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SYSTEMS AND DEVICES INCLUDING LOCAL DATA LINES
AND METHODS OF USING, MAKING, AND OPERATING THE
SAME

Field of Invention

[0001] Embodiments of the invention relate generally to electronic devices and, more

specifically, in certain embodiments, to electronic devices having local data lines.

Description of Related Art

[0002] In some memory devices, a storage device, such as a capacitor, communicates
with a sense amplifier through a data line, e.g., a digit line. Typically, the capacitor stores data
with its charge state, e.g., a charged capacitor may represent a logic value of “1,” and an
uncharged capacitor may represent a logic value of “0.” To read data from the capacitor, a
switch between the capacitor and the data line is closed, and electrons flow between the
capacitor and the data line, thereby changing the voltage of the data line. This change in the
voltage is typically registered by the sense amplifier, which may categorize the change in

voltage as indicating either that the capacitor is storing a 0 or that the capacitor is storing a 1.

[0003] Often, the data lines have a relatively large capacitance compared to the
capacitor storing data. In some designs, a single-data line may service a plurality of capacitors.
These data lines may be relatively long, extending in some designs across an entire block of
memory. Along their length, the data lines may capacitively couple to other conductors that are

at different voltages, conductors such as other data lines. This capacitive coupling is referred to



[0002] I n sone nenory devices, a storage device, such as a capacitor,
communi cates with a sense anplifier through a data line, e.g., a
digit linayobypheaksy, the capacitor stores data wth ifganshewnssss
state, e g, a charged capacitor may represent a logic value of "1,"
and an uncharged capacitor may represent a logic value of "0." To
read data fromthe capacitor, a switch between the capacitor and the
data line is closed, and electrons fl ow between the capacitor and the
data line, thereby changing the voltage of the data |line. This change
in the voltage is typically registered by the sense anplifier, which
may categorize the change in voltage as indicating either that the
capacitor is storing a 0 or that the cépacitor is storing a 1.

[0003] Oten, the data |ines have a relatively |arge capacitance
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single-data |ine may service a plurality of capacitors. These data
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vol tages, conductors such as other data lines. This capacitive
coupling is referred to WD 2009/ 108446PCT/ U82009/ 032354 -2- as
"parasitic capacitance,” and it can slow the operation of the nmenory
devi ce. Parasitic capaci BRIEE DESGRIPVIONOF DRAWEKNGSit e at whi ch the
capacitor storing data changes the data |ine voltage, thereby
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accordance with an embodiment of the present technique;

[0005] FIGS. 2-7 illustrates steps in a process for forming local and global data lines in

accordance with an embodiment of the present technique;

[0006] FIGS. 8-19 illustrates steps in another process for forming local and global data

lines in accordance with an embodiment of the present technique;

[0007] FIG. 20 illustrates a processor-based system in accordance with an embodiment

of the present technique;

[0008] FIG. 21 illustrates a memory sub-system in accordance with an embodiment of

the present technique;

[0009] FIG. 22 illustrates a memory module in accordance with an embodiment of the

present technique; and

[00010] FIG. 23 illustrates a memory device in accordance with an embodiment of the

present technique.



[0004]FIG 1 illustrates a nenory array having |ocal and gl obal data
lines in accordance with an enbodi nent of the present technique;

[ 0005] FI GSV02003;10§4hdJstrat es steps in a process for formcegshaoaszand
gl obal data lines in accordance with an enbodi nent of the present
techni que; [0006] FIGS. 8-19 illustrates steps in another process for
formng |ocal and global data lines in accordance with an enbodi nent
of the present technique; [0007]FIG 20 illustrates a processor-based
systemin accordance with an enbodi nent of the present technique;
[O008]FIG 21 illustrates a nmenory sub-systemin accordance with an

enbodi nent of 5

DETAILED DESCRIPTION

[00011] Various embodiments of the present invention are described below. In an effort
to provide a concise description of these embodiments, not all features of an actual
implementation are described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made to achieve the developers’ specific
goals, such as compliance with system-related and business-related constraints, which may
vary from one implementation to another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming but would nevertheless be a routine
undertaking of design, fabrication, and manufacture for those of ordinary skill having the

benefit of this disclosure.

[00012] As mentioned above, parasitic capacitance slows certain types of memory
devices, but this problem is mitigated by some of the subsequently-described embodiments,
among which is a memory device having local data lines that are shorter than the data lines of
conventional devices. As explained below, in some embodiments, a data line for a plurality of
memory cells may be divided into multiple, shorter segments referred to as "local data lines."
Several local data lines may share a single global data line, and the global data line may
connect the local data lines to a sense amplifier. In some embodiments, the local and global
data lines may be linked to each other by switches that are configured to connect one local data
line at a time to the global data line, thereby reducing the capacitance of the path between a

memory cell and the sense amplifier.



the present technique; [0009]FIG 22 illustrates a nenory nodule in
accordance with an enbodi nrent of the present technique; and

[ 00010] FI Gyo3dooibdsyst rates a nenory devi ce i n accor danggysaie@shsss
enbodi ment of the WD 2009/ 108446PCT/ US2009/ 032354 - 3- DETAI LED

DESCRI PTI ON [ 00011] Vari ous enbodi ments of the present invention are
descri bed below. In an effort
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[00013] In certain embodiments, the local data lines are coupled to the global data lines
without interrupting the pattern of the memory array. Some of the following embodiments
include a cross-point memory airay, which as explained below, may be formed with a sequence
of masks having repeating patterns of lines that are generally parallel to other lines in the same
mask and generally perpendicular to the lines in other masks. The repetition of the pattern
within the masks is believed to facilitate the formation of features that are smaller than the
resolution limit of lithography equipment, and the orthogonal relationship between masks is
believed to increase the alignment margins when aligning the masks to existing structures on a
substrate, In certain embodiments described below, these relationships are not disturbed by the

structures that connect the local data lines to the global data lines.

[00014] Several embodiments are described, including a circuit, two embodiments of a
manufacturing process, and a systemn, The circuit is described with reference to FIG. 1, and the
first embodiment of the manufacturing process is described with reference to FIGS. 2-7. The
second manufacturing process is described with reference to FIGS. 8-19, and examples of

systems embodying aspects of the invention are described with reference to FIGS. 20-23.

[00015] As mentioned, the circuit is illustrated by FIG. 1, which depicts an example of a
memory device 110 having local data lines 112 and global data lines 114. The illustrated
memory device 110 also includes a memory array 116, a control-line driver 118, sense

amplifiers 120, and a local-digit-line selector 122. As illustrated, the local data lines 112 and



to provide a concise description of these enbodi nents, not al
features of an actual inplenmentation are described in the

speci fi catywgngevlibssghoul d be appreci ated that in the deviglopsnkzaks
any such actual inplenentation, as in any engi neering or design

proj ect, numerous inplenentation-specific decisions nust be nade to
achi eve the devel opers' specific goals, such as conpliance with
systemrel ated and busi ness-rel ated constraints, which nmay vary from
one inplenmentation to another. Moreover, it should be appreciated
that such a devel opnent effort m ght be conplex and tine consum ng
but woul d neverthel ess be a routine undertaking of design,
fabrication, and manufacture for thosedof ordinary skill having the
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| ocal data lines to the global data |ines. [00014] Several enbodi nents
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memory cells 124 are connected in parallel to the same terminal of the LDL-access device 126.
Each of the illustrated iocal data lines 112 may be directly connected to four memory cells 124,
but in other embodiments, the local data lines 112 may connect to fewer or more memory cells
124, e.2., 8, 16, 32, 64, 128, 256, 512, or more memory cells 124. The illustrated LDL-access
devices 126 may include one or more transistors with gates connected to the local-digit-line

selector 122 by subgroup-select lines 134.



manuf acturi ng process, and a system The circuit is described with
reference to FIG 1, and the first enbodi nent of the manufacturing
process i swgegwibgeds M th reference to FIGS. 2-7. The segafgkooo/032354
manuf acturing process is described with reference to FIGS. 8-19, and
exanpl es of systens enbodyi ng aspects of the invention are described
with reference to FIGS. 20-23. [00015]As nmentioned, the circuit is
illustrated by FIG 1, which depicts an exanple of a nenory device
110 having local data lines 112 and gl obal data |ines 114. The
illustrated menory device 110 also includes a nmenory array 116, a
control-line driver 118, sense anplifiers 120, and a local-digit-line
sel ector 122. As illustrated, the | ocab-data lines 112 and WO

2009/ 108446PCT/ US2009/ 032354 -5- the global data |lines 114 are

di sposed08018] he mEndir of the fllaytrddblocd ddtatiines Elensecanpdted foarsedGmpdifier 120
coupled to the nenory array 116. [00016] The illustrated nenory array
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that selectively connec e storage devices 128 to the |oca ata
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global data lines 114 may be larger, have a higher conductivity, and be spaced further away
from one another than the local data lines 112. An example of a device having these features

this described below with reference to FIGS. 8-19.

[00019] The illustrated local data lines 112 are connected to the global data lines 114 at
the ends of the local data lines 112, but in other embodiments, the local data lines 112 may
connect to the global data lines 114 at other locations. For instance, the local data lines 112
may connect to the global data lines 114 near the middle of the local data lines 112, or the local
data lines 112 may connect to the global data lines 114 at multiple locations on the local data

lines 112,

[00020] In operation, the storage devices 128 may store data that is transmitted via both
the local data lines 112 and the global data lines 114. To address (e.g., read from, write to, or
erase) a given memory cell 124, a stimulus (e.g., a voltage, current) may be asserted through a

certain combination of local data lines 112 and control lines 132. To select the local data line



[ 00017] Anot her term nal of the access devices 130 may be connected to
a termnal of the LDL-access device 126 by the local data |ines 112.
In the il lwebhidhegdsenbodi nent, the nmenory cells 124 ar ecgapasioedsi n
parallel to the sane term nal of the LDL-access device 126. Each of
the illustrated | ocal data lines 112 may be directly connected to
four nmenory cells 124, but in other enbodinents, the | ocal data |ines
112 may connect to fewer or nore nenory cells 124, e.g., 8, 16, 32,
64, 128, 256, 512, or nore nenory cells 124. The illustrated

LDL- access devices 126 may include one or nore transistors with gates
connected to the local-digit-line selector 122 by subgroup-sel ect
lines 134. WD 2009/ 108446PCT/ US2009/ 032354 -6- [00018] Each of the
illustrated local data lines 112 are connected to a sense anplifier
120 t hr dugkomeL®el {athe esmaievelcB 412 gaddressed] odtiaiulubabay b aseerted throdgghe
gl obal data line 114 may connect to a plurality of |ocal data |ines
112. | n subeonp-balst liad &3 @nplediabatzate efithe [ Iobakssdiatiae | 2hassdcidted with the
connects to three local data lines, but in other enbodinents, the
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11z. to the selected memory cell 124. The current may flow through the access device 130 in the
selected memory cell 124, through the local data line 112 connected to the selected memory
cell 124, and through the subgroup-access device 126 connected to the selected memory cell
124. As this current flows, it may elevate or lower the voltage of one of the global data lines
114. In some embodiments, the sense amplifier 120 may compare the changing voltage to one
or more reference voltages and, based on this comparison, categorize the change in voltage as
indicating that the selected memory cell 124 stores one of a discrete group of data values, e.g.,

one bit, two bits, three bits, four bits, five bits, or more.

[00022] In this embodiment, relative to conventional devices, the voltage of the global
data lines 114 may quickly change to a voltage indicative of the stored data value. Because the

global data lines 114 of this embodiment have relatively low resistance and relatively low



[ 00020] I n operation, the storage devices 128 may store data that is
transmtted via both the |l ocal data lines 112 and the gl obal data
lines 114.wdoopddsess (e.g., read from wite to, or ermgsa)s2o@bMeNn
menory cell 124, a stinulus (e.g., a voltage, current) nay be
asserted through a certain conbination of |ocal data lines 112 and
control lines 132. To select the local data [ine WD

2009/ 108446PCTM52009/ 032354 -7- 112 connected to the nenory cell 124
bei ng addressed, a stinmulus may be asserted through the
subgroup-select line 134 coupled to the gate of the LDL-access device
126 associated with the targeted |ocal data |ine 112. To select a
menory cell 124 anong the nenory cel | s8124 coupled to that |ocal data
line 112, another stinulus may be asserted through the control Iline
132 couphptitiet d1d byaduee the illivgatad glodsl dealinee 1 180« iconntehted thewierlechl data
menory cell 124. In sone enbodi nents, accessing a nenory cell 124 may
cl ose a lpatih2 bt thug hhdymitinbdttveer the sdnselanplifidr aed 4 decanidnérheygtibb2d mdat a
line 114 connected to that nmenory cell 124. [00021] When reading from
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device 128, and this current may change the voltage of the gl obal
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[ 00022] IlinetHith2SebEs R Faie rel ative to conventional devices, the
vol tage of the gl oba

[00023] Other embodiments may include other types of memory cells 124 or devices
other than memory cells. For example, the storage device 128 may be a floating gate of a
floating-gate transistor or a charge repository of a silicon-oxide-nitride (SONOS) device, or it
may include a phase-change memory material, e.g., an ovonic material. In some embodiments,
the storage device 128 may be an SRAM memory element with a flip-flop, or it may include a
programmable-metallization cell, a ferromagnetic-memory device, or a magnetoresistive-
memory device. In other embodiments, the storage device 128 may include or be replaced with
an imaging device, such as a charge-coupled device or a photo diode, or it may include or be
replaced with some other type of sensor, such as a chemical sensor, a microphone, or an
antenna. Because the present technique is applicable to a wide variety of devices, some of

which store data and some of which sense data, the memory cell 124 may be referred to more



data lines 114 may qui ckly change to a voltage indicative of the
stored data val ue. Because the global data l|lines 114 of this

enbodi nentwhaweaogh@ti vely | ow resi stance and rel ati velpetashoo)ddsss
20091108446PCT/ US2009/ 032354 -8- capacitance, and because the
illustrated global data lines 114 are connected to one |ocal data
line 112 at a tinme, the path between the sense anplifier and a

sel ected nenory cell 124 may have a | ower inpedance, and thus a | ower
time constant, than a path through all of the local data lines 112
together. This |ower tine constant may yield a quicker response by
the sense anplifier 124 to a given voltage and a given current froma
sel ected storage device 128. In sonme eftbodi ments, this effect nay be
expl oited by reducing the size of the storage devi ces 128, which may
reduce tgagersaltypassf "dataecely moeyn which gncbipassasibdthwemory sclls @sd varkwms types of
exanple, in sone enbodi nents, the storage devices 128 may have a
capaci t aaser tediss than 35 if on a global data line with 256 bits (or
nore. [00023] O her enbodi ments may include other types of nenory
cells 124 or devices other than nenory cells. For exanple, the

st or age [0@z4te 12®thrymbediamehis aalyialg hged £different felBiahshijgbgate the memory
transistor or a charge repository of a silicon-oxide-nitride (SONOS)
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[00025] Local and global data lines may be formed by a process described below with
reference to FIGS. 2-7. In some embodiments, this process may form local and global data
lines without disrupting the pattern of transistors in the array. As explained below, maintaining
this pattern is believed to increase the manufacturability of certain embodiments by, among
other things, maintaining relatively large alignment margins in the array and facilitating the

formation of sub-photolithographic-resolution-limit features.

[00026] In one embodiment, the process begins with providing an array 136 of
transistors 138, as illustrated by FIG. 2. The transistors 138 may be arrayed in generally linear
rows and columns, in a square lattice arrangement, as illustrated by FIG. 2, or they may be
arranged in some other pattern, such as a hexagonal-lattice arrangement, with offset-adjacent
rows of transistors 138. The illustrated array 136 may include patterns of transistors 138 that

repeat in both the row and column direction within a relatively short period, e.g., every



WO 2009/ 108446PCT/ 1JS2009/ 032354 -9- generically as a "data cell," a
term whi ch enconpasses both nenory cells and various types of sensor
cel |l s. [ 00@Q84hibsie enbodi nents may al so have a diff er artrus2000/032354
rel ati onship between the nmenory cells 124 and the | ocal data |ine
112. In the illustrated enbodi ment, the nenory cells 124 are
connected in parallel to the local data line 112, but in other
enbodi nents, the nenory cells 124 nay be connected in series to the
| ocal data |line 112. For exanple, in sone types of flash-nenory

devi ces or SONCS devices, the floating-gate transistor or SONOCS
transi stor may be connected in series along the local data |line 112.
[ 00025] Local and gl obal data lines maythe formed by a process
described below with reference to FIGS. 2-7. In sone enbodi nents,
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the pattern of transistors in the array. As expl ai ned bel ow,
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mai nt ai Mditidnallatehsteillystlddddeandilsiof MPER ofEDionSyatd e N4 &far ty traddhtor’s gate,
facilitating the formation of sub-photolithographic-resolution-limt
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illustrated array. 136 nmay include patterns of transistors. 138 that
SR Al i R i SR T U e
period, e?c'm%j)l’e o?\z{(cahl;gl-gate, three-dimensional transistor is described below with reference to FIGS.

8-19.

[00027] Next in the present embodiment, local data lines 146 may be formed, as
illustrated by FIG. 3. The local data lines 146 may extend generally perpendicular to the gate
lines 144, and they may connect to the sources 140 or the drains 142 of the transistors 138.
Each of the illustrated gate lines 146 extends across generally the same number of transistors
138, e.g., four transistors in the illustrated embodiment, but may extend across a different
number of transistors in other embodiments. The local data lines 146 may be staggered by two
or more transistor 138 to form dummy columns 148. As explained below, the dummy columns
148 may provide a buffer space around the ends of the local data lines 146 to allow for

misalignment of the contacts to the local data lines 146.

[00028] The illustrated embodiment includes LDL-access devices 150. The LDL-access

devices 150 may be disposed at alternating ends of the local data lines 146 in the column



WO 2009/ 108446PCT/ US2009/ 032354 -10- transistor, every two
transistors, every three transistors, every four transistors, or
every fivewbrewaostiors. Each of the illustrated transi stowrss203832354

i ncludes a source 140 and a drain 142. Additionally, each illustrated
transistor 138 is coupled to a gate line 144 via the transistor's
gate. As expl ai ned bel ow, sone of these gate |lines 144 may be used to
formcontrol lines, and others may be used to form subgroup-sel ect
lines. The transistors 138 may be a variety of different types of
transi stors, including single-gate transistors, dual-gate
transistors, triple-gate transistors, generally two-di nensional

transi stors, and generally three-di nensional transistors. An exanple
of a dual-gate, three-dinensional transistor is described below wth
r ef er encléreeiépnEpatdn ofhen gnbgdgperts [iMeleeal dptadines oassraxteadibepingghe LDLocal
data lines 146 may be forned, as illustrated by FIG 3. The | ocal

dat a | i meesd d&vieeayt 5@ xt had DjemsessldeyicgrelSPenmgi bedisposadmetitbe spamecendiof §x:
144, and they may connect to the sources 140 or the drains 142 of the
t r ansi stlodab ddt3 8nesBaéh Trothis dmebadirhers tardauinendy gat 848 ik dispostd 6n eitiee vids of the
across generally the sane nunber of transistors 138, e.g., four

t ransi stcohsnr if wiiéh tht LS 43¢ de@pdrodD MBI dispobatt, ARt NEE PGk RESs B8

di fferent nunber of transistors in other enbodinents. The | ocal data

lines 148wy 1P -sdc-agariiess 133 ih IR @he BRLANtHA R &by F3RistoRs, 5@ his
dummy col umms 148. As expl ai ned bel ow, the dimmy col'ums 148 may

provi de i, cHACST ALQUNEAE S8 RRBlnd Dy AR Rly HALRH. MEBmtA0 to
I t ca ata

allow for msalignnment o e contacts to the’lo I nes 146.

00028] T. I t [ i.ne LACCeSS [
90025 Uk, B 0R 5s EBS b P BEETA RSB i

| ocal data Iiges 146 in the columm
mdy not be staggered.

[00029] In some embodiments, the local data lines 112 may be staggered such that their
ends are disposed near the middle of adjacent local data lines 112. In some instances, the local

data lines 112 may be staggered the access devices 150 may be disposed near their middle.

[00030] Some or a substantially all of the remaining transistors 138 that are not either
dummy transistors or LDL-access devices 150 may become access devices 152 for
subsequently-formed memory cells. In this embodiment, the access devices 152 are disposed
in groups of columns that are two columns wide. In other embodiments, these groups of
columns may be substantially wider, e.g., wider than or generally equal to 4, 8, 16, 32, 64, 128,

or 256 transistors wide or wider.

[00031] Next in this embodiment, storage devices 154 may be formed in the array 136,
as illustrated by FIG. 4. The storage devices 154 may be any of the types of storage device as

described above, and in the illustrated embodiment, they are capacitor plates. The illustrated



WO 2009/ 108446PCT/ US2009/ 032354 -"- direction, but in other
enbodi nents, the local data lines 146 nmay extend beyond the LDLaccess

devi ces 15800hudildgsal-DL- access devi ces 150 may be di Sposgeymeadonbiicy
sanme end of the local data lines 146. In this enbodi nent, a dummy row

148 is disposed on either side of the colum in which the LDL-access
devices 150 are disposed. Additionally, the transistors 138 between
LDL- access devices 150 in the sanme columm nmay be dunmy transistors,
so in this enbodi nent, each LDL-access device 150 is surrounded by
dummy transistors. In other enbodi nents, though, the array 136 nmay
not include dumry transistors, and the data |ines 146 may not be

st aggered. [00029]1n sone enbodi nents;/2he |ocal data |ines 112 may
be staggered such that their ends are di sposed near the m ddl e of

adj acentstdragealevidat 54 dre1dspdsté@ abdva asd peneiatlytalipieelsyitlt herrhineiadf tidattansistors
lines 112 may be staggered the access devices 150 nmay be di sposed
near t hei3g, &g dabdrcd LOG3QJdGME4T) bndiths Yidsdea meiiads! (4 ahdy lefcotipled to this
remai ning transistors 138 that are not either dunmy transistors or

LDL- accagsiflflV TE Storh2 deBdes 164 AP ba¢sifRa viRY¥hCBSupttr thOpattern of the array
subsequent |l y-fornmed nmenory cells. In this enbodi nent, the access

devi ces (hg2 e itlisBReS BRbLANIROMPS: QbstaftlH s of ﬁl@ttraﬂsriﬁmts‘t’)l’gﬁi 6PhY RSy

wi de. In other enbodi nents, these groups of columms nmay

subst ant; g& | i; e t% I (%%- . 16,

32, "o, T bk ¢ Fafler stRCHS AE00Me, BERTEARYSES) R b i piles

embodi MeAL;.e St 89PmIRYAEES s 136 TRY alRfml, A5WPFhs. T LS1afel Biow Ry some
embodiments, the storage devices 154 coupled to the LDL-access devices 150 may be used to

form contacts to the LDL-access devices 150 from global data lines.

[00032] In certain embodiments, the storage devices 154 may include another capacitor
plate 156, as illustrated by FIG. 5. The capacitor plate 156 may be common to all or
substantially all of the storage devices 154 in the array 136, or the capacitor plate 156 may be
common to transistors 138 in a row, column, or other subset of the array 136. In some
embodiments, each storage device 154 includes its own capacitor plate 156 that is separate
from the capacitor plates 156 of other storage devices 154. A dielectric material may be
disposed under the capacitor plate 156, between it and the other capacitor plate of the storage

devices 154, to form capacitors.

[00033] A plurality of apertures 158 may be opened in the capacitor plate 156 to expose
a portion or substantially all of certain storage devices 154. The apertures 158 may be
positioned and sized to expose the storage devices 154 coupled to the I.LDL-access devices 150.

In some embodiments, the apertures 158 may be large enough to expose a portion of the



as illustrated by FIG 4. The storage devices 154 may be any of the
types of storage device as described above, and in the illustrated
enbodi mentywobh®Modlie capacitor plates. The illustrated pcRds2000/032354
2009/ 108446PCT/ US2009/ 032354 -12- storage devices 154 are di sposed
above and generally aligned with a terminal of the transistors 138,
e.g., a source 140 or a drain 142, and the storage devices 154 may be
coupled to this termnal. The storage devices 154 may be forned

wi t hout disrupting the pattern of the array 136. In the illustrated
enbodi ment, all or substantially all of the transistors 138 of the
array 136 are coupled to a storage device 154, including, the access
devi ces 152, the LDL-access devices 196; and the transistors 138 in
the dunmy rows 148. As expl ai ned bel ow, in sonme enbodi nents, the

st or age steageclesicdsbib4couped th thoduhey bBhsistosd48 dupesed emuid hedd3L-beesssed
to formcontacts to the LDL-access devices 150 from gl obal data

i nes. [dBOIGE2]0Nn certain enbodi nents, the storage devices 154 may

i ncl ude anot her capacitor plate 156, as illustrated by FIG 5. The
capacitor plate 156 may be common to all or substantially all of the
st or age [0@3dtes 1BW@xd, tortdees Hirtayhek&agealevichel Slapachd formeal iatle: dbbfueny
be common to transistors 138 in a row, colum, or other subset of the

array 1388, dshnsasRd 641PAG] aTERsEme SAGEIifeMs ARG AN 2ind Sl ydr MedyUdesmelds
own capacitor plate 156 that is separate fromthe capacitor plates

156 of QfRfen #eQbREE:s 16 hffle dnfhcitd pHte! L Th& eABLEE B o BYWRE between
di sposed under the capacitor plate between it and the otRer
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[ 00033] urality of apertures dpened 1 n e capacl tor

pl ate 15(;%@%116)(&9%1313161%1%0 ] édn%ggf’éo 1%5')18% t%ﬂ'}lé é\;e}{ al?lcnl' su gtalgt%ﬁlt&%ll N ﬁqte%ﬁge
devi ces ) e apertures may -be ‘positioned and Sized to expose
the stora eﬁ&evic?s éﬁé gfupled to the LDL-access devices 150. In
some enSTHENIES ROEYpdk t ures 158 may be Iarge enough to expose a

portion of the

[00035] The apertures 158 and the contacts 160 may have a relatively large alignment
margin in some embodiments because of the dummy transistors 148 (FIG. 3). These dummy
transistors 148 may form a spatial buffer 162 around each of the contacts 160 (FIG. 6). In at
least some embodiments, misalignment of the contacts 160 does not necessarily damage
memory cells that store data because of the special buffer 162. This relatively large alignment

margin may facilitate the use of less expensive, lower resolution lithography equipment.

[00036] Next, global data lines 164 and 166 may be formed, as illustrated by FIG. 7.
The global data lines 164 and 166 may connect the contacts 160 to the sense amplifiers 166. In
some embodiments, the global data lines 164 may be formed before the global data lines 166,
e.g., in a different metal layer. The global data lines 164 and 166 may be generally the same
size as the local data lines 146, and the global data lines 164 and 166 may be spaced further

away from one another than the local data lines 146, ¢.g., 1.5 times as far, 2 times as far, or



WO 2009/ 108446PCT/ US2009/ 032354 -' 3- storage devices 154 coupled to
the dummy transistors 148 di sposed around the LDL-access devices 150.

[ 00034] Nexyo 260@Ab#6d S 160 to the storage devices 154 nmgpeiagb@khERe: | N
the apertures 158, as illustrated by FIG 6. In sone enbodi nents, an

insul ating-liner layer may be fornmed between the contacts 160 and the
capacitor plate 156 to prevent current fromflow ng between these
structures 160 and 156. The contacts 160 may be generally vertical
structures made of a conductive material, and a contact 160 nay be
formed over all or substantially all of the LDLaccess devices 150
(FIG 3). [00035] The apertures 158 and the contacts 160 may have a
relatively large alignment margin in sifme enbodi ments because of the
dumy transistors 148 (FIG 3). These dummy transistors 148 nay form
a spat i dbrtipuf This irkGéasar pacidg eng hedofe tdpecitord BtwveentbOglobdl @ataBines 16 aatl
| east some enbodi ments, m salignnent of the contacts 160 does not
necessarlisby damage nmenory cells that store data because of the
special buffer 162. This relatively large alignnent margi n may
facilitate the use of |ess expensive, |ower resolution |ithography
equi prreo0037P0036irhextay sahay algdaiercohhdtad td @docandigit e Elycthel Banded,

as illustrated by FIG 7.
control-line driver 170. The local-digit-line selector 168 may connect to the gate lines 144
(FIG. 2) of the columns with the LDL-access devices 150 (FIG. 4) to form subgroup select
lines 172 (FIG. 7). Certain other gate lines 144 may connect to the control-line driver 172 form
control lines 174. The control lines 174 may control the access devices 152 (FIG. 3) of
functioning memory cells. In this embodiment, each illustrated local data line couples to two

memory cells via two control lines 174. In other embodiments, each local data line may

connect to more than two memory cells.

[00038] In other embodiments, the global data lines 164 may connect to each of the local
data lines 146 through more than one LDL-access device 150, e.g., 2, 3, 4, or more LDL-access
devices 150. In these embodiments, each local data line 146 may connect to a global data line
164 through a plurality of LDL-access devices connected to the global data line 164 in parallel.
To accommodate the larger number of connections, the contact 160 and the aperture 158 may
be widened to span across multiple columns of storage devices 154. For example, a single
contact 160 or two separate contacts 160 may connect to a local data line 146 via two different
capacitor plates. Connecting the local data line 146 to the giobal data line 164 through parallel
LDL-access devices 150 is believed to reduce the resistance between the global data lines 146

and the global data lines 164.



The gl obal data lines 164 and 166 may connect the contacts 160 to the
sense anplifiers 166. In sone enbodi nents, the global data |lines 164
may be fornggdyPpaiaue the global data lines 166, e.d., igrrudidofosizent
nmetal |ayer. The global data |lines 164 and 166 may be generally the
sanme size as the local data lines 146, and the gl obal data |lines 164
and 166 may be spaced further away from one another than the | ocal
data lines 146, e.g., 1.5 tinmes as far, 2 tines as far, or WO

2009/ 108446PCT/ US2009/ 032354 -'4- further. This increased spaci ng nmay
reduce capacitance between the global data lines 164 and 166.

[ 00037] The array 136 nmay al so be connected to a local-digit-1line

sel ector 168 and a control-line drivefi5170. The local-digit-Iline

sel ector 168 may connect to the gate lines 144 (FIG 2) of the

col umtms {06038] t he DDlonscoEmginken, detatid? debicEs 154)mdyobef selentes bhxgd oh pn
select lines 172 (FIG 7). Certain other gate |ines 144 may connect
to the cafeiOkcdivdadrdti biher cikhidryl PN efdifld, Qlmdnhd¥g Sonkitller R u&RRiT B
lines 174 may control the access devices 152 (FIG 3) of functioning

Menory Galiless, addbdstd &n SRR ILENEont@BGRE 174 MRLIREEH: WS Fhe &aEA hin6ry

couples to two nenory cells via two control lines 174. In other
enbodi i I i : : A r
col s, | FObBRAPF EMpREs and Biches wPUARCS CONEEind: e 0 o 2l hpg fPhelpie ¥

connect tn e of %% | g ta.lines 146 .t hrough nore than one
LDL- accé’gga g)gi%:eegli ,gatae.%%g,56 t,%‘%:mh4l,t%oarttaérr1§?ie LDL- access devi ces 150.
In these enbodi nents, each |local data line 146 may connect to a

| obal i 64 th h | wralit f, LDL-acce i.
Jonnoct 0@ e BPibple VrRinhha i lordind e S GEH SRR ee | ne
| arger n er of connectj.ons,, the contact._.160 and the aperture 158
oy e dEs SRR A SR R IR Rt el, EpEGtre. f sl

154. For_ ex le, a single contact 160 or two separate contacts 160

may conrigt (?f[{ge afldrese Gy 2 950 4hq lpgad daading ngectt%mdi PEGEHSUBHRUR St line

pl ates. Connecting the local data |line 146 to the global data line
1

164 t hr ddgKoyragdatio|as jodd-mpmbered bosalgiatg linesl 4660y if the st qigly ofithe gddressis @ Ofthe

resi stance between the global data |ines 146 and the gl obal data
| i nes 164 local data line selector may energize a subgroup-select line 172 coupled to an even-

numbered local data line 146.

[00041] In other embodiments, multiple digits of the address may affect which subgroup
select line 172 is energized. For example, if the last three digits of the address are 000, a left-
most subgroup-select line 172 coupled to an odd-numbered local data line 146 may be
energized, or if the last three digits of the address are 010, then a second-from-left-most
subgroup-select line 172 coupled to an odd-numbered local data line 146 may be energized.
Similarly, if the last three digits of the address are 001, a left-most subgroup-select line 172
coupled to an even-numbered local data line 146 may be energized, and if the last three digits

of the address are 011, then a second-from-left-most subgroup-select line 172 coupled to an



WD 2009/ 108446PCT1US2009/ 032354 -15- [00039] 1 n sone enbodi ments, the
storage devices 154 may be sel ected based on an address received from

ot her ciropnbbingroda®s exanple, a nenory controller may tpcansFhdyogddss
address, and based on this address a control |ine 174 correspondi ng

with the desired nenory cell may be energized, and a sense anplifier
165 corresponding nenory cell may sense the voltage of the gl obal
data line 166 to which it is attached. [00040] I n sone enbodi nents, a
first, last, or other digit, or group of digits of the address nay
det erm ne whi ch subgroup-select line 172 is energi zed. For instance,
if the last digit of the address is a zero, the |local data line

sel ector may energi ze a subgroup-sel ed®-1ine 172 coupled to an

odd- nunbered | ocal data line 146, or if the last digit of the address
i s a oneyern-menbepahlocdahr line 146 sel be tmarginedy SEnvenabpermuttisnsog tius pateel acit
line 172 coupled to an even-nunbered | ocal data line 146. [00041]1n
ot her ervdedd areaidsionad|l tiple digits of the address may affect which
subgroup select line 172 is energi zed. For exanple, if the last three
digits of the address are 000, a |eftnost subgroup-select line 172
coupl ed [oa04an oddFIGSYIZerEtiuitaeadn Gainglel dfagrdds MRforhgesAal ¢itz Boks aad

if the last three digits of the address are 010, then a

second- foldmar def lind¥ WSt cSHHREItO Bl tS84iR6Hs, mor&pﬁmah@@ﬁ]@bﬁﬂwﬁp FBRR 8 illustrates a
odd- numbered local data |ine 146 may be energized. Sinmilarly, if the

last th rs@xﬁlcgh&ﬂ&o? thlfuoh e adIRssoAl R, BRilFIGR Y ilfst: atﬁpﬁ ar ‘?Jérblgﬁ Q¥ ﬁn sel ect
line 172 coupled to an even-nunbered |l ocal data [ine 14

ener gi z 8};131&81@ 1'7{3 TRE oth@Sf o é&rcﬁglcfjét sttﬁat%a cgﬁnfgpﬂéﬁﬁi?yegfstetg(i’%ckl ks

a second-from | eft-nmost sub grou coup

and global data lines.

[00043] As illustrated by FIG. 8, the semiconductor portion of each illustrated fin
transistor 176 may include a fin 180 extending from a base 182. The fin 180 and the base 182
may be made from a variety of semiconductor materials, such as single-crystal silicon. The
illustrated fin 180 includes two sides 184 and 186 and two edges 188 and 190. The sides 186
and 184 and the edges 188 and 190 may, in some embodiments, define a generally cuboid
volume, with the edges 188 and 190 generally being narrower than the sides 184 and 186. The
illustrated fin 180 includes a distal portion with two legs 192 and 194 separated by a generally
U-shaped void 196. As explained below, the legs 192 and 194 may provide the material from
which a source and a drain are formed. The fin 180 may include differently-doped portions
198 and 200. In some embodiments, the upper-doped portion 198 may be doped with an n+
material, and the lower-doped portion 200 may be doped with a p- material. In the illustrated
embodiment, the upper-doped portion 198 does not extend below the bottom of the generally

U-shaped void 196. This is so that a channel may be formed through the lower-doped portion
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146 may be energi zed. Several pernutations of this pattern and others
are envi siwoegtwbf0H421 FI GS. 8-19 illustrate an exanpl ec@@iuRopPHosess
for formng |ocal data |Iines and gl obal data |ines that connect to
fin transistors. To explain this enbodinment, FIG 8 illustrates a
sem conductor portion of a fin transistor 176, and FIG 9 illustrates
an array 178 of fin transistors 176. The other figures depict steps
that may connect the array 178 to |l ocal data |ines and gl obal data
lines. [00043]As illustrated by FIG 8, the sem conductor portion of
each illustrated fin transistor 176 ngy include a fin 180 extendi ng
froma base 182. The fin 180 and the bdse 182 may be nade from a

vari ety of sem conductor materials, such as single-crystal silicon.
The il | 290rtetweknfthentwbdegs 1gland d84.t Anexpladess be84v with ref@gncgrid FlGWP, gelges
188 and 190. The sides 186 and 184 and the edges 188 and 190 may, in
sonme enbodi eelitpeseddehinmahasidendd ahd y8icefiabe fin v 80, une clevwrdnmehbti: fdddre s
188 and 190 generally being narrower than the sides 184 and 186. The
i |1 ust r ahedatidefrobd thebe@ltésdrs adtatlisi Sdhafiyl throwhWiith éubent 2EPSfldvdr@f the
194 separated by a generally U shaped void 196. As expl ai ned bel ow,
the | egsod@2ianeddhfid may provide the material fromwhich a source and
a drain are formed. The fin 180 may include differently-doped
portions 198 and 200. In sone enbodi nents, the upper-doped portion

198 rray(;bmmped i if0stRtes %ﬁ%%rh]ﬂk of ﬁ@%&;hf‘?ﬂ SRS nslRR\Ms P tien 200
may be doped with a p- material. I'n the illustrated enbodi nent, the

upper - dqm afed rtfah%ﬁox%%% Qf%eén&ﬂﬁy zﬁi‘atn@gﬁjm%h@ﬁ’lstﬁg Jﬂ%}&%ﬂﬁ f@l may

general I'y U-shaped void 196. T Is°so that a channe f or med
through 1}1&?(1(3 g%\(g? rZI)gi 91?&90808&}0'55&1% either side of the column 204. Each of the illustrated

gates 206 and 208 may be separated from the semiconductor portion of the transistors 176 by a
gate dielectric 210. Each illustrated column of transistors 204 may be isolated from the
adjacent column of transistors 204 by an inter-column dielectric 212, and each transistor 176
with in a column 204 may be isolated from adjacent transistors 176 in the same column 204 by
an inter-row dielectric 214. In some embodiments, the generally U-shaped void 196 may be

filled in inter-leg dielectric 216.

[00045] In some embodiments, the array 178 may be manufactured with a cross-point
process. Inn one example of this type of process, the array 178 is patterned with a sequence of
masks that form generally orthagonal lines. For example, initially, a blank substrate may be
field implanted with dopants to form the upper-doped region 198 and the lower-doped region
200, and then, the inter-row dielectric 214 and the inter-leg dielectric 216 may be patterned
with one or more masks having a pattern of lines generally extending in the Y direction. In

some embodiments, these features 214 and 216 are patterned with sub-lithographic-resolution
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and 194. As explained belowwith reference to FIG 9, gates may be

di sposed agai-p@liddie sides 184 and 186 of the fin 180, @Ats2009/032334
el ectromagnetic fields emanating fromthese gates may establish a
channel through which current 202 flows fromthe source to the drain.
[00044]FIG 9 illustrates an exanple of the array 178 of the
transistors 176. The illustrated transistors 176 are generally
arranged in colums 204, and each columm 204 may include gates 206
and 208 di sposed on either side of the columm 204. Each of the
illustrated gates 206 and 208 may be separated fromthe sem conduct or
portion of the transistors 176 by a gafde dielectric 210. Each
illustrated colum of transistors 204 nay be isolated fromthe

adj acenttedhalquas) sodh ak nadesagtiog $h20mably, reffowing plictaetistnor dbublegiitliing a Ahl
and each transistor 176 with in a colum 204 nmay be isolated from

adj acentwith adsiaditspiceisl 76 in the same col um 204 by an inter-row
dielectric 214. In sone enbodi nents, the generally U shaped void 196
may be filled in inter-leg dielectric 216. [00045]1n sone

enbodi NgOOG6] t he Alek @yhebtfer AV IrECLMBIUHFAB G baiphilerfied w89 SndXinire
process. In one exanple of this type of process, the array 178 is

pat t er neddifohd) nthsRENERARC O bendBllk Sxichdhe fthEABReAG. | (1 195:bRABOAR rally
lines. For exanple, initialTy, a’blank Substrate may be field
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The inter-column dielectric 212 may then be formed between the sidewall spacers to isolate the
gates 206 and 208. In other embodiments, the inter-column dielectric 212 may be formed
before the gates 206 and 208. For example, trenches extending in the X direction may be
etched and filled with material for the inter-column dielectric 212 and, then, trenches for the
gates 206 and 208 may be etched, thereby generally simultaneously defining both the fins 180
and the shape of the inter-column dielectric 212, In some embodiments, the fins 180, the gates
206 and 208, and the inter-column dielectric 212 may be patterned with sub-lithographic-
resolution techniques as well, and one or more of them may have widths that are less than or

generally equal to the lithographic-resolution limit, e.g., less than the photolithographic-

resolution limit.

[00047] In operation, a current 202 between the source and the drain of the transistors
176 may be controlled by modulating the voltage of the gates 206 and 208. In some

embodiments, the gates 206 and 208 may be connected to one another and may generally have



-18- techni ques, such as undercutting a hard nmask, reflow ng
phot oresi st, or double pitching a mask wth sidewall spacers.

[ 00046] Nexyo zbdaoRtier features of the array 178 may bepdaidbannssss
with one or nore additional nmasks having lines generally extending in

the X direction. (It is fromthe generally orthogonal relationship
between the lines of the first and second set of masks that the
cross-point array process takes its nane.) In sone enbodi nents, the
fins 180 may be etched and, then, the gates 206 and 208 nay be forned
as sidewall spacers along the sides of the fins 180. The inter-col umm
dielectric 212 may then be fornmed between the sidewal|l spacers to

i solate the gates 206 and 208. In ot hef9-enbodi nents, the inter-colum
dielectric 212 may be forned before the gates 206 and 208. For

exanpl e, thd saercioésgee xt @rudhen gmboditnkets Xhe patect(aind 26 mag be tatimdlednd
filled wth material for the inter-colum dielectric 212 and, then,

t r enchesndepéndeheof@at asotRérand haveZiferomtyoitget! abedplaihbEbaby, @arer delprhirs
si mul t aneously defining both the fins 180 and the shape of the
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gates 206 and 208, and the inter-colum dielectric 212 may be

pattern bl sstebsdnl e Regkaphi cresol ution techniques as well, and one
R Phbve i d

or nore em ifay have W dths that are |ess than or generally equal
to the lithographic-resolution limt, e.g., less than the

g
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202 between the source an rain of the transistors 176
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lines generally extending in the Y direction. The illustrated data lines 218 connect to the drains
of the transistors 176, which in this embodiment corresponds with the legs 194. In other
embodiments, the data lines 218 may connect to the sources, and the data lines 218 may not be

straight, e.g., they may undulate to accommodate an array having a different pattern, such as a

hexagonal lattice.

[00049] After forming the data lines 218, the data lines 218 may be covered with an
insulator and capacitor plates 220 may be formed, as illustrated by FIG. 11. To show the
capacitor plates 220 clearly, the insulator over the data lines 218 is not shown in FIG. 11, but
subsequent figures depict this material. The illustrated capacitor plates 220 include a generally
cup-shaped distal portion 222 and a generally cylindrical base 224. In this embodiment, the
capacitor plates 220 include features that are generally concentric about a central axis 226, but
in other embodiments, the capacitor plates 220 may have a different shape, e.g., an oval or

elliptical shape. In certain embodiments, the capacitor plates 220 may be part of trench



the sane voltage, or in other enbodi nents, the gates 206 and 208 may
be controll ed i ndependent of one another and have different voltages.
As expl ai ngd 2behosyss sonme of the pairs of gates 206 and pt9Busram/BBEM
control lines, and sone of the other pairs of gates 206 and 208 may
f orm subgroup-sel ect lines. [00048]As illustrated by FIG 10, data
i nes 218 may be fornmed on the array 178. In this enbodi nent, the
data lines 218 are forned by depositing a generally conductive
material and pattering the generally conductive naterial to form
generally straight and generally parallel lines generally extending
inthe Y direction. The illustrated data |ines 218 connect to the
drains of the transistors 176, which i4¥-this enbodi nent corresponds
with the legs 194. In other enbodi nents, the data |ines 218 may
connect capacithes femeddelw thndandtorddi@ Thenmpactosplay 22dmap be giadairgita,
e.g., they may undul ate to accommobdate an array having a different
pat t er n,gestrelly asidactive xagmiah|sudtedstpod@ilichRGad Hephiagrbe ffammadrig gedeeallgat a
lines 218, the data |lines 218 may be covered with an insul ator and
capaci t Qirchald®& i7 4 QadiHitidd thafedialVEThe base 244l df shdhadrelk iMsthakdd capdcitord Slates
show t he capacitor plates 220 clearly, the insulator over the data

l'ines 2180icsndaets t&HWBukSloffdnSof thb: tralMbto{UDS SQkieN in tfals%ﬁib%&m%@&&%elét&' S
material. The illustrated capacitor plates 220 include a generally

cup- shapg qbz@pﬁj n 222 and a generally cylindrical base 224.
In this eﬁ%od?%ent the9capa0|tor pl ates 220 include features that

are generally concentrlc about a central axis 226, but in other

enbodi ”ﬁﬂﬁ(ﬁiﬂ the ﬁ% ﬁ'fetc 10% 15tes 22’53111593% &)@ﬁéﬁ hc!f Jakgcﬁt%pawﬁ',@@ﬂ%nd

e.g., ova or el ptIC ape. In certain enb

capacitar

Sonar 1o@&ﬂ%ﬁaéﬁﬁ%é‘%bg'@%ﬁ%@“Xp”%fé‘“%ga‘lbsa@? {ied ¥ EG 12 o sgme ppodiments,
transi st 176. T itor tes .

gener ai I CBRUTE PRt Tospmench s aub R SErngs i Bref g FhiPene
formed in generally cirtcular holes acrificial material,

base 22&9-6*}‘““8%&,1?{‘%1;[2 % CPP*IE&E”%%WS&% HB&E’F e Bﬁc%‘f%lélu‘ﬁé’ﬁ 1%?1%6? o
the source of one of the transistors 176, which in_this_ enbodi nent
corr el athelysilicen Ifnwgrqe@glbgg@pe(lm fhe cgaamtor plates 220 and 228 may be made of the same

material, or they may be made of different material to facilitate selective removal of portions of
the capacitor plate 228 in subsequent steps. FIG. 12 also illustrates a dielectric 230 disposed

between the data lines 218 and the capacitor plates 220 and 228.

[00051] FIG. 13 illustrates apertures 232 that may be cut through or into the capacitor
plate 228. The apertures 232 may have a width 234 that is substantially larger than a width 236
of the fins 180, e.g., the width 234 may be two or more times as large or larger than the width
236. In some embodiments, a dielectric material may be formed over the capacitor plate 228
before forming the apertures 232, and the apertures 232 may extend through both the dielectric
material and the capacitor plate 228. It should also be noted that in some embodiments, the

process of etching the apertures 232 may consume a substantial portion, or all, of the cup-



[ 00050] Next, the capacitor plates 220 may be coated with a capacitor
di el ectric and anot her capacitor plate 228 nmay be forned, as

i Tustrat egoByohbégys 12. | N sone enbodi ments, the capacigd@iyh@is232£8
may be conmmon to a substantial nunber or substantially all of the
capacitor plates 220. The capacitor plate 228 may be nmade of a
conductive material, such as polysilicon. In sone enbodi nents, the
capacitor plates 220 and 228 nmay be nmade of the sane material, or
they may be nade of different material to facilitate selective
removal of portions of the capacitor plate 228 in subsequent steps.
FIG 12 also illustrates a dielectric 230 di sposed between the data
lines 218 and the capacitor plates 22&/and 228. [00051]FIG 13
illustrates apertures 232 that nay be cut through or into the

capaci t chagedabaiod 232 off the capeittruylgss ZRAvindy tHeapertaesiidt fin 3de ¢rhiaddimants,
substantially larger than a width 236 of the fins 180, e.g., the

wi dt h 23K dfRytuiRe 282Mapbe Fiomed WithRs e tha@k@8s 61 od id Higaliclbdian23() andvhdelth
236. In sonme enbodinents, a dielectric material may be forned over

the capagiy @nsuhéthe cdZdhabed firgord ?IﬁH&ﬂebk R ARRItheBRS 22P6F theBshatif® plate
apertures 232 may extend through both the dielectric material and 't he

capaci t ohophalLngdfhbokiim RO O HR ARG ARG hiad 23‘i2r}na%p[§EEetched at once,

enbodi nent's, the process of etching the apeftures 232 ‘may consune a

subst antd al nii.on I f th ]
2000/ 1087 EHEH tetimasS izl MG 4B mutsed cotummns apy e cxched i
plates 220 within the apertures 232. | 0 enbodi ts, th

Do Cur dbes i Soycadhs BPRE b PR Rirer 237 PSP B B oSG PoTH T i oher
dielectrjc 230, and t etch may consune the cup-shaped portion 222,
t her eby 11%%15‘8?8&531'%%9 3@2%‘3’%’2 O’E‘%/edt ﬁ‘és%%%“& gne ’éll"eﬁﬁliﬂ)‘?s ﬁ? &Y Pai n
enbodi nents, not all of the illustrated apertures 232 g&é be etched
at once.digpgpedaaihe middieef (g lepgthof shedaoal dyalinesedndihe localddtadings ey ge
colums may be etched first, and after formng contacts in the

exi sti ngtaggered.ures 232 and connecting to these contacts, the other

illustrated apertures 232 may be fornmed. In sone enbodi nents, the

apertures 232 may be di sposed near the mddle of the Iength of the
| ocal dd0@052i nes, Nartlas Mastragasidly Id&t &d.Icontaets A8/ mpe be fogggd mesgme or all of the

apertures 232. The contacts 238 may be made of a generally conductive material, and they may
make contact with a portion of the capacitor plate 220 disposed within the apertures 232. In
some embodiments, an insulating sidewall spacer may be formed within the aperture 232
before forming the contacts 238, and the contacts 238 may include various liner materials, such
as titanium nitride or tungsten nitride. In some embodiments, the contacts 238 may establish
electrical contacts with alternating rows of transistors 176, i.e., the contacts 238 may skip rows
of transistors 276 and make contact with odd-numbered rows or even-numbered rows. The
illustrated contacts 238 are generally aligned with, and generally disposed within, the capacitor
plates 220, but in other embodiments, the contacts 238 may be larger than or misaligned with
the capacitor plates 220 while still making electrical contact with the capacitor plates 220. In

some embodiments, the contacts 238 may make electrical contact with two or more adjacent



[ 00052] Next, as illustrated by FIG 14, contacts 238 may be fornmed in
sone or all of the apertures 232. The contacts 238 nmay be nade of a
general | y wonowabgse material, and they nay make cont agicrywsziedszzss
portion of the capacitor plate 220 di sposed within the apertures 232.
In sonme enbodi ments, an insulating sidewall spacer may be forned
within the aperture 232 before form ng the contacts 238, and the
contacts 238 may include various liner materials, such as titanium
nitride or tungsten nitride. In sonme enbodi nents, the contacts 238
may establish electrical contacts with alternating rows of
transistors 176, i.e., the contacts 238 may skip rows of transistors
276 and naeke contact with odd- nunber ed?rows or even-nunbered rows.
The illustrated contacts 238 are generally aligned with, and

gener al leppatitepplstesi23, £igi, o tapecitupiatdst2BP cpipedts tRRGstotsUL6 on tist sae row
enbodi nents, the contacts 238 may be larger than or msaligned with
t he capaed tdjpcont edlesn?ZB) WG.19. still making el ectrical contact with
the capacitor plates 220. In sonme enbodi nents, the contacts 238 may
make el ectrical contact with two or nore adjacent WO

2009/ 1084005BLCT/ US2RG0s0323 54 FIR 25, bapagiobdrdatllate34(PAdy befogned dnthe
capacitor plates 220 coupled to transistors 176 on the sane row and
adj acentan@@ v8NBhe?dbal Batelin®)240[IQRINAS of b kbisdueateadatbiyal F&.£, tithBiam,

| ower gl obal data Tines 240 may be formed on the array 178. The

gl obal datatehi 1€RindAD oF@pplCaiiBASy Bhy MakOABHFEA] ¥on AR Wethi R confacB-238. In
titanium tungsten, alum num or copper, and they may make electri cal
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data lines 240 are om a net I ayer p05|te
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240 may gene nay genera

t end di tl t
Wi dth 2'&%}?%@& sl Ghed Wl@%&aﬂﬂ gy e e et ﬁ*qﬁiiﬁehfafver
the f 0 d t I I bal data | 240
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equal to, generally snaller than, enerally larger than the width

242. | n S&dinsrBén thent Grection TW@W@lgeq%'éﬁata Lipes 340y beseparzisd fiam one

isolated fromthe capacitor plate 228 by a dielectric layer, which is

not shownother sl aalistasre246 et isegenerpilyequahiveseseradly smalierthans OgenenaBy bgeay

178. Additionally, in sone enbodi nents, the space between and above

t he | owshangholyadth @ék. alnlsbme smpPddimenty, the Icfwier cobalghatalings P40 mpy batsplafy

with a dielectric material. [00054] Next, contacts 248 may be forned

i n the dranathetdhcitasplate PPSby atietbchly 1let whih is not shown in FIG. 15 to better
illustrate other features of the array 178. Additionally, in some embodiments, the space
between and above the lower global data lines 240 may be filled partially or entirely with a

dielectric material.

[00054] Next, contacts 248 may be formed in the array 178, as illustrated by FIG. 16.
The contacts 248 may extend into the apertures 232 that are unoccupied by the previously
formed contacts 238. These apertures 232 may, in some embodiments, be formed after forming

the global data lines 242, a sequence that may form an opening in dielectric material disposed



The contacts 248 nmay extend into the apertures 232 that are
unoccupi ed by the previously fornmed contacts 238. These apertures 232
may, in some@vhogiwents, be forned after forning the gliaabahoassss
lines 242, a sequence that may forman opening in dielectric nmateri al
di sposed WO 2009/ 108446PCT/ US2009/ 032354 -23- under the |ower gl oba
data lines 240. Alternatively, or additionally, an upper aperture may
be opened to the apertures 232 prior to formng the contacts 248. In
sonme enbodi ments, a dielectric sidewall spacer is formed within the
aperture 232 prior to formng the contacts 248. The contacts 248 nmay
extend above the | ower global data |lines 240 and nake el ectri cal
contact with the capacitor plates 220°4°n t he open apertures 232. As
w th the previous contacts 238, the presently describe contacts 248
may be [vagedhe owgnglobsl detadiaps e dAligmatively her addiiaeallyorn wiipst epsrtpregnayshid
they may be in contact with two or nore adjacent capacitor plates
220. Thepetddus theatpertiren?t2auios tRB8Ninkitheecantaets @i 8y [muesieyendediordantsed
contacts 238, are coupled to alternating rows of capacitor plates
220. [ 0GRE&ddicsiddvedlrspedeb tdformedt withih e apemiradspi2d8o &nchiddd8e omtaces@48nd
to the source or drain of the transistors 176. In sone enbodi nents,

al | or paktcomthett D8 Mmapaaeidibopd tht eSvet 2 baRYatDENQTHY bRdmeMedleduil contact
transistors 176 to which the contacts 238 and 248 connect. In these

enbodi MBRitSthe Eé}ﬁci@&gﬁﬁ&tﬂO _213516%?% %ﬁﬁufé@-ﬁ3§xﬁt§@ﬂh ttﬁygﬁb'\gghstﬁﬁtacts 238, the
dielectric 230. [00056] As illustrated by FIGS. 17-19, upper gl obal

data i Se%ﬁléép%ég@%tg en%?trs RS D bk mo&@hﬁyfﬁﬁﬁm%@& wHiPEE c@gggﬁlpﬁ@mo,

lines 2 the same naterial as the lower g at a

lines 24{8? }}%?rﬁnatyha%){n Q&%?cl? %1%9\3@&%5 .‘etﬁ’z}cgrgﬁﬁgaggmfﬂlﬁgse?l r;Ilhg ilt(lj).ltl%r ted

enbodi nmen e-upper gl oba I ne or med 1 er ent

gener al 1yt AT S Taerafy Radest Pufoi “Bha bRo AL Sk Gefurar |

parallel to. the Iogﬁi _global data lines 240. The upper gl obal data
|ines 256P3HYT Rlgh to alternating rows of transistors 176 via the
contacts 248. For exanple, the | ower global data |ines 240 nmay

[00055] In other embodiments, the contacts 238 and 248 may extend to the source or
drain of the transistors 176. In some embodiments, all or part of the capacitor plates 220 may
be omitted over the transistors 176 to which the contacts 238 and 248 connect. In these

embodiments, the contacts 238 and 248 may extend through the dielectric 230.

[00056] As illustrated by FIGS. 17-19, upper global data lines 250 may be formed on the
array 178. The upper global data lines 250 may be made of the same material as the lower
global data lines 240, and they may be formed with the same process. In this embodiment, the
upper global data lines 250 are formed in a different metal layer than the lower global data lines
240, and they are generally straight, generally parallel to one another, and generally parallel to
the lower global data lines 240. The upper global data lines 250 may connect to alternating

rows of transistors 176 via the contacts 248. For example, the lower global data lines 240 may



WO 2009/ 108446PCT/ US2009/ 032354 -24- connect to the even-nunbered
rows, and the upper global data |lines 250 nmay connect to the

odd- nunberwd 200ms3449r Vi ce versa. Ot her enbodi nents nmaypdmedzides323s4
additional levels global data lines, e.g., sone enbodi nents nay
include three | evels of global data |ines that connect to every third
transistor 176, or n levels that connect to every nth transistor,
where nis equal to 5 6, 7, 8, or a larger nunber. [00057] The upper
and | ower gl obal data lines 240 and 250 may be spaced further away
fromone another than the local data lines 218 (FIG 10) in virtue of
being forned in different nmetal |ayers and connecting to alternating
rows of transistors 176. This increasé?'spacing is believed to | ower
the parasitic capacitance of the global data |ines 240 and 250. In

ot her erdoorkichtorthsevenomphred rgnes, ghd tha upprateiobal dasslinng 2 5H anay spmnedt toithe he
sanme netal |ayer and may connect to each row of transistors 176

rat her tdddmuimbemt rewsnat viag vereansOther drtaxdgnestansy ibhélede iG] [Ehes globay
178 may be connected to a |local data |ine selector 168, sense

anpl i fi e 1#e5 c.candms eadodinehtsimayancladesdiree lef@lsioff global daeariines that connect to
illustrated by FIG 7. For instance, the global data |ines 240 and
250 may &enEed trilistd? e 76 1 99ev@thatfcofiest h@RerydltuilBtgakRee 8 ¥eqaido 3,
208 of transistors 176 connected to contacts 238 or 248 may connect
to the lpead dajR.dinignLsel ector 168. Anong the renai ning gates 206
and 208, 'some may" connect to control-line driver 170, and some may
remain floating or be grounded to formdummy transistors 176.

[ 00059] Theos7} | ust it GfheR bhcPibwhy BohBYiafGinE O B e be QPIA E AbLaway
with the sense
from one another than the local data lines 218 (FIG. 10) in virtue of being formed in different
metal layers and connecting to alternating rows of transistors 176. This increases spacing is
believed to lower the parasitic capacitance of the global data lines 240 and 250. In other

embodiments, though, the global data lines may be formed in the same metal layer and may

connect to each row of transistors 176 rather than to alternating rows of transistors 176.

[00058] The array 178 may be connected to a local data line selector 168, sense
amplifiers 165, and a control-line driver 170 in the manner illustrated by FIG. 7. For instance,
the global data lines 240 and 250 may connect to the sense amplifiers 165, and the gates 2006
and 208 of transistors 176 connected to contacts 238 or 248 may connect to the local data line
selector 168. Among the remaining gates 206 and 208, some may connect to control-line

driver 170, and some may remain floating or be grounded to form dummy transistors 176.

[00059] The illustrated array 178 may be configured to communicate with the sense
amplifiers 165 relatively quickly. The global data lines 240 and 250 may have a lower parasitic

capacitance than the local data lines 218, and multiple, relatively short local data lines 218 may



anplifiers 165 relatively quickly. The global data |ines 240 and 250
may have a | ower parasitic capacitance than the |ocal data |ines 218,
and mul ti ple,2odoabaiis vel y short | ocal data |ines 218 maywctWe2009/032354
2009/ 108446PCT/ US2009/ 032354 -25- connect to each gl obal data |ine
240 and 250. In sone enbodi nents, the path between the capacitor

pl ates 220 and the sense anplifiers 165 may have a relatively | ow
parasitic capacitance, and the voltage of the global data |ines nmay
respond relatively quickly to a current to or fromthe capacitor

pl ates 220. Further, the illustrated array nmay acconplish this

Wi thout significantly disrupting either the pattern of transistors
176 or the pattern of capacitor plates??20, which may increase the

al i gnnment margin when formng these structures and facilitate the use
of sub- |cotmsgtoagabh globa dlafadink A0 prd2ds desomd goBBIM IS tenipddbareednshe
illustrated by FIGS. 1, 7, and 17 may be included in a variety of
Syst ens.capaitor pistadieandtthesenmpamplFierniddSunigchave a idigivplydoegaasitibased
system 256 illustrated by FIG 20. As is explained below, the system
256 may dapaeitthete, Malrth©ustagt 6€thE QIdbel dAeMinee maaRpbmicklatiedy Giicklg o h danage
wi th enbodi nents of the present technique. The system 256 may be any

of a varg gt ofthd dB&S0s ?ﬁtzes@@o.aFﬁﬂﬁauﬁ&nlustM%-l;ay%ﬁlylaeé@ﬁpmQﬁsewnhout
personal organi zer, control circuit, etc. In a typical

process %fc?nﬁ?csdﬁﬁiy 3%&%?@% eit gthg Irpat'i@ﬁ &f Rﬁlﬁfs?b?§ Pford att%fh?ctf c@ﬁacﬁcar plates

m cropr ocessor,” con processing of systemfunctions an
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of the system e ruc ured 1 n accordance

wth enbodigergts of Ebhe grlesent_ t echni que. For instance, the
pr ocessdF° I5B P HEYOS R GO TR Rt nent s illustrated by FIGS. 1, 7,
and 17 in cache nenory. [00061] The system 256 typically includes a

power s Lt&?dﬁ)b] 260. g cr;,m. Q 11tng'l?tcs: ﬁlus@rgtectl Q}? FIGS. 1,7, and 17 may be included in a variety
of systems. For instance, they may be included in the processor-based system 256 illustrated
by FIG. 20. As is explained below, the system 256 may include various electronic devices
manufactured in accordance with embodiments of the present technique. The system 256 may
be any of a variety of types such as a computer, pager, cellular phone, personal organizer,
control circuit, etc. In a typical processor-based system, one or more processors 258, such as a
microprocessor, control the processing of system functions and requests in the system 256. The
processor 258 and other subcomponents of the system 256 may include structures
manufactured in accordance with embodiments of the present technique. For instance, the

processor 258 may include the embodiments illustrated by FIGS. 1, 7, and 17 in cache memory.

[00061] The system 256 typically includes a power supply 260. For instance, if the
system 256 is a portable system, the power supply 260 may include a fuel cell, permanent

batteries, replaceable batteries, and/or rechargeable batteries. The power supply 260 may also



system 256 is a portable system the power supply 260 may include a
fuel cell, permanent batteries, replaceable batteries, and/or

r echar geable zbm@itvemé es. The power supply 260 may al so PYD/US2009/032354
2009/ 108446PCTI US2009/ 032354 -26- include an AC adapter, so the
system 256 may be plugged into a wall outlet, for instance. The power
supply 260 may al so i nclude a DC adapter such that the system 256 may
be plugged into a vehicle cigarette lighter, for instance.

[ 00062] Vari ous ot her devices may be coupled to the processor 258
depending on the functions that the system 256 perforns. For

i nstance, a user interface 262 may be coupled to the processor 258.
The user interface 262 nmay include butd®ons, switches, a keyboard, a
i ght pen, a nouse, a digitizer and stylus, and/or a voice

r ecogni tihddpdesapsh@ agapfasr soj thestyaterels oana kaathageed 5o asall gude. fos instangs. ekhe
to the processor 258. The display 264 may include an LCD, an SED

di spl ay,poxeCRIppli Z0Inzay, alw ibtlkdech B0|adypteraugh thsnthe eisepd 236 manbaplEgred into
di spl ay, LEDs, and/or an audi o display, for exanple. Furthernore, an
RF sub- syshield digsatdiviteprfociastande. 266 may al so be coupled to the
processor 258. The RE sub-systeni baseband processor 266 may incl ude
an antenna that is coupled to an RE receiver and to an RE

t ransm t[0@062] One ®aritiy @hd dBVILES At beaoupled tothe fdcemyr Higslepdrdinpaumhe d
to the processor 258. The conmunication port 268 nmay be adapted to be

coupl ed fhtioRethl thoBYs@nPLIG RARIAS. ERVhEMSe, A ileSHEeFa@262 nilydRBoudled to
printer, a conputer, or to a network, such as a |l ocal area netwoik,

rendt e gedoARNO5E, ThohdeRMalfac@b62 8y InRiRE Betons | QitchdSh ﬁ%ﬁo%m-d, a light

[ 00063] The processor 258 generally controls the system 256 by

I mpl e”erb%il,rhqni?&fe,t F@Efizer and stylus, and/or a voice recognition system, for instance. A display
264 may also be coupled to the processor 258, The display 264 may include an LCD, an SED
display, a CRT display, a DLP display, a plasma display, an OLED display, LEDs, and/or an
audio display, for example. Furthermore, an RF sub-system/baseband processor 266 may also
be coupled to the processor 258. The RF sub-system/baseband processor 266 may include an
antenna that is coupled to an RF receiver and to an RF transmitter. One or more
communication ports 268 may also be coupled to the processor 258. The communication port
268 may be adapted to be coupled to one or more peripheral devices 270 such as a modem, a

printer, a computer, or to a network, such as a local area network, remote area network, intranet,

or the Internet, for instance.

[00063] The processor 258 generally controls the system 256 by implementing software
programs stored in the memory. The memory is coupled to the processor 258 to store and
facilitate execution of various programs. For instance, the processor 258 may be coupled to the

volatile memory 272 which may include Dynamic Random Access Memory (DRAM) and/ox



prograns stored in the nmenory. The nmenory is coupled to the processor
258 to store and facilitate execution of various prograns. For

i nst ance, wbeopnesgssor 258 may be coupl ed to the vol atpdraysasminesissL 72
whi ch may i ncl ude Dynam ¢ Random Access Menory (DRAM) and/or WO
2009/ 108446PCT/ US2009/ 032354 -27- Static Random Access Menory (SRAM .
The volatile nmenory 272 is typically large so that it can store
dynam cal |y | oaded applications and data. The volatile nmenory 272 may
be configured in accordance with enbodi nents of the present

i nvention. For instance, the volatile nenory 272 may include the
enbodi ments illustrated by FIGS. 1, 7, and 17. [00064] The processor
258 may al so be coupled to non-vol atit&-nenory 274. The non- vol atile
menory 274 may include a read-only nenory (ROVM), such as an EPROM
and/ or fStaziRamdomrAccess Menars €38R AM) c Bh¢ velatile oremerry B72 ik éypicallpfargeso that it
menory 272. The size of the ROMis typically selected to be just

| ar ge emaugloredynsihzalty bayedwppiasianyardpiaraa tThegolhyikireemora A2 magbe on
prograns, and fixed data. Additionally, the non-volatile nmenory 274
may i nclcdgRaiedtin@licdiaNRE whith eMDBBINENSWE hegfesantinp@ion. Birdkstahce MBe volatile
menory. I n sone enbodi nents, the high capacity nenory nmay store a
vari ety fdmdiypes nfaf ikAide W &nbodtrdhiSBluahtQNSI@GSNY BY&t em or a
productivity suite. The non-volatile nmenory 274, as anot her exanpl e,
may al so include el ectronic devices manufactured in accordance with

embodi m%m@mgf t hghLPpRERLr 158 T AbSe cBOFle@HAHMBLBIatil V8 RENATH MERE Son-
illustrated by FIGS. 1, 7, and 17 may include storage devices with a
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capacity memory such as a tape or disk drive memory. In some embodiments, the high
capacity memory may store a variety of types of software, such as an operating system or a
productivity suite, The non-volatile memory 274, as another example, may also include
electronic devices manufactured in accordance with embodiments of the present technique. For

example, the embodiments illustrated by FIGS. 1, 7, and 17 may include storage devices with a

phase-change-memory material.

[00065] FIG. 21 generally illustrates a block diagram of a portion of a memory sub-
system, such as the volatile memory 272. A memory controller 276 is generally provided to
facilitate access to storage devices in the volatile memory 272. The memory controller 276
may receive requests to access the storage devices via one or more processors, such as the

processor 258, via peripheral devices, such as the peripheral device 270, and/or via other



WO 20091108446PCT/ U82009/ 032354 -28- systens (not shown). The nenory
controller 276 is executes the requests to the nenory devices and
coor di nat iweg zbbvaogdehange of information, including condargurzedol®isss
information, to and fromthe nenory devi ces. [00066] The nmenory
sub-system may include a plurality of slots 278 - 292. Each slot 278
- 292 is configured to operably couple a nenory nodul e, such as a
dual -inline nenory nodule (DIMM, to the nenory controller 276 via
one or nore nenory buses. Each DI MM generally includes a plurality of
menory devi ces such as dynam ¢ random access nenory (DRAM devices
capabl e of storing data, as described further below with reference to
FIG 22. As described further bel ow, efch D IVIMhas a nunber of
menory devi ces on each side of the nodule. Each side of the nodul e
may be rsgftems ot shwvay. Bhe mamikry'copgelbn @V higlexecutesdhe wieasts27 e-me@Ryi s
configured to receive a single DLMM having two ranks. For instance,

t he sl otdeRit& andl coomdinagug e ekchangeef ivfermatRDnMyvchdingrgnfi@anknAniBAnaivd, to
278B, the slot 280 is configured to receive a DIlIVIM having ranks
280A andind 8B thar@dn®ey deideb. | n the present enbodi nent, each of the
ei ght nmenory slots 278 - 292 is capable of supporting a nodul e
conprising eight individual nenory devices on each rank 278Al1B -
292A1B, [88066] | USt TAé BRmbkY dubkySlemdraydadtdd DRdrangl shwiot{ DBOGOPREhET d16tNg
again to FIG 21, the nmenory buses may include a nenory data bus 294

to facilizg atz@ztid"'&mﬁé&@@E&@pe@iblydé’éu?lebcﬁh%@ﬁ ek, FRARE ¥ ddAVAIER Bdndhe
DI MV and the nenory controller 276. The nenory data bus 294

conpri sgg, 1e°é[5ﬂvfa\kj' t/in@fne .orf’p&&tltahér HaLa &g‘iéﬁ)g?noi'é;lgle%ngm.éss HaO0DIMM

|l i nes, each coupled fromthe nmenmory contr a nmenory

devi ce. generally includes a plurality of memory devices such as dynamic random access memory

(DRAM) devices capable of storing data, as described further below with reference to FIG. 22,
As described further below, each DIMM has a number of memory devices on each side of the
module. Each side of the module may be referred to as a “rank.” Accordingly, each slot 278 —
292 is configured to receive a single DIMM having two ranks. For instance, the slot 278 is
configured to receive a DIMM having ranks 278A and 278B, the slot 280 is configured to
receive a DIMM having ranks 280A and 280B, and so forth. In the present embodiment, each
of the eight memory slots 278 — 292 is capable of supporting a module comprising eight
individual memory devices on each rank 278 A/B — 292A/B, as illustrated with FIG. 22

described below.

[00067] Referring again to FIG. 21, the memory buses may include a meimory data bus
294 to facilitate the exchange of data between each memory device on the DIMMs and the
memory controller 276. The memory data bus 294 comprises a plurality of single bit data

buses, or transmission lines, each coupled from the memory controller 276 to a memory device.



WO 2009/ 108446PCT/ US2009/ 032354 -29- I n one enbodi nent of the

vol atile nmenory 272, the menory data bus 294 may incl ude 64

i ndi vi dualwdatm/ilbgsses. Further, the nenory data bus 294ramnszinrmbrsee
one or nore individual buses to each nenory rank 278A/B - 292A/B

whi ch may be used for ECC error detection and correction. As can be
appreci ated by those skilled in the art, the individual buses of the
menory data bus 294 wll vary depending on the configuration and
capabilities of the system 256. [00068] The volatile nenory 272 al so

i ncludes a command bus 296 on which address information such as
command address (CA), row address select (RAS#), columm address
select (CAS#), wite enable (WE#), bafd- addr ess (BA) chip sel ect
(Cs#), clock enable (CKE), and on- dle term nation (ODT), far exanple,
may be dBPRG@RkRsiment of thegiolatidgyapapig 72 she Bsmonriats brsr29%4 iy indvdedid
bus 296 may al so be used to facilitate the exchange of configuration
i nf or matiidinideal doadiusasp Fuytberwhe mentesy datrbes 254 anay ibtlydew, or pivse ndividmal
bus 296 may include a plurality of individual command buses. In the
pr esent bapdsodeavhmiemdrk eankOTRAMRI-BOBA/BOEGhinianay he hieddoiZBCT mobrdetkesibn and
buses. As previously described with reference to the nenory data bus
294, a \afre®ion. ¢fs canmbeshpieniial pgossskilrpliene aitatle imivid e baesoithe bus
296 depending on the system configuration. [00069]FIG 22 illustrates
a nenor Mnéﬂ%}?,l H@ta%9§29£5¢)ﬁhva@§dépeﬁ?h1WBn tHe@bnfiBiatM dnd eGFabBEict 6 e HRENOS
the menory slots 278 - 292 (FIG 21). In the present view, one side
of the megory nodule 298 is illustrated and designated as the rank
298A. As previously discussed, the nmenory nodul e 298 nay i ncl ude two
ranks 298A and 298B. The rank 298A includes a WO

2009/ 109[(%“‘6@?” usg90 96]9@’1%%%‘101‘){ 272 also includes a command bus 296 on which address
information such as command address (CA), row address select (RAS#), column address select
(CAS#), write enable (WE#), bank address (BA), chip select (CS#), clock enable (CKE), and
on-die termination (ODT), for example, may be delivered for a corresponding request. Further,
the command bus 296 may also be used to facilitate the exchange of configuration information
at boot-up. As with the memory data bus 294, the command bus 296 may include a plurality of
individual command buses. In the present embodiment, the command bus 296 may include 20
individual buses. As previously described with reference to the memory data bus 294, a variety
of embodiments may be implemented for the command bus 296 depending on the system

configuration.

[00069] FIG. 22 illustrates a memory module 298, such as a DIMM, that may be inserted
into one of the memory slots 278 - 292 (FIG. 21). In the present view, one side of the memory
module 298 is illustrated and designated as the rank 298A., As previously discussed, the

memory module 298 may include two ranks 298A and 298B. The rank 298A includes a



-30- plurality of menory devices 302A-302H, such as dynam c random
access nmenory (DRAM devices. The second opposing side of the menory
nmodul e 298w028BBpsme©t shown) al so i ncludes a nunber of FEMEEZYY/032354
devi ces. The nmenory nodul e 298 may i nclude an edge connector 300 to
facilitate nmechani cal coupling of the nmenory nodul e 300 into one of
the nenory slots 278 - 292. Further, the edge connector 300 provides
a nechanismfor electrical coupling to facilitate the exchange of
data and control signals fromthe nenory controller 276 to the nenory
devi ces 302A - 302H (and the nmenory devices on the second ranks). The
enbodi mrent of FIG 22 may be enployed in accordance with various
standards. For instance, the nenory notfal e 298 may be enployed in a
single data rate (SDR), ful buffered (FB)- DIMM double data rate
(DDR) © coumlit oitetrordaices BIMRAJIF GrCiebhbmisartomacees ems; Db pbberm
10. The nmenory devices 302A - 302H may each include one of the

enbodi melevises. | Thesteaat @dpdringsided! the, mdmorynuodile 29BERIBR hF BowaBalskepi ct s
a bl ock diagram of an enbodi ment of the nenory devices 302A - 302H.
The il | usdludes @chumbeastymahently devidi2 Thaynehmoey mdéula 298mmay inchide ay e®f4,
sense anplifiers 306, a colum decoder 308, a colum address |atch
310, 1 OWoffidcu2BE0 Blidcilifutd A¥¢hdRIeARBHpIILADS tHeierdsld hegislel 0GB Sn8dfhe and
control circuitry 318. The nenory array 304 may include one of the

embodi m?ﬂéﬁow |sio@7rSat29g Pyrifel @ edke cénneddd 380 prok B0 b MAGRNAE SI8GHNY

the menory cells, the control circuitry may receive a command to read

from or Wﬁ%ﬁn% b ?acﬁ_htﬁtéQ&eéxcﬁgpgyda@gg{d%ﬁtroﬂ%aﬁagﬁf @k nfnld &'b&ﬂtﬁé} 186

may then convert the target &ddress Into a row ress an a co

gggrg/eig éﬂ%ﬁ%ﬁﬁ%%‘g‘g‘g 03?2%5 Z?%E@?gﬁdrﬁgﬁfe p)?dev}/égs on the second ranks). The

embodiment of FIG. 22 may be employed in accordance with various standards. For instance,
the memory module 298 may be employed in a single data rate (SDR), fully buffered (FB)-
DIMM, double data rate (DDR), double data rate 2 (DDR2), or double data rate 3 (DDR3)
system 10. The memory devices 302A - 302H may each include one of the embodiments

illustrated by FIGS. 1, 7, and 17.

[00070] FIG. 23 depicts a block diagram of an embodiment of the memory devices 302A
- 302H. The illustrated memory device 302 may include a memory array 304, sense amplifiers
306, a column decoder 308, a column address latch 310, row drivers 312, a row decoder 314,
row address latches 316, and control circuitry 318. The memory array 304 may include one of

the embodiments illustrated by FIGS. 1, 7, and 17.

[00071] When accessing the memory cells, the control circuitry may receive a command
to read from or write to a target memory address. The control circuitry 318 may then convert

the target address into a row address and a column address. In the illustrated embodiment, the



row address bus 320 transmts the row address to the row address

| at ches 316, and a col umm address bus 322 transmts columm address to
t he col untweddwassidé at ches 310. After an appropriate sadiiusagsssey a
row address strobe (RAS) signal 326 (or other controlling clock
signal) may be asserted by the control circuitry 318, and the row
address | atches 316 may latch the transmtted row address. Simlarly,
the control circuitry 318 nay assert a col um address strobe 324, and
t he col unmm address | atches 310 may latch the transmtted col um
address [00072] Once row and col um addresses are | atched, the row
decoder 314 may determ ne which row of_ the nenory array 304
corresponds to the | atched row address!-and the row drivers 312 may
assert a signal on the selected row. In sonme enbodi nents, this may
entai | de¥efdiesrpus 339 arsmit therowelddieselg theoiom askirass laichendl Saanged edyragy
subgroup-select line. Simlarly, the colum decoder 308 nay determ ne
whi ch coeldiess ofs 32 samertopluany amigre30% thoecalasp oddiess\itehes h Afiercined

col um address, and the sense anplifiers 306 nay sense a voltage or
current appropligte setlimgtiad, ¢ cdw adireskotrolieNB ASe sigaal $26 Xqrl calien echtallingsslodkhe
menory array 14 may transmt data relatively quickly to the sense
anpl i fi eighaetytbaneidged Bpihb cantdertuiahaB 88, lahd theadtdl addigdsalnalies dab enalylldich
[ 00073] Wi | e tge i nvention may be susceptible to various

nodi fi cahd @RRmARA Bt lagdRat Isvﬁﬂ&gx, R cofiR@Ghk hiey STD Al ARBEH S ORWE: JH8RRs
shown by way of exanple in the drawi ngs and have been described in
det ai | i | § . i LQN 1S
R A b e S e
the invention is to cover all WD 2009/ 108446PCT/ US2009/ 032354 - 32-
nodi fi cap . egw , J | i ik
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sctope o I ne the follow ng
appendeqie%-r%jn%hich row of the memory array 304 corresponds to the latched row address, and the
row drivers 312 may assert a signal on the selected row. In some embodiments, this may entail
asserting a signal on a selected control line and a selected subgroup-select line. Similarly, the
column decoder 308 may determine which column of the memory array 304 corresponds with
the latched column address, and the sense amplifiers 306 may sense a voltage or current on the
selected column. For the reasons explained above, the memory array 14 may transmit data
relatively quickly to the sense amplifiers 306 through both a local data line and a global data

line.

[00073] While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and have
been described in detail herein. However, it should be understood that the invention is not

intended to be limited to the particular forms disclosed. Rather, the invention is to cover all



-33 - CLAIMS 1. A device, conprising: afin field-effect
transistor having a first termnal, a second term nal, and one or
nor e gat eswoaodvaoss data | i ne connected to the first taowesboy/3dsss

| east a portion of a capacitor plate connected to the second
termnal; and a global data |ine connected to the |ocal data |ine by
the capacitor plate. 2. The device of claim1l, wherein the gl obal
data line is connected to a plurality of other |local data |ines

t hrough other capacitor plates and other fin field-effect

transi stors.

-32-
modifications, equivalents, and alternatives falling within the spirit and scope of the invention

as defined by the following appended claims.



3. The device of claiml, wherein the first termnal is separated
fromthe second term nal by a generally U shaped dielectric body. 4.
The device of claiml, wherein the one or nore gates conprise two
gates di sposed on opposite sides of the fin field-effect transistor.
5. The device of claim1l, wherein the one or nore gates are connected
to alocal- digit-line selector configured to assert a signal on the

one or nore gates.
-33-

CLAIMS

1. A device, comprising:

a fin field-effect transistor having a first terminal, a second terminal, and one or
more gates;

a local data line connected to the first terminal;

at least a portion of a capacitor plate connected to the second terminal; and

a global data line connected to the local data line by the capacitor plate.

2. The device of claim 1, wherein the global data line is connected to a plurality of

other local data lines through other capacitor plates and other fin field-effect transistors.

3. The device of claim 1, wherein the first terminal is separated from the second

terminal by a generally U-shaped dielectric body.

4, The device of claim 1, wherein the one or more gates comprise two gates

disposed on opposite sides of the fin field-effect transistor.

5. The device of claim 1, wherein the one or more gates are connected to a local-

digit-line selector configured to assert a signal on the one or more gates.



