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DIFFERENTIAL DBUN SCHEME FOR LOW-LATERCY RANDOM

READ FOR NAND MEMORIES

CROSS-REFERENCE TO RELATED APPLICATION
10001] This application claums priority to and the benehit of U5 Non-Provisional
Application Sental No. 16/681,968, filed on November 13, 2019, entitled "DIFFERENTIAL
DBUS SCHEME FOR LOW-LATENCY RANDOM READ FOR NAND MEMORIESN, the

contents of which arc herein incorporated by reference.

BACKGROUND
1. freld
100021  Apparatuses and methods consistent with example embodiments relate to a three-
dimensional (3D} memory device, and more particularly, to a 313 memorv device mcluding a

difterential data bus.

2. Description of the Related Art

0003] 3D NAND flash memory 1s a type of non-volatile flash memory i which memory
cells are stacked vertically mn nultiple favers. 3D NAND was developed to address challenges
cncountered 1o scaling two dimensional (2D) NAND techuoology to achieve higher densities
at a lower cost per bit.

10004] A memory cell 15 an electromic device or component capable of storing electromc
information. Non-volatile memory may ufihize floating-gate transistors, charge trap
transistors, or other transistors as memory cells. The ability to adjust the threshold voltage of
a floating-~gate transistor or charge trap transistor aliows the transistor to act as a non-volatile
storage clement (1.¢. a memory cell), such as a single-tevel cell (SLC) which stores a single
bit of data. In some cases more than one data bit per memory cell can be provided {(¢.g.. 1 a
multi-level cell) by programming and reading multiple threshold voltages or threshold

i
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voltage ranges. Such cells melude, but are not limited to a multi-level cell (ML), storing two
bits per cell; a tnple-level cell (TLL), storng three buts per ¢ell; and a quad-icvel cell (QLL),
storing four bits per ceil.

00051 FIG. 1§ illustrates a diagram of an example 3D NAND memory array 100, In this
example, the memory array 10015 a 3D NAND memory array. However, this 18 just one
cxampic of a memory array. The memory array 100 mchudes multiple physical lavers that are
monochthically tormed above a substrate 34, such as a sithicon sabstrate.

100061  Storage clements, for example memory cells 101, are arranged m arravs m the
physical layers. A memory ¢ell 101 includes a charge trap structure 44 between a word line
150 and a conductive channel 42, Charge can be injected mto or dramed {rom the charge trap
structure 44 via brasing of the conductive channel 42 sclative to the word hine 150, For
cxampie, the charge frap structure 44 can include silicon nitride and can be separated from
the word line 150 and the conductive channel 42 bv a gate diclectric. such as a sithicon oxide.
An amount of charge 1 the charge trap structure 44 atfects an amount of current through the
conductive channel 42 dunng a read operation of the memory cell 101 and indicates one or
more bit values that are stored m the memory cell 101,

100071 The 3D memory array 100 includes multiple blocks 80. Each block 80 includes a
“vertical shee™ of the phvsical layvers that mcludes a stack of word lines 130, Multiple
conductive channeis 42 {baving a substanfially vertical onientation, as shown m Fi{s. 1)
extend through the stack of word hines 150. Each conductive channel 42 i1s coupled to a
storage clement in each word hine 150, formmg a NAND string of storage clements,
extending along the conductive channel 42, FI1G. 1 dlustrates three blocks 80, five word hines
150 1p each block 80, and three conductive channels 42 1 each block 30 tor clanty of
diustration. However, the 3D memory array 100 can have more than three blocks, more than

five word hines per block, and more than three conductive channels per block.

~
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10008]  Physical block circuitry 1s coupled to the conductive channels 42 via multiple
conductive lines: bit lines, diustrated as a first bit hine BLO, a second bif iime BL.1, and a third
bit hne BLZ at a first end of the conductive channels {¢.g., an ¢nd most remote from the
substrate 34) and source lines, thlustrated as a first source line SLO, a second source hine SL1,

and a thard source line SL2, at a sccond ¢und of the conductive channels {¢.g.. an cud nearer (o

p 7

or within the substrate 234}, The physical block circuttry 2572 1s ilustrated as coupled to the
bit imes BLO-BLZ via "P” control hines, coupled o the source hnes SLO-5L2 via "M™ control
hines, and coupled to the word lines 130 via N7 control bnes. Each of P, M, and N can have
a positive micger value based on the specific contiguration of the 31 memory arrav 100,
100091 Each of the conductive channels 47 1s coupled, at a first end to a bit hine BL, and at
a second end to a source lme 5L, Accordingly, a group of conductive channels 42 can be
coupled in series to a particular bit lime BL and to different source fmmes Si.

{0010] 1t 1s noted that although cach conductive channel 42 1s illustrated as a smgle
conductive channel, cach of the conductive channels 42 can mchude multiple conductive
channels that are i a stack configuration. The multiple conductive channels 1 a stacked
configuration can be coupled by one or more connectors. Furthermaore, additional lavers
and/or transistors {not illustrated)} may be mcluded as would be understood by one of skill in
the art.

10011} Among other things, the phvsical block cucmitry 170 facilitates and/or effectuates
read and write operations performed on the 3D memory array 100. For example, data can be
stored to storage elements coupled to a word hing 150 and the circuitry 170 can read bit

vatues from the memory cells 101

100121 Typically, in a random-access memory system, an external data latch {(XDL)
opcrates as a butter between an micmnal data latch, within g sense amplifier i the physical

block circuitry, and the mput/output (1/0}. Duning a programming operation, the data 1s
3
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transnuttted from the /O, to the XL, and (o the internal latches. During a read operation, the
data 1s read to the mtemal data latches, to the temporary butier of the XL, and from there to
the I/, However, this 15 a relatively tume-consuming process, requiring about 4 ps for the
transter from the mtemal data latch to the XL, and not particelarly suttable for random
access memory. There 15 a desire for a design and method providing a faster, lower-latency
read.

SUMMARY
10013]  Example embodiments may address at least the above problems and/or
disadvantages and other disadvantages not described above. Also, example embodiments are
not requured to overcome the disadvantages descnibed above, and may not overcome any of

the problems described above.

{0014]  One or more example embodiments may provide a system and method for a low-
latency read operation of a random-access memory inciuding difterential focal and data

busses, and a redrniver.

{00151 According to an aspect of an example embodiment, a circuit structure of a random-
access memory 1s provided. The circuit structure comprising a sense amplifier, a first local
bus connected to the sense amphifier, a second local bus connected to the sense amplifier, a
first data bus and a second data bus, a first redriver connected between the fust local bus and
the first data bus, and a second redriver connected between the second local bus and the

second data bus.

{0016]  The sense amphificr may comprise a local data latch connected to the first local bus

and the second local bus.
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10017]  The arcut structure may mciude a select switch comprising a switching element
connected between the first local bus and the tirst redniver and connected between the second

iocal bus and the second redriver.
100181 An amplificr may be connected to the first data bus and the second data bus.

100191 Accordimmg to an aspect of ancther example embodiment, a plane structure of a
random access memory 18 provided. The plane structare compnses a plurality of vertical
stacks, each compnsimg a plurality of sense amphiticrs and a pair of local buses connected to
cach of the plurality of sense amplifiers. The plane structure further comprises a pawr of data
busses and a pair of rednivers respectively connected between the pair of local busses of each

of the plurality of vertical stacks and the pair of data busses.
100201 Each of the plurality of sense amphibiers mav compnise a local data latch.

100211  The plane structure may also comprise a select switch comprsing a plurality of
switching clements respectively corresponding to the pluralidy of vertical stacks. A respective
one of the plurality of switching elements may be connected between the pair of local buses
of cach respective one of the plurality of vertical stacks, and the first and second redrivers,
such that operation of the select switch connects the first local bus and the second iocal bus of
ong of the plurality of vertical stacks to the first redriver and the second redriver,
respectively.

100221 Each of the plurality of vertical stacks may further comprise sixicen bit hines
connected to the plurality of sense amplifiers.

100231 The plurality of vertical stacks may be four vertical stacks, and the plurality of sense
ampliiers of each of the tour vertical stacks may be four sense amplitiers, such that the pair

ot data busses 18 connected to 144 sense amphifiers.

LA
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100241  An amphlier may be connected to the pair of data busses.

100251 According to an aspect of another example embodiment, a method of reading a cell
of a random-access memaory is provided. The method comprises a local data latch of a sense
amplitior transmutting a signal via a pair of local busses connected to the sense amplificr, a
redriver butfermg the signal transmutted from the pair of local busses, transmiting the signal
from the redrver over a pair of data busses, and outputting the signal fransmtted over the

pair of data busses, to an output of the random-access memory.

100261 'The transnutting the signal the signal via the pair of local busses may comprise

transnutting the signal via a select swiich.

100271  'The method may further comprise amphiving the signal transmitted over the pair of

data busses.

100281  The method may turther comprise, prior to the local data latch transmutimg the
signal, the local data latch recerving the signal via one of sixteen bit lines connected to the

sense amplifier.

100291 According to an aspect of ancther example embodiment, a method 1s provided of
driving a differential data bas of a random-access memory, the differential data bas
comprising a first data bus and a sccond data bus. The method comprises discharging onc of a
first local bus and a second local bus connected to a sense amplitier, thereby providing a
voltage ditferent between the first local bus and the second local bus; transmitiing a voltage
in the first local bus to the first data bus via a first redrniver circuit connected between the first
iocal bus and the first data bus; and transnuttmg the voltage in the second local bus to the
sgcond data bus via a second redriver cireutt connected between the first local bus and the

second data bus.
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100301  The method may further comprise, prior to the discharging the one of the first local

bus and the sccond local bus, precharging the first local bus and the second iocal bus.

100311 'The discharging the one of the first local bus and the second {ocal bus may comprise

discharging using a local data latch within the sensc amplifier

100321 The discharging may further comprise transmitting a voltage via one of a first

transfer gate and a second transter gate within the sense amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS
100331 The above and/or other aspects will become apparent and more readily appreciated
from the followmg description of example embodiments, taken n conjunction with the
accompanying drawings m which:
10034]  FIG. 1 1s a diagram of an example 3D NAND memory array;
10035]  FIG. 2 15 a block diagram of a related art high-speed random access read;
10036]  FIG. 3 18 a block diagram of a plane and differential bus structore according to an
cxample embodument;

100371 FIG. 4 illustrates a structure of sense amphifiers and local busses according to an

cxample embodiment;

100381 FIG. 3 illustrates a bus structure including switches between the local busses and the
data busses, according o an example cmbodiment;
100391 FIG. 6 1llustrates waveforms of a read operation according to an exampie

embodiment
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100401 FIG. 7A and FIG. 7B diustrate the wavetorms of an LBUSn and an LBUSp

according 1o an cxamplie cmbodiment.

DETAILED DESCRIPTION
100417 Reference will now be made m detail to example embodiments which are iilustrated
in the accompanying drawings, wherein like reference numerals refer to hike elements
throughout. In this regard, the example embodiments may have ditferent forms and may not

be construed as bemg imited to the descrniphions set torth herem.

100421 1t will be understood that the terms “mclude,” "including”, “comprise, and/or
“comprising,” when used 1o this specitication, specity the presence of stated features.
integers, steps. operations, clements, and/or components, but do not preclude the presence or
addition of one or mrore other features, micgers, steps, operations, elements, components,

and/or groups thereot.

100431 It will be further understood that, although the terms “lirst,” “second,” “third. etc.,
may be used heremn to describe vanous clements, components, regions, layers and/or sections,
these elements, components, regions, lavers and/or sections may not be himited by these
terms. These terms are only used to distinguish one element, component, region, laver or

seclion from another clement, component, region, laver or section.

100441  As used heremn, the term “and/or” mcludes any and all combinations of one or more
of the associated histed items. Expressions such as “at least one of,” when preceding a list of

clements, modity the entire list of clements and do not modify the mdividual clements of the

7 eo

iist. In addition, the terms such as “unit,” “-er {~or),” and “module” described 1n the

~

specification refer to an clement for performing at lcast one function or operation, and may be

mplemented 1n hardware, software, or the combination of hardware and software.
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10045]  Various terms are used to refer to particular system components. Different
companics may refer to a component by different names — this document does not infend o
distinguish between components that differ in name but not function.

100461 Matiers of these example embodiments that are obvious {0 those of ordinary skill i
the technical field to which these example embodiments pertamn may not be described here in
detail.

100471  Asnoted above, a single-level cell (5L stores a single bit of data using two levels.
Alternately, a cell can store 2 bats using four levels, 3 bits using cight levels, and 4 bits using
sixteen levels.

100481 As discussed above, with respect to random-access memory devices, therg 1s a
desire for a faster, lower-latency read operation. A direct read from an mnternal data latch
(SDL). within the sense amplifier (8A), 1s deswrable. However, due to the scaticred placement
of the sense amplifiers, within which the SDLs reside, the capacitance of the required data
bus 1s large and the sense amplifier transistor can'{ drive it at speed. Furthermore, dug to the
large number of sense amplifiers, an mcrease 1 the transistor size would require a
detrimental mcrease n chip size. Thus, previousty, an extemnal data latch (XL} has becen
used as a buffer device.

100491 One or more example embodiments desenbed herein may provide a decreased read
latency for random-access memory when reading a 64 byte chunk of data, regardiess of the
location of the address of the data within the chunk by reading directly from the SDL within
the sense amplificr via provision of a differential data bus.

100501 FIG. 2 15 a block diagram iHlustrating a related art high~speed random access read.
As shown, the structure of cach physical plane 200 comprises a vertical stack mcluding
multiple sub-planes, sense amphitiers SA, and a pre-amphtier/driver. Dunng a read operation,

data s transferred from an mternal data latch 5DL, 1 a sense amplhifier SA, to the pre-

9
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amplifier/driver, requiring a long bus 220 which 1s driven by the SDL transistor. SADRYV s
the sense amphifier driver, and WLSW 15 a word line swiich.

10051]  FIG. 3 15 a block diagram of a plane and differential bus structure according to an
cxample embodiment. According {0 this example embodiment, each plane mcludes a pair of
data busses DBUSn and DBUSp with shields disposed thercbetween. These shacld bines
provide protection against mierterence from adjacent pairs of data busses, as well as
providing power connection to the sense amphiiers. In this figure, the pair of data busses
DBUSn and DBUSp run vertically through the plane and mitersect each 64-bit ling-width. As
would be understood by one of skill 1 the art, 10 a case in which a width of greater than 64
bit hnes were desired, for example, a width of 128 bt lines, the structure as shown in FIG. 3
could be repeated. The spacing between one of the pair of data busses DBUbSn or BBUSp,
and the adjacent shiclds may be 16 bit lines, where each group of 16 bit lines 1s connected to
an “island” mchuding four sense amplifiers SA and a data bus (DBUS)-local bus (LBUS)
switch. Accordingly, the whole page includes 144 sense amplificrs SA connected to two data
busses, DBUSn and DBUSp.

100321 FIG. 4 illustrates a structure of sense amplhificrs and data busses according 1o an
example embodiment. it 1s noted that only the mtemal data latch (SDL) portion 325 of the
circuttry of the sense amplitier SA s illustrated. Each set of four vertically-stacked vertical
scnse amplifiers SA are connected to a ditfcrential local bus LBUSp and LBUbSn. When
reading from a sense amplifier, only one of the two data busses loads, and it is a voltage
ditference between the data busses DBUSn and DBUbp that 1s transmutted. In this case,
corresponding to the 16 sense amphifiers, there are four differential pairs of local busses
LBUSp and LBUSn. The transfer gates TL and T, for the latched value and 1ts mverse,

respectively, are included n the SBL portion 325

1O
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100531 FIG. 5 ilustrates a bus structure including DBUS-LBUS switches, according o an
exampic embodiment. Using corresponding signals LSEL<0>, LSEL<1>, LSEL<Z2>, and
LSEL<3>, on¢ of the four patrs of LBUSn and LBUDSp ts connected to local data hines LDP
and LDN by LSEL switches 327 The arcuts labeled 335 mclude a rednver part including the
transistor labeled LDR and the transistor therebelow. The circuits 335 also include a
transistor LW used for write only. The circurt fabeled LPC (Lbus PreCharge) 15 a pre-
charge switch. As shown in FI{. 6, during a read operation, both LBUSp and LBUSn arg
precharged, and then the data latch discharges one of LBUSp and LBUbn making the voltage
difterence on the LBUS pair, which 1s transmuitted to LDP and LDN whach are temporary data
between the LBUS and the DBUS. VDD is a power line.

10054 1t 1s noted that, if the data busses were dniven directly by the sense amplifiers SA,
the resistance would be too large. Thus, the rednivers of the circuits 3335 are used to bufier the
signals to drive the corresponding DBUSn or DBUSp. One circuit 333 1s connected betwee
the LDP Ime and the BBUSn, and another circunt 335 18 connected between the LN hne and
the DBUSn, as shown.

100551 When recadmg data, an LDK transistor is used, and the LDR transistor redrives the
data to the DBUS during the DOUT operation. When writing data, the LDW transistor and
one LBUD 15 used to write the data.

10056] 1t 1s noted that the transistors of the circuits 335 may be made large without causing
nuch area Imcrease.

100571 The ditferential signaling is also amphified, as would be understood by one of skili
in the art.

100538 FIG. 6 1iHustrates waveforms of a DBOUT {data out} read operation according to an
cxample embodiment. When reading out the local data latch SDL with LBUSn and LEUSp,

as shown, one of the signals goes down, while the other signal remains hugh. The signal 15

i
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then rednven and transmitied to the BBUS, with a “small swing™ — 1.¢. a relatively small
difterence between the signal of the DBUSn and the BBUSp, of, for example, about 300mV,
as shown. The differential 1s then amplified to have a “full swing™ — 1.¢. a difference of about
1.8V between the signals, by the preamp as shown. A dvnamic comparator, as would be
understood by one of skill m the art, may be used as the preamp. Thus, by amplification of
the signals, the “small swing” signal mav be used to read out the data.

10059]  FIG. 7A illustrates the wavetorm of the LBUSn and LEBUbSp according o an
cxample embodument, as well as the pre-charge switch, dunng precharge. FIG. 8A dlustrates
the wavetform of the LBUbn and LBUDSp according to this example crabodiment, as well as
the pre-charge switch, durmg a discharge operation. As shown, depending on the data in the
sglected SDL, either the LBUSH or the LBUSp 15 discharged.

100607 1t mav be understood that the example embodiments described herein mayv be
considered 1 a descriptive sense only and not for purposes of limitation. Descriptions of
fcatures or aspects within gach example embodiment may be considered as available for other
similar features or aspects i other example embodunents.

10061]  Whle example embodiments have been descnibed with reference to the figures, it
will be understood by those of ordinary skill in the art that vanious changes 1 form and
details may be made therein without departing from the spint and scope as defined by the

following clamms.

12
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CLARMS
What 1s claimed 1s:

i, A ciroutt structure of a random-access memory, the circuit structure
COMPIISING:

a sense amplifier;

a pair of local busses connected to the sense amplifier;

a differential data bus comprising a first data bus and a second data bus;

a first redriver connected between a first local bus, of the pawr of local busses, and the
first data bus; and

a sccond redriver connected between a second local bus, of the pair of local busses.

and the second data bus.

2. the circuit structure according to claim 1, wheremn the sense amplifier

comprises a local data latch connected to the first local bus and the second local bus.

the circuit structure according to clam 1, further comprising:

v

a select switch comprising a switching element connected between the first local bus

and the first rednver and connected between the second local bus and the second redriver.

4 The circult structure according to claim 1, further comprising an amplifier

connected to the differential data bus.

&N

A plane structure of a random access memory, the plane structure comprising:
a plarality of vertical stacks, cach comprising:

a plurality of sense amplifiers,
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a pair of local buses conmected to cach of the plurality of sense amplifiers;
a differential data bus comprising a first data bus and a second data bus; and
a first redriver connected between a furst local bus, of the pawr of local busses, and the
first data bus; and
a second redniver connected between a second local bus, of the pair of local busses,

and the second data bus.

6. The plane structure according to claim 5, wherem each of the plurality of

sense amplifiers comprises a local data latch.

7. ‘the plane structure according to clamm 3, further compnsing:

a sclect switch comprising a plurality of switching elements respectively
corresponding to the plurality of vertical stacks, wherein a respective one of the plurality of
switching elements 1s connected between:

the pair of local buses of cach respective one of the plurality of vertical stacks,
and
the first redriver and second redniver:

wherein operation of the select switch connects the first local bus and the second local

bus of one of the plurality of vertical stacks to the first redriver and the second redriver,

respectively.

8. The plane structure according to claim 5, wherem each of the plurality of
vertical stacks turther comprises sixteen bit lines connected to the plurality of sense

amplifiers.

14
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9. The plane structure according to clavm 5, wheremn the plurality of vertical
stacks 1s four vertical stacks, and the plurality of sensc ampliificrs of cach of the four vertical
stacks s four sense amplifiers, such that the difterential data bus 1s connected to 144 sense

amplifiers.

1. 'The planc structure according to claim 3, further comprising an ampittier

connected to the differential daia bus.

i1, A method of reading a cell of a random-~-access memory, the method
COMPIISING:

a local data laich of a sense amplifier transnmtiing a signal via a pair of local busses
connected to the sense amplificr;

a redriver butfering the signal transmitted from the pair of local busses;

transmuitting the signal from the redriver over a ditferential data bus; and

outputting the signal transmitted over the ditterential data bus, to an output of the

random-access memory.

12, 'The method according to claim 11, wherein the transmitiing the signal the

signal via the pair of local busses comprises transmitiing the signal via a select swiich.

13.  The method according to claim 11, firther comprismg amplifying the signal

transmitited over the differential data bus.
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14, 'The method according to claim 11, further comprisig, prior to the local data
iatch transmitting the signal, the local data latch recerving the signal via one of sixteen bit

imes connected to the sense amplitfier,

15, A method of dniving a differential data bus of a random-access memory, the
ditferential data bus comprising a first data bus and a sccond data bus, the method
COMPIsing:

discharging on¢ of a first local bus and a second local bus connected to a sense
ampiitficr, thercby providing a voltage different between the first local bus and the second
iocal bus;

transmitting a voltage m the first local bus to the first data bus via a first redniver
circuit connected between the first local bus and the first data bus; and

transmitting the voltage m the second local bus to the second data bus via a second

redriver circutt connected between the first local bus and the second data bus.

16, The method accordmg to clamm 15, further comprising, prior to the discharging
the one of the first local bus and the second local bus, precharging the first iocal bus and the

scoond local bus.

17.  'the method according to claum 15, wherewn the discharging the one of the first

local bus and the second local bus comprises discharging using a focal data latch within the

sense amplifier.

16



WO 2021/096554 PCT/US2020/024560

18,  The method according to clamm 17, wheremn the discharging further comprises
transmitting a voltage via one of a {irst transter gate and a second transfer gate within the

sense amplifier.

17
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