WO 20071120389 PCT/ US20071004476 1 BI T LINE COUPLI NG TECHNI CAL FI ELD OF
THE | NVENTI ON The present invention relates generally to nenory devices and
in particular the present invention relates to bit Iine coupling. 5
BACKGROUND OF THE | NVENTI ON Menory devices are typicall rovi ded_ as, ,
i nternal SY@RWEE2038%as i n conputers. The term menory iaéﬁ SPQOLR044T: 5 st or age
that conmes in the formof integrated ¢ircuit chips. In general, nenory
devices contain an array of nmenory cells for storing data, and row and

col um decoder circuits coupled to the array of nmenory cells for accessing
the array of 10 nmenory cells in response to an external address: One type of
menory is a non-vol atile nmenory known as flash nenory. A flash nenory is a
type of EEPROM (el ectrical | y- er BFEDINECOUPLINGD| € read-only nenory) that
can be erased and reprogramed i n bl ocks. Many nodem personal conputers
(PCs) have their BIOS sTECHNIOALFIBLASOFTEHDOYVENTIOMN that it can easily
be updated if necessary. Such 15 a BIOS is sonetines called a flash BICS.
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floating gate. X and NAND fl ash ry. devices are two conmon types of
flagh meffeFy™ ¢ i“(‘,éeé?o%s(?t‘?:ali’?’gtam?g%gf)%é | ogi cal formthe basic menory cell

configuration in which each is arranged. Typically, for NOR flagh nory
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can be erased and reprogrammed in blocks. Many modern personal computers (PCs) have

their BIOS stored on a flash memory chip so that it can easily be updated if necessary. Such

15 a BIOS is sometitnes called a flash BIOS. Flash memory is also popular in wireless
electronic devices because it enables the manufacturer to support new communication
protocols as they become standardized and to provide the ability to remotely upgrade the
device for enhanced features.

A typical flash memory comprises a memory array that includes a large number of
20  memory cells arranged in row and column fashion. Each of the memory cells includes a {
floating-gate field-effect transistor capable of holding a charge. The cells are usually grouped
into blocks. Each of the cells within a block can be electrically programmed on an individual
basis by charging the floating gate. The charge can be removed from the floating gate by a
block erase operation. The data in a cell is determined by the presence or absence of the

25 charge on the floating gate.

NOR and NAND flash memory devices are two common types of flash memory
devices, so called for the logical form the basic memory cell configuration in which each is
arranged. Typically, for NOR flash memory devices, the control gate of each memory cell of
a row of the array is connected to a word-select line, and the drain region of each memory

30 cell of a column of the array is‘ connected to a bit line. The memory amray for NOR flash

memory devices is accessed by a row decoder activating a row of floating gate memory cells



. menory ce
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the row of selected memory cells on the column bit lines.

During conventional program and read operations, altemate bit lines are selected
to reduce bit-line-to-bit-line cross coupling effects. However, cross coupling effects may still
20 occur for memory devices having bit lines located on different vertical levels because of a

lack of shielding used in these configurations.

For the reasons stated above, and for other reasons stated below which will
become apparent to those skilled in the art upon reading and understanding the present

specification, there is a need in the art for alternative bit line selection and coupling schemes.
25 ' SUMMARY

The above-mentioned problems with conventional program and read operations
and other problems are addressed by the present invention and will be understood by reading
and studying the following specification.

For one embodiment, the invention provides a method of operating a memory

30 device, including concurrently selecting altemate bit-line pairs, where each bit-line pair has



and studying the foll ow ng specification. For one enbodi nent, the invention
provi des a nethod of operating a nmenory 30 device, including concurrently
selecting alternate bit-line pairs, where each bit-Iline pai r has WO
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first level. A fourth bit lineis adjacent the third bit line and is
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gate of the first select gate. 25 Further enbodinents of the_invention

i ncl ude it soa9s drvicafpandnafrsbiclesh ggtrndhe §eppit line is formed at a first level. A
second bit line is adjacent the first bit line and is selectively coupled to a second sensing

device through a second select gate. The second bit line is formed at a second level. A third
bit line is adjacent the second bit line and is selectively coupled to the first sensing device

20 through a third select gate. The third bit line is formed at the first level. A fourth bit line is
adjacent the third bit line and is selectively coupled to the second sensing device through a
fourth select gate. The fourth bit line is formed at the second level. A control gate of the first
select gate is coupled to a control gate of the second select gate, and a control gate of the third

select gate is coupled to a control gate of the first select gate.

25 Further embodiments of the invention include methods and apparatus of varying

scope.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustration of an integrated circuit device, according

to an embodiment of the invention.

30 Figure 2 is a schematic of a NAND memory array in accordance with another

embodiment of the invention.



BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a block diagramillustration
of an integrated circuit device, according to an enbodi nent of the
invention. 30 Figure 2 is a schematic of a NAND nenory array in accordance
wi th anot her enbodi ment of the invention. WO 2007/12 071004476
4 Fi gur e V0 p®73208%hemat i ¢ of a data path proceeding frq'c%)%%asaﬁe}-%ﬁonay
through colum access circuitry to I/Ocircuitry in accordance with an
enbodi ment the invention. Figure 4 illustrates a portion of a nenory

devi ce, according to another enbodi magt of the invention. 5 Figure 5is a
cross-sectional view of a portion of a'nenory array taken along line 5-5 of
Figure 4. Figure 6 illustrates a portion of a nmenory device, according to
anot her  enbodiFigare 30k atshleenhaticenitaidata palli procesding Gomra memost areyitmough  an
exenpl a kng to another., to i .of the
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I nvention, refey; 4 e . acco nyin raw n hat forma part
hereof, and i neﬁ\kﬁ?}%ﬁ #lgsﬂ;%%ﬁ&gég%@mgpo@%\xu% rg%%qﬁr%iﬁ,gt(g%neotéllu?i c enbodi nents
i N whi ckmbbdinienvefthe amventign.be practiced. In the draw ngs, 15 |ike nunerals
describe substantially simlar conmponents throughout the several views.
These enbodi nefigeredy is adessssetianial viewwf & iportamt ofdanembrit araynaitshaldngdge
skilled i_§1ofi]l§}e ant to pract ice the invention. Qher enbodi nents may be
utili zea and Struct ur al , logical, and electrical changes nay be nade

wi t hout departi r SC f ept. invepti the foll ow ng
i f applicabl e:ﬂ%ﬁ% 6?@%1@&3\@ %ﬁ@?ggﬂég%ﬁggaﬁ%%ed a?t'lcr?%@l&fé?{'%ﬂlt%%\ﬁ ng

descr i peinbadiment oftkhs imentibmase 20 sem conductor structure. Both are to be
under stood as including silicon-on-sapphire (SOS) technol ogy,
{ silicon-on-insufigamer7 ¥ SQlillustratitm of oygxemiplary nieniary treind, stwrditg BEnother

t echnol (&g})égdingegggpthg%gve%ggped sem conductors, epitaxial layers of a silicon
support e y @ base  'sem conductor structure, as well as other sem conductor

structures well known to one E@IJAIEE ﬁﬁséﬁﬁ’ﬁf-ﬁ*’ Furt her nore, when
su sPra ein't

reference is made to a wafer or e follow ng
In the following detailed description of the invention, reference is made to the

accompanying drawings that form a part hereof, and in which is shown, by way of
illustration, specific embodiments in which the invention may be practiced. In the drawings,

15 like numerals describe substantially similar components throughout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the present invention. Use the following if
applicable: The term wafer or substrate used in the following description includes any base

20 semiconductor structure. Both are to be understood as including silicon-on-sapphire (SOS)
technology, silicon-on-insulator (SOI) technology, thin film transistor (TFT) technology,
doped and undoped semiconductors, epitaxial layers of a silicon supported by a base
semiconductor structure, as well as other semiconductor structures well knowﬁ to one skilled
in the art. Furthermore, when reference is made to a wafer or substrate in the following

25 description, previous process steps may have been utilized to form regions/junctions in the
base semiconductor structure, and terms wafer or substrate include the underlying layers
containing such regions/junctions. The following detailed description is, therefore, not to be
taken in a limiting sense, and the scope of the present invention is defined only by the

appended claims and equivalents thereof.

30 - Figure 1 is a block diagram illustration of an integrated circuit device, such as a

processor, a memory device 102, etc., according to an embodiment of the invention. The



25 description, previous process steps nmay have been utilized to form
regions/junctions in the base sem conductor structure, and terns wafer or
substrate include the underlying |layers containing such regions/junctions.
The fo"°“ﬁﬂﬁm9ﬁgﬂibed description is, therefore, not to be taken in a
linmiting s€nse, the scope of the present invention YSVERPYARE6n1y by
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illustration of an integrated circuit device, such as a processor, a nmenory
device 102, etc., according to an enbodi nent of the invention. The WO
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sem conduct or device on a sem conductor substrate. Exanples of nenory
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flash ne | Lo 108,
col um acuegzehdom dike, BrmRfFARacs RAVE, i mho AECEF I B )

ci rcui t r SRAMMs)aekthatikeddr ess buffer 116. Columm access circuitry 110
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are accesse &s}ig%am(}g?% %@é}"e}@%ﬁ ; lﬂ\g(éproésasn % f’vglgﬂr%a gb%gﬁrger}%%gg@ged via an
addr ess |inmdntiba 6 Cohtrd] droaitgeiddie ddaitedtid efosn dperatians df@be invemémess t he
menory array 15 104. Address buffer circuit 116 | atches the address signals.
The meénory cel | s Manorgcleeise €02 map be esymeba ¢oermalencoprocissailg@ladrsmemoryt he

address sigpahs. .lt will be reci t hose . skidll ed in_the. art.t hat
Sl 7 ondorfiBha for bmsthark aBSaBRB REGHALER RerloRAS ol HHeerh iy ific b
menory deecdeesafonfrolgtigrenld fréva shdpetessomi2i0icviers cdmroh Ehip 122.c The oremddng cells
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in response to the control signals and the address signals. It will be appreciated by those

skilled in the art that additional circuitry and control signals can be provided, and that the

memory device of Figure 1 has been simplified to help focus on the invention.

The memory array 104 includes memory cells arranged in row and column
20  fashion. For one embodiment, cach of the memory cells includes a floating-gate field-effect
transistor capable of holding a charge. The cells may be grouped into blocks. Each of the
cells within a block can be electrically programmed on an individual basis by charging the
floating gate. The charge can be removed from the floating gate by a block erase operation.

Column bit lines of memory array 104 are formed at different vertical levels.

25 Figure 2 is a schematic of ;i NAND menory array 200 as a portion of memory
array 104 in accordance with another embodiment of the invention. As shown in Figure 2,
the memory array 200 includes word lines 202, to 202y and intersecting bit lines 204, to
204y. For one embodiment, bit lines 202 are formed at different vertical levels. For ease of
addressing in the digital environment, the number of word lines 202 and the number of bit

30  lines 204 are each some power of two, e.g., 256 word lines 202 by 4,096 bit lines 204.



floating gate. The charge can be renoved fromthe floating gate by a bl ock
erase operation. Columm bit lines of nenory array 104 are forned at
different vertical levels. 25 Figure 2 is a schematic of a NAND nmenory array
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lines 202, to 202N and intersecting bit lines 204, to 204M For one
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of addressing in the digital environnment, the nunber of word |ines 202 and
the nunber of bit 30 Iines 204 are each &one power of two, e.g., 256 word
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transi stor 208 of thegﬁgrrespondi ng NAND string 206. For exanple, the drain
of sour ce® $BIIleet 821§ 21 2101 is connected to the source of floating-gate

transi stor 208, of the oryesponding NAND. string 206,. Each sourcg s ct
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The drain of each drain select gate 212 is connected to the bit line 204 for the

corresponding NAND string at a drain contact 228. For example, the drain of drain select
gate 212, is connected to the bit line 204, for the corresponding NAND string 206, at drain
20 contact 228,. The source of each drain select gate 212 is connected to the drain of the last
{ floating-gate transistor 208y of the corresponding NAND string 206. For example, the source
of drain select gate 212, is connected to the drain of floating-gate transistor 208y of the
corr&spgnding NAND string 206,.

Typical construction of floating-gate transistors 208 includes a source 230 and a
25 drain 232, a floating gate 234, and a control gate 236, as shown in Figure 2. Floating-gate
transistors 208 have their control gates 236 coupled to a word line 202. A column of memory
array 200 includes a NAND string 206 and the source and drain select gates connected
thereto. A row of the floating-gate transistors 208 are those transistors commonly coupled to

a given word line 202.

30 Figure 3 is a schematic of a data path proceeding from the memory array through
the column access circuitry to the I/O circuitry in accordance with an embodiment the

invention. Because memory devices typically contain millions, if not billions, of memory



of drain select gate 212, is connected to the drain of floating-gate
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circuitry o] [ . i y
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| at chi ng ci rcw try 30Q. The sen and rcuitry 306 senses the
dat a val uEoHfiBuFations, éPgb‘fs lgrg’ %S\éqg“F“"?@B’e %‘3? 15 W8 Bp JREPUPHdi cati ve
of its data valu on its t 0 The ou 308 .of , se and .l at chi ng
circuitry 306 is 36}1] ‘g ‘ﬁtﬂ ﬁ?ﬁﬂ“%l%‘ﬂﬁ]&é hing qirgpt S&Hﬁﬂ%ﬁ‘ﬂ

ot her out muémn@a&mtfy 306 sﬂhﬁh@ﬂhé&ﬁ& wilge BEthe €8 Bet(ni@horyteIM20B Anf pfVvidesd) . The

col unm decod Jcuitr cqnfi sel ect, gne of _.a pluraljty of
ot puds. SBET e 90l S5 alis 4 Bauthib a0 P frsps: 308 5 iy fnd{ihing
circuitry 306 is then provided to column decode circuitry 310 along with other outputs 308

from other sensing devices (not shown in Figure 3). The column decode circuitry 310 is
configured to select one of a plurality of outputs 308 in response to an address decoder (not
shown in Figure 3) and couple it to an output latch 312 to place the data signal on the node
20 314, such as a DQ line, of the memory device. Note that the data path is generally bi-
directional, and the output latch 312 generally also receives data values from the node 314
during a write operation to the memory device. Often, the data path includes two data signal

legs, i.e., for camrying complementary logic levels.

Figure 4 illustrates a portion of a memory device, such as memory device 102 of
25 Figure 1, according to another embodiment of the invention. For one embodiment, a memory
array 404 of Figure 4 may include bit lines 4061, formed at a first vertical level L1 of
memory array 404, as denoted by the subscript L/, and bit lines 406, formed at a second
vertical level ;z, different from the first vertical level L/, of memory array 404, as denoted
by the subscript L2. For example, the second vertical level L2 may overlie the first vertical
30 level L1, as illustrated in Figure 5.

Figure 5 is a cross-sectional view of a portion of memory array 404 taken along

line 5-5 of Figure 4. Columns of memory cells (not shown in Figure 5), separated by



shown in Figure 3) and couple it to an output latch 312 to place the data
,signal on the node 20 314, such as a DQline, of the nmenory device. Note
that the data path is generally bi- directional, and the output latch 312
general ly ives data val ues from the node 314 [ te
-operation “?J&g‘%“ﬁ}é?" rmry device. Oten, the data path i g&ﬁb@@'?@%g%data
signal legs, i.e., for carrying conplenentary logic |levels. Figure 4
illustrates a portion of a nmenory device, such as nenory device 102 of 25
Figure 1, according to another enbodi nent of the invention. For one

enbodi nent, a nenory array 404 of FiguBe 4 may include bit |ines 4061
formed at a first vertical level LI of nenory array 404, as denoted by the

subscri pisolation 2&ord 408! foRed i emidRIBREr AlbsRats 20016 p‘éﬁkﬁdl@ﬂﬂar tosrighrels?,
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coupl ed tdgions 4163 and 4164 respectively of the pair of successive select gates 412y, and 412,

respectively coupled to control lines 411, and 411, are coupled together to form select-gate
pair 418,, etc. Select-gate pairs 418 are coupled to sensing circuits 422 of sensing device 420

20 in a one-to-one relationship, as shown in Figure 4.

For one embodiment, a bit line 406 formed at the first vertical level L1 and a bit
line 406 formed at the second vertical level L2 are respectively coupled to source
drain/regions 414 of each pair of successive select gates 412 of a select-gate pair 418. For
example, bit lines 4061 and 4062 are respectively coupled to source drain/regions 414,

25 and 414, of the pair of successive select gates 412, ; and 412, ; of select-gate pair 418, bit
lines 406y 2 and 406> are respectively coupled to source drain/regions 4143 and 4144 of the
pair of successive select gates 412, ; and 412, of select-gate pair 418, etc, Note that
source/drain regions 416, and 416; respectively of select gates 4125 ; and 412, of select-gate
pair 418, are coupled to sensing circuit 422, source/drain regions 4163 and 4164 respectively

30  of select gates 412, 7 and 412, of select-gate pair 418, to sensing circuit 422,, etc.

Note further that successively adjacent bit lines 406 of successively adjacent bit-

line pairs 425 are respectively located at the first vertical level L7 and the second vertical



control lines 4112 and 4111, are coupled together to formselect-gate pair
4181, source/drain regions 4163 and 4164 respectively of the pair of
successi ve select gates 4121.2 and 4122,2 respectively coupled to control
lines 4111 and 4112 are coupled together to formselect-gate air 4182,
etc. Sel ecWOPNE24Prs 418 are coupled to sensing circdﬂ%@”ﬁ@ ""8447% ensi ng
device 420 20 in a one-to-one relationship, as shown in Figure 4. For one
enbodi ment, a bit line 406 forned at the first vertical level L] and a bit
line 406 fornmed at the second vertical level L2 are respectively coupled to
source drain/regions 414 of each pair @f successive select gates 412 of a
sel ect-gate pair 418. For exanple, bit lines 4061,[,1 and 406,2,, are

respecti vel o] i ' 2 C pair of
Cuccessi vEvd LC B Elaaiyle, 30U5Eqvel; Qhifidyf ol A5 AT, i A06L 414 Biefing'pilt, Pt
| i nes 4064235, a2 respectingby Reted pethe disyh vexticeldevyel dd il dak segombvertiealdevel A2 egi ons
4143 and . bely: CC i S t;. 121, 22,2 of
el cct - gateosss ity hfised elunlh ABMSHRAT OB BB ABa Sk bl BBl 07 oo
respect i ietagedodt tixefizst vertjedl devell L2 2nd thersecohd Xerticableveldl e etc: doreovaralvit linds8, are

led t i ng.ci it 4221, dr ai ' .416 64
Coupl g, eTIRLAMA) bl BT Y S S0, 05 B ORS RuRl Be oo,
t 0 sensi Mirstindcecdnd42Ral vels, Wodre tHelsltetnating bia tlinsudiress irespestivatl) sbeetivelyi t
i 406_of i vel y. adj tohit- 1] [ 425 tivel
| ocat ed aroPi i FPSeyEE i e te sieel e Aoicbpoy 2 POwE R of
2007/ 120389tr&0i et/ D0F 6084hple, bt liney 406, |2 406:0k, 406a/) kid 48416 5, @sspestdle)y of
adj acent

bjt:1ines.40 , nd_4 2,1 of bit-line.pair 2 are
especti VaHns e et 2o Aty pad P2y trE s ivel e e VR fovhlET CuRBRRE ver i cal
| evelo L2, circaite 425 54228) 422?,@11&(21&&1 reb%dcﬁbélﬁﬁ&od@ﬁﬂhésaeargiteﬂ?ﬁflﬁ,312&2, bizz,a,l i Ee
pair 4252 gre,.respective ocat ed. at e first tic e LI and the
second v i‘ﬁ%?v‘ n‘zf?gré?{tf’ WBF@%‘{,HN %’“Ihinﬁ%%?élm@%}?' %@é@%%?vel y
adj acent 4u6l v teBfechblyDf bRTineae as,y 223}, 4255 CRAISE lave &b%@lﬁﬁla@%obﬁbwn t he
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4061, 1, 4, respectively line pairs 4251, 4252, 4253, and 4254, are

respect i VBIFSSPEBRGSP gentiq] signals from memory control circuitry of the memory device, such as
memory control circuitry 112 of memory device 102 of Figure 1.

20 - Activation of a row of select gates 412 concurrently selects the bit lines 406
coupled to the activated row of select gates. That is, one bit line 406 is selected from each of
the successively adjacent bit-line pairs 425, where the selected bit lines 406 of successively
adjacent bit-line pairs 425 are respectively at different vertical levels. In other words, the
selected bit lines 406 of successively adjacent bit-line pairs 425 respectively successively

25 alternate between the first and second vertical levels. For example, activation of the row of
select gates 412 commonly coupled to control line 411 selects bit line 4061 ; of bit-line pair
425, bit line 406, 2 of bit-line pair 425,, bit line 406, 3 of bit-line pair 4253, and bit line
406124 of bit-line pair 425, Note that if control line 411, is at a logic level to activate the
control gates coupled thereto, control line 4113 is at a logic level to deactivate the control

30  gates coupled thereto.

Activation of the row of select gates couples one bit line 406 from each of the

successively adjacent bit-line pairs 425, where the selected bit lines 406 of successively



the sel ect gates 4121,1, 4121,2, 4121,3, and 4121,4 commonly coupled to
control line 4111. During operation, a row of select gates 412 is activated
in response to a control 15 signal received on the control line 411 for
that row. t%'}qﬁ% control signals are received from colum access
circuitry 0 e ?mry devi ce, such as columm access cPEELP0p7004476 of
menory device 102 of Figure 1. Control signals generated by the col um
access circuitry are in response to control signals fromnenory control
circuitry of the nmenory device, such as nenory control circuitry 112 of
menory device 102 of Figure 1. 20 Activapion of a row of select gates 412
concurrently selects the bit lines 406 coupled to the activated row of
sel ect gates e 406 1S fromeach of the
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s_hovvn in ﬂﬁgur, eesgectWﬁbzrseldoﬁVelylcomﬂecpm sessmgaxrants 420 m@%dedpedsmbn a bi t
line 406 @loublSebld SilesT5! | SR 4125Y Sha v 18iepat A3b: intm a8l Sjacent bit lines 406y,

and 406, 4, respectively selectively coupled to sensing circuits 422; and 422, respectively

through select gates 412, 3 and 412, 4. Also, bit-line pair 430, includes adjacent bit lines
20 406127 and 406, 3, selectively respectively coupled to sensing circuits 422; and 4223
i respectively through select gates 412; 5 and 412, 3. Note that the bit lines 406 of alternate bit-

line pairs 430 are coupled to select gates 412 that are coupled to a common select line 411.

Activation of a row of select gates 412 concurrently selects alternate bit-line pairs
430 that are coupled to the activated row of select gates. Activation of the row of select gates
25  couples the respective adjacent bit lines 406 of each selected bit-line pair 430 to different
sensing circuits 422. For example, adjacent bit lines 406,,; and 406y ; of bit-line pair 430,
are respectively coupled to sensing circuits 422, and 422, respectively through select gates
412, ; and 412, 7, and adjacent bit lines 40615 3 and 4061, 4 of bit-line pair 430; are
respectively coupled to sensing circuits 4223 and 422, respectively through select gates 412, 3

30  and 4124 in response to controf line 411, receiving a control signal.

Figure 6 illustrates a portion of a memory device, such as memory device 102 of

Figure 1, according to another embodiment of the invention. Common reference numbers



10 a bit line 406 at the second vertical level, e.g., 406L2,4. Each bit-line
pair 430 includes successively adjacent bit |ines 406, where the adjacent

bit lines 406 of each bit-line pair 430 are respectively located at the
first vertical level LI and the second vertical level L2. Mreover, the
respecti veWVaAPHERWE? bit |ines 406 of alternate bit-Iind@FHRYORE wo bit
line pairs 430 with an interposing bit-line pair 430 therebetween) are
selectively coupled to different 15 sensing circuits 422. For exanple,
bit-line pair 4301 includes adjacent bit |lines 4061,2,1 and 406L1, 2,
respectively selectively coupled to sensing circuits 4221 and 4222
respectively through select gates 4121,1 and 4121,2, and bit-line pair 4303
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respect i ieley 485y pARIKIGR, LeftirkOterfidal RvellandHitlideh UB6,, ;A8 406y R bEHrst0get her
to forn1se|ect-gqte pair 6181, source/drain reglons 4162 and 4164
vertical leVel Li. Source/drain regions 414, and 414, and source/drain regions 4144 and 414,
respectively of select-gate pair 618, and select-gate pair 6184, are respectively coupled to bit
20 lines 40612,) and 406122 of second vertical level L2 and bit lines 406> 3 and 40612 4 of second

vertical level L2.

Note that alternate bit-line pairs 625 are coupled to select 'gates 412 0fa single
row, i.e., to select gates commonly coupled to a select line 411. For example, aiternate bit-
line pairs 625, and 625; are respectively coupled to select gates 412, and 412, ; and select

25 gates 412, 3 and 412 4 that are commonly coupled to control line 411,. Remaining bit-line
pairs 625 are coupled to select gates 412 of another single row, i.e., to select gates commonly
coupled to a different select line 411. For example, bit-line pairs 6252 and 6254; are
respectively coupled to select gates 412, ; and 412; 2 and select gates 412, ;3 and 412, 4 that are

commonly coupled to control line 4115,

30 Note that each bit-line pair 625 includes successively adjacent bit lines 406, where
the adjacent bit lines 406 of each bit-line pair 625 are respectively located at the first vertical

level L1 and the second vertical level L2 and where the respective adjacent bit lines 406 of



respectively of the pair of alternate select gates 4121,2 and 4122, 2,
respectively coupled to control lines 411, and 4112, are coupl ed together
to formselect-gate pair 6182, etc. Select- gate pairs 618 are coupled to
one-to-on | sing circuits 422 of sensing device shown in
-Figure 6.%E@%&%“%ﬁ nbodi ment, source drain/regions 414P§%ﬂ§%@%@%&§5tes 412
of alternate select-gate pairs 618 are respectively coupled to bit |ines
406 formed at one of the vertical |levels, while source drain/regions 414 of
sel ect gates 412 of the remaining select-gate pairs 618 are respectively
coupled to bit lines 406 forned at anoth&r of the vertical levels. For 15
exanpl e, source/drain regions 4141 and 4143 and source/drain regions 4145
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and 422, respectively through select gates 412 3 and 412, 4. The remaining bit-line pairs 625,

e.g., bit-line pairs 625; and 625, are not selected.

Bit-line pairs 625, and 625, are selected concurrently when the row select gates
20 414 selectively coupled thereto are activated in response to control line 411, receiving a
control signal. For example, bit lines 406,z and 40622 of bit-line pair 625; are respectively
selected upon activation of select gates 412, and 412, that respectively couple bit lines
40611 2 and 406; > ; of bit-line pair 625, to sensing circuits 422, and 422,. Bit lines 4064
and 400y 5 4 of bit-line pair 6254 are respectively selected upon activation of select gates 41253
25 and 412; 4 that respectively couple bit lines 406y 4 and 406124 of bit-line pair 6254 to sensing
circuits 4225 and 4224.

Figure 7 is an illustration of an exemplary memory module 700, according to
another embodiment of the invention. Memory module 700 is illustrated as a memory card,
although the concepts discussed with reference to memory module 700 are applicable io other

30 types of removable or portable memory, e.g., USB flash drives, and are intended to be within
the scope of “memory module” as used herein. In addition, although one example form

factor is depicted in Figure 7, these concepts are applicable to other form factors as well.



and bit-line pair 6253 includes adjacent bit |lines 406L1,3 and 406L2, 3,
respectively selectively 5 coupled to sensing circuits 4223 and 4224
respectively through select gates 4121,3 and 4121,4. Also, bit-line pair
6252 includes adjacent bit |ines 406L,,2 and 406L2, 2, ' ]
respecti veVQ 2003¢38%d to sensing circuits 422, and 4223%#§§%@é§#%gﬂy t hr ough
sel ect gates 4122,1 and 4122,2, and bit-line pair 6254 includes adjacent
bit lines 406L,,4 and 406L2, 4, respectively selectively coupled to sensing
circuits 4223 and 4224 respectively through select gates 4122,3 and 4122, 4.
10 Activation of a row of select gates 1812 concurrently selects alternate
bit-line pairs 625 that are coupled to the activated row of select gates.
Activation of tHa someeafbodimhats, ngaiorg modaleooswvilliaclnés phatsing:705djascent bi t

| ines 406 of each sel ected bit-1ine %aLr 6%3 tg diffegeqk .sensing circuits
422, For IEREIHH € eoFlRst QRLATBICTFRGHIFGLes A, heueh 8 8R0PHEE 5 Wint r ol

signal, eshid@shll Bedicds oraevidd applicatieiyd AtQ&dsPore MEmbhHt ddvideeT 10andy B2, are
ircuits 422, and 4222 respectjvely

respectivel coug{ ed.to sensj %15

through SEARRNGEy 5 NROM flagh gyemony Jeviee, dyppmiggpndoanicopisimempyéleviese, , 3 and
406L2 3 @brRAMS)| itai: RAddm 82R3s MEMohPENAE (SRAINS)COMRE Bl tad JXmilhf Ui TS
4223 and 4224 respectively through sel ect gates 4121.3 and 4121,4. The
remai ni ng9RAY APYiee K elFighes 1. Asmgmoryamray phibe ghlepst ogogrmasy dgisu7H e not

sel ect ed jpdRides bitMRePRIirmed GPHERAMvERSA 18R HAInBOHPRxMBREHSTh hycoiiaRet he
row sel ect _gates 20 414 selectively coupled thereto are _activated in

r esponse %ith erhpdiments phibe inventipns cWihgrepyessnt, thahqusingd0§ fpgludesope axERFt e, bi t
l'ines 40@bdtacdts 8165 QBmemai@tioR With!d IRt RRide. FElampllsDrhBSRRIckY Rlhde ABdiRCt ed

upon activation _of select gates 4122,, and 412272 that respectively couple
bit 19 nesamasdigital secgrding and playrack devipgsnBDAgi pergmsboanpuerssmergont $eedi t s

422, and rdddg, irﬁ@é‘f(':a;[clé gﬂﬁ‘ssan‘&f}ﬁéliké} Ffﬁ'@gmé]gmgé?i%léﬁfts, el cohtadR A3 iafe HaRE fHRE

respectively selected upon activation o ect ggt es 4122,3 25 and 4122, 4
t hat respéesianddrdizedinttréachi For ¢xample) 96th a USBAlask ddve shetonticts TiSmightbe 6254

L0 sens! Bihebin? bt & BSEAFrhel il Sotmelibf Kk Som? cffbobiintdhtd, 1R dodfhofl'718re

exenpl ary menory nodule 700, according to another enbodinent o
i nvent i onn thedome of aresmilpropiGanydntet fhees suchtaganight e found ry CompdctFlashThough t he

concept s_dj A , . ] [ o)
oo heEP 50 MRy 2RIt B SEIGHE BobR IR nB) Sk Bl ARIIERRGY ©
ar e i nt elSgey Corpopation; §Bi Secuteldigial Sheenfory nadoligensativy Eoshalsa Uspdratienend. | n
addi ti on l.t hquah one, e I or factor is.depicted i.n Figure t hese
oncept o eite S0 SN SYEIED, cniatls T « bR arl Bk iR e Foegis s R St
PCTI US20@#d/60data 6igndlS between the memory module 700 and a host having compatible receptors

for the contacts 715.

20 The memory module 700 may optionally include additional circuitry 720 which
may be one or more integrated circuits and/or discrete components. For some embodiments,
the additional circuitry 720 may include a memory controller for controlling access across
mulitiple memory devices 710 and/or for providing a translation layer between an external
host and a memory device 710. For example, there may not be a one-to-one correspondence

25  between the number of contacts 715 and a number of I/O connections to the one or more
memory devicess 710. Thﬁs, a memory controller could selectively couple an O connection
(not shown in Figure 7) of a memory device 710 to receive the appropriate signal at the
appropriate I/O connection at the appropriate time or to provide the appropriate signal at the
appropriate contact 715 at the appropriate time. Similarly, the communication protocol

30 between a host and the memory module 300 may be different than what is required for access
of a memory device 710. A memory controller could then translate the command sequences

received from a host into the appropriate command sequences to achieve the desired access to



In sonme enbodi ments, menory nodule 700 will include a housing 705 (as

.depicted) to enclose one or nore nenory devicess 710, though such a housi ng

is not essential to all devices or device applications. At |east one nenory

devi ce 710 NAND, NOR, or NROM flash nmenory deyi i ¢ random
- access rrer’f%(?fl‘}é&’é%?ﬁ?e 5 (DRAMs), static random access ng'%ﬁ@mc?%@?e? ( SRAM5) ,

or the like, and may be simlar to nenory device 102 of Figure 1. A nenory
array of the at |east one nmenory device 710 includes bit lines forned at
different vertical levels.and multiplexing circuitry in accordance wth
enbodi ments of the invention. Wiere prekent, the housing 705 includes one or
nore contacts 715 for comrunication with a host device. Exanples of host
devi ces thmhuﬂerydjegicballoleuaaﬁafs&ﬁmnmagﬂﬂlaheﬂlﬁaeﬂdc ?eml signay balglge devi ces,

PDAs, pe sﬁg ﬁi‘g uters, %ﬂo % card readers, interface hubs and the I|ike.
For somel®¥AiidnAfiHeR to sommanshseqiences 1 5 are inthe form of a standardi zed

i nterface. For drjve,, the contacts 71

in the form of %@dm& ‘ﬂ“‘l‘ﬂ%ﬂé’?@fﬂ r&erm,g emogglbté’d'i“ﬁéﬁ? to "%‘3

cont act s of 4 megicRy dévicé ’mﬁ)§1ﬁhl§bItfgx@ﬂﬁeﬂ‘ﬂnsﬁfsﬁﬂghﬁieq{eyfohﬂéﬁbf/aﬁ‘ASI@UCh as m ght
be found on_ Coppact Fl as cards, | i censed, by_SanDi sk Corporation,

MenoPy SHAPERFHHARESRERC e&%gtegl.cg‘é'ﬂ%&ﬁ thegeldlitiong} ¢feruilry §40 mapyinsledsy o

Di gi t al TerBBEY i/ res@icd fealliof BHESEeRYs 6%@@0%9@&13?70@ Nudhds pdsBRodd ke. In
general , however, contacts 715 provide an interface for passi ng control,

addr ess, Proeiion, bigmetricsiog e 1§‘°bérih®éé‘?f“9ﬁ‘é CHEWGY/ 2Roea) iscipde cisptry thost

having caimaid bhitus %?ﬁﬁtrﬁéxﬁoryfrﬁéddl@%(f' OFrd&hi® 1%1516 aanIHﬁ d*@%mrymmfw e 700
may optional |y include additional circuitry B be d6ne or ‘nore

Ji nt egr at &fludefangtiogalitydp detegniseg NF@%B%@W&F?F@% smheééwéleerﬁ@aqﬁm@ﬁ@e t he
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connection (not shown in Figure 7) of a nenory device 710 to receive the
appropriate signal at the appropriGANCLUSI@NNnection at the appropriate
time or to provide the appropriate signal at the propriate contact 715 at
t he ppropri ate Mth@lghspwﬁamodlmtsg@mhwneawmﬁecgmt(gembeé@em WewHl g
host and I for
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access menory eV| ce menory contr then translate the
command selyerertbe same purpose may be substituted for the specific embodiments shown. Many

adaptations of the invention will be apparent to those of ordinary skill in the art.
Accordingly, this application is intended to cover any adaptations or variations of the
20 invention. It is manifestly intended that this invention be limited only by the following

claims and equivalents thereof.



received froma host into the appropriate command sequences to achi eve the
desired access to WO 2007/120389 PCTI US2007/ 004476 14 the nenory device
710. Such translation may further include changes in signal voltage |evels
in addition to command sequences. The additional circuitry 720 may further
include functionality unrelated to control of a nmenory device 710 such as

| ogi ¢ functions as m ght be perfornedsby an ASIC 5 (application specific
integrated circuit). Also, the additional circuitry 720 may incl ude
circuitry to restrict read or wite access to the nenory nodul e 700, such as
passwor d What sstadgmiedis; bi onetrics or the like. The additional circuitry 720
may include circuitry to indicate a status of the nenory nodule 700. For
exanple, the additional circuitry 720 may include functionality to

det erm ne. whehhﬁéthmﬁpefaﬁnggim@yp@)iéegdoﬁ idikpe menory nodule 10 700 and
whet her the nmenory nodule 700 is currently being accessed, and to display an
i ndi cati on of coneurrenthysglecting aliernate bit-Hog pairs] | ght whil e powered and a fl ashi ng
light while b%&gin ALEHRTHE R JE‘&&%@& Me“cp?i'ine%ﬁﬁéﬁ M%&%%n[lﬁ%’lleiéi” A

i ncl ude passive devices, suU B as ecoupling capacitors to hel'p regul ate
power r eghd sreadjdcentWwittiinieforinivd ate s&ond nErd cdl devéDdi fiefcaNGh e @t vEHicAl t hough
speci fi c_enbodi nents have been illustrated and described herein, it wll be
apprecia#%ﬁhﬂvjthose of ordinary skill in the art that any arrangenent that
is calcul ated : ' the: eI or the
specific enbog?%EWFéhgﬁgﬁﬁﬁgﬁgﬁgﬁEggggﬁgﬁ?gﬁg¥%€ﬁqEgmﬁheéﬁ%ggﬂgmﬁII be
appar ent sd¢lect¢dnose of ordinary skill in the art. Accordingly, this
application is intended to cover any adaptations or variations of the 20
invention. It is manifestly intended that this invention be limted only by
the fol | oW NYThEMRIhGE oPOEINe QUL MR L B ubrBRyeRfectidDalt¥idd bit-ins patsmed is: 1. A
met hod of operating a nenory device, conprising: concurrently selecting

al t er nat eorhpriseh pgtivaping @ 0w obushost gatesaonpled to-dackhoit hag of tbgnmrn@egltdme bit line
formed at_.a first vertical level and one adjacent bit line forned at a
second vBM% cal level different than the first vertical Ilevel; and

3. The method of claim 2, wherein activating a row of select gates coupled to each
bit line of the alternate bit-line pairs is in response to receiving a signal at a control line

coupled to the row of select gates.

4. A method of operating a memory device, comprising:

concurrently coupling alternate bit-line pairs to a sensing device;

wherein each coupled bit-line pair comprises a first bit-line formed at a first
vertical level and a second bit line formed at a second vertical level different than the first
vertical level; and

wherein the first and second bit lines are respectively coupled to sensing circuits
of the sensing device through concurrently activated select gates coupled to a common

control line.

5. The method of claim 4, wherein concurrently coupling alternate bit-line pairs to a

sensing device is in response to the common control line receiving a signal.

6. A method of operating a memory device, comprising:



wherein an interposing bit-line pair between the selected bit-line pairs is
not selected. 2. The nethod of claim1l, wherein concurrently selecting
alternate bit-line pairs conprises activating a row of sel ect gates coupl ed
to each bit line of the alternate bit-line pairs. 3. The nmethod of claim 2,
wherein activating a row of select gates coupled to each bit line of the
alternate bit-line pairs is in responige to receiving a signal at a control
line coupled to the row of select gates. 4. A nethod of operating a nenory
device, conprising: concurrently coupling alternate bit-line pairs to a
sensi ng devi cesspedtizelyicanamehtly compling fitst and sependpaceesgvetp rdjseant bit fingsst
bit-1ine Fo#neq ﬁira fi.rst vertLPaJ,IeveI and a second bit line fornmed at a
second v&F PHEE™ PEVLE PHIY P SFEHE YK the first vertical | evel ; and wherein
the first andwheedinde fist ahd HREnEBiLlifd FREDpNE ky/the eerliRdilitS®BRARighg Ccircuits
of the sensing device through concurrently activated select gates coupled to
a conmmonscledgeiedl |ine. 5. The method of claim4, wherein concurrently

coupling al tewﬂ?llteﬁl Qih E)thgelg&iégéls gsﬁcgﬁple%%n%%ﬁrgﬁdngﬁ jiSe.i N response to the

comon contr ol ne recervin opérating a nenory
devi ce, conpr whermed: cohpling ths fiiett ahd dcyndClainings o€ tHel ajtematetis-livg: Jairs 4 thand second
successively adjacent bit lines of alternate bit-line pairs to sensing

Ci rcui t sSCHAHGICHLHLY In & feshapse tofeceldpp p sientl at the seamencoptm]dmsthat o t he sensing
circuitsa&hk&ggﬁse§@1£ﬁéngﬁ§es;_mherein_each of the select gates is coupled
to a common control |Tne; wherein coupling the first and second bit |ines of
t he al t er nat ewberein the &irg kit liges ave fdmmed semBishepriodal ek andithe senondesiponse to

i Vi ignal at t trol. line-that. activates the sel ect
at o5, aEEVRERE!f <Cheend PR R ATRG® e B d TV st ver 11 cal | evel

and the second bit lines formed at a second vertical |evel different than

the first vertical level. 7. The nethod of claim®6, wherein
The method of claim 6, wherein

the select gates are first select gates and have first and second source/drain
regions, the first bit lines coupled to the first source/drain regions of a first portion of the
first select gates and the second bit lines coupled to the first source/drain regions of a
second portion of the first select gates;

first source/drain regions of non-activated second select gates are respectively
coupled to the second source/drain regions of the first select gates, wherein third bit lines
formed at the second vertical level are respectively coupled to second source/drain
regions of the non-activated second select gates whose first source/drain regions are
respectively coupled to the second source/drain regions of the first portion of first select
gates and fourth bit lines formed at the first vertical level are respectively coupled to
second source/drain regions of the non-activated second select gates whose first
source/drain regions are respectively coupled to the second source/drain regions of the
second portion of first select gates; and

the first source/drain regions of the non-activated second select gates and the

second source/drain regions of the first select gates are coupled to the sensing circuits.

8. The method of claim 7, wherein the common control line is a first control line and

the non-activated second select gates are commonly coupled to a second control line.



the select gates are first select gates and have first and second
source/drain regions, the first bit lines coupled to the first source/drain
regions of a first portion of the first select gates and the second bit
lines coupled to the first source/drain regions of a second portion of the
first select gates; first source/drain regions of non-activated second

sel ect gates are respectively couplel to the second source/drain regions of
the first select gates, wherein third bit lines forned at the second
vertical level are respectively coupled to second source/drain regions of

t he non- &ct i vahemethod ohidlaBebeehergiat es whose first source/drain regions are

respectively goupled to th econd . sour.ce/ deain reqgigns of,.the first portion
of first sel egl}e s@%gtt%ies ﬁedﬁﬁsgﬁffetcﬂg%?stanfi%ﬁ‘éesﬁrls{owa&gg SPnge/flfaf%t verti cal

| evel ar eedi@sp@e first 8ltYineOetUpRA t the fEQGOMNe/BRAM ©Qi0HS 8f NfifsePdrabS olthe t he
non-acti vated second sel ect 8ates whose first. source/drain regions are

respect i Vttyeled gateaand e serond B dines wynled & be At spwes/ disin 1seiophelfa second
portion_g&xkg5§hoﬁ%kﬁﬁqvg%gﬁa§?ﬁgp the first source/drain regions of the
ect ¢

non-acti vated second se es and the second source/drain regions of
the first sel @ctt sgatedranrregionuf ned-ativdidicsesmdselegt gaitasau tespecBveliThe met hod of

claim7, wherein the comon,cantrol line js first control. |ine and the
non- act i \98‘%@@9@@&%??80 ogrce/ d@%{f‘ éesgl%{’tsé’fg@rﬁ_?ﬁﬁglﬁdcﬁﬂfﬁ’l whereig ﬂ%ir‘L@&g‘f"Fd_ cont r ol
line. 17 fythed We fRdtROMic A teddl @ie%s%ect%ﬁf&'uﬁleﬁ Resee SAESurBAtr SR r@%i@nsf I rst

sel ect gates and have first and second 'source/drain regions, the first bit
| i nes cowpthedonh-actitatedfsecamtd sslootr mates dvhmsafirsbgpiuoresiraih regidrisrase repactivadn of t he

first select gates and the cond.hit .l.i nes caupl to the firs

sour ce/ aF e PRS0t oleTEHE kit of s SR o et Betecltalst "Bl s 11 v s
sour ce/ digirth HiflRed fsimRE aNGBe seohd vatiesl |6RL a8 tespeltiRely Baples tidetotdespect i vel y
coupled to the second source/drain regions of the first select gates,

wher ei n seHreeidiginiregippeaf the senractivatied sesend palest setey whesgifirstepuice/draén r espect i vel y
coupl ed ! %PJ&%@QH&&%@IP%% HRA00R sofiediiin ﬁg{&%ffh\é@éc%ﬂd ﬁ&@%{%d sel ect
ively e

gates whosSe first ‘sourc ain regions are respe coup o the
second seofifisescdecapates;and ons of the first portion of first select gates and

fourth bit lines fornmed at the second vertical |evel are respectively
coupl ed to seB§AHst sewigs/deynyregions PééFBﬂ%‘a‘éH"aEe seofl selestiaics gl Pcond sel ect

gates whesgnd ;cgﬁéq/&%rr‘é@é&’ il fifsEH RN ZatéY £e LEPRAGD ieSleNsifPURWRE tO the
second source/draln regions of the second portion
10.  The method of claim 9, wherein the common control line is a first control line and

the non-activated second select gates are commonly coupled to a second control line.

11. A method of operating a memory device, comprising:

concurrently selecting a bit line from each of successively adjacent pairs of bit
lines by activating a row of select gates coupled to each selected bit line;

wherein the selected bit lines respectively alternate between different vertical
levels; and

wherein an unselected bit line of each pair of bit lines is coupled to a non-

activated row of select gates.

12. The method of claim 11, wherein the selected bit lines respectively successively

alternate between first and second vertical levels.



of first select gates; and the first source/drain regions of the
non-acti vated second sel ect gates and the second source/drain regions of
the first select gates are coupled to the sensing circuits. 10. The net hod
of claim9, wherein the comon control line is a first control line and the
non-acti vated second sel ect gates are comonly coupled to a second control
line. 11. A nethod of operating a nenigry device, conprising: concurrently
selecting a bit line fromeach of successively adjacent pairs of bit [|ines
by activating a row of select gates coupled to each selected bit |ine;

wher ei n tlIfe s&hemethgdiof clain hbsvircesipadiviatieg the adw of seddce giset sompleddo f f er ent
verti cal IevFI S4 grlld wher ei n a3 unsel ect ed Eit Iitn of each Pair of bit

i nes 1 s “AE{eedd b tge SR repRpse A 2a P e sort s eSMB e ot hod of
cl ai m 11 ;o8 ®ithe Itob,eof%@je@\?aﬁﬂ_ bit lines respectively successively
alternate between first and second vertical levels. 18 13. The nethod of
claim1l, wherein activating the row of select gates coupled to each

selected Qi t i |5 4 - eiving.a.signal at a control |ine
comonl yIQ'couéllﬁghé’%ot%gfa%g%%o e‘?%%r?g%{?&gg%{ﬂé@%u%_ A nmet hod of operating a

menory devi cecorcanpitlysdonplingobic lie ok leychoafsptdessgvedy Bdjaceht pegrsfof bin each of
successiyely adjacent pairs of bit Ilines to a sensing device; wherein the
sel ect ed B0 3SERSNG EYKEeti vel y al ternate between first and second bit

lines of the pablkd the Qﬁeét‘%cf lﬁ%li:?c@ﬁ’esﬁé‘&ﬂ dtbinalelbdBvech $RRGAA Eéléﬁgci}’?iﬁor med at

first and second vertica evel s, "the Second vertical |eve erent than

t he fi r siinessrftthecpdirs) the drst andhgbcombbielimestréspedtivelyt foomall & dcondd kicbnd | nes are

respectively .coupl ed to sensi Circuit of, the sensi devj ce through

sel 6ot gXrutadeith e seepnd VERtRv <L GiTEeTaN tep e BrYererRL SRR sk o i ai m 14,
wher ei N concuiyhgiein the GRRAd ol Kt inds laREredpeliMeBACIIpRA to §éiﬁﬁx?$:§{:ﬁi%| y adj acent
pairs of bit lines to a sensing device conprises concurrently activating

t he sel eef thgaensing degice eughetelrstizaiss coppipdriclaconyher ednfrobifcur rent |y coupl i ng
a bit line fromeach of successively adjacent pairs of bit lines to a
sensing device is in response to the conmon

15.  The method of claim 14, wherein concurrently coupling a bit line from each of

successively adjacent pairs of bit lines to a sensing device comprises concurrently

activating the select gates.

16.  The method of claim 14, wherein concurrently coupling a bit line from each of
successively adjacent pairs of bit lines to a sensing device is in response to the common

control line receiving a signal.

17. A method of operating a memory device, comprising:

coupling a first bit line of a first pair of bit lines to a first sensing circuit through a
first select gate; and

coupling a second bit line of a second pair of bit lines to a second sensing circuit
through a second select gate;

wherein the first pair of bit lines is adjacent the second pair of bit lines; wherein
the first bit line is formed at a vertical level different than the second bit line; and

wherein the first and second select gates are coupled to a common control line.

18.  The method of claim 17, wherein a remaining bit line of the first pair of bit lines



control line receiving a signal. 17. A nethod of operating a nenory devi ce,
conprising: coupling a first bit line of a first pair of bit lines to a
first sensing circuit through a first select gate; and coupling a second
bit line of a second pair of bit lines to a second sensing circuit through
a second select gate; wherein the first pair of bit lines is adjacent the
second pair of bit lines; wherein th@® first bit lineis fornmed at a
vertical level different than the second bit line; and wherein the first
and second select gates are coupled to a conmmon control |ine. 18. The nethod
of cl ai misiformedhatragiertical leeghihedamg abithe se¢amd bitflinehe first pair of bit lines 19
is formed at a vertical level the sane as the second bit line. 19. The

met hod of claim 17, wherein a remaining bit line of the second pair of bit

l'ines isihor mrde flethdd GEElaing @, WiRYEh a tdifaisiafBitdine bhdekbdond phir bf bit ne. 20. A
met hod of operating a nmenory ‘devi ce, co rising: selecting first and second

bi t |inedine¥is formed gt a pritipal dfvebihe saessthe BrssBBRe the first and second bit
lines of the first pair of bit lines respectively to first and second
sensing circuits; and selecting first and second bit |lines of a second pair
of bit I|i20es Mnahembﬁoﬁermingiamamoraddvi&ecmpﬁmgz | ines of the second pair of

bit lines respectiv third and fouyrth sensi circyits;. wherein a
third pair of Seﬁ?qtmg%ﬁ%én‘i? ?09#&36%)& gisnaic ot b ifes (P spunlpthediseighe pairs of

bit |inegeandbit ﬁlﬁ@éoﬁﬂéjﬁﬁﬁﬁzﬁlﬂ&’f U lineb ké@ﬁ&:tl%lytt@ﬁrsi Eﬁcf Qe denQhigbit lines are
unsel ected; and wherein the first bit line of each pair is forned at a

vertlcaICHGHElmdlfferent than the second bit line. 21. A nenory devi ce,

conprisin an.arra I cou dto luralit i nes;
CoTRr Bl 11 neeigling Yt ond SR o Bt S Foinf et e Py Bt B iugh a7 v o
sel ect  gad Scondsit fihdsSif tHY stecdddgﬁlrfo@bmelesa&s@cﬁwlﬁo thR¥ 8hd foartB8&RMRG bit |ine
adj acent the first bit line and selectively coupled to the first “sensing

devi ce tBiolilgh a second sel ect gate, the second bit line formed at a second

level ; wherein a third pair of bit lines is interposed between the first and second pairs of

bit lines and first and second bit lines of the third pair of bit lines are unselected; and
wherein the first bit line of each pair is formed at a vertical ievel different than the

second bit line.

21. A memory device, comprising:

an array of memory cells coupled to a plurality of bit lines;

a first bit line selectively coupled to a first sensing device through a first select
gate, the first bit line formed at a first level;

a second bit line adjacent the first bit line and selectively coupled to the first
sensing device through a second select gate, the second bit line formed at a second level;

a third bit line adjacent the second bit line and selectively coupled to a second
sensing device through a third select gate, the third bit line formed at the first level;

a fourth bit line adjacent the third bit line and selectively coupled to the second
sensing device through a fourth select gate, the fourth bit line formed at the second level;

wherein a control gate of the first select gate is coupled to a control gate of the
fourth select gate; and

wherein a control gate of the second select gate is coupled to a control gate of the

third select gate.



athird bit line adjacent the second bit |line and selectively coupled to a
second sensing device through a third select gate, the third bit |line forned
at the first level; a fourth bit line adjacent the third bit |line and
selectively coupled to the second sensing device through a fourth sel ect
gate, the fourth bit line formed at the second | evel; wherein a control
gate of the first select gate is couddled to a control gate of the fourth
sel ect gate; and wherein a control gate of the second select gate is coupled
to a control gate of the third select gate. 20 22. A nenory devi ce,
conprising: an array of menmory cells coupled to a plurality of bit lines; a
first bi I|n t y. d to a first sensing device through a flrst
sel ect gate %ﬁﬁgh&%fkyﬁ (mﬁﬁﬁ%égforned at a first level; a second bit line
adj acent the ﬁnaxsiycbﬂmeﬁlmnyeelds%bupkedmﬁpluﬁhyycﬁmplhm to a second sensing

devi ce t hrough ond se| ect gat e second hit line formed at a second
level; a thi ﬁéir%%ttﬁanpﬁ@eﬁwfﬁcf@ﬁ@es b2 g’é&%?ﬁﬂ% gvigs theough g fugtiselest vel v

coupled el 1€ fifdt bt UinS SohRlcAYt RNt £Selt hrough a third select gate, the third
bi t Iine%?b d}aPﬁt e fIFSt eveﬁ ea fourth bit line adjacent the third bit

| i ne and sel eat¢oped bittioepdjectnt the ffing bidineand sedetistlpgouided ©a sebommlugh a fourth
sel ect gate furth bit line fornmed at t ond | evel erein a
cont 1 ol *gabieskVicn BrpyehatSetatdelecL e tresccp R redaard g forbnd JHEL of the
second sel ect a gatdebit mdymﬁteh@seao&mt IR and @b 18ctifel o SRpleBitd theFRiteCct gate is
coupled to a control gate of the fourth select gate. 23. A nenory device,

conpri si Aepsing devige Hirough| Befbﬁd@%lﬁﬁéga@dhﬁﬁmdyblt@?pfpwdt@t@ fisstdeyedl 1ine; and
alternate bitg lf&vlﬂ&l b?faﬁr{a adga%%fﬂ?edth[rg B ?uﬁcleﬁz ecug&g%&%plgaat?mhe {ecsrnie al ternate

bit-1ine palrs conpri vertical |eve
and a secgémthglietict tlﬂalghfa)ﬁounld séléct gats, aﬁoﬂﬁrﬂne,ﬁttlme dbrnled\aethededdngnemt; t han the
first vertical _|evel menory device of claim23, wherein the sel ect
gat es respect PhgIcin 35@“88’{ s%?iﬁhe E‘Eﬁﬁﬁql@tgﬁélsquugltedé‘hﬁlc%‘g@éﬁﬂeﬁﬁ ¢ ines of the
al ternat g. b+ Q&Rg @hms to sensing circuits. 25. The nenory device of claim
24, whereiln t Fect gates are first select gates, the

wherein a control gate of the third select gate is coupled to a control gate of the

fourth select gate.

23. A memory device, comprising:

a row of select gates commonly coupled to a control line; and

altermate bit-line pairs coupled to the select gates, each of the alternate bit-line
pairs comprising a first bit line formed at a first vertical level and a second bit line

formed at a second vertical level different than the first vertical level.

24.  The memory device of claim 23, wherein the select gates respectively selectively

couple the first and second bit lines of the alternate bit-line pairs to sensing circuits.

25.  The memory device of claim 24, wherein the select gates are first select gates, the
control line is a first control line, and further comprising;:

an interposed bit-line pair between the alternate bit-line pairs having a first bit line
at the first vertical level and a second bit line at the second vertical level; and

a row of second select gates commonly coupled to a second control line;



control line is a first control line, and further conprising: an interposed
bit-line pair between the alternate bit-line pairs having a first bit line
at the first vertical level and a second bit line at the second verti cal

| evel ; and a row of second sel ect gates conmmonly coupled to a second control
line; 21 wherein the first bit line of the interposed bit-line pair is
selectively coupled to the sane sensi2lg circuit as the first bit line of a
first one of the alternating pairs through a second select gate and the
second bit line of the interposed bit-line pair is selectively coupled to
t he same sensimhgrewi the first biding h’éthsmi@mdseaibit-liriem@irés seldegvély ceuplahte tf t he

I h 26. Th d
of o1 ar ook siRae Sttt RIS AR NGk e e B AR IR E ctntr ol

line is @ecfohd Sélect @aferaqd tHelsB@md%ﬁtdmfeld)fftH&Qﬁte@@ﬁHdrﬂlﬁlzﬁQ)alﬁﬁl séledtieelgosed bit-1line
pair between the alternate bit-line pairs so as to be adjacent to first and

second biceunledile thexsams ssnsiggeircaitias thesecondibitline ok thedirptone of thejalemptings ed
bit-1i neﬁgﬂbﬂ’f u:éﬁ\éh&ﬂ?rase%dnd%lea'gtabl_' ne at the first vertical |evel adjacent
[

t he seco I ne frrst®bit- line pair of the alternate bit-1ine
pairs and a second bit |ine at the second vertical |evel adjacent the first
bit line second bit-1i of. the alternate_bit-line pai and a
Yow of "s@Bond pmEEPrydgvice Ll %ﬂgﬂweﬁat S aEoRt st BOr fene

wher ei n thQdl 1ihsts it donfiBl Be, Sx’ﬂﬁfuhﬂér%&?ﬁﬁﬁ bit-line pair is sel ECU vely

coupled to the same sensing circuit as the Second bit line of the first

bit-1ine pai ramﬁltqm@edbttémnaambm\mem thaalterpatic by- ltnlcnp@ugh) @stgéc@deMI ect gate

and the sego ne,. of the bit-]i electlvely

coupl eq Toren e etard R pyt S b FERRE R A bt W Bfont Pt T 5L e ond

bi t-11ineha@ag h fiest bithige al ﬁleﬁ[‘b@%rﬁ@alﬂ@'ef &djidefoti@Recandbin Bhe SEBO ekt 5l ect gate.

27. A nenory nodul e, IhﬁnBrISIn a plurality of contacts; and two or nore
¢

menory déine Beisof healie Hrjma@@lé%@dm sgeanddut [erat thelsgeond prtisal levsl t he
plurali t¥cg?éer1}g%§f3§ttb§t qﬂé’%‘?h%‘ Poo bitSfRt a%? h%faltmgteb xfé/pa%"zinﬁes conpri ses:

an array cel to a ura 1‘nes; a first bit
i ne sel ectivekyw obmb@ﬂsel@t @atés dosﬁnm&upg:dd@usmnd boteghing first sel ect

gate, the fir \Sivther%lrf thel: Iﬁps? bIt ine 09 thgtintgrpgs!ea%gt l{nee\f)afr is selectively coupled to the
same sensing circuit as the second bit line of the first bit-line pair of the alternate bit-line
pairs through a second select gate and the second bit line of the interposed bit-line pair is
selectively coupled to the same sensing circuit as the first bit line of the second bit-line

pair of the alternating pairs through another second select gate.

27. A memory module, comprising;
a plurality of contacts; and
two or more memory devices, each having access lines selectively coupled to the
plurality of contacts;
wherein at least one of the memory devices comprises:
an array of memory cells coupled to a plurality of bit lines;
a first bit line selectively coupled to a first sensing device through a first
select gate, the first bit line formed at a first level,
a second bit line adjacent the first bit line and selectively coupled to the
first sensing device through a second select gate, the second bit line formed at a

second level;



a second bit line adjacent the first bit line and selectively coupled to the
first sensing device through a second select gate, the second bit |ine
formed at a second level; 22 a third bit |ine adjacent the second bit |ine
and sel ectively coupled to a second sensing device through a third sel ect
gate, the third bit line fornmed at the first level; a fourth bit line
adjacent the third bit Iine and sel ec? vely coupled to the second sensing
device through a fourth select gate, the fourth bit line forned at the
second |l evel; wherein a control gate of the first select gate is coupled to
a control gate of atl‘heiHibllirretddjweﬂtéhﬁsegfatdé)itlémdlnvuaéc@iml)wouph@dltm gate of the

e oo et B S ERUPLhd FETISH By Bl e B BT, O

menory devi cegmtm@h havi ng access |ines sel ectl vel y coupl ed to the
plurality of cont acts; wherein at |east one of the menory devices conpri ses:

an array of menorya&aith IUH@GﬁEﬁefﬁﬁleéhﬁﬁqlbﬁap‘F@@%%C%Yﬁtlyp‘i"-}?@toéhef| rst bit
line selecti V?%c}ﬂgc:f?&?#gge%@e &r@gh%tfo@{‘&iéag \/eﬁlé:ﬁu}tﬂ{)ﬁlﬁggf eh sel ect

gate, the firs or e rst a seco ne adj acent
the first bit tHeisaeondnebekel ectively coupl ed to a second sensi ng devi ce

t hrough a second select gate, the sec it line forned at <la second | evel ;
athird bit |ine alheemdconel %"’é‘“c‘bfrsihe gfsf sqloch gatg firoupled & ¢ GRitp E‘HEuB?ed to the
first sensingy lﬂ%ﬁr@tﬁse‘i&f Hghng third select gate, the third bit line formed

at the first evel urth bit line adjacent the third bit line and

sel ectively coupl ewhemlntmmrewthemom@sedjangattelstchnldagm acdntrol gdte sel ect

gate, the four t%e%nrdseie@teggté)rmd at the second |evel;

28. A memory module, comprising:

a plurality of contacts; and

two or more memory devices, each having access lines selectively coupled to the
plurality of contacts;

wherein at least one of the memory devices comprises:

an array of memory cells coupled to a plurality of bit lines;

a first bit line selectively coupled to a first sensing device through a first
select gate, the first bit line formed at a first level;

a second bit line adjacent the first bit line and selectively coupled to a
second sensing device through a second select gate, the second bit line formed at
a second level;

a third bit line adjacent the second bit line and selectively coupled to the
first sensing device through a third select gate, the third bit line formed at the first
level;

a fourth bit line adjacent the third bit line and selectively coupled to the
second sensing device through a fourth select gate, the fourth bit line formed at
the second level;

wherein a control gate of the first select gate is coupled to a control gate of

the second select gate; and



wherein a control gate of the first select gate is coupled to a control gate
of the second select gate; and 23 wherein a control gate of the third
select gate is coupled to a control gate of the fourth select gate. 29. A
menory nodul e, conprising: a plurality of contacts; and two or nore nenory
devi ces, each having access lines selectively coupled to the plurality of
contacts; wherein at | east one of the&3nmenory devices conprises: a row of

sel ect gates comonly coupled to a control line; and alternate bit-1line
pairs coupled to the select gates, each of the alternate bit- line pairs
conprising a firstwherinl 4 comtrbbgateeck the thirdfselesttgateds toupddd tbawehtralrpdtea second

bit Iline for %ét second vertical level different than the first
vertical | eveg}.Et g‘_’“‘%%‘?&ﬁﬁf\?ﬁ-mdm e, conprising: a housing having a
plurality of contacts; and one or nore nenory devices enclosed in the

housi ng and selectively coupled to the plurality of contacts; wherein at
| east on@9%of HAheemenoredulevPwpEsiegnpri ses: an array of menory cells coupl ed

to a pluralit i i . first bit line selectively coupled to a first
sensi ng devi Cépﬁ%&}@%é#&ﬁ%ﬁ,g select gate, the first bit line forned at a

first level; eawcecand dddioryidaecad¢rbbniing heefs linet sddedtiveliyneupladitesie ect i vel y
coupled to the first sensing device through a second select gate, the
second biPhrdithef ¢3iastss at a second level; a third bit |ine adjacent the

second bit [i %ex%ﬂldat?&Eﬁ&{eio‘fﬁ{(fylgfdt?%!d@%%sgb?ﬁ%)a@&?O”d sensi ng device through

athird select gate, the thir i ne at the first level; a fourth

bit Iine adjacent &evofselait gatts dommeondyncbupleldec b curgtof lioguplied to the second

sensi ng devi ce tr Qg BHL b Shsieh (R Sored: el QA BL kg o e
line pairs comprising a first bit line formed at a first vertical level and a second bit

line formed at a second vertical level different than the first vertical level.

30. A memory module, comprising:

a housing having a plurality of contacts; and

one or more memory devices enclosed in the housing and selectively coupled to
the plurality of contacts;

wherein at least one of the memory devices comprises:

an array of memory cells coupled to a plurality of bit lines;

a first bit line selectively coupled to a first sensing device through a first
select gate, the first bit line formed at a first level;

a second bit line adjacent the first bit line and selectively coupled to the
first sensing device through a second select gate, the second bit line formed at a
second level;

a third bit line adjacent the second bit line and selectively coupled to a
second sensing device through a third select gate, the third bit line formed at the
first level;

a fourth bit line adjacent the third bit line and selectively coupled to the
second sensing device through a fourth select gate, the fourth bit line formed at

the second level;



24 wherein a control gate of the first select gate is coupled to a contro
gate of the fourth select gate; and wherein a control gate of the second
select gate is coupled to a control gate of the third select gate. 31. A
menory nodul e, conprising: a housing having a plurality of contacts; and one
or nore nenory devices enclosed in the housing and selectively coupled to
the plurality of contacts; wherein at24 east one of the nenory devices
conprises: an array of nenory cells coupled to a plurality of bit lines; a
first bit line selectively coupled to a first sensing device through a first
sel ect gate, the fiwhereing ¢ontrohgatd ofrthedrshselest gate étcoupleditq a eorswt gatdobi t |1 ne

adj acent the first ,bi ine and selectively coupled to a second sensing
devi ce throughwgg?gﬁg%ﬁkg% ”%@'gate, the second bit line fornmed at a second

level ; a third bit whef Deing6Efite dthBe SREMNEIRL fatt isneupled te£tagibl yaty coupl ed
to the first sensing device through a third select gate, the third bit line

formed at theofthedhirdyelsgbgate.a fourth bit |ine adjacent the third bit |ine
and selectively coupled to the second sensing device through a fourth
select gate, the fourth bit line fornmed at the second |evel; wherein a
control gate o&fmemeryimedile, sempddingate is coupled to a control gate of the
second sel ect gate; and mhﬁrehgﬁg control gate of the third select gate is

coupled to a & ﬂ?%&ﬂh%ﬁﬁ&fl’wp CP@%?ﬁﬁmgelect gate. 32. A nenory nodul e,
Govi cos. omel oQBa e B B e O o & 1Ty o
cont act s theiBurality of contacts;
wherein at least one of the memory devices comprises:
an array of memory cells coupled to a plurality of bit lines;
a first bit line selectively coupled to a first sensing device through a first
select gate, the first bit line formed at a first level;
a second bit line adjacent the first bit line and selectively coupled to a
second sensing device through a second select gate, the second bit line formed at
a second level;
a third bit line adjacent the second bit line and selectively coupled to the
first sensing device through a third select gate, the third bit line formed at the first
level;
a fourth bit line adjacent the third bit line and selectively coupled to the
second sensing device through a fourth select gate, the fourth bit line formed at
the second level;
wherein a control gate of the first select gate is coupled to a control gate of
the second select gate; and
wherein a control gate of the third select gate is coupled to a control gate

of the fourth select gate.

32. A memory module, comprising:
a housing having a plurality of contacts; and
one or more memory devices enclosed in the housing and selectively coupled to

the plurality of contacts;



wherein at | east one of the nenory devices conprises: a row of select gates

commonly coupled to a control line; and alternate bit-line pairs coupled to
the sel ect gates, each of the alternate bit- line pairs conprising a first
bit line formed at a first vertical level and a second bit |ine formed at a

second vertical level different than the first vertical level. 33. An

el ectronic system conprising: a proggssor; and one or nore nenory devices
coupled to the processor, wherein at |east one of the nmenory devices
conprises: an array of nenory cells coupled to a plurality of bit lines; a
first bit |inevhesdieetleasepye efdhpmerorodeyices eamprisesisi ng devi ce through a first

sel ect gate, the fiarrﬁ\%o?-%éleétiggtgs E&Iirlmnglﬂy%?p%&iorastnJaglvﬁanle' g second bit line
nd sel ectiv t

adj acent the first "bi ine el'y coupl e o] iﬂled first sensing

devi ce through a satemnstebitllzeipagatciplddne tikaelendzats] cabh bLhE @ltérstc dit- a second
level ; a third bit Iine adjacent the second bit |line and selectively coupl ed
to a second JBRSARCURRISHE & fsthibincformpsd -l adustaeticadee! apdasqecend bithi t 1 i ne

formed at the 1inteif6rﬁ{§fi af¥ fdcon \éérﬁb%nmep&if‘fellehﬂﬁg?%ig?ﬁ&%m‘ﬁﬁﬁeé jird bit line

I
and sel ectively couple second sensin vice through a fourth
select gate, the fourth bit line fornmed at the second |evel; wherein a

control te of tlhe first sel ect.%ﬁgge is coupled to a control gate of the
fourth sePect ‘YaHEroRCSYNADy 9P Mt rol gate of the second sel ect gate is

coupled to a GGpédetdorgae of the third select gate. 34. An electronic
system conprising: a processor; and one or nore nmenory devices coupled to
t he processor one gh@pes memery|desises eoupledfo thapragesser,y devi ces conprises: 26 an

array of memory Cel LSe&PUR! §dnd RefoR) dLRE Lomdlsed t 11 NES;

an array of memory cells coupled to a plurality of bit lines;

a first bit line selectively coupled to a first sensing device through a first
select gate, the first bit line formed at a first level;

a second bit line adjacent the first bit line and selectively coupled to the
first sensing device through a second select gate, the second bit line formed at a
second level,

a third bit line adjacent the second bit line and selectively coupled to a
second sensing device through a third select gate, the third bit line formed at the
first level;

a fourth bit line adjacent the third bit line and selectively coupled to the
second sensing device through a fourth select gate, the fourth bit line formed at
the second level;

wherein a control gate of the first select gate is coupled to a control gate of
the fourth select gate; and

wherein a control gate of the second select gate is coupled to a control gate

of the third select gate.

34.  Anelectronic system, comprising:
a processor; and
one or more memory devices coupled to the processor,

wherein at least one of the memory devices comprises:



a first bit line selectively coupled to a first sensing device through a
first select gate, the first bit line formed at a first level; a second bit
| ine adj acent the first bit Iine and selectively coupled to a second
sensing device through a second sel ect gate, the second bit line fornmed at

a second level; athird bit line adjacent the second bit |ine and

sel ectively coupled to the first serps ng device through a third sel ect
gate, the third bit line formed at the first level; a fourth bit line

adj acent the third bit line and selectively coupled to the second sensing
devi ce through a fauartdy fehenuiry geltsaouplhé tof pplntakitybafibit lings; f or med at  t he

second | evel ; whereln a.control. gate qf,the.first. select,gate i.s coupled to
a control gate of aﬁﬁé%@ggﬁ%&&g&g@@%gﬂ to.a Tt pefiing g?vﬁceaﬂlg)blﬁﬁf’gfﬂgat e of the
third sel ect gﬁ&ﬁgmﬁJﬁ@ﬂﬂiBﬁﬁh@ﬁﬁn@@apjp&t@a&p of the fourth select gate.

35. An electronic systenﬁlqonpnlsiqg% a processor; and one or nore nenory
devi ces coupl ed t o sasenpip Hessadircent tip Brse b Lige andeselactivgle copledie amenor y

devi ces conprj i - n . trol line;
and al ternat ek%ﬁ?{! fﬁ?lﬁlég\ggﬁ;%ﬁ%%%gltaes %‘g%l%ée% sel%%tsg%g?lggfﬂngg% Gg?’ pt he

al ternate bitasdcondlepal;rs conprising a first bit line forned at a first

vertical level ‘and g secqnd bit  line farned at a second vertical leve
first sensing device through a third select gate, the third bit line formed at the first
level;
a fourth bit line adjacent the third bit line and selectively coupled to the
second sensing device through a fourth select gate, the fourth bit line formed at
the second level;
wherein a control gate of the first select gate is coupled to a control gate of
the second select gate; and
wherein a control gate of the third select gate is coupled to a control gate

of the fourth select gate.

35.  Anelectronic system, comprising:
a processor; and
one or more memory devices coupled to the processor,
wherein at least one of the memory devices comprises:
a row of select gates commonly coupled to a control line; and
alternate bit-line pairs coupled to the select gates, each of the altemate bit-
line pairs comprising a first bit line formed at a first vertical level and a second bit

line formed at a second vertical level different than the first vertical level.



