltage to the gate structure of the 

selective transistor to which the non-target anti-fuse bit structure is connected, to turn off 5 

the selective transistor, and the non-target anti-fuse bit structure maintains in the 

non-breakdown state. 

[0027] In the fourth aspect, embodiments of the disclosure provide a memory, which 

includes a memory array, in which the semiconductor structure as described in any of the 

above-described embodiments is included; and a peripheral circuit coupled to the 10 

memory array. 

[0028] In the semiconductor structure provided by the embodiments of the disclosure, 

the gate structure is located at the first structure layer on the substrate, the anti-fuse bit 

structure is located at the second structure layer on the first structure layer, and the 

anti-fuse bit structure is connected to the active area in the substrate through the first 15 

connecting structure. In this way, the anti-fuse bit structure does not necessarily occupy 

an additional area in the horizontal direction, thus the integration of the memory is 

improved, and the number of mask processes required to form the anti-fuse bit structure 

is reduced, thereby simplifying the manufacturing process. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0029] FIG. 1 is a schematic diagram of a semiconductor structure provided by an 

embodiment of the disclosure; 

[0030] FIG. 2 is a schematic diagram of a semiconductor structure provided by an 

embodiment of the disclosure; 

[0031] FIG. 3 is a schematic diagram of another semiconductor structure provided by an 25 

embodiment of the disclosure; 

[0032] FIG. 4 is a schematic diagram of yet another semiconductor structure provided by 

an embodiment of the disclosure; 
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[0033] FIG. 5 is a top view of yet another semiconductor structure provided by an 

embodiment of the disclosure; 

[0034] FIG. 6 is a schematic diagram of yet another semiconductor structure provided by 

an embodiment of the disclosure; 

[0035] FIG. 7 is a flow chart of a process for forming semiconductor structure provided 5 

by an embodiment of the disclosure; 

[0036] FIG. 8A to 8C are schematic diagrams showing a process for forming a 

semiconductor structure provided by an embodiment of the disclosure; 

[0037] FIG. 9A to 9C are schematic diagrams showing a process for forming an 

anti-fuse bit structure provided by an embodiment of the disclosure; 10 

[0038] FIG. 10A to 10D are top views showing a process for forming an anti-fuse bit 

structure provided by an embodiment of the disclosure; 

[0039] FIG. 11 is a schematic diagram of a memory provided by an embodiment of the 

disclosure; and 

[0040] FIG. 12 is a schematic diagram of a memory array in a memory provided by an 15 

embodiment of the disclosure. 

DETAILED DESCRIPTION 

[0041] For facilitating to understand the disclosure, exemplary embodiments of the 

disclosure will be described in more details below with reference to the accompanying 

drawings. Although exemplary embodiments of the present disclosure are shown in the 20 

drawings, it should be understood that the present disclosure may be implemented in 

various forms and should not be limited to the specific embodiments set forth herein. 

These embodiments are provided for the purpose that the disclosure will be more 

thoroughly understood and the scope of the disclosure will be fully conveyed to those 

skilled in the art. 25 

[0042] In the description below, numerous specific details are given for thorough 

understanding of the disclosure. However it will be apparent to those skilled in the art 

that the disclosure may be implemented without one or more of these details. In some 
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embodiments, some technical features well-known in the art are not described in order to 

avoid confusion with the present disclosure; that is, not all of the features of actual 

embodiments are described herein, and well-known functions and structures are not 

described in detail. 

[0043] In general, terms can be understood at least in part from their use in context. For 5 

example, depending at least in part on the context, the term “one or more” as used herein 

may be used to describe any feature, structure, or characteristic in a singular sense, or 

may be used to describe a combination of features, structures, or characteristics in a 

plural sense. Similarly, terms such as “one” or “said” may likewise be understood as 

conveying singular usage or conveying plural usage, depending at least in part on the 10 

context. In addition, the term “based on” may be understood as not necessarily intended 

to convey an exclusive set of factors, and may alternatively allow the existence of 

additional factors that are not necessarily explicitly described, which also depends at 

least in part on the context. 

[0044] Unless otherwise defined, the terms used herein are intended to describe specific 15 

embodiments only and are not to be a limitation to the present disclosure. As used herein, 

the singular forms “a/an”, “one”, and “the/said” are intended to include the plural forms 

as well, unless the context clearly dictates otherwise. It should be further understood that 

when terms “consist of” and/or “comprise/include” used in the specification mean that 

the stated features, integers, steps, operations, elements and/or components are present, 20 

but the presence or addition of one or more of other features, integers, steps, operations, 

elements, components and/or combinations is not excluded. When used herein, the term 

“and/or” includes any of the listed items and all combinations thereof. 

[0045] In order to thoroughly understand the present disclosure, detailed operations and 

structures will be set forth in the following description in order to illustrate the technical 25 

solution of the present disclosure. Preferred embodiments of the present disclosure are 

described in detail below. However the present disclosure may have other embodiments 

in addition to these detailed descriptions. 

[0046] In some embodiments, as shown in FIGs. 1 and 2, a semiconductor structure 10a 

and a semiconductor structure 10b having an anti-fuse bit structure are provided 30 

respectively. The semiconductor structures 10a and 10b are used for a one-time 
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programmable memory. Herein, the semiconductor structure 10a includes: a base 100，

an insulating layer 101 and a P-type semiconductor layer 102. 

[0047] The insulating layer 101 is located on the base 100. The P-type semiconductor 

layer 102 is located on the insulating layer 101. A first doped region 103, a second 

doped region 104 and a third doped region 105 are all located in the P-type 5 

semiconductor layer 102, in which the first doped region 103, the second doped region 

104 and the third doped region 105 may be N-type doped regions, and the first doped 

region 103 is connected to a first metal line 130, which may be a bit line (BL). 

[0048] A first gate dielectric 111 is located on the P-type semiconductor layer 102 

between the first doped region 103 and the second doped region 104. A first gate 121 10 

located on the first gate dielectric 111, in which the first gate 121 may be a word 

line(WL). 

[0049] A second gate dielectric 112 is located on the P-type semiconductor layer 102 

between the second doped region 104 and the third doped region 105, in which the 

second gate dielectric 112 may be an anti-fuse bit dielectric layer. A breakdown state 15 

and a non-breakdown state of the second gate dielectric 112 may be used to represent 

different stored data, i.e. “0” or “1”. A second gate 122 is located on the second gate 

dielectric 112. 

[0050] It should be noted that, in order to illustrate each structure clearly in the figure, 

the proportional relationship of the dimension of each structure may not be consistent 20 

with the actual structure. In this way, the first doped region 103, the second doped region 

104, the first gate dielectric 111 and the first gate 121 constitute a selective transistor. 

The second doped region 104, the third doped region 105, the second gate dielectric 112 

and the second gate 122 constitute an anti-fuse bit structure. One selective transistor and 

one anti-fuse bit structure constitute a memory cell. 25 

[0051] In some embodiments, as shown in FIG. 2, the thickness of the P-type 

semiconductor layer 102 in the semiconductor structure 10b may be greater than the 

depth of each doped region; and the semiconductor structure 10b further includes a deep 

N-well (DNW) 106 and a P-type base107 located below the deep N-well 106. In this 

way, inversely biased PN junctions can be formed between the P-type semiconductor 30 

layer 102 and the deep N-well 106, and between the deep N-well 106 and the P-type 
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base107, so as to replace the insulating layer 101 in the semiconductor structure 10a to 

perform an electrical isolation function. 

[0052] Therefore, the turn-on and turn-off of the selective transistor can be controlled by 

the first gate 121. When the selective transistor is turned on, the voltage applied on the 

first metal line 130 may be transferred to the second doped region 104 through the 5 

channel of the selective transistor. At this time, the voltage difference between the 

second gate 122 and the second doped region 104 may be greater than or equal to the 

breakdown voltage of the second gate dielectric 112, so that the second gate dielectric 

112 is permanently broken down to complete the writing operation of the memory cell. It 

could be understood that the third doped region 105 is in a floating state during the 10 

writing operation. 

[0053] In some embodiments, the first doped region 103, the second doped region 104 

and the third doped region 105 may be N-type doped regions with a high doping 

concentration, i.e. N+-type doped regions. The first gate dielectric 111 and the second 

gate dielectric 112 may be a relatively thinner oxide layer so as to reduce the occupied 15 

area of the memory cell. The second gate dielectric 112 is more easily broken down, 

thereby meeting the requirement of low power consumption of the memory. 

[0054] It could be understood that, in the semiconductor structures 10a and 10b, a 

selective transistor and an anti-fuse bit structure are located in adjacent positions in the 

horizontal direction, thus occupying a larger area in the horizontal direction, so that the 20 

size of the memory cell is large, and the integration of the memory is low. 

[0055] As shown in FIG. 3, embodiments of the disclosure provide a semiconductor 

structure 20, which includes a substrate 200, the substrate 200 having a plurality of 

active areas 201 close to a surface of the substrate 200; a gate structure 211 located in a 

first structure layer 210 on the substrate 200, and the gate structure 211 and the active 25 

areas 201 forming a selective transistor 240; and an anti-fuse bit structure 250 located in 

a second structure layer 220 on the first structure layer 210, and the anti-fuse bit 

structure 250 is connected with the active area 201 of one selective transistor 240 

through a first connecting structure 221, in which a breakdown state and a 

non-breakdown state of the anti-fuse bit structure 250 are used to represent different 30 

stored data. 
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[0056] In embodiments of the disclosure, the material of the substrate 200 may include 

an elemental semiconductor material, such as silicon (Si), germanium (Ge), or the like, 

or a compound semiconductor material, such as gallium nitride (GaN), gallium arsenide 

(GaAs), indium phosphide (InP), or the like. In some embodiments, the substrate 200 

may also have well regions, such as a P-well and a deep N-well beneath the P-well. The 5 

P-well may be used to form active areas 201 of the selective transistor 240, while the 

deep N-well may be used to isolate the P-well and reduce the noise interference to 

devices formed in the P-well. The active areas 201 may be doped regions in the substrate 

200, and the doping types of a plurality of active areas 201 may be the same. The 

impurity ions doped in the P-type doped region may be trivalent elements, such as boron 10 

or the like; and the impurity ions doped in the N-type doped region may be pentavalent 

elements, such as phosphorus, arsenic or the like. For example, the active areas 201 may 

be N+-type doped regions in the P-well for constituting the source and the drain of the 

selective transistor 240. 

[0057] In embodiments of the disclosure, a first structure layer 210 is provided on the 15 

substrate 200, and the first structure layer 210 includes a gate structure 211, and the gate 

structure 211 and the active areas 201 below the gate structure 211 constitute a selective 

transistor 240. The gate structure 211 may also include a gate electrode 2111 and a gate 

dielectric 2112, in which the gate electrode 2111 may be a word line in a memory. The 

material of the gate electrode 2111 may be a conductive material such as a metal, a 20 

doped semiconductor or the like. The gate dielectric 2112 may be located in the side of 

the first structure layer 210 near the substrate 200 and may be a material such as silicon 

oxide, hafnium oxide or the like. It could be understood that other structures not shown 

in FIG. 3 may also be included in the first structure layer 210. 

[0058] In embodiments of the disclosure, a second structure layer 220 is provided on the 25 

first structure layer 210. The second structure layer 220 includes an anti-fuse bit 

structure 250, which may be a capacitor structure that can be broken down. The anti-fuse 

bit structure 250 is connected to the active area 201 of at least one selective transistor 

240 through a first connecting structure 221. The first connecting structure penetrates the 

first structure layer 210. The material of the first connecting structure 221 may include a 30 

conductive material, such as a metal, a doped semiconductor, or the like. In some 

embodiments, the anti-fuse bit structure 250 may include two electrodes located in the 

same plane and an anti-fuse bit dielectric layer located between the two electrodes. For 
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example, the two electrodes above-mentioned may be a conductive material and the 

anti-fuse bit dielectric layer may be silicon oxide or the like. A breakdown state and a 

non-breakdown state of the anti-fuse bit structure 250 are used to represent different 

stored data, i.e. “0” or “1”. It could be understood that other structures not shown in FIG. 

3 may also be included in the second structure layer 220. 5 

[0059] In some embodiments, one selective transistor 240 and one anti-fuse bit structure 

250 constitute a memory cell of a one-time programmable memory. The gate structure 

211 connects to a plurality of memory cells located in its extension direction. The 

turn-on and turn-off of a selective transistor 240 can be controlled by applying different 

voltages to the first gate 211. In some embodiments, one end of the selective transistor 10 

240 is also connected to a bit line. When the selective transistor 240 is turned on, a 

voltage of the bit line may be applied to one electrode of the anti-fuse bit structure 250, 

at this time, a suitable voltage is applied to the other electrode, so that the voltage 

difference between the two electrodes of the anti-fuse bit structure 250 is greater than or 

equal to the breakdown voltage of the anti-fuse bit dielectric layer, and then the anti-fuse 15 

bit structure 250 is permanently broken down and the one-time programming operation 

of the memory cell is completed. 

[0060] Since the anti-fuse bit structure 250 is located in the second structure layer 220 

above the first structure layer 210, that is, the anti-fuse bit structure 250 is located above 

the selective transistor 240, in this way, the anti-fuse bit structure 250 does not need to 20 

occupy an additional area in the horizontal direction, so that the size of the memory cell 

is small and the integration of the memory is improved. Furthermore, the two electrodes 

of the anti-fuse bit structure 250 may be formed simultaneously in the second structure 

layer 220, fewer mask processes are needed, thereby simplifying the manufacturing 

process. On the other hand, since the gate structure 211 is located in the first structure 25 

layer 210, the gate dielectric 2112 of the gate structure 211 can be made thicker, so that 

the programming voltage of the selective transistor 240 is more stable, and the gate 

dielectric 2112 is not easily broken down by a mistake, thereby improving the reliability 

of the memory. 

[0061] In some embodiments, as shown in FIG. 4, the anti-fuse bit structure 250 includes 30 

a first electrode 251 connected to the active area 201 through the first connecting 

structure 221; a second electrode 252 located in a same plane with the first electrode 251, 
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and the plane where the first electrode 251 and the second electrode 252 are located is 

parallel to the surface of the substrate 200; and an anti-fuse bit dielectric layer 253 

located between the first electrode 251 and the second electrode 252 and connected with 

the first electrode 251 and the second electrode 252, in which the breakdown state is a 

state in which the anti-fuse bit dielectric layer 253 is broken down, and the 5 

non-breakdown state is a state in which the anti-fuse bit dielectric layer 253 is not 

broken down. 

[0062] In embodiments of the disclosure, the anti-fuse bit structure 250 includes a first 

electrode 251, a second electrode 252 and an anti-fuse bit dielectric layer 253. The first 

electrode 251 and the second electrode 252 are located in a same plane in the second 10 

structure layer 220, and the plane where the first electrode 251 and the second electrode 

252 are located is parallel to the surface of the substrate 200. The anti-fuse bit dielectric 

layer 253 is located between and connected with the first electrode 251 and the second 

electrode 252, so that a capacitor structure that can be broken down is formed. Herein, 

the first electrode 251 is connected to the active area 201 located in the same selective 15 

transistor 240 through the first connecting structure 221 that penetrates the first structure 

layer 210. In this way, when the voltage difference between the first electrode 251 and 

the second electrode 252 is greater than or equal to the breakdown voltage of the 

anti-fuse bit dielectric layer 253, the anti-fuse bit dielectric layer 253 is broken down, 

that is, the anti-fuse bit structure 250 is permanently broken down, thereby completing a 20 

one-time programming operation of the memory cell. 

[0063] In some embodiments, the first electrode 251 and the second electrode 252 may 

be made of a conductive material, for example, the material of the first electrode 251 and 

the second electrode 252 is tungsten (W); the anti-fuse bit dielectric layer 253 may be 

made of a material such as silicon oxide. It could be understood that the first electrode 25 

251 and the second electrode 252 may be formed simultaneously. For example, trenches 

corresponding to the first electrode 251 and the second electrode 252 are formed in a 

same plane by only a single mask process, and then a conductive material is filled in the 

trenches to form the first electrode 251 and the second electrode 252, thereby 

simplifying the manufacturing process. 30 
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[0064] In some embodiments, the projection of the anti-fuse bit structure 250 on the 

substrate 200 at least partially overlaps the projection of the gate structure 211 on the 

substrate 200. 

[0065] In embodiments of the disclosure, as shown in FIG. 4, the projection of the 

anti-fuse bit structure 250 on the substrate 200 at least partially overlaps the projection 5 

of the gate structure 211 on the substrate 200, that is, the anti-fuse bit structure 250 is at 

least partially located above the gate structure 211, so that the area occupied by the 

anti-fuse bit structure 250 and the selective transistor 240 in the horizontal direction can 

be further reduced, and thus the integration of the semiconductor structure can be 

improved. For example, the second electrode 252 of the anti-fuse bit structure 250 is 10 

located above the gate structure 211 to reduce the occupied area in the horizontal 

direction, and at least part of the first electrode 251 is dislocated with the gate structure 

211, so that the first connecting structure 221 can vertically connect the first electrode 

251 to the active area 201 beneath the first electrode 251, thereby simplifying the 

arrangement and manufacturing process of the first connecting structure 221. 15 

[0066] In some embodiments, as shown in FIG. 5 as a top view of the semiconductor 

structure 20, the second electrodes 252 of a plurality of the anti-fuse bit structures 250 

located in the extension direction parallel to the gate structure 211 are connected with 

each other. 

[0067] In embodiments of the disclosure, the gate electrode 2111 of a gate structure 211 20 

can be a word line in a memory, and the gate structure 211 connects the selective 

transistors 240 of a plurality of memory cells located in the extension direction thereof. 

As shown in FIG. 5, the second electrodes 252 of a plurality of the anti-fuse bit 

structures 250 located in the extension direction parallel to the gate structure 211 are 

connected with each other. In this way, the gate structure 211 can control the turn-on or 25 

turn-off of the selective transistors 240 of the plurality of memory cells located in the 

extension direction thereof. At this time, applying a suitable voltage to the second 

electrode 252 can allow the second electrodes 252 of at least a portion of the anti-fuse bit 

structures 250 in the plurality of memory cells to be pressurized simultaneously, which 

simplify the operation of the memory. It should be noted that, the second electrodes 251 30 

of the anti-fuse bit structures in a plurality of memory cells located in the extension 

direction parallel to the gate structure 211 are separated from each other. 
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[0068] In some embodiments, as shown in FIG. 5, the side of the first electrode 251 

close to the second electrode 252 has a convex structure 254, and the side of the second 

electrode 252 close to the first electrode 251 has a concave structure 255 corresponding 

to the convex structure 254. 

[0069] In embodiments of the disclosure, the first electrode 251 and the second electrode 5 

252 may not be simple rectangular structures, but may be nested with each other. For 

example, the concave structure 255 semi-surrounds the convex structure 254. In this way, 

the convex structure 254 as a tip structure can enhance the surrounding electric field, so 

that the adjacent anti-fuse bit dielectric layer 253 is more easily broken down, so as to 

meet the requirement of low energy consumption of semiconductor devices. In addition, 10 

the convex structure 254 and the concave structure 255 increase the surface areas of the 

first electrode 251 and the second electrode 252, thereby allowing the breakdown and 

the non-breakdown states of the anti-fuse bit structure 250 more stable, and increasing 

the reliability of reading. It could be understood that, the convex structure 254 and the 

concave structure 255 may also be of other shapes than that shown in FiG. 5. For 15 

example, the first electrode 251 may have multiple convex structures 254 and the second 

electrode may have multiple concave structures 252, which are nested with each other. 

The convex structure 254 may also have a shape of tip structure, such as a triangle shape 

or a zigzag shape. 

[0070] In some embodiments, as shown in FIG. 6, the first structure layer 210 further 20 

includes a first isolation layer 212 surrounding at least the bottom surface and the side 

surfaces of the gate electrode 2111 of the gate structure 211; the second structure layer 

220 further includes a second isolation layer 222 surrounding at least the bottom surface 

and the side surfaces of the anti-fuse bit structure 250; and the first connecting structure 

221 penetrates the first isolation layer 212 and the second isolation layer 222. 25 

[0071] In embodiments of the disclosure, the first structure layer 210 further includes a 

first isolation layer 212. The first isolation layer 212 may surround the bottom and the 

side surfaces of the gate electrode 2111. The second structure layer 220 further includes 

a second isolation layer 222. The second isolation layer may surround the bottom and the 

side surfaces of the anti-fuse bit structure 250. Herein, the first isolation layer 212 may 30 

be used to isolate the gate electrode 2111 in the first structure layer 210 from the active 

areas 201 in the substrate 200. The second isolation layer 222 may be used to isolate the 
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anti-fuse bit structure 250 in the second structure layer 220 from the gate electrode 2111 

in the first structure layer 210. The materials of the first isolation layer 212 and the 

second isolation layer 222 respectively include, but are not limited to, silicon oxide 

(SiO2), spin-on dielectric (SOD), silicon nitride (Si3N4), silicon oxynitride (SiON), or the 

like. It could be understood that, the materials and the thicknesses of the first isolation 5 

layer 212 and the second isolation layer 222 may be respectively adjusted according to 

the requirements of the performance of the memory. In some embodiments, the part of 

the first structure layer 210 other than the gate electrode 2111 is the first isolation layer 

212, and the part of the first isolation layer 212 below the gate electrode 2111 may serve 

as the gate dielectric 2112. In some embodiments, the part of the second structure layer 10 

220 other than the first electrode 251 and the second electrode 252 is the second 

isolation layer 222, and the part of the second isolation layer 222 between the first 

electrode 251 and the second electrode 252 may serve as the anti-fuse bit dielectric layer 

253. In this way, the manufacturing process can be simplified and the cost can be 

reduced. 15 

[0072] In some embodiments, as shown in FIG. 6, the first isolation layer 212 is an oxide. 

The part of the first isolation layer 212 in the gate structure 211 serves as the gate 

dielectric 2112 of the selective transistor 240. 

[0073] In embodiments of the disclosure, the first isolation layer 212 is made of an oxide 

material such as silicon oxide or the like. Herein, the part of the first isolation layer 212 20 

located in the gate structure 211 may serve as the gate dielectric 2112 of the selective 

transistor 240, In this way the manufacturing process can be simplified and the cost can 

be reduced. It could be understood that, since the first isolation layer 212 is located in 

the first structure layer 210 and the first isolation layer 212 may be formed before 

forming the anti-fuse bit structure 250, a thicker oxide layer may be formed to serve as 25 

the first isolation layer 212. In this way, the gate dielectric 2112 of the selective 

transistor 240 is thicker, so that the programming voltage of the selective transistor 240 

is more stable, and the gate dielectric 2112 is not easily broken down by mistake, 

thereby improving the reliability of the semiconductor device. 

[0074] In some embodiments, as shown in FIG. 6, the active area 201 includes a first 30 

doped region 202 and a second doped region 202 with a same doping type, and the first 

doped region 202 and the second doped region 203 are respectively located at both sides 
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of the gate structure 211, in which the first doped region 202 is connected with the 

anti-fuse bit structure 250 through the first connecting structure 211. 

[0075] In embodiments of the disclosure, the active area 201 may include a first doped 

region 202 and a second doped region 203 respectively located on both sides of the gate 

structure 211. The doping types of the first doped region 202 and the second doped 5 

region 203 may be the same to serve as the source and the drain of the selective 

transistor 240. The gate structure 211 is used to control the turn-on or turn-off of the 

channel between the first doped region 202 and the second doped region 203. For 

example, the substrate 200 has a P-well, and the first doped region 202 and the second 

doped region 203 are formed in the P-well, and the first doped region 202 and the second 10 

doped region 203 are N-type doped regions or N+-type doped regions, i.e. the selective 

transistor 240 is an NMOS transistor, which has the advantages such as small on 

resistance, easy to be manufactured, and the like. 

[0076] In some embodiments, the semiconductor structure 20 further includes a first 

metal line 231 located in a third structure layer 230 above the second structure layer 220. 15 

The first metal line 231 is connected with the second doped region 203 through a second 

connecting structure 232. An extension direction of the first metal line 231 is 

perpendicular to an extension direction of the gate structure 211. 

[0077] In embodiments of the disclosure, as shown in FIG. 6, the semiconductor 

structure 20 further includes a third structure layer 230 located on the second structure 20 

layer 220, and a first metal line 231 is provided in the third structure layer 230, where 

the first metal line 231 may serve as a bit line in the memory. When the selective 

transistor 240 is turned on, the voltage applied on the first metal line 231 may be applied 

to the first electrode 251 of the anti-fuse bit structure 250 through the selective transistor 

240. At this time, a suitable voltage is applied to the second electrode 252, so that the 25 

voltage difference between the first electrode 251 and the second electrode 252 is greater 

than or equal to the breakdown voltage of the anti-fuse bit dielectric layer 253. Then the 

anti-fuse bit structure 250 is permanently broken down and the one-time programming 

operation of the memory cell is completed. The extension direction of the first metal line 

231 may be perpendicular to the extension direction of the gate structure 211. That is, 30 

the extension direction of the bit line is perpendicular to that of the word line in the 

memory. Therefore a memory cell can be deposited at an intersection of the extension 
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directions of a bit line and a word line, such that a memory cell array can be formed. In 

other embodiments, the extension direction of the first metal line 231 intersects the 

extension direction of the gate structure 211, but is not perpendicular to the extension 

direction of the gate structure 211. It could be understood that other structures not shown 

in FIG. 6 may also be included in the third structure layer 230. The first metal line 231 is 5 

connected to the second doped region 203 through a second connecting structure 232. 

Herein, the second connecting structure 232 may be a conductive material such as a 

metal, a doped semiconductor or the like. For example, the material of the second 

connecting structure 232 is tungsten. 

[0078] In some embodiments, the third structure layer 230 further includes a third 10 

isolation layer 233 surrounding at least a bottom surface and side surfaces of the first 

metal line 231. 

[0079] In embodiments of the disclosure, as shown in FIG. 6, the third structure layer 

230 further includes the third isolation layer 233, and the third isolation layer 233 may 

surround the bottom surface and the side surfaces of the first metal line 231. The third 15 

isolation layer 233 is used to isolate the first metal line 231 in the third structure layer 

230 from the anti-fuse bit structure 250 in the second structure layer 220. The material of 

the third isolation layer 233 includes, but is not limited to, silicon oxide, spin-on 

dielectric, silicon nitride, silicon oxynitride or the like. The second connecting structure 

232 penetrates the first isolation layer 212, the second isolation layer 222, and the third 20 

isolation layer 233. The material and the thickness of the third isolation layer 233 may 

be adjusted according to the requirements of the performance of the memory. 

[0080] In some embodiments, two adjacent ones of the anti-fuse bit structures 250 are 

symmetrically arranged; and the two selective transistors 240 connected to the 

symmetrically arranged two adjacent anti-fuse bit structures 250 share a same second 25 

doped region 203. 

[0081] In embodiments of the disclosure, as shown in FIG. 6, two adjacent ant-fuse bit 

structures 250 are symmetrically arranged; two selective transistors 240 connected to the 

symmetrically arranged two adjacent anti-fuse bit structures 250 share the same second 

doped region 203. In this way, in the one-time programmable memory, two adjacent 30 

ones of the memory cells are symmetrically arranged and share one same second doped 
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region 203, so as to reduce the occupied area of each memory cell. In addition, two 

adjacent ones of the memory cells can be connected to the bit line (the first metal line 

231) through one second connecting structure 232, so as to simultaneously perform read 

and write operations of the two memory cells, thereby improving the operating 

efficiency of the memory. 5 

[0082] In some embodiments, the semiconductor structure 20 further includes an 

isolation structure 204 located between two adjacent ones of the first doped regions 202, 

in which the two adjacent first doped regions 202 are the first doped regions 202 

corresponding to two adjacent ones of the selective transistors 240 that do not share one 

second doped region 203. 10 

[0083] In embodiments of the disclosure, as shown in FIG. 6, the first doped regions 202 

corresponding to two adjacent ones of the selective transistors 240 that do not share one 

second doped region 203 are close to each other. Thus, it is possible to achieve isolation 

of the two adjacent selective transistors 240 that does not share one second doped region 

203 by providing the isolation structure 204 between the two adjacent first doped regions 15 

202, to prevent the occurrence of a leakage current phenomenon. Herein, the depth of the 

isolation structure 204 is greater than the doping depth of the first doped regions 202. 

For example, the isolation structure 204 may be a shallow trench isolation (STI) which 

has the advantages of low cost, good isolation effect and the like. The material of the 

isolation structure 204 includes, but is not limited to, silicon oxide or the like. 20 

[0084] As shown in FIG. 7 and FIGs. 8A to 8C, embodiments of the disclosure also 

provide a method for manufacturing a semiconductor structure 30, the corresponding 

structure of which is shown in FIGs. 8A to 8C, and the method includes the following 

operations. 

[0085] In S10, a substrate 300 having a plurality of active areas 301 close to a surface of 25 

the substrate 300 is provided. In S20, a first structure layer 310 comprising a gate 

structure 311 is formed on the substrate 300; and the gate structure 311 and the active 

areas 301 below the gate structure 311 form a selective transistor 340. In S30, a second 

structure layer 320 comprising an anti-fuse bit structure 350 is formed on the first 

structure layer 310, and a first connecting structure 321 connecting the anti-fuse bit 30 

structure 350 and an active area 301 of the selective transistor 340 is formed, in which a 
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breakdown state and a non-breakdown state of the anti-fuse bit structure 350 is used to 

represent different stored data. 

[0086] As shown in FIG, 8A, the substrate 300 is provided, and the material of the 

substrate 300 may include an elemental semiconductor material, such as silicon, 

germanium or the like, or a compound semiconductor material, such as gallium nitride, 5 

gallium arsenide, indium phosphide or the like. In some embodiments, the substrate 300 

may also have well regions, such as a P-well and a deep N-well, in which the P-well may 

be used to form the active areas 301 of the selective transistor 340, while the deep 

N-well may be used to isolate the P-well and reduce the noise interference to devices 

formed in the P-well. The active areas 301 may be the doped regions in the substrate 300 10 

and the doping type of a plurality of active areas 301 may be same. For example, the 

active areas 301 may be N+-type doped regions in the P-well for forming the source and 

the drain of the selective transistor 340. 

[0087] As shown in FIG. 8B, the first structure layer 310 having a gate structure 311 

may be formed on the substrate 300 by deposition, photolithography, etching or the like. 15 

The gate structure 311 and the active areas 301 below the gate structure 311 constitute a 

selective transistor 340. The formed gate structure 311 may include a gate electrode 

3111 and a gate dielectric 3112, in which the gate electrode 3111 may be a word line in a 

memory. For example, an insulating material is deposited on the substrate 300 by 

deposition. The insulating material here may be silicon oxide or other materials. Then a 20 

trench corresponding to the gate electrode 3111 is formed in the insulating material by 

lithography and etching, next a gate electrode 3111 is formed by filling a conductive 

material in the trench by deposition, in which the part of the insulating material below 

the gate electrode 3111 is the gate dielectric 3112 of the gate structure 311. It could be 

understood that other structures not shown in FIG. 8B may also be formed in the first 25 

structure layer 310. The deposition process used herein includes, but is not limited to, 

chemical vapor deposition (CVD), atomic layer deposition (ALD) or physical vapor 

deposition (PVD). The etching process includes, but is not limited to, dry etching and 

wet etching. Herein, the dry etching may include ion beam milling etching, plasma 

etching, reactive ion etching, laser ablation, or the like. The wet etching is performed by 30 

using a solvent or a solution, such as an acidic or alkaline solution. 
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[0088] As shown in FIG. 8C, the second structure layer 320 having an anti-fuse bit 

structure 350 may be formed on the first structure layer 310 by deposition, 

photolithography, etching and the like, and the first connecting structure 321 connecting 

the anti-fuse bit structure 350 and an active area 301 of the selective transistor 340 is 

formed. The formed anti-fuse bit structure 350 is a capacitor structure that can be broken 5 

down, and includes two electrodes located in a same plane and an anti-fuse bit dielectric 

layer located between the two electrodes. For example, an insulating material is 

deposited on the first structure layer 310 by deposition. The insulating material here may 

be silicon oxide or other materials. Then, trenches corresponding to the two electrodes of 

the anti-fuse bit structure 350 and a first connecting hole penetrating the first structure 10 

layer 310 and communicating to the active area 301 are formed in the insulating material 

by photolithography and etching. Next, a conductive material fills in the trenches and the 

first connecting hole by deposition to form the two electrodes of the anti-fuse bit 

structure 350 and the first connecting structure 321, and the part of the insulating 

material between the two electrodes serves as the anti-fuse bit dielectric layer. In some 15 

embodiments, the second structure layer 320 having the anti-fuse bit structure 350 may 

also be formed by self-aligned double patterning (SADP), which can reduce the number 

of exposures and improve manufacturing efficiency and productivity. A breakdown state 

and a non-breakdown state of the anti-fuse bit structure 350 are used to represent 

different stored data, i.e. “0” or “1”. It could be understood that other structures not 20 

shown in FIG. 8C may also be formed in the second structure layer 320. 

[0089] Since the anti-fuse bit structure 350 is formed in the second structure layer 320 

above the first structure layer 310, that is, the anti-fuse bit structure 350 is formed above 

the selective transistor 340, in this way, the anti-fuse bit structure 350 does not need to 

occupy an additional area in the horizontal direction, so that the size of the memory cell 25 

is small and the integration of the memory is improved. Furthermore, the two electrodes 

of the anti-fuse bit structure 350 may be formed simultaneously in the second structure 

layer 320, that is, fewer mask processes are required, thereby simplifying the 

manufacturing process. On the other hand, since the gate structure 311 is located in the 

first structure layer 310, by controlling the etching depth, the gate dielectric 3112 of the 30 

gate structure 311 is possibly made thicker, so that the programming voltage of the 

selective transistor 340 is more stable, and the gate dielectric 3112 is not easily broken 

down by mistake, thereby improving the reliability of the memory. 
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[0090] In some embodiments, as shown in FIGs. 9A to 9C, forming the second structure 

layer 320 having an anti-fuse bit structure 350 on the first structure layer 310 and 

forming the first connecting structure 321 connecting the anti-fuse bit structure 350 and 

the active area 301 of the selective transistor 340 includes the following operations. An 

insulating material is deposited on the first structure layer 30, and the insulating material 5 

is used for forming the second isolation layer 322 in the second structure layer 320. The 

first trench 3202 and the second trench 3203 are formed in the insulating material, and 

the first connecting hole 3204 penetrating the first structure layer 310 is formed in the 

first trench 3202. A conductive material fills in the first connecting hole 3204 to form 

the first connecting structure 321. A conductive material fills in the first trench 3202 and 10 

the second trench 3203 to form a first electrode 351 and a second electrode 352 

respectively, in which the insulating material at the location other than the first electrode 

351 and the second electrode 352 serves as the second isolation layer 322; the part of the 

second isolation layer 322 between the first electrode 351 and the second electrode 352 

serves as an anti-fuse bit dielectric layer 353 of the anti-fuse bit structure 350; herein, the 15 

breakdown state is a state in which the anti-fuse bit dielectric layer 353 is broken down, 

and the non-breakdown state is a state in which the anti-fuse bit dielectric layer 353 is 

not broken down. 

[0091] As shown in FIG. 9A, an insulating material may be deposited by CVD or the 

like on the first structure layer 310 on which the gate structure 311 is formed. Optionally, 20 

the insulating material here may be silicon oxide, spin-on dielectric, silicon nitride, 

silicon oxynitride or the like. The insulating material on the first structure layer 310 may 

be used to from the second isolation layer 322 in the second structure layer 320. The 

second isolation layer 322 can be used to isolate the anti-fuse bit structure 350 in the 

second structure layer 320 from the gate electrode 3111 in the first structure layer 210. 25 

[0092] As shown in FIG. 9B, the first trench 3202 and the second trench 3203 may be 

formed in the insulating material by photolithography and etching, and the first 

connecting hole penetrating the first structure layer 310 is formed in the first trench 3202. 

Herein, the first trench 3202 and the second trench 3203 are used for forming the first 

electrode 351 and the second electrode 352, respectively, and the first connecting hole 30 

3204 is used for forming the first connecting structure 321. For example, only a single 

mask process is used, in which a mask corresponding to the first trench 3202 and the 

second trench 3203 may be formed on the surface of the insulating material, and then the 
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first trench 3202 and the second trench 3203 are formed simultaneously by etching, and 

the first connecting hole 3204 penetrating the first structure layer 310 and 

communicating to the active area 301 is formed in the first trench 3202. The depths of 

the first trench 3202 and the second trench 3203 may be the same and the depth of both 

is less than the thickness of the deposited insulating material. 5 

[0093] As shown in FIG. 9C, a conductive material may be filled in the first connecting 

hole 3204 by deposition to form the first connecting structure 321, and a conductive 

material may be filled in the first trench 3202 and the second trench 3203 to form the 

first electrode 351 and the second electrode 352, respectively. The conductive material 

here may be a metal, or may be a doped semiconductor or the like. It could be 10 

understood that, the remaining insulating material after forming the first electrode 351 

and the second electrode 352 is the second isolation layer 322, and the part of the second 

isolation layer 322 between the first electrode 351 and the second electrode 352 may 

serve as the anti-fuse bit dielectric layer 353. 

[0094] In this way, when the voltage difference between the first electrode 351 and the 15 

second electrode 352 is greater than or equal to the breakdown voltage of the anti-fuse 

bit dielectric layer 353, the anti-fuse bit dielectric layer 353 is broken down, that is, the 

anti-fuse bit structure 350 is permanently broken-down, thereby completing a one-time 

programming operation of the memory cell. 

[0095] In some embodiments, the first electrode 351 and the second electrode 352 may 20 

be formed simultaneously by SADP, reducing the number of mask processes required, 

thereby simplifying the manufacturing process and reducing the manufacturing cost. 

[0096] FIGs. 10A to 10D are top views of a semiconductor structure 30 during the 

process of the manufacture. In some embodiments, the extension direction of the first 

trench 3202 and the second trench 3203 are parallel to the extension direction of the gate 25 

structure 311. 

[0097] In embodiments of the disclosure, as shown in FIG. 10A, the gate electrode of the 

gate structure 311 may be a word line of the memory, that is, the extension direction of 

the first trench 3202 and the second trench 3203 are parallel to the extension direction of 

the word line. Since the second trench 3203 is used to form the second electrode, the 30 

second electrodes of a plurality of anti-fuse bit structures located in the extension 
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direction parallel to the gate structure 311 connected with each other. In this way, the 

gate structure 311 can control the turn-on or turn-off of the selective transistors of the 

plurality of memory cells located in the extension direction thereof. At this time, 

applying a suitable voltage to the second electrodes can allow the second electrodes of at 

least a portion of the anti-fuse bit structures in the plurality of memory cells to be 5 

pressurized simultaneously, which simplify the operation of the memory. It should be 

noted that a plurality of the first electrodes formed in the first trench 3202 are separated 

from each other. 

[0098] In some embodiments, the first trench 3202 and the second trench 3203 may also 

be formed by self-aligned double patterning, and a conductive material may be filled in 10 

the first trench 3202 and the second trench 3203; and then a plurality of first electrodes 

separated from each other are formed in the first trench 3202 by a subsequent mask 

process and an etching process. 

[0099] In some embodiments, as shown in FIG. 10B, the first electrode having a convex 

structure 354 and the second electrode having a concave structure 355 that semi-encloses 15 

the convex structure 354 may also be formed by self-aligned double patterning. In this 

way, the convex structure 354 as a tip structure can enhance the surrounding electric 

field, so that the adjacent anti-fuse bit dielectric layer 353 is more easily broken down, 

so as to meet the requirement of low energy consumption of semiconductor devices. In 

addition, the convex structure 354 and the concave structure 355 increase the surface 20 

areas of the first electrode and the second electrode, thereby allowing the breakdown and 

the non-breakdown states of the anti-fuse bit structure more stable, and increasing the 

reliability of reading. 

[00100] In some embodiments, as shown in FIGs. 10B to 10D, filling a conductive 

material in the first trench 3202 and the second trench 3203 to form the first electrode 25 

351 and the second electrode 352 respectively includes the following operations. The 

conductive material is filled in the first trench 3202 and the second trench 3203; and at 

least part of the conductive material in the first trench 3202 is removed to form a 

plurality of first electrodes 351 separated from each other and the second electrodes 352 

of a plurality of the anti-fuse bit structures 350 in the same line parallel to the extension 30 

direction of the gate structure 311 connected with each other. The gate structure 311 is 

not shown in FIGs. 10B to 10D. 
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[00101] As shown in FIG. 10B, the first trench 3202 and the second trench 3203 may be 

filled with a conductive material by deposition, in which the conductive material may be 

a metal, a doped semiconductor or the like. For example, the first trench 3202 and the 

second trench 3203 is filled with tungsten by deposition to facilitate the formation of the 

first electrode and the second electrode in a subsequent process. 5 

[00102] As shown in FIG. 10C, a mask layer 3205 may be formed on the first trench 3202 

and the second trench 3203 that are filled with the conductive material by a process such 

as photolithography or SADP. The mask layer 3205 may be a hard mask for shielding an 

area below the hard mask in a subsequent etching process so that the shielded area will 

not be etched away. For example, a layer of inorganic thin film material, such as SiN, 10 

SiO2 or the like, may firstly be formed on the first trench 3202 and the second trench 

3203 that are filled with the conductive material by CVD; and then a photoresist is 

coated on the inorganic thin film material, and an pattern is transferred to the inorganic 

thin film material by photolithography, to form the mask layer 3205. It could be 

understood that, the region that is not shielded by the mask layer 3205 is the region to be 15 

removed by etching in a subsequent process. 

[00103] As shown in FIG. 10D, the conductive material in the first trench 3202 and the 

second trench 3203 is etched through the mask layer, so that at least parts of the 

conductive material in the first trench 3202 are separated to form a plurality of first 

electrodes 351 spaced apart from each other, and the second electrodes 352 of a plurality 20 

of the anti-fuse bit structures 350 in the same line parallel to the extension direction of 

the gate structure 311 are connected with each other. 

[00104] In some embodiments, after the plurality of the separated first electrodes 351 are 

formed, a part of the conductive material in the first trench 3202 and the second trench 

3203 has been removed by etching, and an insulating material may be continuously 25 

filled in the first trench 3202 and the second trench 3203 for isolating the plurality of the 

separated first electrodes 351. 

[00105] As shown in FIG. 11, embodiments of the disclosure also provides a memory 40, 

which includes a memory array 41 including the semiconductor structure of any of the 

above embodiments; and a peripheral circuit 42 coupled to the memory array 41. 30 
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[00106] In the embodiments of the disclosure, the memory 40 includes a memory array 41 

and a peripheral circuit 42 coupled to the memory array 41. Herein, the memory array 41 

includes the semiconductor structure as described in any of the above-described 

embodiments. The peripheral circuit 42 includes an address circuit for latching and 

decoding row/column address information, a sensing circuit for monitoring and judging 5 

information stored in an anti-fuse unit, and a control circuit for switching an operation 

mode. In this way, the anti-fuse bit structure occupies a smaller area so that the size of 

the memory cell is small and the integration of the memory 40 is improved. In addition, 

the number of mask processes required to form the anti-fuse bit structure is less, thereby 

simplifying the manufacturing process of the memory 40. On the other hand, the gate 10 

dielectric may be made thicker, thereby allowing the programming voltage of the 

selective transistor more stable and improving the reliability of the memory 40. 

[00107] FIG. 12 is a schematic diagram of a memory array 41, in which a selective 

transistor 440 and an anti-fuse bit structure 450 form a memory cell 410, each word line 

411 and each second electrode 452 are connected to a plurality of memory cells 410 in 15 

their extending direction, and a first metal line 430 (bit line) is connected to two adjacent 

ones of the memory cells 410 sharing a source or a drain. 

[00108] Embodiments of the disclosure also provide a method for operating the memory 

40, the memory 40 including the semiconductor structure of any of the above 

embodiments. The method includes: breaking down one target anti-fuse bit structure 450 20 

of the anti-fuse bit structures 450 of the memory 40 according to data to be written, so 

that the target anti-fuse bit structure 450 is of a breakdown state converted from a 

non-breakdown state, and maintaining a non-breakdown state of non-target anti-fuse bit 

structures 450, in which the non-target anti-fuse bit structures 450 are anti-fuse bit 

structures 450 other than the target anti-fuse bit structure 450. 25 

[00109] In embodiments of the disclosure, referring to FIG. 12, a method for operating a 

memory 40 includes: when a write operation is performed on a target memory cell, the 

target anti-fuse bit structure 450 in the memory array 41 is broken down according to 

data to be written to convert the target anti-fuse bit structure 450 from a non-breakdown 

state to a breakdown state; and a non-breakdown state of a non-target anti-fuse bit 30 

structure 450 in a non-target memory cell maintains. The non-target anti-fuse bit 
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structure 450 here is an anti-fuse bit structure 450 other than the target anti-fuse bit 

structure 450. 

[00110] For example, different voltages are applied to the first electrode 451 and the 

second electrode 452 such that a voltage difference between them is greater than or 

equal to the breakdown voltage Vblow, thereby achieving the breakdown of the anti-fuse 5 

bit structure 450. If the voltage difference between the two electrodes is less than the 

breakdown voltage Vblow, the non-breakdown state of the anti-fuse bit structure 450 

maintains. 

[00111] The method for operating the memory 40 is explained below according to the 

operation voltage shown in Table 1 and referring to FIG. 12. Herein, the non-target 10 

memory cell 410b and the target memory cell 410a are connected to the same word line 

and the same second electrode; and the non-target memory cell 410c and the target 

memory cell 410a are not connected to any of the same word line, the same second 

electrode or the same bit line. 

Operation voltage of memory 40 

 
First metal line 

430 
Word line 411 

Second electrode 

452 

Target memory cell 410a V2 V1 V3 

Non-target memory cell 410b V4 V1 V3 

Non-target memory cell 410c - V5 - 

Table 1 15 

[00112] In some embodiments, breaking down one target anti-fuse bit structure 450a in 

the anti-fuse bit structures 450 of the memory 40 to convert the target anti-fuse bit 

structure 450a from a non-breakdown state to a breakdown state includes the following 

operations. A first voltage V1 is applied to the gate structure of the selective transistor 

440a to which the target anti-fuse bit structure 450a is connected, to turn on the selective 20 

transistor 440a. A second voltage V2 is applied to the first metal line 430 connected to 

the selective transistor 440a, and the second voltage V2 is applied to the first electrode 

451a of the target anti-fuse bit structure 450a through the selective transistor 440a. A 

third voltage V3 is applied to the second electrode 452 of the target anti-fuse bit 

structure 450a to convert the target anti-fuse bit structure 450a from a non-breakdown 25 
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state to a breakdown state, in which a voltage difference between the second voltage V2 

and the third voltage V3 is greater than or equal to a breakdown voltage of the anti-fuse 

bit structure 450. 

[00113] In embodiments of the disclosure, the target anti-fuse bit structure 450a in the 

target memory cell 410a is broken down to realize written of data. Specifically, as shown 5 

in FIG. 12, the first voltage V1 is applied to the gate structure of the selective transistor 

440a to which the target anti-fuse bit structure 450a is connected, i.e. the first voltage V1 

is applied to the word line 411. Optionally, the first voltage V1 herein may be greater 

than 1/2 of the breakdown voltage Vblow to ensure the turn-on of the selective transistor 

440a. At the same time, the second voltage V2 is applied to the first metal line 430 to 10 

which the selective transistor 440a is connected, and the third voltage V3 is applied to 

the second electrode 452 of the target anti-fuse bit structure 450a. As such, the second 

voltage V2 is applied to the first electrode 451a of the target anti-fuse bit structure 450a 

by turning on the selective transistor 440a, and the voltage difference between the 

second voltage V2 and the third voltage V3 is greater than or equal to the breakdown 15 

voltage Vblow to convert the target anti-fuse bit structure 450a from the non-breakdown 

state to the breakdown state. Optionally, the second voltage V2 herein may be 0 V, and 

the third voltage V3 may be the breakdown voltage Vblow. 

[00114] In some embodiments, maintaining the non-breakdown state of the non-target 

anti-fuse bit structures 450b includes the following operations. A first voltage V1 is 20 

applied to the gate structure of the selective transistor 440b to which the non-target 

anti-fuse bit structure 450b is connected, to turn on the selective transistor 440b. A 

fourth voltage V4 is applied to the first metal line 430b to which the selective transistor 

440b is connected, and the fourth voltage V4 is applied to the first electrode 451b of the 

non-target anti-fuse bit structure 450b through the selective transistor 440b. A third 25 

voltage V3 is applied to the second electrode 452 of the non-target anti-fuse bit structure 

450b to maintain the non-breakdown state of the non-target anti-fuse bit structure 450b. 

Herein a voltage difference between the fourth voltage V4 and the third voltage V3 is 

smaller than the breakdown voltage of the anti-fuse bit structure 450. 

[00115] In the embodiments of the disclosure, it is also necessary to maintain the 30 

non-breakdown state of the non-target anti-fuse bit structure 450b in the non-target 

memory cell 410b when the target anti-fuse structure 450a in the target memory cell 
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410a is broken down. Specifically, as shown in FIG. 12, for a non-target memory cell 

410b connected to the same word line 411 and the same second electrode 452 as the 

target memory cell 410a, since the first voltage V1 is applied to the gate structure of the 

selective transistor 440b to which the non-target anti- fuse bit structure 450b is 

connected, that is, the word line 411, and the selective transistor 440b is turned on, it is 5 

necessary to ensure that the voltage difference between the first electrode 451b and the 

second electrode 452 of the non-target anti-fuse bit structure 450b is smaller than the 

breakdown voltage Vblow. Therefore, a fourth voltage V4 is applied to the first metal 

line 430b to which the selective transistor 440b is connected. In this way, the fourth 

voltage V4 is applied to the first electrode 451b of the non-target anti-fuse bit structure 10 

450b through the turn-on selective transistor 440b, and the voltage difference between 

the third voltage V3 on the second electrode 452 and the fourth voltage V4 on the first 

electrode 451b is smaller than the breakdown voltage Vblow to maintain the 

non-breakdown state of the non-target anti-fuse bit structure 450. Optionally, the third 

voltage V3 here may be the breakdown voltage Vbelow, and the fourth voltage V2 may 15 

be 1/2 of Vbelow. 

[00116] In some embodiments, maintaining the non-breakdown state of the non-target 

anti-fuse bit structures includes: applying a fifth voltage V5 to the gate structure of the 

selective transistor440c to which the non-target anti-fuse bit structure450c is connected, 

to turn off the selective transistor 440c, so that the non-target anti-fuse bit structure 20 

remains in a non-breakdown state. 

[00117] In the embodiments of the disclosure, it is necessary to maintain the 

non-breakdown state of the non-target anti-fuse bit structure 450c in the non-target 

memory cell 410c when the target anti-fuse structure 450a in the target memory cell 

410a is broken down. Specifically, as shown in FIG. 12, since the non-target memory 25 

cell 410c and the target memory cell 410a are not connected to a same word line 411 or 

a same first metal line 430, the non-breakdown state of the non-target anti-fuse bit 

structure 450c can be maintained only by turning off the selective transistor 440c. 

Specifically, the fifth voltage V5 is applied to the gate structure (the word line 411) of 

the selective transistor 440c to which the non-target anti-fuse bit structure 450c is 30 

connected, to turn off the selective transistor 440c, so that the non-target anti-fuse bit 

structure 450c remains in the non-breakdown state. Optionally, the fifth voltage V5 here 

may be 0V. 
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Operation voltage of memory 40 

Object First metal line Gate structure Second electrode 
Well 

region 

Type 

Target 

memory 

cell 

Non-target 

memory 

cell 

Target 

memory 

cell 

Non-target 

memory 

cell 

Target 

memory 

cell 

Non-target 

memory 

cell 

None 

Write 0V 1/2Vblow >1/2Vblow 0V Vblow 1/2Vblow 0V 

read Vblr 0V Vwlr 0V 0V 0V 0V 

Table 2 

[00118] In some embodiments, the memory 40 may also be written and read in 

accordance with the operation voltages as shown in Table 2. Herein, Vblr is the read 

voltage of the first metal line 430, i.e. the bit line; Vwlr is the read voltage of the word 

line 411. 5 

[00119] It should be noted that, the features disclosed in the embodiments of several 

methods or devices provided in the disclosure can be arbitrarily combined as long as 

there is no conflict therebetween to obtain a new embodiment of a method or a device. 

The descriptions above are only some specific embodiments of the present disclosure, 

and are not intended to limit the scope of protection of the embodiments of the present 10 

disclosure. Any change or replacement is easily to conceive of within the technical scope 

of the embodiments of the present by those skilled in the art, and fall with the protection 

scope of the present disclosure. Therefore, the scope of protection of the embodiments of 

the present disclosure shall be subject to the scope of protection of the claims. 

INDUSTRIAL PRACTICALITY 15 

[00120] In the semiconductor structure provided by the embodiments of the disclosure, 

the gate structure is located at the first structure layer on the substrate, the anti-fuse bit 

structure is located at the second structure layer on the first structure layer, and the 

anti-fuse bit structure is connected to the active area in the substrate through the first 

connecting structure. In this way, the anti-fuse bit structure does not need to occupy an 20 

additional area in the horizontal direction, the integration of the memory is improved, 

and the number of mask processes required to form the anti-fuse bit structure is reduced, 

thereby simplifying the manufacturing process. 
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CLAIMS 

1. A semiconductor structure, comprising: 

a substrate having a plurality of active areas close to a surface of the substrate; 

a gate structure located in a first structure layer on the substrate, the gate structure and 

the active areas forming a selective transistor; and 5 

an anti-fuse bit structure located in a second structure layer on the first structure layer, 

and being connected with an active area of one selective transistor through a first connecting 

structure, a breakdown state and a non-breakdown state of the anti-fuse bit structure 

representing different stored data. 

 10 

2. The semiconductor structure of claim 1, wherein the anti-fuse bit structure comprises: 

a first electrode connected to the active area through the first connecting structure; 

a second electrode located in a same plane with the first electrode, the plane where the 

first electrode and the second electrode are located being parallel to the surface of the 

substrate; and 15 

an anti-fuse bit dielectric layer located between the first electrode and the second 

electrode and connected with the first electrode and the second electrode, wherein the 

breakdown state is a state in which the anti-fuse bit dielectric layer is broken down, and the 

non-breakdown state is a state in which the anti-fuse bit dielectric layer is not broken down. 

 20 

3. The semiconductor structure of claim 2, wherein the second electrodes of a plurality of 

anti-fuse bit structures located in an extension direction parallel to the gate structure 

connected with each other. 

 

4. The semiconductor structure of claim 2, wherein a side of the first electrode close to the 25 

second electrode has a convex structure, and a side of the second electrode close to the first 
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electrode has a concave structure corresponding to the convex structure. 

 

5. The semiconductor structure of claim 1, wherein a projection of the anti-fuse bit structure 

on the substrate at least partially overlaps a projection of the gate structure on the substrate. 

 5 

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

first isolation layer surrounding at least a bottom surface and side surfaces of a gate electrode 

of the gate structure; and 

the second structure layer further comprises a second isolation layer surrounding at 

least a bottom surface and side surfaces of the anti-fuse bit structure, and the first connecting 10 

structure penetrates the first isolation layer and the second isolation layer. 

 

7. The semiconductor structure of claim 6, wherein the first isolation layer is an oxide 

material, wherein a part of the first isolation layer in the gate structure serves as a gate 

dielectric of the selective transistor. 15 

 

8. The semiconductor structure of claim 1, wherein the active area comprises: 

a first doped region and a second doped region which are of a same doping type, the 

first doped region and the second doped region being respectively located at two sides of the 

gate structure; wherein, 20 

the first doped region is connected with the anti-fuse bit structure through the first 

connecting structure. 

 

9. The semiconductor structure of claim 8, further comprising: 

a first metal line located in a third structure layer above the second structure layer; 25 

wherein the first metal line is connected with the second doped region through a second 
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connecting structure, an extension direction of the first metal line is perpendicular to an 

extension direction of the gate structure. 

 

10. The semiconductor structure of claim 9, wherein the third structure layer further 

comprises a third isolation layer surrounding at least a bottom surface and side surfaces of the 5 

first metal line. 

 

11. The semiconductor structure of claim 8, wherein two adjacent ones of the anti-fuse bit 

structures are symmetrically arranged, and the two selective transistors connected to the two 

adjacent anti-fuse bit structures symmetrically arranged share a same second doped region. 10 

 

12. The semiconductor structure of claim 11, further comprising: 

an isolation structure located between two adjacent ones of the first doped regions, 

wherein, the two adjacent first doped regions are the first doped regions corresponding to two 

adjacent selective transistors that do not share the second doped region. 15 

 

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

providing a substrate having a plurality of active areas close to a surface of the 

substrate; 

forming a first structure layer comprising a gate structure on the substrate, the gate 20 

structure and the active areas constituting a selective transistor; and 

forming a second structure layer comprising an anti-fuse bit structure on the first 

structure layer, and forming a first connecting structure connecting the anti-fuse bit structure 

and an active area of the selective transistor, a breakdown state and a non-breakdown state of 

the anti-fuse bit structure representing different stored data. 25 

14. The method according to claim 13, wherein forming the second structure layer comprising 
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an anti-fuse bit structure on the first structure layer and forming the first connecting structure 

connecting the anti-fuse bit structure and the active area of the selective transistor comprises: 

depositing an insulating material on the first structure layer, the insulating material 

being used for forming a second isolation layer in the second structure layer; 

forming a first trench and a second trench in the insulating material, and forming a 5 

first connecting hole in the first trench, penetrating the first structure layer; 

filling a conductive material in the first connecting hole to form the first connecting 

structure; and 

filling a conductive material in the first trench and the second trench to form a first 

electrode and a second electrode, respectively. the insulating material at a location other than 10 

the first electrode and the second electrode serving as the second isolation layer, part of the 

second isolation layer between the first electrode and the second electrode serving as an 

anti-fuse bit dielectric layer of the anti-fuse bit structure, wherein the breakdown state is a 

state in which the anti-fuse bit dielectric layer is broken down, and the non-breakdown state is 

a state in which the anti-fuse bit dielectric layer is not broken down. 15 

 

15. The method according to claim 14, wherein an extension direction of the first trench and 

the second trench are parallel to an extension direction of the gate structure. 

 

16. The method according to claim 15, wherein filling the conductive material in the first 20 

trench and the second trench to form the first electrode and the second electrode, respectively 

comprises: 

filling the conductive material in the first trench and the second trench; and 

removing at least part of the conductive material in the first trench to form a plurality 

of the first electrodes separated from each other and the second electrodes of a plurality of the 25 

anti-fuse bit structures in a same line parallel to an extension direction of the gate structure 

connected with each other. 



35 

 

 

17. A method for operating a memory comprising the semiconductor structure according to 

any one of claims 1 to 12, comprising 

breaking down a target anti-fuse bit structure in the anti-fuse bit structures of the 

memory according to data to be written to convert the target anti-fuse bit structure from a 5 

non-breakdown state to a breakdown state; and 

maintaining a non-breakdown state of a non-target anti-fuse bit structure, wherein the 

non-target anti-fuse bit structure is an anti-fuse bit structure other than the target anti-fuse bit 

structure. 

 10 

18. The method according to claim 17, wherein breaking down the target anti-fuse bit 

structure in the anti-fuse bit structures of the memory to convert the target anti-fuse bit 

structure from a non-breakdown state to a breakdown state comprises: 

applying a first voltage to the gate structure of the selective transistor to which the 

target anti-fuse bit structure is connected to turn on the selective transistor; 15 

applying a second voltage to the first metal line to which the selective transistor is 

connected; and 

applying a third voltage to the second electrode of the target anti-fuse bit structure to 

convert the target anti-fuse bit structure from the non-breakdown state to the breakdown state, 

wherein a voltage difference between the second voltage and the third voltage is greater than 20 

or equal to a breakdown voltage of the anti-fuse bit structure. 

 

19. The method of claim 17, wherein maintaining the non-breakdown state of the non-target 

anti-fuse bit structure comprises: 

applying a first voltage to the gate structure of the selective transistor to which the 25 

non-target anti-fuse bit structure is connected to turn on the selective transistor; 

applying a fourth voltage to the first metal line to which the selective transistor is 
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connected; and 

applying a third voltage to the second electrode of the non-target anti-fuse bit structure 

to maintaining the non-breakdown state of the non-target anti-fuse bit structure, wherein a 

voltage difference between the fourth voltage and the third voltage is smaller than the 

breakdown voltage of the anti-fuse bit structure. 5 

 

20. The method of claim 17, wherein maintaining the non-breakdown state of the non-target 

anti-fuse bit structure comprises: 

applying a fifth voltage to the gate structure of the selective transistor to which the 

non-target anti-fuse bit structure is connected to turn off the selective transistor, and the 10 

non-target anti-fuse bit structure maintains in the non-breakdown state. 

 

21. A memory, comprising: 

a memory array comprising the semiconductor structure according to any one of 

claims 1 to 12; and 15 

a peripheral circuit coupled to the memory array. 


