SYSTEMS AND DEVI CES | NCLUDI NG LOCAL DATA LI NES AND
METHODS OF USI NG MAKI NG AND OPERATI NG THE SAME Fiel d
w@Roobnesame i on [ 0001] Enbodi nents of the i nventP@IUS2009/032354

rel ate generally to electronic devices and, nore
specifically, in certain enbodinents, to electronic
devi ces having local data lines. Description of

Rel ated Art [0002] In sone nenory devices, a storage
devi ce, such as a capacitor, communicates with a sense
anplifier through a data line, e.g., a digit line.
Typically, the capacitor stores data with its charge
state, e.g., a charged capaci-tor may represent a |ogic
value of "1," and an uncharged capacitor nay represent
a logic value of "0." To read data fromthe capacitor,

SYSTEMSANRDYY EVI‘@E? g%A PUPINGT.OCAL DATA LINES

AN NETHODS GF; KNG ANESIPERATING THE

data |ine. This change i nSANWFoltage is typically
regi stered by the sense anplifier, which may
categorize the change in voltage as indicating either

Field bf'Bivehti6n Capacitor is storing a O or that the
capacitor is storing a 1. [0003] Oten, the data |ines

[00011ave aphBbahehd of th@fnggntﬁﬁl%&ké %@%119@%5@&1& Qe\tl&% and more
CapaCI tor stori ng data. In sone desi gns, a SI ng e-d

spemficaflg, nqgé(rta%g eMl'bS? 0 n%l rf)rez?%:étrtnoy'l}co evfc%? ggwhé’ {o%al dat eﬁl?esd at a

ere
desi gns across an entlre bl ock of

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 O 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



menory. Along their length, the data |ines may
capacitively couple to other conductors that are at
walrdobaesamé vol t ages, conductors such as ot her PEL/ES2009/032354

lines. This capacitive coupling is referred toas
"parasitic capacitance,” and it can slow the operation
of the nenory device. Parasitic capacitance is known
to slow the rate at which the capacitor storing data
changes the data line voltage, thereby increasing the
amount of tinme it takes to read data fromthe
capaci tor. BRI EF DESCRI PTI ON OF DRAW NGS [0004] FIG 1
illustrates a menory array kaving | ocal and gl obal
data lines in accordance with an enbodi nent of the

as "papisRRenpadiandy)| giddt cdi00O® theFdgetatiod-of thd eibryade@es Papsitic
in a process for formng |ocal and gl obal data |lines

capacitdhcBECHNRNG 104 the rAR 1BWRRYIthepaSitortshRinR/@B&Manges the data line
techni que; [0006] FIGS. 8-19 illustrates steps in

. r @i- . | 0 .
solasfWLAR) RESERT! B0l RLFIIN 1LOFEL 10308 SR et Bucr
techni que; [0007] FIG 20 illustrates a
processor-based systemin accordance with an
enbodi nent of ;{.-, i j .

ues \ ko FIG 21
illustrates a Stio-sSystefr aCCO ce with an
nbodi t, of the present technique: .[000 F .22 .

0004 0t PR s il P ERER SO kS0 ang Eohe i n
enbodi pent of the present technique; and [00010] FIG

accordpgeq pith ap eabedimenkehile profertitednifieaccor dance with an
enbodi nent of the

[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.



present techni que. DETAI LED DESCRI PTI ON [ 00011] Vari ous
enbodi nents of the present invention are descri bed
wheioms4khh an effort to provide a conci se descPCPUB29N9/032354

of these enbodi nents, not all features of an actua

i npl ementation are described in the specification. It

shoul d be appreciated that in the devel opnent of any

such actual inplenentation, as in any engi neering or

desi gn project, nunmerous inplenentation- specific

deci si ons nust be nmade to achi eve the devel opers’

specific goals, such as conpliance with systemrel ated

and business-rel ated constrai-nts, which nmay vary from

one inplenentation to another. Mreover, it should be

appreci ated that SDETAILEE/BESORIRTION ort m ght be

conplex and tinme consum ng but woul d neverthel ess be a
[00011]out i N¥atlowkesriitaklimento bl the pregant ihadntion atd descritdcbelow. In an effort

manuf acture for those of ordinary skill having the

to pro@ﬁ@ @lcbhci@f ddshiistidh sTRhQe @ﬁl%odlh%%l At AsreMRALIP AR Dctual

above, parasitic capamtance sl ows certain types of

1mplemF£rt?{13n Qfg\ﬁ &fided ?Tjttheg éc?fl lﬁgg.l g%g@g%tﬁkgr’%&g%gﬁ%ataﬁ%h

e subsequen

devel nf geV| % I ocal. data |.i nes thgé.are .
cve %?&FP% 8r Phdh ta?ﬂé 10053 18 3RY ERFIP AR od &G gRRroject;
As expl ai ned below i n sonme enbodinents, a data |line
numerpgy implamaptalion-spesicrisgiviops suist ke mage teackiey dedlevpippers’ specific
mul tiple, shorter segnents referred to as "l ocal data
goals, Isiighess. confpémpeealvith opsedm-delttad land bssimay-rel tad eomstimimyg wéhich may
gl obal data line, and the global data |ine may connect
vary fidh€ohOi@llerd@ttaidd tdesother. aVIsRRS Er, athbulllibehpprefia®aiBt such a

enbodi nents, the | ocal and globa
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.



data |lines may be linked to each other by sw tches
that are configured to connect one | ocal data |line at
wW@2aopires48®© t he gl obal data |ine, thereby reducP@yusiead/032354

capaci tance of the path between a nenory cell and the

sense anplifier.[00013] In certain enbodi nents, the

| ocal data lines are coupled to the gl obal data Iines

wi thout interrupting the pattern of the nmenory array.

Sonme of the follow ng enbodi nents include a

cross-point nenory array, which as expl ai ned bel ow,

may be fornmed with a sequence of nasks havi ng

repeating patterns of |ines4hat are generally

parallel to other lines in the same mask and generally
[0001Ber penth @udaar erhleodidnentk,i thebchlndand et anasdpledEbehe global data lines

repetition of the pattern within the masks is believed

wuhoﬁtqntfeaﬁpdm @k Pattdif of HeMBEhON Bfayl €BE IR et fhﬁbwﬁ{geembodlments
smal l er than the resol ution I|n1t of |ithography

includ§ qtf:k(%qﬁ)%hb r(?&{}go ggﬁra r&ﬁl&Q o é)le[lﬁécﬁs%l&{) S neypbé)ﬁ)trfﬂg& With a sequence

|ncreas nt mar

ot Y50 PGB bR R b B eSS LD GBeET e same

t hese relatlonshlps are not_disturbed by the
mask 3id graeit ¥ Pernsadicelaniadbe lingreinjogiesmaglst: al tie igpatition of e pattern
gl obal data |lines. [00014] Several enbodinments are
withindtbs oraskreid beligve golfacditate ther founatjont aide@nizse thateretssnadler ghan the
manuf acturing process, and a system The circuit is

resolu€l 8 G tErdithé driphyedeipetae ah@ thd dathokonAnéelafitiBhip bedkeen masks is
enbodi ment of the manufacturing process is described

believil {dint @& BO G rlRert hidRindwhen dIiGhiSLHL @Hasﬁ?ﬂ?)l'gx%tng rs’trﬁ‘&ures on a
process 'S descrlbed th reference to
i.ny

t.h
substrate rITIpce:r?am %mﬁé/cﬁmteﬁ S de?CI‘I%CX 'bglg%)vo el ?atlst}E%searf: o ggléf]uﬂ)ed by the

erence

sructify @Eﬁp %%3?53%@ t Eﬁg%g]%}%étt%#higléﬂa&‘ﬁéta ted by FIG 1,

[00014] Several embodiments are described, including a circuit, two embodiments of a
manufacturing process, and a system. 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. §-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



menory device 110 having |l ocal data |lines 112 and
gl obal data lines 114. The illustrated nenory device
wa1®9adsds i ncl udes a nenory array 116, a cont reCFUB1969/032354
driver 118, sense anplifiers 120, and a
| ocal -digit-line selector 122. As illustrated, the
| ocal data lines 112 andthe gl obal data |lines 114 are
di sposed in the nenory array 116, and the sense
anplifier 120 is coupled to the nenory array 116.
[00016] The illustrated nmenory array 116 incl udes an
array (e.g., a pattern of ogéects arranged in at |east
t wo- space di nensi ons) of nmenbry cells 124 and
| ocal -digit-line-access devices 126 (LDL-access
the gleteVdatesihes 113 drbdspesed ad itheanémogaciay e opany thebdnsd 2dhplifier 120 is
i ncl udes a storage device 128 and an access device
coupleb3@-thelMembly Mgty Ateed access devices 130 are
transi stors that selectively connect the storage
devices 128 to the |local data Iines 112. These access

[0001?]?1 Vi cegpd ﬁﬁsﬁ?t%@ rﬂgﬂ{%‘drl gﬁ'aﬁl ﬁ’ﬁltnglutd&a&n érﬁiyc(g 3N edcﬂ-aﬁgmt &t objects

e control - river 118 by a control” 11 ne 132

arrang%%%ﬂ%t’ S R S S S Phgpeces

und or sone ot her voltage source and anot her

devie dridbPEAESS HeVEFTH frathis embpdimgnts gach dReraRry el 4 chhtsirﬁs a
the access devi ces 130. [00017] Anot her term nal of

storage Heviee ¢S anddmviceess degie hay. blee dluninaied agtessolexiceed AP agltransistors
of the LDL-access device 126 by the I ocal data |lines

that seldivellyrrohitet iHel sughgeadedtitee DO thiedcal dhelinano2y Thebd scess
124 are connected in parallel to the sanme term nal of

deV1ce,ts hep leg:-h' 1%61%@§§ cHRVhASs é&l@lectg@g‘th@t:oﬁtﬂﬂ linel ¥ bF PfSeISSI a control line
oca data lines 112 may be directly connected to four

132 (e.&: rdclﬁle 1I§gfhus9ytgd 'st%rei%te {/115:&[%(1&5@ a%ftmrs Q\ﬁthl &%%late

connec

ceII .
connected to elther ground or some other voltage source and another plate connected to a

terminal, e.g., a source or a drain, of the access devices 130.

[00017] Another terminal of the access devices 130 may be connected to a terminal of
the LDL-access device 126 by the local data lines 112. In the illustrated embodiment, the
memory cells 124 are connected in parallel to the same terminal of the LDL-access device 126.
Each of the illustrated local 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.g., 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.



124, e.g., 8, 16, 32, 64, 128, 256, 512, or nore
menory cells 124. The illustrated LDL-access devices
WA 2@911e8446 ncl ude one or nore transi stors w th PEE/ES2009/032354

connected to the local-digit-line selector 122 by

subgroup-sel ect lines 134.[00018] Each of the

illustrated |local data lines 112 are connected to a

sense anplifier 120 through a LDL-access device 126

and a global data |line 114. Each gl obal data line 114

may connect to a plurality of local data lines 112. In

the illustrated enbodi nent, each global data |line 114

connects to three local daté-lines, but in other

enbodi nents, the global data |ines 114 may connect to
[00018}ewer Bachwfitke [llns@hted ical datnbsesll2 areecannectdd tBa sehle amplifier 120

32, 64, or 128 local data lines 112. In sone

throu g0 TREdsS detibe 124 aRked g1dBAIAatd INRS] 141 ‘Ea@lﬁglo‘B@l data line 114 may
manuf actured to have Iomer resi stance and | ower

conne{it?_tg %%E%)r?ﬂtg/s()af ﬁ%{al Hzﬂh 1nésep@b qu tﬂ%ﬁ;ﬂggchﬁ%deé}ﬁ@ldiﬁ%ﬁa@e%g%?&al data

. rger, haye her cond ctivit e spac .

ine 1 AP BRI En U hr b B BE 4 Gar data lines 114
lines 112. An exanpl e of a device having these )

may cpectiiodgWeheisnersdeddl gata livey blg- gigt-H- Self%g’én@e of 42§ |ogg data lines
8-19. [00019] The illustrated local data lines 112 are

112. lncrmecidddimenth ¢hegglobaldatdings [l iheey bt maaufacheedkiwdnvotower
the local data |lines 112, but in other enbodi nents,

resistahB&addDeMer ciaditdrics @sr Unilei@Y tie@nhetical dutd higesgl10b&or example, the
data lines 114 at other |ocations. For instance, the

globalI cﬁﬁf"llmeg 343 nhd "H:éslargélz hg?eya H H&e&ﬁldﬁ&wﬁt earﬁll B%Q?Llcéél%ﬁher away
|nes 114 nedr the mddl e the | ocal dat |nes ,

I
from Odle ano negai}fi a? datari hes #8 NG ¥%<an6%s La dFY]ICé Faw 19 %&sei features

€ 'l'oca

lin
this desi:rlbed be%ow with reference to FIGS. §-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



[00020] In operation, the storage devices 128 may
store data that is transmtted via both the |ocal data
wo pwegos#d® and the gl obal data lines 114. To apRKiF/ES209/032354

(e.g., read from wite to, or erase) a given nenory

cell 124, a stimulus (e.g., a voltage, current) may be

asserted through a certain conbination of |ocal data

lines 112 and control lines 132. To select the |oca

data |inell2 connected to the nmenory cell 124 being

addressed, a stinulus nmay be asserted through the

subgroup-sel ect line 134 coupled to the gate of the

LDL- access device 126 assoctated with the targeted

| ocal data line 112. To select a nmenory cell 124 anong
112 cdnnectae nothy neehdrg cdl424beipg edireGed, hadtinlubesahaylbd asskitetethrough the

112, another stinmulus may be asserted through the

subgréPNelRt lihd 18 dodpleQb Meshid 6F thOEDIARReRfdel/ RE 126 68DSiated with the
device 130 in the desired nenory cell 124. In sone

. ’ . |
target%f;f?gglt ; gﬁ%hl lggflﬁ)ss?kgg? &eﬁ%ﬂgédl , zlm(;n%;ggg%gl%%ﬁ é&lsal 24 coupled

ocC ata li1ne

| obal . dat ine_ 114 .connected to that ry cell.
o thatofa Spig s T 2REHY SRS T G ekt BleoRel Tstipfgeldine 132
124, current may flow to or fromthe storage device
couplegtg theygpde phthe agteisy aemicarklp iaiamdrsiredmepory egjbl%f Ippgeme
gl obal data line 114 coupled to the sel ected nenory
embodisiehts1®4essiigen meampyntellnidy nid youlosehr padly throwgdh tatle éedocal data line
device 130 in the selected nenory cell 124, through
112 add@e ledal ddatige | 19&@nhdcted DhRGh&dotyaeting4sel ect ed
menory cell 124, and through the subgroup-access
device 126 connected to the selected nenory cell 124.

[0002f}3I t hi WM ERIM g f;rl)lﬁvéﬁs’eleicfed'ﬂﬁéﬁé %E@Fl@&%rﬂeﬁ’ﬁ’ﬁﬁy 118 to or from the
a

vol tage of one of the gl oba a lines 114. I'n sone
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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



i ndicating that the selected nenory cell 124 stores
one of a discrete group of data values, e.g., one bit,
WO 9hit4sq three bits, four bits, five bits, oOPCHDSI09/032354

[00022] In this enbodinent, relative to conventiona

devi ces, the voltage of the global data lines 114 may

gui ckly change to a voltage indicative of the stored

data val ue. Because the global data |lines 114 of this

enbodi nent have rel atively | ow resi stance and

rel atively | ow Scapacitance, and because the

illustrated gl obal data lines 114 are connected to one

| ocal data line 112 at a tin®, the path between the

sense anplifier and a selected nenory cell 124 nmay
capacifane, andlbeveise thedddanesl, glaud dhtauseal 1 bwercohnarred to one local data

constant, than a path through all of the |local data

line 117 ft@Stindd 2hd RARbERIeen Tl sSndeOifliflek AR & Y& @NMeRRYy Sl 2d may
a qui cker response by the sense anplifier 124 to a

have agllto%%pnf{ ggﬁ&eaﬂg_ggga ?dvye‘? Qin?eucgorrrrlgtggtl, ft}{aﬁry éﬁﬂfﬁ%@l%ﬂelfed?eogtthe local

orag evi te n sone e ment s,

o Y BB R SRl R Bh T e

;array 116 and |lower its cost. For exanple, in sone
amplifgergdited g en VioHagesangraagjeeiayeas fompgselfgiedriigragegdevice 128. In
capacitance less than 35 fF on a global data line with
some @BBodymests( thrs affzcemay 0O OLBPit¢dk hyeredesrhy therseret tikpstorage devices 128,
i nclude other types of nenory cells 124 or devices

which@hdieledtidéahe BREOf the GRInh&y afr@y 1 €& afPlodver ith€ostt Pod@@&mple, in some
device 128 may be a floating gate of a floating-gate

. i : .
embocglfn%_ﬂé, Bk @for%g_cﬁyﬁg_@[&er(nﬁgﬁﬁ’s%) 4 3 YciPhc@less than 35 fF on a global data

I'1'i con- oxi nitride vice, or it may

hnewhﬂ%gg%ﬁﬁqugggg-change nmenory Uaterlal, e.g., an
ovonr ¢ erial. In sonme enbodi nents,

[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



the storage device 128 may be an SRAM nenory el enent
wth a flip-flop, or it may include a
w@e@gnesswabl e- netal 1i zation cell, a PCT/US2009/032354

ferromagneti c-nmenory device, or a

magnet or esi stivenenory device. |In other enbodi nents,

the storage device 128 nmay include or be replaced with

an i magi ng devi ce, such as a charge-coupl ed device or

a photo diode, or it may include or be replaced with

sonme ot her type of sensor, such as a chem cal sensor

a m crophone, or an antenna. Because the present

technique is applicable to &-w de variety of devices,

some of which store data and sonme of which sense data,
generitfley avearalaia el a 224 witich dveomphgey lsgth henmoy eginardivasibliytypes of

as a "data cell,"” a termwhich enconpasses both nenory
sensoic®@iiks and various types of sensor cells. [00024] O her

enbodi nents may al so have a different relationship

between the nenory cells 124 and the local data line

2. | |
0002 o QS P 45 Tepen! [ RRIRE S5 e memory
dj t.he [ s 124

cells Ik g B 1gi] é%{aﬁale-lﬁgbiff I ST SRR BE el {124 are

For . exanpl e sone types_of flashnenory devices or
Conne@eﬁqwqig@%l é%gle 19%% ditp gige il hy-Ryatreotberamahmenththamrmgry cells 124

transi stor may be connected in series along the | oca
may bdgprnaciedan scries t§ 0805 dhtadiak ldAdFol oleaiplaan somé typss efelash-

be fornmed by a process described below with reference
memobpddli€sS.or SONOS dedaspthe flvadngremnt srantiktosod ONOSSrai@igtor may be

formlocal and global data Iines w thout disrupting
cmnw&@@uPﬁ&k?&Bn@ﬁmﬁb&ﬂ%héﬁﬁkﬁlQn the array. As explained

bel ow, maintaining this pattern is believed to

i ncrease the manufacturability of certain enbodi nents

[0002?]y » AMPPGh] 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



ot her things, maintaining relatively [arge alignnent
margins in the array and facilitating the formation of
WG aIpbsas®©l i t hographic -resolution-limt featuP@US2009/032354

[ 00026] I n one enbodi nent, 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 colums, in a

square lattice arrangenent, as illustrated by FIG 2,

or they may be arranged in sone other pattern, such as

a hexagonal -l attice arrangenent, with offset-adjacent

rows of transistors 138. Thélillustrated array 136 may

i nclude patterns of transistors 138 that repeat in
transidd@t Bvdrnevs awnnolrs coletymhrad traagisions) ewerlyHounr teansiBtoat, ioy every five

short period, e.g., everytransistor, every two

transidtér@8NEh&E & e 11ﬁ13é§‘ﬁﬁéd 1BREQ 0L 138 FThFLA 3 s0BNB Y0 hAYE drain 142.
transistors, or every five transistors. Each of the

Addltloh%ljlyys 3% ?gst}a’r&«gféétﬁh%rsl 3%%58061.1?%&{? %?a?e lﬁl%u1r49f%1zg‘ﬂlg tAAGstors gate.

onal Ty, trated transistor
38 | ed he t t
s exgfiingd g Sumaph Baudf foes o g aribarhEL b Gan oM iniau R 4d oters
may be used to formcontrol Ilnes and ot hers may be

may bg élé‘?ﬂi todomy pyhesiigrelep liset dde tranpisrs ey bha V%Iilf‘é}’ of different
138 may be a variety of different types of

types of taansisgtrgrisgluding bindlergutsirmglstergatuel-gatansngstorsstriple-gate transistors,
dual -gate transistors, triple-gate transistors,

genergdBN&oadimy¢ndivirl GianBENSsORa gdneaMS ithtedimeithabeasisedrk.y An
t hree- di nensi onal transistors. An exanple of a

examﬂéJ 8f 1 881 Satel ﬁ{ré‘tedlﬂ{eﬂ?iﬁﬁélqwglsttoﬁr ?sr@sccﬁl%ﬁ Heﬁ)v&j%ﬁ iPRAce to FIGS.

low wi tth reference to [0 Next in
8-19 the present enbodi nent, Iocal data Ilnes 146 may be
"forned, as illustrated by FIG 3. The local data |ines

146 may extend generally perpendicular to the gate

[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



lines 144, and they may connect to the sources 140 or
the drains 142 of the transistors 138. Each of the
WO R0030s43¢ ed gate |ines 146 extends across geneCHIUE2009/032354

t he same nunber of transistors 138, e.g., four

transistors in the illustrated enbodi nent, but may

extend across a different nunber of transistors in

ot her enbodi nents. The |l ocal data |lines 146 nay be

staggered by two or nore transistor 138 to form dumry

col ums 148. As expl ai ned bel ow, the dummy colums 148

may provide a buffer space around the ends of the

| ocal data lines 146 to alldW for misalignment of the

contacts to the local data |lines 146. [00028] The
directioh] g tii athederabdatichen®the igval dideEndsOld6ansessendeelyomsthe LDL-

150. The LDL-access devices 150 may be di sposed at

accessadetxfﬁfeg‘ 250 BOthe M-S celh@viRS 250 HAY deldipesedlftr iha saﬂa@ end of the
colunndi rection, but in other enbodi nents, the | ocal

S n
tocal 0%% P 15 1 . A0 BENO I PLASGESS RN G e
of t he, | oca s 146.
colum &iﬁlﬁh Bty i 1abH disgod g*eddh%waﬁwﬂfé?fagﬁlﬁgrs 138
of the colunn_ln whi ch the LDL-access devices 150 are
betwegfp Epbsacgess Aguices brhin|the samecalypp aythgdympmegtrsisigiepso in this
LDL- access devices 150 in the sanme col umm may be dumry
embodimant eathdrl3] -ascesk detibd 55 eivbaaoursiad by damimyl Dinsascwes b other
device 150 is surrounded by dumry transistors. In
embodifRefs, BOLE itheedi s, 1 3bheagiut ifdiedeadundyy Li3fsistan, &l the data lines 146
i nclude dumy transistors, and the data |ines 146 may
Hmyngp&agg%ggéggered. [00029] In sonme enbodinents, the
| ocal ta lines 112 may be staggered such that their
ends are di sposed near the m ddl e of adjacent |oca

[0002‘)1]at a | irps%‘?'nelél[gbodlilﬂel’ftg,%e io%gltcﬁ%cﬁﬁes ltla%lziyoo%asltaggered 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



data lines 112 may be staggered the access devices 150
may be di sposed near their mddle. [00030] Sone or a
wauystesssé al [y all of the remaining transistorBCIB82009/032354

that are not either dumry transistors or LDL-access
devi ces 150 may becone access devices 152 for
subsequently- fornmed nenory cells. In this enbodi nent,
t he access devices 152 are disposed in groups of
colums that are two columms wi de. In other
enbodi nents, these groups of colums may be
substantially wider, e.g., wider than or generally
equal to 4, 8, 16, 32, 64, -128, or 256 transistors
wi de or wider. [00031] Next in this enbodinent,

storags teviagel dewe depostBabomyandechaniedlignedtwieh aterminall 3bthe aansistors
illustrated by FIG 4. The storage devices 154 may be

138, eagnya RhirdeN@otoy RRIBiRT 43 LA AGEs QYL 86/i@S 18898y RRDUBRAYS this

inthe illustrated enbodlnent they are capacitor
termi a’hgezset%r-ggggé\:/\leléééilg4 aﬁgﬂ:é ?‘gﬁggﬁ&uﬁé tﬁé atterrl;] 9 the array

136 1%2& Tt EREnE g ésﬁéw F%%&anfgliy kgt e @gﬂgr@%@% artay

thIS termnal. The storage devices 154 nmay be forned
136 angjcomgled (o KPiagE HRygce hd paalycding test aqcpis devicay [ 1R ¢he [LAL-access

the illustrated enbodi nent, all or substantially al
device@fISf)meldtthatralilssimms§3838th@fdummey @wsaly81 36 eaphinedbplord it eome
a storage device 154, including, the access devices

embodifénts}! e sio@hge&iéﬁﬁ&§lﬁ9¢6u@%ﬁ t3. 9 LRNdictd3e déviadrsisetredysbe used to
138 in the dummy rows 148. As expl ai ned bel ow, in sone

form &%@Q'tgﬂ{gEDLta@@es§HQ\H@&eIS@Eﬁ/dn‘f%ﬁ)b%ﬁ&t&ﬁﬁ’&l ed to the
LDL- access devices 150 may be tUsed to formcontacts to

the LDL-access devices 150 from global data |ines.

[0003%]220?‘123%? %e@ta&eé’ l%cﬂn?(ﬁp O[Hé %&gg‘ ’de\tnggs §4%%g%cﬁg¥ h&ifier capacitor

e anot her capacl

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 LDL-access devices 150.

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



plate 156, as illustrated by FIG 5. The capacitor
pl ate 156 may be conmmon to all or substantially all of
W@ b@9Igesas@ge devices 154 in the array 136, or PEEUS2009/032354

capacitor plate 156 may be common to transistors 138

in arow, colum, or other subset of the array 136. In

sone enbodi nents, each storage device 154 includes its

own capacitor plate 156 that is separate fromthe

capacitor plates 156 of other storage devices 154. A

dielectric material may be di sposed under the

capacitor plate 156, between it and the other

capacitor plate of the storddge devices 154, to form

capacitors. [00033] A plurality of apertures 158 nay
storagbdevipanied donpletieo thapaaint wirapisadre 148 Gisposeeapamd the LDL-access

portion or substantially all of certain storage
devicddawpces 154. The apertures 158 may be positioned and

si zed to expose the storage devices 154 coupled to the

LDL- access devices 150. In sonme enbodi nents, the

[00038PC" L URERy, E!éﬁaéggl’apﬁ) th@gtgieag@ 'aefag%, 2 rﬁﬁ@ﬂ%ﬁ)rrn%ﬁ@ B fhk QPertures

of thestorage vi ces 154 Coup to t

tr.ansi st or 4 i Spose round t he -gccess devi ce

158, 2§ SRRSO B THONE, f SRES TR haFvirereARERRCAEH BEfrme
154 may be fornmed in the apertures 158, as il lustrated

betwegyy theceitagfs 1p{ aadHis capdssiar P@Fﬁ 196 tg preveRiguatenhgom; flaying between
| ayer may be forned between the contacts 160 and the

these geystigest 10 guiddtSé. The contagss dév@miay bageeaallf vatedlIstuithggs made of a
bet ween these structures 160 and 156. The contacts 160

condubtine Metegalnaidd tontae 160 ealy betfotmeddoves alimataibefanaally all of the LDL-
conductive material, and a contact 160 may be forned

accesQ¥RIcedh 5o arigsgpst antial ly all of the LDLaccess devices

150 (FIG 3).
[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, e.g., 1.5 times as far, 2 times as far, or



[ 00035] The apertures 158 and the contacts 160 may
have a relatively large alignment margin in sone
wWerinodisrent s because of the dummy transi stors RABUSIDLA32354
3). These dummy transistors 148 may forma spatia
buffer 162 around each of the contacts 160 (FIG 6).
In at | east sone enbodi nents, m salignnent of the
contacts 160 does not necessarily danmage nmenory cells
that store data because of the special buffer 162.
This relatively large alignnent margin may facilitate
the use of |ess expensive, |ower resolution
| i t hography equi pnent. [00036] Next, global data |ines
164 and 166 may be fornmed, as illustrated by FIG 7.
furthe WEhig irebakedgtaaink innesredied capatithfice emyeaahagbalt dvea lines 164 and
contacts 160 to the sense anplifiers 166. In sone
166. enbodi nents, the global data lines 164 may be formned
before the global data |lines 166, e.g., in a different
metal layer. The global data lines 164 and 166 may be
[00039FENer afrhy inrr{}? g s& Be ASndcbRd k&g %cap%ﬁ lLﬂer&@Ect%fl 268 and a

and the g ata I nes 164 and 166 e space

contro{l lﬁﬁggﬂl‘%{gl%y Tfél% ?oc‘f?g t % sele to}rgsg nt?r;/tecﬁoh@f%?gostif: Spte lines 144
orfurther. This |ncreased spacin reduce

(FIG. & xofhr calip@s BVéE}%B%PrDtLh@C@%S yicey gi%‘%fﬁnfé)swf@an sigraupeselect
[ 00037] The array 136 nay al so be connected to a

lines 1738 HIG.di) giCertainiatleer geted tieo d 44 88y ananeat wdahe caitedlilime driver 172 form
driver 170. The local-digit-line selector 168 nay

controt ineeL4. tihetcbatrgldings Il 74 asy tédirdlfhéaccdys devicehesT AIGRsof
with the LDL-access devices 150 (FIG 4) to form

functl&ﬁﬁg FRHRrP BLRC tn ki @ﬁbéc?lgleﬁtl: beh 1ﬁ)1$tra¢&f Toad Qlaf%tlhf‘ercogglfeﬁ to two

linés 144 may connect to the control-line driver
memoﬁé)%é['ﬁsgf(?z{]{vf1 géogkﬂggglzeséléél éﬁer gﬁiggﬂ%{fﬁé‘ehﬁé eeaag 1ok 8RY tine 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 global 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.



functioning nenory cells. In this enbodi nent, each
illustrated | ocal data |line couples to two nenory
W@20003084#@ two control lines 174. |In other enbedi/D8290%032354

each | ocal data |ine may connect to nore than two

menory cells. [00038] In other enbodi ments, the gl oba

data lines 164 may connect to each of the | ocal data

l'ines 146 through nore than one LDL-access device 150,

e.g., 2, 3, 4, or nore LDL-access devices 150. In

t hese enbodi nents, each |local data |line 146 may

connect to a global data |line 164 through a plurality

of LDL-access devices connedfed to the global data

line 164 in parallel. To accommbdate the |arger nunber
[00032f conhewhicdashoditents,ahé stotagd A6viarsdl Mheayaleseladreel HhS&1 on an

may be widened to span across multiple colums of

addres3tr@deRA@a fERY baRS cit@Atry. FRér SXAPR!, 8 metncty BEhRIEP ﬁ{a%tangiﬁﬂ an
or two separate contacts 160 may connect to a | Oca

addre 34y l:!as&f“oﬁl'ﬂ’lg éqd?esg 8§t'tr£alflﬁ1reqﬁh fﬁ%&?)%h&lﬂg vﬁihati}g Fies(ljrgd memory

nnectin oca

cell e 8&,.33314 oPdeBeeie Fec & %\aﬁﬁ%@%ﬂlg&%ﬁ&?s celimgpipense the

data lines 146 and the gl obal data |lines 164.-75-
Wﬂ%%F@@@E@?“Wﬁd@éﬁ@eéﬁééﬁWhﬁhﬂ%maﬁﬁﬁwétorage devi ces 154

may be sel ected based on an address received from

other circuitry. For exanple, a nenory controller may
[00049k ans it scare caalelrdéments.anidesh dase @r othet Aigy, agipes of digits of the

control line 174 corresponding with the desired nenory
address@hdy deyimide: @hieh guz@oyp-sdiett dins eN3 & aaplizeldi &or kBkance, if the last

corresponding nenory cell may sense the voltage of the
digit dFRPRIdrddtea 2drH8hd RRall Rt CR1dctor ingaydinb AGAEHsubgroup-select line
172 coupled to an odd-numbered local data line 146, or if the last digit of the address is a one,

the 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



[00040] In sone enbodi nents, a first, last, or other
digit, or group of digits of the address may determ ne
waokioehoswbgr oup- sel ect line 172 is energi zed. MOF/US2009/032354

instance, if the last digit of the address is a zero,

the |l ocal data Iine selector may energize a

subgroup-sel ect line 172 coupled to an odd- nunbered

| ocal data line 146, or if the last digit of the

address is a one, the local data |line selector may

energi ze a subgroup-select line 172 coupled to an

evennunbered | ocal data line 146. [00041] In other

enbodi ments, multiple digitd6of the address may affect

whi ch subgroup select line 172 is energi zed. For
even-rexagpddelocalfdataHnel l@$tmayseemeckigdd Seoérat peermaddioas sf thisspattern and

000, a left nost subgroup- select line 172 coupled to
othersaife &¢ldsigpber ed | ocal data line 146 nmay be energized,

or if the last three digits of the address are 010,

then a second- fromleft-nost subgroup-select Iine 172

upl e s - j :
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address .are 001 .| eft - nost..subgroyp- select |i 7
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~energized, and jf the last three digits of the address

semw%&déw%i portioReh adingEnsistpr il GrAnddile. Rditstiagnap atipy L& lchin

line 172 coupl ed to aneven-nunbered | ocal data |line
transistarg 1ty Theodnefigireedepi@esteps dlat pry woneect dusutef 17 islocal data lines

pattern and others are envisioned. [00042] FIGS. 8-19
and globdldatarlaice. an exanpl e of a process for forming | oca

data |ines and gl obal data |ines that connect to fin

transi stors. To explain this enbodinent, FIG 8

[00043] | ust pRtBStAte8 DFIFIONYURE SmiRORducR tp@ftio% dfieBch illustrated fin
transistor 176, and FIG 9 illustrates an array 178 of

transidtd 1 76 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



transi stors 176. The other figures depict steps that
may connect the array 178 to | ocal data |lines and
wQ@k@babs4d@at a | i nes. [00043] As illustrated by FTRSBN9/032354

the sem conductor portion of each illustrated fin
transi stor 176 may include a fin 180 extending froma
base 182. The fin 180 and the base 182 nay be nade
froma variety of sem conductor nmaterials, such as
single-crystal silicon. The illustrated fin 180
i ncludes 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 enbodi ments, défine a generally cuboid
volume, with the edges 188 and 190 general |y being

200, baaraeo ey twiolags 192eansli 19ds Ak@4phainetd bBbw Witk rételensd todfl€d 9, gates
fin 180 includes a distal portion with two |egs 192

may b& aﬁ a%@ﬂ@trtﬁé eidedys Parierse Althe/rit ShaRE dic¥@biladRbic fibRis
exp ai ned below, the legs 192 and 194 nay provide the

eman g?{ 'n"f1 hfgg gﬁs%hﬁ%t&éﬁﬂgl &Iﬁpﬂlr@i@g\gﬁl% Bliferd: Qbfrﬁg%lé grom the

erent ed portions

In some enbodi nents, the upper-doped portion
SmH“Tﬁgh%%V”be doped with an n+ material, and the

| ower - doped portion 200 may be doped mﬁth a p-
material. In illustrated enbodi nent

[00044}, e - HEJE)e()leB%fF%t‘FSoW exgmplRidh %tiraYeHSeqfdh%téﬁwt?rﬁé% The

bottom of the generally U shaped void 196. This is so
illustrathdtransigoraddélarengepetady faganged in el 20Acandeaeh cdlopa @04 may
portion200, between the two |egs 192 and 194. As
include xplea 0@ an b0 Oavs pastdh o eftiesr s fleaf ttige dolldnn 904.gBichsofByillastrated
di sposed agai nst the sides 184 and 186 of the fin 180,

cates 20hrRl BRUAAMMIRSLafedlt@h € @ABRMRLLAS: HdrAbh bh@s %raﬁs%t%ﬁs 176 by a
may establi'sh a channel through which current

gate dIelle%W%c if()o rﬁatcﬂ ARG o fufnd &e[raql ﬁ{orlls 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. In 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



[00044] FIG 9 illustrates an exanple of the array 178
of the transistors 176. The illustrated transistors
wai@aess4general |y arranged in colums 204, anBCEHHS1909/032354
colum 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 conductor portion of the transistors 176 by a gate
dielectric 210. Each illustrated columm of transistors
204 may be isolated fromthe adjacent col um of
transistors 204 by an inter-colum dielectric 212, and
each transistor 176 with i n/& colum 204 may be
i solated from adj acent transistors 176 in the sane
techniq@dsysaeh204ndyrcdtting aherd-mask, ciflelvénd phator2didt, off doubtinpitching a mask
enbodi nents, the generally U shaped void 196 may be
with sfdelvaBdp Mﬁmlnter-leg di el ectric 216. [00045] In sone
enbodlnents the array 178 may be manufactured with a
cross-point process. In one exanple of this type of
(00048 0C©Sext e AhdrBatdhtof oRAbY 8785y W RuAnSERHAHE oPore
masks t hat orn1genera y ort agona I i nes.
nit.ial nk sub r .
addlﬂ?ﬂ%?f%ﬁlfse%avwgtlﬁwa st pIHRERThE R frsEPh el b g generally
and the | ower-doped n 200, and then, the
Orthoaomléﬁlapewhén Ratween the 112?@40 atgﬁ figf @ng preepd P @t gragketbpt the cross-
216 may be patterned with one or nore nmasks having a
point gatyt weeesofakks esargehdn adhg empodingnisgthie dins 180 ¥ay be etched and,
direction. In sone enbodi nents, these features 214 and
then, tRd Qatas 20aid H8nagy w¢ fdimsd bs sidéwgbsmapdis along the sides of the fins 180.
-resol utiont echni ques, such as undercutting a hard

The 1%5&61urﬁ1? Hﬂefé\é’trﬂ:gz 1PhR4PIES bs fornfRl bERNERH @h@él@l&%lf‘@)a&rm%late the
sidewal | spacer’s. [00046] Next, the other

gates i(%ac{nl&rﬁ)% (ilfl oIhQ? elﬁf)&ﬁ}ﬁe&@ hmelbceolﬁ)ﬁ}l td?erl&%gc ﬂi Ba;g) BE titmed

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



addi ti onal masks having lines generally extending in
the X direction. (It is fromthe generally orthogona
wo 200attosams hi p bet ween the lines of the first aPdI/E09082354

set of masks that the crosspoint array process takes
its nanme.) 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-colum dielectric 212 may then be forned
bet ween the sidewal | spacers to isolate the gates 206
and 208. In other enbodi nents, the inter-colum
dielectric 212 may be fornmed%before the gates 206 and
208. For exanple, trenches extending in the X

the sage veltigepor imeythdrentdodineahtatdd daitdsl 200 and 08 ey deicahtrdlbad
the inter-colum dielectric 212 and, then, trenches

indepdr@EntdT@n8 ahQRerdE AN JIZRENTRYIRs EAG Bﬁﬂalnﬁ@ BE18RY some of the pairs
general Iy simultaneously defining both the fins 180
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& he |ntf ol um dielectric 212 may be patterned
may 9?3 Hﬁmﬁ?fﬁbgWﬁphlcresolutlon techni ques as wel |,
and one or nore of them may have wi dths that are Iess

t han or erally equal to the _|ithographic-resol ution
[00048} i, Ag trajed s HittahO-<Hi 15155 £ob MENds aptccrebertey Sfe. In this

limt. [00047] In operation, a current 202 between the
embodimgnic éheadath likps 2d B aienfoohed b depaanimigsit agnerally 6ondwygtipematerial and
control |l ed by nodul ating the voltage of the gates 206
patteriap th2@Berally condrtieaadiriie i fHrmtobrergity atsai 2 GnaREns2NBy parallel
may be connected to one another and may generally

lines é&ﬁéfﬁhiﬂ @xt%ﬁ‘dﬁﬁg itk Qgglrec@i()n' ThetiNRraRAReEiI RS 53 cdn'ﬂ@ct to the drains
gates” 206 and 208 may be controll ed i ndependent of one

d
of the %gﬁ%gv\},s{sslgﬁéwggﬁﬁ% gﬁ% érlﬁf;)(gcﬁﬁle}{toéoh%%o%ds ’\eﬁthqﬁ@ 16@& T&g 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



of gates 206 and 208 may formcontrol |ines, and sone
of the other pairs of gates 206 and 208 nay form
WG aivgnasspe sel ect |ines. [00048] As ill ustrat edP@lyUSI0@/032354

10, data lines 218 may be fornmed on the array 178. In

this enbodi nent, the data |ines 218 are forned by

depositing a generally conductive material and

pattering the generally conductive nmaterial to form

generally straight and generally parallel |ines

generally extending in the Y direction. The

illustrated data |ines 218 connect to the drains of

the transistors 176, which 2f this enbodi ment

corresponds with the I egs 194. In other enbodi nents,
capacitdre fatated belowethe 2h8sismys onMketcaparitbhplaee Q20 ety bamihdesom a

data lines 218 may not be straight, e.g., they may
generdRAhat®ivk mAGTANIRK Al folgliedd, aNd Ry nna? R tdithd EhaRherally

pattern, such as a hexagonal lattice 00049] After
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overe an |nsu at or an capacl tor at es

: ustrat ed I 1.. To.sho
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data |ines 218 is not shown in FIG 11, but subsequent
with the lgerl8@3 (&bt this material. The illustrated
capacitor plates 220 include a generally cup-shaped
di stal portion 222 and a generally cylindrical base
[0005@D4. | Nexthile cepdsoidi pletes 220 menydwrasiet ovithyd eapesitq@ 2gelectric and
i nclude features that are generally concentric about a
anotherefpdcitbr plites2 282y teuforined, @k hidustrerb ogiFI@N1 3, IntJoéne embodiments,
capacitor plates 220 may have a different shape, e.g.,

the capdtit¥ Blate0286hdy R ddrdtho® hﬁfpﬁlbsﬂaﬁtléﬁfu%ef‘ oL BB L of the
he capaC|tor pl ates 220 may be part of
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polysilicon. In some embodlments, the capacitor 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-



general ly conductive material, such as polysilicon,
and they may be forned in generally circular holes in
wW@2®aaed4ié ci al material. The base 224 of each BPET/UR09/032354

illustrated capacitor plates 220 connects to the

source of one of the transistors 176, which in this

enbodi nent correlates with the leg 192 (FIG 9).

[ 00050] Next, the capacitor plates 220 nmay be coated

with a capacitor dielectric and anot her capacitor

plate 228 may be forned, as illustrated by FIG 12. In

sone enbodi nents, the capacitor plate 228 may be

common to a substantial nunBér or substantially all of

the capacitor plates 220. The capacitor plate 228 nay
shaped pomiiad @20 bf thecapatitot pies 2R0 evithad the apaduras23iml yisbhie@atbodiments,

I'n some enbodi ments, the capacitor plates 220 and 228
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width 234 that is substantially larger than a width
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[00052] Next, as illustrated by FIG. 14, contacts 238 may be formed in some 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



process of etching the apertures 232 nmay consune a
substantial portion, or all, of the cupshaped portion
WQ2m906848he capacitor plates 220 within the apRCT/URMWE9/032354
232. In sone enbodi nents, the apertures 232 nmay be
formed with an etch that stops on or in the dielectric
230, and the etch may consune the cup-shaped portion
222, thereby exposing the base 224 of the capacitor
plate 220. In certain enbodi nents, not all of the
illustrated apertures 232 may be etched at once. For
exanpl e, the apertures 232 above even or odd nunbered
col ums nmay be etched first-22and after formng
contacts in the existing apertures 232 and connecting
capacit@r gldtes22(c ent,awd sapdciter piatee 220 toupddd tattedsiagoey 16r @sthe 3@ne row
may be forned. In sonme enbodi nents, the apertures 232
anda%ﬁ%%nhgﬂﬁhﬁpgﬁﬁ@qﬁﬁﬁy the mddle of the length of the
ocal data lines, and the |local data |ines nmay be
staggered. [00052] Next, as illustrated by FIG 14,
[0005§]0nt acig il%roﬁﬁa{éﬁ%ﬁ/kﬁGf. P4 ,rI@\gell Qoﬁa@ '&Qtaq{r)leébjlo b ;)Q formed on the
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apertures 232. T contacts 238 may
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di sposed within the_apertures 232. In sone .

tungst HERe o coprer. Aad they iy ranlererieatiical serpiagt wiflythp gontacts 238. In
formed within the aperture 232 before formng the

some egbedinests 288 lovenglethbdyo hnecidd) 288 rmag fiome b oupenl Vayer deppsited by
liner materials, such as titaniumnitride or tungsten
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establish electrical contacts with alternating rows of
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s 0P8 SIS DR St TS 9033y 24
of the \Hnts Iﬂg& in tthQ% &1? c%%ht ‘Hle lower global data lines 240 may be separated from one
another by a distance 246 that is generally equal to, generally smaller than, or generally larger
than the width 242. In some embodiments, the lower global data lines 240 may be isolated
from the capacitor plate 228 by a dielectric layer, which 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



pl ates 220, but in other enbodi ments, the contacts 238
may be |l arger than or msaligned with the capacitor
w@k@vaes4220 while still making electrical contBCT/USEDN032354

the capacitor plates 220. In sone enbodi nents, the

contacts 238 may nmake el ectrical contact with two or

nor e adj acent capacitor plates 220, e.g., two capacitor

pl ates 220 coupled to transistors 176 on the sane row

and adj acent colums 204 (FIG 9). [00053] As

illustrated by FIG 15, |ower gl obal data |ines 240

may be forned on the array 178. The gl obal data Iines

240 may be made of a conductfve material, e.g.,

titanium tungsten, alum num or copper, and they nay
under eklewet globalidaal liree AtlGC Altatmbtivdl heoradditiaailsy, 28 8ppdrapsioure may be

enbodi nents, the |ower global data |ines 240 are
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depOS|F|on (PVD) or electroplating. The | ower gl oba
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In some enbodi nents, the |ower global data Iines 240
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dielectric layer, which is not shown in FIG 15 to
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[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



[ 00054] Next, contacts 248 may be formed in the array
178, as illustrated by FIG 16. The contacts 248 may
W@z2i0enoB4iecit o t he apertures 232 that are unoccupiCEUS1999/032354

the previously formed contacts 238. These apertures

232 may, in some enbodi nents, be fornmed after form ng

the gl obal data lines 242, a sequence that may form an

opening in dielectric material di sposedunder the | ower

gl obal data lines 240. Alternatively, or additionally,

an upper aperture may be opened to the apertures 232

prior to formng the contacts 248. In sone

enbodi ments, a dielectric slPdewal | spacer is forned

within the aperture 232 prior to formng the contacts
conne248 thelhvenaantbacidsor4 Sindale epfee pbbaldivelitd3e 5D et connect to the

gl obal data lines 240 and nmake el ectrical contact with

odd-ntfBere@RAI, bPVicPhals8S OARS emBodiRRnRNRRLY APRUE YI@E ok ZeveASlobal
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descri bed contacts 238, are coupled to alternating
6,7, 8 eigslapger aumAei-t or pl ates 220. [00055] |In ot her
enbodi ments, the contacts 238 and 248 nay extend to
the source or drain of the transistors 176. In sone
[0005&bodi eatpper and layrer gnbal drta tings 298pad 260 maylbetspaced Xarther away
may be omtted over the transistors 176 to which the
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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 206
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



gl obal data |ines 240, and they may be fornmed with the
sane process. In this enbodi nent, the upper gl oba
wal2a0a/10d4mes 250 are forned in a different netaPCl/Eymn9/032354
than the | ower gl obal data Iines 240, and they are
general ly straight, generally parallel to one another,
and generally parallel to the I ower global data Iines
240. The upper gl obal data |ines 250 may connect to
alternating rows of transistors 176 via the contacts
248. For exanple, the |lower global data |ines 240
mayconnect to the even-nunbered rows, and the upper
gl obal data |lines 250 may céfnect to the odd-nunbered
rows, or vice versa. O her enbodi nents may incl ude
conneeaddichdtogiabal ldetadine 2g0abal50aimsonenashoddments, ts®pah between the
enbodi nents may i nclude three | evels of global data
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different netal |ayers and connecting to alternating
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believed to |lower the parasitic capacitance of the
220, wdiidbahy detes¢ theedig@abntand gd5@henl flormoingehese strodiuee and facilitate the
t hough, the global data lines may be fornmed in the
use of&&ﬂ@itﬁ@@ihid-@y@lﬁﬁaﬂﬁrmeg onnect to each row of
transistors 176 rather than to alternating rows of
transi stors 176. [00058] The array 178 nmay be
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anplifiers 165, and a control-line driver 170 in the
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by FI(?.%l. Igsl 1% regpl%glgd be %g)v %hlg%ygtg}lle%6 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



and 208 of transistors 176 connected to contacts 238
or 248 may connect to the local data |ine sel ector
was®9/1dsrmihg t he renmai ni ng gates 206 and 208, sPOEUNMYI/032354

connect to control-line driver 170, and sonme nay

remain floating or be grounded to form dumy

transistors 176. [00059] The illustrated array 178 may

be configured to communicate with the sense anplifiers

165 relatively quickly. The global data |ines 240 and

250 may have a |l ower parasitic capacitance than the

| ocal data lines 218, and nultiple, relatively short

| ocal data |lines 218 maycondéct to each gl obal data

line 240 and 250. In sone enbodi nents, the path
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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/or



m croprocessor, control the processing of system
functions and requests in the system 256. The
wee@eassdes 258 and ot her subconponents of the BYBUSI909/032354

256 may include structures manufactured in accordance
wi th enbodi mrents of the present technique. For
i nstance, the processor 258 may include the
enbodi ments illustrated by FIGS. 1, 7, and 17 in cache
menory. [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 batter¥és, replaceable batteries,
and/ or rechargeabl e batteries. The power supply 260
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capa01tty r%e%or;tf guecil as Sa)gz?peoor dtlTs?< derlve 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



comuni cation ports 268 nmay al so be coupled to the
processor 258. The communi cati on port 268 nay be
w@emptiesd4s o be coupl ed to one or nore peri pherBCT/US2009/032354

devi ces 270 such as a nodem a printer, a conputer, or

to a network, such as a |ocal area network, renote

area network, intranet, or the Internet, for instance.

[ 00063] The processor 258 generally controls the

system 256 by inplenenting software prograns stored in

the nmenory. The nmenory is coupled to the processor 258

to store and facilitate execution of various prograns.

For instance, the processor-2858 may be coupled to the

vol atile nmenory 272 which nmay include Dynam ¢ Random
systenfio@esshoManoT e mbRAN) carmdllor Bttt iegedian dinmiecAsesests thenempry

(SRAM . The volatile menory 272 is typically large so

devicdshad cb&rdﬁﬁﬂn?ﬁfére%cﬁa\h BAIY fifbinatioR Bk dARRbh & &trh@RSinddhation, to
data. The volatile nmenory 272 may be configured in

andfr@‘éﬁﬂé&@&%ﬁ%&‘éxﬁ&se”b‘)d' ments of the present invention.

I nsta the volatile menory 272 may include the
enbodi nment s |IIustrated by FIGS. 1, 7, and 17. [00064]

(00064 oy 9%@?%1%3{?@5 ik B Y PB By ST T e e sl

read- onIy Meno such as an EPRE?% and/ or flash
278 - gdabrepntigunsd t%gléf‘datﬂﬁ Celaﬂ? B M YR adele a§ 3/dypl-indine memory
menory 272. The size of the ROMis typically sel ected
moduled Db M 1t the aregreory nonftler 876 vigrame anynoneresway juses. Each DIMM
operating system application prograns, and fixed
generdlBtiacludedi pluafial dfmehbe deoives vahak idygamiemidonPactesmByiemory
i nclude a high capacity nenory such as a tape or disk

(DRASN) d:QicBRERaNle of @t@%ﬁ%aﬁ”&%s%&uﬁﬁ&%e@v@@uﬁ PRfhty to FIG. 22.
menory may store a variety of types of software, such

As de@Fib& rfHiGf ﬂéleQea%}ﬂ%mq{as 4 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 278 A 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 memory 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.



productivity suite. The non-vol atile nenory 274, as
anot her exanple, may al so include el ectronic devices
woresafiesasar ed i n accordance with enbodi ments oPCT/H82009/032354

present technique. For exanple, the enbodi nents

illustrated by FIGS. 1, 7, and 17 may incl ude storage

devices with a phase-change-nenory material. [00065]

FIG 2 1 generally illustrates a bl ock diagramof a

portion of a menory sub system such as the volatile

menory 272. A nmenory controller 276 is generally

provided to facilitate access to storage devices in

the volatile nenmory 272. Thé%menory controller 276 may

recei ve requests to access the storage devices via one
In onec@mbrodireerprof dessdatde neuohy A%82, tiempmooedsDbus?ZB8, may mclude 64

peri pheral devices, such as the peripheral device 270,

indivi@ddeh buba. PLRBES Mfétrﬁéfﬁoﬂyr&ah 5iR200)may THEuIBSRY & more individual
controller 276 is executés the requests to the nenory

buses ?oﬁ C%cﬁ 3? 7%' r)ﬁt ' i@@At/l? %vh%ilcﬁgﬂ ge u&fd fbp}g?br@}& ﬂ@tectlon and

on |gurat|on I nf or mat and fromt
nmenor, dev C
correcfiiRT CMETE UL ATETHE) DB fHost iLeSghe %@ AL Ftes st ghe
- 292 is _configured to operably couple a nenory
memogy,dafp Bus 2 wilheary depeading i th@cwﬁrﬁblra}lwé |Cépa(b©rtmof thegystem
the nenory controller 276 via one or nore nenory
256. buses. Each DI MM generally includes a plurality of
menory devi ces such as dynam c random access nenory
(DRAM) devices capable of storing data, as descri bed
[00068ur t heThdeblattewhdrhory €72 hBodecliidesfal Gmn2Zihd HAs 2de 86 mitiethddress
further bel ow, each DI MM has a nunber of nenory

infornfi@ %h §§c9n A ofAfdhdSiddrsOfCA NeowRuL & seﬁ@?@Rz@S#;ec&ﬁmh R8dress select
nodul e may be referred to as a "rank." Accordingly,

(CASBAGSLAb1AWPER), 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.

[000069] 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



292 is configured to receive a single D MM having two
ranks. For instance, the slot 278 is configured to
wo e@eiesa4@ DI MM havi ng ranks 278A and 278B, t hBCHIUS1009/032354

280 is configured to receive a DI MM having ranks 280A
and 280B, and so forth. In the present enbodi nent,
each of the eight nenory slots 278 - 292 is capabl e of
supporting a nodul e conprising eight individual nmenory
devi ces on each rank 278A/B - 292A/B, as illustrated
with FIG 22 described bel ow. [00067] Referring again
to FIG 21, the nenory buses nmay include a nenory data
bus 294 to facilitate the eX@hange of data between
each menory device on the DIMs and the nmenory

pluralzpof membey dXTdes 30hL- 30 HD sychda idgnditie r29bnt argpss imemoy (DRAM)
plurality of single bit data buses, or transm ssion

devicdsl MBS se@®B Rpp QR 8de bff @B iR rFRIBALK BBTLILH |1RE sHokfh)ta®o

a nmenory device.ln one enbodi nent of the volatile

nE NG TRURCY 5 3R i 3 con

buses. e nenor

comeBa AT R e R A S s G S PRt e
error detection and correction. As can be appreciated )
memopy,sloigd8 - SRP1 Fughgrnthe gdeeganne¢tp3Qpipyidgtiamepiagiesn &fr electrical

the nenory data bus 294 will vary depending on the
couplipg td fagilitatt itterexahahge ayp dhtialand cexstrad fsignhls foys therm@b@y controller 276
[ 00068] The volatile nmenory 272 al so includes a

to the a@MRNdevatis 3096 -3020Na64 tHRAAERSS deRfces BRtHeGBc&dGnI&3. The
command address (CA), row address sel ect (RAS#),

embo@RlecHY AEdD 855 yIele o;fe NoHdoord¥ntkd §iBRARL& (Melds. B8P Kstance,
address (BA), ghlp el’'ect (CS#), clock enable (CKE)

the mean%jry module 298 may be employed in a single data rate (SDR), fully buffered (FB)-
DIMM, double data rate (DDR), double data rate 2 (DDRZ2), 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



on-die termnation (ODT), for exanple, may be
delivered for a correspondi ng request. Further, the
w@aesd4bus 296 may al so be used to facilitatBCT/H82009/032354
exchange of configuration information at boot-up. As
with the nenory data bus 294, the command bus 296 nmay
include a plurality of individual conmand buses. In
the present enbodi nent, the conmand bus 296 may
i ncl ude 20 individual buses. As previously described
with reference to the nenory data bus 294, a variety
of enbodi nents may be inplenented for the command bus
296 dependi ng on the systemPéonfiguration. [00069]
FIG 22 illustrates a nenory nodul e 298, such as a
row addrddvibut B20 tramynibeahé nsenddrekssitotie roweaddfest hechee BD6,\and a column
slots 278 - 292 (FIG 21). In the present view, one

addreSib€ 305 trhfeni RN FRFHs Q0 AR& olfimh hdd#sdsnated 320d After an
desi gnated as the rank 298A. As previously discussed,

approé%g%@qﬁﬁg%rnggg g lﬂé\g gig Css JoL BE gﬁégfjgﬁﬁ%@?g {(‘&kos[hgr%%ﬁt;@lﬂgg clock

devi ces 302 random acce
signal i BS So SR oo B rlinGUBO R BpOS RIS G 3 Ky atch
menory nDduIe 298 (298B, not shown) al so includes a
the traﬁﬂﬁﬁ@fi IRV aFRIeHT ysla@larlﬁébe cqie] gasyiy 3D aayasseyg ¢alymn address
i nclude an edge connector 300 to facilitate nechanica
strobec3@dpdridrige oflutnedderplaychrpd ) magach the traosmeittod colpen address.
menory slots 278 - 292. Further, the edge connector
300 provides a nechanismfor electrical coupling to
[00072FcCi | | Daterdwgndootitangédredsedafedatalngd, denbwalecsdeg 3ad snay
fromthe nmenory controller 276 to the nenory devices

detemﬁgg&’hich%@%%f RS etbBy AFRDIM &t?féb ds RﬁthE MRcIRAGORAddress, and the
ranks). The enbodi nent of FIG may be enpl oyed in

row dif&tf 59?91%? awe}trll s\@f{aﬁ 8 theX &1%‘8%8 rSI\%. i %mé é}ﬁf)@cﬁﬁl@nts, 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



the nmenory nodul e 298 may be enployed in a single data
rate (SDR), fully buffered (FB)- DIMM doubl e data
WO 2008/1¢BBR) , doubl e data rate 2 (DDR2), or doubdBUSNH032354
rate 3 (DDR3) system 10. The nenory devi ces 302A -
302H may each include one of the enbodi nents
illustrated by FIGS. 1, 7, and 17. [00070] FIG 23
depi cts a bl ock di agram of an enbodi nent of the nmenory
devi ces 302A - 302H. The illustrated nenory device 302
may include a nenory array 304, sense anplifiers 306,
a colum decoder 308, a colum address |atch 310, row
drivers 312, a row decoder 324, row address | atches
316, and control circuitry 318. The nenory array 304
modifivagonsnedquideerofnandhitéhetiesibdtlh gaithin the lspisit ad edpdWf the invention
FIGS. 1, 7, and 17. [00071] When accessing the nenory
as deff@ll b$ the 8o G AT dppbndeldlctdiinkr y may receive a command to
read fromor wite to a target nenory address. The
control circuitry 318 nmay then convert the target
address into a row address and a columm address. In
the illustrated enbodi nent, therow address bus 320
transmts the row address to the row address | atches
316, and a col um address bus 322 transmts col um
address to the colum address |atches 310. After an
appropriate settling tine, a row address strobe (RAS)
signal 326 (or other controlling clock signal) may be
asserted by the control circuitry 318, and the row
address |l atches 316 may latch the transmtted row
address. Simlarly, the control circuitry 318 may
assert a colum address strobe 324, and the col um
address latches 310 may latch the transmtted col um
address. [00072] Once row and col unn addresses are
| at ched, the row decoder 314 nay



determ ne which row of the nenory array 304
corresponds to the | atched row address, and the row
wa@lei09aes4812 nmay assert a signal on the sel ect PCI/D82409/032354
In sonme enbodi nents, this nay entail asserting a
signal on a selected control line and a sel ected
subgroup-select line. Simlarly, the colum decoder
308 may determ ne which colum of the nenory array 304
corresponds with the | atched col um address, and the
sense anplifiers 306 nay sense a voltage or current on
the selected colum. For the reasons expl ai ned above,
the nenmory array 14 may tradsnit data relatively
quickly to the sense anplifiers 306 through both a
| ocal data line and a gl obal data line. [00073] While
the invention may be suscE€pAIMSe to vari ous
nodi fications and alternative forns, specific
enbodi ments have been shown by way of exanple in the
1. dpawhRgscadisiave been described in detail herein.
However, it should be understood that the invention is
no ‘ﬁn fp::tic? gﬁgcgalraﬁmggr f[mdh\m%t £ Hrs& entnﬂl%l %asrel:én%%kﬁﬁmglo Ef®one or more
di scl ose nven roni’s to
al I nodi fications, equivalents, and alternatlves
falling within the spirit and scope of the invention
as defined by the foll ow ng appended cl ai ns. CLAI M5 1.
A2 el ¢ada linpepnneahtp the firstierpliegld- ef f ect transi stor
having a first termnal, a second term nal, and one or
nmarleasgatpesionaf Ia@apdcitdap]atel donseat@htioghd smtoncbtetmmaf;ianét
termnal; at |least a portion of a capacitor plate
CoRIBEL ®fh life ¢diReded e I@aNdaline Byithe capacitor plate.

gates;

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.



a gl obal data Iine connected to the |local data |ine by
the capacitor plate. 2. The device of claim1l, wherein
W b@oghsalal data |ine is connected to a pl ural PEHUST009/032354

other local data lines through other capacitor plates
and other fin field-effect transistors. 3. The device
of claiml1l, wherein the first termnal is separated
fromthe second termnal by a generally U shaped
di el ectric body. 4. The device of claim1l, wherein the
one or nore gates conprise two gates di sposed on
opposite sides of the fin field-effect transistor. 5.
The device of claim 1, wheré#n the one or nore gates
are connected to a local-digit-line selector

6. canhéethod,ednipoisiagsert a signal on the one or nore
gates. 6. A nethod, conprising: formng an array of

t F RS SdPdrSay JfoaHh@tgrsa plurality of subgroups of
tranS|stors fron1the transi stors anong the array of

cﬁ ﬂ&‘j& glruﬁlhki)% f%@gfo%hg Qgtr%rré?st&rg ﬂ?ﬁ{ &k eraﬁmWoItst%nth% array of

ata l'1nes; orm ng an arra

transisfprd %3%6?962%5 5 ara ot B b RS w5 6T AR TR Gyor

anong the array of tran3|stors and connecting each
glasmane Aearey ot seorageoieyicas-pYiFrein icash Berags deyaee Aaeng the array of
lines to a plurality of the subgroups of transistors
storagbyledogrne conmegtetl he a glanhstbr daodrg the msay of @ansiséastand
portion of storage devices anong the array of storage
destineéng chch Ehdan@ithngk ahoed apmrAity vhelobilrlatadin®s Bga pReality of
array of transistors conprises fornmng a
the subgroups of transistors by connecting the global data line to at least a portion of storage

devices among the array of storage devices.

7. The method of claim 6, wherein forming the array of transistors comprises forming a

cross-point array of transistors.

8. The method of claim 6, wherein forming the array of transistors comprises forming

multi-gate transistors.

9. The method of claim 6, wherein forming the array of transistors comprises forming a
generally rectangular lattice of fin field-effect transistors that are generally disposed in rows

and columns.



cross-point array of transistors. 8. The nethod of
claim6, wherein formng the array of transistors
weowpnises formng nulti-gate transistors. 9. AEEUS2009/032354

nmet hod of claim®6, wherein formng the array of
transi stors conprises formng a generally rectangul ar
|attice of fin field-effect transistors that are
general ly disposed in rows and colums. 10. The net hod
of claim®6, wherein form ng an array of storage
devi ces conprises formng an array of capacitor
plates. 11. The nethod of claim 10, wherein connecting
each gl obal data |ine conpri8es formng an aperture in
anot her capacitor plate that is di sposed above the

10. aThayedfodedphin toowhpleat fosmink2in advragys k@mgecieniord sonmgisea@forming
menory device, conprising: a first plurality of nenory

an arr&Efl Gp&QRIPBRIRd to a first |ocal -conductor-access

eV|ce through a first local conductor, wherein the

first | ocal -conductor-access device is al so connected
to a portion of a first storage device; a second

plural e cells connected t second . .
. Pbé Relrigh o llR TR X ndin RoFedE R gy BB fR mprisgs forming
conductor wherei n the second | ocal -conduct or-access
an apegaig WenPienFgciiy e thad st hispeseshrhiave thegrray of eapaseor plates.
storage device; and a gl obal conductor connected to
both the first | ocal -conductor-access device

12. A system, comprising:
a memory device, comprising:

a first plurality of memory cells connected to a first local-conductor-access
device through a first local conductor, wherein the first local-conductor-access device is also
connected to a portion of a first storage device;

a second plurality of memory cells connected to a second local-conductor-access
device through a second local conductor, wherein the second local-conductor-access device is
also connected to a portion of a second storage device; and

a global conductor connected to both the first local-conductor-access device
through the first portion of a storage device and the second local-conductor-access device

through the second portion of a storage device.

13. The system of claim 12, wherein each memory cell among the first plurality of memory

cells comprises an access device and a storage device.



through the first portion of a storage device and the
second | ocal - conduct or-access devi ce through the
waeeowone4porti on of a storage device. 13. The spGI/EN009/032354
claim 12, wherein each nenory cell anong the first
plurality of nmenory cells conprises an access device
and a storage device.1l4. The systemof claim 12,
wherein each nenory cell anong the first plurality of
menory cells conprises a capacitor plate or an
el ectrode for a phase change nenory elenent. 15. The
systemof claim 12, conprising a processor coupled to
the nenory device. 16. The €¢stem of claim 15,
conprising a hard drive or a solid-state drive coupl ed
14. t @h¢ hwtopi oL dsisoi 2, wieedieieiicH iembayr etlidinong the fitshplurality of memory
solid-state drive store an operating systemor a
cells BRPHYEL d Mphditct BldiCor dnleleArddBEROLphaSO BiINlsS hitehior] SlefeRd
an array of transistors, wherein the array defines a
pattern of transistor spacing in a rowdirection and a
pattern of transistor spacing in a colum direction,
a a erein t attern of transistor spacing in the
15, 8 Sokatplufion L BRpEShEa ot ST RARIFY vERE Fightrk fonde
and the pattern of transistor spacing in the colum
direction as a period |less than five transistors;
formng a plurality of local data |ines connected to
16. t Thesysswpsclaim { hecoampriayg adrad] dovendmgsodidgtaddditivadertupled to the
line that is connected to the plurality of |ocal data
procedsbif) @heliyn thedasd &ivd & tBEBNg-dthre diiv@mnsiesdnodperdtihgtsh@em or a
array, wherein the pattern of transistor spacing in
mbdu&n%g%gﬁbdirection and the pattern of transistor
spacing in the colum direction are not disrupted by

17. A method, comprising:

forming an array of transistors, wherein the array defines a pattern of transistor spacing
in a row direction and a pattern of transistor spacing in a column direction, and a wherein the
pattern of transistor spacing in the row direction has a period less than five transistors, and the
pattern of transistor spacing in the column direction as a period less than five transistors;

forming a plurality of local data lines connected to transistors in the array; and

forming a global data line that is connected to the plurality of local data lines by
transistors among the transistors in the array, wherein the pattern of transistor spacing in the
row direction and the pattern of transistor spacing in the column direction are not disrupted by

connections between the global data lines and the local data lines.



connections between the global data |ines and the
| ocal data lines.18. The nethod of claim17,
W@ vpnosiscng general |y simultaneously form ng aP@DU$10091032354

of a storage device and a portion of a connection
between the gl obal data Iine and a | ocal data Iine
anong the plurality of local data lines. 19. The
net hod of claim 17, wherein form ng the array of
transi stors conprises formng a plurality of dual-gate
field-effect transistors. 20. The nmethod of claim 17,
conprising formng a plurality of dummy transistors
di sposed adj acent a connect$én between the gl obal data
line and a | ocal data |ine anong the plurality of

18. | Dbahlmedataf klanaed 7, &inprAingeidnech]y conpransousty foir@de a/pargon of a
an address of a data cell; closing a path between a

storag8iehaé ated BorkibR8f ABGhRAOE B twea! felddMal EANNBE LRI tRal data line
the data cell by asserting a signal on a

anmn%g%gm%g@?§ghﬁﬁﬁgh%Pg%hand transmtting data fromthe

tot | data |ine, wherein
transmtting the data conprises transnmtting the data
t hrough a channel of a fin transistor. 22. The net hod
of claim?21, wherein closing a path between the gl obal
19, gdheymethed ofglpimdd. whersin fapming|tha@rarfiransis@rsenyaisehiprming a
t he subgroup-select line fromanong a plurality of
pluralgy bgdwligaedicdt tifedtmessifased on a digit of the
address. -58- 23. The nethod of claim 22, wherein
transmtting data fromthe data cell conprises

20. The method of claim 17, comprising forming a plurality of dummy transistors disposed
adjacent a connection between the global data line and a local data line among the plurality of

local data lines.

21. A method, comprising:

receiving an address of a data cell;

closing a path between a global data line and a local data line connected to the data cell
by asserting a signal on a subgroup-select line; and

transmitting data from the data cell to the global data line, wherein transmitting the data

comprises transmitting the data through a channel of a fin transistor.

22. The method of claim 21, wherein closing a path between the global data line and the
local data line comprises selecting the subgroup-select line from among a plurality of

subgroup-select lines based on a digit of the address.



asserting a signal on a controlline coupled to the
data cell, wherein the controlline is selected from
w@rwngosa4@l ural ity of control |ines based on aP@DU$10091032354
of the address not used to sel ect the subgroup-sel ect
line. 24. The nethod of claim 21, wherein the data
cell conprises a capacitor plate, a phase change
menory material, a programmable netallization cell, a
magnet oresi stive cell, a floating gate transistor, a
sem conduct or - oxi de-ni tri de- oxi de- sem conduct or
devi ce, a ferromagnetic device, a charge-coupl ed
devi ce, or a photo diode. 288 The nethod of claim 21,
wherein transmtting data fromthe data cell conprises
transmtting the data through another channel of
another in transistor that is an access device of the

23.  d@h@nfe®lod-of claim 22, wherein transmitting data from the data cell comprises
asserting a signal on a controlline coupled to the data cell, wherein the controlline is selected
from among a plurality of control lines based on a portion of the address not used to select the

subgroup-select line.

24. The method of claim 21, wherein the data cell comprises a capacitor plate, a phase
change memory material, a programmable metallization cell, a magnetoresistive cell, a floating
gate transistor, a semiconductor-oxide-nitride-oxide-semiconductor device, a ferromagnetic

device, a charge-coupled device, or a photo diode.

25. The method of claim 21, wherein transmitting data from the data cell comprises
transmitting the data through another channel of another in transistor that is an access device of

the data cell.



