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[0005] The physical dimension of a feature on a chip is referred to as
"feature size." 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 deviceﬁﬁat rgo.su hm L
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dynami9 raﬂgorpiaa%%eags s nemory (DRAM), SRAM does not have to be
periodically refreshed. SRAM also provides faster access to data than
DRAM. Thus, for example, SRAM is frequently employed in a computer's
pGaghepnemeory, or as part of the random access memory digital-to-analog
nverters in video cards. (0007] However, SRAM is more expensive than
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Thus, for example, SRAM is frequently employed in 2 computer’s cache memory, or as part of

the random access mermory digital-to-analog converters in video cards.

{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 féamff:s sizes discussed above ig 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



[0009] Fig. | is a layout view of at least a portion of one embodiment of an
apparatus in an intermediate stage of manufacture according to aspects
of the present disclosure. [00101 Fig. 2 is a layout view of the apparatus
shown in Fig. | in a subsequent stage of manufacture. [00111 Fig. 3is 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
dinaspests bithepresertiscloshr e [TOTH TR 648 A SERsn &AW of at
dis(lzeass(gna portion of one embodiment of an apparatus according to aspects
of the present disclosure. DETAILED DESCRIPTION [0015] It is to be
roounderstood that:the: falowing idisclosurierprovidesménypriifferggpparatus m an
mRodiments, or examples. fnimplemeningdifietentdeatuies of various
embodiments. pecﬁ‘lc examples of components and arrangements are
rofigscriked belowja.simplifythepesentmdisciosise. Fhesksasesoisvaarse,
merely examples and are not intended to be limiting. In addition, the
ma%é@ﬁ?disclosure may repeat reference numerals and/or letters in the
[ooi’ﬂ; 'puﬁiﬁ‘?’ﬁaﬁﬁh SuLis, enelition is-fotihe purpese:of sigwplicity: ange of
clarity and does not in itself dictate a relationship between the various
mapypgtiments and/or configurations discussed. Moreover, the formation of
a first feature over or on a.second feature in. riptien.that:fall
100 ghy intHuas &M Gélélifriﬁgnotg%% W %h%t%]gnﬁ?}é:l?nﬁ 's%esé%i%ugei%ures af%l\tg
marfofrted.in direct contact, and may also include embodiments in which

additional features may be formed interposir{m}g C}Qeeemgg d%dnt.s_o?%ﬁlr&qmmms

 [00¥ahturdis SUEK tHEHHHE SRS Ahd SEEGHIPTadtires may not be in direct
accSaaet a3 R0 L6 hReteningstokig. 1, illustrated is a layout view of at least

a portion of one embodiment

10014} Fig. 6 is 2 schematic view of at least 2 portion of one embodiment of an apparatus

according to aspects of the present 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.



of an apparatus 100 according to aspects of the present disclosure. The
apparatus 100 maybe an SRAM cell or device. However, aspects of the
present disclosure are also applicable and/or readily adaptable to other
devices or cells, including other memory cells. Moreover, although

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 J.Ior radio frequen,c(}/ e smbodiment
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silicon, silicon germanium, silicon carbide, carbide, di nd/or other ..
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843§guiglﬁg‘)§a[g5—:-21;§D§i§:j;ig@llgrgermanium-on-insulator substrate, or another

Substrate comprising an epitaxial semiconductor layer on an insulator
[otaver..-inmenemarmbotimetdte: sibstriate)1,06dnay mgludd &t aikgapitand p-
da@gzg\/ide Iﬂ%lflan_lé') nquTe z@%i%& &lse %r@ﬁl Cl%%ﬂ&?%f&{%‘?@ﬂmﬁ!?ﬁ Ctﬁg,r one of which
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xample, a sﬁﬁcon-on-ﬁjothlng (SON) structure may be employed, such
is trieatie TSHisstr At TOSASAFTHETIdE @ﬁ?i’liﬁ%m%lﬁgﬁ‘% it Gflap) may melude
zaGOMRPHSIRg aif,and/or another insulator. In one such embodiment, the
substrate 105 includes a silicon cap layer over or on a silicon germanium
[otager, Wihereimsthe slicorygemmaniuntidayeris subsemtialy bipatiany strainsd
sil&maeved 1. farm an air. gap. 9f doidy thereby-leaving e, slicancamlayes

as an |n§ul’ated device active region for subsequently formed Hicons
subfiFeFD &R CHONHS R FE ST 6 FE PR Edions THo%End 11 6b may
onbefermechhyas highenesgydmptant intalthe stbstrate 108hposkibhye

through a patterned photoresist layer. N-type. dopant impurities, employed — -~ -
“% ?Sirl?ﬁg %ﬁé’pzt-a%%é%nr(éﬁgﬁolﬁsolr?ga gnd 110b me;y’comf)rise ph(;)sphorys,
subbsénidS P8y, nclude an alr gap to provide insulation of mucroelectronic 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



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 1 I5a-d 4 may be s imilarly formed,
although possibly with an energy level decreased, for example, in.
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
magiffusioin; arivealing) andiorsibiirica At fRARSI HTOCESEEE (00207
Pt o B | oy b Sryployed i 100 86ae oL e AEseorn.
| -lmay. 2 y the -
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(00¥aYing degrees fimputitconeentratiomnhAtthou g notritast ARepitHE ™! of
_ doped regions 11 Oa, 110b, and/ar 115a-d may also meollestivelye:-doped
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regegions 2104t 16 banthULSast THay RISy COMPHSEIHOr A Bhe
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yd’ro en, and/or other "hydrogen-containing gasgség'll'gle impurity
110soHdEntratidhof they dBpERrREGIoRSTH T COMFSISa By a direct current
or a radio frequency bias of the substrate 105, Theaheye-deserigehn as = p-
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by 2 direct current or a radio frequency bias of the substrate 105. The above
majf also be employed to form Hghtly-doped source/drain regions in the substrate 105,

[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



other materials. Manufacturing processes which may be employed to form
the gate electrodes 140a-d include imprint lithography, immersion
photolithography, mask-less photolithography, chemical-vapor deposition
(CVD), plasma-enhanced CVD (PPCVD), atmospheric pressure CVD
(APCVD), physical-vapor deposition (PVD), atomic layer deposition (AID),
and/or other processes. The process environment during such processing
may include hydrogen (H2) and 5 carbon gas reactants, which may be
excited by a plasma. The process!gas/envirorﬂlment ma %}ggvi%& et may also
cagite iR RCTIEE! @H@F(@fﬂ@fiééﬁgfaﬁﬁ‘/o Gther ¢arbon containing
or S0MFGES: {0023} heigataeleciipdes d4Qzxd sy atserincluge@ Seed layer
comprising Ni, Cr, Nb, V, W, and/or other materials, possibly formed b
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1 piBb pthe gate aleaty odest40kmayexiend over the doped regions | | Sa
and 115b, the gate electrode 140c may extend over the doped regions
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anJ%%gnfﬁé éat@géﬂgcé]é@b Thyskene or-mereptthegateletactradesh, the gale
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eyond the Poun ary of a particular unit cell 120. Moreover, érgaj[r;gﬂectmdes

L 1Ghustiétet nthedimsrprthenyaias SRt Bt 4054 hay %o incf
LadNiderRartionscsush as wharrsabseguentyfermedcontactsoonab iryc the
land. Two or.more of th te Iectrodeag 1402~d may. alsq.havn: the gate
b%%‘%’r&ﬁ?iaﬁﬂ?%%ﬁ?l tf%bﬁp?%t Shapes and areas, For example, in the r
sleﬂﬂmﬂtﬁale@h@mtwdﬂmém}qﬁmugéqrepgré@%@@@ rAGHCE subsequently formed contacts
or vias may land. Two or more of the gate elecirodes 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



and 140d have substantially similar footprint shapes and areas. [0025]
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 have an aspect ratio grater than about 32. The
aspect ratio is the ratio of a larger primary dimension ("L" in the illustrated
embodiment) of the cell 120 to a smaller primary dimension ("W" in the
illustrated embodiment). For example, the SRAM unit cell 120 may have a
length L' ranging between about 0.32 .tm and about 12 um ?t%d a YQ"FJE‘ 1\14\4
wigdngine beaneETFaigRD 08 Y APRH ABAG 2 i B Al Asped Ftio =Y ™Y
ARGIRG hetueenabaut drandsahoLiby Inranotherlembodifems e SRAMCn:
el 120 may g 2 lenail (Bn01ag befueabontd3 sim and about

ranging between about 4 rim and about 20 rim.
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Moreover, the minimum spacing between features may be about 0.20 m,

feapesRanifes STDSARRAISIMART 8P Sq0% tB%he minimum width of one or
gm}gﬁre of the gate electrodes 140a-d..2ubsequeniyfarmed.feafkresymay:

, e similar minimum widths and/or spacing. [0027] Two, or more oi}__’gﬁu%o
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symmetricatly, the doped regions 110z and 110D ars oriented substantially symmetrically, the
doped regions 115a and 115d are oriented substantially symmetrically, and the doped regions
115% and 115¢ are oriented substantiaily symmetrically. Moreover, one or more pairs of

_neighboring cells 120 may be mirror images of each other.

[6028] Réferring 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 5vsr 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



oriented substantially symmetrically, the gate electrodes 140b and 140c
are oriented substantially symmetrically, the doped regions 110a and
I110b are oriented substantially symmetrically, the doped regions 115a
and 115d are oriented substantially symmetrically, and the doped regions
115b and 115c are oriented substantially symmetrically. Moreover, one or
more pairs of neighboring cells 120 may be mirror images of each other.
[0028] Referring to Fig. 2, illustrated is a layout view of the apparatus 100
shown in Fig. 1 in a subsequent stage of manufacture a ' eris
or Bisplectpiihenprdos it dis el Ta  WHETSIH a%"‘rﬁréeigﬁa@%ri ggéqt%%lr%c{) }arlr};ed
fo&\égrb\@rd'l@ggrp@%v@@u@)@_[f@rfmlaeddfﬁaﬂhnmszbwﬁermérénlhg%rﬂ?ﬁ%“%@ﬁfa‘é Bhe
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nogthercmateriaiss Althouats retttirstddWithin the scope of the present
disclosure, the metal layer may be. form [ int. i rapbhYanductors, such
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or PARAIHS059] PR Metaf Tayer may include conductors 210a-), One or
feamereiofiheicontuctors| Suehmas e %@ﬁdﬁ%ﬁ@f%iﬁbﬁ%ﬁ% ?E%*Eﬁ%é@ap%

an2ve a number of urns; a3 opResadin substantialydstraightor! have
rectangular ones of the conductors 210a-1, such as:the ¢ondyctorside may
subgtra Rl DaiEbY BXRRTBISIHE Bndi&tor 2104 includes four turns or bends

e llustrates embadiments Conseteently fthdoraedithE tonductors
210a-1 that have at least one turn may interco ne,ctt'gwrgsdk%r MOLE 1o metal

[0eBsaligiied ouroerlyines femtiees P O PHISFE SFthe Conductors 210a-1, or

f2her, features definad fromutie metatiayeriinay albeNave suBswintially ™ the

similar footprints, sh}apes andlor 1S, oy > inthe,lustiated
A S

symmetrically, the conductors 210c and 210h are oriented substantially symmetrically, the

) . L v o ~ -
conductors 210d and 2101 are oriented substantially symmetrically, the conductors 210e and 2103

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 ove:rlying the conductors 210a-1
(i.e., between the
r. That 1s,

in Fig. 2, it is

understood that the contacts 270 may lie under the conductors 210a-1

1.and the substrate 105), This convention will be emploved hereafle

conductors 210a- _
ated as overlying conductive

although contacts (including contacts 770 and others) may be illustr:

features to which the contacts are connected in the figures herein, it is enderstoed that one or



substantially similar footprint, shapes and areas. The features defined
from the metal layer may also have a minimum width about equal to a
design rule for the apparatus 100. [0030] Two or more of the conductors
210a-1 and/or other features formed from the metal layer may also be
oriented substantially symmetrical within a cell 120. For example, within
the cell 120 illustrated in Fig. 2, the conductors 210a and 210b are
oriented substantially symmetrically, the conductors 210c and 210h are
oriented substantially symmetrically, the conductors 210d and 210i are ,

morrerited sulb SR S RIASHICEIR), B CHiitefors 108 SAY510] 46 ¢

aftented substantialy, symimetically: therconduatersi210Fand 210k are
oriented substantially symmetrically, and the conductors 210g and 2101

[08Be]oriefted substantially Syfwmetibalyo0eS1THE Mpparatmeitot fdorm he
I Pag%? Sontacts.orvias (hereaftenseliestively.sefeiied taasveontaats)

I

meztéio_ xtending between various components of the mgtal Iager&kgﬁigﬂlzilr&lascgne
iR ARPTERABIYY ReARIESS AN SITIIGET &t Sd a8 BVerying the )
6QREuCEars2 HRanbiiadkig c@pib jgd undenstooc thatatre. dontactsiz7oHEY e

under the conductors 2102 (& thercondictors 24 0ahansihey
m%b%gfgrg?eu& -1%%%6%538%?0%83&ﬁ|§&¥%%}p|0 ed hereafter. That is,% P GS N
| DAltHio tglberets thncimrig e FRERES"S 70 dRASIRESY Risy BE MStFfEdT
p@s Quering, cendugtivefaatures ionattich-thetaniaciRlarg eohvecteld i
_the figures herein, it is understood that one or 8 mor niacts,
TaRFEend éWaRPfrﬂmﬁ??ceﬂ“dolﬁttéég "Eondlictive egggéi%%@%%ds the m!
cosulistrate; 105s(@ithoughesuchivo fimetb mayenbteomaet the stbdtrate 1057 |
409321, The contagts 270.mayqhe fermegthy pregessessimilar to those

employed to form the metal layer, and may be formed prior to formation
of the metal layer. However, in one embodiment, one or more of the

cantacts 270 may be formed by a-damascene-ai-duak-gdamasecene—
prodddial A&Nsh ORMERCHY o cRBEE S SIDRoNERtel oo 4 QL LIROSSOT ﬁ“_ c
of the conta2td2270 may land on uddétlying features-to delraail K humbe
of transistor&ifficluded in the apparkdP%” 100.Inithe ﬂyﬁréﬁjﬁﬁ—fgm
enbodimeri1#he apparatlis 100 inkk¥es four pass-gate Handi@s (PGA
PG__A-bar, R&G-B. PG-B-bar), two piilkdown tr ¢ 1 SR P,
and two pull-Lify i 115h PD-2 source / PG-B source

210b 11Ga PU-2 dram

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

210b : 115d PG-A-bar source

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

210d 115b PD-2 drain

210e 110a PU-2 source

2108 115¢ : PG-A drain

210g ' i15d | PG-A-bar drain

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

210 il5¢c PD-1 dram

210 110b © PU-1 source

210k ‘ 1156 P(G-B drain

2101 t15a PG-B-bar drain

Tabile |



transistors (PU-I and PU 2). Table 1 lists the interconnections made by the

contacts 270 to corresponding 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 Laver Component

Underiyinn Component for Transistor Node 210a 115a PG-B-bar source

210a 140a PU-2 gate/ PD-2 gate 210a 110b PU-1 drain 210a 1150 PD-I

source/ PG-A source 210b 115b PD-2 source / PG-B source 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

110a PU-2 source 210f 115c PG -A drain 210%} 15d pPGéél-gaar drain:,.
[09350h 140¢PEsAB GHHET PCIRYERM T ASPPDY" drain 2101 110b
wrBMylsouee:s 230k HohRER deaint 2104 thEEPE-B-bar dramicTablé P 9o or
e et 370 OEL [salies Ohcampanenismaydnieihase Memetal iso

gi’%ét hEPTHE “under ylﬁaofglgtures for interconnection thereof, either in
witdditiopctocorfitianeesshefifaiverto Hifeipparatus 100 may also incliude more or fewer

transistors and/or contacts 270 than in the ilustrated embodiment.

[0034] Referring to Fig. 3, illustrated is a layout view of the apparatus 100 shown in Fig. 2 in
a subsequent stage of manufacture according asp'ects of the present disclosure, in wh_ich- a second
metal layer is formed over the previously formed metal layer. In one embodiment, the second

| metal layer is'substantiaﬁy.similm* 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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more of the contacts 270. Interconnection schemes other than that
described in Table 1 are also within the scone of the present disclosure.
The apparatus 100 may also include more or fewer transistors and/or
contacts 270 than in the illustrated embodiment. [0034) Referring to Fig. 3,
illustrated is a layout view of the apparatus 100 shown in Fig. 2in a
subsequent stage of manufacture according aspects of the present
disclosure, in which a second metal laver is formed over the previously
formed metal layer. In one embodiment, the second metal layer is

128 ibstantiallyF girilde irtcompositehtana maniiacifeto tha SreviD iRy

syiormed metaklayer describe ahoye 14QR035). Eaars@mnﬁmatahlayer may
include a bit line (BL-A) 31 abit i anéBL B). Oé) ﬁtghtuta) | m‘,mcauy_
SYRIBICIACHAR) 280 0%, ‘ﬁ‘ﬁtavﬁﬂ)‘ﬁeﬁ et B BaT53 & second metal
r may. alsq ingl I i referred 188 MSsrA @3 ponents
O T 540 he Ve s 00 A 30 ma 4
of B Gromd Hirvead TIE! %Kﬁﬁ%e‘?éﬂﬁﬁfé?fﬁ?&f%ﬂ%tﬁfcﬁ%aémﬁé‘ $ %sb“om‘"‘c‘s
e3P %E@@l@h‘@@@dﬂﬁaﬁgﬁﬁaem@uﬁm Gorandracomponentsydbovedthmitact
second metal |a th one ormore cor 1 etal
T Vel (5036 or meo?gnoaipﬁwe eatures. gn %‘%ﬂgﬁﬁ%ﬂ‘ﬂheﬁ‘éﬁe@gﬁ%& g’?al
malayemmay havensabSHEhtialy Sifiiarfobtblin SiabesimtrareisnEapde
rel@¥Mple; in the llustraied %Mmﬁ%n@&@@@f iheRitlinesm33aodiment
and-310b, the bit-bar Ilnes 32 and 20b, and thpa\éol%ggélgor 3302,
sh03308 “ahd 367 hERVE BuBRiant {57 a‘?leg}’d fArehapes. Consequently, the
intpagkiag defasity=0f such lines may be increased relative to conventional
designs. The features defined from the second 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.
i 3 TS PLHIIEAT e DIINes 105 aide
III—IWCEZ%W 3200 may be subsianially
te Mens{po oftheumitcett 19 {937k WO OT
uﬁjgmc bit-bar-fmes oékg@ %{lga‘pé&% and

s and/
330b, and”\fox andfor-otfrerfeat E%bg%'l HEU from
—nay a!sc'b\, eHented Subowu|ua|?§)ﬁllllllculbdl

| Wlthlnvésr‘él(w) Eor evample. withiiSthe cel

;i
E pm

)
=

ki

Vss-B (330h) ' 2101 __PD-1 drain

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) 210h 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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10 120 illustrated in Fig. 3, the bit line 3 i Oa and the bit-bar line 320b are

oriented substantially symmetrically, the 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 and second metal layers. One or more of the contacts 360 (and

many other contacts described herein) may be or comprise a landing pad

for receiving a subsequently formed contact or via. In one embodiment,
@ contRets 360aFe: st B tantiallys sinilart i conipestisrrand! thabiradivrg > o
» [Qhe contacts 270, shown.in. Fig:% Lable grists hednteesonreationsh « third

made between the first and second metal layers by the C%Qt ct% 3§0H .
maekbrding fomse erAbSeRTRSRE BHAWA Fr Fig® ™S BRCH TSR L ol ever s
sdngicates theexistenceof e cantact36tuer otherfisterconneciorrféat ey e.

Metal Laver. 2 %omn nent E:;l Metal Laver 1, Componsnt for Tiansistah: squal to a
TR G e 885“2%0%3 R r%“n“énﬁ?’s- ar (3206) 2101 PG-B-bar
degfrainuIB Epe Abam(320a) 021 0 e Hishar ardin Bheny (G 10B) D1 SR PEEoIe 10+
4 grain. 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
(0RG:B gate (RG-R:hangatecRass gaté SteaPBSOB) 210HPGIR-ORF Fatel F: 2
G‘rg) G&e\v ate @ l\%ﬁ—%‘lp%?lm%%@%ﬁ& MBKQ@IH@@}WE%@&@W%MB@
g .r‘fflerposeutﬁe irst and second metal layers for interconnectjon thetﬁe% s
feelittre i zadcinen(e el SHEFTAHVELE DRE B S B the Eaitacts™
3P intereonnection schemes-othienibafidhat desoribeetinT dble 2ared 415,
angln'esa%g\g%%g gr]c?und word lines 420 and 425, 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 minimem width about
equal to a design rule for the apparatus 100, or otherwise as small as the widths of the gate
slectrodes 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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scope of the present disclosure. 11 [00401 Referring to Fig. 4, illustrated
is a layout view of the apparatus 100 shown in Fig. 3 in a subsequent
stage of manufacture according aspects of the present disclosure, in
which a third metal layer is formed over the second metal layer. In one
embodiment, the third metal layer is substantially similar in composition
and manufacture to the first metal layer described above. 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. [0041] The third
metal layer includes a word line (WL -A) 410 _a word-line-{\WA-—B)415-a
grounh erd {inestGWL A 420 astisgrmial word lind JEWEET 4%
or morewt.thg4features Hefined frébiithe third mrgﬁra‘%/%tﬁw’{gaéw.
SUBStantialle saThiar footprints,. shafes and/or areRS-EEFe4AmBId ¢ e
ii[UStrategyemhadiment, pach of thestvord lines 410P&nf] 45/ Pahf-BHCH G
e arogRe worehnes 420 and A)S;thave substan®dihg reetdAgufpar 2atc
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 riigifadm 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 lin , aQthesird metal
[9%a8kure SN FSTh the second | %ﬁ%%g%ﬁ%ﬁsﬂfgforiemed e
lagubStaintiatynsytimetricsd withinaddiero SR8y B AP Fithif e B&IF © ¢
coi20lustrated.in Fig: 4. heworth lines 4l0dmnikdbiarebtrizatedso within the
substantially symmetrically, and the ground word lines 420 and 425 are
SOt RGHSEHATRAB Symmetrical! y. [0043] The apparatus 100 also

[0&%({/”“%%%“&5%&1%9 extending betwesn varigus cesmpenenisyaf the
s&cond and third meta layers. In one embodiment, the ontact§ @Qr e .

 conlibstrtaEIEARPIH MBS RIGHERE a1 e Contacts 270
35%9%@ ﬁﬁrz’f&@lﬁ@l&@ﬂﬁ thigd metal iayer may shield one or more of the first and/or

and/or

~—+

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

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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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. 12 Metal Laver 3 Component Metal Laver Z Component for

Transistor Node WL-A (410) 350b | PG-A gate/ PG-A-bar gate WL-B

(415) 350a PG-B gate / PG-B-bar gate GWL-A (420) 350b PG-A gate /

PG-A-bar gate GWL-B (425) 350a PG-B gate / PG-B-bar gate Table 3

[0044] Of course, other features or components may interpose the second
oam thirgh meetabrlayers forintefconprestioRi eI ERIEP thEaETIHTE BF > 5

in the alternative to,ane ol re of the: ¢ ts 430y rlsterconneetian lower
ass%ﬁ?rﬁ%%%ﬂ%&? fﬁ%rrt\%tﬁ%% éé@%ﬁ%gdp?r%%ﬁg%g%ﬁarﬁ%o within the scope of
lathve pregient@isetesere)s [WZEBﬂlgﬁﬁé’ﬁ@%%ﬁ@d%ﬁé?ﬁ%aﬁléeol?a ore )(/)T?It%e first
~andier sscang.mataldayers are configured to be shielded by at least one
“overlying layer, such as the third metal layer or the second metahla er.
(050 exampleathe thifdmetakiayiisr ey SHIBRISBAEST HGRS Br RS F‘%% fobe
e e ctation. I e S IEE
linpreasHieldifig BrEdET by e Third Trietarl aoil%:r(:! ? N 5{‘c":ttso%}s‘%trln%aq@yJg re’dltrl}aé%ep1 Smﬂ

[Oéﬁterr%ﬁ@ ef@%ﬁ%ga%%%vgf 919 Pli)fy @Bﬁ@%@ﬁpﬁ%%%{e Hﬂ);ﬁﬁ'ﬁmaf@o may be

odiment, the shielding provided by the second metal layer onductors ,
compiyialdo reulves et EHo RS T tRERTEHRSF GaVics BY Y ledst about
m?és"/ﬂla%"% %ﬁ%iél?i-!d ME%EMQW@@?]?W beriformediby thetthifebre

second metal layers, the subsequently for 0 e as
ol TR LA Bl RS ey SV e o U il ets o
netitouitrgesidn: sucheaspimaem bodinTemsriy %Pﬁ%‘ﬁﬁﬁe‘”&%‘i’ﬁé%ﬁ?ﬁéé%%m

ala sixth mefal layerq[Q046lAccording de of leaghpraenitadimentobtmsally

inco .
resent disclosure, employing the
rs;?eatéd io form an SRAM mgma)ll’y agr:ay and/or other type of memory cell array.

4 [8450] The apparatus 100 described above may also include one or more inter-metal
dielectric or other insulating lavers interposing the various conductive components. Such
imsulating layers, each of which may comprise multipie insulating layers, may be planarized to

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

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

Black Diémond@(a product of Applied Materials of Santa Clara, California), fow-k dielecinics,

| 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 simila”f ‘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 (PU-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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second metal layer to form several or all bit lines and/or other components
for a given cell 120 can improve speed and decrease the cost,
complexity, and/or size or 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 components of the third metal layer may provide shielding for
the bit lines. 13 [00471 In addition, some aspects of the present disclosure
may allow greater symmetry, such as symmetry for dual port devices,
APRSsibly.proviging.symmetsy phaneosmoie orathlowenciayers thereimznsistors
-Consequ coupling resistance and/or ifanc = metric
BT oGt or b A b Do o [OBB) Sorme epee ol e
trpresentaisciisdrs. rinl adBEld Wb HeTe PREBEEINEY (o HE EHisIgad NS
2SUsh@s framword.and.grexng.linesHAlsesneise ag<oupling of/to bit and
bit-bar lines, and/or other signal lines, may be reduced or avoided by
[oaspectsTaf therpreséht disclosuneisf08491 Nfferthisfamrinesosnlsde i PR
soﬂr&%&&%@@ofﬁémﬁq\’s Lb@d??ﬂ?‘@ﬂé%xjagpowgﬁiwﬁg%ﬁm b is electrically

conventional and/or future-developed processes. For example, additional
conpetalo By spsTRTaY B o OVEFIHE it ﬁ?étéﬁ‘?éﬁ&?%ﬁé&gﬁ !?H“ﬁ%.“ﬁl,
SuEhas forthe futhe b intefconpestion:af the aparatisidt®n withigthSES.
_.devices or.compgnents, including other neighbori d/o e R
S B e D LB Wl 1 WG I i (G g oL f e ps
salnerporatet 1 On e rbisaivh Snt HulepTe ISRt e o iR A SHEF AUSIY P
ey, Pe substantiallyi sepeated do farmranSRAM meponcamayantdiors20, 525

et ype of memory el atay. 00501, The 3prtalus 100 ASSbed. ... .
o) 51 “dfieiaciric or othe

e ARy SRS IR I EE Bie ore inter-me
a Wasciating fayers interposing the various conductive components. Such
insulating layers, each of which may comprise multiple insgjlatingt &aye 4
065y bel Praian AP B EHA & DL B tAR M BISALY SUREESGaPT e (B-4)
s6SUhgeent:prace ssiRg Ehadnsulatiigdayerscaiaycoomprise-Bi@2 (BL-B) 365.
Th{{l/ﬁomdgf %\%%E%%%%g%rgmss% ’S§1Lisl,< ;’?EM: T %a?l[\pcdouu Ee%ftg) 0 Wi«%gﬁ'ﬂécéﬂé—bar) 375,

thigan i5mond(r) (a product of Applied Materials of Santa

anClaraia@alfformads-tow-Kadiefee tridss electrically coupled to a bit-bar line (BL-A-bar)

570. The gates of the pass-gate wansistors 530 and 540 are electrically 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
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and/or other materials, and maybe formed by CVD, ALD, PVD, spin-on
coating, and/or other processes. [00511 Referring to Fig. 5, illustrated is a
circuit diagram of at least a portion of one embodiment of an apparatus
500 according to aspects of the present disclosure. The apparatus 500
may be substantially 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 (PU-1) 510, a pull-up
ol Ansi SIOEERNIIR) S sa-phill:dewn, traxisistoi@DaH. 820 aguutdowns SRAM cells
6{?&? tggﬂéEDr-;z 352.5, a pass-gale transistor PG-A 530, a pass-gate
fansistor Pee- B%S, a pass-gate transistor PG 14 A-bar 540, and a
(0Rass-gale dransistor PGB DaLRAB: lyone.emodiniestdhe prldiprge cell array

transistors 510, 515 are PMOS transistors, whereas. t ull- OWN_ s
it T e S R e S
1NMEOS transistors;ralthoughrotiér configurations &M Os tapd Piioge-charge

ce‘ﬁ%ﬁ%&%@ﬁ? rﬁ‘é%"ﬁﬂ%%ﬂ@&%@@é% theipresent disclaskiern 9@a2]cthRally

sources of the pull-up transistors 510, 515 are electricg}ly coupled to a
|

coppifeic YEERaNFarFa D dretr HEURid] B0 TS APAIRT SF e P g die

ufl-up
mitapsister 5168 eleakrically mbepisddditkersolitcespithe paEmgatbo include
transistors 530, 535, the source of the pull-down transistar 520, ad the,
m{érgtcérsmo%hoe?Sﬁlﬁrﬁ-ﬁoprdﬁoa%%étgﬁ 515 an athe pullidgwn transistor 5(2?%9
Pr&irmiilplyostife drain of the pull-up transistor 515 is electrically coupled to

the sources of the pass- tg(%te,transistors 545, the s Irce 1%5 thgmme having

540, _
(0930 dowrPHARSISESPE B At i?ﬁ%mg%lflé/sagwh% prﬁ) b “Transistor iQ and
 a dhe pulladaviniiransisteizs 20, The dramsitiedpulizdoshitransis o 8gs can
inc?Re ﬁ{';esgxl&ﬁ% iﬁﬁ”)ﬁ%@'&'ﬁlﬁ% %?e@dgf%'@ d=GOMMORc QY $% GaRHARE incorporatad.

(hereafter collectively referred to as a Vss contact) 555. [0053] The drain
romfhe pass-wgate Hransistorhl0ssetectritale eouplethte @ bitdirve¢BLupgantially
oS 1 e o B el 550 .l coue o
celisl écwivatyiconstebitbrastiebar retB1-BHary spEodiments.

[0058] Aspects of the present disclosure may also permit one, several, or all bit lines to be

* 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 Iinés
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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and the drain of the pass-gate transistor 540 is electrically coupled to a
bit-bar line (BL -A-bar) 570. The gates of the pass-gate transistors 530
and 540 are electrically coupled to a word line 580, and the gates of the
pass-gate transistors 535 and 545 are electrically coupled to a word (or
word-bar) line 585. The bit and bit-bar lines 560, 565, 570, 575 and the
word lines 580, 585 may extend to other SRAM cells and/or other
components, including row and column latch, decoder, and select drivers,
control and logic circuitry, sense amps, muxes, buffers, etc. [0054]
Referring to Fig. 6, illustrated is a sche aUC V|e of at | tionof; of
subaieH b BEFERE of ArFABATatti P60 EoREt tate g%r?%r%?%%gé%pects of
ondheRsesant disslasusra Ther apparateis-608 @s@ﬁé@ﬁ\?#@ﬁ?ﬁ@ﬁf (e iHHOR e

the appara 191, 500 gessriRed Abevarnmaynaesach layer and
S8R Qealié}ér tl%or exgr%lp gtg trr?leg%p%ratus 60% may include an SRAM cell

witirayB1 o prising a plurality of SRAM cells 615, possibly arranged in

a series of rows and columns, wh relnagne 18 the S RAMGRHS ent, a
100645 mé@?%e“éﬂﬂf%’ia‘ﬁt%fﬂ}%“ﬁ? fArto t e apﬁa?attgéq%%lggi ;{%eo and/ﬁg 500.
HluGOmpOReBisaneisr featrbs Witainced apwitie SRAM telSE ) Be
regiR RIS S%&@ﬁ@%ﬁgfxmmgﬁmagm&ls@o@g atepnativelyf fisighboriygs

Ehes oF the SRAM célls 615 maybe minor images. 5)95%%}& gggduc*m
hciudes a pre-charge cell

caciliroiveiod SHHAIPA éﬁt@%ﬁé%ﬁfaf}%‘fu% BH0"E1S6
incRUaYin6285GakinABAU ki plexedsBB0 | @emehaimmbyfglemef HpEISaRIHELT

buffers 650, row address, decaders, 660, ong gﬁﬂmg{ﬁapm@&qﬁe{@i&7@plmﬁty
B ST S eSS ny d‘tlgaggo Thepre-charge cel] array 620

of molmmmmummmmt%@nahﬂV&Wtﬁ&l%b?ﬁbé?fégﬁ%srﬁay elec rlcg?y
mcﬁl(agéjﬁgut'gl@%%émgH@l&rﬁcx‘f‘:&];@riaytﬁgniﬂeabfymfmmabm[géira@mg;@;« In cne

word lines, including mul ofts of s ACCHRS SvPANBE: are formed In
"m@i’ﬁﬁ&ﬁﬁ‘ﬁﬁgﬁfé@ﬁﬁéeé?)‘qﬁhralfhtsg%g’bﬂﬁlayygpo m%l%?qugnore or fgwerrof

ihe StigthopmMpRRENISIcANd/araltemarye tBhiBeRaRt, ithif e 8558 oF tHe
sz Rresent disclosure. J00RE]AsPects of thaipreseardistlosyrevinayraioWithe!

ormation of a memory device having a shor:t a d/or thi lne desiaf.in
e BBSETERES, ErASG Tt SF G AL Ca °

ones of a plurality of column multiplexers, such as by co;raspondmc ones of the pluralities of bit

and word lines.

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

present disclosure. In one embodiment, such 2 mf:*hod includes forming 2 plurality of doped

regions in 2 substrate and forming a first metal layer including 2 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 portion of one of the plurality of doped regions and at leasta pomon of

one of the plurality of first conductors. A second metal layer including a p lurality of second

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

metal layer including @ plurality of bit lines each interconnecting ones of the piurality of

transistors may then be formed. A fourth metal layer inciuding a plurahty of word -lines sach

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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increase the sensing and/or operating speed of the device in which the bit
lines are incorporated. [00571 Aspects of the present disclosure may also
permit bit lines to be oriented substantially parallel to the shorter side or
dimension of a unit memory cell. As such, the packing density of cells
incorporating such bit lines may be increased. in some embodiments.
[00581 Aspects of the present disclosure may also permit one, several, or
all bit lines to be formed at the second metal laver formed during the
fabrication process. As such, in some embodiments, packing density may
[Omli ngrqg@@&ggj_ﬂldgm @uﬂﬁmmwmmgmwwﬁw%%@g; illed'in
including word lines. Moreover. a bitlinesiformedfrom
tRE TEESH HSEAT TRy er may ‘b%ér?ggig}%gﬂ%ﬁft%o@tential metal layers, ,
sh@heequantfizelestrienlchRY 6 R FESHE AFRRIEE K URT MEMGHT cef

emory cefi -
mga%geo&ep UEL%M@@H&@@&@@@@%:{?@@&mmmm@nrej@eéowvmg the
conductive eaturespn,t € same me ea er , %d(”@g% 1d al
st AP R AR TR IS Phay bersﬁief g%e 8%%\%&9%5 e
redstbstantiallyparatetdosprinary daresdepan & sesybyTestoreiormieg ="
the same metal layer. (00597, Substantial symmetey ofivatious featareshout

[
isC d ¢ :
dl%ﬁoguﬁ%’e%ory cell may also be achieved,  according to aspects of the

deprEisa ot SCIeBUTeIR 6P B TP THEMEATIPEY Hefined from one or more
polysilicon or metal layers may be substantially symmetric within the
layer(s) and within a unit memory cell. In one embodiment, the features
within each of several layers may be 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 plurality of first conductors each
extending over one of the plurality of doped regions, the plurality of first
conductors |

18



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 lines each
interconnecting ones of the plurality of transistors. A fourth metal layer
includes a plurality of word lines each interconnecting ones of the plurality
of transistors. In one embodiment, all bit lines are formed in the third
metal layer, and/or all word lines are formed in the fourth metal layer.
WEUCh BnCppRrEtDsifmay be an SRAM cell, such as an eight-transistor
SRAM cell, including one of a plurality of SRAM cells in an SRAM array,
wherein the SRAM array may be interconnected, at least indirectly, to
1.onesof arphitality @hipyisdgcoders and/or ones of a plurality of column
uIt'E)Iexgrs, such as by corresponding ones of the pluralities of bit and
aévpléﬁ% &S BB ARRRASPES BSF example, manufacturing such an
appasatussis alsoipiavided i dhtuprasemtdipeipawienitaneembodingate;
uch a method includes forming a plurality of doped regions in a
Em?ubstrate and forming a first metal layer including a plurality of first
conduclars eaohi@xtendingfovphedeobthaplusaliteehdonecreaianss over
therepy formin lurality of transistors each.including at least a portion
onS B 8 LN BHPE? EE SO A 8 IGRSE b bRE e GHE bhife
firptunslity lafdirst conductors. A second metal layer including a plurality of
second conductqrs each interconnecting ones of the plyrality of
tranS St %Wt?ﬂj?yslél%&ﬁ%% AR Fﬁﬂ?%g T9et ?ﬁeﬁﬂﬁﬁ‘i’ggaﬁﬁ}]rality of
intitdineseaghitestannehtiagonesraidheplurality of transistors may then
be formed. A fourth metal Jayer including a plyrality of word lines each
e UNERAHS BHEb B1 0 B Pt S i (BB YAcnes o
thOphatlayerdirfeaisites, aathd/or components may then be formed. 17
[00621 The foregoing has, outlined features.of several empodiments sq
that (HSSLGRTAA Ho T 81U Rk U ot 8 CpaPlETEf es tne
orprasethidisetiayrel (Fnesawskilled in the art should appreciate that they
may readily use the presen .g%sc#osur as a basis for designing or
oCT TS DB 0L aE L L GO AR P E S 9IFE B e
coprirjposemandiar dahieyingiiteof 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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same advantages of the embodiments introduced herein. Those skilled in
the art should also realize that such equivalent constructions do not
depart from the spirit and scope of the present disclosure, and that they
may make various changes, substitutions and alterations herein without
departing from the spirit and scope of the present disclosure. 18 WHAT IS
CLAIMED IS: 1. An apparatus, comprising: a plurality of transistors each
formed by: at least a portion of one of a plurality of doped regions formed

3.in a stibsigieatandfallieast apodiooakatelal gellmlibf alfissines are
canductors each extending over one of the plurality of doped regions, the

coRLRT Bt TIOR3 P i second metal
layer including a plurality of second conductors each interconnecting
ones of the plurality of transistors; a third metal layer including 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 | wherein ones of the plurality of transistors form a
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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 | wherein the plurality of
bit lines are each mutually, substantially 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
6. menohy sgﬂalﬂﬁ\d'mgf alatibStariiatisresiang uharlﬁﬁﬁmy wheieiiseaciehthe

Iural d lines is substa arallel to a long axis of the unit
o REN P b AT AIE B ARG P CBLST O G ek Sy of
phinislinesigost biskanitaly perpeindisatdidadheilonoaxs OfEhentnit sRRMoy].

cell. 8. The apparatus of claim | wherein the plurality of word lines are

each mutually, substantially parallel. 9. The apparatus of claim | wherein
7. onesfethpratarality’ el dhansistetsitosatia o0 tirpRimdity seumambmerem

ch 0 the ity of first conductors and the urallt econd
Sugts? ali éfrge%jgrﬁ I%I%Prﬁ%lﬁ"S??ﬂﬁW?rﬂgg? é‘élﬁt 8?8% }S’I' he apparatus
of claim 1 wherein: ones of the plurallty of tranS|stors form a unit memory
g cell; each of the lu alt ; 0% dret wijthin C?]lh memo%(ﬁell are
'substantia agayl/mn?et? % RBach 6f e ph % ARl ‘f"% UEtars Within the
munitlinesbsiacetiBreasiiastantially symmetrlc, and each of the plurality of
second conductors within the unit memory cell are
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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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. 20 13.
The apparatus of claim 1 wherein the plurality of transistors includes eight
SRAM transistors interconnects to form an SRAM cell. 14. The apparatus
of claim 1 wherein the plurality of transistors includes: first and second

13pull-umérapsisiars ofictband seeeosd pidlbiown jransistoksoanddingss cight

. nd, third, and fourth pass-gate transistors. 15. The apparatus of

SRy trfﬂs\ﬁhoéﬁéi’?ﬁe%ﬁ%%%&? @ﬂr@?%ﬁﬁé@&?nd pull-up transistors are
electrically coupled at least indirectly to a power source; a drain of the

first g[th!!FuB transis%%: |s.electrically Cﬁupked ?t least indirectly to sources

HMof the AFPRAT MOt iash HATE IPARSIBIBRAIE oS B des:

pull-downnt assisio Al gateaidbesecond pull-up transistor, and a gate of
the Sfcond uII-dogvn gansistor: a drain of the second pull-up transistor is
% Btie

electtEHIRPESHHIS QP FFEEEPto Elirces of the third and fourth

passfgatestrangisioiig, argbitinehaiditecaacentspud-sdown 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
15at |ledkst mshnesthy ta' alddwer paiertdial than the power source; a drain of

R S T R v W AR 7 A S A g S SPR
least indirectly 1o a power source;

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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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 lines; 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

gatbe qdluralic@fdvortitinds; gl gaisstofdhecsgcarndARd-tist-paskgate
: i&'ri?msistors are egctricﬁgﬁco?@ﬁd at [l)easj[ 'ﬁdirectly to a second one of
MEBURIRY SRR HIRAL S BIUFHE R Bh R Y S claim 14 wherein the first
and second pull-up transistors are PMOS transistors, and wherein the
irst and second pull-down transistors . and the fiyst, second, third, and
1Gourt B RRPR S PRI RO PHL S an e
PMiaBnrinssereinehedefkihelpl fiatinnoktansisionsdonn onesiaba pharalifyfirst,
of SRAM.,cell SRAM array, wherein AM array is at least

oo v eI SHHEGRAd % B S PEBI o N CHINEERS and &

plurality of row address decoders by corresponding ones of the plurality
f bitlines and the plurality of word lines. 18. A method, comprising;
U ormib SN O S0P PTG % S0bAs BRI TrLe ey one
oflayduril thudirRayplicalityiokirSReovidueiorsRaein exariig onay ana ffast

._the plurality of doped regians,.thereby forming.a plurality of transistor
O i TS & BRI A BT AR PRI Db h BM TR RO ReTo™
addng afdeadira porioregicadmpithe plutaliByeffirsbeORAieoOsid 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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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 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}plurallty of bit lines. 22 19. The method of
claif-18 whihgiReHiRssabrel AEIGra§FeRtransistors form a unit memory

cell $RSh SLAG AR PLdBssaians Wil e it memory cel are

substantial metric; eac uctors within the

unit ragnosy eedl @Eﬂrasubstﬁnﬂaﬂ}écﬁ}fmﬁﬁl%ﬁﬂﬁh oktheRIuRIAQT cell are
second conductors within the unit memory cell are substantially

subytamiatiicsieackitotthe pIurallty of bit lines within the unit memory cell are
substantially symmetric; an ach of the plurall of word lines within the
unit & o% & a’r%faéﬁpbsfeé ifly° i DRMERORY BEUREE coll are
su@@a%@y%wmﬁp ACCESS LINES ABSTRACT An apparatus
including, I one embodiment, a plurality of transistors each formed by: (1)

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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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 lines
each interconnecting ones of the plurality of transistors. A fourth metal
layer includes a plurality of word lines each interconnecting ones of the

plurality of transistors. (FIG. 1)

MEMORY DEVICE HAVING SHIELDED ACCESS LINES

ABSTRACT
An apparatus including, in one embodiment, a plurality of transisters each formed by: (1)
at ieast a portion of one of a plurality of doped regions formed in 2 substrate; and {2) at least a |
‘portion of one of a plurality of first conductors each extending over one of the p!drality'{)f doped
regions, the piurality of first conductors included in a first metal layer. A second metal layer
includes z plurality of second conductors each interconnecting ones of the plurality of transistors.
A third metal layer includes a plurality of bit lines each inferconnecting onss of the plurality of
. transistors. A fourth metal layer includes a plurality of word lines each interconnecting ones of

the plurality of transistors.

(FIG. 1)
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