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CROSS-REFERENCE [0001] This application is related to, and claims the
benefit of the filing date of, U.S. Provisional Patent Application No.
60/569,658, filed May 10, 2004, Attorney Docket No. 24061.154, entitled
"MEMORY DEVICE HAVING SHIELDED ACCESS LINES," having
Ping-Wei Wang named as inventor, the entire disclosure of which is
hereby incorporated herein by reference. [0002 This application is also
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Reducing the feature size on a chip permits more components to be
fabricated on each chip, and more components to be fabricated on each
silicon wafer, thereby reducing manufacturing costs on a per-wafer or
per-chip basis. Increasing the number of components in each chip can
also improve chip performance because more components may become
available to satisfy functional requirements. [0006] An SRAM device is
one type of device that may undergo such scaling to reduce

manufacturing costs. SRAM is rand memory. th i Ao,/
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refreshed. SRAM also provides faster access to data than DRAM. Thus,

for exar?%lé?ﬁl&Me?saﬁgqlcjent'ly employed in a computer's cache

memory, or as part of the random access memory digital-to-analog
pGeRuenersNp video cards. (0007] However, SRAM is more expensive than

her types of memory. Thus, SRAM designers and manuftacturers, .
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the random access mermory digital-to-analog converters in video cards. , o
{0097] However, SRAM s more expensive than other types of memory. Thus, SRAM
designers and manufacturers continually strive to raduce the costs of ﬁlanufacturipg SRAM
devices, The scaling of features sizes discussed above is one of the means to achieve such cost
reduction. Flowever, scaling feature sizes is not the only means available to reduce SRAM

manufacturing costs. For example, modifying the layout of features within an SRAM chip to

further increase the packjng density of SRAM cells within each chip can also reduce

manufacturing costs.

BRIEF DESCRIPTION OF THE DRAWINGS
[60408] Aspects of the present disclosure are best understood from the following detailed

“description when read with the accompanying figures. It is emphasized that, in accordance with

the standard practice in the industry, various features may not be drawn to scale. In fact, the



[00101 Fig. 2 is a layout view of the apparatus shown in Fig. | in a
subsequent stage of manufacture. [00111 Fig. 3 is a layout view of the
apparatus shown in Fig. 2 in a subsequent stage of manufacture. [0012]
Fig. 4 is a layout view of the apparatus shown in Fig. 3 in a subsequent
stage of manufacture. [00131 Fig. 5 is a circuit diagram of at least a
portion of one embodiment.of an apparatus according to aspects of the
present disclosure. [00141 Fig. 6 is a schematic view of at least a portion
of one embodiment of an apparatus according to aspects of the,gre§ent
dindistlasufer DETALEDBDESC RIPHION 0051 S5 B¥ (Hde fitBbd that
disggs%m%llowing disclosure provides many different embodiments, or
examples, for implementing different features of various embodiments.
rooBnecific; examples af zonpeneatsaandiarrednge nrmsara deseapeIHE G
1o simpliy the present, diselosire. Jhesaarexobesusexmetely examples

mterm stage. o ; ol :
TR are niot intended to be Timiting. Inaddition, the present disclosure
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This repetition is for the purpose of simplicity and clarity and does not in
magdaifictate a relationship between the various embodiments and/or
offMOYANONS disgsasd Moreguetnliolarmaton of asfistdeatua puer
or on a $econd féature in the description that follows may include
mamyapgdiments in which the first and second features are formed in direct
contact, and may also include emp%ii S@&%ﬂ”' hich additional:featurgs
190} 4hy b51?oﬁﬁea(jﬁ}f}rfﬁgrff§giﬁé teeal?ﬁgtaan(gg second Teatures, such that the
madfirBt@and second features may not be in direct contact. 3 [00161 Referring
to Fig. 1, illustrated is a layout view of at least a ort{jog.of one-. fus
 [00k¥hbodithert DFEH HpHRFANIS afd%fﬁé@&%?ﬁlgﬁfé’%?s%&g% ‘the present.
accohisslosurg-Iher apparatusitO0smaybe an SRAM cell or device. However,
aspects of the present disclosure are also applicable and/or readil
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accQreayen, Rthoughy esen: disclosure. .

DETAILED DESCRIPTION ‘
[0015]  Itis to be understood that the following disclosure provides many different

embodiments, ar examples, for implementing different features of various embodimentis.

.Speciﬁc examples of components and arrangements are described below to stmplify the present
disclosure. These are, of course, merely examples and are not intended to be luniting. In
addition, the present disclosure may repeat reference nurnerals and/or legters in the vanous
examples. This repetition is for the purpose of simplicity and clanty and dees not in itself dictate
2 relationship between the varicus embodiments and/or configurations discussed. Moreover, the .
formation of a first feafure over or on a second feature in the description that follows may

" include embodiments in which the first and second fearures are formed i direct contact, and may
aiso include embodiments in which additional features may be formed interposing the first and

second features, such that the first and second features may not be in direct contact.



aspects of the present disclosure may be described herein with reference

to a dual-port, eight- transistor memory cell, they are also applicable

and/or readily adaptable to single port cells, cells having six transistors or
some other number of transistors, and memory for radio frequency
applications, among others. [0017] The apparatus 100 includes a

substrate 105, n-doped regions 1 10a and 1 | Ob, and p- doped regions

115a-d. The apparatus 100 may comprise one or SRAM unit cells, one of
which is indicated in Fig. | by reference numer? O Each of the SCR M. diment
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[osomprising Aifamd/ oteindther nstator: 1N3,ondopuckegmibddiment, i, and p-
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zaBSRRnsdlated device active region for subsequently formed
microelectronic devices. [0019[ The n-doped regions 110a and 110b may
[0t fformiea by arkigh emergpimplart into, tli sutssteaiée 1 051 o s4ikly. stratned
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“mila rf? forr eaéf mmgrh poosrsllb y with an energiy1evel decreased, for
sulesicain plé oy mclude an air gap o provide insulation of microelectronic devices formed

thereon. For example, a silicon-on-nothing (SCON} structure may be employed, such that the
subsirate 105 may include a thin insulation layer or gap comprising air and/or anothier insulafor.
In one such embodiment, the substrate 105 includes a sﬁ_icon cap layer over or on a silicon.
germanium layer, wherein the silicon germaniurn layer is substantially or partially removed to
form an air gap or void, thereby leaving the silicon cap layer as an insulated device active region

for subsequently formed microelectronic devices.

[0019] The nmdbped regions 110a and 110b may be formed by a high energy implant into the
substrate 103, possibly through a patterned photoresiét layer. N-type dopant impurities
employed to form the n-doped regions 1102 and 110b may comprise phosphorus, arsenic, P31,
stibium, and/or other materials. Subsequent diffusion, annealing, and/or electrical activation

processes may also be employed after the impurity is implanted. The p-doped regions 115a-d



proportion to the atomic masses of the n-type and p-type dopants. P-type
dopant impurities may comprise boron, boron fluoride, indium, and/or
other materials. As with the formation of the n- doped regions 110a and
110b, formation of the p-doped regions | 15a-d may include one or more
diffusion, annealing, and/or electrical activation processes. [0020]
Moreover, doping schemes other than that shown in the exemplary
embodiment of Fig. | may be employed within the scope of the present
. disclosure. For example, the n-doped regions 110a and | i Qb m%}{b{% or
magomprise s pruopediwetiandthe pldopeaceyibie 11548 may "sath be
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typeiiBleatries dalloyisthereofcarmisrs éﬁﬁ&%@%ﬂ@w%ﬁ?ﬁ%ﬂﬁﬁ% e
confBSRSRESWhIch By ha-emplaved: e for tho gaimelectiodes 140y e
include imprint lithography, i mersion, er; tt%ljt'ghogg1 DY nasklesser
PleFHotdIfToabhy c CHEPRERY VASGT deposition (CVD), pfasma-enhanced e
hyd@VR-(RPGMR)zAtn Caphetic:iyessare @D o [AP VI, BRI ICAIY At ™ le
by a_?%g opition (tPVD)dc@é%%&e@%ig%tﬂﬂs&%{pl)ﬂﬁn@f@ra@@h@ﬁe@fﬂb‘&'ﬁﬁ@scssss

CProcess en t during such processing may include h en
g proc g m ¥he sujﬁjsgratexggpg

I'Ef)%(}ffonc‘)sited layers of

process environm > !
may(lel®) awdnpioyed to form Hghtly-doped source/drain regicns m

[0022]  The gate slectrodss 140a-d may comprise one of MOre patterned and/or selectively

deposited layers of polysilicon, W, Ti, Ta, TiN, TaN, Hf, Mc, metal si}icide, 5i0-, nitrided SiOs,

SiON,, WSi,, V, Nb, MoSiy, Cu, Al carbon nanotubes, high-k dielectrics, alloys thereof, and/or

other materials. Manufacturing processes which may be employed to form the gate elecirodes

140a-d include imprint lithography, immersion photolithography, mask-less photolithography,

chemical-vapor deposition {CVD), plasma-enhanced CVD (PECVD), atmospheric pressure CvVD
}, and/or other

(APCVD), physical-vapor deposition (PVD), atomic layer deposition (ALD
(Hz) and

processes. The process environment during such processing may include hydrogen



5 carbon gas reactants, which may be excited by a plasma. The process
gas/envirorument may also or alternatively include, CH4, C,H6, C3Hs,
and/or other carbon containing sources. [0023] The gate electrodes
140a-d may also include a seed layer comprising Ni, Cr, Nb, V, W, and/or
other materials, possibly formed by PVD, ALD, PECVD, APCVD, LPCVD,
and/or other processing techniques. The gate electrodes 140a-d may

also include or be formed on or over one or more gate dielectric layers.

Such gate dielectric layers may comprise SiO2, SION, HfO, Ta20s, .
caAdDOB, FritRIE BRI %ﬁiﬁé,%éﬁiﬁéﬁ%xﬁib@, Do SR RIg =Y e
or diglestricy matetiata,highpk dielectricmateriat) and/orisiheseheterials, and

may be formed by CVD, LPCVD, PECVD, PVD, ALD, and/or other
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Lpéeyiceadhe aate eleqtrades: 148apehoadhether or not they are configured

as shared gate electrodes, may also extend beyond the boundary of a

romarticularsinitrcel F120, Moreovrstes!in tHe TRISHARY SR ISR e
.- O7te, elesrodes 140a-hmay, alseninslude avigerpesiions, suchias Wherezate

~subsequently formed contacts or vias m?%/ land. i'gw%n(%r.[g%ocra LOfthe gatang
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lectrodes. 140a and ave substantiallysinilanfontpdab shapgsand O,
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110a

&
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than about 32. The aspect ratjg is the rafi LPIMaRimensian:
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cleclimension- ¢ MY inshacillds trited ebBdmTERH "Eor S S ERARI ot
or Mgétzr?ﬁﬂl%ﬁo Mayhavea enothd1aneing 140a-d may also have substantially similar

footprint shapes and areas. For example, in the illustrated embodiment, the gate electrodes 140z

and 140¢ have substantially similar footprint shapes and areas.

[0625] The unit cell boundary for each SRAM unit cell 120 {such as indicated by the dashed -

lines) may have an aspect ratio greater than about 2.0, and in some embodiments may bave an

aspect ratio grater tham about 3.2. The aspect ratio is the ratio of a larger primary dimensien (“L”
in the illustrated embodiment) of the cell 120 to a smaller primary dimension {“W” in the
illustrated embodiment}. For examptie, the SRAM unit cell 120 may have a length L ranging
between about 0.32 um and about 1‘2 um and & width W ranging between about 0.08 jun and
about 2 um, or an aspect ratio ranging between about 4 and about 6. In another embodiment, the

SRAM unit cell 120 may have a length L ranging between about 12 pm and about 120 nm and 2



between about 0.32 .tm and about 12 um and a width W ranging between
about 0.08 um and about 2 um, or an aspect ratio ranging between about
4 and about 6. In another embodiment, the SRAM unit cell 120 may have
a length L ranging between about 12 rim and about 120 rim and a 6 width
W ranging between about 4 rim and about 20 rim. The aspect ratio of the
cells 120 may also range between about 3 and about 6, and may vary
from cell to cell. In another embodiment, the aspect ratio of one, several,
or all of the cells 120 is greater than about 3.5. [00261 The tnh't (Tf 120 ma
witig i demyies whtprealionDt Wiay GiS6 haVeE witlt i Bi 5B e Guslto s M
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Yelectrodes 140a and 140d are_oriented substantlally symmetrically, the

fﬁa@%‘ﬁ%”é”réé&‘&o%%‘li@i(?ﬁ%ﬂﬁml&’@éhé@%eﬁae&%ubstantlally symmetrically,
Dﬁt’h)z doped regions 119 %%a déé’not&e%r?a,@{'@mﬁ%%&i@%% symmedicaily,

dopedofeglons 1 5d are oriented substantiall

11 Syfranvétrictiny s hasdole T egias PEBTEALY PIREATS %?/ TeE et 120
Forakibstantialy Sy B@ﬁtrmﬂhﬁsﬁvﬁ@m@.\mg one=qrmeke paies Bloaveidhiibrity

cells 120 may be mirror | ages of each other | Referring 1o Fig, 2atiall
origpipd e Mg eifﬁgfl/v é’aap%é?tar%%gsiogb s%%%vn inFig. 1in a sentay

synsuisequetitstage oiivanuficiudd HEcordingies 48pees BpRagreEaHty: e
dopgbsgﬁﬁl% %iﬂ%&e R are ariented substantially symmetrically, and the doped regions

115b and 1 IS¢ are oriented substantially symmetrically. Moreover, one or more pairs of

_neighboring cells 120 may be mirror images of each other.

[6028] Reff:rring to fig. 2, illustrated iz a layout view of the apparatus 100 shown in Fig. I in
a subsequent stage of manufacture according to aspects of the present disclosure, wherein a

metal layer has been formed evsr various previously formed features. The metal layer may
include one or more layers comprising aluminum, gold, copper, silver, tungsten, titanium,
ftanium nitride, tantaium, tantaium .nitride, alloys thereof, and/or other materials. Althongh not
limited within the scope of the present disclosure, the metal layer may be formed by impnnt
lithography, immersion photolithography, mask-less photolithography, CVD, PECVD, PV,

ECP, ALD, and/or other processes. The metal layer may also be formed by selective deposition



metal layer has been formed over various previously formed features. The
metal layer may include one or more layers comprising aluminum, gold,
copper, silver, tungsten, titanium, titanium nitride, tantalum, tantalum
nitride, alloys thereof, and/or other materials. Although not limited within
the scope of the present disclosure, the metal layer may be formed by
imprint lithography, immersion photolithography, mask-less
photolithography, CvD, PECVD, PVD, ECP, ALD, and/or other
processes. The metal layer may also be formed by selecti tion & is

o larkep oSO oL A ERGTH G FOSEEe i

e Imbodiment,the smeiablayerdsdfanmedidyonezaidng FacdPIREIROL ¢35 68
described above regarding the f rrg@ygptpg the.gateisleciodes dAQadng

O

SlegiefEt COMpisesond’ SFffnso?IéEo?the materials described above regarding
rop@ssibiecomposifionsot tHesiedes ditifbdes 140a-d. [0029] The metal

layer may include conductors 210a-l. One. o | .Qf the, copductRscal#cuch
[088Tthe EERAGEORYD TH 10" um°§}§sh%a§8 Eg%ﬁmber of turns, as ol
.« ORROSE R SubstaRtEIl:, straight erreiarrfulPoARSPBPTHL CONTICSTS
~_210a-1, such as the copductars.2100 @nd:230e: fotcexamiple, thend 2104. For
STESRAILEST 2104 incluc e% four turns or beng:l;fin the .i{{hjssﬁra?ggg | ambodiment-
exGuhseguentys eié BHes s e ATttt r§ S T0a T that have at least one

C RO MAY, IHersennask ek oralemisaligned inderyig TERUIRE TG ™
~or more of the conductors 210a-1, or other. featuresdefinet; fronvihener

or ﬁ%@fa?ﬁ%}&?%é%}aﬁ%%%%rﬁbs%gr?tiglIgl/;]similar f{ootprjntz,ﬂsh gestq andl [[

feAreagcfFox Exanipley ie e diustatb ebBaBH HECOH AU 2104

"an%g%{z%:eglflq%tﬁél%g{é% llar feotarint-shapesand-aresscHhe iatuires

ined from the metal layer may also.have a minimurm width,abaut eqeahay
subgrangdy G ETETIPIRG S5PaT %riﬁo.%f)? o r(?r}(LI more of the |

L S0RGuStarsREar-kantiar etherdeatuies fomfsdhf TS TSl layer may
also be oriented substantially symmetrical within a cell 120. Far.exampole, »;

[0851thin thieocelntRP S FateirTFy °2! fE YottidBres 2104 and 210D are

iented Syubstantially.sympmeltigaty: thel coritustols 2L0C arf ZH0h Jre' the

oriented substantially symmetrically, th M%é%ﬁeﬁécg%ﬁmtﬁl@} are
celpidhtdeEipstanttal @S‘?rﬁorlﬁe ?%8glw%q%§1p6nductors 210e and 210j arg .

sverented substantialiyspiimetidally sthetordusiirRN 210l SRSk dre ™
otie te‘iﬁ}éba%t@’i‘{@'%e oriented substantially symmetrically, the conductors 210e and 210

conduciors ‘ .
ars ariented substantially symmetricaily, the conductors 210f and 210k are oricnted substantially

symmetrically, and the conductors 210g and 2101 are oriented substantialty symmetrically.

10031] The apparatus 100 also includes contacts or vias (hereafter collectively referred (o as

contacts) 270 cxteﬁding between various components of the metal layer shown in Fig. 2 and

underlying features. Although illustrated as overlying the conductors 210a-l in Fig. 2,1t 18

understoad that the contacts 270 may lie under the conductors 210a-1 (ie., between the

conductors 210a-1 and the substrate 105}, This caonvention will be employed hereafter. That s,

ntacts (including contacts 270 and others) may be illustrated as overlying conductive

although co .
features to which the contacts are connected in the figures herein, it 15 enderstoed that one or



symmetrically, and the conductors 210g and 2101 are oriented
substantially symmetrically. [0031] The apparatus 100 also includes
contacts or vias (hereafter collectively referred to as contacts) 270
extending between various components of the metal layer shown in Fig. 2
and underlying features. Although illustrated as overlying the conductors
210a-lin Fig. 2, itis understood that the contacts 270 may lie under the
conductors 210a-I (i.e., between the conductors 210a-l and the substrate
105). This convention will be employed hereafter. That is, althou%h ds the
mOOHABIS (IACIEANE: £ SISt 27 0 TR THETSS Ma§ BEU SratRGER g v ars e
«Qverlying @Qﬁgg@;iwhfg@;m@ﬁﬁwbﬂ@bnmﬁ tentasts@rélépnnected in the
figures herein, it is understood that one or 8 more of such contacts ma
(oextend awayfrars e teptactedicdcnductivesfeinivasdiweg asriqued to form the
m%lggag&t%%ﬁ%i@& Skeh coBtagts MavmBeieaniast the sukstiatedl 05).

2] The contacts 270 ma%/ be formed by processes similar to t@u%%amascgne
e BYERS forrTThel eaitaier alia mal B formadiPrior to formation
BIRIBTE , g
nefdhespataliayerotieweveplinone flemijediment oneldmmeféofitigets 270

mCOQ%%CCEle 112117@% }/%%X Ib gti,fl?ersngc? d.Ry.a damasceneQrdualdamaseanse spparatus
YA,
er

rocess as part of the processes employed to form the metal layer, Ma
106f theteghtsicted 7ohedtahd o AParERYY iy e RS TordeT AtatE B iim
P@-f&f%,sﬁ%,‘.ﬁ}iﬁcb-@&g indheiapparatisisio0 (P thenidl ksirzitedd two pull-up
__embodiment, the appayatus 100 includes four pass-gate transistars (FG.A,
rgBEEoR Hhr! ﬁ@-%f’"ﬁ’%-ﬁ%féf)fl \t/%hf)d L-eé%ov%"fr%ﬁléig%rs' D-1 and PD-2),
contigh dwtinpuib:ustiransisrs (R fharsd P RyNTHBE LSS thefach ow in Taoie 1
dnterconneetions made by the, contacts,2/8 4R o espaading transistor

nodes according the embodiment shown in Fig. 2. Each row in Table |
indicates the existence of a contact 270 or other interconnection feature.

Metal | aver Component.linderiy B £for T'arjis:stor, Noetde—2t0a
11 Mt LRy B QAP IR AL B OB, bp.2 &2 rgigémrlgége
diain 210a 2180 PD-1 saurce/ PG-AlsAurce 21 AL SOUERS
PG-B sourcelda 140a PUJ-2 gate / PD-2 gate

210a _110b ' PU-1 drain

210a ilsc PD-1 source / PG-A source

2100 113h PI-2 source / PG-2 source

210b 110a PU-2 dram

2140b 1404 - PU-1 gate / PD-1 gaie

Z10b : 115d PG-A-bar source

210c 140b PG-B gate / PG-B-bar gate

210d 115b PD.2 drain

210e 110a PU-2 sourcs

210 115¢ : PG-A drain

210g ' i15d | PG-A-bar drain

210k 140 P(G-A-bar gate / PG-A gate

210 il5¢ PD-1 dram

210 110b © PU-1 source

210k ‘ 115b PG-B drain

210! 1152 PG-B-bar drain

Tabie 1



210b 1 I0a PU-2 drain 210b 140d PU-1 Bate / PD-1 Bate 210b 115d
PG-A-bar source 210c 140b PG-B gate / PG-B-bar gate 210d i I5b PD-2
drain 210e 1 |IOa PU-2 source 210f 115c PG -A drain 210g i 15d
PG-A-bar drain 210h 140c PG-A-bar gate / PG-A gate 210i 11St PD-1
drain 2101 110b PU-1 source 210k 115b PG-B drain 2101 1h5a
PG-B-bar drain Table 1 9 [00331 Of course, other features or
components may interpose the metal layer and the underlying features
for interconnection thereof, either in addition to or in the alternative to one
or more of the contacts 270. Interconnection schemes other than that

described in Table 1 are also within the scone of {t}rggt é%]sﬁ rlttlglységla sure.

109736 apPAraEs 100nTEY ars G IRETURIE TS MBS FEREr “transistors and/or
<-B0Njag!s: 270 dhanip:teritistates embodiment {0084 Refer fHe e FRo 30° °r
llusated 15,8.3y0ul YieW.oL e, pRALBILS, LOR.SROWRID G &M 1 ar clo

COnRacts & H
YGRS E RS ge of manuracture according aspects of the present
ude more C})I' );fewsr

widisclostreginf whiptysans el otaf BRRSTS TOMMBAYGVET HEBrevions
wiarmed.metal layer. Inone.embeodimentdheasecond. metal layer is
substantially. similar in composition and manufacture to the previously

[oformedRetetalday Erdasitibet-d ovey(00BS) PhE s st thetAl BR G haiF *

include a bit line (Bl ~A) 3102 ahitling(Bl:B)30bradkiardjnewhich a second
" f_e-%?gg?gﬁ?ma, ané abit-bar Iinetg(BL-B-p?rl) 320&. The second mefal.. ..
mq‘?gﬂ/@fy@ﬁ gyormcd over the previously forined metal Tayer. Inon s

| metal layer i substantially similar in composition and manufacture to the previously formed
metal layer descrﬁbcd above.

[6035]  The second metal layer may include  bit line (BL-A) 310z, a bit line (BL-B) 310b, 2
bit-bar line (BL-A-bar} 320a, and a bit-bar line (BL-B-bar) 320b. The second metal layer may
also mcludé voltage lines, herein referred to as Vss-A 330z, Vss-B 330b, and Vdd 340. The Vss
lines 330z and 330b may be commor or ground lines. The szcond metal layer may alsq include
straps 350a, 350b employed for iqterconnection of one or more components above the second

meétal layer with one or more components below the second metal layer.

[0636] Two or more of the features defined from the second metal layer may have
substantially similar footprint shapes and areas. For example, in the illustrated embodiment,
each of the bit Hnes 310a and 310b, the bit-bar lines 320& and 320b, and the Voltgge lines 330z,
330b, and 340 have substantially rectangular shapes. Cousequently, ‘_{he packing density of such
lines may be increased relative to conventional designs. The features defined from the second
metal layer may alse ha;\fe a mipimum widih about equal to a design rule for the apparatus 100,
or otherwise as small as the widths of the gate electrodes 140a-d described above. As aiso -
shown in Fig. 3, one or more of the bit lines 310a and 310b, and/or the bit-bar lines 320a and

320b, may be substantiaity parallel to the shorter side or dimension of the unit ceil 120.

(0037 Two or mere of the bit lix:.aés 310:1 and 310b, the bit-bar lines 320a and 320b, and the
voitage lines 330a, 330b, and 340, and/or other features formed from the second metal layer,

may also be oriented substantially symmetrical within a cell 120. For example, within the cell
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also include voltage lines, herein referred to as Vss-A 330a, Vss-B 330D,
and Vvdd 340. The Vss lines 330a and 330b maybe common or ground
lines. The second metal layer may also include straps 350a, 350b
employed for interconnection of one or more components above the
second metal layer with one or more components below the second metal
layer. [0036) Two or more of the features defined from the second metal
layer may have substantially similar footprint shapes and areas. For
example, in the illustrated embodiment, each of the bit lines 310a |
L28H310H, the it artinke: 320aangh8DOB AR eV ditageifed R3EH 2Ly
syﬁﬁl@%c@ﬂg ?a%%hﬁ%{@ﬁ%@%ﬁ@mﬁ@ﬂma&gtgﬁgaw@ga@ies_emmaquﬁmtly, thle
packing density of such_lines may be jncreased relative to con fo]5
BRSO PR ARES AR MO tod bEe g Pl ot ek e

[Of% i“i%2%"’39:%@%’&&?&1H@h@&gﬁé@m@d%{%&hﬁg Q&Q@E@ﬂbﬁ&t@ﬂsqrﬁbonems
otherwise as small as the widths of the r%?te electrodes 140a-d degcrlbed

of EGVE b aHS5 SROWIIAFFIGRS CHREGIOBTE SIS B (iHESSTH8 aRd "
_deéiliQézlii f?léaaﬂaﬁﬂaﬁbeibz%%m@@ga@ca@gﬂﬁ?omm he:$ubstarijaiiyrmed contact
arallel to the orter.side or di nsion, of the : or
o Bort ST B THES 108 AR 3008 (e Db Tnee S26a 3200, o
mathécuottagtdines8B0A0 330D iaftzaa0 Taka/ArutHbS RERFESTHRS  Fom
edhe sgcond metal laver.may-also be esiented substantialy wymnetticah:
within a cell 120. For example, within the cell 10 ;Lazo illustg%eodr qullgiig. 3,

shape iBif iné- FREAThHE R Bit-BAITHE 3565578 6rented substantially

intgymneethcathyythe bit line 310b and the bit-bar line 320a are oriented
substantially symmetrically, and the voltage lines 330a and 330b are
oriented substantially symmetrically. (0038] The apparatus 100 also
includes contacts 360 extending between various components of the first

g Second metatiayer '%%'{ﬁ?%év@(’lréo%ﬁggeﬁpma_dsfé?@rﬁﬁfﬂﬂdpﬁﬂﬂ/e
"'"“""“'”“"‘""‘""“’"““i : prise a lagrlingnad for

+L . F
L

; VA 2 '{Lp‘ eeenty fermed-contact-orviafrore %@ﬁ%@%ﬁh e
‘ ¥ Atiaty-strtatin-composition ag ATENIaCre ©
-the-chrfaic 270" howss in-Fig—2-Fabie-2fiststhe intercopnegtipry e

] cond metg}!l. yers-by-Hae \,Gntact“Ji faccordmy
to the Eibddivint shdwn in Eig & = ach-row-it-Table-2- 'IS?L?‘LGS the
existeVietoffa®ontact 360 or athef 10 PO drai

Vdd (340) 210e / 2103 PU-2 source / PU-1 source

Pass gate strap (350a) 210c PG-B gate / PG-B-bar gate

Pagg gate strap (350b) 210k PG-A-bar gate / PG-A gate
Tabls 2

[0039] Of course, other features or components may interpose the first and second metal

layers for interconnection thereof, either in addition te or in the alternative to one or more of the

cortacts 360. Interconnection schemes other than that described in Table 2 are also within the

gcope of the present disclosure.
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interconnection feature. Metal Laver 2 Comnonent 1 Metal Laver 1

Component for Transistor Node BL-A (310a) 210f PG-A drain BL-B-bar

(3206) 2101 PG-B-bar drain BL--A-bar (320a) 210g PG-A-bar drain BL-B

(310b) 210k PG-B drain Vss-A (330a) 210d PD-2 drain Vss-B (330b)

210i PD-1 drain Vdd (340) 210e / 210j PU-2 source / PU-I source Pass

gate strap (350a) 210c PG-B gate / PG-B-bar gate Pass gate strap

(350b) 210h PG-A-bar gate / PG-A gate Table 2 [0039] Of course, other

features or components may interpose the first and second metal layers
[domintereannectionfinetediseitheéisa additivirtoodiinraralie htanve 18 Brids >

 SHTONE pithe, on %?&&%%J&%G%Q&%@fwﬁ%mﬁs}gm@maﬁn dhadh  third
escrl ed In Ta e 2 are also within the scope of the present dlaclo%fraver s
me (g0 iReEfetaig oG MEstiatsd & al}ay%ﬂ?%%? e

subQOrShOWRR AT ig. ﬁmeazmmmmfm@e@fmmumwmmmdmg above.
rg\){ge“ts of the present ?h?f%'osk%fﬁa'%r%%&*g&mg -metallayerds farmedual w a

e 8%%nd”r?1“étarla er. In on iment, the third metal layer is
dssighstantiallyesinmieatin M@ﬁﬂﬁﬁ%ﬁa%%m&%ﬁm@% R ot 140
1 layerdescrihed above. The features defined from the third metal layer

may also have a minimum width about equal to a design rule for the
[Umgaratulseliﬂﬁi peathemviselas smaltastheNlidthd 16f theoghiadétodues’

% ﬁ[ ch Wor}ﬁ%’@ 5[199431] HE%M&{E@(@W@V@T inclugles @ et line

ne (WL- Bj 15, a ground word line (QWL-A) - Zn
fean@saﬁgqae@mwdm firies (TP LLepy 25, ”?v&&‘&?sﬁ%%i%FlfﬂléafféoéjfﬁPe[ dpes

ndefinedsfrem the-third-mesallayeemaypbrive substantialysimilags 410 and 415,
fOoIRrNts:s shagﬂ word lines 420 and 425, have substantially rectangular shapes.

and each of the grou

Consequently, the packing density of such lines may be increased relative to conventional
designs. The features defined from the third metal layer may also have a minirnum width about
equal to & design rule for the apparatus 100, or otherwise as small as the widths of the gate
electrodes 140a-d described above.

10042] Two or more of the word lines 410 and 413 and the ground Word lines 420 and 425,
and/or other features formed from the second metal layer, may also be orented substantially
-symmetrical within a cell 120. For example, within tht:: cell 120 illustrated 1n Fig. 4, the word
Himes 410 and 415 are oriented substantially symimetrically, and the ground word lnes 420 and
425 are oriented substantially symmetrically.

[0043] The apparatus 100 also includes contacts 430 extending between various components
of the second and third metal layers, In one embodiment, the contacts 43{) are substantially
similer in composition and manufacture to the contacts 270 shown in Fig. 2. Table 3 lists the
interconnections made between the second and third metal layers by the contacts 430 according

to the embodiment shown in Fig. 4. Each row in Table 3 indicates the existence of a contact 430

or other interconnection feature.
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and/or areas. For example, in the illustrated embodiment, each of the
word lines 410 and 415, and each of the around word lines 420 and A')5,
have substantially rectangular shapes. Consequently, the packing density
of such lines may be increased relative to conventional designs. The
features. defined from the third metal layer may also have a minimum
width about equal to a design rule for the apparatus 100, or otherwise as
small as the widths of the gate electrodes 140a-d described above.
[0042] Two or more of the word lines 410 and 415 and the ground word
lines 420 and 425, and/or other features formed from the second metal
layer, may also be oriented substantially symmetrical-within-a-eel-+26—
For exaimple; Withindhe celli@04itists : '}M&W%%lo
and 415resorented substantially3égmmetrically ASHAEGISHGREES
lines 420vaml (435 are oriented suldkantially sy ﬁ&%@ﬂ%@ﬁiﬁ%’i—
apparatus 100 aksp inclydes contacth430 extendif§ HeByEAn VMRS
comMpoRgnisEqLte secand and thisdmetal layers. Af-GrestefifedimEdthe
cONtacts 430 aré substantially similar in composition and manufacture to
the contacts 270 shown in Fig. 2. Table 3 lists the interconnections made
between the second and third metal4Bigers by the contacts 430 according
to the embodiment shown in Fig. 4. Each row in Table 3 indicates the
existence of a contact 430 or other interconnection feature. 12 Metal
Laver 3 Component Metal Laver Z r istaraNgd e i\l
OBEHG) 3B Po A G PO BT G, WL B (15} 5508 PO-B aaie
laﬁ@afBFM¢rgm0@NMQ&2®¥%%Eiﬁ@%tﬁ8Té“/t?f@-9§%3§]rvaé%gngv\fﬁ9§ ot e
cog’a%@ 3508, RG:B.gate,/ PGB bakoaie Tablesa3{0a44]i@f cdurse|sothihin the
eatures or components may interpose the second and third metal layers
SoRBF MATBFCRTREEHGA tHETeof, either in addition to or in the alternative to one
[0 QI more of the %ogltactg 430, Iﬁgqg%q@ggeﬁtgp&ggg@m@m@m@[ than that

. i one 1ent, Cre
describéd i Table 3 are also within the ‘ _ ] e
" configured to be shielded by at least one overlying layer, such as the third metal layer or

For example, the third metal lzyer may shield one or more of the first and/or

second metal layer, :
second metal layers from electro-magnetic interference, signal noise, signal interference,
ent, the shielding provided by the third metal layer

In anather

and/or

ionizing radiation. In one embodim |
conductors may reduce sofi-error in the apparatus 100 by at least about 25%.
embodiment, the shielding provided by the second metal layer conductors may also reduce soft-
error rate in the memary device by at teast about 25%. Moreover, since shielding layers may be
formed by the third or second metal layers, the subsequently formed circuit layout may initiate as

low as the fourth metal layer. This may save one or two metal layers for circuit design, such as

in embodiments in which the circuit layout begins at a sixfh metal lzyer.

[0046] Accarding to at least ane embodiment of the present disclosure, empioying the

second metal layer to form several ot all bit lines and/or other components for a given cell 120

can improve speed and decrease the cost, complexity, and/or size ot resulting devices and

products employing such devices. Moreover, at least partially because the bit lines and/or other

components may not be formed by or from the third metal layer, the word line or other

comaponents of the third metal layer may provide shielding for the bit lines.
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scope of the present disclosure. [0045] in one embodiment, one or more

of the first and/or second metal layers are configured to be shielded by at

least one overlying layer, such as the third metal layer or the second

metal layer. For example, the third metal layer may shield one or more of

the first and/or second metal layers from electro-magnetic interference,

signal noise, signal interference, and/or ionizing radiation. In one

embodiment, the shielding provided by the third metal layer conductors

may reduce soft-error in the apparatus 100 by at least about 25%. In o
[camothenembesiment; m&:shtélﬁbmgrcpsmv@@@ﬁyﬁtﬁ@éé%ﬁéfﬁ?&raﬁwm sue

conductors may also, reduce soff- error ratesipithe-memery devieedy! awer
aﬁé%%?ﬁ%ﬂ?%%? 1“or‘eetzl)ile’r,&s}inc{e@hieldfiarrlgﬁlayers T%Xe%% formed by the. e
lathirdhor=seconEspIstal ayers I & S BEEt IRy 1B Gitttit fayout may
~nitiate. as Jow.asthefousth metal layer. This may save one or two metal
‘layers for circuit design, such as in embodiments in which the circuit
folapput Heans:atcatsixtimetattayer o foABIAEED il 6 B BASFORE™ ¢
e B er coponente o7 A GNEn PELAZ:
. . - n t 2.
linegrrRipTOVE SHESH ETe BEERSAER RS ¥SS ,icffjdmslt’és |%§/,Sand/%%size or
regulting devices and. products.emplaxing.suchdevicegMaiaaverna be
[UPé*th pagr‘ |51I\§/£bgf:aalf§sé§ﬁéggf%liﬁés and/or other components may notbe.
cofoptried thycorfrafartHative Hierr tayaP thE SR8 line of STHer components
139%%%91;@%%@5@%@@5& @f@wmm&eje&zﬂ@ ﬁﬁg.th,esm;zmé@t 2849te71 In
_addition, some aspects of the present @g osure may.allow greatesier
R 08K %@%ﬁ%ﬁé@r?%r{%ﬁﬁﬁ%ort devicnel;_g, pfeoswsibly providing, .
efymEtnaobonenormare-trall Ibaerr|ayEes t1HETom "eh SuqrBATyS "
wSoupling resistance andior capagitaneadnay be syymmesrioonaydresubstantially

syrﬁjmet[lc or bit and bit-bar lines. [0048 Sct)meoagslggcg of the_present
repEeIb SRR S RIS NG BICERU B Bal el to be “shielded. such as

from ward and groung lines, Alsg,noise, and ounlingofe.bit and-bisdar
[OfiRls, andisrs é“r‘ss?g%e'# Tines, may be%educed or avoiged[rt%\é aspects of
dithepresehediselsmaia (o0 4OTrAsES e R ST WA THEY: iave
hesnormed. dhe 2Rmaraius, 10Qsnaykeliple insating layers, may be planarized o

provide a substantially planar surface far subsequent processing. The insulating layers may

comprise Si0-, fluoride-doped glass (FSG), SILK™ (a product of Dow Chernical of Michigan),

to be

Black Diamond® (2 product of Applied Materials of Santa Clara, California), low-k dielectrics,

and/or other materials, and may be formed by CVD, ALD, PVD, spin-on coating, and/or other

| processes.

[0051] Referring to Fig. 5, {llustrated is a cirouit diagram of at least g portion of one

embodiment of an apparatus 500 according to aspects of the present disclosure. The apparatus

500 may be substantiélly similar to the apparatus 100 shown in Fig. 4, and/or a more completed

version thereof, For example, the apparatus 500 may be, comprise, or form at least a portion of
an SRAM cell, device, and/or array. The apparatus 500 includes a pull-up transistor (FPU-1) 510, -
a pull-up transistor (PU-2) 513, a pull-down transistor (PD-1) 520, a pull-down transistor (PD-2)

525, a pass-gate transistor PG-A 530, a pass-gate transistor PG-B 533, a pass-gate transistor PG-
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completed by conventional and/or future-developed processes. For

example, additional metal layers may be formed over the third metal layer

shown in Fig. 4, such as for the further interconnection of the apparatus

100 with other devices or components, including other neighboring and/or

remote apparatus, in the chip and/or wafer in which the apparatus 100 is

incorporated. In one embodiment, multiple instances of the apparatus 100

may be substantially repeated to form an SRAM memory array and/or

other type of memory cell array. [00501 The apparatus 100 described
Aahevermay Alse insiuseone: emose: ierimetal-rdietéoteic. dregthiéup fransistors

-insulatin rs interposing the various conductive comppenents, Such;
> llﬁshllgﬁrr% aégrg,arésé% "of Which tr}éleag/&éjoar%%g?iggnm%lt?igle insulating Iayérse,

trmay e SPIRNATIZE6. 1o Provite s supseaTtal prahansurpadg faions O NMOS
SURgeqyent;processing: e dnsklating jayvess maysgemprise SiO2,
fluoride-doped glass (FSG), SiLK?M (a product of Dow Chemical of
[oMighigan)s sBlack Biamond(r) tarprodect AP plicdeMatelfiato i Santarower
solra g Salifornia), Oa\é’\l‘d@%‘ﬁ?t%? aaRd/enother materials, andiypaybeally
formed by CVD, ALD, PVD, spin-on coating, and/or other processes.
OIS TRl ARt I §3%5- AN STRRESEPTS 32 Gircin ERAGHETR & fP%% S
rRGEIRN of enemhembedimentof anapgamtiis 280acoolidingtraspentSOf
sine present discl %”@LI“%%_B&%F%‘H% 200 may. e substantially, SImyamo, s
e arvppara%us Jhown in Ig. 4, and/or a more completed version
sathisreofFOTEXaMplbs thedpsaranis S00mayHer GGmprédrorioraf ge puil-up
rra!z%?sl%é% Q%Ei@?lm%u@ﬂi@aﬁ%ﬁ%(ﬁ%fg@%if&mﬁéﬁr@maﬁuﬁmeﬁpgﬁamﬁﬁém, 525
includes a pull-up transistor - a pull-up transistor. (PU-2) 515,
T SR (R S b st e el B i e as
a passagate Ifansistor PG-A 530, a pass-gate transistor PG-B 535, a
pass-gate transistor PG 14 A-bar 540, and a pass-gate transistor .
(0456 B-Bate 5257 i @ EstHeiotna o P ansRsIe” 10 P8 18R+
560 MO S dransistars puhereasthespuldowetnainsistoss:520p 525 dnel(BL-B) 365.

... pass-gate transistors 53 5,540, 54 e, oSa RS] [thc )
ihg jer c% ﬁgﬁgn (rations O ﬁ%@%ggaisne %m%@%gn%i%tgrs g?é% %\%ﬁﬁ?ﬁﬁe%?%gg >

ndfithepresemisclosUre 005 21 Thelsgurels SRV puflipratisirs oo
57910 2lpa5e glestrically coURIEd $8PROWRI are clectrically coupled to a word line
580, and the gates of the pass-gate fransistors 535 and 545 are elecirically coup}sd‘to a2 word {or
word-ar) line 585. The bit and bit-bar lines 560, 563, 570, 375 and the word lines 580, 385 may
extend to other SRAM cells and/or other components, including row and column tatch, decoder,

and select drivers, control and logic circuitry, sense amps; muxes, buifers, etc.

[0854] Referring to Fig. 6, illustrated 1s 2 schematic view of at least a partior of an
embodiment of an apparatus 600 coustructed according to ASpacts of the present disclosure. The
apparatus 600 is one environment in which the apparatus 100, 120, and/or 500 described above
may be implemented. For example, the apparatus 600 may inqlude an SRAM cell array 610
conﬁ_prising é p[ﬁraiity of SRAM cells 613, possibly arranged in a series of rows and columns,
wherein one or more of the SRAM cells 615 may be substantially similar to the apparatus 100,

120, and/or 500. Components and/or features within each of the SRAM cells 615 may be

15



source (referred to herein as Vdd) 550. The drain of the pull-up transistor

510 is electrically coupled to the sources of the pass-gate transistors 530,

535, the source of the pull-down transistor 520, and the gates of the

pull-up transistor 515 and the pull-down transistor 525. Similarly,, the

drain of the pull-up transistor 515 is electrically coupled to the sources of

the pass- gate transistors 540, 545, the source of the pull-down transistor

525, and the gates of the pull-up transistor 510 and the pull-down

transistor 520. The drains of the pull-down transistors 520, 525 are
olecticaleoupledtasagund scommenaorVsscghtact (rereaftérs SRAM cells
61‘:?!!1%%‘!}?}}{ f&fgﬁra%%jsto as a Vss contact) 555. [0053] The drain of the

pass-gate fransistor 530 is electrically coupled to a bit line (BL-A) 560,
(388} the drain;ef.the-passgaiediansisiar23bdsales rentlyscouplediig adiitrray

line (BL-B) 565. The drain of thi. ass-‘%ite trﬁ]ngis&% u&é? igsﬁlg_ggiggélr o
b E ABIERET fire (BB ‘5%57% ANnd the drain of the pass-gate
ddranhsister, ba0dsmalectrivatijecotifleddoms bitthar Ha&(BLnpAtb&t. §ho rrheharze
-<Jales ehthe Pans-gats transisters 530 andR40als slastrcalik caupladijo

a word line 580, and the gates of the pass-gate transisfors 535 and 545..
coppdsdfe Ay SRy m?@w?lwcs’f&@a%ﬁ?ﬁ% B T Db i ing
mbithapdines b60,665; b, Bi-antbthitnwortdlines:bB0:E85) ayy elktenduds

other SRAM cells and/or other companents, includiogow,20d,co0lmp

fo ,
m?é?c%fé eco! g%?nacﬁg%oe er%:%’&ﬁvers, control and logic circuitry, sense amps,
prepemkdsclsatfers, etc. [0054] Referring to Fig. 6, illustrated is a schematic

view of at least a portion og an embodlrnentt%‘ ;agﬁl‘pg%ro us %%er device having

. n
0% strutiBE E LS GING T8 A G e ‘rg)rve_"rsen% disciosure. o
2 sappandlosieoBiisionéegvirbrrentin witrchithdapparatiis Fogh pAQI Hnes can
in@0ALAF, 500 J@&%&pﬁiﬁ% sy hedmpleraentad.Fok examplextheororaied.

apparatus 600 may include an SRAM cell array 610 comprising a plurality
n@fpRAM eelis6 1k, passiliy-srranged insa seriesofiows andooladmbstantally

wherein one or more of the SRAM cells 615 may be substantially: similak;. .-
pa’i%ﬂf?lgglﬁpsg?a i 683%55%1,5% ?(J)\Ar%néoz?l%:or?ponéﬁfg and/or %eaturés 7
celigithinreaetna it SRAN EelBc61B4HAY BECTS GREAERSHbstantially

[0 [%r}\? mea%éacl% ﬁ,%l}tasfi?éfgéegg f%gggtsjl\llr%%iageaggg] gt)) gxﬁhqgagg%%v%tatit' gr %MI%% u:g he
* formed at the second metal layer formed during the fabrication process. As such, in some
smbodiments, packiﬁg density may be increased, and the bit lines may be shielded by overlying
lines, including word lines. Mcj_reovcr, the shielding of the bit lines formed from the second
metal layer may comprise constant potential metal layers. Consequently, electrical |
characteristics of 2 particular urﬁt mermory cell may be substantially symmetric. The bit lines
may also be shielded by conductive features on the same metal layer (e.g., the second metal

layer). For example, the hit lines may be shieided on two sides (substantially paraliel to primary
axes of the bit lines) by features formed in the same metal layer.

{0059] Substantial symmetry of various features in a memaory cell may also be achieved
according to aspects of the present disclosure. For example, the features defined from one or
ITI0IE pol}ysiiicmn or metal layers may be substantially symmetric within the jayer(s) and within a

unit memory cell. In one embodiment, the features within each of several layers may be .
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[00551 In the illustrated embodiment, the apparatus 600 also includes a
pre-charge cell array 620, column multiplexers 630, sense amplifiers 640,
input/output buffers 650, row address decoders 660, one or more
controllers 670, and one or more address inputs 680. Thepre-charge
cell array 620, the column multiplexers 630, and/or other components
may be electrically coupled to the SRAM cell array 610 by a plurality of
bit, bit-bar, and/or word lines, including multiple ports of such access
lines. Other embodiments of the apparatus 600 may also include more or
fewer of such components, and/or alternative components, Within t8e,.e; of
subssopelisFIREIgTEsERt ﬂﬁ%‘@!ﬁ%lﬁbe{“[gﬁgg]gﬂ%ﬁéﬁssg]o%ﬁe pregen’t disclosure
ondRay. alowthadermation ofea megioryldeviselhauiiy ASHOH ERd /0PI Bit
line desian, in some embodiments, decteasing ihe:lengthaiditdnascand
1 .
ﬁr%&?%oéigeafhd/emsteﬁﬁrgiﬁﬁ%nab/%r opgrating speed of the device in which the bit
witinesmenipworpotated. [00571 Aspects of the present disclosure may also
permit bit lines to be oriented substantially parallel to the, shoter sidridtknt, a
iﬁﬂéﬁhenﬁBﬁ’d?eaPa??ﬁ“ﬁ?éﬁ‘ﬁ?ﬁlf/r%lerﬂfo s°such, the packing density of %ells,
plLiBEGPOFating sUshibitineD A BedreraRsee M SRESHIBHtMRENRE

[00581 Aspect e present disclosiHe-pay:also: permit ookrseveral; ors
re*’gﬂ%fl%%eipto f?eb?t%%ﬁaeﬂtgie(;:lt(}?[he1 secjlgr%#ﬁmetal laver formed-during: e,

cackabrivaisPETOREsY. PesPtieRiATSBRTE "EiBudiih@nts, Packing density may
mohedncreasech-andihe bitlines may besthieldéd by avéyingeifmgsonducions
including word lines. Moreover, the shielding, ofithe-bilines farmed framality
2B EERBIE PR St 1Ay er L"élrf}l(?ci%r‘grl?pgrise'(:onrstant_ potenial ?gtallﬁlg ers.
of KIosequertlycelecticab EhAfAttrights 6f APHrtitalar ani mrrelmoryyc‘ell
el be stbstantialivisymmetic: Hheditdiness nisyealsobe shiskietoy [» one
conductive features gn the same metal r(e.gwipesesondmetakormed in
empagiprnkl B%HATHES (RES 1I‘iln%;g trkﬁiégy %ﬁs){%eeldé%djon two sides, mm
the (GuhBtastiaky=pafatekioprimaymaxes of REMichelr by RuiFEdToiea
sﬁm*a%gf%mgﬁe'@y@qm%%ﬁmﬁg@ﬂaﬁwﬂﬁmﬁ@?w
in'a memory ceéll may also be achieved accordi ts.0fd a4/
arrafyré@éﬁ?tﬁ&i?é%%ﬂﬁ@??é?%%?ﬂﬁ‘l@?%e@e%fdPésaag%l%?ga??gﬁa&oﬁe or rfi]%rgrn _
snRQbsiican:psneiahiayenpmeaysbe:subsamiatpeyHIHBEE YA T 1= ofbit
Ia‘}?/er(ﬁg and within a unit memory cell. In one embodiment, the features
2 {thin 8&%h of several layers may be ‘

[0B61] A method of, for example, manufacturing such an apparatus is also provided in the

nresent disclosure. In one embodiment, such 2 mf:thqd includes forming a plurality of doped

regicns in 2 substrate and forming a first metal layer including a plurality of first conductors each

extending over one of the plurality of doped regions, thereby formaing a plurality of transistors

each including at least a pordon of one of the plurality of doped regions and at least a portion of

one of the plurality of first conductors. A second metal layer including 2 plurality of second

conductors each inferconnecting onss of the plurality of transistors may then be formed. A third

metal layer including 2 plurality of bit Hines each interconnecting ones.of the plurality of
transistors may then be formed. A fourth metal layer inciuding a plurality of word -lines each

interconnecting ones of the plurality of transistors may then be formed. Other layers, features,

and/or components may then be formed.
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16 substantially symmetric, For example, as in the embodiments
described above, the features of one or more of the doped region layer,
the gate electrode layer, the contact layer(s), and/or the first, second,
and/or third metal layers may be substantially symmetric within each layer
and within a unit memory cell. [0060] Thus, the present disclosure
introduces an apparatus including, in one embodiment, a plurality of
transistors each formed by: (1) at least a portion of one of a plurality of
doped regions formed in a substrate; and (2) at least a portion of one of a
rofluralityrgf firstsepducions edemextendingdveoieofiie Hriraty BF ¢
doped regions, the plurality of.fir included g afirst metalart
P A ST R er‘ﬁtea%l%%yaeé%?ﬁté’l asé&&o%%%&}g{%?%icond conductors.
sheachrinteivornedtmgrenesbhthe plariitbf FERSEds. Rt e Tayer
méﬁﬁi}ﬁs_’ge&z?erF{JA%][éﬁéyﬁ Qfd@&féfiaﬁﬁg@hf&mwgameﬁmemww F@pﬁw@ﬁ the
transistors. A fourth metal layer includes a p t also
saTpR AREBRHEE fh G DI SFERE PNty of ?%ﬁnéislt[%%s% é’IﬁﬁgE)a\r{%le% glm%%?j i ment,lall
reduitdinessanefoimediimthethirdandetalt dsaer: BpR/SE BIENGR] fTies afge prosent

Jqrmed in, the fourt E!'?r%a:l, layels SighanappanatusAiay heriansSRAMithout
disgHS &y B E:giggnh -transistor SRAM cell, including one of a plurality of

ell, such as an X

deSRANFealSdrar SRAMPAAETCRIFETRITTREERAM array may be
interconnected, at least indirectly, to ones of a plurality of row decoders
and/or ones of a plurality of column multiplexers, such as by
corresponding ones of the pluralities of bit and word lines. (0061) A
method o , for example, manufacturing such an apparatus is also provided
in the present disclosure. In one embodiment, such a method includes
forming a plurality of doped regions in a substrate and forming a first
metal layer including a plurality of first conductors each extending over
one of the plurality of doped regions, thereby forming a plurality of
transistors each including at least a portion of one of the plurality of
doped regions and at least a portion of one of the plurality of first
conductors. A second metal layer including a plurality of second
conductors each interconnecting ones of the plurality of transistors may
then be formed. A third metal layer including a plurality of bit lines each
interconnecting ones of the plurality of '
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transistors may then be formed. A fourth metal layer including a plurality of
word lines each interconnecting ones of the plurality of transistors may
then be formed. Other layers, features, and/or components may then be
formed. 17 [00621 The foregoing has outlined features of several
embodiments so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art should
appreciate that they may readily use the present disclosure as a basis for

weesigmnoisImpdifing other processes and structures for carrying out the
same purposes and/or achieving the same advantages of the
embodiments introduced herein. Those skilled in the art should also

1. realizerthppsuals equiyaleirkconstructions do not depart from the spirit and

cope of resent disclosure, and that they may make various
a@ﬂ&%&@ﬁ §[?6%fﬁ[?ﬁ%ﬁ§cgr? éi?g?'ons herein without departing from the
spi ritam&mp&ﬁ&ﬁhﬁ presant gliselnsues 48 WVRATISIEHAMEDR dhstrate;

An apparatus, comprising: a plurality of transistors each formed by: at
anI%ast a portion of one of a plurality of doped regions formed in a substrate;

and aft [leaataappﬁﬁtiﬁmf)&mef of ghpliralisy otdirséehnadsietossheagbnding over
d|n over o he Iurall 11 oped r |ons the plurality of first
o i T nd A P SE B A B B MK in
firat phgcalityyef; second conductors each mterconnectlng ones of the plurality
of tranS|stor a thl d met%l erin % éplurall it lines each
e EORTRLG B  B1 HE AR B S i bl
mtagcemntxdu@nglasrdﬂﬂ@dlymﬁm@rdﬂtm@mkt interconnecting ones of the
pIuraIIE_Y rgf}%r&gf i%%gsmciudmg a plurality of bit lines each interconnecting ones of
the plurality of transistors; and
a fourth metal layer including a plurality of word lines each interconnecting
ones of the plurality of transistors;
wherein ones of the plurality of word lines are configured to shield
corresponding ones of the plurality of first conductors, the plurality of second

conductors, and the plurality of bit lines,

2. The apparatus of claim 1, wherein ones of the plurality of bit lines are
configured to shield corresponding ones of the plurality of first conductors and the
plurality of second conductors.

3. The apparatus of claim 1 wherein ones of the plurality of transistors form a
unit memory cell having a substantially rectangular shape, wherein each of the

plurality of bit lines is substantially perpendicular to a long axis of the unit memory

cell,

4, The apparatus of claim 1 wherein the plurality of bit lines are each mutually,

substantialty parallel.
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wherein ones of the plurality of word lines are configured to shield
corresponding ones of the plurality of first conductors, the plurality of
second conductors, and the plurality of bit lines. 2. The apparatus of claim
1, wherein ones of the plurality of bit lines are configured to shield
corresponding ones of the plurality of first conductors and the plurality of
second conductors. 3. The apparatus of claim | wherein ones of the
plurality of transistors form a unit memory cell having a substantially

5.rectanpelgipabapeodisiain eaekeof dhes plutalipneibiy bresois sustaatially
rpendicular tqQ a Ion axis of the u ory ceé 4. The apparatus of

co T WA A TP 1 BIER L B Bl o betantally
parallel. 19 5. The apparatus of claim 1. wherein ones of the plurality of
word lines are configured to shield corresponding ones of the plurality of
bit lines. 19a 6. The apparatus of claim | wherein ones of the plurality of
transistors form a unit memory cell having a substantially rectangular
shape, wherein each of the plurality of word lines is substantially parallel
to a long axis of the unit memory cell. 7. The apparatus of claim 6
wherein each of the plurality of bit lines is substantially perpendicular to
the long axis of the unit memory cell. 8. The apparatus of claim | wherein
the plurality of word lines are each mutually, substantially parallel. 9. The
apparatus of claim | wherein ones of the plurality of transistors form a unit
memory cell, and wherein each of the plurality of first conductors and the

plurality of second conductors is one of a pair of mirror-image conductors.
10. The apparatus of claim 1 wherein:
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ones of the plurality of transistors form a unit memory cell; each of the
plurality of doped regions within the unit memory cell are substantially
symmetric; each of the plurality of first conductors within the unit memory
cell are substantially symmetric; and each of the plurality of second
conductors within the unit memory cell are substantially symmetric. 11.
The apparatus of claim 10 wherein each of the plurality of bit lines within
the unit memory cell are substantially symmetric. 12. The apparatus of

6. claimrhd appersins edchuohthe/plusalibhef wait inesitinuthigiswismemary
cell are sub ia metric,. 20 13. The apparatus of claim 1 wherein

oGS PR AL TR B RSP ar € A S Hoots

phieaftsno BwvdsiR Addsce lbubgattiel iappadatisca! Mamliydrareinthenplieaityell.
of transistors includes: first and second pull-up transistors; first and

second pull-down transistors; and first, second, third, and fourth pass-gate
7.transBtergppdiankhe a]paarawse@éinlamm %@ﬁh&lﬁputﬂﬁﬁlﬁfd@ﬁ first

nd se ull- anS| ors are electr ed at least indirectly to
s e DT Frat Bk LB rically coupled
at least indirectly to sources of the first and second pass-gate transistors,
g & source of the first II down, transj ate fthe econd pull
S s o PR RS BT SBCOH BEIPBBAR: PO & A REh te
nlﬁﬂmdi@dsphﬂmmmiajﬂptﬁtdfeﬁs electrically coupled at least indirectly to
sources of the third and fourth pass-gate transistors, a source of the
second pull-
9. The apparatus of claim 1 wherein ones of the plurality of transistors form a

unit memory cell, and wherein each of the plurality of first conductors and the

plurality of second conductors is one of a pair of mirror-image conductors.

10. The apparatus of claim 1 wherein:

ones of the plurality of transistors form a unit memory cell;

each of the plurality of doped regions within the unit memory cell are
substantially symmetric; |

each of the plurality of first conductors within the unit memory cell are
substantially symmetric; and

each of the plurality of second conductors within the unit memory cell are

substantially symmetric.

11, The apparatus of claim 10 wherein each of the plurality of bit lines within the

unit memory cell are substantially symmetric.

12, The apparatus of claim 11 wherein each of the plurality of word lines within

the unit memory cell are substantially symmetric.
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down transistor, a gate of the first pull-up transistor, and a gate of the first
pull-down transistor; drains of the first and second pull-down transistors
are electrically coupled at least indirectly to a lower potential than the
power source; a drain of the first pass-gate transistor is electrically
coupled at least indirectly to a first one of the plurality of bit lines; a drain
of the second pass-gate transistor is electrically coupled at least indirectly
to a second one of the plurality of bit lines; a drain of the third pass-gate

13transigtenipeiecyicalinenupledaidenshingiastlys e aihie anguabthesht
<Pl Iit%lof bit lines, a drain of the four%%_g%s{s-gﬁte transistor is electrically
M}é PRSP A SRR d900AR fix¢plurality of bit lines; gates

of the first and third pass-gate transistors are electrically coupled at least

indirectly t f lurality of ward lines;,and_21 gates of the second
4ind 14 BRRCHU ek orE APl B T s Mooty

and t
to a secomdi caeoatithellplpratiseiorgrd lines. 16. The apparatus of claim

14 wPerein he firséssanﬁ econd pull-up transistors are PMOS transistors,
and wWherdih tReCRISPY Eﬁ%@g&ﬁﬁgﬁﬁﬁ}&o transistors and the first,
secofiestihischrandiiedirih passthatesdransistarsiaresNMOS transistors. 17.
The apparatus of claim 1 wherein ones of the plurality of transistors form
one of a plurality of SRAM cells in an SRAM array, wherein the SRAM

1 sarrayliscadpastuinoliratiy interbersmected to a plurality of column
of row address decoders hy cqrrﬁffgog}gplg% at

multiglexers ﬁ 2 plurality 0 _ S by cc
ones BERE SV S Bit TSRS i AT o B TS
leameithtickctiomprisiogefeoniog a plurality of doped regions in a substrate;

a drain of the first pull-up transistor is electrically coupled at least indirectly to
sources of the first and second pass-gate transistors, a source of the first pull-down
transistor, a gate of the second pull-up transistor, and a gate of the second pull-down
transistor;

a drain of the second pull-up transistor is electrically coupled at least indirectly
to sources of the third and fourth pass-gate transistors, a source of the second pull-
down transistor, a gate of the first pull-up transistor, and a gate of the first pull-down
transistor;

drains of the first and second pull-down transistors are electrically coupled at
least indirectly to a lower potential than the power source;

a drain of the first pass-gate transistor is elecirically coupled at least indirectly
to a first one of the plurality of bit lines;

a drain of the second pass-gate transistor is electrically coupled at least
indirectly to a second one of the plurality of bit lines;

a drain of the third pass-gate transistor is electrically coupled at least indirectly
to a third one of the plurality of bit [ines;

a drain of the fourth pass-gate transistor is electrically coupled at least
indirectly to a fourth one of the plurality of bit lines;

gates of the first and third pass-gate transistors are electrically coupled at least

indirectly to one of the plurality of word lines; and
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forming a first metal layer including a plurality of first conductors each
extending over one of the plurality of doped regions, thereby forming a
plurality of transistors each including at least a portion of one of the
plurality of doped regions and at least a portion of one of the plurality of
first conductors; forming a second metal layer including a plurality of
second conductors each interconnecting ones of the plurality of
transistors; forming a third metal layer including a plurality of bit lines each

gahabefﬁdmmﬁﬁ@ andesiaf ﬁa@sggwatmgtm@ sistersitaps fpsaupa folEh
met er mclu& f word lines.each interconnecting ones of
mGEAR) Iﬁf%cfof? ﬁ%t%fﬁ?/\ﬁlg@ o?f‘%oéﬁ’lgeﬁwrality of word lines are
configured to shield corresponding ones of the plurality of first
ondygtors, the plur n nductors, and the p rality of bit
16i0cs. 195 A AR RLELCE oF SO Whrel s s Br Rl dngpors are
Prfassistoss tormadmlisnenbeyieelirpeh afthaplualivthehdeped iegipa sirst,
wt |n th uni me nhd)y cell are substantia ﬁ%ﬂ# etri¢; each of the
SRR S HhS QOGRS SRR IR é%n EBIAE Substantially
symmetrlc each of the plurality of second conductors Wlthln the unit
em ceII are substanti mmetrlc rallty of bit lines
’;Vclthlr? NS RRAtRE BT 8&?‘%@0 uﬁls?gﬁﬁlgfeﬁ aﬂ‘?ﬂlsé%leﬁé?’fﬁ]eone
ofplpiafit}i tgfof SiAMese idthimtRRUNL memomzewiraﬂee SR@S’W@I‘&%@MS at least
ing%f&r‘gl]}?}g%rg(?mlected to a plurality of column multiplexers and a plurality of row
address decoders by corresponding ones of the plurality of bit lines and the plurality

of word lines.

18. A method, comprising:

forming a plurality of doped regions in a substrate;
forming a first metal layer including a plurality of first conductors each
extending over one of the plurality of doped regions, thereby forming a plurality of
transistors each including at least a portion of one of the plurality of doped regions
and at least a portion of one of the plurality of first conductors;
forming a second metal layer including a plurality of second conductors each
interconnecting ones of the plurality of transistors;
forming a third metal layer including a plurality of bit lines each interconnecting
ones of the plurality of transistors; and
forming a fourth metal layer including a plurality of word lines each
mterconnecting ones of the plurality of transistors;
wherein ones of the plurality of word lines are configured to shield
corresponding ones of the plurality of first conductors, the plurality of second

conductors, and the plurality of bit lines.
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MEMORY DEVICE HAVING SHIELDED ACCESS LINES ABSTRACT An
apparatus including, in one embodiment, a plurality of transistors each
formed by: (1) at least a portion of one of a plurality of doped regions
formed in a substrate; and (2) at least a portion of one of a plurality of first
conductors each extending over one of the plurality of doped regions, the
plurality of first conductors included in a first metal layer. A second metal
layer includes a plurality of second conductors each interconnecting ones
of the plurality of transistors., A third metal layer includes a plurality of bit

lineYeach intdrdaihed g 'siad drthersiRirality of transistors. A fourth
tmhgt;}ﬁ%% it?}%#}S@%@%{é@?ﬁ%@n&”ﬁ&%ﬁ%@Jr?é%'ﬁ%%ﬂ?eC“”9 ones of
each of the plurality of doped regions within the unit memory cell are
substantially symmetric;
each of the plurality of first conductors within the unit memory cell are
substantially symmetric;
each of the plurality of second conductors within the unit memory cell are
substantially symmetric;
each of the plurality of bit lines within the unit memory cell are substantially
symmetric; and

each of the plurality of word lines within the unit memory cell are

substantially symmetric.
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