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BRIEF DESCRIPTION OF THE DRAWINGS
Aspects of the present disclosure are best understood from the foliowing detailed

[0008]
 description when read with the accompanying figures. Itis emphasxzed that, in accordance with

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




manufacture. [00111 Fig. 3 is a |layout view of the
apparatus shown in Fig. 2 in a subsequent stage of
manufacture. [00121 Fig. 4 is a |layout view of the.
apparatus shown in Fig. 3 in a subsequent stage of
manufacture [00131 Fig. 5is a circuit diagram of at
| east a portion of one enbodi nent.of an apparatus
according to aspects of the present disclosure. [0014]
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second features, such that the first and second features may not be in direct contact.




transi stor nenory cell, they are also applicable

and/or readily adaptable to single port cells, cells
having six transistors or some other nunber of

transi stors, and nenory for radi o frequency
applications,. anong others. [0017] The apparatus 100

i ncl udes a substrate 105, n-doped regions 11Qa and -
110b, and p- doped regions 115a-d. The apparatus 100

may conprise one or SRAM unit cells, one of which is
indicated in Fig. | by reference nuneral 120. Each of .
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employed to form the n-doped regions 110z 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




conpri se boron, boron fluoride, indium and/or other
materials. As with the formation of the n- doped
regions 1 | Oa and 110b, formation of the p-doped
regions 115a -d may include one or nore diffusion,
anneal i ng, and/or electrical activation processes.
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SRAM unit cell 120 may have a length L ranging between
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‘ectrode 140a-d may al so be the mfm ate
uatagmmdm 4 0a- dt [$ath 4 mingewiddh 1YY berieiTiPERIT VB O PR &

cleﬂﬁ%q)eg (fuldle d’]rg}tah\teng thg]rgllﬁamn A%Bdéléatrbtﬁs @t@)@lﬁt OKQm%Qe ﬁliﬁmlmum width
I mumspaci ng bet ween feat}# n%%éh
of aghio akct@}ﬂa 040md reintn@ttmxdw reiiog pEGEA pEREH 4T PSP
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equentl f or med ures
manhﬁwteqed slnmnb amqumﬂnmhmw@tuﬁs‘mé iy %PP“tsOpzé}d’r“h 3‘4[)@'0’?51 “Two

or _nor e - ferand b0ktadt €lmilar or
mmmum Sgacmg% £ B}&C@S 15:_:%3{5:9 g} g&ibcl)%gg_ﬂ a%ﬂ?tor ot hert f Ieagjf @J}h ){g 3 i

equmyhahmcnm woith eioned nsrmdasﬁ thgatelaciodsy hftd | RATEUR

' 120. .. F - the cell 120
feam?sl hav T agar ngnﬁémheﬁdmég{agﬂel ectrodes 140a and

002+ Od'r%}; 6 mOk g@& %&!e a&@%&& flltjfb@& b/ MEPER bl 104, 110 end

ate electro Oc--are oriented
11525 dygfonpihirafbdnyres mayraise be P%@Ifqdf“hsfaﬁ%ﬂ]ééﬁ%etf‘?d withia 2 celf 170
. Ford %,M&e%b@ﬁﬁ?cgate%lﬁb?ffaaﬁttﬂe&lade)ﬂe&ycmefma aal 149 athe
cop% regions | |5a and 5d ‘are orient tiall
A oﬁe@bsmsammmwmswxm:tm gaig plgetrodgs d4brad gdlserr qrisgipdstantiatly
&n&l? asr‘g':mgﬁsq 16 i@ GflrS sHgla Eﬁblst@iltliaidy symm.,tncally, the
rica

synne Mbreover, one or nore pairs of
dope eagg:hbb]ralalagi b‘teﬁ brs otigrtedrulstanaall syRBETTHEEY iy doggiopgions
Q RorbdybiiSAd Rinfek fats 6F
1150 mg]gfl}tc[a% Oél\%}tg@%ﬁgn%l zya{rngiagiécgfoo shown i n Fi g. ? Il in a
mew%tnﬂiﬂ%&!gﬂlelﬁo m'dvgenmﬁmfmmﬁeaétmfé accordi ng to aspects
of the present disclosure, wherein a netal g ' 21“ Lin
{0028deerReffm@ Féey arillsnipdia 8 [y pvss{ RfiRp app k! P a8

2 subge &cn@%%l of kﬁ%ﬁﬁ‘ﬁc ccorhﬂ? Itdr'ﬁﬁec%‘%@th@ breBi @15&1&)&&[ ®herein a
8 ng al um num go per, Si | ver, PgSt en
metalﬂa}tBahns hegn formed over various prevxously ormed features. The meta lByer may

include one or more layers compnsmv aluminum, gold, copper, silver, fungsten, tltamum,
titanium nitride, tantalum, tantalum nitride, alloys thereof, and/or other materials. Althouvh nat
limited within the scope of the present disclosure, the metal layer may be formed by imprint
lithography, immersion photolithography, mask-less phatolithography, CVD, PECVD BVD,

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




titaniumnitride, tantalum tantalumnitride, alloys

t hereof, and/or other materials. Although not |imted
within the scope of the present disclosure,. the netal
| ayer maybe formed by inprint |ithography, imrersion

phot ol i t hogr aphy, mask-1ess photolithography, CVD,

PECVD, PVD, ECP, ALD, and/or other processes. The

netal |ayer may al so be forned by sel ective deposition
~ 7 or blanket deposition followed by a patterning

process. In one enbodi nent, the netal |ayer i K7Ed
or iynkenEpaitomaillewed by HiE pRTE FESEE ARSI 61?%“& °

regarding the.f L N-Rfibddhow@ adeerdingltechmpdies of the gate
forrpg %X@FO%H%IFSF&%%%%SF%; one or nore of t.Ee argg$eerg;a?(;i§a
slclpgarisbed sabiovempsgane oy PSS SHFEET Cons “of ©

t| ate_el ectr of 0Rs €402[d00291 The netal |ayer nmay
P“F"E@Ic&‘a%c’sglc?ﬂsqﬂ&tgfedgg%ﬁ%%a-Sl. One or nore of the )

ndugt or as {.he £eBduetar Sn2dfacenihe (eluctermyFIC

[00f ve DeRtsh giyrgpaytlg?%s,, as opposed to subsfantialiy
as i Eoaihgpitrs 2002 Gk S grAy BEVeGTREPEO S ESREUCT or's npq?al_()«li’ -
e Sueh as. t ;%{écgﬁcﬁl 2100 020 cucR is 0 corBoctors 8Kmrpd 2L0d. For
Smfgltﬁ‘gorcrbcna&ﬁ%:l%g?lgz 2 incl

i ncl udes four tuyrn r nds:.in.the
exairiplelitht catietbr 8 hrodindsa four tugsps BHEAL %},ﬁ“?‘ teeg’%ﬁgo?l&é "t he

conduct or s 2103 < BAYA ik hdve aéasOne tiru mmy megyeonnest two
CO‘FF\‘E“@’% ofhét %E%Bgn&gp&&%re ni sal ivgned, ugdggiég[ln(g other
or h@atnitnitsed, Tndpriying fieshuess of e REMEG R VYIS F1 0877 or

ot her at ures ] PG Restiehip sidaAyreisqtprimisy shabeso
. f?%?/ge@ﬁ%g nén_ei%ta[q%%ﬁ’n% %r f oot psr'i nts, shapes .. and/or
andfr e@ss. Fhoscaepanp ks ilisiated@ntiofimeal Pa U SNB6di ent, t he

condyctors 210a; | ) St Rdatudds ldy st Miolnathe metal layer may
Subft%‘?&?‘ﬁ’t}‘?f%#é%éss}l%%&gf%gg Thgpfgat ur es q§§| ned from
alsd ihee Mpinithurh ajdshr abwatequa kawbdased @&ORIAPMIARI dih about

equal to a design rule for the apparatus 100, Odiata
[00T0N0 CFwarmmerod! therendusivm il Ot Dot b o %‘F“%it "gl?é o
1oy S3LUESS: SANIPO LA AemAGial witliny enl 128y Falsonbie A7k Be

‘ Substanti al | y symmetrical within C 120.
celiFi00 ilexamdlieFig i, tivicanduptars 24@4 30d 2306Tq W@ F“g’f%“gﬂ*’.h% ?] g.
© . 2,..th onduct apOhr2dibie@ fuBstattiaip henetrically, ths
SWE% Ieé:fnfd;t:,lctglgs?rlrgrcjea?{?fzcal Ly, tﬁe csc’) duEtor? cgo%s%ﬁ@%‘?dﬂﬂj
. condderdiinIad enddDieame edbntd l@@lﬂ@mﬁqﬂélswﬂ%‘%?ﬂ&t § AR ‘; -
condyctor s, 21 o @Bucird B0f 8d 23 Obst arnicd|shlystantially
are %%%f?qs@?ﬁﬁygﬁ?ﬁge}gg%%’%%t ors ,?flOe and Zé(ﬂ are.
- sym@etreale sdsbibahdmtaral 10g and Fhoker prsgier jubsERRA SHdlct or <
21 O and 21 Ck are oriented substantiall e ‘
{00y Nrelthe mpratatug 10Galep inplades GPMIE DS @i‘@f?% selegrivgly rgfre;eredf “
or.i ed | by S EERhfsioeak hytal 00 todvTEig. 2 20
CDH%Q?QF%%“%%%%’%%{%%@%“%S| udes Qosr? acts of Yias: g7 itis
undéheieetadtirer Adtibiighotisirated/asupiRgige fogaygers +1va m e

" understood that the contacts 270 may lie under the conducters 210a-

conductors 210a-1 and the substrate 105). This convention will be emplo
- and others) may be illustrated as overlying conductive

[ (i.e., between the

yed hereafter. That is,

although contacts (including contacts 270

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




contacts) 270 extendi ng between vari ous conponents of
the nmetal |ayer shown in Fig. 2 and wunderlying
features. Although illustrated as overlying the
conductors 210a-l1 in Fig. 2, it is understood that
the contacts 270 may |lie under the conductors 210a-1
(i.e., between the conductors 210a-|I and the
substrate 105). This convention will be enpl oyed
hereafter. That is, although contacts (including
contacts 270 and others) may be illustrated as
mcm/@i*shc;hl dﬁgtaaomawmtand ewaf feat (e eentactsdgINERU T HEEEHP KB s e

su?sH%tF ?%n (gﬁ'ﬁ)tughdsuch conpits ;ﬂag U@ Snie B isibserkit 1053, under st ood

nore of such contacts nay extend away from
' Cpt X8 b} 5BL LS SIS Etidge dnlifoyed to form the
_ [mbggst?g %%%ggz %ﬁ%Q$ su%ﬁ%coﬁtacts may not cont act
metdh Byswmsmabefottﬁ@ priof @cf@@)anqrhfé teeapta e FIP0Y TRy ™ B
hb @k t% #1028 6y & NRhRYa6 ot dialf dfdikcene
em@%%mmg XPQF%ggéﬁg&m%Hgb %I formed prior to formatiop
prodfss tshertétha Iprolca*;ﬁ@ Empllemﬁiév équ theneg &yvete MY CHBREO S Re
ma %)ﬂ;goon undgxfi J]%ar&rgp% aACk S8 £ QuiBY o PEinkiQb B 1AV i@ the apparatus
g cene ore amascene rocess as part of the A
1001 the Sl sateimpibogiedat e frparsius A0 ineltder fuapeEr-sa Ry SBrRE-
A ypderd #bNomd eBIA 88 tcpull-up
PG&%E?ﬂﬁﬁgé‘a nu PI%PQ?€QES|sto#z included in the €0
trar@ispoar(BUUsnd POE). Table INistsithd igsicpeneaipnempdy s fomagihaV
atus .1 G Hr[qb(pﬁ'ﬁéﬁ 8R4L8 it Fians iFRbOo & in Table 1
cor[(s%pgléf\gtr t% d& alcg%ﬁ%g e bar), two 1puI | - down
 indicatartsd sdstmes of @ I@Dlt@t AHbr P@B@)itefca%ﬂt%eﬁ%F | -'up
transistors (PU-1 and PU-2). Table 1 lists the
i nt erconnecti ons made by the contacts 270 to
GOoL ncnnrh ngJE; orljS C‘L% gco a u:\lnu: d tal[lq%tor ade
|ndlcaté§0@he exi st ence df’® cont det e %mﬁ KES
[Nt er corat@ct i on fdature. M al [aver tHARARPEEE |
Th~Conpmpent f or _1r ansi sdodb Node 410a115&8P¢ ®eibar
- §our ce Zi@ald0aPU |2 gat e 145¢PD- 2 gat @D2l10ailct OWPY- spurce
raim Z g TSCPD- T Sour C¢1dp PG A jomDCrscdie biG-HhieDc?
sotrce 7 5B SOUNTE Alu'qf.elaual-’u- Zldrarn 240hi4Rd. PU-

1 N\l=4-4

jat-e f PR gate—Z J_UUJ_J_:)LM'(B- A-trar SQ-L@;@-ante/PD-l gate

210b . 115d PG-A-bar source
. 210c 140b PG-B gate / PG-B-bar gate
210d 115b PD-2 drain
210e 110a - PJ-2 source
210f 115¢ . PG-A drain _
210g ' [15d PG-A-bar drain
210h 140c ~ PG-A-bar gate / PG-A gate
2101 - 115¢ PD-1 drain
2105 110b . PU-1 source
210k . 115b PG-B drain
2101 ' 1152 PG-B-bar drain
Table 1




210c140bPG B gate/ PG B-bar gate 210d115bPD-2. drain
210el10aPU- 2 source 210f 115cPG A drain
- 2109115dPG A-bar drain 210h140cPG A-bar gate / PG A
gate 210i 115cPD-1 drain 210j110bPU-1 source
2101c115bPG B drain 21011 |15aPG B-bar drain Table 1 9
[00331 O course, other features or conponents may
i nterpose the netal |ayer and the wunderlying features
for interconnection thereof, either in addition to or
in the alternative to one or nore of the contacts
270. Interconnection schenes other than that described
in Table | are also wthin the scope of the present
[g(}g@,]s cl osthuste, olitef-appa mzdomoﬂe@@ oo ymterbase tiemedtal &é(‘?rr?gi; deor
ewer transistors and/or cgQ : | afterhifi®e to one or
nqeply i A 4% & SHBGUR FRY {heffb%%*??%fqﬁ?dé‘f”?‘?%B“??‘eﬁﬁg. 3
motéhdfﬁfetcta@&c@ﬁzms Izrﬁeri‘oa;(@tiﬁn aehamys ofhert then thgs gercabddn ﬁl@%e 1 are also
.shown in Fig. i a suhseque - W86t felver
W‘@éé}&sﬁqpﬁﬁf@g%ﬁ%&}ﬁcﬂ“?ﬁe&%ﬁg@%&r}%ﬁ g}:bsc oaggéﬂe@ﬁi n whi ch
HaRisSRGaNE: conRb@ab7d myan tHesifsoaaiuhbodieent he previ ously
formed netal layer. In one. enbodinment, the second Fie 2
[ooﬂzqg al Réf@?ﬁﬁg 10iF3E. s,unsquaﬁd isalldypusiaw atde @ﬁﬁ%ﬂ@i%ﬁdﬁ g 210
and manufacture: .to the. pr oBRE, @ whidly £$econd
a SURRRIRT F © %Wctlfrﬁffﬁ%rﬁmg ﬁ%\ééstg{):}f?ﬁ%rér&gét%g }I ayer may ;
metaN&YetT Gortedbier the peevioBily Rymairoadal labt tn pqlerf@lb@@[ﬂ_ﬁg) thy RO/ o
" a bit-bar line (BlL-A-bar). 320x, 3 1Dk pR@foudly ftmed
mefaldgyeR's 5’315 iy S E C 2R Oggrtfa%rret a?ﬁ%gt;grtmrlrla; al s%
methiNgleti@gcrived itage |ines, herein referred to as Vss-A
- 330a, Vss-B 330b,"and vdd 340. The Vss |ines ﬁgg ?[‘(ﬂ,
[00830b Thaydendeamivaycomagnduded: i ime BL-4hél GeethipefBt 4D 21V 2

it bty 2 80! 361,406 L0835 0300 S90ReAPhEAdcf ooy
bit-pa, Iéer@g%g%r ?%ﬁ’ 0 agnearor Kmre k%% onent s abqye.the, .
alsoS@MABGHoltage lines, herein referred to as Vss-A 330a, Vss-B 330k, and Vdd 340. "The Vss

lines 330a and 330b may be common or ground lines. The second metal layer may alsg mclude

straps 350a, 350b employed for imterconnection of one or more components above the second

métal fayer with one or more components below the second metal layer.

J0036] Two or moare of the features defined from the second metal layer may have

substantially similar footprint shap .
each of the bit lines 310a and 310b, the bit-bar lines 3202 and 320b, and thg yoltggc lines 330;
uch -

es and areas. For example, in the illustrated embodiment,

330h, and 340 have substantially rectangular shapes. Consequently, the packing density-af' s

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 2 design rule for the apparatus 100,

or otherwise as small as the widths of the gate electrodes 140a-d described above. As also -
shown in Fig. 3, one or moare of the bit lines 310a and 310b, and/or the bii-bar lines 320a and

320b, may be substantially parallel o the shorter side or dimension of the unit cell 120.

{0037]  Two or more of the bit lines 310a and 310b, the bit-bar lines 3202 and 3205, and the
voltage lines 330a, 330b, and 340; and/or other features formed from the second metal layer, ‘

‘may also be oriented substantially symmet‘ripal within 2 cetl 120. For example, within the celll
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metal |ayer with one or nore conponents bel ow the
second netal layer. [00361 Two or nore of the features
defined fromthe second netal |ayer nay have
substantially simlar footprint shapes and areas. For
exanple, in the illustrated enbodi nent, each of the
bit Iines 310a and-310b, the bit-bar Iines 320a and
320b, and the voltage Iines 330a, 3300, and 340 have
substantially rectangul ar shapes. Consequently, the
packi ng density-of such |ines may be increased

120 iBhsahive R 3chayietid 0tmaind dediignslincBAEb fre ataked subseniiaiyd

from e i mum
smbaga Baaue T ohE s TR Gl OeEa a1
symh@ficallyg indhb el sineatios aml 130asrephientsd whdtantidly syrecgaty-

el ectrodes 140a-d descri bed above. As also shown in
[003R8]) 9. T3 amneztarl OWBcandﬁd“B hantdoist360 pxiensting betmaenaagows FoFponents

/or, t 20 be oth ;
or @15k e e P B9 | Y0 PR Bl 0 A e conact
desﬁbétﬁ&ﬁdng mayfbe bh@mpnsda lgeirlz ph@ Gor 1fe@0BT 2 sobaRsiuenily pyried ggntact
orvign b pspbodiiRe B vasaP o hliall A RS g S0,
man@fietu@No Bt Bertact:eA0. siro@s uf &g rfe dlable @riists e infercanmertias Hide

'bet\wxi/ tﬁ? ﬁrsh%éiacionigﬁta %Esl be r%he C%PELHP %Oa%%gtzdrﬁh%ﬁé Yl E’é‘%}%ﬂ“ﬁ‘gg

showd 1h tﬂsg,t p.aE®H rowinFiagle ?:?,ud:ctame ﬂblermﬂemqqef 81@@5@@6 of prher
Ihpe 320b are oriented substantially '
?ﬂmr§9ﬁﬁ%?Flcﬁily the bit line 310b and the bit-bar |ine
-320a are oriented substantially symetrically, and
the voltage |ines 330a and 330b are oriented
substantially symmetrically. [0038] The apparatus 100

SIS RS P TG S Al ¥ (orobieai NU Db VReREisua NoGd!S
Y& 111 St Fg0 Secongi e aIP—-qqygrgjg One

a} he—eBht-act-s % atrerph ot CUS
R R ST S ey bel Bl compribe a D GRLAC S
r eBeiAbTd320as ubs bquent | v—-1105r med coht act z‘h ?g‘ﬁ)mm
one BaAb@Ed0MENt , t he contZ@ks 360 are subsFﬁﬁ%ﬁﬁPlv

ST Mykak (33naconpoki tion andd manufacture toPD’fielr%nt acts
ZTOvEeWRoLT F1 O] 2. Tabhgi 2 l1sts[the  PD-1drain

1t cv&{réd_ CLTons Ilblue 71@?}}%}%’1 the| T IPMSO%g/m@&ﬂ'Cﬁ

laVa¥al

e U e crn Gt > SO0 e T, 1% BT e

iPagtisetasesy BR) ex) st ence 481 2 _cont a Qrfﬁbf}{ '[R{ EQJ‘"L gate
i nterconnection feature. Metal Layer 2 Conponent Met al

Laver | Conponentfor Transistor Node BL-A (310a)
— , Table 2z

=

[0039] Of course, ather features or components may interpose the first and second metal
fayers for interconnection thereof, either in addition to or in the alternative to one or more of the

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

-scape of the present disclosure.
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210f PG A drain BL-B-bar (320b)2101PG B-bar drain
BL- A- bar (320a) 210gPG A-bar drain BL-B (310b)210kPG B
drain Vss-A (330x)210d. PD-2 drain. Vss-B _
(330b) 210i PD-1 drain Vvdd (340)210e 1210j PU-2 source./
PU-1 source Pass gate strap (350a)210cPG B gate /
PG B-bar gate Pass gate. strap (350b)2.1 OhPG A-bar
gate / PG A gate Table 2 [.0039] O course, other
features or conponents may interpose the first and
second netal layers for interconnection thereaof,
[O@IIOI heRcfeﬂ'm’gd(dFlgl pillientairs i Ryeheiewlof &e ArrHS LPYsHB fie. 3 in
of the tacts # gNBSch a third
AR e R L e el
med ﬁycﬁﬁﬂﬁﬁed&f\reﬁ thesepcmﬂsmai ladcrs &l o @méodlm.‘iﬂf 1topsizd metal layer is

! r d¥de ove.
suﬁsﬁgt?a&l%b%ﬁ é:ngcﬁ‘.ltgoH al\}mmanu aﬁ%re%g g}xe I%Lﬁ@g!&%%%ﬁsflate dﬁéeﬁl?fd Qb

" Thelcag@es aéﬁnaa&bmatcetthmemamdmdmmgamépm Iginghug Wéiﬁp%b@%téﬁ‘eal foa

di sc| i n thir e i ol égggdes a-
es&)g«?é}ﬂe?cﬁ C%E%W toél %eglseerag SIP%F%%“L e%ggﬁtﬁin{[@a he 140

d dbpiibd ap@teal | ayer is subst antially similar in

conposition and nmanufacture to the first netal %
[00d S CT Tipahirdheyidayer Fhiedds e atout lgs (WéFA){6. %W@Miﬂ%@" b Hy - 2

. met al so, have M. QYL medWalhe
gropngl wgord h‘@%@% f@d P& FRE 3”63%@5?%2@ 10)d% or otherwi se
feafifes 84TBkY ra@ tielBirdvhetbitisyenhay free g&st@lt@luemlﬁcf@%ml% ehapg

escri bed above. T e e e n@lagtdgg
andfpr greasy For fﬁ(ém?}\?w_m Rge @Lféz}ted QU%QEEA Fu‘.d AE Bf’ﬁl Lv@ﬁﬂ%rn d
and@ﬁ@tﬂi&e\&ﬁfudd Wbﬁldméﬁ&l(]-a}k) 42528mve amraaxagr @efﬁ@g% P%PPPSr ne

Coogf,%lexilt‘? lihcap \#ﬂfs};l{/ af suchelm%ﬁm\g?b@ﬂ {)gagédl%ﬁﬁvedc@ thRediofdiom

stantirally siml ar
desfeROTTRE Irefatu&:s dema fies: theatmdd mﬂtaldmeraswy Fesyhagx appFITaLm Wit phout

equlgalliitlag éf{gﬁ & for e%;qllaar 100,28 3G HeQfise LEnMOL thel G Sor tiblfdte
electrodes 140a-d deseribed above.

[6042] 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

.- symmeirical within a cell 120. For example, within the cell 120 illustraied n Fig. 4, thg word

lines 410 and 415 are oriented substanﬁally symmetrically, and the ground word lines 420 and

425 are 6riented substantially symmetrically.
. [0043] The apparatus 100 also incindes contacts 430 extending between various components
_df the second and third metal layers. In one embodiment, the contacts 430 are substantially
similar in composition and manufacture to the contacts 270 shown in Fig. 2. Table 3 lists the
interconne.ctions made betwelen- 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 each of the ground word lines 420 and 425, have
substantially rectangul ar shapes. Consequently, the
packi ng density of such Iines may be increased
relative to conventional designs. The features.
defined fromthe third netal [ayer may al so have a
m ni mnum wi dt h about equal to a design rule for the
apparatus 100, or otherwi se as small as the w dths of
the gate electrodes 140a-d descri bed above. [0042]
Two or nore of the word lines 410 and 415 and the
ground word |ines 420 and 425, and/or other features
fornmed fromthe second netal |ayer —nay.-alse—be
T hEDI6W: Stibsdhant a_@&@g@rﬁm@m% wi t o Fmsisrdioge 100
= emngl(@m)vmtn n the asgnl 120 il | Pt st @G-A-YR gpte
& Fis) [ TTTEF 4T0 aRgp, 415 ar g opd}&}gangG Bj):iaate
£ i syrfretrcakty, —and t(he OLRd PORA anes
120 ;CML-AAﬂ%a)a.Le D ente;%uum ATt diggg%yeryrp@ glbglafaltﬁy
0043WHH4ahpar at us 100-Af2se-i-retudes—eontacts
430- ext endi ng between vari ous conponents of the second
-and third nmetal layers. In one enbodi nent, the
contacts 430 are subst antl@l‘ﬁ%' simlar in conposition
and manufacture to the contacts 270 shown in Fig. 2.
Table 3 lists the |nterconnect| ons made between-t he,
second and third netal |ayers b d motal -
100¢dd ¢ or @f anerse. Bt KEUEHH SOTRERTS ?ﬁ%mEm%seC@QEengd.smé% r ow
hyéf@fﬂ?ﬁ'@a%ﬂ%ﬁ?%ﬁzﬁﬁﬁiﬁiﬁf@ﬁaﬁ?ﬁE“?“’“Et“’ﬁ“m?ﬁ@* e
thmthe
con@onpih dnfervRingftiop sEi ‘%%CF% ‘E{%‘Sﬁs?st \c?FSB

‘seo c,? A- DALy bisEGuge. W- A (410) 350b- PG A gate W.-B .
%4 50aPG—B gate / PG B-bar gate GAL- A (420) 350bPG A

(0087t € 1h oRGrAvbRfengaiar Qit-dBiie 428 850 aroBngal ey ar°
PG- B-

" configurad tg %fr: shgﬁlctled by at Jeast one overlymg layer, such as the third metal layer or the

second metai layer. For example, the third metal layer may shield ons or more of the first and/or

second metal layers from electro-magnetic int -
ionizing radiation. In one embodiment, the shielding provided by the third metal layer
oft-error in the apparatus 100 by at icast about 25%. In anather

erference, signal noise, signal interference, and/or

conductors may reduce 3 .
ermmbodiment, the shielding provided by the second metal layer conductors may also reduce so_ﬁ-

error rafe in the memary device by at least about 25 5. Moreover, since shielding layers may be

formed by the third or second metal layers, the subssquﬂnﬂy formed circuit layout may initiateas

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 sixth metal layer.

According to at least one embodiment of the present disclasure, employing the

[0046]
nemnts for a given cell 120

second metal layer to form several or all bit lines and/or other compo

can improve speed and decrease the cost, complsmty, and/or size or resultlng 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 ,prc_)vide shielding for the bit lines..
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L Table 3 100441 O course, other features or
conponents may i nterpose the second and third netal

| ayers for interconnection thereof, either in addition
to or in the alternative to one or nore of the
contacts 430. Interconnection schenes other than that
described in Table 3 are also within the scope of the
present disclosure. (0045] In one enbodi nent, one or
nore of the first and/or second netal |ayers are

- configured to be shielded by at |east one overlyin ‘ ch
[0d4ﬂ¥e{ Inl a8 MG, a%mt fvpectshit Itlntel pmaﬁi;qlgzrg nay F;T%fm %%’S’H% Ly, st
met al | ayer. r ‘exa - " ol A¥RIor Bl Ybwer
as syRmEry £ el gprt chs’gggibﬁ)éj r‘%‘{?(?%:t J}gﬂnd/r{'{ﬁ second et al
aybRYEFE. fCOmR@ERL] dnplimgetie dfDRIEPIHEITE B12Y §F FFFYSrC of more
noi se, signal interference, and/or ionizing
SymIBRIRRr Bhand o B &nbodi ment, the shi el di ng provi ded
by the third al 1ayer % PN wBYant 8FBeines to be
‘I00§%f t -%F?eﬁpqcﬁg?ﬁ‘gpgﬁeﬁg‘?maﬁlﬁgglog_ by at | east agiout 2%0/?
shiélﬁbd?dﬁg_{ zﬁ&l‘onll efmdd growtd lingsh alghn@ae@p%@uak%ﬁﬁm fiR b 2‘}9‘ b
. secon tal l.ayer con b £ SOhECHesoi disclosure.
linggy3pgfpr ‘fﬂ%?é‘gf‘ﬂ I]P%emn)ér?ﬁ?&ﬁ%?‘édg&%y?gfpe least about 25%
reover i nce shi L NG L AVBL SRRy, B€apphaisecD byy iche
["Oi%ﬁi r elrﬂ?zjféa&ﬁ‘ds Srr%‘fﬂg nq::[”égélr s, the subseque%%..f.or e
corGldi€@yteotvatinihl anelpr funirt-dextleped groceseih 58" FHEPPIFIR™
netal |ayer. This.| €L AFid WosuBR bior hayiether f or
layqrs ‘Fl@u‘?ﬁtfg%%&i%j?{?hesﬂ&‘g%%%@%ﬁr& Srent i ch the

in embodiments in ‘\fu\lg
ntedofeidn df dysaptarbegiof sithpthar dsviResier sREPSLEN S SIS 3BF6 1

According to at | east: | RO, Rhich e apfaesento is
ﬂcl@lb%ﬁg&ggg%r?mgtﬁﬁi’poaflaﬁ%gmtgr% ghﬁgg(g%lnd metal | a g?f t 0 }1% gr my,
inc&8otREd | In oiic @dodiient, ulipls imtdtco pT B¢ HEF2ED ﬁ‘b%ﬂ@h?essu SR
gi ven_cel | can, jnopr. Sk Eflasay.t he
repedtre o f0pp ﬁ%?%é&r??m%%%ra%\s@z%ggﬁg? es ulng)i%r;}g dev? ces and

' oduct s enpl qyi L€ 85 ind¥M-QRY 6f mor intbreasdl
{D(}%{%rt H@FPEP r%%gégg%%%&%%qgﬁaﬁes and/ or, ot her ek
diclE@nn@ Rt insubming foytrs ericsing iy VBRPUS FORRGE FHEPPRTY o
. netal layer, .the . ' RSk panbsplafaritddeo
R e T T g
provilltasbstantidlly] 0947 durfare facitbseiusn! pr%ﬁ@gaggl“e@f“&a%‘ﬁ PRE™Y

pr.esent _di scl.osur |k Q¥ R oYk dmical silidithigan),

conpeses3) ?VG#SPeaﬁ?ag?&égﬁtS&Lgévgigg p%ssi_ﬁ B¥ p(l;r Oé\jr ngiirlgi K
Blad)IRRSIA®. (@ rodne odAppiied Matsrialap{ Sapie fiare. GalipEHY: PR BT H™ S

- Consequently, .coupling. r.esi QN0 ot @RARd, briline ether
afESEL Y FRURL 570 0Dl e

" processes.

Referring to Fig. 5, illustrated is a circuit diagram of at least a'porti'on of one

[0051] ‘ |
the present disclosure. The appaxatus,

embodiment of an apparatus 500 according to aspects of scl
‘ far to the apparatus 100 shown in Fig. 4, and/or a more completed

500 may be substant_iiilly simi |
. e, or form at least a portion of

version thereof. For example, the apparatus 500 may be, compris

" an SRAM cell, device, and/or array. The apparatus 500 includes ap

a pull-up transistor (PU-2) 515, a pull-down transistor (PD— 1) 520, a pull-down transistor (?D-Z)
r PG-

s-gate transistor PG-A 530, a pass—gaté transistor PG-B 535, 2 pass-gate transisto

ull-up transistor (PU-1) 510, -

525, apas
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symetric for bit and bit-bar |ines. [0048] Sone
aspects of the present disclosure nay also allow bit
and bit-bar lines to be shielded, such as fromword
and ground lines. Also, noise and coupling of/to bit
and bit-bar lines, and/or other signal |ines, may be
reduced or avoi ded by aspects of the present

di scl osure. [0049] Aner the features shown in Fig. 4
have been fornmed, the apparatus 100 may be conpl eted
by conventional and/or future-devel oped processes. For

A Sﬁ%%ﬂaﬁd %ﬁqg%ﬁé RuRktoPBE Blbar b@y &F Gne RYodimerft ghapd-gemststors

| ayer shown in Fi u Lok hne
- 51D E bre EMQEHF@F@%%W‘?%WE Bil{ne %‘b%f’f %f%)s 5 {foa(.‘}é RAI‘S? ﬁatte
trag&;ﬁ&%} e%‘scﬁﬁ) ofs LONPEReALSstort ABAcUE dilger @bilfigrrations of NMOS
nei g orlng and/or renote_ap paraﬂ&ghiln the chip .

and P06 rrangistasy atk withmitkericars 8 thp PrgToRt 9 is

i ncorporated. In one enbodi
o L e
soJr&f(FQféﬁ@d PRAMIRRIY SN TaYd@inGf he pal \ltiﬂrantlytp:e: 1@ﬁs qlestrively

I 00501 Th d
il B S ARERE 310 g g

tra@st @ ENE hndl (RS SHALE (Y phlawlﬂfa&mt&t 6 pmﬂhmgﬂt—&wmtanmﬂmsﬁ 25.
conductive conponents. nsul tin dt ef§Mm§%§m_ ass -

Singtarltibeciiimahthe BHEH tE"éSIﬁ?fl 3t F Bl /g MRy er s P

watpﬁmﬂsﬁﬂ%&d) 224 1t Osouk Sthgilalosy badsamk 52, hzyi tp¢ gxmrof the pull up

surface for subsequent prac sul
rabiges  ahpe PRADYT SERSPOED. FRCP IR M paD b 520, 52
are (el @@aﬂ %@ﬁi% { BodOhGhonOdr \B@mn@bﬁmﬁiﬁﬂr @jﬂlamvclh irgfemed, to a8
B amond(r).( a product of Applied Materials of
aVSaﬁW%dtxﬁra Callfornla) | ow-k dielectrics, and/or

| th t | d ' VR
o L S 2 Ot SV B B

s60R8 ke driifott tBe Frls@ gatOurankibbt556 ri:&tl@fhchlﬁ; caumid to@ibit lige Er- “Bhi6s.

of at_ |east a portion_of one d -
 Thedparib et RECPRAG SO R eRraey LAt B ber) 575
'and%{esd%l?% EpassT i BRPR6AI40 % eieﬁaﬁalr;&yu;bm 8 ubgMeéBWrbax)

| to th t
ROBIERTALLE T Y AT PN T

5802RR ﬁfe%@@of@@p B@%‘A SISO BT S8 54 Dire éleﬁmaﬁy chupled to @word (or
por tion of M ColLs 5oy Con, 30 0 ¢ §teHies S Cs6s may
wordpisen e, B e PutEd ok A e o T AT e b 390

extend B otheRSPMM celiPambilofRtfdrebaponeitt firdJudd Sow mdp:ululrrmclﬂvm decoder,
transistor (PD-1) 520, .a pull-down tr n i-stor (PD-2)

and B2®! driyerseo8tejand logic SRS, STSHHIPK ’@%ﬁs eﬁsag St gate

transi stor PG B 535, as ate tr |stor
[0054] Referring to Fig. 6, illustrated 19? a sclslengatlc view o DRk £ pattio %o}én

embodiment of an apparatus 600 coustructed according to as_pscts of the present disclosure. The
apparatus 600 is one environment in which the apparatus 100, 120, and/or 500 described above
may be unplemented For example, the apparatus 600 may mclu.de an SRAM cell array 610

'.compnsmg a plurahty of SRAM cells 615, possibly arranged in a series of rows and columnns,

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 pf the SRAM cells 615 may be
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A-bar 540, and a pass-gate transistor PG B-bar 545. In
one enbodinent, the pull-up transistors 510, 515 are
PMOS transi stors, whereas the pull-down transistors
520, 525 and pass-gate transistors 530, 535, 540, 545
are NMOS transistors, although other configurations
of NMOS and PMOS transistors are wwthin the scope of
the present disclosure. [00521 The sources of the
pul | -up transistors 510, 515 are electrically coupled
to a power- source (referred to herein as vdd) 550. _
) 0 ones of the SRAM cells
o b P Al R o e o
616 napbe sfror gndp8, 535, the source of the puII-domn

transi stor 520, and the gates of the pull-u i
[0855hns Istho luB I dmiodinent, (he appareiih o404 élfvgidﬁsra myogharge cell array

6261 'c%{nﬁrrﬂuyt 1408 o8H Fean: aﬁfphﬁ% 6B bdpriiRiduf @Fls50 ok 1&(56:55 S

ca Iy coupled to the sources of the pass- & ree
dedorien 605 bisTcs TBUCRONEBES 67 anderor BotrAdf Hs|o8 G {58 Gharge

celt z{r% %'7(§ ttr% Er%% g)‘?ex&g 83(,9 Qﬁ(ﬁ?t oBfer ddodialslmaye eleetneally

SIS or | -down transistor EF d
co@tedutm@c BKAM@llpm}r 6186¥%A phslraérrqufettdrfsbas 2e/orgps l%leﬁ’ému ng

: muﬁ%?ecptoﬂé gf}kéﬂac&%%‘ﬂe?%&@ ehbOEIRRE of teOFRRBus §00 méSso include -
erea

tact ter collectively referred to as a Vss
mosan feact )i BEEOmPOBSB AT RealigmaiYe compefEs FAYEL nteape ofhe

: gor 530 is electrically coupled to a bit line
pm%gﬁﬁé%é&SGO and the drain of the pass-gate transistor

[(}Géﬁ 5 i sg@ét@&fttﬁé &%Ezﬁtﬁisg%ﬂl&! 85 A18wahd¥dmatibA6r a(ddmdBy bG5B having -
in of the pass-ate transistor 545 is . :
a shefteud/eri tyia bit jine draigh € Sevae emhsinaisy depiepe s ongdh gyt lines can

‘ mer@%é the 3%91 LRGordp3hth @’{»ee& BEHP AS S SRy BicH 1habis lisds are u'iﬁaﬁaot:ﬁed_
ectrlca 'y couplea o a bit bar line (BL-A-bar) '

[00‘:"3110 AP OFtRrQfn HRARNATSryGRb Gerntit AITELSH Gt 5ridn8ad salstintially
0 are electrically coupled to a word I%nﬁ gof‘
parallpigo Grshastepfdy HATIFATLE R8I FIETRY] St oPE U8B SM aPﬁgﬂ%%%m%{

cense;h&ﬁcrrétﬁ@sﬁdﬁ HROHR! 2 bh DicRa kot lembydnehtbar ) | i ne
The"bit and bif-bar |ines 560, 565, 570, 575 and.

[Oﬂgﬂhe IRh&tsl of R readdifiisddsdbre Y als@ ;ﬁ&rﬁ;ﬁtﬁnz Gzvatah) er alBRAles to be
L NCl udl n

Il s and/ or ot her. conponents
o PRSP e B e DR sty &S e sy
embBAeht® Phdkirpl defditl by be ﬁeeeea, am)me bit Hikx emy bbsbidded by omrbrm,;
7100541 Referring-to Fi g %ﬁsg ﬁﬁ ed is ? @%Q%E
 lines, inglydigs ward Hogn OraO‘f'ﬁfthFFIBﬂdlaﬁ 56 (TER T
metA PR RL NS mBRQ c@rﬁﬁﬁﬁﬂok&ﬁﬁa@ theACR O (Ilﬁsdq&erﬂ§,mtrﬁalof t he
present di'scl osur.e. appar at us 2%8 bit lines

- chargsiapistics @ PATELTURT S léﬁnctfh@”d%%é’reé't‘tﬁ SYRBEHC. o Fiy i ine

" may §19(9 bA8SGdeH lB? gocﬁ@&f\(@ feattRY o @e b i@ Myede. e ok sﬁ:&ﬁmﬁb\‘ﬂl

t he apparatu i ncl ude an SRAM cel | arr

layerd oy kasig e bﬁrhersara% shppidagronriie eﬁrSéS%itsﬂﬁa%%ﬁﬁ% S? brimary
axes BF £ Dfitks) E}faat&%rﬂm%%d‘?rfthé o il 158l s,

10059] Substantial-symmetry of various features in a meImory ce 1 may also be achieved
accordmg to aspects of the present disclosure. For example the features defmed from one or
more polysilicon or metal layers may be substantially symmetric within the layer(s) and within a

nit memory cell. Inone embodiment, the features within each of several layers may be .
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wherein one or nore of the SRAMcells 615 may be
substantially simlar to the apparatus 100, 120,
and/ or 500. Conponents and/or features within each of
the SRAM cel |l s 615 maybe 15 oriented substantially
symmetrically. Also, or alternatively, neighboring
ones of the SRAM cells 615 nay be mrror inages.
[005] In the illustrated enbodi nent, the apparatus 600
al so includes a pre-charge cell array 620, columm
mul ti pl exers 630, sense anplifiers 640, input/output
buf fers 650, row address decoders 660, e or re
sub&ﬁﬁﬁl[y@yin&ﬁ&c 6FD exanpde, ania thﬁr@fﬂ’@ﬁl@“fﬁ%j%ﬁsﬁé’gf?%ﬁﬁ% %@%ES of
char ge . LAY o104 1642 1okt layer(s), and/or the
'oneﬁ{ﬂﬂf“fﬁf@%?@g%e@ﬁn%g d@%f" of her. eco}tr%:'ponents g gga -
ﬁrsteéee&ﬂrdnafa} thitd metollipteadnaydesrhstagRAKFERNFNGY LY 36} (VB
plurality of bit, bit-bar, and/or word I|ines,
Withih g Rpfdp ‘?ﬁ‘é’ YRt pl e ports of such access lines: Ot her
ts of allds g{@mn@h(ﬁ@ innak ud‘eodunent a
fﬂo‘ﬁ‘;‘b % EWeEF“n Cgl%s B{% onﬂenn?‘g!,!r and/ @F‘?ﬁ rngtive
plurGl0yTpanesiitas cash fonier uyhél)sfcleqs‘éa RSFLIOPIRE Oner?l? BB o 4P
di scl osure.. 993 86 SpPfonlohEnet € sRALitydif Siek codnators
regiopg JOrmFY B ° fllf‘f‘Lrat grg%'(a’}fgon of @ 0rr;error&y device having a
cactSh@htingner @ of i plublity of densd gstong e PiuFR ISt cO1 .
mbodi decy Ny GBRAES furakhlr}foﬂsd:cﬂﬁtsccmﬂunmrs
md‘fdﬁ‘?:l‘lé’ﬁgﬁteﬁ’ lageéns%%gh%%a[%or% oper at |agg speed. of ‘the .
eachd@ic@edting whtis obit plerabiytof Irimsisrsa AdhThEeR o ERPEEdes 4P y
g ects of LD Al o £S5 6468 UA Gourynesd] $ayer
of bi B?W%Chmt{gcqﬂfl??m 5 %Q{)ﬁ?@n ed subst antLaI h’éﬁg‘a{ al lh%ne
inciddes 4 feralith of wend lisds deshonterdiraetias oS of Dap Y
uch. Athe 09 AeNGid Yan@br alCdrl fines are Iormed in
emb?ﬁ@%&@?’&?’f‘ﬁgmm ed%?t?nghl nes rmy ’}k;ag incr easeg%t n.SQe
the f&ﬂdﬂﬂﬁldcmt:rs Sug0D 58 jaratesRaytbs 2of e R T
| er mt K01 cenOh skt AR diray, Whaem th@smw
SRAS%%/%’&‘%?“E U”é@ y%?%’lg‘l Iogyer f or med durlnﬁ% 1€ 4/or
arrayl B eQ@brtomequiog m indivectlyyiorpnesion2 BETRELY of YL IR 2
‘ in O TN o] 7Y T -Ta I@ﬁ:dohkbenfhietpldmlmesof bit
_onﬂsﬁg?lglﬂ’@gté’ﬁ?%qﬁ'g%%m% o‘ifgsf ll351'f{'ﬂng§ya:§| nes, incl udi ng word
and WérB@Ses. Mor eover, the shiel ding of the bit lines formed
fromthe second netal |ayer é conpri se onsot %némme :
[Onsgot entmeﬂ:lod nﬁifcmlexalu@jﬁem@uf@%ééﬂﬁ Pt Rparp BEEP POAl™

- ct t st HIY' f yd
egicElinel sdl&d'atbynﬁonmilm otmeftad Ay e u

= (e tlurgm;» e ‘ﬂd bl therb3MBiing Eﬁlﬁraﬁxaﬁwmsm
Xteqdﬁéoﬁ?r “?%ﬁ%esp gic E ljg?ded on two sides

each (IR WAGE aittdsed ;boytmpaf artelog fhepburadity afelpgpd regions Snd at least a portion of

one of the plurality of first conductors A second metal layer including a plusality of second

conductors edch interconnecting ones of the plurality of transistors may then be formed. A third

metal layer including a plurahty of bit lines each interconnecting ones of the plurahty of

.-transxstors may then be fonnf:d_ A fourth metal layer including 2 plurahty of word lines sach

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

_ and/or components may then be formed.
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axes of the bit lines) by features forned in the sane
metal |ayer. .10059] Substantial. symetry of various
features in a nmenory cell nay al so be achieved
according to aspects of the present disclosure. For
exanple, the features defined fromone or nore
polysilicon or netal |ayers may be substantially
symetric within the layer(s) and within a unit
menory cell. In.on e enbodinent, the features '"Wthin
each of several |ayers may be 16 substantial ly

[ ooing hast f RBvdrd) ememﬁmzmmmas those skilled in
[Oﬁg%g‘gﬁthﬁ goac o ng has %ﬁﬁgﬁ EatuftS of Bv

6ve features of
the d@m@ﬂbaﬁagm@xstmy@qaqucﬁ@f glﬁpgseg]t deleo[lorssrg e‘f*;%srer%%ﬁ’ed thterf]ﬁ

nt act ! £k BR fmcsdsureaexmaxsl forainsdma or
ShDFIEF?PE"% aIY?hI gye Ise%r}g(/lgbe Eu%eélt a tial '?}g}?&é% mﬁH&mwmg the
' moMfytdgloﬂlem@dassbwérstrmﬁdes\@ltqﬁFﬁn%O “tHe P

a.mgﬁcgngtgges th 5 ébuo Snogfs%ﬁ)ﬁﬁceg h&6ih OShtseskiilied ﬁlDﬂiBl ere shogld also

[ I'ng, 1 n one enbodi
rrsalﬁf: tha sﬁﬂqusmlﬂBIS C@&b’ﬁﬁmmmt fppart %@5‘ H‘gfplpgﬂélg tsgoge B%Jrhét: {:%s;nt_
one HEORE QubstiRgbre 8d fimrare hergingwithout
m“@ﬁ%@ﬁ?%&gtﬁg' EL%KB%%st a portion of one of a
dephidl fedni thy spixit ahil scope efdrdueseBIAEClO®Ech ext endi ng over one
. of the plurality of doped regions, the plurality of
first conductors included in a first netal |ayer. A
second netal layer includes a plurality of second
~conductors each interconnecting ones of the pfurality
of transistors. A third nmetal  |ayer includes a
plurality of bit |ines each |nterconnect|ng ones of
the-plurality of transistors- A fourth netal |ayer
includes a plurality of word |lines each
i nterconnecting ones of the plurality of transistors.
In-one enbodinent, all bit lines are fornmed in the
third netal |ayer, and/or all word lines are formed in
the fourth nmetal |ayer. Such an apparatus may be an
SRAM cel |, such as an eight-transistor SRAM cel l
~including one of a plurality of SRAMcells in an SRAM
array, wherein the SRAM .array may be interconnected,
at least .indirectly, to ones of a plurality of row
decoders and/or ones of a plurality of colum
mul ti pl exers, such as- by correspondi ng ones of the
“pluralities of bit- .and word Iines. [0061] A nethod
of , for exanple, manufacturing such an apparatus is
also provided in -the present disclosure. In one
enbodi ment, such .a nethad includes formng a ‘
plurality of doped regions. in.a substrate and fornlng
a first netal layer including a plurality of flrst
conductors each : . .
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extendi ng over one of the plurality of doped regions;
thereby formng a plurality of transistors each
including at least a portion of one of the plurality
~ of doped regions and at |east. a portion of one of
the plurality of first conductors. A second net al
| ayer including a plurality of second conductors each
interconnecting ones of the plurality of transistors
may then be formed. A third netal |ayer including a
plurality of bit lines each interconnecting ones of
the plurality of transistors may then be forned. A
: ﬁ&ﬂﬁUBKH&ﬁﬂEﬂ S:ayer including a plurality of word
-lines each interconnecting ones of the plurality of
t r knsi SYGPBEHEY ‘UK Be formed. O her -1 ayers,
feQBM{a of ARy eagtOlpeddpt S may then be formed. 17

he foregoin feabAlfeneain Saberasat and
enbodl ilest 2 BY T 9?%‘35131&5&% flraiggedlrﬁEﬁ the art ma

bet ter at-’f@%%?_ Jrashroheofaphedisofdist consnppE Sah; exten Xg over onte
di scl osure- Those ski ALdnduidoHkRlded in a first metal
apﬁﬁ%ﬁﬂﬁ?@yPﬁﬁ?a{%@thgpr%aaﬁﬁgﬁuse the present
9&osure as a basis for designing or nodifying
ot er processes and strugtures for. Galsyend ttonhBeing ones
. s arveecond rpsE By erdndge é’éLﬁa ?fﬁsgm]t;ﬁ "same advant ages of
of&&?ﬁmﬁ Ahedhmeds i ntroduced herein. Those 'skilled in
e art should al so LS UGB cSdtibaloestof the
coh%@ﬂ@@%l%ﬁ%”ﬁ@dﬁe?p % (§%¥%%%]% e spirit and scope
thﬁfthﬁgmﬂ&§§@ﬂg dlsclosure and. that they may nake

varlous changes, ubstlt lo SlealbhsndRESi Mhe
Wi ¢ foout metldpir tﬂFllL}é‘ﬂ$ # BIHF Heé Qgﬁd?ﬁtgs %!r:% scope ofgh?lh e

pméﬁw%yaﬁmﬁgéclosure 18 WHAT IS CLAIMED IS: I. An
apparatus, conprising: a plurality of transistors each
formed by: at |east a portion of one of luralit
doped FEQh MRS s bifhadyiierireonsuiitaparelity aﬁa lingg 21 & ‘t°
portion of one of a plura Y I, @ﬁamaach
to sheokd eomaipaRfiRaATIes Jfil PIgRIY ﬂ%eﬁrf)tlcﬂl?d;l ﬁsyaﬁ %%hggope regi ons,
comcﬁlggmplurallty of first con uctors included in a first
netal |ayer; a second netal Jayer including a
plurallty of second conductors each intcrconnecti-n y
a,q ones-ha &Tpafaﬂl@ ofdid#al viHeptinafned afsimgilgtigy of transistors form a unt

memory-cell having a substantially rectangular shape, wheram 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 Iincs..are each mutually,

_' suinstantially paraliel.

5 The apparatus of claim 1 wherein ones of the plurahty of word lines are

configured to shield corresponding ones of the plurality of conductors.

6.. The apparatus of claim 1 wherein ones of the plurahty of word lines are

configured to shlcld corrcspondmfr ones of the plurality of bit lmes
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athird netal . layer i ncindingr a plurality of bit
i nes each interconnecting ones of the plurality of
transistors; and a fourth netal |ayer including a
plurality of word |lines each interconnecting ones of
the plurality of transistors. s of the plurality of
bit lines arconfla -d 2. The apparatus O claim!|l
wherein one Mur to shield correspondi ng ones of the
plurality O fM conductors and the plurality of
second conductors. 3. Th e apparatus of claiml
‘wherein ones of the plurality of t Misistors forma

unit -menory cell having a substan rec
shape, - Theeppirstus dalghn bivhersia opisgf BF P{“ﬁ&f Xftﬁﬁafls‘#““sr 9’8@ i

Subst ntial LSRN wieleBNAckSe draltth of wm fines
MRS Vm’FSM”%%hmggggratusz%f re in the plurality of

s szbﬂstanﬁaﬂm psalit ® Bargrxef appjmemory clhi m | where
substantially parallel. 5 ~ The apparatus of cIaimI

‘wherein ones O the plura-l1itY. O word
coaf i gutte aptaversshuif elbigh Twherels pshaf g PYREY ‘B° it i & A  Sibstantially

. | it o 8 fhe apparatus 'Claim]l
'Per%ﬂ‘g?'@rﬁo héss Bﬁp?‘ﬁ‘g L%thr?eaomc;' of word Lines are

conflgured to hield . <correspondinlcl, ones of the

ral |1L%ﬁofarat%+5t 0{ :ne Ilsxﬂhcjr«gn the p Eﬁgtmmaﬁ@ﬁﬁbs a1@ ach maituwlly.

mh T ei rality of transistors forma
substatiflly pamiteir y cel | haV|ng a substantially rectangul ar
shape, wherein each of the plurality of mord lines is
substantially parallel to a Ioa& axi s _of - th y gnn unit
MEEmr y Thekppaidae oapgaarlawwuwneep hewlyralifyel Jé’?fﬁls Schot
' the pluralit A st ShHIS taR tah @k Plurality of second
-In“%%¥§§'%93ﬁ?h ‘?ﬁkpkgﬂgégf?ﬁ of the unltynennry ce
conduciQrs islée oapparmorsmagd @ndrciotsyvher ein the plurality of
word lines are each nmutually, substantially parallel.
10. The apparatus of claim| wherein ones of the
pl ur.al |1myap]farattmaﬁ@u®tlov@rﬁﬁlbr ma unit

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

each of the plurality of doped regions within the unit memmory cell are substantially

symmetnc, .
each of the plurality of first conductors within the unit memory cell are substantially

syminetric; and _
each of the plurahty of second conductors within the unit memory cell are subst

antially -
_ symimetric.
12.  The apparatus.of claim 1 IIWh‘erein each of the plurality of bit lines within the unit

" memory cell are substantially symmetric..

13.  The appafatus of claim 12 wherein each of the plurality of word lines within the -

unit mémory cell are substantially symmetric.
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menory cell, and wherein each of the plurality of
first conductors and the plurality of second
conductors is one of a pair of mrror-imge

conductors. | .. The apparatus of claim1l wherein.
ones of the plurality of transistors forma unit
menory cell; each of the plurality of doped regions

within the unit menory cell are substantially
symetric; each of the-plurality of first conductors
within the unit nmenory cell are substantially

~symmetric; and each of the (ot §
calduc Toe @pﬁatuﬁ pirlapd Whssn LEE&B‘% s1st%%cir9ﬂgles el RAM

transllsyc?a&ﬁﬁ‘)flﬁl‘ sYo foﬁrymm%eﬂ 12. The appar at us of claim

erein each of the plurality of bif lines within
the unlt menory cell are substantially symetric. 13.

p| ol Eﬁé ﬂ)%?étu?gfc%rﬁh Rnbiin tAh@ielitn o Bzhkisiofs indudes:
u I

lines within the wunit nenory cell
arf‘estaub@pmHUQiuPVa@WPﬁ%trl c. 20 14. The apparatus of

Cl&%%%ﬁm%r i1 RodNEarBkidtalidt y of transistors includes |

ei ght Rransistors I nterconnects to farm an SRAM
c efbrit, seddpd, tind a@bfpmfb&aﬁ%g%?“ﬁ?f“g?% |- wherein the
plurality of transistors includes: first and second
pul | -up transistors; first and second. pul | - down

t f&nsi Eheapgaraamef claim §1 WhEEEond, third, and fourth -

PAs T3t fic AR s Bull - &Brandiners appReEtally cofplel alentt 15
reirn: sources of the first and second pull-up

mdmcﬂmmr@tzvg:r@war,e electricall y coupl ed at |east
| Q%ﬁfgftt%é’ﬁrts ufl- o) BYRIstcP Qe Rically celiipiddnat ehist irtdiedtly fisgources of

ransistor is electr]j oupl t
the m‘snzdldrsgxgndl gass—gatg@ms]ér@§ FHFOUICE ﬁgﬁ? hs’éptuﬁ cfé% grg%sgsﬁﬁé aeﬁLS' of the

| sebo:{ﬂ B8 ﬁgrﬁls{&aaﬂéhﬁt%ﬁhe RedRBGIC ovaf tranbietof, i r st pul | - down

Fans stor, ‘agaté of the . secan puI hegaplea#%é‘lc%wmmces

amdram @alliessg:fnd PHEUR EESET ﬁﬁ]ﬂFtn
of the third and fourth pass-gate trans1stor.s a sourcs of the second pull-down transistor, a gate of

the first pull- up transistor, and a gate of the first pall-down transmtor

drains of the first and second pufl-down transistors are electrically coupled at Jeast

| md:lrectly to a lower potential than the power squrce;

- a drain of the first-pass-gate fransistor-is electrically coupled at least mdirectly foa ﬁrst

one of the plurality of bit lines; . . ‘. |
a drain of the second pass-gate transistor is electrically coupled at least indirectty to a
second one of the plurality of bit lines;
a drain of the third pass-gatc transistor is elecmcaﬂy coupled at least indirectly to a third

one of the plurahty of bit lines; ,
. adrain of the fourth pass-gate transistor is electrically couplcd af least mdirec:tly toa

' fourth one of the plurality of bit lines;

gates of the first and third pass-gate trans1stors are electrically coupled at least indirectly

to, one of the plurality of word lines; and
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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 pall-up -transistor, and a gate of the first
pul | -down transistor; drains of the first and-second
pul | -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 coupl.ed at =1 nd] Ly cdu@led af ledsst
on&3e¥ Uftﬂﬁéecﬁf“g ?“gﬁ]?lfc&aﬁ)sf—g%% t?aﬁﬁ%t%rgeg? lEﬂg&gl r aly n ugf t he

| indiSLEPNY sRASEBAL B plusalini eftvard iinss.el ectrical |y coupl ed at
least indirectly to a second one of the, plurality of
bit lines; a drain of the third pass-gate transistor
i 518l ectk kgt ot albipl Bdviateil Gast aheRcondafy P FEFIThHTF d
gne of the pl uralt{l%%rﬁtogndgei:cknd Ijuﬂ- wn Bar@fs@Fshin® fhe AR, second,

PMPS fipsiopadd “YarsE ststor i's electrically coupled at
 thid SRStk £ thasidtars are NMOS trmsistas. of the plurality of
" bit lines; gates of the first and third pass-gate

transistors are electrically coupled at. |east fa
i NGl T eCiink Yppatafus 0N@ainf | Winecipbnes of thapyuraffty WoF@SIFIPHES™ AR g
21 gates of the second and t.hi Sradal £1hd dATLALOr S
plur@iméofeﬁFé‘é\f[PqUégrﬁﬁ%@g@f;F@’de%m g{ggg |‘noEIl|9r ectly to a .
interSSnengh t@asmgﬁit}fdﬂ_eomthﬁmlﬂpiesc?reﬁndﬁgi%w afeay SSWSS ‘ﬁ“Fg Y
apparatus of claim 15. wher ei LAk staaig secon
GUH??BWW@“?W&H@ipglf%‘FYsG]fi}tiﬁegﬁl{‘/E%g%r ans i st orrs, and wherein
the first and second pul | -down transistors and the :
first, second, third, and fourth pass-gate ‘
~ trkhsi StBFROGFEARBE transistors. 18. The apparatus of
o cl gt = Wheke Jf dgResegiont itdsebypiigral ity of transistors

formone of a .plurality of SBAM:cs SuctoR: 36h SRAMng over
ar forying phwt w1 %@m%ﬁg%%}‘%y is aféo egsot, i ndi rect|

one bﬂﬁceﬂilﬁ'ﬁlﬂ? eedopel fegom, pbitbpfortpg oplurlly QR S Bapelpding at

and a plurality of. r address Q A0k of f it
leaste@prtion pbaichle BHJ@&%? \é/?fﬁ’ rﬁ“ﬁ?%ﬁgﬁfgfggé 1§c’bi t 1ines and

- plurdifdforPik E@kildts,0f word lines. 19. A nethod, conprisi ng:
. f ofrorrgiggg a s?_achld%e%all Ilat r Igglut%?gp aepqmglﬁgbﬁg&ﬁ& BonBudsb §atcf1 at e;
.interconnecting ones of the plurality of transistors;

: forminc.r a third metal layer including a plurality of bit lines each interconnecting ones of

ﬂlc.pl'urality of transistors; and _ -
" forming a fourth metal layer including 2 plurality of word lines each interconnecting ones

‘of the plurality of transistors.
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formng a first nmetal layer including a plurality of
first conductors each extendi ng over one of the
plurality of doped regions, thereby formng a
plurality.of transistors each including at |east a
portion of one of the plurality of doped regions and
at least a portion of one of the plurality of first
conductors; formng a second netal |ayer including a
plurality of second conductors each interconnecting
‘ones of the plurality of transistors; formng a third
nmetal layer including a plurality of bit |ines each.
interconnecting ones of the plurality of transistors;

an%ofor cﬂ&mﬁﬂ ﬁHﬁgugdgnllayer including a plurallty

wor d"T'i'nes eac |nterconnect|n%ﬁ qﬁe .of the
pI uﬁalolftbypbrfaht}r@fn@%ﬁt%%@méz‘mﬁﬁ‘m &'het hod of clggmrn
- 19 L0 a0fedt-hg i bl it efembryae kstsarssntiaym
a GA° mﬁgﬂ%@l %aeéhh of the plurality of doped
'gmmeghons mnthln the unit nmenory cell are substant|%%$y
I dRe-ti Wih ifeYin@ fnefibiysll e mewEicls
Fﬁ ﬁ¥%ﬁBMHﬁﬁﬁgﬁgﬁgry cel | are substantially
gmﬁ&ﬁﬁﬁtrlc, each of the plurality of second conductors11
- within.the Sn@&tdrs Wifen S bt @ethdrgktlyare substantially
- ﬁﬁ%ﬁf%ﬂ mﬁﬁbﬁ H?%enpluﬁzllty of bit lines within
symhhﬁmunlt menory ceII are substantially symetric; and

cach, OF 1L b R syl it
neﬁ%?ﬁ e su stantla |y synnetrlc 23
and _
each of the plurality of word lines within the unit memory Cffll are sub:s_ta'.ntlally
symmetric.
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