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(54) Name of invention 

Reading Method for 3D NAND Flash 

(57) Abstract 

The invention relates to a reading method of 3D NAND flash 

memory. The 3D NAND flash memory includes a plurality of 

memory cells arranged in an array in a three-dimensional space, 

which constitutes multiple memory strings. The transistor at the top 

of each memory string is a top select transistor, and the top select 

transistor is connected to the bit line. The transistor at the bottom of 

the memory string is a bottom select transistor. Multiple memory 

cells located in the same layer form a memory row, the gates of the 

memory cells located in the same memory row are all connected to 

the same word line, and the memory string where the memory cell 

to be read is used as the selected string. It is characterized in that the 

reading method includes a pre-conduction phase and a reading 

phase performed in sequence, wherein in the pre-conduction phase, 

a continuous precharge voltage is applied to the bit line; at the same 

time, the top select transistor of the selected string and the top select 

transistor of the unselected string are turned on, and the bottom 

select transistor of the selected string and the bottom select 

transistor of the unselected string are turned off. 
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1.A method of reading 3D NAND flash memory. The 3D NAND flash memory includes 

multiple memory cells arranged in an array in a three-dimensional space to form multiple memory 

strings. The transistor at the top of each memory string is a top select transistor. The top select 

transistor is connected to the bit line, and the transistor at the bottom of the memory string is the 

bottom select transistor. Multiple memory cells located in the same layer form a memory row. The 

gates of the memory cells located in the same memory row are all connected to the same word line. 

The memory string in which the memory cell to be read is located is taken as the selected string, 

characterized in that the reading method includes a pre-conduction phase and a reading phase 

performed in sequence, wherein in the pre-conduction phase, a continuous precharge voltage is 

applied to the bit line; at the same time, the top select transistor of the selected string and the top 

select transistor of the unselected string are turned on, and the bottom select transistor of the 

selected string and the bottom select transistor of the unselected string are turned off. 

2. The reading method of 3D NAND flash memory according to claim 1, characterized in that, 

in the reading phase, a driving voltage is applied to the bit line; the precharge voltage is greater 

than the driving voltage. 

3. The reading method of 3D NAND flash memory according to claim 1, characterized in that 

the pre-conduction phase further includes: Before the end of the pre-conduction phase, the top 

select transistor of the unselected string is turned off; a precharge voltage is applied to the bit line 

until the end of the pre-conduction phase. 

4. The reading method of 3D NAND flash memory according to claim 1, characterized in that 

the pre-conduction phase further includes: While a precharge voltage is applied to the bit line, a 

pre-conduction voltage is applied to the selected word line and the unselected word line. 

5. The reading method of 3D NAND flash memory according to claim 1, characterized in that 

a pre-shutdown phase is located after the read phase; in the pre-shutdown phase, the bit line 

maintains a low potential. 

6. The reading method of 3D NAND flash memory according to claim 5, characterized in that 

in the pre-shutdown phase, the top select transistor of the selected string, the top select transistor 

of the unselected string, the bottom select transistor of the selected string and the bottom select 

transistor of the unselected string are turned on, and a pre-shutdown voltage is applied to both the 

unselected word line and the selected word line. 
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Reading method for 3D NAND flash memory 
 

Technical field 

[0001] The present invention relates to the field of semiconductor technology, and in particular, 

to a reading method of 3D NAND flash memory. 

 

Background technology 

[0002] In recent years, the development of flash memory (Flash Memory) has been particularly 

rapid. The main feature of flash memory is that it can retain stored information for a long time 

without being powered on, and has the advantages of high integration, fast access speed, easy 

erasure and rewriting, etc. Therefore, it has been widely used in many fields such as 

microcomputers and automation control. In order to further improve the bit density of flash 

memory (Bit Density) and reduce the bit cost (Bit Cost), three-dimensional flash memory (3D 

NAND) technology has been rapidly developed. 

[0003] In the 3D NAND flash memory structure, three-dimensional arrangements are performed 

according to strings and rows. When the existing technology performs a read operation on a certain 

memory cell, it often causes read interference to other memory cells adjacent to the memory cell, 

causing data drift. 

[0004] How to reduce read interference and improve the accuracy of read data during the reading 

process is an issue that needs to be solved urgently. 

 

Content of the invention 

[0005] The technical problem to be solved by the present invention is to provide a reading method 

of 3D NAND flash memory to reduce read interference during the reading process. 

[0006] The present invention provides a method for reading a 3D NAND flash memory. The 3D 

NAND flash memory includes a plurality of memory cells arranged in an array in a three-

dimensional space to form a plurality of memory strings. The transistor at the top of each memory 

string is a top select transistor, and the top select transistor is connected to the bit line. The 

transistor at the bottom of the memory string is a bottom select transistor. Multiple memory cells 

located in the same layer form a memory row, the gates of the memory cells located in the same 

memory row are all connected to the same word line, and the memory string in which the memory 

cell is to be read is used as the selected string. The reading method includes a pre-conduction phase 

and a reading phase step in sequence, wherein, in the pre-conduction phase, a continuous precharge 

voltage is applied to the bit line; at the same time, the top select transistor of the selected string 

and the top select transistor of the unselected string are turned on, and the bottom select transistor 

of the selected string and the bottom select transistor of the unselected string are turned off. 

[0007] Optionally, in the reading phase, a driving voltage is applied to the bit line; the precharge 

voltage is greater than the driving voltage. 

[0008] Optionally, the pre-conduction phase also includes: Before the end of the pre-conduction 

phase, the top select transistor of the unselected string is turned off; a precharge voltage is applied 

to the bit line until the end of the pre-conduction phase. 

[0009] Optionally, the pre-conduction phase also includes: While a precharge voltage is applied 

to the bit line, a pre-conduction voltage is applied to the selected word line and the unselected 
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word line. 

[0010] Optionally, it also includes a pre-shutdown phase located after the read phase; in the pre-

shutdown phase, the bit line maintains a low potential. 

[0011] Optionally, in the pre-shutdown phase, the top select transistor of the selected string, the 

top select transistor of the unselected string, the bottom select transistor of the selected string, and 

the bottom select transistor of the unselected string are turned on, and a pre-shutdown voltage is 

applied to both the unselected word line and the selected word line. 

[0012] In the 3D NAND flash memory reading method of the present invention, there is a pre-

conduction phase before formal reading. In the pre-conduction phase, a precharge voltage is 

applied to the bit line, and the top select transistor and bottom select transistor of the unselected 

string are turned off before the reading phase. This makes the channel potential of the unselected 

string equal to the precharge voltage during the reading phase, thereby reducing the read 

interference suffered by the unselected string and reducing reading errors. 

 

Accompanying figure description 

[0013] Figure 1 is a diagram of the storage structure of 3D NAND according to a specific 

embodiment of the present invention; 

[0014] Figure 2 is a timing diagram for reading a 3D NAND memory cell according to a specific 

embodiment of the present invention; 

[0015] Figure 3 is a timing diagram for reading a 3D NAND memory cell according to a specific 

embodiment of the present invention. 

 

Specific embodiments 

[0016] The specific embodiment of the reading method of the 3D NAND flash memory provided 

by the present invention will be described in detail below with reference to the accompanying 

figures. 

[0017] Please refer to Figure 1, which is a diagram of the storage structure of 3D NAND according 

to a specific embodiment of the present invention. Each black dot represents a memory cell. 

[0018] The storage structure of the 3D NAND includes multiple memory cells arranged in an array 

in a three-dimensional space to form multiple memory strings, and the channels of the memory 

cells located in the same memory string are physically connected. The transistor at the top of each 

memory string is a top select transistor, and the top select transistor is connected to the bit line. 

The transistor at the bottom of the memory string is a bottom select transistor. Different memory 

strings are distinguished by top select transistors and bottom select transistors. Multiple memory 

cells located in the same layer form a memory row. The gates of the memory cells located in 

different memory strings but located in the same memory row are physically connected and are 

connected to the same word line. 

[0019] When performing a read operation on a certain memory cell in the storage structure, it is 

necessary to determine the memory string and the row where the selected memory cell is located. 

The memory string where the selected memory cell is located is used as the selected string, and 

the row where it is located is used as the selected row.  For example, to read the information of the 

selected memory cell circled in Figure 1, it is necessary to apply a driving voltage to bit line 1 and 

bit line 2, turn on the top select transistor 1 and the bottom select transistor 1 of the selected string 

Micron Ex. 1005, p. 4 
Micron v. YMTC 
IPR2024-00792



CN 109065091 A Specifications Page 3 of 6 
 

5 

where the selected memory cell is located, apply a conduction voltage to the word line 1 and word 

line 3 of the unselected rows other than the row where the memory cell is located, thereby turning 

on the channel of the selected string; in addition, turn off the top select transistor 2 and bottom 

select transistor 2 of the unselected string, and prevent the channels of other unselected strings 

from being turned on; apply a read voltage to the word line 2 of the selected row to read the 

information in the selected memory cell. 

[0020] Since a conduction voltage is applied to the word line 1 and word line 3 of the unselected 

row, during its rising process, this conduction voltage will generate a potential via channel 

coupling in all memory cells connected to word line 1 and word line 3, causing hot carrier injection 

crosstalk, which causes the electrons stored in other unselected memory cells to drift, resulting in 

changes in the data stored in the unselected memory cells, as well as problems such as drift in the 

data in the selected memory cell that is read. 

[0021] Please refer to Figure 2, which is a timing diagram of reading a 3D NAND memory cell in 

a specific embodiment. 

[0022] The memory string where the memory cell to be read is located is used as the selected 

string, the storage row where the memory cell is to be read is used as the selected row, and the 

word line connected to the selected row is used as the selected word line. In this specific 

embodiment, before actually reading the memory cell, there is a pre-conduction phase to turn on 

the channels of the selected string and the unselected strings. 

[0023] Specifically, in the pre-conduction stage, a pre-conduction voltage is applied to both the 

unselected word line and the selected word line to turn on the channels of the selected string and 

the unselected string. During the rising period of the voltage of the unselected word line and the 

selected word line, the voltage applied to the top select transistor of the unselected string and the 

bottom select transistor of the unselected string also rises. In this way, the top select transistor of 

the unselected string and the bottom select transistor of the unselected string are both turned on; a 

pre-conduction voltage is also applied to the top select transistor of the selected string and the 

bottom select transistor of the selected string, so that the top select transistor of the selected string 

and the bottom select transistor of the selected string are both turned on; at the same time, the bit 

line remains at a low potential. In the specific embodiment of the present invention, the low 

potential is 0V. In other specific embodiments, the low potential can also be other voltage values. 

The channels of the unselected string and the selected string are connected to the bit line, and the 

channel potential will remain at the same low potential as the bit line. Therefore, the channels of 

the unselected string and the selected string will not generate voltage coupling due to changes in 

the word line voltage, thereby avoiding the problem of hot carrier injection crosstalk caused when 

a conduction voltage is applied to the word line of an unselected memory cell. 

[0024] In the reading phase, a driving voltage is applied to the bit line, and a disconnection voltage 

is applied to the top select transistor of the unselected string and the bottom select transistor of the 

unselected string, turning off the top select transistor and the bottom select transistor of the 

unselected string so that the channel of the unselected string is disconnected from the bit line, and 

the channel potential of the unselected string is locked to a low potential of 0V. The memory cells 

in the unselected rows with a conduction voltage applied to the unselected strings are subject to 

read interference caused by "conduction voltage - 0V", while the memory cells in the selected 

rows of the unselected strings are subject to read interference caused by "read voltage - 0V", the 

read voltage is close to the conduction voltage. 

Micron Ex. 1005, p. 5 
Micron v. YMTC 
IPR2024-00792



CN 109065091 A Specifications Page 4 of 6 
 

6 

[0025] The top select transistor and the bottom select transistor of the selected string are applied 

with a conduction voltage, so that the channel of the selected string is connected to the bit line, 

and the channel potential of the selected string is equal to the driving voltage on the bit line. The 

gates of the unselected memory cells on the selected string are applied with a conduction voltage 

through the unselected word lines. Therefore, the unselected memory cells on the selected string 

will withstand read interference caused by "conduction voltage - driving voltage". 

[0026] Read interference is positively related to the voltage causing read interference. The greater 

the voltage, the stronger the read interference. Therefore, the greater the conduction voltage, the 

greater the read disturbance to the memory cell. Therefore, in this specific embodiment, the read 

interference caused by the "conduction voltage - driving voltage" suffered by the unselected 

memory cells on the selected string is smaller than the read interference suffered by the memory 

cells on the unselected string. In order to improve the accuracy of memory reading, it is necessary 

to further reduce the read interference suffered by the memory cells on the unselected string. 

[0027] In order to further reduce the read interference suffered by the memory cells with 

conduction voltage on the unselected strings, the inventors of the present invention propose 

another reading method of 3D NAND flash memory. 

[0028] Please refer to Figure 3, which is a timing diagram of reading a 3D NAND memory cell 

using another reading method in another specific embodiment of the present invention. 

[0029] In this specific embodiment, the reading method of the 3D NAND flash memory includes 

the steps of a pre-conduction phase and a reading phase performed in sequence. 

[0030] During the entire reading process, the common source terminals of the memory structure 

are grounded. What is different from the previous specific embodiment is that in the pre-

conduction phase: A continuous precharge voltage is applied to the bit line; at the same time, the 

top select transistor of the selected string and the top select transistor of the unselected string are 

pre-conducted, and the bottom select transistor of the selected string and the bottom select 

transistor of the unselected string are turned off. 

[0031] In the pre-conduction phase, it also includes applying a pre-conduction voltage to both the 

selected row word lines and the unselected row word lines, so that the channel of each memory 

cell is turned on. Since the top select transistor of the unselected string is turned on, the channel of 

the unselected string is connected to the bit line, and the channel potential is equal to the precharge 

voltage on the bit line. The channel potential is consistent with the bit line voltage, so that no 

voltage coupling is generated when a voltage is applied to the word line, thus avoiding the problem 

of hot carrier injection crosstalk. 

[0032] Since a precharge voltage is applied to the bit line, if the bottom select transistor of the 

selected string and the bottom select transistor of the unselected string are in a turned-on state, a 

larger leakage will occur. Therefore, it is necessary to turn off the bottom select transistor of the 

selected string and the bottom select transistor of the unselected string during the pre-conduction 

stage. In addition, turning off the bottom select transistor of the selected string and the bottom 

select transistor of the unselected string allows the channels and bit lines of each memory string 

to still be connected, and no hot carrier injection interference will occur. 

[0033] In this specific embodiment, before the end of the pre-conduction phase, the top select 

transistor of the unselected string is turned off first, and a precharge voltage is applied to the bit 

line until the end of the pre-conduction phase. In this way, before the top select transistor of the 

unselected string is turned off, the channel potential of the unselected string is always equal to the 
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precharge voltage on the bit line; when the top select transistor of the unselected string is turned 

off and the bottom select transistor of the unselected string is also turned off, the potential in the 

channel of the unselected string will remain at the precharge voltage.  In other specific 

embodiments, at the end of the pre-conduction phase, the top select transistor of the unselected 

string can be turned off while adjusting the bit line voltage from the precharge voltage to the 

driving voltage. 

[0034] In the reading phase, a driving voltage is applied to the bit line, and the top select transistor 

gate of the selected string and the bottom select transistor gate of the selected string are applied 

with a conduction voltage; a shutdown voltage is applied to the gates of the top and bottom select 

transistors of the unselected string; a conduction voltage is applied to the unselected word line, 

and a read voltage is applied to the selected word line to read the selected memory cell. In the read 

phase, the channel potential of the unselected string is the precharge voltage. The memory cells of 

the unselected rows on the unselected string are subject to read interference caused by the 

"conduction voltage - precharge voltage". The unselected memory cells on the selected row of 

unselected strings are subject to read interference caused by "read voltage - precharge voltage". 

Since the precharge voltage is a high voltage, the reading method of this specific embodiment can 

effectively reduce read disturbance of memory cells on unselected strings. 

[0035] For the selected string, since in the reading phase, the top select switch and the bottom 

select transistor of the selected string are both turned on, therefore, the channel potential of the 

selected string is equal to the driving voltage on the bit line, and therefore, the unselected memory 

cells on the selected string are subject to read disturbance caused by "conduction voltage - driving 

voltage". 

[0036] In a specific embodiment, the precharge voltage is greater than the driving voltage, so that 

the read interference suffered by the memory cells on the unselected string is less than the read 

interference suffered by the memory cells on the selected string, and thus reducing read errors to 

a greater extent.  

[0037] In a specific embodiment of the present invention, the reading method includes a pre-

shutdown phase located after the reading phase. In the pre-shutdown phase, voltage application to 

the bit line connected to the selected string is stopped, so that the bit line voltage remains low. A 

conduction voltage is applied to the top select transistor and bottom select transistor of the selected 

string, and to the top select transistor and bottom select transistor of the unselected string, so that 

they are all turned on. At the same time, a conduction voltage is applied to both the selected word 

line and the unselected word line, so that the channels of the selected string and the unselected 

string are both connected to the bit line, the common source terminal is connected to ground, the 

electrons in the channels of the selected string and the unselected string are exported, and the 

channel potential of each memory cell is lowered to 0, in order to facilitate subsequent read or 

erase operations. 

[0038] In the specific embodiment of the present invention, in the process of reading 3D NAND 

flash memory, there is a pre-conduction phase before formal reading. In the pre-conduction phase, 

a precharge voltage is applied to the bit line. The top and bottom select transistors of the unselected 

strings are turned off before the reading phase, so that the channel potential of the unselected 

strings is equal to the precharge voltage during the reading phase, thereby reducing the read 

interference suffered by the unselected strings, thereby reducing read errors during reading of 3D 

NAND flash memory. 
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[0039] The above are only preferred embodiments of the present invention. It should be pointed 

out that those of ordinary skill in the art can also make several improvements and modifications 

without departing from the principles of the present invention. These improvements and 

modifications should also be regarded as the protection scope of the present invention.   
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