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ARCHITECTURE AND METHOD FOR NAND stage , a second verify voltage can be applied on the gate 
MEMORY OPERATION terminal of the selected memory cell of the first memory cell 

string . Further , in the verify stage , a second bias voltage can 
RELATED APPLICATION be applied on the gate terminal of the at least one memory 

5 cell of the first memory cell string that is positioned between 
This application is a bypass continuation of International the first adjacent memory cell of the selected memory cell 

Application No. PCT / CN2020 / 136482 , filed on Dec. 15 , and the TSG transistor of the first memory cell string . The 
2020. The entire disclosure of the prior application is hereby second bias voltage is smaller than the first bias voltage . 
incorporated by reference in its entirety . In some embodiments , the second bias voltage can be 

10 from 20 % to 30 % smaller than the first bias voltage . 
BACKGROUND In the method , in the pre - verify stage , a first gate voltage 

can be applied on a gate terminal of the TSG transistor of the 
Flash memory devices have recently been through a rapid second memory cell string . A first pass voltage can be 

development . The flash memory devices are able to retain applied on a gate terminal of the first adjacent memory cell 
the stored data for a long period of time without applying a 15 of the selected memory cell of the first memory cell string . 
voltage . Further , the reading rate of the flash memory A first read voltage can be applied on a gate terminal of the 
devices is relatively high , and it is easy to erase stored data second adjacent memory cell of the selected memory cell of 
and rewrite data into the flash memory devices . Thus , the the first memory cell string . Further , in the verify stage , a 
flash memory devices have been widely used in micro- second gate voltage can be applied on the gate terminal of 
computers , automatic control systems , and the like . To 20 the TSG transistor of the second memory cell string . A 
increase the bit density and reduce the bit cost of the flash second pass voltage can be applied on the gate terminal of 
memory devices , three - dimensional ( 3D ) NAND ( Not the first adjacent memory cell of the selected memory cell in 
AND ) flash memory devices have been developed . the first memory cell string . A second read voltage can be 

The 3D - NAND memory device can include a plurality of applied on the gate terminal of the second adjacent memory 
memory cell strings . Each of the memory cell strings can 25 cell of the selected memory cell in the first memory cell 
include a bottom - select - gate ( BSG ) transistor , memory cells , string . In addition , at least one of the second pass voltage 
and a top - select - gate ( TSG ) transistor that are connected in and the second read voltage can be larger than the second 
series . In a method of verifying / reading memory cells of the gate voltage . 
3D - NAND flash memory devices that are programmed , a In the method , a bottom bias voltage can be applied on a 
pre - pulse scheme ( or stage ) and a verify / read scheme ( or 30 gate terminal of the BSG transistor of the first memory cell 
stage ) can be included . In the pre - pulse scheme , a pass string in the pre - verify stage and the verify stage . A top bias 
voltage , such as 6.8 volts , can be applied on word lines voltage can be applied on a gate terminal of the TSG 
( WLs ) of the memory cells in a selected memory cell string , transistor of the first memory cell string in the pre - verify 
while a gate terminal of the TSG transistor can be turned on stage and the verify stage . A positive voltage can be applied 
at an unselected memory cell string . In the verify / read 35 on gate terminals of any memory cells that are positioned 
scheme , the pass voltage can be sustained further through between the second adjacent memory cell of the selected 
the verify / read scheme at unselected WLs of the selected memory cell and the BSG transistor of the first memory cell 
memory cell string , and a verify voltage can be applied on string in the pre - verify stage and the verify stage . 
a WL of a selected memory cell in the selected memory cell In some embodiments , the first verify voltage can be 
string . 40 smaller than the second verify voltage . 

In some embodiments , the first bias voltage can be 
SUMMARY increased from an initial voltage , and then reduced to the 

second bias voltage in a first portion of the pre - verify stage , 
The present disclosure describes embodiments generally where the first bias voltage can be equal to the second bias 

related to apparatuses and methods for verifying / reading 45 voltage in a second portion of the pre - verify stage . The first 
memory cells of a 3D - NAND memory device to reduce hot pass voltage can be increased from the initial voltage to the 
carrier injection ( HCI ) -induced edge summation ( ESUM ) second pass voltage in the pre - verify stage . The first read 
loss , and reduce power consumption during verifying / read- voltage can be increased from the initial voltage to the 
ing the memory cells of the 3D - NAND memory device . second read voltage in the pre - verify stage . The first gate 

According to an aspect of the disclosure , a method for 50 voltage can be increased from the initial voltage to a voltage 
reading a memory device is provided . The memory device that is maintained for a duration of time , and then the first 
can include a first memory cell string and a second memory gate voltage is reduced to the second gate voltage in the first 
cell string , where the first memory cell string can include a portion of the pre - verify stage , where the first gate voltage 
bottom - select - gate ( BSG ) transistor , memory cells , and a can be equal to the second gate voltage in the second portion 
top - select - gate ( TSG ) transistor that are connected in series , 55 of the pre - verify stage . 
and the second memory cells string can include a BSG In some embodiments , the bottom bias voltage can be 
transistor , memory cells , and a TSG transistor that are increased from the initial voltage to a voltage that is main 
connected in series . In the method , in a pre - verify stage , a tained through the second portion of the pre - verify stage and 
first verify voltage can be applied on a gate terminal of a the verify stage . The top bias voltage can be increased from 
selected memory cell of the first memory cell string , where 60 the initial voltage to a voltage that is maintained through the 
the selected memory cell can be programmed and arranged second portion of the pre - verify stage and the verify stage . 
between a first adjacent memory cell and a second adjacent The positive voltage can be increased from the initial 
memory cell . In the pre - verify stage , a first bias voltage can voltage in the pre - verify stage . 
be applied on a gate terminal of at least one memory cell of According to another aspect of the disclosure , a method 
the first memory cell string that is positioned between the 65 for reading a memory device is provided . The memory 
first adjacent memory cell of the selected memory cell and device can include a first memory cell string and a second 
the TSG transistor of the first memory cell string . In a verify memory cell string . The first memory cell string can include 

a 

a 

a 

a 

a 
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a bottom - select - gate ( BSG ) transistor , memory cells , and a portion of the pre - verify stage . The first gate voltage can be 
top - select - gate ( TSG ) transistor that are connected in series . equal to the second gate voltage in the second portion of the 
The second memory cells string can include a BSG transis- pre - verify stage . 
tor , memory cells , and a TSG transistor that are connected in In some embodiments , the bottom bias voltage can be 
series . In the method , in a pre - verify stage , a first verify 5 increased from the initial voltage to a voltage that is main 
voltage can be applied on a gate terminal of a selected tained through the second portion of the pre - verify stage and 
memory cell of the first memory cell string , where the the verify stage . The top bias voltage can be increased from 
selected memory cell can be programmed and arranged the initial voltage to a voltage that is maintained through the 
between a first adjacent memory cell and a second adjacent second portion of the pre - verify stage and the verify stage . 
memory cell . In the pre - verify stage , a first bias voltage can 10 The positive voltage can be increased from the initial 
be applied on a gate terminal of at least one memory cell of voltage in the pre - verify stage . 
the first memory cell string that is positioned between the According to yet another aspect of the disclosure , an 
second adjacent memory cell of the selected memory cell apparatus for reading a memory device is provided . The 
and the BSG transistor of the first memory cell string . In a memory cell can include a first memory cell string and a 
verify stage , a second verify voltage can be applied on the 15 second memory cell string . The first memory cell string can 
gate terminal of the selected memory cell of the first memory include a bottom - select - gate ( BSG ) transistor , memory cells , 
cell string . In addition , in the verify stage , a second bias and a top - select - gate ( TSG ) transistor that are connected in 
voltage can be applied on the gate terminal of the at least one series . The second memory cells string can include a BSG 
memory cell of the first memory cell string that is positioned transistor , memory cells , and a TSG transistor that are 
between the second adjacent memory cell of the selected 20 connected in series . The apparatus can include processing 
memory cell and the BSG transistor of the first memory cell circuitry configured to apply , in a pre - verify stage , a first 
string . The second bias voltage can be smaller than the first verify voltage on a gate terminal of a selected memory cell 
bias voltage . of the first memory cell string , where the selected memory 

In some embodiments , the second bias voltage can be cell can be programmed and arranged between a first adja 
from 20 % to 30 % smaller than the first bias voltage . 25 cent memory cell and a second adjacent memory cell . The 

In the method , in the pre - verify stage , a first gate voltage processing circuitry can also be configured to apply , in the 
can be applied on a gate terminal of the TSG transistor of the pre - verify stage , a first bias voltage on a gate terminal of at 
second memory cell string . A first pass voltage can be least one memory cell of the first memory cell string that is 
applied on a gate terminal of the first adjacent memory cell not programmed . In a verify stage , the processing circuitry 
of the selected memory cell in the first memory cell string . 30 can be configured to apply a second verify voltage on the 
A first read voltage can be applied on a gate terminal of the gate terminal of the selected memory cell of the first memory 
second adjacent memory cell of the selected memory cell in cell string . Further , the processing circuitry can be config 
the first memory cell string . Further , in the verify stage , a ured to apply , in the verify stage , a second bias voltage on 
second gate voltage can be applied on the gate terminal of the gate terminal of the at least one memory cell of the first 
the TSG transistor of the second memory cell string . A 35 memory cell string that is not programmed . The second bias 
second pass voltage can be applied on the gate terminal of voltage can be smaller than the first bias voltage . 
the first adjacent memory cell of the selected memory cell in In some embodiments , the at least one memory cell of the 
the first memory cell string . A second read voltage can be first memory cell string that receives the first bias voltage 
applied on the gate terminal of the second adjacent memory and the second bias voltage can be positioned between the 
cell of the selected memory cell in the first memory cell 40 first adjacent memory cell of the selected memory cell and 
string . In addition , at least one of the second pass voltage the TSG transistor of the first memory cell string . 
and the second read voltage can be larger than the second In some embodiments , the at least one memory cell of the 
gate voltage . first memory cell string that receives the first bias voltage 

In the method , a bottom bias voltage can be applied on a and the second bias voltage is positioned between the second 
gate terminal of the BSG transistor of the first memory cell 45 adjacent memory cell of the selected memory cell and the 
string in the pre - verify stage and the verify stage . A top bias BSG transistor of the first memory cell string . 
voltage can be applied on a gate terminal of the TSG In the pre - verify stage , the processing circuitry can further 
transistor of the first memory cell string in the pre - verify be configured to apply a first gate voltage on a gate terminal 
stage and the verify stage . A positive voltage can be applied of the TSG transistor of the second memory cell string . The 
on gate terminals of any memory cells that are positioned 50 processing circuitry can be configured to apply a first pass 
between the first adjacent memory cell of the selected voltage on a gate terminal of the first adjacent memory cell 
memory cell and the TSG transistor of the first memory cell of the selected memory cell in the first memory cell string . 
string in the pre - verify stage and the verify stage . The processing circuitry can be configured to apply a first 

In some embodiments , the first verify voltage can be read voltage on a gate terminal of the second adjacent 
smaller than the second verify voltage . 55 memory cell of the selected memory cell in the first memory 

In some embodiments , the first bias voltage can be cell string . In the verify stage , the processing circuitry can be 
increased from an initial voltage , and then reduced to the configured to apply a second gate voltage on the gate 
second bias voltage in a first portion of the pre - verify stage . terminal of the TSG transistor of the second memory cell 
The first bias voltage can be equal to the second bias voltage string . The processing circuitry can also be configured to 
in a second portion of the pre - verify stage . The first pass 60 apply a second pass voltage on the gate terminal of the first 
voltage can be increased from the initial voltage to the adjacent memory cell of the selected memory cell in the first 
second pass voltage in the pre - verify stage . The first read memory cell string . The processing circuitry can be config 
voltage can be increased from the initial voltage to the ured to apply a second read voltage on the gate terminal of 
second read voltage in the pre - verify stage . The first gate the second adjacent memory cell of the selected memory cell 
voltage can be increased from the initial voltage to a voltage 65 in the first memory cell string , where at least one of the 
that is maintained for a duration of time , and then the first second pass voltage and the second read voltage can be 
gate voltage is reduced to the second gate voltage in the first larger than the second gate voltage . 
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In an embodiment , the processing circuitry can be con- FIG . 10 is a flow chart diagram of a method for verifying 
figured to apply a bottom bias voltage on a gate terminal of reading memory cells , in accordance with exemplary 
the BSG transistor of the first memory cell string in the embodiments of the disclosure . 
pre - verify stage and the verify stage . The processing cir- FIG . 11 is a block schematic of an electronic system , in 
cuitry can be configured to apply a top bias voltage on a gate 5 accordance with exemplary embodiments of the disclosure . 
terminal of the TSG transistor of the first memory cell string 

DETAILED DESCRIPTION in the pre - verify stage and the verify stage . The processing 
circuitry can be configured to apply a positive voltage on 
gate terminals of any memory cells that are positioned The following disclosure provides many different 
between the second adjacent memory cell of the selected 10 embodiments , or examples , for implementing different fea tures of the provided subject matter . Specific examples of memory cell and the BSG transistor of the first memory cell components and arrangements are described below to sim string in the pre - verify stage and the verify stage . plify the present disclosure . These are , of course , merely In another embodiment , the processing circuitry can be examples and are not intended to be limiting . For example , configured to apply a bottom bias voltage on a gate terminal 15 the formation of a first feature over or on a second feature 
of the BSG transistor of the first memory cell string in the in the description that follows may include embodiments in 
pre - verify stage and the verify stage . The processing cir- which the first and second features may be in direct contact , 
cuitry can be configured to apply a top bias voltage on a gate and may also include embodiments in which additional 
terminal of the TSG transistor of the first memory cell string features may be formed between the first and second fea 
in the pre - verify stage and the verify stage . The processing 20 tures , such that the first and second features may not be in 
circuitry can be configured to apply a positive voltage on direct contact . In addition , the present disclosure may repeat 
gate terminals of any memory cells that are positioned reference numerals and / or letters in the various examples . 
between the first adjacent memory cell of the selected This repetition is for the purpose of simplicity and clarity 
memory cell and the TSG transistor of the first memory cell and does not in itself dictate a relationship between the 
string in the pre - verify stage and the verify stag 25 various embodiments and / or configurations discussed . 

Aspects of the disclosure also provide a non - transitory Further , spatially relative terms , such as “ beneath , " 
computer - readable medium storing instructions which when “ below , " " lower , ” “ above , " " upper ” and the like , may be 
executed by a computer for verifying / reading a memory used herein for ease of description to describe one element 
device cause the computer to perform one or more of the or feature's relationship to another element ( s ) or feature ( s ) 
methods described above . 30 as illustrated in the figures . The spatially relative terms are 

intended to encompass different orientations of the device in 
BRIEF DESCRIPTION OF THE DRAWINGS use or operation in addition to the orientation depicted in the 

figures . The apparatus may be otherwise oriented ( rotated 90 
Aspects of the present disclosure can be understood from degrees or at other orientations ) and the spatially relative 

the following detailed description when read with the 35 descriptors used herein may likewise be interpreted accord 
accompanying figures . It is noted that , in accordance with ingly . 
the standard practice in the industry , various features are not In a related example , in order to verify / read memory cells 
drawn to scale . In fact , the dimensions of the various of a 3D - NAND memory device that are programmed , a 
features may be increased or reduced for clarity of discus- pre - pulse scheme ( or stage ) and a verify / read scheme ( or 
sion . 40 stage ) can be included in a verify / read operation . In the 
FIG . 1 is a schematic diagram of a 3D - NAND memory pre - pulse scheme , a pass voltage , such as 6.8 volts , can be 

device , in accordance with exemplary embodiments of the applied on word lines ( WLs ) of the memory cells in a 
disclosure . selected memory cell string , while a gate terminal of a TSG 
FIG . 2 is a cross - sectional view of a 3D - NAND memory transistor can be turned on at an unselected memory cell 

device , in accordance with exemplary embodiments of the 45 string . In the verify / read scheme , the pass voltage can be 
disclosure . sustained further through the verify / read scheme at unse 
FIG . 3 is a schematic diagram of NAND memory cell lected WLs of the selected memory cell string , and a verify 

strings , in accordance with exemplary embodiments of the voltage can be applied on a WL of a selected memory cell 
disclosure . in the selected memory cell string . 
FIG . 4 is a first schematic diagram of verifying / reading 50 When a sufficient pre - pulse time is applied in the pre 

memory cells in a related example , in accordance with pulse scheme , the pass voltage can be developed fully before 
exemplary embodiments of the disclosure . the TSG transistor is switched off at the unselected memory 
FIG . 5 is a second schematic diagram of verifying / reading cell string . As a result , when the TSG transistor of the 

memory cells in a related example , in accordance with unselected memory cell string is turned off in the verify / read 
exemplary embodiments of the disclosure . 55 scheme , although a drain - side channel ( or terminal ) of the 
FIG . 6 is a first schematic diagram of verifying / reading unselected memory cell string is isolated from a bit line that 

memory cells that are programmed in a forward order , in is coupled to the unselected memory cell string , a consid 
accordance with exemplary embodiments of the disclosure . erable gradient of a channel potential may not be induced by 
FIG . 7 is a second schematic diagram of verifying / reading subsequent verify / read voltages in the verify / read scheme . 

memory cells that are programmed in a forward order , in 60 Accordingly , hot carrier injections ( HCI ) may not be gen 
accordance with exemplary embodiments of the disclosure . erated from a selected memory cell to an upper memory cell 
FIG . 8 is a first schematic diagram of verifying / reading of the selected memory cell in the selected memory cell 

memory cells that are programmed in a reverse order , in string . Thus , an edge summation ( ESUM ) loss can be 
accordance with exemplary embodiments of the disclosure . prevented . The ESUM loss can be associated with a read 
FIG . 9 is a second schematic diagram of verifying / reading 65 margin of the 3D - NAND memory device . 

memory cells that are programmed in a reverse order , in However , when an insufficient pre - pulse time is applied in 
accordance with exemplary embodiments of the disclosure . the pre - pulse scheme , the pass voltage may not be developed 
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fully before the TSG transistor is switched off at the unse- stack of alternating word line layers 12a - 12p and insulating 
lected memory cell string . In the verify / read scheme , when layers 14a - 14q over a substrate 10. The word line layers 
the TSG transistor is switched off at the unselected memory 12a - 12p can include one or more bottom select gate ( BSG ) 
cell string , the pass voltage applied on WLs of memory cells layers , gate layers ( or word line layers ) , and one or more top 
that are positioned above the selected memory cell in the 5 select gate ( TSG ) layers that are arranged sequentially over 
selected memory cell string can still be developed to a target the substrate 10. For example , the word line layer 12a can value , such as 6.8 volts . Thus , the drain - side channel of the be a BSG layer , and the word line layer 12p can be a TSG unselected memory cell string can be boosted additively by layer in the device 100 . the increment of the pass voltage in the verify / read scheme , In some embodiments , the device 100 can include one or which in turn can bring in the HCI between the selected 10 more bottom dielectric trenches ( e.g. , 26 and 28 ) that are memory cell and the upper adjacent memory cell of the formed in the one or more BSGs ( e.g. , in the word line layer selected memory cell , and result in the ESUM loss . 12a ) . The bottom dielectric trenches 26 and 28 can extend in In the present disclosure , in order to verify / read pro 
grammed memory cells of a 3D - NAND memory device , a an X - direction of the substrate 10 to separate the BSGs into 
pre - pulse voltage can be applied on at least one memory cell 15 a plurality of sub - BSGs ( e.g. , 12a - 1 , 12a - 2 , and 12a - 3 ) . In 
of the selected memory cell string that is positioned above addition , one or more top dielectric trenches ( e.g. , 30 and 32 ) 
an upper adjacent memory cell of the selected memory cell can be formed in the one or more TSGs ( e.g. , in the word line 
string in the pre - verify scheme . A pass voltage that is smaller layer 12p ) . The top dielectric trenches 30 and 32 can also 
than the pre - pulse voltage can be applied on the at least one extend in the X - direction of the substrate 10 to separate the 
memory cell of the selected memory cell string that is 20 TSGs into a plurality of sub - TSGs ( e.g. , 12p - 1 , 12p - 2 , and 
positioned above the upper adjacent memory cell of the 12p - 3 ) . The sub - BSGs and sub - TSGs can divide the device 
selected memory cell in the verify / read scheme . In addition , 100 into a plurality of sub - blocks . Each of the sub - blocks 
a pass voltage that is applied on one of the upper adjacent can have a respective sub - BSG and a respective sub - TSG . 
memory cell and a lower adjacent memory cell of the Thus , memory cells strings in a corresponding sub - block can 
selected memory cell can be larger than a bias voltage 25 be operated individually through controlling the respective 
applied on the TSG transistor of the unselected memory cell sub - BSG and respective sub - TSG . 
string in the verify / read scheme , where the bias voltage is The array region 200A can include a plurality of channel 
applied to turn off the TSG transistor of the unselected structures 18. Each of the channel structures 18 can include 
memory cell string . Accordingly , hot - carrier injection a respective top channel contact 19 and a respective bottom 
( HCI ) -induced ESUM loss can be prevented , and power 30 channel contact 21. Each of the channel structure 18 can 
consumption during verifying / reading the memory cells of extend through the stack and be coupled to the word line 
the 3D - NAND memory device can be reduced . layers 12a - 12p to form a respective vertical NAND memory 
A 3D - NAND device can include a plurality of planes . cell string . The vertical NAND memory cell string can 

Each of the planes can include a plurality of blocks . FIG . 1 include one or more bottom select transistors ( BSTs ) , a 
is an exemplary embodiment of a 3D - NAND device 100 ( or 35 plurality of memory cells ( MCs ) , and one or more top select 
device 100 ) . As shown in FIG . 1 , the device 100 can include transistors ( TSTs ) that are disposed sequentially and in 
planes 102 and 104. Each of the planes 102 and 104 can series over the substrate along a height direction ( e.g. , Z 
include two respective blocks . For example , the plane 102 direction ) of the substrate 10. The one or more BSTs can be 
can include two blocks 106 and 108 , and the plane 104 can formed of the channel structure and the one or more BSG 
include two blocks 110 and 112. Further , each of the blocks 40 layers , the MCs can be formed of the channel structure and 
can include a plurality of memory cell strings , where the word line layers , and the one or more TSTs can be 
memory cells are disposed sequentially and in series over a formed of the channel structure and the one or more TSG 
substrate along a height direction of the device 100. Of layers . 
course , it should be noted that FIG . 1 is merely an example , In the device 100 , each of the memory cells can store one 
and the device 100 can include any number of planes , and 45 or more logic bits , according to the device designs . For 
each of the planes can include any number of blocks example , the memory cells can be single level cells ( SLCs ) , 
according to the device designs . multiple level cells ( MLCs ) , or triple level cells ( TLCs ) . 

In the device 100 , each of the planes can be coupled to a Accordingly , each of the memory cells can store one logic 
respective cache structure , such as a dynamic data cache bit , two logic bits , or three logic bits . 
( DDC ) , or a static page buffer ( SPB ) . For example , the block 50 Still referring to FIG . 2 , the word line layers 12a - 12p can 
106 can be coupled to a cache structure 114 and the block be formed in a stair - cased configuration in the staircase 
108 can be coupled to a cache structure 116. The cache regions 200A - 200B , and a plurality of word line contacts 22 
structure can include sense amplifiers that are coupled to bit can be formed along the height direction and coupled to the 
lines and configured to sense signals during the operation of word line layers 12a - 12p . Thus , gate voltages can be applied 
the 3D - NAND device 100 , such as verifying / reading , pro- 55 on gates of the memory cells through the word line contacts 
gramming , or erasing memory cells of the 3D - NAND device 22 that are coupled to the word line layers 12a - 12p . 
100. The device 100 can also include periphery circuits 122 In addition , each of the channel structures can further be 
that can include decoder structures , driver structures , charge coupled to a respective bit line ( or bit line structure ) . In some 
structures , and other structures to operate the memory cells . embodiments , the bit line can be connected to the top 

In the device 100 , each of the blocks can include staircase 60 channel contact 19 of the channel structure 18 , and config 
regions and array regions that are formed in a stack of word ured to apply a bias voltage when operating the channel 
line layers and insulating layers . FIG . 2 is an exemplary structure , such as programming , erasing , or reading the 
embodiment of the block 106 of the device 100. As shown channel structure . The device 100 can have a plurality of slit 
in FIG . 2 , the block 106 can include an array region 200A structures ( or gate line slit structures ) . For example , two slit 
and staircase regions 200B - 200C that are arranged in a 65 structures 20a - 20b are included in FIG . 2. The slit structures 
dielectric layer 24. The array region 200A can be arranged 20a - 20b can be made of conductive materials and positioned 
between the staircase regions 200B - 200C , and formed in a on array common source ( ACS ) regions 16 to serve as 
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contacts . The ACS regions are formed in the substrate 10 to memory cells of the device 100 can be programmed in a 
serve as common sources of the device 100 . forward order . Thus , memory cells in a memory cell string 
FIG . 3 is a schematic view of NAND memory cell strings are programmed from a bottom MC adjacent to the BSG 

( or strings ) 300A and 300B that can be formed in the device transistor to a top MC adjacent to the TSG transistor . For 
100. As shown in FIG . 3 , the string 300A can include a 5 example , in the memory cell string 300A , the memory cells 
bottom select transistor ( BST ) or bottom - select - gate ( BSG ) are programmed sequentially from MCO to the top MC that 
transistor 302A , a plurality of memory cells ( MCs ) 304A , is adjacent to the TSG transistor 306A . 
and a top select transistor ( TST ) or top - select - gate ( TSG ) FIG . 4 illustrates the bias voltages applied on two exem 
transistor 306A that are disposed sequentially and in series plary memory cell strings that include a selected memory 
over the substrate along the height direction ( e.g. , Z direc- 10 cell string ( e.g. , 300A ) and an unselected memory cell string 
tion ) of the substrate 10. Similarly , the string 300B can ( e.g. , 300B ) . The selected memory cell string can have a 
include a bottom select transistor ( BST ) or bottom - select- selected TSG layer coupled to the TSG transistor ( e.g. , 
gate ( BSG ) transistor 302B , a plurality of memory cells 306A ) , a selected word line layer WLn coupled to a selected 
( MCs ) 304B , and a top select transistor ( TST ) or top - select- memory cell ( e.g. , MCn ) , a word line layer WLn + 1 coupled 
gate ( TSG ) transistor 306B that are disposed sequentially 15 to a memory cell MCn + 1 that is an upper adjacent memory 
and in series over the substrate along the height direction cell of selected memory cell MCn , a word line layer WLn - 1 
( e.g. , Z direction ) of the substrate 10. The string 300A can coupled to a memory cell MCn - 1 that is a lower adjacent 
be coupled to a bit line 308A through a drain terminal of the memory cell of the selected memory cell MCn , word line 
TST 306A , and coupled to an ACS ( e.g. , 16 ) through a layers WLs ( > n + 1 ) coupled to the memory cells that are 
source terminal of the BST 302A . The string 300B can be 20 unselected and positioned above the memory cell MCn + 1 , 
coupled to a bit line 308B through a drain terminal of the word line layers WLs ( < - 1 ) coupled to the memory cells that 
TST 306B , and coupled to the ACS ( e.g. , 16 ) through a are unselected and positioned below the memory cell MCn 
source terminal of the BST 302B . During the operation of 1 , and a BSG layer coupled to the BSG transistor ( e.g. , 
the device 100 , appropriate voltages can be applied to the bit 302A ) . The TSG transistor ( or TST ) 306A , the memory 
lines 308A and 308B , the gates of the TST 306A and 306B 25 cells , and the BSG transistor ( BST ) 302A are connected in 
through the sub - TSG layers ( e.g. , 12p - 1 , 12p - 2 , and 12p - 3 ) , series , which can be shown in FIG . 3 . 
the gates of the MCs 304A and 304B through the WL layers Still referring to FIG . 4 , the unselected memory cell string 
( e.g. , 126-120 ) , the gates of the BST 302A and 302B through ( e.g. , 300B ) can have a unselected TSG layer coupled to the 
the sub - BSG layers ( e.g. , 12a - 1 , 12a - 2 , and 12a - 3 ) , and the TSG transistor ( e.g. , 306B ) , a selected word line layers WLn 
ACS through the slit structures ( e.g. , 20a or 20b ) . 30 coupled to a selected memory cell ( e.g. , MCn ) , a word line 
When a selected memory cell of the 3D - NAND memory layer WLn + 1 coupled to a memory cell MCn + 1 that is an 

device is programmed , a verify / read operation can be upper adjacent memory cell of the selected memory cell 
applied to verify if a selected memory cell ( e.g. , MCn ) has MCn , a word line layer WLn - 1 coupled a memory cell 
been programmed successfully . In the verify / read operation , MCn - 1 that is a lower adjacent memory cell of the selected 
bias voltages ( or pass voltages ) can be applied on gate 35 memory cell MCn , word line layers WLs ( > n + 1 ) coupled to 
terminals ( or gates ) of the TSG transistor through the TSG the memory cells that are unselected and positioned above 
layer , the BSG transistor through the BSG layer , and the the memory cell MCn + 1 , word line layers WLs ( < n - 1 ) 
unselected MCs through the WL layers respectively . The coupled to the memory cells that are unselected and posi 
bias voltages can be sufficient , such as 6.8 volts , to turn on tioned below the memory cell MCn - 1 , and a BSG layer 
the TSG transistor , the BSG transistor , and the unselected 40 coupled to the BSG transistor ( e.g. , 302B ) . As shown in FIG . 
MCs . In addition , a read ( or verify ) voltage can be applied 3 , the TSG transistor ( or TST ) 306B , the memory cells , and 
on the gate terminal ( or gate ) of the selected memory cell the BSG transistor ( or BST ) 302B are connected in series . 
MCn through a WL layer ( e.g. , WLn ) that is coupled to the In some embodiments the selected TSG layer and the 
selected memory cell MCn . The read voltage can be equal to unselected TSG layer can be one of the sub - TSG layers 
a threshold voltage of the selected memory cell when the 45 12p - 1 , 12p - 2 , and 12p - 3 that are separated from one another 
selected memory cell is not programmed . When the selected by the top dielectric trenches 30 and 32 , for example . In 
memory cell is programmed , the threshold voltage can be some embodiments , the word line layers in the selected 
increased . Thus , when the selected memory cell is pro- memory cell string and the word line layers in the unselected 
grammed successfully , the read voltage cannot turn on the memory cell string can be the word line layers 126-120 that 
selected memory cell . Accordingly , the sense amplifier can- 50 are illustrated in FIG . 2. Thus , a memory cell of the selected 
not detect current to flow through the memory cell string memory cell string is coupled to a memory cell in a 
from ACS region ( e.g. , 16 ) to the bit line . When the selected corresponding position of the unselected memory cell . For 
memory cell is not programmed successfully , the read example , the selected memory cell MCn of the selected 
voltage can turn on the selected memory cell , and the sense memory cell string 300A is coupled to the selected memory 
amplifier can detect current to flow through the memory cell 55 cell MCn of the unselected memory cell string 300B through 
string from ACS region ( e.g. , 16 ) to the bit line . a same word line layer . 
FIG . 4 is a first schematic diagram of a verify / read When the verify / read operation is started , in the initial 

operation to verify / read memory cells of a 3D - NAND stage of the verify / read operation shown in FIG . 4 , an initial 
memory device ( e.g. , device 100 ) in a related example . As voltage , such as zero volt , can be applied on the selected 
shown in FIG . 4 , the verify / read operation can include an 60 TSG layer , the unselected TSG layer , the WLs ( > n + 1 ) , the 
initial stage , a pre - pulse stage , a verify / read stage , a post- WLn + 1 , the WLn , the WLs ( < n - 1 ) , and the BSG layer . 
pulse stage , and a recovery stage . The verify / read operation Further , appropriate bias voltages can be applied on the 
can be configured to verify whether memory cells are selected TSG layer , the unselected TSG layer , the WLs 
programmed successfully by applying appropriate bias volt- ( > n + 1 ) , the WLn + 1 , the WLn , the WLs ( < n - 1 ) , and the BSG 
ages on the word line layers of the memory cells , the TSG 65 layer in the pre - pulse stage respectively . For example , a bias 
layer of the TSG transistor , and the BSG layer of the BSG voltage ( or top bias voltage ) , such as 5 volts , can be applied 
transistor . In an exemplary embodiment of FIG . 4 , the on the selected TSG layer of the selected memory cell string . 
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A bias voltage ( or gate voltage ) , such as 5 volts , can be selected memory cell . However , when the long pre - pulse 
applied on the unselected TSG layer of the unselected time is insufficient for the bias voltages in the pre - pulse stage 
memory cell string . A bias voltage , such as 6.8 volts , can be to be developed fully before the TSG transistor is switched 
applied on the WLs ( > n + 1 ) . A bias voltage ( or pass voltage ) , off at the unselected memory cell string , a considerable 
such as 6.8 volts , can be applied on the WLn + 1 . A bias 5 gradient of the channel potential can be induced by subse 
voltage ( or verify voltage ) , such as 6.8 volts , can be applied quent verify / read pulses in the verify / read stage , and HCI 
on the selected word line layer WLn . A bias voltage ( or read can be generated from the selected memory cell to the upper 
voltage ) , such as 6.8 volts , can be applied on WLn - 1 . A bias adjacent memory cell of the selected memory cell in the 
voltage ( or positive voltage ) , such as 6.8 volts , can be selected memory cell . 
applied on the WLs ( < n - 1 ) . In addition , a bias voltage ( or 10 FIG . 5 is a second schematic diagram of a verify / read 
bottom bias voltage ) , such as 5 volts , can be applied on the operation to verify / read memory cells of a 3D - NAND 
BSG layer . The pre - pulse stage can be configured to apply memory device ( e.g. , device 100 ) that are also programmed 
sufficient bias voltages to form conducting channels in the in the forward order in a related example . The verify / reading 
selected memory cell string and the unselected memory cell operation can have a pre - pulse stage with a short pre - pulse 
string respectively . 15 time . The short pre - pulse time may be insufficient for the 
When the verify / read operation proceed to the verify / read bias voltages applied on the WLs ( > n + 1 ) , WLn + 1 , WLn , 

stage , the bias voltage ( or top bias voltage ) applied on the WLn - 1 , and WLs ( < n - 1 ) to be developed fully in the 
selected TSG layer of the selected memory cell string pre - pulse stage . For example , as shown in FIG . 5 , the bias 
remains . The bias voltage ( or gate voltage ) applied on the voltages are less than a target value , such as 6.8 volts . The 
unselected TSG layer of the unselected memory cell string 20 bias voltages can still be developed to the target value , such 
can be reduced to a lower voltage , such as zero volt to turn as 6.8 volts , in the verify / read stage . Thus , the drain - side 
off the TSG transistor ( e.g. , 306B ) of the unselected memory channel of the unselected memory cell string can be boosted 
cell string . Accordingly , the unselected memory cell string is additively by incrementing the bias voltages in the verify / 
isolated from the bit line ( e.g. , 308B ) . The bias voltage read stage , which can bring in the HCI between the selected 
applied on the WLs ( > n + 1 ) can be maintained to keep the 25 memory cell ( WLn ) and the upper adjacent memory cell 
channel of the selected memory cell string conductive . The ( WLn + 1 ) of the selected memory cell , and result in the 
bias voltage ( or pass voltage ) applied on the WLn + 1 can be ESUM loss . 
increased , such as by one volt , from the bias voltage applied FIG . 6 is a first schematic diagram of a verify / read 
on the pre - pulse stage . In addition , the bias voltage ( or read operation to verify / read memory cells of a 3D - NAND 
voltage ) applied on WLn - 1 can be increased , such as by one 30 memory device ( e.g. , device 100 ) in accordance with exem 
volt , from the bias voltage applied on the pre - pulse stage . A plary embodiments of the disclosure . As shown in FIG . 6 , 
higher bias voltage applied on the WLn + 1 and the WLn - 1 the memory cells can be programmed in the forward order , 
can help form source / drain regions for the selected memory and the verify / read operation can include a long pre - pulse 
cell MCn . time in the pre - pulse stage . In an exemplary embodiment of 

Still referring to FIG . 4 , the bias voltage ( or verify 35 FIG . 6 , the memory cells MCO - MCn are programmed , and 
voltage ) applied on the selected word line layer WLn can be the memory cells above MCn are not programmed . In 
reduced to a programming verify ( PV ) level . In some addition , the memory cell MCn that is coupled to the WLn 
embodiments , the PV level can be in a range from zero volt is selected to receive the verify / read operation . 
to one volt . The bias voltage ( or positive voltage ) applied on Compared to the verify / read operation in FIG . 4 , the bias 
the WLs ( < n - 1 ) can be maintained to keep the channel of the 40 voltage applied on the WLs ( > n + 1 ) in the verify / read stage 
selected memory cell string conductive . In addition , the bias is lower than the bias voltage applied on the WLs ( > n + 1 ) in 
voltage ( or bottom bias voltage ) applied on the BSG layer the pre - pulse stage . In an exemplary embodiment of FIG . 6 , 
can be maintained to keep the channel of the selected the bias voltage applied on the WLs ( > n + 1 ) in the verify / 
memory cell string conductive . As mentioned above , the read stage can be 3 volts , and the bias voltage applied on the 
bias voltage ( or verify voltage ) applied on the selected word 45 WLs ( > n + 1 ) in the pre - pulse stage can be 6.8 volts . In some 
line layer WLn can be equal to the threshold voltage of the embodiments , the bias voltage applied on the WLs ( > n + 1 ) in 
selected memory cell when the selected memory cell is not the verify / read stage is a percentage ( e.g. , from 20 % to 30 % ) 
programmed . When the selected memory cell is pro- lower than the bias voltage applied on the WLs ( > n + 1 ) in the 
grammed , the threshold voltage can be increased . Thus , pre - pulse stage . In some embodiments , each of the memory 
when the selected memory cell is programmed successfully , 50 cells that are positioned above the upper adjacent memory 
the read voltage cannot turn on the selected memory cell . cell of the selected memory cell MCn can receive bias 
Accordingly , the sense amplifier cannot detect current to voltage through the WLs ( > n + 1 ) in the verify / read stage that 
flow through the memory cell string from ACS to the bit line . is lower than a bias voltage in the pre - pulse stage . In some 
When the selected memory cell is not programmed success- embodiments , at least one memory cell of the memory cells 
fully , the read voltage can turn on the selected memory cell , 55 that are positioned between the upper adjacent memory cell 
and the sense amplifier can detect current to flow through the of the selected memory cell MCn and the TSG transistor can 
memory cell string from ACS to the bit line . receive a bias voltage through the WLs ( > n + 1 ) in the 

It should be noted that in FIG . 4 , a long pre - pulse time , verify / read stage that is lower than a bias voltage in the 
such as in a range from 1 ns to 10 us , is applied in the pre - pulse stage . For example , a memory cell that is adjacent 
pre - pulse stage . When the long pre - pulse time is sufficient 60 to the TSG transistor can receive a bias voltage in the 
for the bias voltages to be developed fully before the TSG verify / read stage that is lower than a bias voltage in the 
transistor is switched off at the unselected memory cell pre - pulse stage . 
string , a considerable gradient of a channel potential may not By introducing a lower bias voltage in the verify / read 
be induced by subsequent verify / read pulses in the verify / stage in the memory cells that are positioned above the upper 
read stage . Thus , hot carrier injection ( HCI ) may not be 65 adjacent memory cell MCn + 1 of the selected memory cell 
generated from the selected memory cell to the upper MCn , the gradient of the channel potential of the selected 
adjacent memory cell of the selected memory cell in the memory cell string can be reduced . Accordingly , HCI cannot 

Micron Ex. 1001, p. 
Micron v. YMTC 
IPR2024-00792



a 

a 

US 11,468,957 B2 
13 14 

be generated from the selected memory cell to the upper memory cell MCn can receive a bias voltage through the 
adjacent memory cell of the selected memory cell in the WLs ( > n + 1 ) in the verify / read stage that is lower than a bias 
selected memory cell string . Thus , the ESUM loss can be voltage in the pre - pulse stage . In some embodiments , at least 
prevented . one memory cell of the memory cells that are positioned 
FIG . 7 is a second schematic diagram of a verify / read 5 between the upper adjacent memory cell MCn + l of the 

operation to verify / read memory cells of a 3D - NAND selected memory cell MCn and the TSG transistor can 
memory device ( e.g. , device 100 ) in accordance with exem- receive a bias voltage through the WLs ( > n + 1 ) in the 
plary embodiments of the disclosure . As shown in FIG . 7 , verify / read stage that is lower than a bias voltage in the 
the memory cells can be programmed in the forward order , pre - pulse stage . For example , a memory cell that is adjacent 
and the verify / read operation can include a short pre - pulse 10 to the TSG transistor can receive a bias voltage in the 
time in the pre - pulse stage . As shown in FIG . 7 , the pre - pulse verify / read stage that is lower than a bias voltage in the 
stage can include a first portion T1 and a second portion T2 . pre - pulse stage . 
Compared to the verify / read operation in FIG . 5 , the bias Further , in the verify / read operation in FIG . 7 , at least one 
voltages applied in the pre - pulse stage can be full developed of the upper adjacent memory cells MCn + 1 and the lower 
to ( or completely reach ) target values in FIG . 7. For 15 adjacent memory cell MCn - 1 of the selected memory cell 
example , the bias voltage applied on the WLs ( > n + 1 ) can be MCn can receive a bias voltage that is higher than the bias 
fully developed in the pre - pulse stage . As shown in FIG . 7 , voltage applied on the unselected TSG transistor in the 
the bias voltage applied on the WLs ( > n + 1 ) can be increased verify / read stage . 
to a target value from the initial voltage in the first portion Compared to the verify / read operation in FIG . 5 , the bias 
of the pre - pulse stage . The target value can be 6.8 volts , for 20 voltages applied in the pre - pulse stage of the verify / read 
example . The bias voltage can then be reduced in the first operation in FIG . 7 are fully developed to target values . In 
portion of the pre - verify stage to a lower value ( e.g. , 3 volts ) addition , a lower bias voltage is introduced in the verify / read 
that is equal to the bias voltage of the verify / read stage . The stage for the memory cells positioned above the upper 
bias voltage is further maintained in the second portion of adjacent memory cell of the selected memory cell MCn . 
the pre - verify stage . 25 Accordingly , the gradient of the channel potential of the 

Still referring to FIG . 7 , the pass voltage applied on the selected memory cell string can be reduced , and formation 
WLn + 1 can be increased from the initial voltage to a target of the HCI can be prevented from the selected memory cell 
value ( e.g. , 7.8 volts ) in the pre - verify stage , where the target to the upper adjacent memory cell of the selected memory 
value is equal to the pass voltage of the verify / read stage . cell in the selected memory cell string . Thus , the ESUM loss 
The read voltage applied on the WLn - 1 can be increased 30 can be prevented . 
from the initial voltage to a target value ( e.g. , 7.8 volts ) in FIG . 8 is a first schematic diagram of a verify / read 
the pre - verify stage , where the target value is equal to the operation to verify / read memory cells that are programmed 
read voltage of the verify / read stage . The gate voltage in a reverse order in accordance with exemplary embodi 
applied on the unselected TSG can be increased from the ments of the disclosure . As shown in FIG . 8 , the memory 
initial voltage to a target value ( e.g. , 5 volts ) in the first 35 cells can be programmed in the reverse order in that the 
portion of the pre - pulse stage . The gate voltage can then be memory cells are programmed from a top memory cell 
maintained for a duration of time , and then be reduced to a adjacent to the TSG transistor to a bottom memory cell ( e.g. , 
value that is equal to the gate voltage of the verify / read stage MCO ) adjacent to the BSG transistor . In an exemplary 
in the first portion of the pre - verify stage . The gate voltage embodiment of FIG . 8 , the selected memory cell MCn and 
can be maintained to be equal to the gate voltage of the 40 the memory cells above the selected memory cell MCn are 
verify / read stage in the second portion of the pre - verify programmed . In addition , the pre - pulse stage of the verify / 
stage . read operation in FIG . 8 can have a long pre - pulse time . 

The bottom bias voltage applied on BSG transistor can be As shown in FIG . 8 , compared to the verify / read opera 
increased from the initial voltage to a target value ( e.g. , 5 tion shown in FIG . 6 to verify / read the memory cells that are 
volts ) in the first portion of the pre - pulse stage , where the 45 programmed in the forward order , the bias voltage applied 
target value is equal to the bottom bias voltage of the on the WLs ( < n - 1 ) in the verify / read stage is lower than the 
verify / read stage . The bottom bias voltage can be maintained bias voltage applied on the WLs ( < n - 1 ) in the pre - pulse 
through the second portion of the pre - verify stage and the stage . In some embodiments , each of the memory cells that 
verify stage . Similarly , the top bias voltage applied on the are positioned between the lower adjacent memory cell 
selected TSG transistor can be increased from the initial 50 MCn - 1 of the selected memory cell MCn and the BSG 
voltage to a target value ( e.g. , 5 volts ) in the first portion of transistor can receive a bias voltage through the WLs ( < n - 1 ) 
the pre - pulse stage . The top bias voltage can further be in the verify / read stage that is lower than a bias voltage in 
maintained through the second portion of the pre - verify the pre - pulse stage . In some embodiments , at least one 
stage and the verify stage . The positive voltage applied on memory cell of the memory cells that are positioned 
the WLs ( < n - 1 ) can be increased from the initial voltage in 55 between the lower adjacent memory cell MCn - 1 of the 
the pre - verify stage to a target value ( e.g. , 6.8 volts ) in the selected memory cell MCn and the BSG transistor can 
pre - pulse stage , where the target value is equal to the receive a bias voltage through the WLs ( < n - 1 ) in the 
positive voltage applied in the verify / read stage . verify / read stage that is lower than a bias voltage in the 

In the verify / read operation in FIG . 7 , the bias voltage pre - pulse stage . For example , a memory cell that is adjacent 
applied on the WLs ( > n + 1 ) in the verify / read stage can be 60 to the BSG transistor can receive a bias voltage in the 
lower than the bias voltage applied on the WLs ( > n + 1 ) in the verify / read stage that is lower than a bias voltage in the 
pre - pulse stage . In an exemplary embodiment of FIG . 7 , the pre - pulse stage . 
bias voltage applied on the WLs ( > n + 1 ) in the verify / read FIG . 9 is a second schematic diagram of a verify / read 
stage can be 3 volts , and the bias voltage applied on the WLS operation to verify / read memory cells that are programmed 
( > n + 1 ) in pre - pulse stage can be 6.8 volts . In some embodi- 65 in a reverse order in accordance with exemplary embodi 
ments , each of the memory cells that are positioned above ments of the disclosure . Compared to the verify / read opera 
the upper adjacent memory cell MCn + 1 of the selected tion shown in FIG . 7 to verify / read the memory cells that are 
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programmed in the forward order , the bias voltage applied transistor of the second memory cell string . A first pass 
on the WLs ( < n - 1 ) in the verify / read stage is lower than the voltage can be applied on a gate terminal of the first adjacent 
bias voltage applied on the WLs ( < n - 1 ) in the pre - pulse memory cell in the selected memory cell of the first memory 
stage . In some embodiments , each of the memory cells that cell string . A first read voltage can be applied on a gate 
are positioned below the lower adjacent memory cell 5 terminal of the second adjacent memory cell of the selected 
MCn - 1 of the selected memory cell MCn can receive a bias memory cell in the first memory cell string . Further , in the 
voltage through the WLs ( < n - 1 ) in the verify / read stage that verify stage , a second gate voltage can be applied on the gate 
is lower than a bias voltage in the pre - pulse stage . In some terminal of the TSG transistor of the second memory cell 
embodiments , at least one memory cell of the memory cells string . A second pass voltage can be applied on the gate 
that are positioned between the lower adjacent memory cell 10 terminal of the first adjacent memory cell of the selected 
MCn - 1 of the selected memory cell MCn and the BSG memory cell in the first memory cell string . A second read 
transistor can receive a bias voltage through the WLs ( < n - 1 ) voltage can be applied on the gate terminal of the second 
in the verify / read stage that is lower than a bias voltage in adjacent memory cell in the selected memory cell of the first 
the pre - pulse stage . For example , a memory cell that is memory cell string . Further , at least one of the second pass 
adjacent to the BSG transistor can receive a bias voltage in 15 voltage and the second read voltage can be larger than the 
the verify / read stage that is lower than a bias voltage in the second gate voltage . 
pre - pulse stage . FIG . 11 is a simplified block diagram of a memory device 

Similar to the verify / read operations shown in FIGS . 6 1001 according to an embodiment of the disclosure , and on 
and 7 , the verify / read operations shown in FIGS . 8 and 9 which various embodiments of the disclosure can be imple 
include a bias voltage that can fully be developed in the 20 mented . The memory device 1001 can include a memory 
pre - pulse stage . In addition , the bias voltage applied on at array 1004 arranged in rows and columns . The memory 
least one of the memory cells that are not programmed in the array 1004 can include memory cells ( e.g. , MCs 304 in FIG . 
pre - pulse stage can be lower than the bias voltage applied in 3 ) that are formed based on a plurality of channel structures 
the verify / read stage . Accordingly , the gradient of the chan- ( e.g. , channel structures 18 in FIG . 2 ) . The channel struc 
nel potential of the selected memory cell string can be 25 tures can be formed in a stack of alternating word line layers 
reduced , and formation of the HCI can be prevented from ( e.g. , 12 in FIG . 2 ) and insulating layers ( e.g. , 14 in FIG . 2 ) . 
the selected memory cell MCn to the lower adjacent A row decode circuit 1008 and a column decode circuit 1010 
memory cell MCn - 1 of the selected memory cell in the are provided to decode address signals provided to the 
selected memory cell string . Thus , the ESUM loss can be memory device 1001. Address signals are received and 
prevented . 30 decoded to access the memory array 1004. Memory device 

FIG . 10 is a flow chart diagram of a method 1000 for 1001 can also include an input / output ( I / O ) control circuit 
reading a memory device including a first memory cell 1012 to manage input of commands , addresses and data to 
string and a second memory cell string . The first memory the memory device 1001 as well as output of data and status 
cell string can include a bottom - select - gate ( BSG ) transistor , information from the memory device 1001. An address 
memory cells , and a top - select - gate ( TSG ) transistor that are 35 register 1014 is coupled between the I / O control circuit 1012 
connected in series . The second memory cell string can and the row decode circuit 1008 and column decode circuit 
include a BSG transistor , memory cells , and a TSG transistor 1010 to latch the address signals prior to decoding . A 
that are connected in series . As shown in FIG . 10 , the command register 1024 is coupled between the I / O control 
method 1000 can start at S1002 and proceed to S1004 , circuit 1012 and a control logic 1016 to latch incoming 
where a first verify voltage can be applied on a gate terminal 40 commands . 
of a selected memory cell of the first memory cell string in The control logic 1016 can control access to the memory 
a pre - verify stage . The selected memory cell can be pro- array 1004 in response to the commands and generate status 
grammed and arranged between a first adjacent memory cell information for the external processor 1030. The control 
and a second adjacent memory cell . logic 1016 is coupled to the row decode circuit 1008 and the 

At S1004 , a first bias voltage can be applied on a gate 45 column decode circuit 1010 to control the row decode circuit 
terminal of at least one memory cell of the first memory cell 1008 and column decode circuit 1010 in response to the 
string that is not programmed in the pre - verify stage . addresses . For example , bias voltages can be applied to 
At S1006 , a second verify voltage can be applied on the selected memory cells by the control logic 1016 through the 

gate terminal of the selected memory cell of the first memory row decode circuit 1008 and column decode circuit 1010 to 
cell string in a verify stage . 50 operate the selected memory cells , such as reading , writing 

At S1008 of the method 1000 , in the verify stage , a second or erasing the memory cells . The control logic 1016 can be 
bias voltage can be applied on the gate terminal of the at also coupled to sense amplifier and latch circuitry 1018 to 
least one memory cell of the first memory cell string that is control the sense amplifier and latch circuitry 1018 in 
not programmed , where the second bias voltage is smaller response to the commands and generate status information 
than the first bias voltage . 55 for the external processor 1030. The sense amplifier and 

In some embodiments , the at least one memory cell of the latch circuitry 1018 can be coupled to the memory array 
first memory cell string that receives the first bias voltage 1004 and can latch data , either incoming or outgoing , in the 
and the second bias voltage can be positioned between the form of analog voltage levels . The sense amplifier and latch 
first adjacent memory cell of the selected memory cell and circuitry 1018 can be configured to read signals of the 
the TSG transistor of the first memory cell string . 60 memory cells when the memory cells are operated . 

In some embodiments , the at least one memory cell of the Still referring to FIG . 11 , a status register 1022 can be 
first memory cell string that receives the first bias voltage coupled between the I / O control circuit 1012 and the control 
and the second bias voltage can be positioned between the logic 1016 to latch the status information for output to the 
second adjacent memory cell of the selected memory cell external processor 1030. The memory device 1001 receives 
and the BSG transistor of the first memory cell string . 65 control signals at control logic 1016 over a control link 

In the method 1000 , in the pre - verify stage , a first gate 1032. The control signals may include a chip enable CE # , 
voltage can be applied on a gate terminal of the TSG a command latch enable CLE , an address latch enable ALE , 

a 

a 

Micron Ex. 1001, p. 
Micron v. YMTC 
IPR2024-00792



US 11,468,957 B2 
17 18 

and a write enable WE # . The memory device 1001 may between the first adjacent memory cell of the selected 
receive commands in the form of command signals , memory cell and the TSG transistor of the first memory cell 
addresses in the form of address signals , and data in the form string . 
of data signals from an external processor over a multi- 3. The apparatus of claim 1 , wherein the at least one 
plexed input / output ( 1/0 ) bus 1034 and output data to the 5 memory cell of the first memory cell string that receives the 
external processor over the I / O bus 1034 . first bias voltage and the second bias voltage is positioned 

The various embodiments described herein offer several between the second adjacent memory cell of the selected advantages over methods in related examples to verify / read memory cell and the BSG transistor of the first memory cell memory cells of a 3D - NAND memory device that are string . 
programmed . In related examples , HCI can be generated 10 4. The apparatus of claim 1 , wherein the processing between the selected memory cell and one of the adjacent circuitry is further configured to : memory cells of the selected memory cell , and result in the in the pre - verify stage , ESUM loss . In the present disclosure , hot - carrier injection 
( HCI ) -induced edge summation ( ESUM ) loss can be pre apply a first gate voltage on a gate terminal of the TSG 

transistor of the second memory cell string , vented , and power consumption during verifying / reading the 15 
memory cells of the 3D - NAND memory device can be apply a first pass voltage on a gate terminal of the first 

adjacent memory cell of the selected memory cell in reduced . 
The foregoing outlines features of several embodiments the first memory cell string , and 

so that those skilled in the art may better understand the apply a first read voltage on a gate terminal of the 
aspects of the present disclosure . Those skilled in the art 20 second adjacent memory cell of the selected memory 

cell in the first memory cell string ; and should appreciate that they may readily use the present in the verify stage , disclosure as a basis for designing or modifying other 
processes and structures for carrying out the same purposes apply a second gate voltage on the gate terminal of the 

TSG transistor of the second memory cell string , and / or achieving the same advantages of the embodiments 
introduced herein . Those skilled in the art should also realize 25 apply a second pass voltage on the gate terminal of the 
that such equivalent constructions do not depart from the first adjacent memory cell of the selected memory 
spirit and scope of the present disclosure , and that they may cell in the first memory cell string , and 
make various changes , substitutions , and alterations herein apply a second read voltage on the gate terminal of the 
without departing from the spirit and scope of the present second adjacent memory cell of the selected memory 
disclosure . cell of the first memory cell string , wherein 
What is claimed is : at least one of the second pass voltage and the second read 
1. An apparatus for reading a memory device including a voltage is larger than the second gate voltage . 

first memory cell string and a second memory cell string , the 5. The apparatus of claim 2 , wherein the processing 
first memory cell string including a bottom - select - gate circuitry is further configured to : 
( BSG ) transistor , memory cells , and a top - select - gate ( TSG ) 35 apply a bottom bias voltage on a gate terminal of the BSG 
transistor that are connected in series , the second memory transistor of the first memory cell string in the pre 
cells string including a BSG transistor , memory cells , and a verify stage and the verify stage ; 
TSG transistor that are connected in series , the apparatus apply a top bias voltage on a gate terminal of the TSG 

transistor of the first memory cell string in the pre comprising : 
processing circuitry configured to : verify stage and the verify stage ; and 

apply , in a pre - verify stage , a first verify voltage on a apply a positive voltage on gate terminals of any memory 
gate terminal of a selected memory cell of the first cells that are positioned between the second adjacent 
memory cell string , the selected memory cell being memory cell of the selected memory cell and the BSG 
programmed and arranged between a first adjacent transistor of the first memory cell string in the pre 
memory cell and a second adjacent memory cell ; verify stage and the verify stage . 45 

apply , in the pre - verify stage , a first bias voltage on a 6. The apparatus of claim 3 , wherein the processing 
gate terminal of at least one memory cell of the first circuitry is further configured to : 
memory cell string that is not programmed ; apply a bottom bias voltage on a gate terminal of the BSG 

transistor of the first memory cell string in the pre apply , in a verify stage , a second verify voltage on the 
gate terminal of the selected memory cell of the first 50 verify stage and the verify stage ; 
memory cell string ; and apply a top bias voltage on a gate terminal of the TSG 

transistor of the first memory cell string in the pre apply , in the verify stage , a second bias voltage on the 
gate terminal of the at least one memory cell of the verify stage and the verify stage ; and 
first memory cell string that is not programmed , apply a positive voltage on gate terminals of any memory 
wherein the second bias voltage is smaller than the 55 cells that are positioned between the first adjacent 
first bias voltage . memory cell of the selected memory cell and the TSG 

transistor of the first memory cell string in the pre 2. The apparatus of claim 1 , wherein the at least one verify stage and the verify stage . memory cell of the first memory cell string that receives the 
first bias voltage and the second bias voltage is positioned 
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