1 SRAM DEVI CE HAVI NG Hl GH ASPECT RATI O CELL BOUNDARY
CROSS- REFERENCE  This application is related to the
foll owi ng commonl y-assi gned U. S. Patent Application,
the entire disclosure of which is hereby incorporated
herein by reference: "INTEGRATED CIRCU T DEVICE. WTH
CROSSED POVWER STRAP. LAYQUT," Seral.No. 60/527;857, .
filed Decenber 5, 2003, under Attorney.Docket No.
24061. 153, having Jhon Jhy Liaw named as inventor.
BACKGROUND ~ ~ ~ ~ . The present disclosure relates
.generally to static random access nenory ( SRAM ‘
devi ces and, nore .specificalfy, to an SRAM device .
havi ng a hi gh aspect ratio cell boundary The physi cal-
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permts nore conponents to-be fabricated on each Chl p,
and nore conponents to be fabrication on each silicon -
waf er, ‘. thereby reducing manufacturing costs on a

pemgggmmtm chi p basis: Increasing_the nunber of
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have tnavngmermynracernmsemmhed SRAM al so provi des

-~ faster acCess to data than DRAM Thus, for"exanpl e,

. SRAM is frequently en‘pl oyed in a conputer's cache
- menor or_as part of 'the random access nenory
di@ﬁﬁ@mal 0g converters in video cards. :
‘The present disclosure relates generally to static random access memory (SRAM)

. devices and, more specrﬁcally, to an SRAM device havmg ahigh aspect ratio cell boundary

_ : Thc physxcal dlmensmn ofa feature ona Chlp is referred to as “feature size.”

: Reducmg the feature size'on a ch1p penmts more components to be fabncated on each- chlp, and ~
~ more components to be fabncatlon on each silicon wafer thereby reducmg manufactunng ‘costs
ona per-wafer and a per-chip basis: Increasmg the number of components in cach chip can also "

o 1mprove chip performance because more components may become avarlable to satlsfy functlonal

: requlrements

SRAM devices are one type of devrce that may undergo such scahng to reduce :

" manufacturing costs. SRAM i is random access memory ‘that retains data bits in its memory as



However, SRAM i s nore expensive than other ‘types of
menory. Thus, -SRAM designers and manufacturers
~continually strive to reduce the costs of
~manuf acturing SRAM devi ces. The scaling of features
si zes di scussed above is one of the neans to achieve
such cost reduction. Howeverj, scaling feature sizes-
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a§qo cts of the present disclosure. Fig. 2 illustrates
maigclIBetosti ew of the SRAM device shown in Fig: 1 in a
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subsequent .. _  -stage ofmanufacture: ~~ ~ 3
Fig. Sillustrates-alayout view of the SRAM device

CRIPTION oF THEDBAWRGSgent  stage of manufacture.

— —FTg. O 1. a circuit "di agram of another -
-embodispettof ¢ prsenSHsdidste wiedest uadsostod oy thofolepias defaikr

t he present disclosure. . : . . o
descriptionpwhen read with the accompanying figures. It 15 emphaslzed that, in accordance with -

the standard pr_actice in the indhstry, various features are not drawn to scale. In fact, the

-dimensions of the various features may be -arbi’trarily‘inérea'sed or reduced for clarity of
discussion, ) | ' |
Fig’.‘ 1 illustrates ‘a-.'la'you_t view of one embodiment bf an SRAM device in an
intermediate stage of ﬁanufacture ar.;cordix_lg' to aspects of the present discloéure. '
Fig. 2 illustrates a layout view of the SRAM dcvidg sho_v;/n in Fig: 1 in a subsequent -
) stage of maﬁufacture. ) ‘
Fig. 3 'illustrate;s a layout view of the SRAM device éhowﬁ inFig. 2 m a 'subséquept
stage of manufacture. | ’
| Fig. 4 illustrates a l.ayout view of th.e,’SRAM device shown m F1g3 in a.s"ub'sequ.ent

“stageof anifacture; T



Fig. 7 illustrates. a circuit diagram of another _
embodi ment of the SRAM device shown in Fig. 6. ~. Fig. .

8 illustrates a plan view of a portion of an SRAM -

devi ce manufacturing wafer according to aspects of

- the present -disclosure. DETAILED DESCRIPTION " It is

to be understood that the foll o;ﬁsng di scl osure -

provides many different enbodinents, or exarrpl es, for
i mpl engey. SElglstehta‘sfaeayemtvxévea‘itherMﬂcwmrShwsn Fig. 4 in a subsequent
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conprising an epi taxi al semi conductor |ayer on an
insul:ator |ayer. In one enbodi ment, the substrate 105
may include an air gap to provide i nsul ati.on of
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a particular one of the active regions 130a-e
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i mplant ions i'n regions of the substrate 105
~underlying the oxide regions, polysilicon |ayers,
and/or silicide | ayers discussed.above, when enpl oyed,
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8 The unit cell boundary 125 for each SRAM unit cell
120a-i may have an aspect ratio greater than about
3.2. The aspect ratio is-the ratio of. a |arger primary
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‘ t 7 oS i, vethl Bijicide, Si0s, nitrided SiO,,
ab $°¥Q’ﬁﬁ8§;a}?@a§g§%eﬁwgﬁss as part of the

_ processes enpl oyed to formthe netal |ayer. Many of

the contacts 270 | and on underlying features to

del i neate a nunmber of transistors included in the SRAM
device 100. in the illustrated enbodi nent, the SRAM

devi ce includes two pass-gate transistors (PG 1 and

PG—2) two puII dovvn transrstors (PDl and PDZ) t wo

o . mm g e f-




10 Metal La er Component. Under]yinQ _
Conmponent Transi stor Node. write port word |ine contact
210gat e el ectrode 140aPG | gate wite port bit |ine
contact 215active region 130aPG 1 source interconnect

A' 220active regi on 130a~ PG 1 drain/PD-1 source ]
i nterconnect 220acti ve regl on 130bPU-1 drain

t ctrode 140cPU- 2 gat e/ PD-
O DR R0, e Eeh St D o s et andr
dthai atdrRR. esaeiﬁﬂ&y hlgraﬁeetebmenraesmmcra&%%g fif@zr? ﬁgrgg N,

contact 235active region. sourcé Tnte

Hitg HE%.G) Iéﬁﬁﬂ@zaN(Sle &dﬂ@,‘eﬂs rgayta&sb Eﬂd}uﬂe patiensiofnthe peiggilives tnd/or
2 .drain interconnect240active - -

Fl@(ﬂ? gl%\ye%%@{?g%ﬁ zgyld q.pg agigring RAPCSTSES which may be employed to form the
gate electrodes 140a-¢ include imprint hthography, immersion photolithography, maskless

-~ photolithography, chemical-vapor deposition (CVD), plasma-enhanced CVD (PECVD),
 atmospheric pressure CVD (APCVD), physical-vapor depos'ition (PVD), atomic layer depo‘sition
-(ALD), and/or other processes The process environment during such processmg may include

hydrogen (Hz) and carbon- -gas reactants, which may be excited by a plasma The process gas

may a]so mclude CH,, CyHg, C3Hs, and/or other carbon containing sources.

The gate electrodes l40a-e may also inchide a seed layer comprising Ni, Cr, Nb v,
W, and/or other matenals possibly formed by PVD, ALD, PECVD, APCVD and/or other
processmo techniques. The gate electrodes 140a-e may also include or be formed on or over one
or more gate dielectric layers Such gate dlelectnc layers may compnse S$i0,, SiON, HfO, |
Ta;05, AL0;, nitrided oxide, CVD oxide, thermal oxide, a mtroven-contarmng dielectric

‘material, a high-k drelectnc material, and/or other materials, and may be formed by CVD

PECVD PVD ALD and/or other processes.

- As shownin Fig. 1, the gate electrode 140a mey extend over the aeﬁve regiorr 130a
| and the gate elecrrode 140d may extend o_V'er the active reéion 130d.‘ Moreover,~ one or more of
 the gate electrodes 140a-e may be shared gate electrodes, extending over niore than orie-o_f the
active regions 130a-¢ for supporting more than one transistor device. For example, the gate
electrode 140b may extend over the active regions 130a and 130b and the gate electrode 140c
may extend over the active regions 130c-e. Furthermore, the gate electrode 140e mey extend
over the active region 130¢ such that, because the eetive region 130e may be oonﬁgured to
- support more than one transistor device, the gate electrode 140e may also support more than one
transistor device despite extending over only a single active region. The gate electrodes 140a-e,
- whether or not. they are conﬁgured as shared gate electrodes , may also extend beyond the
boundary 125 of a particular SRAM unit cell 120a-. Moreover as in the illustrated -
embodiment, the gate electrodes 140a-¢ may also mclude wider portrons such as where

Vsubsequently formed contacts or vias may land.
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“secon ayer |s su antially simlar in

- conp S g%ﬁeg filidie 54 ayou{ Qe BEmd $% & d5t& oo sﬁbf@ﬁ in Fig,

desc
lina subscqucnt stage of manufacture according to aspects of the present disclosure, whereina

metal layer has been formed over various previously formed features. The metal layer may
include one or more layers comprising élmni‘nnm gold, coppcr silver, tungsten; titanium,
tltamum nitride, tantalum tantalum nitride, alloys thereof, and/or other matenals Althouoh not
: limited w1thm the scope of the present dlsclosure the metal layer may be formed by unprmt
lithography, 1 nnmersmn photoht’hography, iiaskless photohthography, CVD, PECVD, PVD,
ALD, and/or other processes. The metal 1ayer may also be formed by selective deposmon or

v blanket deposmon followed by a patterning process. In onc cmbodlment the metal layer 18
fonncd by one or more of the proccsses described above regarding the forrnatlon of the gate

electrodes 140a-¢, and/or cOMmprises one or more of the matenals descnbed abovc regarding
possible compositions of the gate elcctrodesl40a- €. -

The metal layer may mclude a write port word line contact 210; a write port bit hne
“contact 215; an mterconnect 220, a common, ground potcnttal or Vss contact (hcrcaﬁer
| collcctlvcly referred to as a Vss contact) 225, and power supply-or Vee contacts (hercaftcr
collcctlvely referred to as Ve contacts) 230 and 235. The metal layer may also include
interconnects 240, 245, and 250, a write port bit-bar line contact 255, a read port bit line contact
260, and a read port word lm_e contact 265. One or more of thc 1ntcrconnects, such as the

 interconnect 220, may be substantially L-shaped for interconnect misaligned features.




.11 The second netal |ayer includes a wite port word
line contact 310, a Vss contact 315, interconnects -
320, 325, 330, 335, and 340, a wite port.word |ine
contact 345, and a read port word |ine contact 350.

The SRAM device al so includgs contacts 360 ext endi ng
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(ana. i Skaidanee o v v st (RPIERRIAG, By iidred oo

cqn@n@ga’ if3 r{dglg%gtl\@% xgiﬁgus %Jn@ﬁt?bf"thé}getﬁ 18/ePmEQHedlyIng features.

t’or Vi a. nbodi nent, the contacts

Tﬁ’éfbgntgd'tsezﬁ Whs baBinhed Hy)pr(ﬁ:bmsl sittiilar to tbccserpmslpyqddmfoan ¢he metal layer,

manuf acture to the contacts 270 shown in Fl%b a}tlhg
ar ke be Emt@nonméom@hweﬂﬁhe@%al I#ele HOWEYRE ShOTeRrBbP MGy

Rl B A S g

cqnﬁctq-%ﬂ,gméa ence a contact 36

' ’%o@p‘f to f Qfei' Olady@ihd contacla@land e erderdying features to
onen aver 1 °Conponent wite gortn\grd h| ne

ddﬁﬁ&dte&@thBér@MadsstonondiudM)mdhd SRAM doiaed €9- te

ot e SRAV Gy h e RSB O PRI 9, Bt

nter conneet ier 11 GRAPEQY, addfvo read port:
dw\Rnthf”f i @? ﬁ,ﬁ%’?‘;{) Mﬁg@g%gt actc’isgmg B n? ercononrectp -
ran b LR £ UTECY), 245ke 1 h$mﬂ16rn®mmnmuonswdmb}€th@mﬁfﬂé@t27@@5 |
i nt er connect 340r ead port hiit |ine cont 2}@
ach Tow in Table 1

: fconrespondmo transistor nodeg according the embodiment shown 1n 1g 2.

indicates the existence of a contact 270 or other mterconnectmn feature
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read port bit line contact 260 * active region 130e RP-1 drain
- read port bit line contact 260" active region 130e RP-2 source

read port word line contact 265 | RP-1 gate

gate-electrode 140e-- oo

Table 1

» .

Of course, other features or components may interpose the metal layer and the
underlyingv features for interconnection thereof, either in addition to or in the alternative to one or-

more of the contacfs 270. Interconnection schemes other thah that described in Table 1 are also

- within the scope of the present disclosure. The SRAM device may also include more or fewer

- transistors and/or contacts 270 than m the illustrated embodiment.

Refemng to Fig. 3, 1llustrated is a layout view of the SRAM dev1ce 100 shown in F1g 7

- 2 ina subsequent stage of manufacture according aspects of the present disclosure, in which a

- second metal layer is formed over the first metal layer. In one embodiment, the second meétal

layer is substantlally similar in composition and manufacture to the ﬁrst metal layer described

above.



write port word |ine i nterconnect 410write port word
“l'i ne-contact 345 Vss interconnect 420Vss contact 315

Vss interconnect 420interconnect 335 _. _..T_able 3 O
course, other features or conponents may interpose the
second and third netal layers for interconnection

thereof, either in addition §p or in the alternative
to one or nore of the contacts 430. Interconnection
schemege @tdametahRgeriftatesdesitrpoh edrd linc Taroe 3), aVes @me@t

wi-thin the scope of the present.djsclasure :3 ger i ng
315 antéEcagnects, 320, 32@,3%39 dpddang 240&'1 Wré{%/?ﬂﬁftw 989\? ©ptact 3 §ﬁé
device 1
et ove S0 el by paaBe et
var‘?du‘?-&lnﬂ%ﬂén% of k3 1P hrﬁﬁeébnd methlQayers hTie} anke of mymiof the cémctsédio
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in Tahle 2dutiates the esigioncg pba contget JHHAE P IP‘ST"PW%?% f

conmposi tion.and nanufacture to t he contacts 270 shomh.
in Fig. 2. Table 4 lists the interconnections nmade

‘between t he th| rd and fourth netal |ayers by the .
cont acts Saf, PPCo ol N Tabl ﬁetélLév&dl(Eﬂﬁo@eﬁt thd
Rt 07 it et ok e porget B ortaeeo o IR SREOTIBEt | o7
i nt er cdnnect s ddBtact 315 Vss contact 225
' interconnect 320 write port bit line contact 215
interconnect 325 : Vcce contact 230
interconnect 325 " Vec contact 235 _
. interconnect 330 - - write port bit-bar line contatt 255 |77
-~ -interconnect-335 o interconnect 245 .
interconnect 335 interconnect 245
interconnect 340 read port bit line contact 260
write port word line contact 345 " interconnect 250
read port word line contact 350 | read port word line contact 265
read port word fine contact 350 read port word line contact 265
Table2

Of course, other features or components may interpose the first and second"'metal
) layers for mterconnectmn thereof, either in addition to or in the alternative to one or more of the

- contacts 360. Interconnectlon schemes other than that descnbed in Table 2 are also w1th1n the

scope of the present disclosure.

~.Referring-to Fig.4; 111ustrated isa ]ayout view. of the SRAM device 100 shown in Fig.

Jina subsequent stage of manufacture accordmg aspects_of the present disclosure, in which.a



Vss interconnect 520 - Table 4 Metal Layer 3 Conponent
wite port word line interconnect 410 read port word
l'ine contact 350 OF course, other features or
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includes one or nore inter-nmetal dielectric or” other
B wévaini Table B andévates the existoes bfwcohtact 43001 whes intapevainestipw feature.

conmponents. Such -insul ating | ayers, .each of which may
itself conprise multiple insulating |ayers, nmaybe
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processes. Vss mtcrconnect 490 ' interconnect 335

Of course, other features or components may interpose the second and third rn_etal
layers for interconnection thereof, either in addition to or in the alternative to one or more of the
contacts 430. Ihterconnéctibn schemes other than that described in Table 3 are also within the

scope of the present dxsclosure

Refemng to Fig. 5, illustrated is a layout view of the SRAM dev1ce 100 shown in Flg.

4ina subsequent stage of manufacture according aspects of the present disclosure, in Wthh a.

- fourth metal layer is formed over the third metal layer. In one embodiment, the fourth metal

layer is Substantially similar in composition and manufacture to the first metal layer described

above. -

. The fourth metal layer includes a read port Woj‘d line interconnect 510 and a Vs

interconniect 520, ‘The SRAM device also inclides contacts 530 extending between various

components of the third and fourth metal layers. In one embodiment, the contacts 530 are



14 . Referring to Fig. b, iillustrated is a circuit:
di agr am of one enbodi nent - of an SRAM devi ce b00
according to aspects of the present disclosure. The
SRAM devi ce 600 naybe substantially simlar to the
SRAM devi ce 100 shown in Fig,,5. The SRAM devi ce 600
i ncludes pull-up transi stors 610, 615, pul | -down ~

- transjstors.620; 625, pass e transi s, 630, .63

s A SR it Copsnin cn e Bl o s R Al S by Tebt
4 §iB€thPistercotRclidneRdeHeResn Bid @?rd QPR mEM B ers by the contacts 530.
transi stors, whereas the pull-down transi'stors 36
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wthin the” scope of the present disclosure. The ‘
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other matenals, and may be formed by CVD, ALD, PVD, spin-on coating, and/or other '

processes. -



Referring to Fig. 7, illustrated is a circuit
di agram of anot her enbodi nent. of the SRAM device
shown in Fig. 6; herein designated by the reference
nunmeral 700. The SRAM .device 700 may be substantially
simlar to the SRAM devi ce 100 shown in Fig. 1. The
SRAM device 700 is also. suBstantially simlar to:the
SRAM devi ce b00 shown in Fig. 1, with the _exception
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between the source of the pull-down transistor 625

sourem{teferred declenein gs0vcr) G50t Theedrain pibe mlsup, trappigtore 1A 1y glesincalie

- of t -gate t | St A15 i ' :

coul piHe o oF HE P et BRiet o holrecair et Y BB esr 20
. 3 1 | ; & t [ . i i ﬁ 61% -

s B G MRS  ma i rt pupep et

electeisdligcopladfio thheoupeesthe passipac rasistort3s; tihsouefoé the gold-down

maybe enployed in the manufacture of -.the SRAM devi ces -
s $ 5% 0t g SO bIBESERPEAY. JBoEa T PIGrRHP D

ortian of er, I; ed: redi e
olso el ol Ut A RPN RS0 ORE Sidial, IR OIe,
pull-BivinBiso 6 13 £ cdripalyicolpiedes thegite efithnpilledovnendgpeds, and -
~ regions 810 may ben-doped regions and the doped ,
is also elgitoerdly goupledaihe gaigofites rpadpop Fansistyjddhs.  Each doped

region 810 may interpose a-doped region 820 and a -
 dopeTherdegisfi th8 pall-ddwmmtransistore 629, 625 arheleatiqaiiylcouplsgitwos seund,
‘ 810, -820, and 830 nmy, al so bt subs\} anti al |6)§ p%elz:\ftjd.el f
commen, & s eprtrstiihasaficr collsctiyply yaierref] to 45jagyss gontag) 63 Thefiram o

doped. regi ons .810, . 82 deantially -
the mﬁg&?{ﬁr 1.%0;[%@- lspz}%iocell]‘:%%lg%“\xgg%l.eﬁgg? ggsgcgrﬁfldﬁgngOped regi ons

830 nay ran bet ween- about nd abaut. 5m ,lN-Q

erb Ol e O DRBRERE RDReRIYN CheRGRBORH Y Cse § eid port
i G 5 3 PR sy 78 el b
630, 633 @rcadgeRallylkomsiedt B gritkpos ivtoyd 1inEl6&0.cBild readfpdt tragdgorsrado,

h h ~I itudinpal axis that i tantjal =,
645 s siciriga bsonirABERD e VESane 03] BUCh FAITOR RIS, v th

: t.he-d >0 ops-.810:, - : 820 . T . 4
B
port bitQRGbil-bE 110 66668, thesARBpdf wirl §neei0] the EaOport HiblinedA5, amshe

al so have substantially equal lengths (L), ) .
read pou yordlirei68) myy exqendto athat SRAM cells andlor eiher comparcal ingpdigs

* row aigofmg AR, G5 0at o gt o copRo D ERRRELIS Bl R O,

- muxes, 8@ 8B OH ond erbodimdah @ nfkintiRI @pLtaricB 61 SNYIpuid sforagehdds of
840, 845 mmy be substantially simlar to the SRAM
the SR¥eM ideeee 6008, less 0@n atantl).@farad®0 descri bed above. The
- cells 845.may be mirror. images or rotated versions of
the cells 840. Each of the cells 840, 845 extend from
an approxi mate midpoint.of a-doped region. 820 to an
approxi mate m dpoi nt of a doped regi on 830, thereby
extendi ng over a doped region 810. Thus, each of the
cells 840, 845 may include a segnent of a doped
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" The present disclosure also provides an SRAM device in
whi ch the SRAM unit cell includes: (1) a first

- pass-gate transistor and a first pull-down transistor
l.ocated at |east partially -over the first p-doped -
region; (2) first and second pull-up .transistors
| ocated at |east partially over 16he-n-dopedregi on;
and- ( 3) - a- second. . pass-gate, transi stor,

asecond. pll dolg U1 Ak Al clrg\PfjddagH[rﬂﬁ%e nBfl REGAR tofthe

r ead por S1sEdt’s, l'oC partia

OGRAM B&vice SRAQNAIFR: @Iﬂaed désiiahiedby thé refershtecitunteral 700. The SRAM
enbodi ment may al so include a first transistor_active

r elgiica0p mlyamlestantxnllstmlwr torthe SR deice 189 slmmamalg 1. The SRAM

ext en e/ drai tac f th Iy r

pggec%gﬁgsaﬁ’ D S FR SR RE R gl L 1 Pl e
&ﬂ?ﬂ € vaﬂl%&dlﬁlfha téansistors

be |§§p®z§1%¥ gg'?tia?] sxété%?% %&?&%%gm }degl on. ex end -

bt 0@ &) asweell s elodifiaitioncto titeamttrsonnéctivinel t@emﬁmdwmwu@altmlt

transistor and " the second. pull-down transistor. ~ :

Acktpws dsserihgdhsio¥et uri ng an' SRAM devi ce is al so

introduced in the present disclosure. In one .

enbodi melntthe enfvedimett hhmlvnl imBigu?) s dpironitiati pags-gatediansisteri38 is -

@%%H? coumled 104 ksl e 2 g el BRP SR kBl s i

dg ey ngled foea%ﬂ Bort Bif-b REFBNniRRAte t‘fa)ﬁﬁﬁor 'ﬁ'O'isQ'électncally

transistors are fofned at | east

pample@inl syries betwedn tlia‘beulfzct ofshe midigloctn trﬁglstmn 6204nd & secbnd port bit line
pass- gate transi stor and a first, pull-down transisto

D0, whergin fhersel ofthe paesa@fe tasisterallf i sctaeallyivenleddoh gecond port word

d r A secq f
G0 S B4R Sl P

r @ade Hahd plllL RWA krirfsRoP 6254n8 a 8dcoRY foliibitedr fate 7353 aherein the gate of the
parti al | y over the third doped region. The first and

Sessegatt tpassergal & Clﬁpmbdllydm!p&ﬁd topthak becensl postdrd lewd4Por t
transistors forman SRAM unit cell; wherein a boundary

- of the SBRAMngd Fig@elllusthaad ifd p’lﬁiw@ﬂ@f a pogtion ofn@R A dyvice

- di mensi ons form ng an aspect- ratio of at-least about g
@@ufamm@gpvaé@ém acgordiog @sﬂ&@eets af bepieynt Gulpewe B water 800 may be

| nt @g? (ﬁBﬁF ng:alg{@%gg Pﬂﬁ? WH‘&“M %89 {76% fleanbed above. The

qmﬁﬁﬂecf RBERE e Ivafr §00%SduddORBEY rebideB10 ﬁavn{gl a%[rﬁ'd'oﬁéﬁt Bbe and

.second doped regions of a second dopant type, and
mbped adgicny 824, 83(Hiavidg el sxpel dopwit typs Fooéxatripke, &edwmdl retgmaﬁw may

: %)F'E‘ meg?qcﬂ?qn?;ndhge °f§I géfalgo @%&5 ngonsgépgqsl e%ipﬂ]gqud region
CI y C%’ kllte%a&f a &ogédr rP%O | ng{x(f §@d§)9@x%gﬁoﬂ_ B, ITWo%d ?@?eecq the doped

evi c urality o
eRiohe 9, 8X0oald 896 mhalsoIe sétivtatatly peralldl.ninl onel sbddimest, agstbwn in
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abddinghl, Yo PHEH befien ﬁ’éigﬂbbﬁngioﬁékoglélﬁ ifbo8%wq el doped '
regi ons adJ acent the ~-one of the plurality of first

doped rggi q : |
pass- g aftf%% 891{&? glﬁlgt?az s%@%ﬁ%ﬁgg% &f%z{Ag{ ﬁx?t dgg%\%i‘ét ?gziglﬁgg QPRcreased

_}&Bldng donsity. el celle 840) 843 maCeattoliave 4 loagitidmblons tha&islsubsta_nt;ally
“located at |east partially over one of the 5&@9&%!:«':&1%840

- R§TPeRigular t%@e@aglﬂe@pwgs i dfjeslopsdiegiong Sth &2 nd .
# H‘[ ﬂafs& ?f avat o ﬂ)x{ &%uﬁ&ﬁﬁﬁla' g%igg gﬁglﬂﬂgxal%l@so %Iél??fitdr?ése%eﬂg‘ 8340,.

urar secon egl ons
and second pass-gate pul | -down, pull-up, and read
‘port transistors. forn1an SRAM wunit cell, wherein a
boundary of the SRAMunit cell has first and second
primary di mensions formng an aspect 18 ratio of at
Ieast about 3 2 The |ntegrated CIrCUIt deV|ce also
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axtegingrover a doppdsiesiathél Us

. transistor, a second pull-down transistor,

1nc]udes (1) a first pass

-The foregoing has outlined features of several

~ enbodi nents so that those skilled in -the art may

better .understand the detail ed description that
follows. Those skilled in the art should appreciate
that they may readily use the present disclosure as a
basis for designing or rmdifyiﬂg ot her processes and
structures f.or carrying out the same purposes and/or

vt ﬂﬁstanany %HIQ&}%&Q@.&) substintisllyeeqhad widtis {(#9, and/or

uced erein ose skilled in the art :
ebmnauyeetan pocttratios U e vRbGHTSTS SREYTTASE FORE B840 845

not depart fromthq% ]gglrlt and scope of the present - _
haveringsficigeo] ablpast abp hey may nake various changes,

bsti t ut d alt t h t.h
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SRAMS fgyicessHR Cé}ﬁ) %EP {‘,J(@edescggé% ar%&gel "r%e EeZiE‘ gﬁﬁ?’gﬁﬁr alaa%egs or

rp{é éﬂvqucﬂﬁ dr tg@ EU1R B4, "HaBX YA dals §40; BI6 exioull fstema;mppr@xwﬁed

an SRAM unit cell 1ncludin g
94 @optd rpish 82000 alaappmulfxatfrrstdpfpmlofaé%%ﬂ r"'&l"ﬁﬁ ¢§1}eg“by ,
Iocat ed at | east partlgg%ga%mvtﬁeﬁghg OfMSSrn gnéﬁpjggge Cntofa.

ran3|s ors .| ocated

@g@l{?@&&{ ar 4t 1?1% h%( et Ehid pt(}gtﬂt d0pHRAGELIST 0 (ergxﬁmtioﬁa doped region

ransi s a second. puII- own
ﬁ% @;Somcamﬁ h widk oBXhadopetegion 820cend apesment of a doped region
t r nsi

ors, all located at | east _parti al
830 ramenge mmmfﬂregmdhof thmrtbtcamafi@ f‘fh "‘9%8?‘“?‘?? tﬁ‘%ﬁi\?\ﬁ’“
unit cell r f.ir 4¥8 SWerlying a doped
ool Wi S e A B L 000 e BRGOPkothd 8/ erting s dop
r§g1(§t 820 by an amount ranging between about 100% and_about SQO%

‘Thus, the present disclosure introduces an SRAM device including a substrate and an

| SRAM unit cell. The substrate mcludes an n-doped region mterposmg first and second p-doped

regions. The SRAM unit cell includes: (1) a first pass- gate transistor and a first pull-down
transistor located at least partrally over the first p- -doped region; (2) first and second pull-up .
transistors located at least partxally over the n-doped region; and (3) a second pass-gate

and ﬁrst and second read port transrstors all located at
least partially over the second p-doped region. A boundary of the SRAM unit cell comprises
first and second pnmary dimensions havmg an aspect ratio of at least about 3.2. In another
embodiment of an SRAM device constructed accordmg to aspects of the present disclosure, the

SRAM unit cell mcludes third and fourth pass-gate transxstors located at least partlally over the

 second p- doped reglon In one embodrment an SRAM dev1ce of the present drsclosure includes

2 boundary havmg an aspect ratlo ofat least about 3.5.

The present disclosure also provxdes an SRAM device in which fhe SRAM unit cell
-gate transistor and a first pull-down transistor located at least partially
over the ﬁrst p-doped region; (2) first and second pull—up transistors located at least partially

over the n-doped region;-and- (3)a second. pass—gate transistor, @ second pull- -down transistor, and |

 first and second read port transistors, all located at least partially over the second p- -doped region.



2. The SRAM devi ce of claim 1l further conprising:

" a.wite port bit line electrically coupled to
asource/drain contact of the first pass-gate
transistor; .. . a wite port bit-bar line
electrically coupled to a source/drain contact of the
second passgate»transistor thd a read port bit line

Su?léeCt %ch.} rlg¥n Coféd) llinelgge:aoﬁrgtrll'%gsgsgﬁ'g{;]tgr ?@3%@5@8& inHe fﬂgt p-
doés{d%}g?dn%&’ EendRg bdtWEenIRAM/EEM céiftacRlof e &iksfl”p) s gvh@fr&isﬂtot el the

ite port bit I'ine, the wite port bit l'ine, and
firdt pll-deencirapsstar. stcohd hresigtoractaeiogiguipey dmbeamplpnted in'the second

p-Briremmm 's%%pd PRONRE SRR & CESPbBhnadl s bnd
. of I 1 furth te .
thcg%{ldsm'\éd%l ne eq ecfr?lcg 'y gz)uple[edcfgpzylatslengon?a\d\{ls =

ff PR b B AR (R R AP IR e B 5
dis@oR! $n GRBNBGimak, tﬁH}ﬁetﬁHd 1ﬁdﬂﬂe§§5r5\§dl d@@ﬁbﬁﬁ@e‘lﬁdmg Ea@i?egdoped

port transistors. evi ce of claim
regiohef &finst dopant typé, tvberpinitiie fastdopedaeglqnomtelpms sbeoridraed third doped

: each substanti al | y Jparall el a | ongi t udi_nal
regiopof araRond dapant e Fiksbdenopd w iR t*f?ﬂ%l%%fs argotged, aﬁ)i?as‘tr&r‘}any

K ovegfﬁ%' ﬁ%?&&f, I%%loﬁa\ ﬁtﬁ?sE f)a%s éM%%&dﬁ%Md&n(ﬁﬁﬁMr are

“formed at least partially over the second doped region. A second pass-gate transistor, a second
pull-down transistor, and first and second read port transistors, are also formed at Ieast partially A
over the third doped region. The first and second pass-gate, pull-doWn, pull-up, and read port |
transistdrs form an SRAM unit cell, wherein a boundary of the SRAM unit cell has first and

second pnmary dimensions forming an aspect ratio of at least about 3.2,

The present disclosure also mtroduces an mtegrated mrcuxt dev1ce including, in one
~ embodiment, a substrate having a p]urahty of first doped regions of a first dopant type, a -
~ plurality of second doped regions of a second dopant type, and a plurality of third doped regions
of thé second dopant type. Eéch of the first doped regions interpose one of the plurality of i :
 second doped reglons and one of the plurality of third doped regions. The integrated circuit
device also includes a plurality of SRAM devices. Each of the SRAM devices includes first and
second pull-up transistors located at least partially over one of the plurahty of first doped
regions. The SRAM devices also include a first pass-gate transistor and a first pull- -down
transistor located at least partxally over one of the plurality of second doped reg10ns adjacent the .
one of the plurality of first doped regions. The SRAM devices also include a second pass-gate
.tranmstor a second pull-down transistor, and first and second read port transistors, all located at -
| least partlally over one of the plurahty of third doped regions adjacent the one of the plurahty of
 first doped reglons and opposite the one of the plurality of second doped reglons The ﬁrst and |
second pass-gate, pull -down, pull-up, and read port transistors form an SRAM unit cell, wheremA

a boundary of the SRAM unit cell has first and second primary dimensions forming an aspect



a substrate having an n-doped region interposing first

-and second p-doped regions; and an SRAMunit cell

including: . a first pull-down transistor and a first
pass-gate transistor |ocated at |east partially

. overthe first p-doped region; first-and second pull=up

-

transistors | ocated at | east [i'rti ally over-the
n-doped region; and a second gul | - down

on( y t ransi,stor. and B
sctio o Jcast b3 2.t Hhcgreie st dedpsielso T AGSIAPIGRIGY Ofgpipreomnects.

aRbR ok e R Bl ol % bR TR f ER o

ﬁ,mfo'fs.ses first and second primary dinensions having

an aspect ratio of at |east about 3:5: 7. The SRAM

devi ce of ,.cl ai,m.6-fur LSt § el t dnkistors,

1ine el {Hﬁ{f%qop&egt&ﬁt:rﬁg%s%Wgﬁgﬂ&l thill% 'gegﬁ? gg‘(l:l% t%_g]%l ,

fvﬂ&eilfx folosit HR A si RS Bay weadagjt@tfampwoﬁtpmﬂ/omm at kst obafeature
Ine electrically.cdoupled to a source/drain c??%]t agt of :

hdving elmord dipzes siga estantidly Srger tham the ekasprl digsnsions of thefegfure of the

B P S R el

bhen o Glstols HAUR!BShebSd B saRy réls‘cpriﬁggda' t6d e lpatiutpaf (V0),

ourth passgate transistor. S. M devi ce of

' Igvia; chanelkieesdions kibstafitiallg largen thas the chauindd dimehsions of tp ather

bit-bar |ines are each substantially perpendicular-to
tansigerginthabiil dgwises of the SRAM unit cel | boundary

‘within the SRAM unit cel |l boundary. ~':

. The foregoing has outlined features of several embodiments so that those sklilled n
the art may better understand the detailed description that follows. Those skilled in the art |
shouljd appreciate that they may readily use the present disclosure as a basis for designing or-
modifying other procésses and structures for c'arryi_ng out the same iJurposes and/qr achieving the

same advantages of the embodiments introduced herein. Those skilled in the art should also

realize that such equivalent constructions do not depart ffom'_fhe 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.




21 ~9. .The SRAM device of claim6 further conprisi ng;
a-first port word line electrically coupled to gate .
contacts of the. first and second pass-gate .
transistors; and a second port word Line electrically
coupl ed to a gate contact ofithe third and fourth
-azssgat e: Lanfs! stors. 10. The SRAM device of claim9”
erein the first and second port word lines are
WHATIS SAAIMED Spar al | el to a |ongitudinal axis of ?ﬁgh
SRAM uni t cell boundary within the SRAM uni-t cell
boundary. _ -11. : A static random access - :

menory. (SRAM device, cq o ® k10 Hous he.at e ha\)i ng.
an h-doﬁe?ﬂﬂtlﬁéaég%aqcﬁisg}eﬁlgg{(ggwpg‘?ceg%%ﬁggc%nd p-'dopeg'
ba gé&g iateﬁg%ﬁﬁl 'ﬂs‘]ﬁ@% KBioh in€epdsing; fiest ardisepnd prdppad$egions; and
pass: etransi st or and a first pull-down transistor
Lg;iﬂtﬁ@dﬂhni#@ﬂixzclmﬂgtl ally over the first p-doped o
; _, first and, secqnd. pul.| s i : i
| ocat ed adist pasersite gg\s&sﬁogﬁ%ﬁk@ B‘I’Il“(,lq%ﬂ‘e&arr@ggﬂp} g%a-@éd%t Jeast partially
o region:- anda--a--coo- o - a second pass-gate
tr aﬁ‘@f@?gﬁpp 8°P§%Ecé‘r?8’ pul I -down transistor p an g?i -r63t :
and secopd af@ashnPaslLug trasisios losated atdeast padisly eer fe n1ogRYy
partlglly over the second p-doped region; wherein.a
gggg:g]gn;}ang)f the SRAM unit cel| conprises fi rst -and |
at | e astgrs[aga yas%galéent?a%'llstgﬂ? § sdiahi pR-dBhn RERBEE, ahdiﬁfsﬂalﬂfsacond
read port transistors, all Jocated at '

a boundary of the SRAM unit cell comprises first and second primary

Jeast partially over the second p-doped region;

wherein

'dimcn'sions having an aspect ratio of at least about 3.5.

2. The SRAM device of claim 1 further comprising:

o éfwrite port bit line électrically coupled to a source/drain contact of the first pass-gate

“transistor; N o
a write port bit-bar line'electricall-}' coupled to a source/drain contact of the second pass-

gate transistor; and

 aread pbrt bit line élcctn'cglly 'coupied foa éo_ﬁrce/drain contact of at least one of the first

and second read port transistors.

o The SRAM dovice of claim 2 wherein the write port b fine, the write port bit-bar

line, and the read poﬁ'bit line are cach substantially perpendicular to a 1ongifudina1 axis of the -

SRAM unit cell boundary within the SR_AM-unit cell boundary.

4. The' SRAM device of claim 1 further comprising:

a'write pdrt word line electricaliy (;Oupled to gate contacts of the first and second p_ﬁssQ

gate transistors; and | -
a read port word line electrically coupled fo 2 gate contact of one of the first and second

read port transistors.



12. The SRAM devi ce of claim 11 wherein the aspect
ratio ranges between about 3:2 and about 6: 13. The
-SRAM devi ce of claim 11 wherein the first primary -

di mension is |l ess than about 0.5 m which is | ess than
the secoridprimary dinension. ~' 14. The SRAM deV|ce
of claim 1l wherein the first primry dimension is”~
__less than - about-1:8-rn;-which

i s-greater-than-the- second- pri marg di mensi on: --- ---
-- 22.15. The SRAM device of claim 11l further’

conpr éSI NG RRIAM Sdvid ggp&g}ﬁﬁ CPREHahOwrielpet tud read poyt word lines are

coupled toa source rain contact of the fjrst m
Pich SipWn N psdliet ok loapicdénet axisci thg SRAMpurif Gel poundary within the
direction; 'and a second ground conduct-or electrlcally
CSE@MﬂmﬁcﬂHmambwrce/draln contact of the second
pul | -down -transi stor and extending in a second
direction that is substantially perpendicular to the

Cfirst 601 T e @ Yandbf acdekd Iﬁeniiﬁ%(\ﬁml(bﬂ“@ﬁomlbf&i% 11

wherei n-a nmaxi num resi st ance bet wee |
- first aandirsebying apndomﬂédegl@gm@fﬂ@sl%rfd“é?ﬁ SO?E‘Eqd\P OPE‘gﬁe%‘n“S and.

of one of fthe. trgas1 tors | ocated in one of the first
and sé% P ons is less than about 3000 ~

17. The S%%{Jstgﬁg 65 GinsfloRdrTa it plaep b Hamisiot fmmated airiast partially -
rs secon

of the fi pass . gate and pul | -down
t r ansiofdr eeFirdt p-dopedhbdida; t r ansi stor, wherein a maxi num.

-+di-stance between the n-doped re n _doned
region of firsiandwemmdpriHg frassiors e gg@ ﬂ%a%txallg r\f%d] d9P¢
nm 18..A static random access nmenory (SRAM deV| se,

conprir@?"i‘}gan.d __ a substrate having:an n-~|udged r egi on

| Nt er posi Ngefdnfl §ﬁ11-émﬂ1 tra@sistonald soperdofhizd, ané i gassazﬁf@ tralﬁlstors
SRAM unit cell 1 ncluding:
all located at least partially over the second p- -doped region;

wherein a boundary of the. SRAM unit cell comprises first and second primary

dimensions having an aspect ratio of at least about 3.5.

7. The SRAM device of claim 6 further comprising: |
a first port bit line electrically coupled to a source/drain contact of the first pgss—gate

transistor;
a first port bit-bar line electncally coupled to a source/drain contact of the second pass-

gate »tranmstor, ‘ | 4‘
| 2 second port bitt line electrically coupled to a-source/drain contact of the third pass-gate

 transistor; and _
second port but-bar line e]ectncally coupled toa source/drain contact of the fourth pass- -

gate transistor.

8. The SRAM device of claim 7 wherem the first and second bit lines and blt-bar
lmes are each substantlally perpendlculaﬁo a long1tudma1 axis of the SRAM unit cell boundary

-+ within the SRAMunit-cell-boundary:



a first-pass-gate transistor and a first pull-down

. transistor located at |least partially - over the first

- p-doped region; first and second pull up transistors
| ocated at |east partially overthe n-doped region; a
second pass-gate transistor, a second pul|-down
transistor, and firsf and second 2l ead port _
transistors; all located at | east partially over the
secofd p-Ht@éBAM@eglc@nfclamﬁfwﬂter@mnsngtor actlve

exc A EP B il ulslBreamith e GRPER oEBE B ipd Soopdpass e

thagsorgah@ transistor and the first pull-down
transistor; and - - . a second.transistor active:
r egi ©$¢C¢m‘mba worlding eletthelly empled tope gitpwentact efthethird asd fourth pass-
ex end{ﬂsgbetvveen source/drain contacts of the second :
: transi stor and the second .
- -=pu| I =down-transi stor. 23 19. -The SRAM devi ce of .
claim18 further conprising a third transistor active

‘regilén  ThoSRaM devidernf tlaign SRERESIHD ﬁﬁﬂﬁﬂ@edoﬁtﬂ?&ﬂw&ﬂ Gnes are
ea&ﬁ&l%ndl ng. bet ween sourcel drain contacts-of the first’

fanig HP‘F@JEH‘Oﬁé?ﬂgm!dﬂ@h@ﬁlsgtfdmﬁmummqé b@RAavy sathindke

Sm}fl tf'q Jag);ther conprising:. a read port word line
el ectrica oupled to a gate contact of the first
read port transistor; a read port bit Line:

el ectrl.cally coupled to a drain contact of the first

readl porA staitceransionitaotess meugay SRAddedto coratrisingast -
partially-formn ate contact of the second read -
por ° @ %%@?ag’t“efm’g'ﬂﬁpc Tegiop anterpising fipst apd segoad pdeppddegions; and
U|MMMaﬂS’1b and aground conductor

eI ectrically cou to a source contact of the second
read poratfirst pass-gate transxstor and a first pull-down transistor located at least pamally

B

over the first p-doped region;
' first and second pull-up transistors located at least partially over the n-doped

region; and

a second pass-gate tran51stor, a second pull-down transistor, and first and second -
‘ read port transistors, all located at least partlally over the second p-doped region;
wherem a boundary of the SRAM unit cell comprises first and second pnmary

dlmensmns having an aspect ratio of at least about 3.2,

12, The SRAM device of claim 11 wherein the aspect ratio ranges between about 3.2
‘ and,about'6. | ' | o | |

~ 13, The SRAM device of claim 11 wherein the first primary dimension is less than

about 0.5 um, which is less than the second primary d1mens10n

. 14.. The SRAM device of claim 11 wherein the first primary dimension is less than

- -about"lr&ptm-;which‘is'grcatcr-thén-thesecbnd--primary--dimensibn.—-‘-w-'—--—- S



transistor; wherein the third transistor active region
coupl es a source contact of the first read port
transistor and a drain contact of the second read port
transi stor. 21. The SRAM devi ce of claim 18 further
conpr|3|ng a first interconnect structure netal |ayer .
conprising a plurality of fird2 netal |ayer i
conduct ors. |nctud|ng a first L-shaped

A nt er conn cont act s of -
I el3f r?bemﬁﬁé‘te@ @1@{% Corprs ’?lﬁe first.pul | - down
thk I 1I-
t ' Za:]}stsi%t o%ct X@g\-ﬂto?ﬁlg&%%g&e%%% Hlouicherameomad opthe firstipoll

evice of claim 21 wherein
dowtgangibtor all extohding irf 4 fist diveetioa anldayer conductors further
i ncl udes a power source ndi n d, a
c omg@n@gromdrcénduatﬁatlwglcabﬂé@uplag 19i ats"‘ﬂF% ap 8?1‘8’%‘1 a“ﬁéj%fmnd
i-t-bar Li n Y H@lbﬁ]ﬂt th
pulggavn t'gﬂ%“‘ga? d@%ﬁ% %?o%g d?eacl: dﬂ Wod it 1%5%151%6‘1& o the
firsSiAMgevi ce of claim 2l wherein the plurality of fast :

metal |ayer conductors includes a second L-shaped
Jinterconnect. coupling drain contacts of fhe second

“passgat ISt or .gnd seco £
oty 6@& Sﬁgm fevige gga mclg ﬁ@gr@{n rftzgcg Mtlk : ?tgx;ﬁ% bctiween elthcr o
the %fs &b (i?p%d I'GﬁlOIlS mdhfacERe Aol 8Fdre @ f of tr@dsist(m IBbated in one

urt her I'SI ig a- second~~I nterconnect structu;e

of theefirétland @y@ﬂ pctlbp@lrre@omgs lesspanabriut 38006%. second et al
| ayer conductors i ncluding a power source, 24 Line
inter connect a ground. l'i ne i nter connect, a Wi te. b|t

A Irfz ad n).th {Sﬁ%ﬂﬂ(gewc% {)flclfwn' 14 SrnBiefn apgﬁst bﬁegﬁ tHe'Hrﬁ Etﬁ‘tpié&ﬁﬁtpass-

er connect, Li ne | andi ng

gatec&ﬂj Bull-down transidiéts SRANMIBS frsistof. whbrain minfun distence between the
' onprising a plurality of first vias couI|ng7ones of

n-ddphtereglbmmadl antagtivoFeghoinrod the NMQS transipier s kshdEAO0HIS
correspondi ng ones of the. second netal , Iayer
conductors. 26. The SRAM device of claim 24 further

coppr i i §kicFarkdbih akbess HéosP dBlitdlebrmpiriing: netal

| ayer conprising a plurali yof third metal |a .
. Conshibsttaty taying aci-tafiet ggmngnterposingl first and wc@d@&aﬁe%ﬁgw%
wite word I|ne i nterconnect, and a read word |ine

I aﬁbﬁWﬂﬁ’éce [ncludiige SRAM devi ce of claim 26 further

conpri Réhsictetitdidicht AR partihll
t he pl Elrdg?q?)%s%&tg{rsecon%&rfeitﬁ %gﬁ]—gg/‘)éﬂr cgnductors Wi tﬁ -

C O VeEHmP RED- ﬂ@e@fsgﬁmof the third netal |ayer .
conductors
first and second pull-up transistors located at least partlally over the n—doped

region,;
_ a second pass-gate transistor, a second pull-down transistor and first and second ’
read port transxstors all located at least parttally over the second p-doped region;
- a ﬁrst transistor active reglon lmplantcd in the first p-doped region and extending
between source/drain contacts of the first pass-gate tran51stor and the first pull-down ,
_ transistor; and | _ _ ' ‘
a sécond transistor active region implanted in the second p—doped regionand
4 extendmgbetween source/dram contacts of the second pass-gate transistor and the second .

“pull-down transistor-



28 "The SRAM device of claim 26 further

conprising-a-fourth interconnect structure .

met al | ayerconprising:a _plurality of . =

fourt h~net al aayer ~onductors, including at |east one

read word line interconnect: 29. 23he SRAM devi ce of~

-claim 28 further conprising a plurality of third V|“‘as

coupl i of the plurality of third metal |ayer - -

condu é§ gﬂ&ﬁ%‘ﬁ%rm eefshinil &@thﬁégmw’ismgméhlrd tfanmstbﬂucnve region
r 30, T of cl

b e RSB REBion 30 o AN LB ST s S i

&ﬂd@c@d@daepbmrﬁmjsmger corrprl sing.a materi al ‘sel ect ed
. fromthe group consisting o Si-02; SO\, H O Ta205;
-and A1203 25 31. The SRAM devi ce of claim18
transi stors includes a

- wh f th
ga?[e 81 el @&Wpone fgrtbﬁbcoéinpﬁﬁﬂén al selected:
f r omatrag péit 1n9a§du%anyam9f§%mu@%{e sk Bk Rt e Rrt ransistor;

oxide; and thermal oxid

cl ai mreed pwhhlt Enereteatticdllyasipladnea Orbintcbiftad: bARS fiSti@4dport transistor;
- i ncludes ate dielectric layer conprising a

nitr Séaéﬁcoé‘é A pheasepaghialy Seming e gate cantackof the s8@nd Tad pﬁRﬁM&ston
t | east f th |
8 RAC Rl bR ToBlprGfc, 11 o- Payer

4tra siIstors I n :
conpz greind@orduttgheldstridhle) RS 6 2 @aﬁ&rdoﬁth o oféésecdmea??@%@e |

device of claim1l S wherein the n-doped region an
ipsséy; and  second p- doped. region are enclosed within a

q ,
ee Rvdgre%ot?lg &mﬂ gglsw{dr activeTegion couples a source contact of the first read port '

txanmstor and a drain contact of the second read port transistor.

21. - The SRAM dévice of claim 18 further comprising a first interconnect structure
metal layer: compnsmg a plurality of first metal layer conductors including a first L-shaped
interconnect. couphngdramcontacts of the first. pass—gate tranmstor and the first pull- down

~ transistor with a gate contact of the second pull-up transistor. -

22, The SRAM device of claim 21 wherem the plurahty of ﬁrst meétal layer
conductors further includes a power source fine landing pad, a ground conductor line landmg

pad, a bit line landing pad, a blt-bar line landmg pad, a write word line landmg pad and a read
word lme landing pad : |

23.. The SRAM device of claim 21 wherein the plurahty of ﬁrst metal layer
conductors mcludcs a second L-shaped mterconnect couplmg drain contacts of the second pass- |

gate transistor and the second pull-down ﬁansnstor with a gate contact of the first pull-up
transxstor '

247The" SRAM device-of-claim 21- further- compnsmg a second interconnect structu;e :

metal layer comprising a plurality of second metal layer conductors, mcludmg a power source



35 The SRAM device of claim 18 wherein a maxi num
‘capaci tance of a write_port chargestorage node

ofthe. SRAM unit.cell is less_than_about 0, 6.farads.

36. The SRAM device of claim 18\\/‘vhere| n the area of

the SRAM unit cell boundary 2#s' | ess than about

- 500(WGPD2), wherein WEPD is the width of a gate of dne
of the first and second pull-down transistors. w 37.
- Imedntgrompaenarand bhe interpancaisa wiile bisfine intsesomseist Wtedit-bar line

igfemee %rgadoﬁrﬁ%ﬁﬁxﬁgnﬁ% S g MRS BLOUP

silicon-on-"insulator (SA); silicon-on- not hi ng
(SAL; an -- -dianpnds . 26 38. The SRAM devi ce of
cl a| P.ﬁ 18 T\hh SRAMevioeofSdiv2Ufiirtherweinprising  heality oﬁﬁnsu wesoupling

a round conductor. lines on at
he|p ofg{rst glﬁta layes PQP@H%@EW@PW@’(OB Ing ones ote t%e secox\{gio metal -
cting the transistors. 39., The SRAM device
I%F&P%%%S wherei.n -the SRAM uni.t ceI | further - _
conprises a bit line and abit-bar line on different

mst al layers of an-interconnect structure
- i nt%r comhesRAMdoviednd clajma b fughes cemprising 2 thirddntgRapnect stmcture

f cl f f the
e sftprEud sl al S T ERr s RE S ekt ine
" irfe@bohndeQ Y NG Worll finih@RbSect! 447 réaB VofT 18R 18fink P&I. Ot her  of

the first and second p-doped regions withrn the
~SRAI'VI unit cell boundary by an_anount rang| ng

B s S AL
c @Iﬁ)ozﬁn%s%?h% :ﬂl&ﬁ%fg&ogf&%ﬁgﬁﬁ&%ﬁct&%@&h 5911%§pgﬂ§m§‘&%s of the

oGt ons “an rangi ng
third metal layer conductors.

28.  The SRAM device of claim 26 further comprising a-fourth interconnect structure
metallayer comprising.a plurahty of fourth metal layerponductors,_l.ngl_udmg at least one read

word line mterconnect

29. . The SRAM device of claixﬁ 28 further comprising a plurality of third vias
~ coupling ones of the plurality of third metal laycr conductors with corresponding ones of the

fourth metal Jayer conductors,

30.  The SRAM device of claim 18 wherein at least one of the transistors includes a
 gate dielectric layer comprising a matenal sclected from the group consxstmg of |

_’ Si02;

SiON;

HiO; g
'TaZOS; and o : A
AROY- B |



_ about 0.08 mcrons and about 2 m crons.
42 The SRAM devi ce of claim 18 wherein a boundary of
the SRAM unif cell has a |ength rangi ng between. about
12 nm and about 80 nmand a wi dth rangi ng between
about 3 nm and about20 nm- 43. The SRAM devi ce of
claim 1.8 wherein a boundary of 2he SRAM unit cell has
an aspect ratio rangi ng between about 3 and about 6.

44, The SRAMSREMIdeicedf chimi givAdeinasai dhe of thewadiaoys indludes a

the SRAM unit cell has an aspect ratio of about 3.2.
8te dieteetrishpevcomprising aofatariakselestediromh e gronp gonsisingcr y of

t he S &ml cell. has an aspect ratio of about 3.5.

27 ¢ R1%fet hod of nanufacturing a static random
acceseypBme: )&mf SRAM) device,. conprising: " providing

a substrate’having a first: doped region of a first
dopanthermylpzidet he first- doped region interposing
second and third doped regions of a second dopant _
type; and forming first and second pull-up transistors

' at ! 3st PRY §1Uﬂ\}1 hé(nc%\()%lalm \I'Hel:eﬁfat ijegﬂ %ﬁie 6@&' tBHsistors includes a -

gate dielectric layer i compnsmo a nitrogen containing dielectric matenal

33 - The SRAM device of claim 18 wherein at least one of the transistors mcludes a

gate dielectric layer comprising a high-k dielectric material.

34 The SRAM device of clalm 18 wherein the n-doped region and the first and

second p- doped reglon are enclosed within a deep n-doped region.

735" The SRAM device of claim 18 wherein a maximum capacitance of a write port

~ charge. storage node of the SRAM unit cell is less than about 0.6 farads.

- 36. - The SRAM device of claim 18 wherein the area of the 'SRAM unit cell boundary
is less than about SOO(WGPbZ), wherein Wapp is the width of a gate of one of the first and second

 pull-down transistors.

37. . The SRAM device of claim 18 wherem the substrate compnses 4 matenal

'selected from the group con51st1ng of:

: buH{Sl;
SiGe;
stained Si;
* silicon-on-insulator (SOT);
silicon-on-nothing (SON); and ' o | s

-~ -diamond: .



forming afirst pass-gate transistor and a,first

- pull-down transistor at |east partially over the
~second doped region; and form ng a second pass-gate
transi stor, a second pull-down transistor, and first
and second read port transistors, all at |east
partially over the third dopegsreglon " wherein the
first and second pass- gate pul | -down, pull-up, and -

‘read,portotr Rﬂl%ﬁm@@élllﬁlrﬂ%rcom rises a

bound ry W%&%ﬁ/ﬁﬁ%@ ceI F&eﬁaw n |rlst and secopnd _

-llﬂﬁﬂa b grod ¥R Ihed G dilead tvannasm@ets of at infsreofineat structure
about 3.2. 47. The nethod of claim 46 wherein
inteeofiriectslg tlertviigsgaond pul | -up transistors are PMOS

transistors and the first and second. .pass- gat e,
puII-dovvn and read port transistors are NN105

trangg st ofi3 gy evice §8laiNg wHBER AR SRIAME Lt cell4GrtHerisonipeises
conprlsmg ormng a wite port bit line electrically.
iitdinp kieith Hithan liscoonrdeféetait metal layorstodatt intsfeonteet struptige interconnecting
tﬁass gate transistor; formng a wite port bit-bar '

§ FasIEPISCt T i cal | y coupl ed to a source/drain contact of
"the second pass-gate. transistor; and formng a read
port bit line electrically coupled to a source/drain

contggt ofhe SRAVRRSKe Sfii 18 whitein theraseh bhorg of the Gingd amcmmnd p-
port transistors. 49. The nethod of claim 48

 doprd ﬂ’/gilqorls eithiorthe Sﬁﬁd\fé llmh]@ll bomndanyis greatep dap thgjagea g ;he ot ﬁreof the
Qi e Ao Pl RSN R LRy R0 A raneipe

: YondMbbitistokhe SRAM unit cel | boundary. 50~
bweénaﬁiﬁlﬂqg@%hod bof ~cl ai m 46-furtherconpri si ng _

4L The SRAM devic‘e of claim 18 wherein a boundary of the SRAM wnit cell has a

- length rangmg between about (.32 microns and about 8 microns and a width ranging between

about 0.08 microns and about 2 microns.

42.  The SRAM devioe of claim 18 wherein a boundary of the SRAM unif cell hasa
length fahging between about 12 im and about 80 nm and a width ranging between about 3 nm.

L3

: end about 20 nm.
| 43. 'The SRAM device of claim 18 wherein 2 boi_lﬁdery of the SRAM unit cell has an
aspect ratio ranging between about 3 and about 6. '

44, The SRAM device of clalm 18 wherem a boundaly of the SRAM unit cell has an

“aspect ratio of about 32.

45, The SRAM devxce of claim 18 wherein a boundary of the SRAM unit cell has an

aspect ratlo of about 3.5.



28 formng a wite port word line electrically coupl ed

fo gate contacts of the first and second pass=gate
transistors; and.-formng a read port word line

electrically coupled to a gate contact of one of the

first and second read port transistors. 51. The nethod

.of claim50 wherein the wite péft and read port word .

lines. are each substantially parallel to a -

| ongi t 46 nah HﬁﬁpdsOfmanufh@u@R/Wtaunrandoajeacbesbmamokar(SRAM) device,

‘{2" n.the SRAIV1 unit cell boundary. 52. An

in é’P%‘u‘Eged circuit device, conprising:.a substrate
~havi ng x@wﬁing'ﬁﬁlbkﬁa‘le }ﬁflmglaﬂi?dopg&’fégﬂn b6 r(‘lﬁ A tyfe, Tl 8¢ doped-
dopant type, a-pluralt secon ope regions
ofreaometcxpnmgahemdl hndttbapbdopahﬂglmlspif Bl saabndtdxopmf typéuandi

doped {9} gs of the s cond dopant type,

first 8'38%1 L 5end éwﬂégﬁlﬁtfgs %#é“@#ﬁl{ﬂh’é"’ﬁfl tb?ﬁlst @gped region;.
of sec it '
third lgglglé Qi?gg)ags%{e%ﬁm ura???rsﬁ;u d@?aﬁl Cfs?)giralc}gaspygartxally over
ad:lcess&mdmjpedt;eglbﬁw/} devi ces each i ncluding: first and '
second_ pull -up transistors located at |east partially

ov er dp@nikgra seprad passreate frangistor, afstoond pulledowd trusiptagrnd firstand second

bR AT oL AL 0 Briob el e or the
pl ur alvikedinGhe HOGANEARARRS- g'a@gﬂuﬂ%wﬁ‘giuﬂ%ﬁ 3151(1 fel%l@ g‘alﬁ stors form

the plurality of first doped region a se

pasSRAJd umit callamimusdagrof tee SRAMG nnit qali hbvigbolinsst ahd mmdslirmﬁary
d first and second re d-port transistors, all

@5?55’&8 %%SP‘EWP‘P qtiﬁﬁ%é}é%m%e of the plurality
of, third doped regi ons adjacent the one of the
plurality offirst doped regi ons and opposite the one

of thé7.. plThe &leihibd ofefairs &6 eMmeteid @RSt BRHINS ; ulmeﬁﬁismarme
first and second pass-gate, pull =down, quI -up, and

rEMQS pasistorsapdhihe Stsband seaondpasheaRPWI-downs andatad:pog transistors are

QQﬁagﬁﬁ f the SRAM unit cell having . first and second.
~prinary 5|ﬁ%n5|ons form ng -an aspect ratio.of at |east

about 3:2; and a plurality of interconnects

i nterconnecting ones of the first and second pull-up;

pass 4at e Thpmethoddfwlaim 4@fucthereamprisingt t r ansi stors. 53.

’ Ig ?rp Irtn grren?éaavtvgtg pgrlt gl%Hxlletele%ten\(/:zlﬂfy%oggledctcl) g ISOTTCSG afmucgnpa%{ of the ﬁrst
pass-gate transistor;
~ forming a write port bit-barﬁline eleétn'cally coupled to a source/drain contact of the
second pass-gate transistor; and - |

forrmng a read port bit line electncally coupled to a source/dram contact of atleast oneof

the firsf” and second read port transistors.

- 49, The method of cla1m 48 wherein the write port bit line, the write pox’t b1t bar line,
and the read port bit lme are each substantlally perpendlcular toa longltudmal axis- of the SRAM .
unit cell boundary within the SRAM unit cell boundary.

50 --The--methbd-"of'claim_ -'46‘ﬂ1rther:‘eomprisin‘g:



- 29. awite port bit line electrically coupled to a
" ‘source/drain contact of each of the first pass gate
transistors; a wite port bit-bar line electrically
coupled to a source/drain contact of each of the

second pass-gate transistors; ggpd . . a read port bit
line electrically coupled to. a source/drain contact
of ones of the first and second read port transistors. -

54. fowingaivet perteord ierekgiricallyeoinel to gate bantants sbthe first ﬁ@rsecond

.S n ite port-word line electrically -
%s%leet@nll or&aapg contacts of each of the first and

 S€CO RS Sead bt ARSESARERY coRI to aafe@BlacPOf dne YRS frst and
line el ectr| cally coupled to agate-contact of onesof -

sedmedfeadmrttmdsterecond read port transistors.

5L The method of claim 50 wherein the write port and read port word hnes are each '

substantlally parallel foa longltudmal axis of the SRAM unit cell boundary within the SRAM
unit cell boundary. '

52. Anintegrated cucult device, compnsmg
k - a substrate having a plurahty of first doped reglons ofa ﬁrst dopant type a plurahty of

second doped regions of a second dopant type, and a plurality of ﬂ'lll'_d doped reglons ofthe” -
second dopant type, each of the first doped reglons interposing one of the plurahty of second
doped regions and one of the plurality of third doped regions;

* aplurality of static random access memory (SRAM) devices each including:
first and second pull-up transistors located at least partially over one of the
plurality of first doped regions; o
' a first pass-gate tran'sistor and a first pul]-down transistor located at least paﬁially

 over one of the plurahty of second doped reglons adjacent the one of the plurahty of first

~ doped reglons and ‘ ,

a second pass-gate ‘transistor, a second pull-down transistor, and first and second
read port transistors, all located at least partialljoller one of the pluralily of third doped |
regions adjacent the one-of the plurahty of first doped reglons and opposite the one of the

4‘ plurality of second doped reglons ' ' '

wherein the first and second pass-gate, pull-down, pull-up, and read port

transistors form an SRAM unit cell, a boundary of the SRAM unit cell having first and
S secohd primary dimensions forming an aspect ratio of at least about 3.2;and -
" aplurality of interconnoots interconnecting ones of the first and second pull-up; pass-

gate, pull-down, and read port transistors. " ~

53.  The integrated circuit device of claim 52 further comprising:



29 . .

a'write port bit line electrically coupled to a source/drain contact of each of the first passf

gate transistors; | v .
a write port bit-bar line electncally coupled to a source/drain contact of each of the

second pass-gate transistors; and
aread port bit line electrically coupled to.a source/dram contact of ones of the first and

second read port transmtors. v

54. The mteorated circuit device of claim 52 further compnsmg

a write port word line electrically coupled to- gate contacts of each of the first and second

pass-gate transistors; and A
: a read port word line electncally coupled to a gate contact of ones of the first and. second :

read port transistors.



