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( 57 ) ABSTRACT 

A memory controller includes , in one embodiment , a 
memory interface and a controller circuit . The memory 
interface is configured to interface with a memory interface 
configured to interface with a memory having a plurality of 
memory blocks . Each memory block has a plurality of 
strings . The controller circuit is configured to perform a 
string defect leakage check on one of the memory blocks 
during a first programming operation of the one memory 
block , determine whether the one memory block has one or 
more string to string shorts based on the string defect 
leakage check , and resolve the string to string shorts in 
response to determining that the one of the memory blocks 
has the string to string shorts . 
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MEMORY CONTROLLER FOR RESOLVING 
STRING TO STRING SHORTS 

methods , computer program products , computer systems 
and networks , user interfaces , and application programming 
interfaces ; as well as hardware - implemented methods , sig 
nal processing circuits , memory arrays , application specific 
integrated circuits , field programmable gate arrays , and the 
like . The foregoing summary is intended solely to give a 
general idea of various aspects of the disclosure , and does 
not limit the scope of the disclosure in any way . 

BACKGROUND 
[ 0001 ] This application relates generally to memory 
devices and , more particularly , to a controller in a memory 
device that resolves string to string shorts . 
[ 0002 ] In certain memory architectures , large block size 
leads to select gate drain ( SGD ) to slit half etch ( SHE ) shorts 
that may impact string operations . The SGD to SHE shorts 
may be due to process related issues or lithographic issues 
in manufacturing three - dimensional memory architectures 
( e.g. , a Bit Cost Scalable ( BiCS ) architecture or other 
three - dimensional memory architecture ) . 

BRIEF DESCRIPTION OF THE DRAWINGS 
a 

SUMMARY 

[ 0008 ] FIG . 1 is a block diagram of a system including a 
data storage device that has a memory controller that 
resolves string to string shorts , in accordance with some 
embodiments of the disclosure . 
[ 0009 ] FIG . 2 is a diagram illustrating string to string 
shorts in a three - dimensional NAND memory device . 
[ 0010 ) FIG . 3 is a table illustrating a first example string 
defect leakage check to detect shorts between pairs of 
neighboring strings , in accordance with some embodiments 
of the disclosure . 
[ 0011 ] FIG . 4 is a table illustrating a second example 
string defect leakage check to detect shorts between pairs of 
neighboring strings , in accordance with some embodiments 
of the disclosure . 
[ 0012 ] FIG . 5 is a table illustrating example bit registers 
that registers shorts between pairs of neighboring strings , in 
accordance with some embodiments of the disclosure . 
[ 0013 ] FIG . 6 is a flowchart illustrating a first example for 
resolving string to string shorts , in accordance with some 
embodiments of the disclosure . 
[ 0014 ] FIG . 7 is a flowchart illustrating a second example 
for resolving string to string shorts , in accordance with some 
embodiments of the disclosure . 

DETAILED DESCRIPTION 

[ 0003 ] The present disclosure includes devices , methods , 
and apparatuses that resolve the SGD to SHE shorts ( re 
ferred to herein as “ string to string shorts ” ) . In some 
examples , the devices , methods , and apparatuses of the 
present disclosure also recover memory blocks from the 
impact of the string to string shorts . For example , the 
devices , methods , and apparatuses of the present disclosure 
may still partially use the memory blocks that are impacted 
by the string to string shorts . 
[ 0004 ] The disclosure provides a memory controller 
including , in one embodiment , a memory interface and a 
controller circuit . The memory interface is configured to 
interface with a memory having a plurality of memory 
blocks . Each memory block having a plurality of strings . 
The controller circuit is configured to perform a string defect 
leakage check on one memory block of the plurality of 
memory blocks during a first programming operation of the 
one memory block , determine whether the one memory 
block has one or more string to string shorts based on the 
string defect leakage check , and resolve the one or more 
string to string shorts in response to determining that the one 
memory block has the one or more string to string shorts . 
[ 0005 ] The disclosure also provides a method . In one 
embodiment , the method includes performing , with a con 
troller circuit , a string defect leakage check on one memory 
block of a memory during a first programming operation of 
the one memory block . The method includes determining , 
with the controller circuit , whether the one memory block 
has one or more string to string shorts based on the string 
defect leakage check . The method also includes resolving , 
with the controller circuit , the one or more string to string 
shorts in response to determining that the one memory block 
has the one or more string to string shorts . 
[ 0006 ] The disclosure also provides an apparatus includ 
ing , in one embodiment , means for performing a string 
defect leakage check on one memory block during a first 
programming operation of the one memory block , means for 
determining whether the one memory block has one or more 
string to string shorts based on the string defect leakage 
check , and means for resolving the one or more string to 
string shorts in response to determining that the one memory 
block has the one or more string to string shorts . 
[ 0007 ] In this manner , various aspects of the disclosure 
provide for improvements in at least the technical fields of 
memory devices and their design and architecture . The 
disclosure can be embodied in various forms , including 
hardware or circuits controlled by computer - implemented 

[ 0015 ] In the following description , numerous details are 
set forth , such as data storage device configurations , con 
troller operations , and the like , in order to provide an 
understanding of one or more aspects of the present disclo 
sure . It will be readily apparent to one skilled in the art that 
these specific details are merely exemplary and not intended 
to limit the scope of this application . In particular , the 
functions associated with the memory device may be per 
formed by hardware ( e.g. , analog or digital circuits ) , a 
combination of hardware and software ( e.g. , program code 
or firmware stored in a non - transitory computer - readable 
medium that is executed by processing or control circuitry ) , 
or any other suitable means . The following description is 
intended solely to give a general idea of various aspects of 
the disclosure , and does not limit the scope of the disclosure 
in any way . 
[ 0016 ] FIG . 1 is block diagram of a system including a 
data storage device that has a memory controller that 
resolves string to string shorts , in accordance with some 
embodiments of the disclosure . In the example of FIG . 1 , the 
system 100 includes a data storage device 102 and a host 
device 150. The data storage device 102 includes a control 
ler 120 and a memory 104 ( e.g. , non - volatile memory ) that 
is coupled to the controller 120 . 
[ 0017 ] The data storage device 102 and the host device 
150 may be operationally coupled via a connection ( e.g. , a 
communication path 110 ) , such as a bus or a wireless 
connection . In some examples , the data storage device 102 
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ments 107A - 107N may be configured as a word line . The 
group of storage elements 107A - 107N may include multiple 
storage elements ( e.g. , memory cells that are referred to 
herein as a " string " ) , such as a representative storage ele 
ments 109A and 109N , respectively . 
[ 0022 ] The memory 104 may include support circuitry , 
such as read / write circuitry 140 , to support operation of the 
one or more memory dies 103. Although depicted as a single 
component , the read / write circuitry 140 may be divided into 
separate components of the memory 104 , such as read 
circuitry and write circuitry . The read / write circuitry 140 
may be external to the one or more memory dies 103 of the 
memory 104. Alternatively , one or more individual memory 
dies may include corresponding read / write circuitry that is 
operable to read from and / or write to storage elements 
within the individual memory die independent of any other 
read and / or write operations at any of the other memory dies . 
[ 0023 ] The data storage device 102 includes the controller 
120 coupled to the memory 104 ( e.g. , the one or more 
memory dies 103 ) via a bus 106 , an interface ( e.g. , interface 
circuitry ) , another structure , or a combination thereof . For 
example , the bus 106 may include multiple distinct channels 
to enable the controller 120 to communicate with each of the 
one or more memory dies 103 in parallel with , and inde 
pendently of , communication with the other memory dies 
103. In some implementations , the memory 104 may be a 
flash memory . 

may be embedded within the host device 150. Alternatively , 
in other examples , the data storage device 102 may be 
removable from the host device 150 ( i.e. , “ removably ” 
coupled to the host device 150 ) . As an example , the data 
storage device 102 may be removably coupled to the host 
device 150 in accordance with a removable universal serial 
bus ( USB ) configuration . In some implementations , the data 
storage device 102 may include or correspond to a solid state 
drive ( SSD ) , which may be used as an embedded storage 
drive ( e.g. , a mobile embedded storage drive ) , an enterprise 
storage drive ( ESD ) , a client storage device , or a cloud 
storage drive , or other suitable storage drives . 
[ 0018 ] The data storage device 102 may be configured to 
be coupled to the host device 150 via the communication 
path 110 , such as a wired communication path and / or a 
wireless communication path . For example , the data storage 
device 102 may include an interface 108 ( e.g. , a host 
interface ) that enables communication via the communica 
tion path 110 between the data storage device 102 and the 
host device 150 , such as when the interface 108 is commu 
nicatively coupled to the host device 150 . 
[ 0019 ] The host device 150 may include an electronic 
processor and a memory . The memory may be configured to 
store data and / or instructions that may be executable by the 
electronic processor . The memory may be a single memory 
or may include one or more memories , such as one or more 
non - volatile memories , one or more volatile memories , or a 
combination thereof . The host device 150 may issue one or 
more commands to the data storage device 102 , such as one 
or more requests to erase data at , read data from , or write 
data to the memory 104 of the data storage device 102. For 
example , the host device 150 may be configured to provide 
data , such as user data 132 , to be stored at the memory 104 
or to request data to be read from the memory 104. The host 
device 150 may include a mobile smartphone , a music 
player , a video player , a gaming console , an electronic book 
reader , a personal digital assistant ( PDA ) , a computer , such 
as a laptop computer or notebook computer , any combina 
tion thereof , or other suitable electronic device . 
[ 0020 ] The host device 150 communicates via a memory 
interface that enables reading from the memory 104 and 
writing to the memory 104. In some examples , the host 
device 150 may operate in compliance with an industry 
specification , such as a Universal Flash Storage ( UFS ) Host 
Controller Interface specification . In other examples , the 
host device 150 may operate in compliance with one or more 
other specifications , such as a Secure Digital ( SD ) Host 
Controller specification or other suitable industry specifica 
tion . The host device 150 may also communicate with the 
memory 104 in accordance with any other suitable commu 
nication protocol . 
[ 0021 ] The memory 104 of the data storage device 102 
may include a non - volatile memory ( e.g. , NAND , BICS 
family of memories , or other suitable memory ) . In some 
examples , the memory 104 may be any type of flash 
memory . For example , the memory 104 may be two - dimen 
sional ( 2D ) memory or three - dimensional ( 3D ) flash 
memory . The memory 104 may include one or more 
memory dies 103. Each of the one or more memory dies 103 
may include one or more blocks ( also referred to herein as 
“ one or more memory blocks ” or in the singular as “ a 
memory block ” ) . Each block may include one or more 
groups of storage elements , such as a representative group 
storage elements 107A - 107N . The group of storage ele 

[ 0024 ] The controller 120 is configured to receive data and 
instructions from the host device 150 and to send data to the 
host device 150. For example , the controller 120 may send 
data to the host device 150 via the interface 108 , and the 
controller 120 may receive data from the host device 150 via 
the interface 108. The controller 120 is configured to send 
data and commands to the memory 104 and to receive data 
from the memory 104. For example , the controller 120 is 
configured to send data and a write command to cause the 
memory 104 to store data to a specified address of the 
memory 104. The write command may specify a physical 
address of a portion of the memory 104 ( e.g. , a physical 
address of a word line of the memory 104 ) that is to store the 
data . 
[ 0025 ] The controller 120 is configured to send a read 
command to the memory 104 to access data from a specified 
address of the memory 104. The read command may specify 
the physical address of a region of the memory 104 ( e.g. , a 
physical address of a word line of the memory 104 ) . The 
controller 120 may also be configured to send data and 
commands to the memory 104 associated with background 
scanning operations , garbage collection operations , and / or 
wear - leveling operations , or other suitable memory opera 
tions . For example , the controller 120 is configured to send 
data and commands to the memory 104 according to the 
examples processes as described in FIGS . 6 and 7 . 
[ 0026 ] The controller 120 may include available memory 
regions 122 , a memory 124 , an error correction code ( ECC ) 
engine 126 , and an electronic processor 128. The available 
memory regions 122 may indicate a pool of free regions of 
the memory 104 , such as one or more regions available to 
store data as part of a write operation . For example , the 
available memory regions 122 may be organized as a table 
or other data structure that is configured to track free regions 
of the memory 104 that are available for write operations . 
[ 0027 ] One example of the structural and functional fea 
tures provided by the controller 120 are illustrated in FIG . 1 . 
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However , the controller 120 is not limited to the structural 
and functional features provided by the controller 120 in 
FIG . 1. The controller 120 may include fewer or additional 
structural and functional features that are not illustrated in 
FIG . 1 . 
[ 0028 ] The memory 124 may be configured to store data 
and / or instructions that may be executable by the electronic 
processor 128. The memory 124 may include string to string 
resolution program data 160 , metrics 162 , and defective 
string information 164. In some examples , the defective 
string information 164 may be a lookup table of all the 
storage elements 109 of the memory 104. In these examples , 
the storage elements 109 in the lookup table may be tracked 
on a block - by - block basis with the bit registers described in 
FIG . 5. However , the lookup table is not limited to a 
block - by - block basis . Instead , the storage elements 109 in 
the lookup table may also be tracked on a storage element 
by - storage element basis , on a wordline - by - wordline basis , 
on a die - by - die basis , or other suitable basis . 
[ 0029 ] The string to string resolution program data 160 
may be instructions that are executable by the electronic 
processor 128. The string to string resolution program data 
160 is described in greater detail below with respect to 
FIGS . 6 and 7 . 
[ 0030 ] The metrics 162 may be tracked on a storage 
element - by - storage element basis , on a wordline - by - word 
line basis , on a block - by - block basis , on a die - by - die basis , 
or other suitable basis . The one or more metrics 162 may 
track a program / erase ( P / E ) count ( PEC ) , a bit error rate 
( BER ) , a programming time , an erase time , a number of 
voltage pulses to program a storage element , a number of 
voltage pulses to erase a storage element , a combination 
thereof , or other suitable metrics corresponding to the 
memory 104. In some examples , the metrics 162 may also 
include the defective string information 164 . 
[ 0031 ] FIG . 2 is diagram illustrating string to string shorts 
in a three - dimensional NAND memory device architecture . 
In the example of FIG . 2 , the three - dimensional NAND 
memory device architecture is an example BiCS architecture 
200. The example BiCS architecture 200 includes a plurality 
of string to string shorts 202-208 across respective slit half 
etches ( SHEs ) . 
[ 0032 ] However , the three - dimensional NAND memory 
device architecture of FIG . 2 is not limited to the example 
BiCS architecture 200. The three - dimensional NAND 
memory device architecture of FIG . 2 may be any suitable 
three - dimensional NAND memory device architecture , and 
the example BiCS architecture 200 is used for ease of 
understanding . 
[ 0033 ] In the example of FIG . 2 , the BiCS architecture 200 
has twenty staggered memory holes ( twenty - four physical 
memory holes ) divided into five strings , i.e. , Stringo , 
String1 , String2 , String3 , and String4 that are between two 
source lines , VCELSRC . In this example , the memory holes 
associated with Stringo and String4 are " outer ” memory 
holes and the memory holes associated with String1 - String3 
are “ inner ” memory holes . 
[ 0034 ] In other embodiments , more or less than twenty 
staggered memory holes ( more or less than twenty - four 
physical memory holes ) may be formed . The memory holes 
may be divided into more or less than five strings . Specifi 
cally , memory holes may be divided at least into two or more 
strings . In some examples , the BiCS architecture 200 may 
also have a block size of thirty - four megabytes , and due to 

this block size , the plurality of string to string shorts 202-208 
is an issue that impacts string operations in the BiCS 
architecture 200. In other embodiments , a three - dimensional 
NAND memory array may have a block size of more or less 
than thirty - four megabytes , and due to this block size , the 
plurality of string to string shorts 202-208 is an issue that 
impacts string operations in the BiCS architecture 200 . 
[ 0035 ] A first string to string short 202 is between Stringo 
and String1 and across the slit half etch ( SHE ) at row 5. In 
the example of FIG . 2 , the first string to string short 202 is 
a short between a first memory hole MH1 of the String0 , a 
second memory hole MH2 of the String1 , a third memory 
hole MH5 of the String ) , and a fourth memory hole MH6 of 
the String1 . 
[ 0036 ] A second string to string short 204 is between 
String1 and String2 and across the SHE at row 10. In the 
example of FIG . 2 , the second string to string short 204 is a 
short between a first memory hole MH1 of the Stringl , a 
second memory hole MH2 of the String2 , a third memory 
hole MH5 of the String1 , and a fourth memory hole MH6 of 
the String2 . 
[ 0037 ] A third string to string short 206 is between String2 
and String3 and across the SHE at row 15. In the example 
of FIG . 2 , the third string to string short 206 is a short 
between a first memory hole MH1 of the String2 , a second 
memory hole MH2 of the String3 , a third memory hole MH5 
of the String2 , and a fourth memory hole MH6 of the 
String3 
[ 0038 ] A fourth string to string short 208 is between 
String3 and String4 and across the SHE at row 20. In the 
example of FIG . 2 , the fourth string to string short 208 is a 
short between a first memory hole MH1 of the String3 , a 
second memory hole MH2 of the String4 , a third memory 
hole MH5 of the String3 , and a fourth memory hole MH6 of 
the String4 . 
[ 0039 ] FIG . 3 is a table illustrating a first example string 
detect leakage check 300 to detect shorts between pairs of 
neighboring strings , in accordance with some embodiments 
of the disclosure . FIG . 3 is described with respect to the 
BiCS architecture 200 of FIG . 2 . 
[ 0040 ] In the example of FIG . 3 , the first example string 
detect leakage check 300 includes applying a high bias 
between Stringo and Stringl while applying a low bias 
between Stringl and String2 , a low bias between String2 and 
String3 , and a low bias between String3 and String4 . 
[ 0041 ] The first example string detect leakage check 300 
includes applying a high bias between String1 and String2 
while applying a low bias between String® and String1 , a 
low bias between String2 and String3 , and a low bias 
between String3 and String4 . 
[ 0042 ] The first example string detect leakage check 300 
includes applying a high bias between String2 and String3 
while applying a low bias between String® and String1 , a 
low bias between String1 and String2 , and a low bias 
between String3 and String4 . 
[ 0043 ] The first example string detect leakage check 300 
also includes applying a high bias between String3 and 
String4 while applying a low bias between String® and 
Stringi , a low bias between String1 and String2 , and a low 
bias between String2 and String3 . 
[ 0044 ] By performing the first example string detect leak 
age check 300 ( i.e. , applying a high bias to one neighboring 
pair of strings at a time while applying a low bias to the other 
strings ) , the controller 120 detects a leakage current between 
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different pairs of neighboring strings . For example , the 
controller 120 detects a leakage current between the differ 
ent pairs of neighboring strings , i.e. , String® and Stringi , 
String1 and String2 , String2 and String3 , and String3 and 
String4 of FIG . 2 , which indicates the plurality of string to 
string shorts 202-208 as illustrated in FIG . 2 . 
[ 0045 ] FIG . 4 is a table illustrating a second example 
string defect leakage check 400 to detect shorts between 
pairs of neighboring strings , in accordance with some 
embodiments of the disclosure . FIG . 4 is described with 
respect to the BiCS architecture 200 of FIG . 2 . 
[ 0046 ] In the example of FIG . 4 , the second example 
string defect leakage check 400 includes applying a high 
bias at even strings ( e.g. , Stringo , String2 , and String4 ) 
while applying a low bias at odd strings ( e.g. , String1 and 
String3 ) . 
[ 0047 ] In the example of FIG . 4 , the second example 
string defect leakage check 400 also includes applying a 
high bias at odd strings ( e.g. , String1 and String3 ) while 
applying a low bias at even strings ( e.g. , Stringo , String2 , 
and String4 ) . 
[ 0048 ] By performing the second example string defect 
leakage check 400 ( i.e. , applying a high bias to even or odd 
strings while applying a low bias to the other strings ) , the 
controller 120 detects a leakage current at the different 
strings . For example , by performing the second example 
string defect leakage check 400 , the controller 120 detects a 
leakage current at String1 , String2 , String3 , and String4 of 
FIG . 2 , which indicates the plurality of string to string shorts 
202-208 as illustrated in FIG . 2 . 
[ 0049 ] The controller 120 may also perform the second 
example string defect leakage check 400 faster than the first 
example string detect leakage check 300 because the second 
example string defect leakage check 400 has less operations 
than the first example string detect leakage check 300. Thus , 
the second example string defect leakage check 400 is 
computationally more efficient than the first example string 
detect leakage check 300 . 
[ 0050 ] FIG . 5 is a table illustrating example bit registers 
that registers shorts between pairs of neighboring strings , in 
accordance with some embodiments of the disclosure . FIG . 
5 is described with respect to the controller 120 and the 
defective string information 164 of FIG . 1 and the BiCS 
architecture 200 of FIG . 2 . 
[ 0051 ] As illustrated in FIG . 5 , the example 500 includes 
three bit registers Bit - 0 , Bit - 1 , and Bit - 2 . The controller 120 
controls the defective string information 164 to store the 
same binary number when the string pair does not have any 
leakage . For example , the controller 120 controls the defec 
tive string information 164 to store a zero in bit registers 
Bit - 0 , Bit - 1 , and Bit - 2 when the string pair does not have any 
leakage . 
[ 0052 ] The controller 120 controls the defective string 
information 164 to store a different binary number in the bit 
register Bit - 0 when the string pair String® and Stringi does 
have leakage . For example , the controller 120 controls the 
defective string information 164 to store a one in bit register 
Bit - 0 when the string pair String® and String1 does have 
leakage , e.g. , the first string to string short 202 . 
[ 0053 ] The controller 120 controls the defective string 
information 164 to store a different binary number in the bit 
register Bit - 1 when the string pair String1 and String2 does 
have leakage . For example , the controller 120 controls the 
defective string information 164 to store a one in bit register 

Bit - 1 when the string pair Stringl and String2 does have 
leakage , e.g. , the two string to string short 204 . 
[ 0054 ] The controller 120 controls the defective string 
information 164 to store a different binary number in the bit 
registers Bit - o and Bit - 1 when the string pair String2 and 
String3 does have leakage . For example , the controller 120 
controls the defective string information 164 to store a one 
in bit registers Bit - 0 and Bit - 1 when the string pair String2 
and String3 does have leakage , e.g. , the third string to string 
short 206 . 
[ 0055 ] The controller 120 controls the defective string 
information 164 to store a different binary number in the bit 
register Bit - 2 when the string pair String3 and String4 does 
have leakage . For example , the controller 120 controls the 
defective string information 164 to store a one in bit register 
Bit - 2 when the string pair String3 and String4 does have 
leakage , e.g. , the fourth string to string short 208 . 
[ 0056 ] FIG . 6 is a flowchart illustrating a first example 
process 600 for resolving string to string shorts , in accor 
dance with some embodiments of the disclosure . FIG . 6 is 
described with respect to FIGS . 1 , 3 , and 4 and being 
performed on a block - by - block basis . However , FIG . 6 is not 
limited to being performed on a block - by - block basis and 
may be performed on any other suitable basis ( e.g. , a 
page - by page basis ) . 
[ 0057 ] As illustrated in FIG . 6 , the first example process 
600 includes performing the string defect leakage check 
during a first programming operation of the block ( at block 
602 ) . For example , the controller 120 performs the string 
defect leakage check ( e.g. , the first example string defect 
leakage check 300 or the second example string defect 
leakage check 400 as described above in FIGS . 3 and 4 , 
respectively ) on all of the strings in the block 107A during 
an erase operation . 
[ 0058 ] The first example process 600 includes determin 
ing whether the strings pass or fail based on the string defect 
leakage check ( at decision block 604 ) . For example , the 
controller 120 determines whether some or all of the strings 
in the ock 107A pass or fail based on the string defect 
leakage check . 
[ 0059 ] The first example process 600 includes skipping or 
retiring the block ( at block 606 ) in response to determining 
that one or more strings of the block fail the string defect 
leakage check ( “ Fail ” at block decision 604 ) . For example , 
the controller 120 skips or retires the block 107A in response 
to determining that one or more strings of the block failed 
the string defect leakage check . In some examples , the 
controller 120 may retire the block 107A from the program 
ming operations by removing the block 107A from the 
available memory regions 122 . 
[ 0060 ] The first example process 600 includes performing 
regular operation on the block ( at block 608 ) in response to 
determining that all strings of the block do not fail the string 
defect leakage check ( “ Pass ” at decision block 604 ) . For 
example , the controller 120 performs regular operations on 
the block 107A in response to determining that all strings of 
the block 107A did not fail the string defect leakage check . 
[ 0061 ] FIG . 7 is a flowchart illustrating a second example 
process 700 for resolving string to string shorts , in accor 
dance with some embodiments of the disclosure . FIG . 7 is 
described with respect to FIGS . 1 , 3 , and 4 and being 
performed on a block - by - block basis . However , FIG . 7 is not 
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limited to being performed on a block - by - block basis and 
may be performed on any other suitable basis ( e.g. , a 
page - by page basis ) . 
[ 0062 ] As illustrated in FIG . 7 , the second example pro 
cess 700 includes performing the string defect leakage check 
during a first programming operation of a block ( at block 
702 ) . For example , the controller 120 performs the string 
defect leakage check ( e.g. , the first example string defect 
leakage check 300 or the second example string defect 
leakage check 400 as described above in FIGS . 3 and 4 , 
respectively ) on all of the strings in the block 107A during 
an erase operation . 
[ 0063 ] The second example process 700 includes deter 
mining whether the strings of the block pass or fail based on 
the string defect leakage check ( at decision block 704 ) . For 
example , the controller 120 determines whether some or all 
of the strings in the block 107A pass or fail based on the 
string defect leakage check . 
[ 0064 ] The second example process 700 includes updating 
defective string information of the block ( at block 706 ) in 
response to determining that one or more strings of the block 
fail the string defect leakage check ( “ Fail ” at block decision 
704 ) . For example , the controller 120 checks the defective 
string information 164 in response to determining that one or 
more strings of the block 107A failed the string defect 
leakage check and updates the defective string information 
164 to indicate that the one or more strings of the block 
107A failed the string defect leakage check . In some 
examples , the defective string information 164 includes a 
lookup table that stores defective string information for the 
blocks 107A - 107N . 
[ 0065 ] The second example process 700 includes dis 
abling any newly defective strings of the block during a 
second programming operation of the block ( at block 708 ) . 
For example , the controller 120 , during the next program 
ming operation of the block , retrieves the defective string 
information 164 and disables the one or more strings of the 
block 107A that failed the string defect leakage check . In 
some examples , the controller 120 disables the defective 
strings of the block 107A by retrieving the string informa 
tion of the block 107A from a lookup table in the defective 
string information 164 , during the programming operation 
of the block 107A , and removes the one or more strings of 
the block 107A from the available memory regions 122 
based on the string information of the block 107A that is 
retrieved from the lookup table . 
[ 0066 ] The second example process 700 includes perform 
ing regular operation on the block ( at block 710 ) in response 
to determining that all strings of the block did not fail the 
string defect leakage check ( “ Pass ” at decision block 704 ) . 
For example , the controller 120 performs regular operations 
on the block 107A in response to determining that all strings 
of the block 107A did not fail the string defect leakage 
check . 
[ 0067 ] The second example process 700 recovers the 
block 107A because the defective strings are disabled , which 
leaves the block 107A available for partial use . The second 
example process 700 is advantageous over the first example 
process 600 because the total number of strings available in 
the memory 104 will greater with the second example 
process 700 than the first example process 600. For example , 
the first example process 600 may retire ten blocks , which 
add up to three - hundred and forty megabytes of memory 
space that is removed from the available memory regions 

122. However , the second example process 700 does not 
retire the ten blocks , but rather , disables the defective 
neighboring pairs of strings , which may result in signifi 
cantly less than the three - hundred and forty megabytes of 
memory space being removed from the available memory 
regions 122. The advance of the second example process 
700 over the first example process 600 becomes more 
pronounced with any additional increases in block size . 
[ 0068 ] With regard to the processes , systems , methods , 
heuristics , etc. described herein , it should be understood 
that , although the steps of such processes , etc. have been 
described as occurring according to a certain ordered 
sequence , such processes could be practiced with the 
described steps performed in an order other than the order 
described herein . It further should be understood that certain 
steps could be performed simultaneously , that other steps 
could be added , or that certain steps described herein could 
be omitted . In other words , the descriptions of processes 
herein are provided for the purpose of illustrating certain 
embodiments , and should in no way be construed so as to 
limit the claims . 
[ 0069 ] Accordingly , it is to be understood that the above 
description is intended to be illustrative and not restrictive . 
Many embodiments and applications other than the 
examples provided would be apparent upon reading the 
above description . The scope should be determined , not with 
reference to the above description , but should instead be 
determined with reference to the appended claims , along 
with the full scope of equivalents to which such claims are 
entitled . It is anticipated and intended that future develop 
ments will occur in the technologies discussed herein , and 
that the disclosed devices , methods , and apparatuses will be 
incorporated into such future embodiments . In sum , it 
should be understood that the application is capable of 
modification and variation . 
[ 0070 ] All terms used in the claims are intended to be 
given their broadest reasonable constructions and their ordi 
nary meanings as understood by those knowledgeable in the 
technologies described herein unless an explicit indication to 
the contrary in made herein . In particular , use of the singular 
articles such as “ a , " " the , " " said , ” etc. should be read to 
recite one or more of the indicated elements unless a claim 
recites an explicit limitation to the contrary . 
[ 0071 ] The Abstract is provided to allow the reader to 
quickly ascertain the nature of the technical disclosure . It is 
submitted with the understanding that it will not be used to 
interpret or limit the scope or meaning of the claims . In 
addition , in the foregoing Detailed Description , it can be 
seen that various features are grouped together in various 
embodiments for the purpose of streamlining the disclosure . 
This method of disclosure is not to be interpreted as reflect 
ing an intention that the claimed embodiments require more 
features than are expressly recited in each claim . Rather , as 
the following claims reflect , inventive subject matter lies in 
less than all features of a single disclosed embodiment . 
Thus , the following claims are hereby incorporated into the 
Detailed Description , with each claim standing on its own as 
a separately claimed subject matter . 
What is claimed is : 
1. A memory controller comprising : 
a memory interface configured to interface with a memory 

having a plurality of memory blocks , each memory 
block having a plurality of strings ; and 

a 



US 2021/0389901 A1 Dec. 16 , 2021 
6 

2 

a controller circuit configured to : 
perform a string defect leakage check on one memory 

block of the plurality of memory blocks during a first 
programming operation of the one memory block , 

determine whether the one memory block has one or 
more string to string shorts based on the string defect 
leakage check , and 

resolve the one or more string to string shorts in 
response to determining that the one memory block 
has the one or more string to string shorts . 

2. The memory controller of claim 1 , wherein , to resolve 
the one or more string to string shorts , the controller circuit 
is further configured to retire the one memory block from 
programming operations . 

3. The memory controller of claim 2 , further comprising 
a second memory that includes an available memory regions 
data structure , 

wherein , to retire the one memory block from the pro 
gramming operations , the controller circuit is further 
configured to remove the one memory block from the 
available memory regions data structure . 

4. The memory controller of claim 1 , wherein , to resolve 
the one or more string to string shorts , the controller circuit 
is further configured to : 

update defective string information of the one memory 
block , and 

disable defective strings of the one memory block during 
a second programming operation of the one memory 
block . 

5. The memory controller of claim 4 , further comprising : 
a second memory that stores the defective string infor 

mation in a lookup table , 
wherein , to update the defective string information of the 

one memory block , the controller circuit is further 
configured to update string information of the one 
memory block in the lookup table to include informa 
tion of one or more strings in the one memory block 
that have the one or more string to string shorts . 

6. The memory controller of claim 5 , wherein the second 
memory includes an available memory regions data struc 
ture , 

wherein , to disable the defective strings of the one 
memory block during the programming operation of 
the one memory block , the controller circuit is further 
configured to : 

retrieve the string information of the one memory block 
from the lookup table during the programming opera 
tion of the one memory block , and 

remove one or more strings of the one memory block from 
the available memory regions data structure based on 
the string information of the one memory block that is 
retrieved from the lookup table . 

7. The memory controller of claim 1 , wherein , to perform 
the string defect leakage check , the controller circuit is 
further configured to : 

apply a high bias to different neighboring string pairs in 
the one memory block and a low bias to all other strings 
in the one memory block , and 

detect a leakage current in the different neighboring string 
pairs while applying the high bias to the different 
neighboring string pairs , 

wherein a detection of the leakage current in one or more 
of the different neighboring string pairs while applying 
the high bias to the different neighboring string pairs is 

indicative of a string to string short in the one or more 
of the different neighboring string pairs . 

8. The memory controller of claim 1 , wherein , to perform 
the string defect leakage check , the controller circuit is 
further configured to : 

apply a first high bias to even strings and a first low bias 
to odd strings 

detect a first leakage current in any of the even strings 
while applying the first high bias to the even strings , 

apply a second high bias to the odd strings and a second 
low bias to the even strings , and 

detect a second leakage current in any of the odd strings 
while applying the second high bias to the odd strings , 

wherein a detection of the first leakage current in one of 
the even strings while applying the first high bias to the 
even strings is indicative of a string to string short in the 
one of the even strings , and 

wherein a detection of the second leakage current in one 
of the odd strings while applying the second high bias 
to the odd strings is indicative of a string to string short 
in the one of the odd strings . 

9. A method , comprising : 
performing , with a controller circuit , a string defect 

leakage check on one memory block of a memory 
during a first programming operation of the one 
memory block ; 

determining , with the controller circuit , whether the one 
memory block has one or more string to string shorts 
based on the string defect leakage check ; and 

resolving , with the controller circuit , the one or more 
string to string shorts in response to determining that 
the one memory block has the one or more string to 
string shorts . 

10. The method of claim 9 , wherein resolving the one or 
more string to string shorts further includes retiring the one 
memory block from programming operations . 

11. The method of claim 10 , wherein retiring the one 
memory block from the programming operations further 
includes removing the one memory block from an available 
memory regions data structure . 

12. The method of claim 9 , wherein resolving the one or 
more string to string shorts further includes : 

updating defective string information of the one memory 
block , and 

disabling defective strings of the one memory block 
during a second programming operation of the one 
memory block . 

13. The method of claim 12 , wherein updating defective 
string information of the one memory block further includes 
updating string information of the one memory block in a 
lookup table to include information of one or more strings in 
the one memory block that have the one or more string to 
string shorts . 

14. The method of claim 13 , wherein disabling the defec 
tive strings of the one memory block during the program 
ming operation of the one memory block further includes : 

retrieving the string information of the one memory block 
from the lookup table during the programming opera 
tion of the one memory block , and 

removing one or more strings of the one memory block 
from an available memory regions data structure based 
on the string information of the one memory block that 
is retrieved from the lookup table . 
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15. The method of claim 9 , wherein performing the string 
defect leakage check further includes : 

applying a high bias to different neighboring string pairs 
in the one memory block and a low bias to all other 
strings in the one memory block , and 

detecting a leakage current in the different neighboring 
string pairs while applying the high bias to the different 
neighboring string pairs , 

wherein a detection of the leakage current in one or more 
of the different neighboring string pairs while applying 
the high bias to the different neighboring string pairs is 
indicative of a string to string short in the one or more 
of the different neighboring string pairs . 

16. The method of claim 9 , wherein performing the string 
defect leakage check further includes : 

applying a first high bias to even strings and a first low 
bias to odd strings , 

detecting a first leakage current in any of the even strings 
while applying the first high bias to the even strings , 

applying a second high bias to the odd strings and a 
second low bias to the even strings , and 

detecting a second leakage current in any of the odd 
strings while applying the second high bias to the odd 
strings , 

wherein a detection of the first leakage current in one of 
the even strings while applying the first high bias to the 
even strings is indicative of a string to string short in the 
one of the even strings , and 

wherein a detection of the second leakage current in one 
of the odd strings while applying the second high bias 

to the odd strings is indicative of a string to string short 
in the one of the odd strings . 

17. An apparatus comprising : 
means for performing a string defect leakage check on 

one memory block during a first programming opera 
tion of the one memory block ; 

means for determining whether the one memory block has 
one or more string to string shorts based on the string 
defect leakage check ; and 

means for resolving the one or more string to string shorts 
in response to determining that the one memory block 
has the one or more string to string shorts . 

18. The apparatus of claim 17 , wherein the means for 
resolving the one or more string to string shorts further 
includes means for retiring the one memory block from 
programming operations . 

19. The apparatus of claim 17 , wherein the means for 
resolving the one or more string to string shorts further 
includes : 
means for updating defective string information of the one 
memory block , and 

means for disabling defective strings of the one memory 
block during a second programming operation of the 
one memory block . 

20. The apparatus of claim 19 , wherein the means for 
updating defective string information of the one memory 
block further includes means for updating string information 
of the one memory block in a lookup table to include 
information of one or more strings in the one memory block 
that have the one or more string to string shorts . 


