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METHOD FOR READING the lower select gate voltage ( Visg ) includes electrically 
THREE - DIMENSIONAL FLASH MEMORY connecting the selected memory string to an array common 

source . 
INCORPORATION BY REFERENCE In some embodiments , applying the top select gate volt 

age ( Visg ) includes applying a voltage between 4V to 7V . In 
This application claims priority to PCT / CN2019 / 112728 some embodiments , applying the lower select gate voltage 

filed on Oct. 23 , 2019 , which is incorporated herein by ( Visg ) includes applying a voltage between 4V to 7V . 
reference in its entirety . In some embodiments , applying the pass voltage ( Vpass ) 

includes applying the pass voltage with a delay period after 
TECHNICAL FIELD 10 the selected top select gate ( Sel_TSG ) and the lower select 

gate ( LSG ) are at the top select gate voltage ( Visg ) and the 
The present disclosure generally relates to the field of lower select gate voltage ( Visg ) , respectively . 

semiconductor technology , and more particularly , to In some embodiments , measuring the threshold voltage 
method for reading a three - dimensional ( 3D ) memory . includes applying a read voltage ( Vread ) on the selected 

15 word line ( Sel_WL ) . In some embodiments , applying the 
BACKGROUND read voltage ( Vread ) includes applying a voltage between 0 

to 2V . In some embodiments , applying the read voltage 
As memory devices are shrinking to smaller die size to ( Vread ) includes applying a second off voltage on the unse 

reduce manufacturing cost and increase storage density , lected word line ( Unsel_WL ) . In some embodiments , apply 
scaling of planar memory cells faces challenges due to 20 ing the second off voltage on the unselected word line 
process technology limitations and reliability issues . A three- ( Unsel_WL ) includes applying a OV . 
dimensional ( 3D ) memory architecture can address the In some embodiments , applying the read voltage ( Vread ) 
density and performance limitation in planar memory cells . includes applying the read voltage ( Vread ) when a voltage of 

In a 3D NAND flash memory , memory cells can be the unselected top select gate ( Unsel_TSG ) is higher than a 
programmed for data storage based on charge - trapping 25 threshold voltage of an unselected memory cell . In some 
technology . The storage information of a memory cell embodiments , applying the read voltage ( Vread ) includes 
depends on the amount of charge trapped in a storage layer . applying the read voltage ( Vread ) when a voltage of the 
However , fast charges , i.e. , charges trapped in shallow traps , unselected top select gate ( Unsel_TSG ) equals to a threshold 
can be easily lost . Therefore , the threshold voltage deter- voltage of an unselected memory cell . In some embodi 
mining the stored information can be different between write 30 ments , applying the read voltage ( Vread ) includes applying 
and read operations . Accordingly , a read - prepare step is the read voltage ( Vread ) when a voltage of the unselected top 
included in a read - verification operation after programming select gate ( Unsel_TSG ) is lower than a threshold voltage of 
to remove the fast charges and verify the threshold voltage an unselected memory cell . 
of the memory cell . Fast charge loss depending on the In some embodiments , applying the prepare voltage 
intrinsic de - trapping process in the storage layer can be long , 35 ( V prepare ) includes applying a voltage between 4V to 7V . In 
making the read - verification operation inefficient . There- some embodiments , applying the first off voltage ( V ) 
fore , a need exists for a method to accelerate fast charge loss includes applying a 0V . In some embodiments , applying the 
so that threshold voltage or storage information of the pass voltage ( Vpass ) includes applying a voltage between 5V 
memory cell can be verified or read more accurately and to 9V . 
efficiently . In some embodiments , removing the fast charges includes 

removing the fast charges from a storage layer of the target 
BRIEF SUMMARY memory cell of a selected memory string , wherein the 

selected memory string includes a channel hole penetrating 
Embodiments of a method for conducting read - verifica- vertically through a film stack of alternating conductive and 

tion operation of a memory cell in a three - dimensional ( 3D ) 45 dielectric layers , a core filling film in a center of the channel 
memory device is described in the present disclosure . hole , and a memory film covering a sidewall of the channel 
One aspect of the present disclosure provides a method hole . The selected memory string also includes a channel 

for conducting a read - verification operation on a target layer sandwiched between the memory film and the core 
memory cell in a three - dimensional ( 3D ) memory device . filling film . In some embodiments , the memory film includes 
The method includes removing fast charges of the target 50 a barrier layer , the storage layer and a tunneling layer . 
memory cell at a read - prepare step , which includes applying In some embodiments , removing the fast charges includes 
a prepare voltage ( V prepare ) on an unselected top select gate removing electrical charges from shallow traps in the stor 
( Unsel_TSG ) of an unselected memory string , applying a age layer of the target memory cell . 
first off voltage ( V ) on a selected word line ( Sel_WL ) In some embodiments , removing the fast charges includes 
associated with the target memory cell , and applying a pass 55 removing the fast charges from the target memory cell to a 
voltage ( Vpass ) on an unselected word line ( Unsel_WL ) . The neighboring unselected memory cell . 
method also includes measuring a threshold voltage of the In some embodiments , conducting the read - verification 
target memory cell at a sensing step . operation comprises conducting the read - prepare step and 

In some embodiments , the method further includes apply- conducting a failed bit count in parallel . 
ing a top select gate voltage ( Visg ) on a selected top select 60 Other aspects of the present disclosure can be understood 
gate ( Sel_TSG ) of a selected memory string containing the by those skilled in the art in light of the description , the 
target memory cell , and applying a lower select gate voltage claims , and the drawings of the present disclosure . 
( Visg ) on a lower select gate ( LSG ) of the selected memory 
string containing the target memory cell . BRIEF DESCRIPTION OF THE DRAWINGS 

In some embodiments , applying the top select gate volt- 65 
age ( Visg ) includes electrically connecting the selected The accompanying drawings , which are incorporated 
memory string to a bit line . In some embodiments , applying herein and form a part of the specification , illustrate embodi 

40 
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ments of the present disclosure and , together with the Similarly , terms , such as “ a , ” “ an , ” or “ the , " again , can be 
description , further serve to explain the principles of the understood to convey a singular usage or to convey a plural 
present disclosure and to enable a person skilled in the usage , depending at least in part upon context . In addition , 
pertinent art to make and use the present disclosure . the term “ based on ” can be understood as not necessarily 
FIG . 1 illustrates a schematic top - down view of an 5 intended to convey an exclusive set of factors and may , 

exemplary three - dimensional ( 3D ) memory die , according instead , allow for existence of additional factors not neces 
to some embodiments of the present disclosure . sarily expressly described , again , depending at least in part 
FIG . 2 illustrates a schematic top - down view of a region on context . 

of 3D memory die , according to some embodiments of the It should be readily understood that the meaning of “ on , " present disclosure . “ above , ” and “ over ” in the present disclosure should be FIG . 3 illustrates a perspective view of a portion of an interpreted in the broadest manner such that “ on ” not only exemplary 3D memory array structure , in accordance with means “ directly on ” something , but also includes the mean some embodiments of the present disclosure . 
FIG . 4A illustrates a cross - sectional view of 3D memory ing of “ on ” something with an intermediate feature or a layer 

cells , according to some embodiments of the present dis- 15 there between . Moreover , “ above ” or “ over ” not only means 
closure . “ above ” or “ over ” something , but can also include the 
FIG . 4B illustrates a schematic diagram of a 3D memory meaning it is “ above ” or “ over ” something with no inter 

array , according to some embodiments of the present dis mediate feature or layer there between ( i.e. , directly on 
closure . something ) . 
FIG . 5 illustrates a timing diagram of a read - verification 20 Further , spatially relative terms , such as “ beneath , " 

operation with a prepare voltage ( pre - pulse ) applied on a “ below , ” “ lower , ” “ above , ” “ upper , " and the like , can be 
selected word line , according to some embodiments of the used herein for ease of description to describe one element 
present disclosure . or feature's relationship to another element ( s ) or feature ( s ) 

FIGS . 6-8 illustrate timing diagrams of read - verification as illustrated in the figures . The spatially relative terms are 
operations with accelerated fast charge loss , according to 25 intended to encompass different orientations of the device in 
some embodiments of the present disclosure . use or process step in addition to the orientation depicted in 
The features and advantages of the present invention will the figures . The apparatus can be otherwise oriented ( rotated 

become more apparent from the detailed description set 90 degrees or at other orientations ) and the spatially relative 
forth below when taken in conjunction with the drawings , in descriptors used herein can likewise be interpreted accord 
which like reference characters identify corresponding ele- 30 ingly . 
ments throughout . In the drawings , like reference numbers As used herein , the term “ substrate ” refers to a material 
generally indicate identical , functionally similar , and / or onto which subsequent material layers are added . The sub 
structurally similar elements . The drawing in which an strate includes a “ top ” surface and a “ bottom ” surface . The 
element first appears is indicated by the leftmost digit ( s ) in top surface of the substrate is typically where a semicon 
the corresponding reference number . 35 ductor device is formed , and therefore the semiconductor 

Embodiments of the present disclosure will be described device is formed at a top side of the substrate unless stated 
with reference to the accompanying drawings . otherwise . The bottom surface is opposite to the top surface 

and therefore a bottom side of the substrate is opposite to the 
DETAILED DESCRIPTION top side of the substrate . The substrate itself can be pat 

40 terned . Materials added on top of the substrate can be 
Although specific configurations and arrangements are patterned or can remain unpatterned . Furthermore , the sub 

discussed , it should be understood that this is done for strate can include a wide array of semiconductor materials , 
illustrative purposes only . A person skilled in the pertinent such as silicon , germanium , gallium arsenide , indium phos 
art will recognize that other configurations and arrangements phide , etc. Alternatively , the substrate can be made from an 
can be used without departing from the spirit and scope of 45 electrically non - conductive material , such as a glass , a 
the present disclosure . It will be apparent to a person skilled plastic , or a sapphire wafer . 
in the pertinent art that the present disclosure can also be As used herein , the term “ layer ” refers to a material 
employed in a variety of other applications . portion including a region with a thickness . A layer has a top 

It is noted that references in the specification to " one side and a bottom side where the bottom side of the layer is 
embodiment , ” “ an embodiment , " " an example embodi- 50 relatively close to the substrate and the top side is relatively 
ment , " " some embodiments , ” etc. , indicate that the embodi- away from the substrate . A layer can extend over the entirety 
ment described can include a particular feature , structure , or of an underlying or overlying structure , or can have an 
characteristic , but every embodiment can not necessarily extent less than the extent of an underlying or overlying 
include the particular feature , structure , or characteristic . structure . Further , a layer can be a region of a homogeneous 
Moreover , such phrases do not necessarily refer to the same 55 or inhomogeneous continuous structure that has a thickness 
embodiment . Further , when a particular feature , structure or less than the thickness of the continuous structure . For 
characteristic is described in connection with an embodi- example , a layer can be located between any set of hori 
ment , it would be within the knowledge of a person skilled zontal planes between , or at , a top surface and a bottom 
in the pertinent art to affect such feature , structure or surface of the continuous structure . A layer can extend 
characteristic in connection with other embodiments 60 horizontally , vertically , and / or along a tapered surface . A 
whether or not explicitly described . substrate can be a layer , can include one or more layers 

In general , terminology can be understood at least in part therein , and / or can have one or more layer thereupon , there 
from usage in context . For example , the term “ one or more ” above , and / or there below . A layer can include multiple 
as used herein , depending at least in part upon context , can layers . For example , an interconnect layer can include one or 
be used to describe any feature , structure , or characteristic in 65 more conductive and contact layers ( in which contacts , 
a singular sense or can be used to describe combinations of interconnect lines , and / or vertical interconnect accesses 
features , structures or characteristics in a plural sense . ( VIAs ) are formed ) and one or more dielectric layers . 

IPR2024-00912 Page 12
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In the present disclosure , for ease of description , “ tier ” is FIG . 1 are only used as an example , which does not limit the 
used to refer to elements of substantially the same height scope of the present disclosure . 
along the vertical direction . For example , a word line and the Referring to FIG . 2 , an enlarged top - down view of a 
underlying gate dielectric layer can be referred to as “ a tier , " region 108 in FIG . 1 is illustrated , according to some 
a word line and the underlying insulating layer can together 5 embodiments of the present disclosure . The region 108 of 
be referred to as “ a tier , ” word lines of substantially the same the 3D memory device 100 can include a staircase region 
height can be referred to as “ a tier of word lines ” or similar , 210 and a channel structure region 211. The channel struc 
and so on . ture region 211 can include an array of memory strings 212 , 
As used herein , the term “ nominal / nominally ” refers to a each including a plurality of stacked memory cells . The 

desired , or target , value of a characteristic or parameter for staircase region 210 can include a staircase structure and an 
a component or a process step , set during the design phase array of contact structures 214 formed on the staircase 
of a product or a process , together with a range of values structure . In some embodiments , a plurality of slit structures 
above and / or below the desired value . The range of values 216 , extending in WL direction across the channel structure 
can be due to slight variations in manufacturing processes or region 211 and the staircase region 210 , can divide a 
tolerances . As used herein , the term " about " indicates the memory block into multiple memory fingers 218. At least 
value of a given quantity that can vary based on a particular some slit structures 216 can function as the common source 
technology node associated with the subject semiconductor contact ( e.g. , array common source ) for an array of memory 
device . Based on the particular technology node , the term strings 212 in channel structure regions 211. A top select 
“ about " can indicate a value of a given quantity that varies 20 gate cut 220 can be disposed , for example , in the middle of 
within , for example , 10-30 % of the value ( e.g. , 10 % , 20 % , each memory finger 218 to divide a top select gate ( TSG ) of 
or 30 % of the value ) . the memory finger 218 into two portions , and thereby can 

In the present disclosure , the term “ horizontal / horizon- divide a memory finger into two memory slices 224 , where 
tally / lateral / laterally ” means nominally parallel to a lateral memory cells in a memory slice 224 that share the same 
surface of a substrate , and the term “ vertical ” or “ vertically ” 25 word line form a programmable ( read / write ) memory page . 
means nominally perpendicular to the lateral surface of a While erase operation of a 3D NAND memory can be 
substrate . carried out at memory block level , read and write operations 
As used herein , the term “ 3D memory ” refers to a can be carried out at memory page level . A memory page can 

three - dimensional ( 3D ) semiconductor device with verti- be kilobytes ( KB ) in size . In some embodiments , region 108 
cally oriented strings of memory cell transistors ( referred to 30 also includes dummy memory strings 222 for process varia 
herein as “ memory strings , ” such as NAND strings ) on a tion control during fabrication and / or for additional 
laterally - oriented substrate so that the memory strings mechanical support . 
extend in the vertical direction with respect to the substrate . FIG . 3 illustrates a perspective view of a portion of an 
FIG . 1 illustrates a top - down view of an exemplary exemplary three - dimensional ( 3D ) memory array structure 

three - dimensional ( 3D ) memory device 100 , according to 35 300 , according to some embodiments of the present disclo 
some embodiments of the present disclosure . The 3D sure . The memory array structure 300 includes a substrate 
memory device 100 can be a memory chip ( package ) , a 330 , an insulating film 331 over the substrate 330 , a tier of 
memory die or any portion of a memory die , and can include lower select gates ( LSGs ) 332 over the insulating film 331 , 
one or more memory planes 101 , each of which can include and a plurality of tiers of control gates 333 , also referred to 
a plurality of memory blocks 103. Identical and concurrent 40 as “ word lines ( WLs ) , ” stacking on top of the LSGs 332 to 
operations can take place at each memory plane 101. The form a film stack 335 of alternating conductive and dielec 
memory block 103 , which can be megabytes ( MB ) in size , tric layers . The dielectric layers adjacent to the tiers of 
is the smallest size to carry out erase operations . Shown in control gates are not shown in FIG . 3 for clarity . 
FIG . 1 , the exemplary 3D memory device 100 includes four The control gates of each tier are separated by slit 
memory planes 101 and each memory plane 101 includes six 45 structures 216-1 and 216-2 through the film stack 335. The 
memory blocks 103. Each memory block 103 can include a memory array structure 300 also includes a tier of top select 
plurality of memory cells , where each memory cell can be gates ( TSGs ) 334 over the stack of control gates 333. The 
addressed through interconnections such as bit lines and stack of TSG 334 , control gates 333 and LSG 332 is also 
word lines . The bit lines and word lines can be laid out referred to as " gate electrodes . ” The memory array structure 
perpendicularly ( e.g. , in rows and columns , respectively ) , 50 300 further includes memory strings 212 and doped source 
forming an array of metal lines . The direction of bit lines and line regions 344 in portions of substrate 330 between 
word lines are labeled as “ BL ” and “ WL ” in FIG . 1. In this adjacent LSGs 332. Each memory strings 212 includes a 
disclosure , memory block 103 is also referred to as a channel hole 336 extending through the insulating film 331 
“ memory array ” or “ array . ” The memory array is the core and the film stack 335 of alternating conductive and dielec 
area in a memory device , performing storage functions . 55 tric layers . Memory strings 212 also includes a memory film 

The 3D memory device 100 also includes a periphery 337 on a sidewall of the channel hole 336 , a channel layer 
region 105 , an area surrounding memory planes 101. The 338 over the memory film 337 , and a core filling film 339 
periphery region 105 contains many digital , analog , and / or surrounded by the channel layer 338. A memory cell 340 can 
mixed - signal circuits to support functions of the memory be formed at the intersection of the control gate 333 and the 
array , for example , page buffers , row and column decoders 60 memory string 212. The memory array structure 300 further 
and sense amplifiers . Peripheral circuits use active and / or includes a plurality of bit lines ( BLS ) 341 connected with the 
passive semiconductor devices , such as transistors , diodes , memory strings 212 over the TSGs 334. The memory array 
capacitors , resistors , etc. , as would be apparent to a person structure 300 also includes a plurality of metal interconnect 
of ordinary skill in the art . lines 343 connected with the gate electrodes through a 

It is noted that , the arrangement of the memory planes 101 65 plurality of contact structures 214. The edge of the film stack 
in the 3D memory device 100 and the arrangement of the 335 is configured in a shape of staircase to allow an 
memory blocks 103 in each memory plane 101 illustrated in electrical connection to each tier of the gate electrodes . 
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In FIG . 3 , for illustrative purposes , three tiers of control common source 446 can be shared by the memory strings 
gates 333-1 , 333-2 , and 333-3 are shown together with one 212 in an entire memory block , and is also referred to as the 
tier of TSG 334 and one tier of LSG 332. In this example , common source line . 
each memory string 212 can include three memory cells Referring to FIGS . 4A and 4B , in a NAND memory , read 
340-1 , 340-2 and 340-3 , corresponding to the control gates 5 and write operations can be performed in a memory page , 
333-1 , 333-2 and 333-3 , respectively . In some embodiments , for example memory page 448 , which includes memory 
the number of control gates and the number of memory cells cells sharing the same word line . In a NAND memory , each 
can be more than three to increase storage capacity . The memory cell can be in an erased state or a programmed state . 

Initially , all memory cells in a block can be reset to the memory array structure 300 can also include other struc 
tures , for example , TSG cut , common source contact ( i.e. , 10 erased state as logic “ l ” by applying , for example , a negative 
array common source ) and dummy memory string . These voltage between the control gates 333 and source terminals 

of the memory cells ( e.g. , the array common source 446 ) structures are not shown in FIG . 3 for simplicity . such that all the electronic charges 428 in the storage layers While floating gate memory cells has been traditionally 424 of the memory cells can be removed . At the erased state , utilized in flash memories , technology based on charge 15 the threshold voltage Vth of the memory cells 340 can be trapping has demonstrated more scaling ability and higher reset to the lowest value , and the corresponding current 
intrinsic reliability . Three - dimensional NAND using charge flowing through the memory cells 340 between the source 
trapping technology has been developed for high density terminal ( e.g. , the array common source 446 ) and the drain 
storage , where the storage information ( e.g. , threshold volt terminal ( e.g. , the bit lines 341 ) can be at the highest level 
age V th of the memory cell ) depends on the amount of charge 20 for a given bias on the word lines . 
trapped in a storage layer . During programming ( i.e. , writing ) , a high positive volt 
FIG . 4A illustrates a schematic cross - section of a 3D age pulse ( e.g. , 12V to 18V ) can be applied on the control 

NAND memory 400a , which includes memory cells similar gate 333 such that electronic charges 428 ( e.g. , electrons ) 
to the memory cell 340 in FIG . 3. The memory cell 340-3 can be injected into the storage layer 424 of the memory cell 
includes a control gate ( e.g. , the control gate 333 ) , a memory 25 340 , where the electronic charges 428-1 and 428-2 can be 
film ( e.g. , the memory film 337 ) and a channel layer ( e.g. , randomly captured by deep and shallow traps , respectively . 
the channel layer 338 , also referred to as the channel ) . After programming , the threshold voltage Vth of the memory 

In a 3D NAND memory , the memory film 337 can be cell 340 can be raised to a higher value than that of the 
disposed on a sidewall of each channel hole 336 ( illustrated erased state . At a higher threshold voltage Vth , the current 
in FIG . 3 ) . In some embodiments , the memory film 337 can 30 flowing through the source and drain terminals of the 
include a barrier layer 422 , a storage layer 424 , and a memory cell can be at a reduced level for a given bias on the 
tunneling layer 426. The barrier layer 422 can be used to word lines . By measuring ( i.e. , reading ) the memory cell 
block the movement of electronic charges 428 between the current , the threshold voltage Vth and thereby the state of the 
control gate 333 and the storage layer 424. The barrier layer memory cell 340 can be determined accordingly . 
422 can include silicon oxide and high dielectric constant 35 With multi - level - cell or triple - level - cell technology , each 
( high - k ) dielectrics , for example , aluminum oxide . The memory cell 340 can have multiple programed states , i.e. , 
storage layer 424 can be used to store electronic charges 428 multiple values of threshold voltages Vth . After every pro 
and can include silicon nitride . The storage and / or removal gramming pulse , a read - verification operation can be per 
of charges in the storage layer 424 can impact the on / off state formed to check the state of the memory cell . As such , each 
and / or a conductance of the channel layer 338. The tunnel- 40 memory cell 340 can store multiple bits , leading to signifi 
ing layer 426 can be used to control the tunneling of cant increase of storage capacity . 
electronic charges 428 ( electrons or holes ) between the For memory cell 340 in a programmed state , electronic 
channel layer 338 and the storage layer 424. The tunneling charges 428-1 and 428-2 located within the proximity of 
layer 426 can be silicon oxide , silicon nitride , silicon oxyni- control gate 333 can affect threshold voltage Vth of the 
tride , or any combination thereof . In a 3D NAND memory , 45 memory cell 340. The electronic charges 428-3 located 
the channel layer 338 can be disposed on a sidewall of the beyond the electric field from control gate 333 , and therefore 
memory film 337 in the channel hole 336 ( in FIG . 3. ) The have little impact on the threshold voltage V th of the memory 
channel layer 338 can include amorphous silicon , polycrys- cell . In addition , electronic charges 428-2 captured by shal 
talline silicon , and / or monocrystalline silicon . low traps in the storage layer 424 can be easily de - trapped , 
FIG . 4B shows a schematic circuit diagram of a 3D 50 and can thereby cause initial threshold - voltage ( Vin ) shift 

memory array 4006. As described previously , the 3D ( IVS ) during storage period . This process is also referred to 
memory array 400b includes a plurality of memory strings as fast charge loss . For programmed state at higher threshold 
212 , each memory string 212 having a plurality of stacked voltage Vthe IVS can be larger due to larger amount of 
memory cells 340. The memory string 212 also includes at electronic charges injected to the storage layer , which results 
least one field effect transistor ( e.g. , MOSFET ) at each end , 55 in larger number of electronic charges 428-2 captured by 
which is controlled by the lower select gate ( LSG ) 332 and shallow traps ( also referred to as fast charges ) . 
the top select gate ( TSG ) 334 , respectively . And the two Due to IVS , the programmed state immediately after 
respective transistors are referred to as lower and top select writing cannot reflect the target threshold voltage Vth of the 
transistors 332 - T and 334 - T . The stacked memory cells 340 memory cell 340 in real applications . Applying the fake high 
can be controlled by the control gates 333 , where the control 60 threshold voltage Vth can cause high bit - error - rate in the 
gates 333 are connected to word lines ( not shown ) of the 3D memory . Therefore , it is necessary to de - trap and remove 
memory array 400b . The drain terminal of the top select fast charges prior to read operation such that the Vth distri 
transistor 334 - T can be connected to the bit lines ( e.g. , the bution profile of each programmed state can be more accu 
bit line 341-1 , 341-2 , 341-3 , etc. ) , and the source terminal of rately determined . 
the lower select transistor 332 - T can be connected to the 65 FIG . 5 illustrates a timing diagram of a read - verification 
doped source line region 344 ( see FIG . 3 ) , from where an operation 500 with a prepare voltage ( pre - pulse ) applied on 
array common source ( ACS ) 446 can be formed . The array a selected word line , according to some embodiments of the 
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present disclosure . The read - verification operation 500 can charges 428-2 from the storage layer 424 can be removed 
reduce read disturb for unselected memory strings in a 3D through the conductive path . However , fast charge loss can 
NAND memory . Read disturb can occur when the threshold be a slow process , which is shown in the timing diagram of 
voltage Vin ( i.e. , the programmed state ) of an unselected the selected word line ( Sel_WL ) in FIG . 5 . 
memory cell is changed or disturbed during read or read- 5 In some embodiments , fast charges 428-2 can also be 
verification of a selected memory cell . In some embodi- removed by thermal annealing or by implementing soft erase 
ments , the read - verification operation 500 includes two with a low negative voltage on the control gate . However , 
steps , i.e. , a read - prepare step and a sensing step , having the read - prepare step generally can take a long time and thus 
duration of tprepare and tsensing , respectively . The timing impact the efficiency of the read - verification operation . 
diagram of a selected top select gate ( Sel_TSG ) , unselected 10 Therefore , a need exists for a read - verification operation to 
top select gates ( Unsel_TSG ) , a selected word line provide accelerated fast charge loss and shorten read - pre 
( Sel_WL ) , unselected word lines ( Unsel_WL ) and the lower pare step . 
select gate ( LSG ) are shown in FIG . 5 . In some embodiments , the read - prepare step can reduce 

The read - verification operation 500 starts with the read- read disturb for the unselected memory strings , for example , 
prepare step . The TSG 334 and the LSG 332 of a selected 15 memory strings 212-1 and 212-2 in FIG . 4B . As described 
memory string , for example TSG 334-3 and LSG 332-3 of above , the unselected top select gates ( Unsel_TSG ) for 
a selected memory string 212-3 in FIG . 4B , can be applied unselected memory strings ( e.g. , TSG 334-1 of memory 
with a top select gate voltage V. and a lower select gate string 212-1 ) can be applied with the first off voltage ( V ) , 
voltage V isg . A corresponding top select transistor 334 - T and e.g. , OV , to switch off the corresponding top select transistors 
a lower select transistor 332 - T of the selected memory string 20 334 - T and disconnect from the bit lines ( e.g. , bit line 341-1 ) 
212-3 can be switched on . The top and lower select gate as depicted in FIG . 4B . In some embodiments , the lower 
voltages V and V can be in a range between 4V to 7V . select gates ( LSG ) of the unselected memory strings ( e.g. , 
Accordingly , a current path through the stacked memory LSG 332-1 ) are applied with the lower select gate voltage 
cells 340 can be established for the selected memory string V such that the lower select transistors 332 - T are switched 
212-3 . For example , the current flowing through the selected 25 on . By applying the prepare voltage V , on the selected 
memory string 212-3 can be detected from the bit line 341-3 word line ( Sel_WL ) , corresponding memory cells ( e.g. , 
and the array common source 446 that are electrically memory cells 340-1 , 340-2 , 340-3 , etc. ) can be switched on 
connected with the selected memory string 212-3 . if the prepare voltage Vo is selected to be higher than prepare 

For the read - verification operation 500 , the TSG of unse- the threshold voltages of the programmed states of the 
lected memory strings ( Unsel - TSG ) , for example TSG 30 memory cells . In this example , the channel of the memory 
334-1 of memory string 212-1 in FIG . 4B , can be applied cells of the unselected memory strings ( e.g. , memory cells 
with a first off voltage ( Voff ) , for example OV , to switch off 340-1 ) can be electrically connected to the array common 
a corresponding top select transistor 334 - T . Current path source 446 to maintain at a predetermined potential , e.g. , 
between the unselected memory strings 212-1 and bit lines ground . 
341-1 can be disconnected . Therefore , the channel of 35 In an example that the prepare voltage V , is not 
selected memory string 212-3 and unselected memory applied on the selected word line ( Sel_WL ) , the memory 
strings 212-1 can be electrically isolated . cells corresponding to the selected word line ( e.g. , the 

It is noted that there is a delay for the voltages to ramp up memory cell 340-1 of memory string 212-1 ) may not be 
during the read - prepare step . This delay can be caused by fully switched on ( e.g. , a voltage applied on the selected 
parasitic capacitors and resistors , and is well - known for a 40 word line is lower than the threshold voltage Vth of the 
person skilled in the art . Although a memory string is memory cell 340-1 ) . Upper memory cells , i.e. , memory cells 
selected and used as an example to describe read - verification located between the bit line ( e.g. , bit line 341-1 ) and the 
operation herein , it is noted that a plurality of memory selected word line ( Sel_WL ) of the unselected memory 
strings , for example , a memory finger can be selected and string ( e.g. , memory string 212-1 ) , can have floating chan 
operated in a similar way . 45 nels , where the channel layer is not electrically connected to 

Referring again to FIGS . 4A , 4B and 5 , to verify a target the bit lines 341 or the common array source 446. Channel 
memory cell 340-3 in the selected memory string 212-3 , a potential of the upper memory cells of the unselected 
selected word line ( e.g. , Sel_WL in FIG . 4B ) can be applied memory string ( e.g. , memory string 212-1 ) can vary ran 
with a prepare voltage V , ( also referred to as pre- domly . Memory cells with floating channel can suffer charge 
pulse ) , while other word lines not selected ( e.g. , Unsel_WL 50 loss due to an unknown electrical field between the control 
in FIG . 4B ) can be applied with a pass voltage V , The gate 333 and the channel layer 338 ( see FIG . 4A ) . The 
selected word line are electrically connected to the control trapped charges 428 and thereby the threshold voltages V tn 
gate 333 of the target memory cell 340-3 . The prepare ( i.e. , programmed states ) of the memory cells can be 
voltage V , can be in a range between 4V to 7V , and the changed or disturbed , where the change can be significant 
pass voltage V. can be in a range between 5V to 9V . The 55 with the increased number of reading operation . By intro 
pass voltage V. can be higher than the highest threshold ducing the read_prepare step prior to the sensing step , as 
voltage of the programmed states such that the memory cells described previously , read disturb on the unselected memory 
on the selected memory string 212-3 can be fully switched strings can be reduced . 
on . When the prepare voltage V is applied on the After the read_prepare step , the voltage bias on the 
selected word line Sel_WL , the target memory cell 340-360 selected word line ( Sel_WL ) can be reduced from the 
can also be switched on . Therefore , at time ti , the top and prepare voltage V to a read voltage V to sense ( i.e. , 
lower select transistors 334 - T and 332 - T , and all memory read or measure ) the threshold voltage Vth of the target 
cells 340 of the selected memory string 212-3 are switched memory cell . The read voltage V , read can be in a range 
on . Current flows between the bit line 341-3 and the array between OV to 2V . For the target memory cell programmed 
common source 446 via the channel layer of the selected 65 with threshold voltage Vth lower than the read voltage V , 
memory string 212-3 . As current flowing through the chan- the target memory cell can be switch on and form a 
nel layer 338 forming a conductive path , de - trapped fast conductive path in the channel layer 338. If the threshold 
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voltage Vin is higher than the read voltage V read the channel tial of the memory cells can be boosted by the pass voltage 
of the target memory cell is switched off . The programmed Vpass of the Unsel_WL through coupled capacitance . The 
state of the target memory cell can be determined accord- boosted channel potential of the unselected memory cells 
ingly . It is noted that the transition period from the prepare can influence the channel potential of the neighboring 
voltage V to the read voltage Vread is a slow process 5 selected memory cell and influence fast charge removing 
due to parasitic capacitance and resistance as well as slow process . By introducing the delay period tdelay? , the afore 
de - trapping process of fast trap loss . The sensing step can mentioned self - boosting effect or read disturb on the 
start after the Sel_WL reach the read voltage V , which selected or unselected memory cell can be avoided . 
increases the overall duration t . tprepare of read- d - prepare step . In some embodiments , the read - prepare step also includes 
FIG . 6 illustrates a read - verification operation 600 10 a delay period tdelay2 , a duration between ramping up the 

designed to accelerate fast charge loss in a three - dimen pass voltage V of Unsel_WL and the read voltage V , 
sional flash memory , according to some embodiments of the of the Sel_WL . During the delay period t delay2 , the voltage 
present disclosure . The read - verification operation 600 also of Sel_WL is kept at OV while the voltage of Unsel_WL is 
includes the read - prepare step and the sensing step . During raised from OV to the pass voltage V As discussed 
the read - prepare step of the read - verification operation 600 , 15 previously , the pass voltage V , is applied on the 
the Sel_TSG and the LSG can be applied with the top and Unsel_WL after the top and lower select transistors are 
lower select gate voltages Visg and Visg respectively , to switched on with applied voltages Visg , V prepare and V 
switch on the top and lower select transistors 334 - T and Sel_TSG , Unsel - TSG and LSG , respectively . As such , the 
332 - T ( in FIG . 4B ) , similar to those used in the read- selected memory cell is switched off while unselected 
verification operation 500 in FIG . 5. However , unlike the 20 memory cells are switched on . Referring back to FIG . 4A , 
read - verification operation 500 , the Unsel_TSG of the read- while the selected memory cell 340-3 is switched off , the 
verification operation 600 is applied with the prepare voltage neighboring unselected memory cells 340 are switched on . 
V. prepare during the read - prepare step . Accordingly , the Between the selected memory cell 340-3 with a OV gate bias 
selected and unselected memory strings can all be electri- and the neighboring unselected memory cells 340 with a 
cally accessed from the bit line 341 and the array common 25 gate bias of the pass voltage Vpass , an electric field parallel 
source 446 . to the channel can be established accordingly . The electric 

In some embodiments , during the read - prepare step of the field between the neighboring selected and unselected word 
read - verification operation 600 , the selected memory cell line can also extend into the charge storage layer 424 , the 
can be switched off by applying a second off voltage , e.g. , tunneling layer 426 and the channel layer 338. The electric 
OV on the selected WL ( i.e. , Sel_WL ) . The unselected 30 field can generate an electric force on the fast charges 428-2 
memory cells ( i.e. , Unsel_WL ) can be switched on with the captured in the storage layer 424. The electric force can 
pass voltage V , after a delay period tdelay? . During the de - trap the fast charges 428-2 from the shallow traps , pull 
delay period tdelayl , all select transistors controlled by them towards the neighboring unselected memory cells . The 
Sel_TSG , Unsel_TSG and LSG are turned on with applied fast charges can then be recombined with charges of oppo 
voltages V V and V and thus the channel of the 35 site sign or be removed through the conductive path estab tsg ? 
memory string 212 can be electrically connected to the bit lished in the channel of the unselected memory cells . As a 
line 341 and the array common source 446 ( shown in FIG . result , fast charges 428-2 in the storage layer 424 of the 
4B ) , and can be maintained at a potential adjustable by a selected memory cell 340-3 can be removed through electric 
voltage of the bit line 341. When the Unsel_WL is applied field from neighboring unselected memory cells . 
with the pass voltage V , all the unselected memory cells 40 Referring again to FIG . 6 , the duration of the read - prepare 
of the selected memory string are switched on . Therefore , step of the read - verification operation 600 includes the sum 
the channel of the selected memory cell can be electrically of the delay period t delayl and tdelay2 Both t delay1 and t delay2 
connected to the bit line 341 through upper memory cells can be pre - determined values . 
and to the array common source 446 through the lower In some embodiments , after the read - prepare step , the 
memory cells . The channel of the selected memory cell can 45 read voltage Vread is applied on the Sel_WL to start the 
thereby be held at a potential adjustable by the voltage of the sensing step and BL pre - charge . The sensing step has a 
bit line 341 and the array common source 446 . duration oft tsensing which can also be a predetermined value . 

In some embodiments , the delay period tdelay? is imple- During the sensing step , a voltage of OV is applied on the 
mented such that the channel of the memory string 212 is not Unsel_TSG , which switches off the unselected top select 
electrically isolated from the bit line 341 or the array 50 gates and electrically isolates the channel of selected 
common source 446 before Unsel_WL can be ramped up memory string from the channel of unselected memory 
from OV to the pass voltage V , Referring to FIG . 4B and strings . Similar to the read - verification operation 500 ( in 
FIG . 6 , the Unsel_WL is applied with the pass voltage FIG . 5 ) , the ramping - down process from the prepare voltage 
V. before the Sel_TSG reach the top select gate voltage V to OV has a delay time , resulting from parasitic 
Vise or Unsel_TSG reach the prepare voltage V , the 55 resistance and capacitance of the 3D memory structure . To 
top select transistors are off and upper portion of the channel switch on the memory cells , the prepare voltage V , 
layer 338 that is located close to the bit line 341 becomes a be set higher than the threshold voltage of the memory 
floating node . More specifically upper memory cells located cell . When the voltage of Unsel_TSG ramping down from 
between the bit line and the selected memory cell can have the prepare voltage Ve prepare to below Vth the top select 
a floating channel potential . Similarly , if the Unsel_WL is 60 transistors of the unselected memory strings are switched off 
applied with the pass voltage V before the LSG ramps up accordingly . The read - verification operation 600 has a dura 
to the lower select gate voltage V , to switch on the lower Isg tion tprepare2 from the beginning of the read - prepare step to 
select transistor , lower portion of the channel layer 338 that the moment that the Unsel_TSG drops to below Vth . In the 
is located close to the array common source 446 becomes a other words , the duration tprepare2 is the minimum time 
floating node . More specifically lower memory cells located 65 requirement for turning off the Unsel_TSG in the read 
between the bit line and the selected memory cell can have verification operation 600. The read - verification operation 
a floating channel potential . When floating , channel poten 600 has a duration tpreparel from the beginning of the 
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read - prepare step to the moment that the Unsel_TSG reaches embodiments , duration of the FBC operation can be shorter 
OV . For read - verification operation 600 , duration of the than the duration of the read - prepare step , and the FBC 
read - prepare step , i.e. , tdelay1 + tdelay2 is less than tprepare2 The operation can be incorporated within the read - prepare step 
sensing step and BL pre - charge start when Unsel_TSG is starting at any suitable time . The failed memory cells can be 
above Vth and the unselected top select transistor is still on . programmed again to the target memory state accordingly . 
This operation can provide a minimum time used for the In summary , the present disclosure provides a method for read - prepare step , although more power is consumed . The conducting a read - verification operation on a target memory 
time saved tPROG - save is a difference between tpreparel and cell in a three - dimensional ( 3D ) memory device , where the tdelayi + t delay method includes removing fast charges of the target memory FIG . 7 illustrates a read - verification operation 700 10 
designed to accelerate fast charge loss in a three - dimen cell at a read - prepare step and measuring a threshold voltage 
sional flash memory , according to some embodiments of the of the target memory cell at a sensing step . Removing the 
present disclosure . The read - verification operation 700 is fast charges of the target memory cell includes applying a 
similar to the read - verification operation 600 , except having prepare voltage ( V prepare ) on an unselected top select gate 
a duration of the read - prepare step ( i.e. , tdelayi + tdelava ) 15 ( Unsel_TSG ) of an unselected memory string , applying a 
equals tprepare2 , the minimum time requirement for turning first off voltage ( Vef ) on a selected word line ( Sel_WL ) 
off the Unsel_TSG . In the read - verification operation 700 , associated with the target memory cell , and applying a pass 
the sensing step and BL pre - charge start when the unselected voltage ( Vpass ) on an unselected word line ( Unsel_WL ) . 
top select transistors are just turned off . Still , the time saved The foregoing description of the specific embodiments 
PROG - save can be expressed as the difference between 20 will so fully reveal the general nature of the present disclo 
tpreparel and tdelay? + delay , as shown in FIG . 7. This opera- sure that others can , by applying knowledge within the skill 
tion can be sped - up , and thus improved , without consuming of the art , readily modify and / or adapt , for various applica 
more power . tions , such specific embodiments , without undue experimen 
FIG . 8 illustrates a read - verification operation 800 tation , and without departing from the general concept of the 

designed to accelerate fast charge loss in a three - dimen- 25 present disclosure . Therefore , such adaptations and modifi 
sional flash memory , according to some embodiments of the cations are intended to be within the meaning and range of 
present disclosure . The read - verification operation 800 is equivalents of the disclosed embodiments , based on the 
similar to the read - verification operation 600 , except having disclosure and guidance presented herein . It is to be under 
a duration of the read - prepare step ( i.e. , tdelay? + t delay2 ) more stood that the phraseology or terminology herein is for the 

the minimum time requirement for turning off 30 purpose of description and not of limitation , such that the 
the Unsel_TSG . In the read - verification operation 800 , the terminology or phraseology of the present specification is to 
sensing step and BL pre - charge start after the unselected top be interpreted by the skilled artisan in light of the disclosure 
select transistors are turned off . The time saved tPROG - save and guidance . 
can also be expressed as the difference between tpreparel and Embodiments of the present disclosure have been 
tdelay? + delay2 , as shown in FIG . 8. This operation can allow 35 described above with the aid of functional building blocks 
more time for removing fast charges . illustrating the implementation of specified functions and 
As described above , accelerating fast charge loss in a 3D relationships thereof . The boundaries of these functional 

NAND flash memory can be achieved by applying the building blocks have been arbitrarily defined herein for the 
prepare voltage V on Unsel_TSG , the pass voltage convenience of the description . Alternate boundaries can be 
V. on the Unsel_WL , and OV on the Sel - WL at the 40 defined so long as the specified functions and relationships 
read- d - prepare step . The threshold voltage Vth of the target thereof are appropriately performed . 
memory cell , associated with the Sel_WL , can be stabilized The Summary and Abstract sections can set forth one or 
before the sensing step such that the verified storage data can more but not all exemplary embodiments of the pres 
be more reliable . disclosure as contemplated by the inventor ( s ) , and thus , are 

In addition , the read - verification operation described 45 not intended to limit the present disclosure and the appended 
above can greatly reduce the time required at the read claims in any way . 
prepare step . The fast charges can be removed by electric The breadth and scope of the present disclosure should 
field generated between Sel_WL and neighboring not be limited by any of the above - described exemplary 
Unsel_TSG . After fast charge removal , the sensing step embodiments , but should be defined only in accordance with 
starts when the voltage on Sel_WL is switched from OV to 50 the following claims and their equivalents . 
the read voltage Vread , without the need to wait for the 
Unsel - TSG to ramp down from the prepare voltage V , What is claimed is : 
to OV . Therefore , the duration of read - prepare step can be 1. A method for conducting a read - verification operation 
shortened , i.e. , tdetay? + delay2 < tpreparel where tPROG - save on a target memory cell in a three - dimensional ( 3D ) memory 
{ preparel -t delay? - tdelay2 is the time saved . 55 device , comprising : 
3D NAND flash memory with multi - level - cells typically removing fast charges of the target memory cell at a 

uses an algorithm with incremental step pulses to program read - prepare step , comprising : 
the memory cells . After every program pulse , a read - veri- applying a prepare voltage ( V prepare ) on an unselected 
fication operation is performed to check the state of the top select gate ( Unsel_TSG ) of an unselected 
memory cells . When the memory cell reaches the target state 60 memory string ; 
( i.e. , target threshold voltage ) , the program will be stopped . applying a first off voltage ( Vof ) on a selected word line 
In the meantime , the memory cells not programed to the ( Sel_WL ) associated with the target memory cell ; 
target state are calculated towards failed bit count ( FBC ) , and 
where the FBC can be executed in parallel to the read- applying a pass voltage ( Vpass ) on an unselected word 
verification operation to save the time of the entire program- 65 line ( Unsel_WL ) ; and 
ming cycle . As shown in FIGS . 6-8 , FBC operation can be measuring a threshold voltage of the target memory cell 
performed in parallel with the read - prepare step . In some at a sensing step . 
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2. The method of claim 1 , further comprising : 12. The method of claim 7 , wherein applying the read 
applying a top select gate voltage ( Visg ) on a selected top voltage ( Vread ) comprises applying the read voltage ( Vread ) 

select gate ( Sel_TSG ) of a selected memory string when a voltage of the unselected top select gate ( Un 
containing the target memory cell ; and sel_TSG ) equals to a threshold voltage of an unselected 

applying a lower select gate voltage ( Vise ) on a lower s memory cell . 
select gate ( LSG ) of the selected memory string con 13. The method of claim 7 , wherein applying the read 
taining the target memory cell . voltage ( Vread ) comprises applying the read voltage ( Vread ) 

3. The method of claim 2 , wherein applying the top select when a voltage of the unselected top select gate ( Un 
gate voltage ( Ve ) comprises electrically connecting the sel_TSG ) is lower than a threshold voltage of an unselected 
selected memory string to a bit line ; and applying the lower 10 memory cell . 
select gate voltage ( Visg ) comprises electrically connecting 14. The method of claim 1 , wherein applying the prepare 
the selected memory string to an array common source . voltage ( V prepare ) comprises applying a voltage between 4V 

to 7V . 4. The method of claim 2 , wherein applying the top select 
gate voltage ( VS ) comprises applying a voltage between 4V 15. The method of claim 1 , wherein applying the first off 
to 7V . 15 voltage ( V ) comprises applying a OV . 

5. The method of claim 2 , wherein applying the lower 16. The method of claim 1 , wherein applying the pass 
select gate voltage ( Viss ) comprises applying a voltage voltage ( Vpass ) comprises applying a voltage between 5V to 
between 4V to 7V . 9V . 

6. The method of claim 2 , wherein applying the pass 17. The method of claim 1 , wherein removing the fast 
voltage ( Vpass ) comprises applying the pass voltage with a 20 charges comprises removing the fast charges from a storage 
delay period after the selected top select gate ( Sel_TSG ) and layer of the target memory cell of a selected memory string , 
the lower select gate ( LSG ) are at the top select gate voltage wherein the selected memory string comprises : 
( Visg ) and the lower select gate voltage ( Visg ) , respectively . a channel hole penetrating vertically through a film stack 

7. The method of claim 1 , wherein measuring the thresh of alternating conductive and dielectric layers ; 
old voltage comprises applying a read voltage ( Vread ) on the 25 a core filling film in a center of the channel hole ; 
selected word line ( Sel_WL ) . a memory film covering a sidewall of the channel hole , 

8. The method of claim 7 , wherein applying the read wherein the memory film comprises a barrier layer , the 
voltage ( Vread ) comprises applying a voltage between 0 to storage layer and a tunneling layer ; and 
2V . a channel layer sandwiched between the memory film and 

9. The method of claim 7 , wherein applying the read 30 the core filling film . 
voltage ( Vread ) comprises applying a second off voltage on 18. The method of claim 17 , wherein removing the fast 
the unselected word line ( Unsel_WL ) . charges comprises removing electrical charges from shallow 

10. The method of claim 9 , wherein applying the second traps in the storage layer of the target memory cell . 
off voltage on the unselected word line ( Unsel_WL ) com 19. The method of claim 17 , wherein removing the fast 
prises applying a OV . 35 charges comprises removing the fast charges from the target 

11. The method of claim 7 , wherein applying the read memory cell to a neighboring unselected memory cell . 
voltage ( Vread ) comprises applying the read voltage ( Vread ) 20. The method of claim 1 , wherein conducting the 
when a voltage of the unselected top select gate ( Un read - verification operation comprises conducting the read 
sel_TSG ) is higher than a threshold voltage of an unselected prepare step and conducting a failed bit count in parallel . 
memory cell . 
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