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(57) Abstract: Non-volatile memory systems with mufti-
write direction memory units are disclosed in one implement-
ation an apparatus comprises a non-volatile memory and a
controller in communication with the non-volatile memory.
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of the non-volatile memory for the storage of data; examine
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memory block beginning: with an initial word fine of the
memory block or a last word: Um of the memory block de-
pendent on the write direction. The controller is further con-
figured to erase the memory unit and, in response to erasing
the memory unit, modity the identifier to change the write
direction for a subsequent write of data to the memory block.
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NON-VOLATILE MEMORY SYSTEM WITH MULTLWRITE DIRECTION
MEMORY UNITS

BACKGROUND

G001} In conventional non-volalile memary systems such as fash memary
systems, controllars program rows of s NAND array in & prescribead sequentisd
mamory cell strings connected o & ground or another commaon potential. The
controfier then programs a row of memaory cells along a nexd sequential word fine
moving away from the inthal word line, and s0 on, through a memory block.
{00821 As the controller programs the word lines closest to an end of memory
cell siings connected to 5 ground or anothsr corymon potential, voltage
disturbances accumulate on the unprogrammed word lines farthest fram the nitisl
word ling. Generally, during 8 programming operation, as the controller deselects
word lines, some vollage may still be applied o the deselecied word lings. For
arasad word lines, the vollage may be high enough to cause disturbance o
ey oslls, aven though the voltage may not be high enough 1o igger actual
programming of the memory cells. Word lines that the controller hag alveady
programmed sxperiencs much less voliage disturbance becauss the potential
difference is lower dus to soms charge being present on the floating gate
assaciated with the word lins. Becauss the word lines furthest from an initially
programmed word ine offen remain erased offen during programming, the word
lines furthest from the initially programmed word line often accurmulate the most
voltage disturbance. These accumulate of vollage disturbances result in memory
cell degradation and affect the perform of the memaory system during any activily.
This accumidation of vollage can sause word iings fo fall or increass & rale &t
which memory calls break down, thergby affecting an endurance of the memary

system.

BRIEF DESCRIPTION OF THE DRAWINGS

{00031 Figure 1A s & block diagram of an example non-volatile memory
sysiem.

{0004]  Figure 1818 & Mook diagram Hustrating an exemplary storage module.

1



WO 2017/074581 PCT/US2016/051597

{0085}  Figure 10 iz 8 Mook disgram Hlustraling a hisrsrchical storags system,
{0008] Figure A i 3 block diagram Hustraling axemplary components of
sortraller of a non-volatile memory system.

0007 Figurs 2B is a block diagram Hlusirating sxemplary componenis of a
nion-valatie memory of 8 nonwalatile memory starage system.

{00081  Figure 3A is 2 repraseniative circull diagram of a memory cell array.
{DOO8T Figure 38 I8 g representative civcult diagram of & memory cell array and
associated oircuils that may witte dals fo 3 memory block in 2 forward direction or
& reverss dirention.

{001}  Figure 4 Hlustrates charge levels in a ML mamory operated o stora
two hits of data in a memory cell

{0011} Figure § dlustrales an example physical memaony grganizetion of a
memory bank,

{0G127 Figure 8 shows an sxpandsd view of a portion of the physical memory
of Figurs &,

{0013] Figure 7 iz a flow chart of one implementstion of a method of wiiting
data o multiwrile direction memory units,

{0014] Figure 8 is & flow chan of one method for erasing a multi-direction

rnaemory unit,

DETAILED DESCRIPTION OF THE DRAWINGS

{0151 The presant disclosure is directed 1 non-volatile mermory systems with
muli-write dirsction memory units, As discussed sbove, when 3 controlier of 8
non-volatile memory system wites data o an emply memory unit, such as a
memaory block, beginning with an initial word ine of the memory unit,
disturbances are gensratad at word lines al the end of the memory unil. These
disturbances acctimulate over time on word lines at the end of the memory unit
as the controller repeatsdly writes data fo the memory unil, As the disturbances
accurnulate, the overall disturbance on the word ines al the end of the memaory
unit increasss, which can resull i the word lines al the end of the memory unit
falling earlier than the ward lines at the beginning of the memory uni.
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{0016]  In ihe non-volatile memory syslems descoribed i pressent apphcation, a
sontrofler of the nonwvolatile memory system is abla o reverse a direction with
which the controller writes data to & mamory unil. For example, the contralier
may write data to a memory unit in 3 forward direction baginning with an initial
word line of the memory unit and then a next sequential word ine of the memory
unit. During the writes in 8 forward direction, dishurbances may accumulate on
word lines at an engd of the memory gnit.

{0017}  After the memory unit is srased, the confrolier may reverse the wiils
direction for a nexi dats write lo the memory unit. Accordingly, the controller may
write data o the memary unit in a reverse direction beginning with a last woed line
of the memory unit and then a previous sequaniial word line of the mamaory unit.
During the weites In 3 reverse direction, disturbances may aocurmuiate on word
fings &t a beginning of the memory unit.

[OGIB]  Howill be appreciated thal because the controfler reverses the data wile
dirgctions, aver ime the disturbances are distnibutsd across the word inss at the
beginning of the memory unit and the word fines at the snd of the memory unit
Therefore, by perindically reversing a wrile direction, an overall disturbance on

direnion, The distribution of distwbances across the waord lines al the beginning
and end of the memory unit reduces a maximum disturbance that will accumulate
ot any one wond ling, theraby increasing an endurance of the memory unil,
{0019] In ons smbodiment, 8 method s disclosed, The slements ot the
method coour in & controlier of 8 nonpvolatile memory system. In the method, an
amply memory unit of 2 non-volatile memory of the norvodatile mamory system
is sedectad for the storage of data. An identifier associated with the memaory Lt
in examined o dederming & wrile dirsction for the storage of data in the memory
unit. Data is then written fo the memaory unit in the wiite dirgction.

{00241 In ancther embodiment, an apparatus disclosed. The spparatus
cormprises & non-volglile memory and a controlier i communication with the
pracessing circuliry. The controller is configurad to selent an smply memory
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plock of a the non-volatie memory for the storags of data; examine a counter
associated with the memaory block o detenming & wrilts divgction for the slorage of
data; and weile data o the memory block beginning with an initial word Bns of the
mamory block or 3 last word line of the memary Block dependend on the write
diracian.

{00211 In vet ancther smbodiment, ancther method is disclosed. The slemenis
of the method cccur in a controlier of 3 non-volatile meamory system. Inthe
method, a detsrminstion is made of whether © write dals to 3 memary Wit of 8
non~vodatile memory of the non-volatiie memory systers in & forward dirsction or a
reverse diraction basaed on 8 pravious write divection with which the confroller
wrote data o the meamory unit. Datla is than written fo the memory unit beginning
with one of an inftial word lne or & last word ine associated with the memory unit
hased on the determination of whather 1o write data to the memory unit in the
forward direction or the reverse direction.

{0022} Other embodiments and implementations arg possible, and sach of the
smbodiments can be used alons or togsther in combinalion. Accordingly, varous
srnbadiments and implemeniations will be described with referance o the

{6023} Memory systems suitabla for use in implementing aspects of these
gbodiments are shown in FIGS. 1A-1€. FIG. 1A Is a block diagram Hlustrating
a novevolatibe memory system according 1o an embodiment of the subject matier
degoribad heraln. Refaring to PG, 1A, non-volatile mamory system 100 includes
a controfier 102 and non-volatile memory that may be made up of one or more
non-volatile memory dig 104, As used hareln, the torm dis refers o the collection
of norevolatile memory cells, and assodiated cirowitry for managing the physical
aperation of those non-volatile memaory oells, that are Tormad on a single
semiconductor substrate, Controlier 102 interfaces with a host system and
fransmits command sequences for read, program, and srase operations fo non-
volatile mamory die 104,

{0034] The controller 102 (which may be & Sash memory controfler] can take
the form of pracessing circuitry, & microprocessor of processor, and & computer-
readable medium that storss compuder-readable program cods {8.g., aoftwars or
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firmwars) execulable by the {microlpracessor, logic gales, switches, an
application specific integrated circuit {ASIC), 3 programmable logic controfler, and
an embedded micracontrolier, for example. The controller 102 can be configured
with hardware andior firmware o perfonm the varous functions desoribed below
and shown in the flow diagrams. Alsg, some of the companents shown as baing
intemal 1o the controller can siso be stored external to the controller, and other
components can be used. Additionally, the phrase “operatively in communication
with” could mean dirsclly in communication with or indirectly {wired or wireless) in
sommnehication with through one or more components, which may or may not be
shenwn of deseribed hersin.

0025 As ussd hersin, 2 flash memory contoller is a device that manages
data stored onflash memory and corrrnunicates with a host, such as & computer
addition W the specific funclionalily desaribed herein. For estample, the flagh
mamory controller can format the flash memory {0 ensure the meamory s
operaling properdy, map out bad flash memaory cells, and allocate spare calls fo
be substituled for future Tailed calls, Some pard of the spare calls can be used o
hold firmware fo operate the Tash memory controfler and implament other
features. In opergtion, when & host neads o read data from o wite data to the
flash memory, it will communicate with the flash memory controller. H the host
provides 3 jogical address o which dafa is 1o be readfnritien, the flash memory
controller can convert the logical address recelved from the host to a physical
address in the flash memory. {(Allernatively, the host can provide the physical
addrass.} The fash memory cantroller can also perform various memory
managsment funclions, such as, but not imited o, wear leveling {distrilruting
wiites {o avold wearing oul specific blocks of memory that would otherwise be
repeatediy writlen 1o} and garbage collection {after a block is full, moving only the
vatlid pages of dala 1o a new block, so the ull Book can be erased and reused).
{0026] Non-volatile memaory die 104 may include gny sulable non-volatile
storage medium, including NAND flash memory cells andfor NOR flash memary
calfls. The memory cells can take the form of solid-state {e.g., fash) memaory
calls and can be one-time programmable, few-lime programmable, or mamy-time

(%]
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programmable. The memory cells can also be single-level calls (BLE), mulliple-
lvel calls (MLQ), tiple-tevel cells {(TLC], o use other memory technologies, now
knwswnt of later develaped. Also, the memaory cells can be arrangesd i 8 twoe-
dimensional or three-dimensional fashion,

{6027} The nterdace batween controiler 102 and noncvolatile memory die 104
may be any suilable flash interface, such as Toggls Mode 200, 400, or BOG. In
one smbadimant, memory system 100 may be a card based system, such as @
securs digitst (S0} or & micre securs digial (micre-801 card. In an altemsts
smbodimen, memory system 100 may be part of an embedded memaory system.
{0028] Although, in the example fllustrated in FIG, 1A noa-volatile memory
system 100 hcludes 3 single channe! between controller 102 and non-valatile
mamory dis 104, the subject matier described hereln is not imited o having &
single memory channel. For example, in somes NAND memory system
architectures, 2, 4, B or more NAMND channels may exist between the controfler
and the NAND memory device, depending on controfler capabiliies. in any of the
smbodiments describad herein, more than 8 single channe! may sast bebween
the controller and the memory die, even if a single channel is shown in the
drawings.

[6029] FUS. 1B lustrates a storage module 200 that includes plurad non-
volatile memory systems 100, As such, storage module 200 may include a
storage controller 202 that interfaces with a host and with slorags system 204,
which includes a plurality of non-volatile memory systems 100, The interfacs
bebween storage confrofier 20@ and non-volatile memuory systems 10 may be a
bus interface, such as a serial advanosd fechnology attachment (SATAY or
peripheral component interface express (PCle) interface. Slorage module 200, in
ane ambodiment, may be a solid state dive (880, such as found in portable
computing devices, such as laptop computers, and tablet computers.

{B030] FIG. 1G5 a ook diagram Hlusiraling a herarchical storage sysiem. A
higrarchical storage system 250 includes a plurality of storage controllers 202,
gach of which conlrols a respective storage system 204, Host systems 252 may
access memones within the slorage system vig 3 bus inlerface, Inone
ambodiment, the bus inferface may be a fiber channs! over Ethemst (FOoE)

8
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interface. In one embodiment, the system Hlustrated in FIG. 10 may be a rack
mountable mass storage systam that is accassible by mulliple host computsrs,
suteh a3 would be found in a data center or other location whers mass storage s
nesded.

{6031}  FiG 2408 a block diagram Blusteating exemplary components of
sotroller 102 1 more detall. Controfler 102 includes g front end modide 108 that
intaerfaces with & hoat, 8 back end module T thal interfanes with the one or
mors noryolatils memory die 104, and various other modules that perform
furnchions which will now be describad in defall. A module may fake the formof a
packaged functional hardware unit designed for use with other components, 8
portion of a program code {e.g., software or frmware} execitable by a
{rRICIDIPTOCesSSY OF DIoCessing ciroultry that usually performs a parlicidar funclion
of velsted functions, of a self-contained hardware or soffwarse component that
interfaces with & larger system, for axampis,

{0032  Modudes of the contrafler 102 may include 8 wiile dirgction module 112
that is present on the same die as the controller 102, As explained in more detall
below in conjunction with FIGE, ¥ and §, the memory wite direction modide 112
which data is written o 8 memory unit such as a memory block. In some
implemeniations, the write direction module 112 may changs the write direction
between 3 forward direction and a reverss direction.

{00331 In some implementations, whenh writing data to a memory unitin g
forward divection, the controfler 102 writes data fo & memory unit beginming with a
first word ling of the mamory unit and may continue wiiling o the memory unit
utilizing & next sequential word fine in o direction towards a fast word ling of the
memory unil, Whens writing dala (o the memaony unll in a reverse direction, the
controfler 102 writes data to the memory unit beginning with the last word fine of
the memory unit and may contings writing 1o the memory unit wiizing a8 next
sequantial word line ina direclion towards the first word fine.

{0034] Heforing again to modules of the controller 102, a buffer managerbus
controfier 114 manages bulfers In random access mamory (RAM) 116 and
comtrols the internal bus arbitration of controlier 102, A read only memory {ROM}
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118 stores system boot code. Although Hlusirated in FIG, 24 as localsd
separately from the controfler 102, in ather ambodiments one or both of the RAM
116 and ROM 118 may be located within the contraller. In yat other
ambodiments, portions of RAM and ROM may be located both within the
controfier 102 and outside the controlier,  Further, in soms implementations, the
controfier 102, RAM 1186, and ROM 118 may be located on separale
semiconductor dis,

{00358] Front end modude 108 includes a host interface 120 and 5 physical
faver interface (PHY) 138 that provide the slectios! interface with the host or next
lavel storage controller. The choice of the type of host interface 120 can depend
oy the type of memaory being used. Examples of host interfsces 120 include, but
arg not imited to, SATA, SATA Express, SAS, Fibre Channel, U8B, PCle, and
NVMe. The host inlerface 120 typically fscilitates transfer for dala, contrgl
signals, and tirning signals.

{0038} Back end module 110 includes an arror correction cantrofier {(ECC
angine 124 that encodes the dats bytes recaived from the host, and decndes and
arrar corrects the data bytes read from the non-volatile maemory. A command
command sequences, to be transmitted o non-volatite memory die 104, A RAID
{Redundant Array of Independent Drives) maduls 128 manages generation of
RAID parity and recovery of falled data. The RAID parity may be used as an
additional level of integrity protection for the data being wiittan into the memory
device 104, In some cases, the RAID module 128 may be a partof the ECO
gngine 124, A memory inferface 130 provides the command segueances to none-
volatils mamory die 104 and receives stelus information from nonevolatiie
mamory dieg 104, In one embodiment, memory interface 130 may be a dual data
rate (DOR) interface, such as & Toggle Mode 200, 400, or 800 interface. Aflash
corird layer 132 controds the overall operation of back end module 110

[0037]  Additional components of system 100 Blustrated in FIG. 24 include
media management layer 138 o perform wear leveling of memaory cells of non-
volafile mamory dis 104, System 100 alse includes other discrale componants
140, such as extemnal dectrical interfaces, extermnal RAM, resistors, capaciiors, or
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ather components that may inlerface with controller 102, In altermative
smbodiments, one or mors of the physical layer interface 122, RAID moduls 1238,
madia management layer 138 and buffer managementbus controlier 114 are
aptional components that ars not necessary in the controfler 102,

[6038] FiG 2B is a block diagram Blusteating exemplary components of non-
volatile mamory dis 104 inmore detalll Nonwwolatile memory die 104 includes
paripheral circuilry 141 and norsvolatife memory arvay 142, Non-volatile mamaory
array 142 includes the non-volatile memory oslls used to slore data. The non-
volatile memory cells may be any suitable nonvolatile memory cells, including
NAND flash memory cells andior NOR flash memory calls in a bvo dimensional
angdior three dimensional configuration. Peripheral circuilry 1471 includes 2 slafe
machine 152 that provides status information o confrofler 102, Non-volatile
memaory die 104 further includes a data cache 156 that caches data.

{04381 Eoch norevolatife memory die 104 may contaln an arsy of mamory
cells organized into muliiple planes. A sxampls NAND array s Blustrated in
FIG. BA,

[0048] While g large number of global bit Bnes are provided i & NAND array,
rivmbear of saries connected memory oall strings 310-324 are conneclad betweaen
one of these bt ines and a reference potential. Using the memory cell string 314
a8 representative, a plurally of charge storags mamany calls 336-332 s
cormectad I senies with salect transistors 334 and 336 at either end of the string.
VWhaen the select transistors of & siiing are renderaed conductive, the sting is
connstisd betwesn its bit ling and the reference potential. One memory cell
within that siring is then programmed or read &t s time,

00417 Word nes 338-344 of FIG. 3A individually extend across the charge
storage olement of one mamaory cell in each of a number of strings of memory
oells, and gates 348 and 350 contrgd the states of the select ransistors at each
and of the strings. The memuory cell strings that share common word and control
gate Enes 338-350 are made to foroy a block 3582 of memary calls that are erased
togather. This black of celis containg the minimum number of cells that ars

ol
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physically srasable at ons ime. Ung row of memory cells, those along one of the
word lines 338-344, are programned af & ime.

{0042] Conventionally, the rows of a NAND array are programmad in a
presonbed sequential order, in tis case beginning with the row along the word
ling 344 closest to the end of the strings connacted © ground or another comman
potential. The row of memory celis along the word ling 342 is programmed next,
and so on, throughout the block 382,

{0043} A sscond block 354 {5 similar, its sirings of memory celis being
gonneciad o the same global hit ines as the siings in the first Mook 352 but
having a different set of word and control gate lines. The word and controd gate
linaes are driven o thedr proper operating vollages by row control circuits. H there
is more than one plane i the sysiem, une memory architecture uses commaon
word lines exiending batwesn them. There can altemalively be maors than twe
planag that share common word fines, v other memory srchitecturss, the ward
linas of individual planes are separately driven,

[0044]  While the example NAND array Hustrated in FIG. 34 has beean used fo
deseribe 3 process for writing datza o a memory block i a forward direction, ©
write dals o a memary blogk in sither 8 forward divection or & reverse direction, 8
controfler may change which end of the memory cell strings is connected s

sormectad a ground or other common potential.

{0a48] FIG 3B Blustrates an example NAND array and clircuitry that is able to
wirite data o a memory block 358 in a fonward direction and a reverse direction.
A shown, 8 drain bus 380 and a source bus 382 arg in communization with a
number of glubal bit ineg 384-0, 384-1, ... 364-n associated with the memory
blook 358,

{00481 A bus switch 388 iz in communication with the drain bus 360 and the
source bus 362, The bus swilch 386 is additionally in communication with a set
of control logic and amplifiers 368 and a conwnon polental bus 370, b some
implementations, the drain bus 380, sowrce bus 382, bus swilch 368, control logie
and amplifiers 368, and the common potential bus 370 are part of the NAND
memary and present on a die of the NAND,

10
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{00477  The bus swilch is configursd 1o operate in at least two modes o apply
the controd logic and amps 288 or the comnon polential bus 370 1o the drain bus
380 and the source bus 362

{00481 I a first mode, the bus swilch 388 applies the set of contral logic and
amplifiers 368 (o the drain bus 280 and applies the common potantial bus 370t
the source bus 382, When operating in the first mode, dats is written o the
memary blook in a forward direction similar o that descoribed above In conjunction
with FIG 34, The controlier writes data o the memuory block 358 beginning at a
firstword line 3730, and may continue wriling dats in a forward direclion st a
next subsegquent word iine 372-1.

{00481 I 2 second mode, the bus swilch 368 applies the sel of control lagic
and amplifiers 368 {o the source bus 262 and applies the common potential bus
and the commuon polential bus 370 are applied o the drain bus 3680 and the
soures bus 362 from the first mode, the controller is abile {o change the wrils
direction o wiite dats o the memory block 358 in a reverse direclion. Whan
operating in the second mode, he controlier initially wiles dala {o the memory
block 358 beginning af & last word ine 372-n1, and may continue witing datain a
reverse divection at a pravious seguentish word lineg 3721,

{0050]  The write detection module 374 of the controller is In communication
with the bus swilch 386 and may control whether the bus swilch 386 applies the
coftrod logic and amplifiers 368 or the common potential bus 370 to the drainbus
380 or the souves bus 3682 by one implemarndation, the write defection modide
374 may instruct the bus swilch 388 through the use of 8 contral bit

{0051} As shownin Fig. 3B, the wrile datection module 374 may use a conitrol
b value of zero o instruct the bus switch 386 fo connect the contrdd logic and
amplifiers 368 1o the drain bus 380 and o conneot the common potential bus 370
o the source bus 3682, Further, he write dedaction module 374 may use a control
bit value of one 1o Instruct the bus switch 366 1o connect the contral logic and
ampiifiers 3848 {0 the source bus 382 and 1o canneat the common potential bus
J70 to the drain bus 360,

h
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{0052  The mamory calls may be operated to stare two levels of charge so that
& single bit of dats is stored in each call. This is typically referrsd o ag a binary
or single level cell (SLO) memory. Altermnatively, the memaory cells may be
aperated {o stors more than two detsclable levels of chargs in sach chargse
storage elemeant or region, thereby to store more than ane bit of data in each.
This latter configuration is referred 1o as mull level oell {(MLC) memory. Both
types of memory cells may be used 1 a memaory. For sxample, binary fash
memory may bs used for caching date and MLEC memory may be used for longer
term storage. The charge storage slements of the memory cells are most
sormmonly conductive Roating gates but may alternatively be non-canductive
dislecivic charge trapping material.

(00531 In implementations of MLO memory operated o store two bils of data in
gach memory osll, sach memary cell is configured o store four levels of charge
corresponding o values of "11,.7 708, M0,7 and "00." Each bit of the two bits of
data may reprasent a page hit of & lower page or a page bit of an upper page,
whare the lower page and upper pags span across a series of memory cells
shawring & comenon word line. Typically, the less significant bit of the two bits of
data represents a page bit of a lower page and the more significant bit of the two
bits of data represents a page bit of an upper page.

{0054] FIG. 4 Hlustrates one implementation of the four charge levels used o
reprasent bwo bits of data in g memory oell. Avalue of 11 corresponds (o an
ur-programmed state of the meamory cell. When grogramining pulses are appliad
o the memory cell to program a page bit of the lbwer page, the level of charge is
increased o represent a valus of 107 corresponding 1o a programmed state of
the page bit of the lowsr pags.

{00551 For a page bit of an upper page, when the page bt of the lower page is
grogrammed {a value of "0, programming pulses are applied to the memory
oall for the page bit of the upper page v increase the level of charge o
correspond to a value of "007 or 10 depending on the desired value of the pags
bit of the upper page. However, if the page bit of the lower page is not
pragrammed such that the meamory cell 5 in an un-programmed state (& value of
“117), applving programming pulses to the memory oell to program the page bit of
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the upper page ncreases the lovel of charge 1o represent 8 valus of 01
sovrasponding to 8 programmed sisle of the page bit of the upper pags.
[0058] FIG. 5 conceptuaily Busirales g multiple plane arrangement showing
four planes S03-508 of memory cells, Thess planes 50Z-508 may be on a single
dia, on two die {two of the planes on each die} or on four separate die. OF
sourse, gther numbers of planes, such as 1, 2, 8, 18 or more may exist in each
die of 3 system. The planes are individually divided into blocks of mamaory cells
shown in FIG. 5 by rectanglss, such as bloacks 810, §12, 514 and 5186 locatsd in
respeactive planes S02-508. There can be dozens or hundreds or thousands o
more of blocks in each glane.

08571 As mentionsd above, 3 Mook of memuory cells is the unit of erase, the
srialiest numbser of memory cells that are physically erasable ogether, Soms
non-volatile memory systems, for incressed paralielism, opsrate the blocks in
farger metablock unite. Howsver, other memory systems may ulilize
asynchronous memory dis formations rather than operating in larnger metablock
units,

[0058]  In nonevalatile memory systems utiizing metablock units, ons bloek
from sach plane is logically linked together to form the metablock. The four
ocks 510-816 are shown to form one metablock 518, All of the oells within a
metablock are typically erased fogether, The blocks used o form a metablock
need ot ba restricted o the same redative locations within their respective
planas, as s shown in a second metablock 520 made up of blocks B22-528.
Although i is usually preferable {0 extend the metabloaks soross all of the planes,
for high system performance, he non-volatile memory systems can be opersted
with the ability to dynamically form metablocks of any or sl of one, two or three
blocks in different planes. This alfows the size of the melablock o be mors
closely matched with the amount of data avallable for storage in one
proagramming operation.

{00581  The ndiidual blocks are in tumn divided Tor operational purposes into
pages of memaory cells, as Hustrated In FIG. 8. The memory cells of each of the
blocks H10-519, for axample, sre each divided inlo sight pages PO-RY.
Alternatively, thers may be 18, 32, B84 or more pages of memary cells within sach
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plock. The page is the unit of data programming and reading within a block,
containing the minimum amount of data that are programmed or read at ons fime,
However, in order to inorease the memory system operational parallelism, such
pages within wo or more Mlocks may be logically linked inlo metapages. A
mgtapage 628 s llusitrated in FIG. 8, baing formed of one physical page from
page P2 in each of the four Mocks bt the pages of & metapage nesd not
necessarily have the seme relalive position within esch of the blocks.

{0060] As mentionad above, when a controller of 3 non-volatile memaory
sysiem writes data to an emply memory unil, such a3 a memary blogk, beginning
with ar initial word Ene of the memory unit, voltage disturbances are generated at
word iines at the end of the memory unil. These distrbances acourmulate over
time on word Hines at the end of the memory unit as the controllsr repesatedly
wriles dala o the memory uril. As the disturbances accumulate, the gverall
disturbance on the word lines al the and of the memory unit increasss, which can
resull in the word lines at the end of the memory unit falling earlier than the word
{ines at the beginning of the memory unit,

{0081}  In the nonwwolatlle memory systems describad in the prasent
application, & controfier of the nonevolatile memery system is able fo reverse a
dirgction with which the controller writes dala fo a memory unil. For example, the
ooriralier may wiite data 1o 3 memaony unit in a forward divection beginning with
an initial word line of the memory unit. Then, after the memory unit is erased, the
sontroller may then write data o he memory uit i 3 reverse divection haginning
with 3 last waord line of the memory unit. B will be appreciated that because the
cortroliar reverses the data wiite direction, over ime the disturbances are
distributed across the word ines at the beginning of the memory unit and the
word lines at the end of the memory unit,

{0O62] Fig. 7 is a How chad of one implementation of a mathod of weiting data
to ruliiowrite divection memory units. In the method described below, the
memory unit is a memory block., However, ofhar memaory urits may be used.
{00631 Al step 702, a controller of a non-volatile storage system selesis o
memory blook of 8 nonwolatile memory of the non-volatile storage system for the

4
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storags of data, In soms implemeaniations the controller may select an emply
msmory block from a fres block st of the non-volatile memaory system. As
kst in the art, a free block list s a lisling of memorny blocks at the non-volatile
memory system that are availlable for the storage of data,

[6084] Al step 704, o write direction module of the controller examines an
memary block, The identifier may be & panity b of 3 programierase oycle
counter for the memory black {also known as a hot counter), 8 counter not
directly relsted o 8 progranverase oyele count of the memary block, or any other
type of identifier that informs the weite direction module a write direction that the
canirolier praviously wrode 1o the memory Mook andior 3 write desclion that the
condrolier should presently wirile data to the memory black.

{0065] For exampls, when the identifier is g panty bif of a progranverase cycle
countar, the write dirsction moduie may determine that the controfler showld write
data {o the memory block in 3 forward direstion when the valus of the parity bitis
2erg and that the controlier should write o the memory biock in a reverse
direction when the valus of the parity bit s ons,

[00866] Similarly, when the identifier is 8 counter, the write direction may
determine that the controller showld write data to the memory block in a forward
direction when the value of the counter is an even number and that the controlier
should write o the memory bock it 8 reverse divsction when the value of the
counter is an odd number. As explained in more detall below, the counter may
be incramented sach time the memory block is erased.

{00671 Other grrangements could be implemented with a counter such that the
waite direction is changed after the counter is incremented & defingd number of
times. For example, the wrile dirsclion madule could reverse direchion of data
writes after the counter s incremented five timeas {coresponding o the mamary
block being srased five tmes). Thersfore, the controfler would wiite o data v
the memory bhlock five times in o forward direction, than five times in a8 reverse,
and then change back o writing data o the memaory block in & forward direction.
{0068] Al slep 708, the wile dirsction madule selects & starting word lne for
the data write based on the defermination at step 704, When the write direction
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module detenmines that the controller should writs dats 1o the memory blogk in a
forward divection, the wete direction moduls selects an nilial word line of the
memary block 1o begin the data write,  Alternatively, when the write direction
madule determineg that the controller should wiits data v the memory Dlock in &
reverss divection, the write direction module sefacts a Jast word line of the
memory blook o begin the dats write.

{DG68T As discussed above in conjuncion with Figs. 34 and 3B, conventional
nor-volatile memory sysiems program a8 memary bock only in & forward direchion
starting with an inilial word line of the memory block and confinuing o program
one of mors word lines 0 a sequential order towards a last word ine of the
mamory block. In the present application, in addiion o programming a mamovy
block it a forward direction, a condrolier is alsae able 1o program a memaory block
i 3 reverse direction. In the reverse dirsction, the controller beging with
programming & lastword hng of he memory black and continuas o program one
o more word Hnes i a sequentist order towards the Hrst word Bns.

(00701 Al step 708, the controller wiiles data to the selected word Bne. Al step
714, the confrolier determines whather the memory ook is full after the data
writes at step 708 or whether the dats wiite is complete. When the memaory block
is nof full and the data weite s not complate, the controller selects a next word
fing of the memory block for the storage of data at step 712,

{0a71}  YWhen writing data in 3 Torward direction, the controller may select a
next sequential word line moving away from the initial word line and towards the
last word ine for the storage of data.  Alternatively, when writing data in a reverse
direction, the controller may select & next sequential word line moving sway fram
the fast word line and lowards the initial word ling for the storage of data.

{00721 The process is repeated Deginning at step 708 until the memory Mook
is full or the memuory block is not vet full but the controfier has completed the
Iy write,

J0073] The controller continues ulilizing the mermory block and writing data to
the memory block untit the controfler determines {o grase the memory block, It
will ba apprecialed that the write direction module shauld not shaft s write
direction for the memory block unill the memory blook is erasad for reuse.
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{0074]  Fig. 8 is a flow chart of one method for erasing a mullidirection mesnory
unit, In the methad describad below, the memory unit is 8 memary blogk.
However, other memary unils may be used,

{0OTS]T  Alstep 80¢, the controller delermines a need {o reuss the memory
Mook, For example, the controlier may determine o reuse the mamary block
because the memary block no longer containg valid dats, because dala is being
movad from the memaory Mok, anddor diring a garbage collection operation on
the memory black.

{0078] Al step 804, the controller erases the memory Mock, and at step 808,
the write divection madude of the controlier adjusts the ideniifier associated with
the memory block that informs the wite direction miodule a wrile direction that the
controfier previously wrole o the memory block andéor & write dirsction that the
sontrofier should wite data o the meamoty block in 3 next dals writs, For
axample, whan the dentiffer is & counter, the write direction module may
increment the countsr,

{00771 A step 808, after erasing the memory Mook and adjusting the identifier,
the controlber may parform actions such as placing the mamory block on a free
block list or performing the operations desaribed above in conjunclion with Fig. 7
oy wirite new data 1© the memory block.

{0078} Figs. 1-8 lustrale nonwvolatile memaory systems with multi-write
direction mamaony units, b implementations of the non-volalile memaory syslsms
dagonbad above, & write direction module of a controliar of the nor-volatila
memory systam is abde to revarse a divection with which the controfler writes data
o a memory unil, Because the controller reverses the dats write divection, over
time distrbances caused during data writes 1o 8 mamory unit are distributed
anross word Enes at the Deginning of the memory unit and word ines at the end
overall disturbance on the word ines al the end of the memaory unit are less over
tirve when compared to the overall disturbances that typically accumuiate on
word {nes at an end of 8 mamory Mock whean controllers onlywille data to s
memary block in & forward direction. The distribution of disturbances across the
wird lines st the beginning and snd of the memaory unit reduces & maximum
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disturbance that will acoumulate on any one word ling, thereby increasing sn
sndurance of the memaory unil,

[0073] Itis intended that the foregoing delalied description be regarded as
Hustrative rather than Bmiting, and that # be undersiood that it s the following
clalms, including all equdvalents, that sre intendead o define the spint and scope
of this invention.

{0G80T For example, in the present application, semiconducior memary
devices such as thoss described in the present application may include volatils
msmory devices, such as dynamic randomn access memory UDRAM™Y or static
random access memary {SRAM") devices, non-volatile memory devices, such as
rasistive random aecess mamory ("ReRAM™), slectrically erasable programmablea
raad ordy memory {(EEPROM™, fash memaory fwhich can also be considersd a
magnetorssistive random access memory {"MRAM}, and other semiconductor
glemeantis capable of storing information.  Each bype of mamory devics may have
different configurations. For example, flash memory devices may be configured
iry & NAND or a NOR configuration.

{00817  The memory devices can be formed from passive andior aclive
alaments, in any combinations. By way of non-limiting extample, passive
sericonductor memory slements include ReRAM device lements, which in
some embodiments include 3 resistivily switching storags slemernt, such as an
anti-fuse, phase change material, ete., and optionally a steering element, such as
a dinde, gfe.  Further by way of non-limiting exampde, aclive semicaonductor
msmory slements include EEPROM and Rash memany device slements, which in
some ambodiments includs slsments contalning a charge storags region, such
as a floaling gate, conductive nanoparticles, or a charge storage dislecivis
material,

L Mullipte mamony elements may be configured so that they are
connected i series or 30 that sach alement is individually accessitle. By way of
non-imiting exampde, fash memory devices in a NAND configuration (NAND
mesmory} typically contain memory slements cormecied in series, A NAND
mermory array may be configured so that the array s composed of multipls
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strings of mamory i which a sting is composed of mulliple memory slements
sharing 3 single it ne and accessad as a group. Allematively, meamory
slements may be configured so that sach element is individually accessible, e.g..
a NOR mamaory array. NAND and NOR memaory configurafions are exemplary,
and mamory slements may be athenvise configured.

{0083} The semiconductor memory elements located within andfor over &
subisirate may be aranged i two or three dimensgions, such as 8 two
dimsnsional memory structure oF g three dimensional memory structure.

{0084} in a two dimensional memory shuchurs, the semiconducior memory
slements are aranged in a single plane or a single mamory device level,
Typlcally, in 8 two dimensional memory structure, memory elemenis are arrangsd
in a plane {e.g., i an -2 direction plane) which exlends substantially parallgd o a
major surfacs of a subsivate that supports the memory elements.  The subsirale
may be a waler over or in which the layer of the memary elements are formed o
it may be g carrier substrate which is atfached o the memuory slements afler they
are formed. As & non-limiting exsnple, the subsirate may include 3
sernicondustor such as silicon.

{0085] The memory slemants may be arranged in the single memory deviog
leval in an orderad array, such as in a plurality of rows andior columas. Howaver,
the memory elements may be arayed in non-regular or non-orthagonal
covfigurations. The memory slements may sach have o or mors sdeclrodes or
comact ines, such a8 bit ines and word lines.

jo0RE} A thres dimensional memory avay is arranged so that memory
slaments ocoupy mulliple planss o multipls memory device levels, thersby
forming & structure In thres dimensions {{e., in the x, y and z directions, where
the y direchion is substantially perpendicuiar and the x and 2 directions are
substantially paralle to the major surface of the substrate).

{DO8T} As a nor-limiting sxample, a three dirnensional merpory structure may
be vertically arranged a8 8 stack of multiple bwo dimeansional mamory devics
lovels, Ag another nonimiting example, & three dimensional memuory amray may
be arranged as multiple verlical columng {e.g., colurmng exiending substantially
perpandicular io the major surfacs of the substrate, fe., in the v dirsclion} with

18



WO 2017/074581 PCT/US2016/051597

each colume having multiple memory alements in each coltmn, The coliamng
may be srangad it 3 two dimensional configuration, .. I an 3 plang,
resuliing i 8 Yree dimensional arrangement of memory elements with elemeants
an mulliple verlically stacked memory planas. Other configurations of memaory
glaments in three dimensions can algo constifute 8 three dimensional mamory
array.

{paasgy By way of non-limiting example, in a three dimensional NAND
memory array, the memory slemenis may be coupled togsther to form s NAND
string within 3 single honzontal {849, X2} memory device leveis. Allemalively,
the memory slements may be coupled fogether to forey g vertical NAND string
that fraverses across muliiple horizonial memaory devics levels. Other thres
dirmgnsional configurations can be envisionsd wherein some NAND strings
soriain memory slements i1 8 single memory levsl while other strings contain
memory elements which span through multiple memory levals, Three
dimensional memuory arrays may aiso be designed in 8 NOR configuration and in
& ReRAM configuration.

{0089} Typicaily, in a monalithic three dimensional memary aray, one of
mors memary devios levels are formed sbove a single substrate. Optionally, the
ronolithic three dimensional memory array may ales have one or more memovy
lavers al least parlislly within the single substrate. As a non-limiting example, the
subsirate may include a semiconductor such as sificon, I a monolithic thres
dimnensional array, the lavers constituting sach memory device level of the array
are typically formed on the layers of the underlying memory device levels of the
array. However, lavers of adjacent memory devios lovels of & monolithic thres
dimengional memory array may be shared or have intervening layers belwesn
memory device levals,

[00840] Then again, two dimensional arrays may be formed separately and
then packaged togather o form a nonsmonolithic memory device haing multiples
layers of memory, For example, non-monolithic stacked memones can be
gonstrocted by forming memory levels on separate subsirates and then stacking
the memory levels atop each other. The substrates may be thinmed or removed
from the memory device levels before stacking, but as the memary devics levels
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are nitially formad over separate subsirales, the resulling memory arrays are not
monolithic three dimensional memory arays. Further, multiple two dimensional
memary srays of three dimensional memaory arrays manolithic or non-
manodithic) may be formed on separale chips and then packaged ogether o form
a stacked-chip memory device.

{0081} Associated circuilry is typically requirsd for operation of the memory
glements and for cormmunication with the memory slements. As non-limiting
examples, memory devices may have oircullry used for controliing and driving
memory elements 1o accomplish unclions such as programming and reading.
This assodiated circullry may be on the same subsirate as the memory slements
andfor on 3 separate substrate.  For example, a controller for memory read-wrile
operations may be located on 3 separate contralter chip andfor on the sams
subsirste as the mamory elements.

{00527 One of skill in the art will recognize that this invention is not imited o
the two dimsnsional and three dimansional sxemplary structures describad bt
gsover all relevant memaory siructures within the spint and scope of the rrvention

as desoribed hersin and as understood by ons of skill in the arll

N
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CLAIMS

1. in a controller of a non-volatile memory system that is coupled with a host
device, a methad comprising:

selecting an ampty memory unit of & nonwolatile memory of the non-
yolatile memaory sysiem for the storage of data;

SxXamining an identifier sssociated with the memory unit fo delermine a
write direction for the storage of dats in the memory unil; and

writing data o the memory unit in the wrile direction,

2. The mathod of claim 1, further comprisimg

grasing the memaory unil; and

madifying the identifier W revarse the weite direction for 3 subsequent write
of data 1o the memory unit.

3 The method of dlaim 1, wherein the memory Ll s 8 memory block,

4, The mathod of claim 1, wherein the identifier is a patity bitof a
programisrase oycle counter associated with the memory unit,

5, The methad of daim 1, wharein the write direclion is a forward direction
writing data o the meamory unil baginning with an initial word ling of the

MuSFory unit,

g The method of claim §, whersin writing dats to the memory unit in the write
direction further comprises:
after writing data o the memory unlt utiizing the initial word line of the

memory unit, wiiting dats fo the memory unit ulilizing 3 nexd sequential word lins.

7. The msthad of daim 1, wherein the write direction is a8 reverss direction

and whersin writing data o the memaory onit in the write direction comprises:
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writing data {o the memory unit beginning with a last word ling of the

msmory unit

8. The method of claim ¥, wherein wiiling data o the memaory unit in the wiite
direction further comptises:

after writing data o the memory unit ulilizing the last word ling of the
memory uni, wiiting data fo the memory unit stilizing a previous sequential word

line.

9. The methad of daim 1, wherein the non-volatile memeary comprises a
silican substrate and a plurality of memory calls forming at least two mamaory
lavers verdcally disposad with respect o sach other 1 form g monplithic thres-
dimensionat structure, whersin al least ong layer s verlically disposed with

respect © the silicon substrate.

10, An spparaius comprising:
& nan-volatile memaory; and
a controfler in communication with the non-volatile memary, the controfler
configured o
sedect an emply memory blogk of the non-volatile mamory for the
storags of dala;
Sxaming a countar assodiated with the memory block to determine a
write direction for the storage of data; and
write data fo the meamory biock baginning with an initial word ling of
the memory block or & fast word ling of the memory block dependent on
tha wrile direction.

e
P
M

The apparatus of okaim 10, wherain the controlier is further configured
arage the memory onit; and
incrarnent the counter {o changs the wrile direction for a subseguent wiile

of dats fo the memory black.
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12, The apparatus of claim 10, whersin when the confroller determines that the
write direction is a forward direction, the controlier is cordigursd o wrile data o
the memaory block beginning with the initial word iine of the memory block and
then wiile data o the memory block utilizing 3 next sequential word line of the
mmamory block.

13, The apparatus of claim 10, wharein when the controller determines that the
wrile direction is & reverse dirsction, the controller is configured o wiite deta to
the mamory block beginming with the last word ine and then wiits fo the memory
block utilizing = previous sequantial word line of the mamory block,

14, The apparatus of claim 10, whersin the non-vaiatile memory comprises a
sificon substrate and g plurality of memaory celis forming st least bhwo memory
layers vertically disposed with raapect o each other to form a monolithic thres-
dimensional structure, wharein at loast one layer is verlically disposed with

respect io the silicon subsirate.

15, In a controller of 8 non-volatile memory system that is coupled with g host
device, a mathad comprising:

determining whather {o waile dala {o a memory unit of a non-volatils
memary of the nonevolatiie memaory system in 8 forward dirgclion of @ reverse
dirgction based on & previous write direction with which the controller wrote data
o the memaory unit and

writing data 1o the memory unil beginning with one of an initial word line or
a last word line of the mamaory unit basad on the determination of whether to wrile
data {o the memaory unil 1 the fonward direction or the reverse direction.
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16, The method of olaim 18, wherain the memory wnil i3 & memary block,

17, The methad of daim 15, wherein determining whether {o wrile data to the
mamory unit in a forward direction or a reverse dirsclion comprisas:

examining an identifier associated with the memory unit that indicates
whether 1o wrile data o the memory unit beginning with the initial word line or the

{ast waord ine.
18, The method of claim 17, wherein the ideniifier is 8 counter.

19, The method of olaim 17, wheredn the identifier is a parity bit of a

programferase oycle counter of the memany unit.

20 The methad of claim 17, further compriging:
arasing the memuory unil; and
modifying the Wentifier 1o reverse the weile direction for a subseguent write

of data o the memory direction,
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