Met hod of Formng a Static Random Access Menory with a
Buried Local Interconnect [0001] This is a
continuation-in-part of U S. application Serial No.

10/ 898, 456, filed on July 23, 2004, and incorporated
herein by reference. TECHNI CAL FI ELD [ 0002] The

MRS O L S RIS G Local

met hod of fornming a str peennegich as static random
access nenory, with a buri ed | ocal interconnect.
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23, 20048 drcorppseted hereindbyreliverass-access menory  (SRAM chi ps
Wi th a high storage density. In deep subm cron
technol ogy, a large nunber of SRAMcells are used in

uch as m croprocessors, comuni cations chips
TECHﬁ@m a chip (SOC) applications. One ongoing
goal is to reduce the size of each cell in order to

r . osts. . [0004]..Fiqure 1 0 a
10002}, 01 PYERRN e Fraich GBI 1o e iBY SBinugsma methods and
(6T) SRAM cell 10. In this cell, a first inverter
more pagasulariisiop meihpthed forming sisseirel suchogstasid randogradcess memory, with
with n-channel transistor 14 and a second inverter

a buriddietaldgercpngdeannel transistor 16 coupled in series
with n- channel transistor 18. For each transistor in
the figure, the source, drain and gate is |labeled with
the reference nunber of the transistor followed by an

BACKGROUNR" or "G " respectively. The two

[0003] Electronic devices, inclunding mobile and portable devices such as cell phones,
personal digital assistants (PDA), ;and digital cameras, use static random access memory
(SRAM) chips with a high storage density. In deep submicron technology, a large number of
SRAM cells are used in products such as microprocessors, communications chips and system on

a chip (SOC) applications. One ongoing goal is to reduce the size of each cell in order to lower

overall costs.

-[0004] Figure 1 shows a schematic diagram of a conventional six-transistor (6T) SRAM cell -
-10. In this cell, a first inverter includes p-channel transistor 12 coupled in series with n-channel _ '
_transistbr 14 and a second inverter includes p-channel transistor 16 coupled in series with n-
channel transistor 18, For each transistor in the figure, the source, drain and gate is labeled with
the reference number of the transistor. followed byan"S," "D," or "G," respectively. The two
inverters are cross-coupled so that the gates of transistors 12 and 14 are coupled to the source

regions of transistors 16 and 18 (which make up the second storage node 26) and the gates of
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inverters are cross-coupled so that the gates of
transistors 12 and 14 are coupled to the source
regions of transistors 16 and 18 (which make up the
second storage node 26) and the gates of -1
transistors 16 and 18 are coupled to the source

 transisfoegl O©nsl 1 ark kangedtoans séﬁcear@gioiaél of M sERorS X Bnd! B4 (Willeh make up
first storage node 24). The drains of transistors 12

the nsf§7et8 8 38 B ot Bbet HERRY 16 ¥ bR P Kiab spraty
18 are coupled to a |l ow supply voltage node (e.g.,
[

voltagamedede.ggr\rgra)Vdd) embide d tensisoro bt anddl822ze pouplédde a low

access to the cross-coupled inverters. Accordingly,

supplytd@ﬁagermmi(sggrvsaargmgn@current pat h coupl ed between a
first storage node, in this case, the source regions

. of transistors 12 and 14, and a bit line BL. The

[0005]t r arlBiratisgiors2® dnd 22 pravide wotsspatie cwosspioapled heieweren Azcordingly,
second storage node, in this case, the source regions ‘

the tra?slflstéﬂ ' %tc%ﬁ%ntﬁtﬁé@ﬁiﬁhbeﬂﬂ&n‘% fuﬁ%a@%&ﬁgﬁ@’t&%icgsreéthe source

ne BL/. The gates e transistors

. coupled. to rdljne cand W', If . the wordlines W
region RkfrappIstos ﬁoﬁ%g Ufa@iﬂ gyﬁfllﬁélﬁdla Esriransisty 22 hay & pumsnt path coupled
conductive material, the cell is referred to as a

betweesd setonbstolapm rodeSIN thisaoasd) itieesolittegegibin @fityaneiviont 16 4ndel8, and a
wordlines W. and W.', and therefore the gates 20G and

r . fnGLi ’ . .

compl g AR FR IR ot RREL PPl SR TOBIR 412 4 dyoplidlo S v
' itten.into th I1 10 by activating the wordline

and“ﬁ I?/f OFgijings @é&%ﬁ@@ At fpirped %rgm@rcgggnw eevglofiegnductive
the bitline BL and the second storage node 26 to the

materiglothplcelieseforsedhto tit & it Blordlineh @ Wi2) arehirbtutd) elndal avent, the
carried on the bitline BL will be of the opposite

wordii%% Wg'n il Wﬂ? ARG rt]ileggat&rbd@&mla%@%?eﬁ%feitﬁér ifl.rﬂn%tionally,

the 'cross-coup
€.£., in a separate level of metal.
[0006] During operation, data is written into the cell 10 by activating the wordline WL (and
WL'} to couple the first storage node 24 to the bitline BL and the second storage node 26 to the
complementary bitline BL/. The value of the data carried on the bitline BL will be of the
opposite value of the data carried on the complementary biﬂiné BL/ and the cross-coupled
inverters will latch that value. For example, if a logical 1" is applied to the first storage node
24, the inverter 12/14 will generate a logical "0" and apply that to the sécond storage node 26.
At the same time, fhe inverter 16/18 will invert the logical "0" and apply a logical "1" to the first
storage node 24. This state will be held until new data is applied through the access transistors

20 and 22 (or power is removed).



inverters will latch that value. For exanple, if a
logical "1 "is applied to the first storage node 24,
the inverter 12/14 will generate a |ogical "0" and
apply that to the second storage node 26. At the sane
time, the inverter 16/18 wll invert the logical "0"

[00071and Eipile)? PolweailHRkt ofk; %lﬁAM]ﬂ%llfdf a;%no?taﬂr ﬁ%l |8§ € réslons has

This State will De hel new i's ap

h the a ranS| ors 2. power
been gl Sorlipo R S oRians JaphinoGale 1a T dybReIBRRRon, the
SRAM cel | of the prior art. Each of the regions has
sourcegegiAng kel Btandairaio e giemsolD-92D atveimpiémemstd in hebeity dupedilicon
Figure 1. In this inplenentation, the source regions

o R 2 SR RN LB

1ntercclnilrggcl:tf(.e WIJB?O \}ﬁé,c\ggcp aﬂ/ grgﬁﬁvl gr?t%gté t‘@ﬁe}en Ig)‘sﬁtd;l {RPN | ofr polysﬂlcon and

Cont acts between .the silicon or poI ysilicon and
overlyingenétyl agindisated bartke §ymatiod shasvingy stivze sythtanl"XS ot fgtias
square with an "X" init. In this architecture, the

archite@@ire, thS€8! fsedtef Wadh c‘bﬁfﬂc@c e caN81s6 ke ShRQF @i%n? &ir%'ﬁ Bf metal

of threelevels of netal referredto as net

P et B E58) BhLEE ebe npey

silicon body). In one schene the first netal |ayer is
metal 3 Seiag fsrtheat from thesiliesinlbodpk dh onaseheomribefitst (k2E]dyer ik4Sed as an
and 16S to 18S) and as | anding pads (e.g., Vss, Vcc,

intra-c¥¥ locaN@tdRonnadl 129 lﬂg%ﬁqéﬁé #83) ANGE lﬂl&ﬂgrﬁdy\@sr a%“ VR Vee, WL

conduct or, and as Iandlng pads (€.9g., Vss,
L The t an be used for t bitli
and BIg3 %?8&%? obil Tl Ty s T F breiAE e ERE g (peimediogs (o 6. Vs,
"Vss In a second kind of | ayout schene the first

Vee angdp leytblrrd ol byeusadefused far e kitlinelcbnduwtsa(BL, BL/) and reference

_interconnects (12S to 14S and 16S to 18S) and | andi ng
voltagBRtEc GBd Wiss). Y8 8 sec¥aa kindlof layout scheme the first metal layer can be used for
intra-cell local interconnects (125 to 14S and 16S to 18S) and landing pads (e.g., Vss, Vec, WL
and BL) and the second metal layer can be used for the bitline (BL and BL/) and one power

supply (e.g., Vce). The third metal layer can be used for the wordline and Vss conductor lines.

[0008] Figure 3 shows another layout of an SRAM cell of the prior art. As before, each of
the regions has been labeléd to correspond to the schematic diagram of Figure 1. The
implementation of Figure 3 differs from that of Figure 2 in that the contact 28 between the
polysilicon that forms gates 16G ahd_ 18G and the doped silicon that forms region 12S.is a butted
contact (as indicated by the rectangle with an "X" in it.) A butted contact 28" is also used
between the polysilicon that forms gates 12G and 14G and the doped silicon that forms region

165. Butted contacts are disclosed in U.S. Patent No. 5,955,768, which is incorporated herein by
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and BL) and the second netal |ayer can be used for the
bitline (BL and BL/) and one power supply (e.g.,

Vcc). The third metal |ayer can be used for the
wordl i ne and Vss conductor lines. [0008] Figure 3
shows anot her |ayout of an SRAM cell of the prior art.

r3fel‘efgﬁ§r FEE%O d to Z?’he 1% g(ﬁ‘lﬁﬁta ie%isgﬂggr am gﬁﬁ éﬁ?@érﬁgf éﬁ%ure 2 since the

t|on of . Fi dlffers fromthat of Fiqure
ooy P SR Besieet Grive o8 Haia el Gnaonaus pad il naniact).

fornms gates 16G and 18G and the doped silicon that
forms region 12S is a butted contact (as indicated by
the rectangle with an "X" in it.) A butted contact 28
is also used between the polysilicon that forns gates
12G and 14G and the doped silicon that forns region
165. Butted contacts are disclosed in U S Patent No.
5; 955, 768, which is incorporated herein by 3
reference. This inplenentation is advantageous over of
the i nplenentation of Figure 2 since the nunber of
contacts has been reduced fromten to eight (six
contacts and two butted contacts). -4 SUMVARY OF THE
I NVENTI ON [ 0009] The preferred enbodi nent of the
present invention provides an even greater
i mprovenent by limting the nunber of contacts between
the cell (doped regions and polysilicon) and the
metal to only four. The architecture further only
utilizes two levels of netal (e.g., netal 1 and netal
2). [0010] The preferred enbodi nent uses a buried
| ocal interconnect |ayer for SRAMcell design. In a
conventional split wordlinedesign, the standard
routing uses a 1P3M (one



polysilicon, three nmetal) process. The preferred

enbodi nent cell includes an additional buried |oca

i nterconnect (LI) so that the routing only uses a 1P2M
(one polysilicon, two netal) process wth one LI. The
LI is fornmed by the plug layer only. This schene is
advant ageous since the process cost and conplexity of

UMBRAR OFFQM?E ' han that of a netal |ayer, which

typi&r:a 'y Pﬁ?ﬁﬁg@@%ne via, one line and a thicker
internetal dielectric (IMD) layer. [0011] According to

[0009] he mhepridrd caiHoafhdre b the?'i‘&%m?tﬁﬁ%nﬁ%h :prdﬁ@e‘é,aﬁ et EH
nu L SO

nber of contact, netal and via layers. This

. nefits. t.he gell contact/netal routin ul es and

improg 6 dinh s B arrber SESh Tkt S obo s wimnan
layers. The butted contact (e.g., rectangul ar

polysigispr)gad thesheteletd onbinfoas t Thd aogjectueofirther Ynly sitikizasawy levels of metal
popul ar technol ogy that can reduce the contact space-

(e.g., BRI NUADRtaDD). cont act s needed. But this process is
difficult to inplenent (e.g., in the lithography and
etch nodul e) due to the inherent processing conflicts

[0010bet wibe peefermgeimbodins ussse) buciod feval intrchnaetiubfee dor SRAM cell
(el ongated) contact in the sane {ayer.. In the

ssig 8 £ SN Ao WS bl 3l AR 120 o
‘ I [ ly d d
L TR R L NIRRT LE R
etch steps. -5 BRI EF DESCRI PTI ON OF THE DRAW NGS

local nt@ddthedi¢E.Dao timt ehecroniihedly ubster KA dinegobfsilidas, two metal) process
present invention, and the advantages thereof,

f

. ot ence| o S .

it IS TSSO P8 Pk 0 A HERERS A 0 e e
i n which:

p‘roCeésncost and complexity of an LI layer is less than that of a metal layer, which typically

includes one via, one line and a thicker intermetal dielectric (IMD) layer.

[0011] According to the preferred embodiment, the SRAM cell uses a minimum number of
contact, metal and via layers. This LI also benefits the cell contact/metal routing rules and
provides the smallest cell structure and minimum metal layers. The butted contact (e.g,,
rectangular contact, shared contact, longer contact) is a very popular technology that can reduce
the contact space and number of contacts peeded.~ But this process is difficult to implement (e.g.,
in the lithography and etch module) due to the inherent processing conflicts between a regular
(square) contact and a butted (elongat_ed) contact in the same layer.. In the preferred
embodiment, the buried LI is formed in a separate layer and located on SRAM only. This
creates a stable environment (only dense pattern and dielectric layers) for these LI

photolithography and etch steps.



[0013] Figure 1 is a schematic diagramof a 6T SRAM
cell; [0014] Figures 2 and 3 are |ayouts of
conventional SRAM cells; [0015] Figures 4a-4g are
| ayouts of a first enbodi ment SRAM cell; [0016]
Figures 5 and 6 are dross-sectional views of the SRAM
cell of Figure 4a; [0017] Figures 7a-7e are

BRIER TRSS S8 d)lqrﬂﬁi“TﬁfB%\ﬁA% exenpl ary sem conduct or
device uring various stages of manufacture; [0018]
Figure 8 is a cross-sectional view of an alternate

[OOIZFWbOFBf@ﬂlbie @sblet 99ddhtafdigy bLthd gkéseﬁrin@eﬁﬁeﬁ,' a%d%se éﬁv_a.%tages

ayout that can utilize the structure of Figure

TAI LED. DESCRI PT | LLUSTRATI. VE ENMBODI MENTS, .
m@fﬂ%@éﬁﬂ%ﬁ%ﬂ%ﬂﬂﬂa ladhe %}Qmag E?Scfl%o%tg@é‘ﬁ? Fonjunction with the
preferred enmbodi nents. are discussed in detail bel ow.

acconipangingdravibgs, apwhiebi at ed, however, that the present
i nvention provides many applicable inventive concepts
t hat _can be enbodied in a wde variety of specific
[0013¢ ont &iquge | Trreschpmaliq diagraandfedi R el cussed are
nerely illustrative of specific ways to nake and use
he inventjon,. and do not limt .t cope of the
[0014] v FERHER 2 $1047 TR0y il CanvShie SHAMcRdouT of o
first enbodi nent SRAM cell of the present invention.
he [ [ f e ice.i . in
ooss]'S, PR iy B0ERG S o B DRaG SRAMRT: have
been | abel ed to correspond with the | abels used in
0161 u . rfa](@ AS.. di RN RO £
001 Ei gurﬁfgg assi%}c u%]gsl:ﬁ);sf )‘%Ecﬁi&%ﬁ%ﬁvﬁ%ﬁ?@ﬂ@ﬁn pg(r'gtl cullégl}e%a’
p-channel . pul'| -up transistor 12 includes drain 12D
[0017% OUP IFeghrds0 a2 o ird Broé@bdcBRal SHEWA of an exemplary semiconductor device

during various stages of manufacture;
[0018] Figure 8 is a cross-sectional view of an alternate embodimeﬁt; and

[0019] Figure 9 is an example of a layout that can utilize the structure of Figure 8.




node Vcc (e.g., held at a voltage such as 1.5V, 2.4V

or 3.3V) and a source 12S coupled to a first storage

node 24. In another enbodi nent, the high voltage

supply Vcc is held at a voltage between 0.5V and

1.5V. N-channel pull-down transistor 14 includes a

drain 14D coupled to a | ow voltage supply node Vss
DETAIRED. DESERTPTAONOF 0l LEGERATTVESMBWDIMENTE s,  ground

or one bias voltage (0 - 0.5X vdd) and a source 14S

coupled to the first storage node 24. The gates 12G
[0020hnd Thetmabihgnhé using nibs tpoessntlPprafedred 4nbiodingdnecare dizadsyd in detail

coupl ed together at a second storage node 26. In this
belowC @6¢hou 2 i i i

B e s e STy e rent o AR plicable
. 12 and 14 form.a first inverter.,[0023] A second R
imvenffe ARFepl'naf S eiptoflstie 4 S irishROhgheiRa Sagens. The specific

P-channel pull-up transistor 16 includes a drain 16D
embodiggpisaliscussed hrs thergly illudttasiye obspepifl weyd o Make amd sseulcRvention,

16S coupled to the second storage node 26, and a gate
and dd &2 169 He@EodeQfiReinb iRl St Orage node 24. The second

n- -7 channel pull-down transistor 18 includes a drain

18D coupled to the | ow voltage supply node Vss, a

(0021 our Biguiedfa showp iiedayeut b e fisg eomddinicdt SRAMSELBe pﬁz‘@.Qnt
a gate 18G coupled to the first storage node 24. The

: [ . . | S;.CFOSS-C I wth t flLrst .
invenGE NS LREEIHhad b e oI IF Rt P bl e varions
. 20 and 22 are also included. Wiile the preferred
regions pavebseBAEbeiAd to kerpspeadmitithe kebeis nesstiadigwe 4. 6T SRAM
cell, a single-ended SRAM cell is also contenplated.
n this.case, ,one of cess transistors 20 qr 22
[0022},0,1 BsBiscEREA PR ?Smgéy?%%% # FGT4e% 9 d@pyistofsn In
~other enbodinents, the transistors 12-18 coul d be used
- partictler, penhemmeeh puli-pp ¢rangistot &2 melwaddairnEID omiphabis adfiglaesiess supply
could be used. In other words, one or both of access

node Vee (e.g., held at a voltage such as 1.5V, 2.4V or 3.3V)‘ and a source 128 coupled to a first

storage node 24. In another embodiment, the high voltage supply Vcce is.held at a voltage
between 0.5V and 1.5V. N-channel pull-down transistor 14 includes & drain 14D coupled to a
low voltage supply node Vss (e.g., held at a voltage such as 0V, that is, ground or one bias
voltage (0 — 0.5X Vdd) and a source 14S coupled to the first storage node 24. The gates iZG and
14G of the transistors 12 and 14 are electrically coupled together at a second storage node 26. In
this case, the gates 12G and 14G are formed from the same physical region of doped polysilicon.

The transistors 12 and 14 form a first inverter,

10023] A second inverter is formed from transistors 16 and 18. P-channel pull-up transistor
16 includes a drain 16D coupled to the high voltage supply node Vcc, a source 16S coupled to

the second storage node 26, and a gate 16G coupled to the first storage node 24. The second n-
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transi stors 20 and 22 are optional. [0025] The first
access transistor 20 includes a source 20S coupled to
the first storage node 24, a drain 20D coupled to a
first bitline BL and a gate 20G coupled to a wordline
W.. The second access transistor 22 includes a source

channd? Bl ol teehsis@r 1| B encheRORdrash P8P EBupIede RE1dy dial ge S%@Pn

coupled to a second b|t| ine BL/ and a gate 22G

Vs, ek S R IB o v v R BERTE a2 ¥ 1R BT B

conduct ors. Che of the advantages of this enbodi nent,
storaghaQ@evddr  Thesseeandtinvyanies 16/48 irorrossecsapledrith the6es fnverter 12/ 14.

Advant ageousl y, the enbodl ment of Figure 4a utili zes

| oc erc nnects. artlcular a first_loca

[0024] 1t P ERHSEE SGew Bagit () 3ndc% ase also éngdudleds Whils the preferred

el enents of the first -storage node 24 and a second
embodiment|of ithet ievemivnéc ir@2edeb adllt $RAM sellc a viplorserdad BRAM EAEIs also
el enents, of the second storage node 26. In this

conteng%%p .'eﬁx ttbL s da8d, oh© Sﬂhi 5%}6?# ﬁ%ﬁﬁ?&g ?ﬁ%r 84 Gohld b%aeil lnﬁnaieéd thereby

source up transi stor

creatinggh 02 Ceth 6 obfea %@@n@ﬁ&ﬁ%ﬁ% B8 Golipeiied o fosmrany type of

well as the source 20S of access transistor 20.

latch asd willearethods ef amedss| vk beimedr Bsthaoiord? oak e£bdth @ahdckss
coupl es the source 16S of the pull-up transistor 16,

transistd}€2 : the pull-down transistor 18, the
anmsga?eg %?%%SJ%TQ of the -8 transistors 12 and 14, as

well as the source 22S of access transistor 22.

0025)For MHid Bt AlcedsAnkioBRLO i
[ ]be di scussegelsn grleaterlggitdgf’g%%@%%vgs (5%;1 iﬁ%g%drséeétomgemde

SR e R BALE B T

addi ti onal %ures each show a subset of the |evels of
secondmpg&s.t@msmu@aﬂ fnchndes a source 2285 coupled to the second storage node 26, a drain

22D coupled to a second bitline BL/ and a gate 22G coupled to the wordline WL. As discussed
above, the wordline WL could be split into two physically separated conductors. One of the

advantages of this embodiment, however, is that this is not necessary.

[0026] Advantageously, the embodiment of Figure 4a utilizes local interconnects. In
particular, a first local interconnéct 30 electrically couples each of the elements of the first
storage node 24 and a second local interconnect 32 electrically couples each of the elements of
the second storage node 26. In this example, first local interconnect 30 electrically couples the
source 128 of the pull-up transistor 12, the source 14S of the pull-down transistor 14 the gates
16G and 18G of the transistors 16 and 18, as well as the source 208 of access transistor 20.
Similarly, second local interconnect 32 electrically couples the source 16S of the pull-up
transistor 16, the source 185 of the pull-down transistor 18, the gates 12G ar.1d 14G of the
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illustrated in Figure 4a. In particular, Figure 4b
shows the substrate, or nore generally, sem conductor
body, (labeled 34 in Figures 5 and 6). As shown in the
figure, transistors 14 and 20 are forned in a first -
active area, transistor 12 in a second active area,

transistor QB hEL O, ad Gell Bs thelsBikcd 22961 hat8sAEARisRRB 2! F@fiﬁétﬁ)tn‘?fﬁhc local
18 and. 22 in a fourth active area. he n- channel

d d
interochh AR S LD St b Bicnirai s ke RE bR Shea n-type.

sem conduct or and channels (denot ed Wth the suffix

10027]" C' )Figlret 9t a;ﬁl@'@géh -y g&dﬁﬁgy%%&gf{?érﬁus re:gi‘(?rﬁgn the plan view

active areas c forme

st | ar | ha stors, 12
of Figlh e TRE At lionil hsties cLhaRa sk NG 4 Kbl O piseal that are
from heavily doped p-type sem conductor and channel s

lustragéd initgre ¢a.dbpeettiov]ary Biguseett showd tiet mbstrdte, driore generally,
illustrated enbodi nent, these act ive areas are forned
semicdn@ué@Br Podhelihbeld ORRG IR An 1H(fgélﬁ£{r§ft?aﬁ1§1mo¥s 14 and
conpri ses’ nonocryst al ne Si |con n ot he
: nbodi.nent substrates of,sjlicon germani um strained
20 axe ARG e TS PRt TERSHP Rk & SPODEHTB AR SSIF G in a tird
~content can be used. The substrate can be a
active bugh knd trssistens d 8 and &2 o fdmuthlacti seilrst.r Then-ch@Piransistors 14, 18, 20
| sol ation regions 36 surround the active areas. In the

and 220081088 §RF3 AR iR hat a}ehﬁ) lec? abaty e%@ﬂj( 80?@&21:%5 Qgi.lmconductor and

trench isolation (ST1) |so atron
chansl % NG zcadﬁ&ghﬂy S Deset 1000 o

active areas, which are illustrated wth dotted

areas dail e $ornded it hipswceika:rﬁpltlm substsite i e Simidarbn tiz8actabinel transistors 12 and
polysilicon is used for the gates 12G -9

16 include sources and drains that are formed from heavily doped p-type semiconductor and

channels of lightly doped n-type semiconductor. In the illustrated embodiment, these active

areas are formed in an n-well.

[0028] The semiconductor body preferably comprises monocrystalline silicon, Tn other
embodiments, substrates of silicon germanium, strained silicon, silicon on insulator, or

composite silicon content can be used. The substrate can be a bulk-substrate or a non-bulk

substrate.

[0029]  Isolation regions 36 surround the active areas. In the preferred embodiment, the
isolation is a shallow trench isolation (STL). Otlier isolation techniques, such as field oxide,

could also be used.

[0030] Figure 4¢ shows the polysilicon layer overlying the active areas, which are illustrated

with dotted lines. In this example, a singléregion 38a of polysilicon is used for the gates 12G

9.



and 14G and anot her single region 38b of polysilicon
is used for the gates 16G and 18G Pol ysilicon
regions 38c and 38d are al so provided for gates 20G
and 22G Wiile a single region of polysilicon could
be used for these gates 20G and 22G separate regions

and 148 ghduaRehet Qinglerif%%g& 83b S 1501 AR ﬁged%P@J]e %‘?}@? ?gﬁi ahf18G.

the preferre diment’, only a sin

Lol ysilic sed.. I n ot her. word f. the, i )
potysiOH RSl LR ed B T 06 8. Wi snge regon
sane tinme and |ater etched to create the desired
of polysdifios seuldfteosdd foFitipse gatasi2(h and 22 Geseparatel re gintseare ogvdes iminimize
regions 30 and 32. As shown, local interconnect

the amo@ail Sréithekde® | BEAS preRidkY
© roegl on 14Se/ 2%8 and %I o) tgﬁlgﬁghfe%gltog;fl [ cégﬂﬁgg,ﬂﬁb’?ﬁﬁwon 18

Si il ar i nterconn i on
used. T Qer Ve s pasbiiiohReRAdn e Hopetioeghgt theseme time
185/ 22S and al so to the polysilicon region 38a. For
and latepelehwhioereaihibe desitedeegianseas and pol ysilicon regions
are also shown in this figure. [0032] Figure 4e shows
the first metal |ayer 46. Each of the regions of netal

[0031}16 nHgusetssh OW&H&IQ@JMG@WWWS@W heAs shoo, boral

use of that conductor. While no other |evels are shown

interconnedthegioh B0 dectiefligrcansied enthe BRarb@SpddQeiby MS?’Z@@aﬁ@also to the
see how the netal regions lay out relative to

Rk L By sl o

netal . |In other enbodinents, nultiple | evels of
Shafedrﬁéwsql reginn YL adalso tp damlysHicparresion 38holes relezence, the active
second netal layer 58. In this enbodi nent, the.

areas gudrpolsiloh depiamcre S8estfwriBithis fidupy e used as Vss strap
lines. In other words, these regions electrically

couple the netal regions 46 |labeled Vss in Figure 4e
[0032)wi t hFighte dechows thpl firstundttldgper 46 Hatkof fhe rédienspdnidtQ @6 has been
58c of the second netal is used as a Vcc strap line. -

labeled td @rte¥pordNGittP Bk S na e 8P HaPBRABESE:. YWRHe BS other levels are shown
in this figure, reference can be made to Figure 4a to see how the metal regions lay out relative to
the other materials. In the preferred embodiment, each of the metal regions shown is formed

from a single level of metal. In other embodimenté, multiple levels of metal could be used.

[0033]  Figure 4f shows the second metal layer 58. In this embodiment, the portions 58a and
58e of metal 2 are used as Vss strap lines. In other words, these regions electrically couple the
metal régions_ 46 labeled Vss i‘n- Figure 4e with the iow supply voltage. Similarly, the portion
58c of the second metal is used as a Vec strap line. Finally, the portions 5éb and 58d are used as

the bitline BL and complementary bitline BL/, respectively.

[0034]  Figure 4g shows the third metal layer 60. In this embodiment, the portion 60b of the ..

third metal layer is used as a global wordline, that js; a wordline that is electrically coupled to a
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the bitline BL and conplenentary bitline BL/,
respectively. [0034] Figure 4g shows the third netal
| ayer 60. In this enbodi nent, the portion 60b of the
third metal |layer is used as a gl obal wordline, that
is, awrdline that is electrically coupled to a

numberkJ SRAMRERY. THe poRiitvs ok kgd GG—@@rmlFBérLfsEd)ﬂ)? c@@ﬁ’lir%r{ﬁ? g&f'to power

can be used for ‘coupling the cell to power ~ supp

{ eixkher \Vss; or Vcc, dependi .upon t he.
supp R B 17 v TG PO i SR In other
. any of the nmetal 3 |ines can be used for
implepptatiensnanycafitemsetab? linescuademyedsionintercetrections non nested by SRAM
case, no intercell routing is needed for netal 3.

cell 10.0R30 chieghis BSerfelProdifc isldeb@dd @t el 95S- sect i onal
views of the SRAMcell 10 in the areas noted in

Figure 4a. Figure 5 shows how the | ocal interconnect

[0035B0 eFptesiScat] 6yillestrapd @ssstdeetiotop eidws 0f ieBTANMABI12@Sh kg areas
the source region 12S and how the | ocal interconnect

; I s t } . Sito
noted FERURCA Kithe ¥ SSOUDAS? the 1061 HARECuT.LONP S ABRATLe? the doped
. int nnect 32 coup].es squrce region 16S to )
regions SR R B SaGe o LB LMo OGAb EdMCatReel Borterarielly couples
30 nakes a simlar electrical connection between

the dopediregmns d§8/AAS 1218e aoutcprdgysi 165 drigure @i shows 8bw 16203 fdrconnect 32
As shown in both of the figures, a first dielectric '

ok 88 440 GORTRASALS) 28810k o oy 305 818 gy 30 makes
and subsbanti ally co-, planar with_the

. W ihin . first
similag P%Ft@e@quoench% elHGen PO ISAPN 28| 28€ Pplveilicay eagiam3ghs
then fornmed over the first dielectric |ayer 40 and

2.4 he | | nt.er.connects 30 and.32. In the preferred
0ose, > 4858yt AR RRER i B0F R Berh el To% BEREd S cach ot
.thickness of between about 100nm and 400nm preferably
transiyters d 2t23a T he d@ghimiercondecth 80 gad 32 dredophestwithio ahd pebstahially co-
has a thickness of greater than about 20nm preferably
planar with the first dielectric layer 40. A second dielectric layer 42 is then formed over the first
“dielectric layer 40 and the local interconnects 30 and 32. In the preferred embodiment, the first
dielectric layer 40 has a thickness of between about 100nm and 400nm, preferably less than

250nm, and the second dielectric layer 42 has a thickness of greater than about 20nm, preferably

between about 50 nm and 300 nm.

[0037]  Figure 6 also shows an example of one of the contact plugs 44. This contact plug.
extends_through the first dielectric layer 40 and the second dielectric layer 42 in order to
electrically couple the drain 16D of the pull-up transistor 16 with the first level of metal (at a
region held at the high supply voltage level Vcc). In the preferred embodiment, the contact plug

44 is formed from a conductor that extends through both dielectric layers 40 and 42.
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bet ween about 50 nm and 300 nm [0037] Figure 6 also
shows an exanpl e of one of the contact plugs 44. This
contact plug. extends through the first dielectric
| ayer 40 and the second dielectric |ayer 42 in order
to electrically couple the drain 16D of the pull-up

[00381 r angiableArshdfs ¥hihdlof e fddnkxed of {8y gfcfa{ed'@ﬁt%'d h of’the present
reglon hel d at the high supply voltage | eve cc). Fn

efe enbodi e contac g 44 is
invenf OF B T BBt ek EHS 2efitdugh bot h
dielectric layers 40 and 42. -11 [0038] Tabl e 1 shows
some of the features of th@ Ble ferred enbodi nent of
the present invention conpare to the prior art
enbodi nents of Figures 2 and 3. Table 1 Schene of

Figure. 2 |Sspiei®: FTFifug9r ¢ P%E%FE e 3! gurgc of Figure 4
(Prior art) (Puppl ght) (Pref epied ghvodime e
| ocal _nong none two (for inter A mbodiment)
Burigddoednngct nodggeonnect | on) %ﬁEaCt S tOt f6r1hﬁfhal cell charge
inRr@Rhekt wa are four (for- Vec, Vss, bitlirfe g anl 011)
wordline) IMetal 1 used for |anding used flo Ian
Comtaitofoell vor dl i ngesstrap and dgd$twangdei nflr afoﬁledf(br Wslss bitline
and intraicell |anding pafls cogpggsi on qonnect
1 four four three (for Vcg ngis‘ﬂ_ag% , ahe%oy'ﬂlﬁle)
Metal 1 used for landing used for landing used for wordline strap and
| pads and intra cell pads and intra cell landing pads
connection connection
Via 1 ~ four | four T three (for Ve, Vss, and
. o bitline)
Metal 2 used for wordline.. | used for wordline tsed for Voe, Vss, bitline
_ and bitline bar
Via2 * three " three | none ._ .
Metal 3 used for Vee, Vss, | used for Vec, Vs, none
bitline and bitline bitline and bitline
bar bar

[0039] Figures 7a-7e show a preferred embodiment method of fabricating a device of the |
présent invention. Each of these figures shows the same cross-sectional view as in Figure 6:
Referring first to Figure 7a, transistor devices 12-22 have all been formed using standard
processing. For example, ST] regions 36 are formed by etching the shallow trenches and filling
them with dielectric. Gate dielectric laﬁr 50 and polysilicoﬁ layer 38 are then deposited. The
polysilicon layer 38 is then patterned to form polysilicon regions 38a-38d, thereby forming gates

12G-22G. The lightly doped-portions of the source/drain regions (e.g., 16S, 16D) are then

-12-



bitline) Metal 2 used for wordline.. used for
wordl i ne used for Vcc, Vss, bitline and bitline bar
Via 2 three three none Metal 3 used for Vcc, Vss,
used for Vcc, Vss, none bitline and bitline bitline
and. bitline bar bar. [0039] Figures 7a-7e show a

B HOK14) SRR TR B0 DRl UL PR BB e Sl
sane, craoss-sectional view as in Figure

h 6:
The h%@éfﬁgﬂpp?ﬁgpqm%stofﬁ%e HgES @0 draing Grtisi 166 oF Oldlesian dlean beopped

have all been fornmed using standard processing. For

00405 RSy Rl BB 20 i B DRt S s e v,

. Gate dielectric | %}éler 50 and polysilicon |ayer 38 are
including-the frapvgpisdd-22rnkhe fpsh diglettiic dayer 49 eref@ablysomiperes an oxide such
patterned to form polysilicon regions 38a-38d, thereby

as a silie6ibxige gt R¥ordedGy236h ddfiay plahl RRMRP A iti
t he source/drari n &Ygiaﬁrlls (e.yg., 16S, 16D) ea're tdﬁgﬁmﬁﬁséuon()f

ol AR b OSBRI B s s

heavi | y doped portions of the sources and drains
those farmgd by sg®1e chemjcak sapor Heposbionf (G higloenppraret exide (HTO) could
now to Figure 7b, first dielectric layer 40 is forned

altern@vely bdwescd e The iclectrtayetiag:ah e db%éiﬂ gl g%tb@f@hégsh%s’ﬁﬁc% Blass
first dielectric |layer 40 preferably conpri'ses an :

BPS G €T P EP R o Bl SR KPS e BERDSLS Farbees i other
embodiments, other materials such as silicon nitride (e.g., SiaNy), silicon oxynitride, silare based

oxide (e.g., PEOX), or others could be used. Low-k dielectric materials can also be used.

[0041] After formation of the first dielectric 40, trenches 54 can be formed in the pattern of
the local interconnects 30 and 32. This trench. formation is also shown in Figure 7b. In the

preferred embodiment, local interconnect pattern has at Jeast one featnre with a width of Iéss than

90nm.

[0042] Referring now to Figure 7¢, the trenches 54 are filled with a conductive layer. In the
preferred embodiment, the trenches are lined with a liner (e.g., ﬁténium and titanium nitride) and
filled with a conductor (e.g., tungsten). The conductor 32 can then be etched back or planarized.
(e.g., by chemical mechanical polish) so as to have a top surface that is substantially co-plan;r
with a top surface of the first dielectric 40. In an alternate embodiment, the conductor 32 (and |
30) can be chosen from Al, TiW, Co, Ni, Cu, AlCu, TiN, TaN, Ti, Co, Ni, silicide or oﬁer

nitrided metal or combinations thereof.
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tetraoxyet hyl sil ane (TEGS), sonetines referred to as a
TECS | ayer. Ot her oxide |layers such as those forned
by silane chem cal vapor deposition (CVD) or high
tenperature oxide (HTO could . al ternativel y be used.
The dielectric layer 40 can be doped, e.g.;

[0043]bor mg@emq&blsw@@ ﬁleqlrﬁ%on(o@ﬁ%%eccﬁldgdwleﬁﬁa— Eag@ 40" Preferably
phosphosilicate glass (PSG . e.g., PTECS

th nent ot he t rials. suc
cieteoBE R A2 s PIBQE S o€ ememerye@% J57ti¢ Va2 oan be
sil ane based oxide (e.g., PEOX), or others coul d be
anothep §ypg.of Lae ja I@itreieeﬂ’tanmymmcbrlamr@r emnofahe matpeialsdistbd with respect
(0041] After formation of the first dielectric 40,

to layer UBNTHRIa R4 c&AN alk6 bk %ﬂ@%fk diBlebtie 183, teegf Nl a dfelb%ﬂc%ﬁétant less

i nterconnects 30 and . This trench formation is

than 37 B0l B Op:}frr%r%ﬁlyh Biefecfiq it A0 %Ti%m?réned from the

with a width of |less than 90nm [0042] Referring now
same maferaldut thisimitating is nefmskessayd are filled. with a
conductive layer. In the preferred enbodi nent, the

trenches %r lined with_a liner trtanrumand :
10044} j ¢ EovH ayoRfaRt hol EPHVé%rSwllﬁhlS%Ol&%ﬁddb@rJéh both diglectric layers

tungsten). The conductor 32 can then be etched back or

40 andpd B rRurinzigcthe cdrtad holelB iahaspaate sepdhaniteabeap RitdrSéhne&Qrench 54

as to have a top surface that is substantially

s B AN BRI PSR e

% an be chosen fr Ti W Ni, Cu, AI
simpli PNhe h&r@gr&phy a@)etcmﬁtep%. In| the E@fq;red@rnb@dlmqﬂt,ttm @rehr can be
metal or conbinations thereof. -13 [0043] Fi gure 7c

performkd 0sig g ewhart yasek enidhbdsi O s, af I, EH 5,09 dndlivel ectric
| ayer 42. Preferably dielectric layer 42 conprises a

TECS oxide layer. Alternatively, the dielectric layer
[0045}42 cEinallyg referring to Figure 7e, the vias 54 are filled with conductive material to form

the plug 44. In the preferred-embodiment, the via holes 54 are lined with a liner (e.g., titanium
and titanium nitride) and filled with a conductor (e.g., tungsten). The conductor 44 can then be
etched back or planarized (e.g., by chemical mechanical polish) so as to have a top surface that is.
substantially co-planar with a top eurface of the second dielectric 42. In alternate embodiment,
the conductor 44 can be chosen from Cu, AlCu, TiN, TaN, Ti, or combinations thereof. Other
conductors, such as Al, silicide, TiW, Co, or Ni, can also be used. Note that the local

interconnects have already been formed at this point.

[0046] In the preferred embodiment, the via hole 54 was formed in a single mask step and
the tungsten of the plug 44 has a continuous surface through the interface between dielectrics 40

and 42. The use of a single mask step avoids issues relating to the alignment of holes in the first
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anot her type of oxide, a nitride or an oxynitride

| ayer or any of the materials listed with respect to
| ayer 40. This layer could also be a lowk dielectric
| ayer, e.g., with a dielectric constant | ess than
3.7, or preferably less than 3.0. Preferably,

and soblirdl BEIHHS ldyéﬂéelﬁ)sanﬂQZa'Fﬁrtﬂgr BleGise bPE BBBinh b Rdnblfictor 44 avoids any
same material but this linmfation Is not necessary

hol e
ot O o B e Pl S Bt
Form ng the contact hole 54 in a separate step from

[0047]t he ﬂ:lg&%"/e'aghpqﬂﬁﬁl%%@ﬁ a@gﬁﬁ&{h e | hfsfr g&:rggcﬁl%qsl this example,

si nce“each e co es 1S 0

the same size. This feature simlifie
a singledamAaYERGPRPCEY ds Blean For exsanpls. 3 didlectpie éerye? 4%5 deposited over second
enbodi ment, the etch can be performed using etchant

diclecigiadser Silaﬂitl?l gEAESThEBEB cirichife2 48 WprefdighlAn IOW-QQH@J:ctnc (e.g.,
Fi nal |y, erring to Figure 7e, the vias 54 are

with afdﬁélécﬁﬁ‘c Wi ngéé%frlr%nvﬁ r@ﬁi% 'ufehdlél@céﬁ gglstél{? gﬁglvgc%um is 1.0).

pre erre
titanium _an
Examzﬂr«'% Qﬂd SYEY 1%}9&%1& dﬂﬁ%ﬁéﬂ% ipplude Ewa@&doﬁahqaeglgss (F$ @h @&T&QX and
The conductor 44 can then be etched back or

organipldzteticadc & LK ™Mwnd BéakdahmordMogideatboa@ohA) dislectdis and
to have a top surface that is. substantially

porouﬁgﬁﬁhﬁ’@ ele®rch Tihal ﬁ@n%ﬁ%ﬁe‘;@gcé%% gr\g%e;rg e @&e?cdr&i gcontact

ternate e uctor 4
gho en f({ Al Cu, TiN., TaN, Ti, or conbi nations
plus 4¢ gicfggpe t@‘ﬁhﬁ’r C@bﬂ%@‘bﬁﬂg such as A, silicide, TIiW

Co, or |, can al so be used Note that the | ocal

04 S oA o o TR BBl

was forned in a single mask step and the tungsten of
materigh prefirolfy aetdadn ﬁxeqm:i‘mrmlmnbochmemadm gondeatghofithefirst metal layer 46
" interface between dielectrics 40 and 42. The use of a

is copdrRgkRnimEk céy%fe? ﬁlV&thSerhb?ﬁHﬁénﬁ Gh&drd@ctoPrdal Glso comprise a
al i gnment of les in the first
material such as aluminum, titaninm nitride, tantalum nitride, tungsten, titanium or combinations

thereof. Other conductors could also be used.

10049] ‘An alternate embodiment is shown in Figure 8, which shows a cross-sectional view
of the same region depicted in Figure 5. In this embodiment, the SRAM cell is formed on an
SOI (silicon on insulator) substrate. Accordingly, the semiconductor body 34 is disposed over a
buried iﬁsulator, e.g., a buried oxide 56. This embodiment also includes local interconnects 30

and 32 that are formed within first dielectric layer 40 beneath second dielectric layer 42.

[0050] Figure 9 shows an exemplary layout of the embodiment of Figure 8. In this example,
the SRAM cell 10 is implemented using two semiconductor islands 62 and 64. One of the

inverters and an access transistor is formed in a first of the islands 62 ard the other inverter and.
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-14 and second dielectric layers 40 and 42. Further,
the use of a continuous conductor 44 avoids any
contact resistance that may be created when two
separate conductors are coupl ed together. [0047]
Figure 7e also illustrates the formation of the first

access!tEMSiktoP{s foBh& in4Be sdcBnd Rihd §¥ampk @ocal iteFtdaba 30 (32) is used to
danascene process is used. For exanple, a dielectric

copt L SRR U T8t LSRR ub D B

lowk dielectric (e.qg., vv!thadlelectrlc const ant of
[0051] Zi i%%i?ﬁ’ghg‘?to g\ge s‘ﬂ@%‘f}@ iﬁlpﬁn{éhﬁ i6k Bf Fi%'f.lfeq,? Sffr&@&mﬁfon&ctor island 62

di e] ectrics inc rin ted SI|I gl.ass

ﬁfﬁﬁé@sm%m@uc F@L@ﬁﬂ% 4 QreioBBed ¥ the Bl %@Wégr(?wﬁ) A first n-

Bl ack Di anond(err) and carbon content d| el ectric and
channglaransistos £0 and aisezodd elobatrel transiMad 14daetieraedén the first semiconductor

processi ng, where the netal |layer 46 and contact plus

islandﬁﬁ. "’I‘hﬁ gfsaﬂglé'f&‘g lﬁ%ﬁ %%ﬁ ﬁ‘flac{blpgﬁ ?%1(91914‘57%15‘ A?@ﬁ@c}gnnel gansistor

areforrre ectric aye

Weg g¥vj Bgonductl material, preferably
12 1s lyodoppest Bripe IS6 FSBIPRRIOT 19376 Qo TRIGAHTEND- ehalmﬂéramlﬁt@f 1 includes
netal |ayer 46 is copper or alum num copper. In other

a p-dopedbrgioneliSsthattdbetschnshacddar-dopry regiow 143/11P8.0 46 skown in Figure 8, a
mat eri al such as al um num titaniumnitride, tantal um

51hc1d%'nifg1érg§ve l'é r’tﬁec‘}n?élfacta Hmeg%dﬁ%ﬁgéﬁﬁ% :l)%%?nd hBSEEA n- -doped

er conductors cou
ate enpodi rent |s shown in Figure 8, which shows
regiony "é? ]0%8 Avithepathengmhpdinggnts, ﬁéﬁ§té}9bfsi15@Pé%gl@fé%$%$ agedi 45 a gate
Figure 5. In this enbodi nent, the SRAMcell is forned
20G obthedirst iSantsli ttanciotor 00 anda sdcand pplysilibsi region. 38a is used as a shared
Accor di ngl y, t he sem conductor body 34 is disposed

gate 190AUGor BULIEE I BT 12 Buthe nSndiiE] GhRX:dT HWsingiar

enbod SO I nc s .l10ca nterconnects

configuration is found in the second semiconductor island 62.

[0052]  Referring now to Figures 8 and 9 together, a first dielectric layer 40 is formed over
the transistors 12-22 of the integrated circuit. A first local interconnect 30, which may be a
butted contact, electrically couples the p-doped region 125 and the polysilicon region 38b.
Preferably, the first local interconnect 30 is formed within and substantially co-planar with the
first diclectric layer 40. Similarly, a second local interconnect 32 electrically couples the p-
doped region 16S and the polysilicon region 38a. The second local interconnect 32 is also

* preferably formed within and substantially co-planar with the first dielectric layer 40.

[0053] A second dielectric layer 42 is disposed over the first dielectric layer 40, the first
local interconnect 30 and the second local interconnect 32. A number of contact plugs (each
indicated by a square with an "X") extend through the first and second dielectric layers 40 and 42
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and 32 that are formed within first dielectric |ayer
40 beneath second dielectric |layer 42. [0050] Figure 9
shows an exenplary | ayout of the enbodi nent of Figure
8. In this exanple, the SRAMcell 10 is inplenented
usi ng two sem conductor islands 62 and 64. One of the

and el¢dtielllyebstasndhriats 668 3 theldopbs eichs ah8 pbBkIIREn | ff%m%s As discussed
first of the islands 62 and the other i nverter and

I 0
sbove g RRERRSIL PR £ b LTS ok 8, BB e BLant
the storage node 24 (26) at source region 12S (16S) to
[0054¥ he WhBHAS tnvieRH ha3BRed §e§@1)1be];d wit® %&kg&%%ﬁs‘tﬂﬂvé &ubodiments,
he specific inplenmentation I gure :
i A Aok 0 B Rk S P S atons an
(Figure 8). Afirst n- channel transistor 20 and a
combisgtn ¢f thedlastmative embodinsntoy aselbaseotharembddimerttef the nstntion,
sem conductor island 62. The transistors 14 and 18

will bSEHafnPtIRPRAS ‘sl%ﬂb@fh tﬁé%%ﬁéﬁ re‘feﬂeh &é?s@l”ﬁﬁh It is therefore

transistor 12 is al so in t e f|r

nduct and 62. The first chann

sntendFf o€ AR50 R frabinasSgPushitiineBiseaR e P phadiments.
abuts the shared n-doped region 14S/18S. As shown in
Figure 8 a silicide region overlies the interface
bet ween. the p-doped region 12S and the shared n-doped
region 148/ 188. As in the earlier enbodiments, a first
polysilicon region 38c is used as a gate 20G of the
first n-channel transistor 20 and a second pol ysilicon
region 38a is used as a shared gate 12G 14G of the
p-channel transistor 12 and the n-channel transistor
14. Asimlar configuration is found in the second
sem conductor island 62. [0052] Referring nowto
Figures 8 and 9 together, a first dielectric |layer 40
Is formed over the transistors 12-22 of the
integrated circuit. A first local interconnect 30,
whi ch nay be a

-17-



10
11
i2
13
14
15
16

17

18

19

20

21

22

butted contact, electrically couples the p-doped
region 12S and the polysilicon region 38b.
Preferably, the first local interconnect 30 is forned
within and substantially co-planar with the first
dielectric |layer 40. Simlarly, a second |oca
i nterconnect 32 electrically couples the p- doped
WHATdgIiGImIMEDand t he polysilicon region 38a. The second
| ocal interconnect 32 is also preferably forned
within and substantially co-planar with the first
1. dielistegrated dimyie comrisif§ 053] A second diel ectric |ayer
42 is disposed over the first dielectric |ayer 40, the

f b Figdt p-dHaf@dl phll B A888F fnc%%@fco%ﬁ%g g@? iélggﬁ:]oltagc supply

i nt erconnect “32. “A nunber of

i ndi cated,by a uare with an "X"') extend throygh the
node, 1 3B P A ar e A0E oo it conploatia asbond Grossas node;

electrically contact various ones of the doped regions
aadirg al-gheihel pol-doegi ansistoAmcHidipusdeih coapled  a low voltage supply
additional levels of netal can be included to formt Ee

. . . 0 : Ceir . _

nod, JS5HE PRI 0RO QDL AL Ry GRH LMo o
enbodi pents, .this description.is not intended to be
c Bﬁ%qOPgE’acﬁwaﬁﬂeéP 1-hlptwaﬁ§st§éw§@3!ng\ﬁa4r@&f§u%@ i the atghoredtage supply
and conbinations of the illustrative enmbodi nents, as

node, wsbircasoupi¢ttio therodnchstotage obdet hed & pate odupded to the fifst EBrage node;
apparent to persons skilled in the art upon reference

9 skdgd %%%hﬂ—'ﬁowh%ahﬁst@ﬁ%ﬁfdﬂ[%eﬂ n%%ﬁc?ﬂg@g td 8o B6itace

appended enconpass any suc cat'i ons or
enbodi nent s. -t@| T 1S CLAI MED IS:(ﬂ 1. An
supply oy 4080 £9UplEGh P theciepeIckatoraee Bods, 1ndk it clipladhie the first storage
pul | -up transistor including a drain coupled to a high
node;vol t age supply

a first dielectric layer formed over the first pull-up transistor, the first pull-down
transistor, the second pull-up transistor and the second pull-down transistor;

a first local interconnect electrically coupling the source of the first pull-up transistor, the
source of the first pull-down transistor, the gate of the second pull-up trahsistor and the gate of
the second pull-down transistor, the first local interconnect formed within and substantially co-
planar with the first dielectric layer;

a second local interconnect electrically coupling the source of the second pull-up
transistor, the source of the second pull-down transistor, the gate of the first pull-up transistor
and the gate of the first pull-down transistor, the second local interconnect formed within and
substantially co-planar with the first dielectric layer;

a second dielectric layer formed over the first dielectric layer, the first local interconnect

and the second local interconnect;
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23
24
25
26
27
28
29

30

3 node, a source coupled to a first storage node, and
a gate coupled to a second storage node; 4 a first

n- channel pull-down transistor including a drain
coupled to a | ow voltage supply 5 node, a source
coupled to the first storage node; and a gate coupl ed

t ofitshnetad expich Sormedigeer tigoecofd dickecioNgyd; ho A eletal region being
pull -up transistor including a drain coupled to the

held a%ggge\ma%gﬁle%ﬁ@gv[ﬁemggﬁgﬁgﬁg%%ésource coupl ed to the

second storage coupled to the first
stﬁﬁgge node; 8 a second n-channel pull -down _
t # HF P Piusetrading throyeh the fistabpleeftic dayenand gysecond dielectric

vol tage 9 supply node, a source coupled to the second

layer awlgoapled hetesn twdiran ghithe fosiyllesh transishe ahil ks filst BERDRgion;
10 node; 11 a first dielectric layer forned over the

fi ] - i i k- Ik 2, . .
|3 Sabrd i BUSLELAL pd Bold koUW el ot rogin
. nd pull-d transistor; 13 a first |ocal
being ﬁ‘ﬁﬁg@%ﬁﬁﬁ%ﬂ“&%&&qIFJS]éIVPI)’}a&?éHBPWrFQd%W@dSour ce of the
first pull-up transistor, the 14 source of the first

pusdconidventsat phgiestendingttheughtie fukt diblectsie dnreamlihk setond diclectric
transi stor and the gate of 15 the second pull-down -

A5 fad: [ r f d_w t:hi .
layer %1&362?}%&; tggﬁte{:ﬁ]aﬁjlefﬁég bf %%%g%ogggﬁﬁﬂw&fﬁﬂﬁﬁéor@g@ Le second inlal region.
dielectric layer; 17 a second | ocal interconnect

el ectrically coupling the source of the second pull-up

2. 1Bhd medpsatsd fcuitlofRl$AUr H@ fﬁﬁhérf&%nﬁﬁ@fﬁgd pul | - down
transi stor, the gate of the first "pul F-up transi stor

1 the gate of .the fi.rst pull-down.transistor, the
B BBk e ottt B s e/ i atoleats te fit Storage
substantially co-planar with the first dielectric

node, ¢ grepd seuceddrgisgegian dpelettord bitlineyeed afgatenexipledés a thoedline; and
first dielectric layer, the first local interconnect
225206 bdressIRHORGT IRAMing ATiRE SQRBEEHin region coupled to the second _

storage node, a second source/drain region coupled to a complementary bitline and a gate

coupled to the wordline.
3. The integrated circuit of claim 2 wherein the wordline comprises a split wordline.

4, The integrated circuit of claim 2 wherein the first access transistor comprises an n-

channel transistor and the second access transistor comprises an n-channe] transistor.

5. The integrated circuit of claim 1 wherein the first local interconnect comprises tungsten

and the second Jocal interconnect comprises tungsten.
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-18 23 a first nmetal region formed over the second
dielectric layer, the first netal region being 24
hel d a voltage | evel of the high voltage supply node;
25 a first contact plug extending through the first
dielectric |ayer and the second dielectric 26 |ayer

6.  ang iseppleddibet weehin Nevtdich theQfrsttibal irtédéniRed doriRises at least
transistor and the first metal region; 27 a second

I ' f ver .t he .secaond. di el e i G - .
one il sl S0 A0 B BB i b S LRIl BB b TN e o
| evel of the high voltage supply node; and 29 a second
W and cgmbinations thereaband whangin thi ssaepi ])[én@ intescopnagt edneprises the material of
| ayer and the second dielectric 30 layer and coupl ed
the firdb&icakmterédneeddr ai n of the second pull-up transistor and
the second netal region. 1 2. The integrated circuit
of claiml1l and further conprising: 2 a first access
transistor including a first source/drain region
7. chhephtedrated difoeit bf claim $ twdreaaje theFirsadidectric fayensanprises a doped
source/drain region coupled to a bitline and a gate
oﬁdcﬁ?&@'ed to a wordline; and 4 a second access
ttansi stor including a first source/drain region
coupled to the second 5 storage node, a second
source/drain region coupled to a conplenentary bitline

8.  are jategale ciul 00HlaRA 1 thekdl® (WOHred difl8etrid lader ddi8prises at least one

integrated circuit of claim2 wherein the wordline

. ri spLit wor.dhin j r S as
materigRELeR FpPR Brore SR i TRy e BEGY REimR e, S
conprises an n- 2 channel transistor and the second
and Sigbeess transistor conprises an n-channel transistor. 1
5. The integrated circuit of claim1l wherein the first
| ocal interconnect conprises tungsten 2 and the

cond | ocal, i nterconnect conprises tungsten.
9. S‘Iehe integrated circuit of claim & wherein rtrhrza second d1elegtnc layer comprises the

material of the first dielectric layer.

10.  The integrated circuit of claim 1 wherein the first dielectric layer has a thickness of
between 100nm and 400nm and wherein the second dielectric layer has a thickness of greater

‘than 20nm.

11. The integrated circuit of claim 1 wherein the second dielectric layer comprises a low-k

dielectric with a dielectric constant of less than 3.

12.  The integrated circuit of claim 1 wherein the first metal region and the second metal

region are both formed from a first level of metal.
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-19 1 6. The integrated circuit of claim1 wherein the
first local interconnect conprises at |east 2 one
material selected fromthe group consisting of a group
fromCu, AlICu, TiN, TaN, Ti, Co, N, 3 Wand
conbi nati ons thereof and wherein the second | oca
13. | THShRERRArcGR BPEISA S 1 W fuFtef EbRbriGhe a Sedoh®1evkl Stmetal the
| ocal I'nterconnect. 1 7. The integrated circuit o
Lai,m:1 erein.the first dielectric |ayer conprises a
Smmnék%%gkn5%@§?@gnﬂg§gﬁme& 8. The integrated circuit of
claim1l wherein the first dielectric |ayer conprises
at | east one 2 material selected fromthe group

. Y0 B g SRR g SR 118, e 0

| aim.8 whereipn th econd dielectric |layer, conprises

second el 0f el GiTugding4 bithes qandlagion ia@p@@leﬁm@tq)ffﬁvg}inengonﬂmtor, a'Vss
The integrated circuit of claiml wherein the first

conductoredndct Vicccdndyeor.has a t hi ckness of 2 between 100nm
and 400nm and wherein the second dielectric |ayer has
a thickness of greater 3 than 20nm 1 11. The
integrated circuit of claim1l wherein the second
dielectric |layer conprises a lowk 2 dielectric with
a dielectric constant of less than 3. 1 12. The
integrated circuit of claim1l wherein the first netal
region and the second netal 2 region are both forned
froma first |level of netal. -20
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1 13. The integrated circuit of claim 11 and further
conprising a second |level of netal, the 2 second

| evel of netal conprising copper. 1 14. The integrated
circuit of claim1l and further conprising a second

| evel of netal, the 2 second |evel of netal including

15. aARididdrited eiRaHUG e foRnAU eI BEYat®ithd infrated circu'bt 1device
conductor, a Vss 3 conductor- and a Vcc' conduct or.
com r.1. 15. An integrated circuit device formed on an SO
PLEMSst rate, the integrated circuit device 2

conprising: 3 an insulating |ayer formed over a
sarbgsulating; layer fommedsvesestibsoatduct or i sl and fornmed over
the insulating layer; 5 a first n-channel transistor

f OfifPbntiBordBtof 1515 SRECARFERNuldipb il 6 a second
n-channel transistor forned in the first 'sen conduct or

i skand, ,the second .n_7 .channel transistor.|ncluding an

n? %%E%’&h?‘uél& %?’Psfsﬂaélfoﬁe‘jslﬂ eeﬁrsg\;epﬂcqqqgctq Pgl“&n - channel
transistor; 8 a first p-channel.transistor formed in

t heecpnd schamal conisiee fomddsh drdfirst demifondsetopistand, the becdnd n-
transi stor including a p-doped region that abuts the

n-channel transistors; 1 irst silicide region

Y g e R S R g e

n- doped region of the first and second n-channel

channdl fAhEStoNimdRERE GGG Qé%éxgﬁlfaf isTsBhre@RGhIBEAREN-chihnel transistor;

transistorandndinga :dopedregichi thattabpislthe sHaradondepediregion of thaiestasd second

a gate of the first n-channel transistor; 14 a second

n-chari@] taisistsz@n region for use as a shared gate of the

first p-channel transistor and

a first silicide region overlying an interface between the p-doped region of the first p-

channe] transistor and the shared n-doped region of the first and second n-channel transistors;

a first polysilicon region for use asa gate of the first n-channel transistor;

a second polysilicon region for use as a shared gate of the first p-channel transistor and

the second n-channel transistor;

a second semiconductor island formed over the inisulating layer;
a third n-channel transistor formed in the second semiconductor island;

a fourth n-channel transistor formed in the second semiconductor island, the fourth n-

channel transistor including an n-doped region that is shared with the third n-channel transistor;

a second p-channel transistor formed in the second semiconductor island, the second p-

channel transistor including a p-doped region that abuts the shared n-doped region of the third

and fourth n-channel transistors;

a second silicide region overlying an interface between the p-doped region of the second

9.
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

15 the second n-channel transistor; 16 a second
sem conductor island formed over the insulating |ayer;
17 a third n-channel transistor forned in the second
sem conductor island; 18 a fourth n-channel transistor
formed in the second senm conductor island, the fourth

-chanfic] tihsigdaBiethelshabs hSdopkd tdpsoHetithO R HadoRer, tRg] istors;
P that is shared with ﬁ?@ théi%?(%j n- channel transi Stﬁ%frn;gﬂranslstors,
20,4 nd p-channel transi st farmed in the second
it BRfT D ElILE bsq 41 Gt o BN Chagaphgnsiion
transistor including a p-doped region that abuts the
shignel palydidisen ragéap fon ussf astashaterdigate of2Be stednd piahdrine] transistor and
n-channel. transistors; 23 a second silicide region

the foupthel-thanAd tesistak-er f ace bet ween the p-doped region of
the second -22 24 p-channel transistor and the shared

n- d. redi f the thir nd.f ourt h. .n-channel

0 BRI 8Vks Rl i BBt o, HRcontn-shannel

.a gate of the third n-channel transistor; 26 a fourth
transisgs] e thirdoophanaeli teamsistor, the éovath mcksnasldthngistos, tbé fitshp-channel

second p-channel transistor and 27 the fourth

transistor @h@ teekcdndaneiapheltiandBtor; first dielectric layer
fornmed over the first n-channel transistor, the second

n- l. .29 transistof, the third.n-channe
0 SRR gpreFtnblal e ey civifink e aRarReRs of e fivtasghanmel
_p-channel 30 transistor and the second p-channe

transistqr #ad thetforcth galysilicon wgidnothelfirftdoenl duementecefosmed withinl and
coupling the p-doped region of the first p-channel 32

substahtiAlySdoSiletar a/ith tho €irsh Aleldctid@y¥Si | i con region, the
first local interconnect forimed within and 33

f’% eél&’?ﬁoicﬁl ih?érc%%gelzc% gﬁ‘a{:trf’(\:”altljl? céu%%ng itﬂesﬁ—dgf)eedl r%&%ﬁ of the second p-
channe] transistor and the second polysilicon region, the second local interconnect formed within
and substantiaily co~plaﬁar with t_hé first dieleetric layer;

a second dielectric layer formed over the first dielectric layer, the first local interconnect
and the second local interconnect;

a first contact plug extending through the first and second dielectric layers and
electrically contacting a second p-doped region of the first p-channel transistor; and

a second contact plug extending through the first and second dielectric layers and

electrically contacting a second p-doped region of the second p-channel transistor.

16.  The integrated circuit device of claim 15 wherein the first semiconductor island

comprises a strained silicon island and wherein the second semiconductor island comprises a

strained silicon island.
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34 a second | ocal interconnect electrically coupling
t he p-doped region of the second p 35 channe

transi stor and the second polysilicon region, the
second | ocal interconnect forned within 36 and
substantially co-planar with the first dielectric

17. | Teintes3dtedcBOEORTicRIE CREH 115 GHeAY @ thelIREITBEA QUG okdR6: comprises a
first dielectric layer, the first | ocal interconnect

. d.l l.nterconnect: 39 a,first

buted BB o B R e PR Dlop MBS RRE e s Bbldebomtage
dielectric layers and 40 electrically contacting a
second p-doped region of the first p-channel

18. UTRORmSHRE RO dViR oTRLAAY 5GARLAR Eeﬁrﬂo&ﬂ‘itﬁ&%ﬂl‘%ct cpspprises.
I an

through the first and second dielectric layers

el ectrically.contacting a second p-doped region of the
tungsigh, g} e SEcanl vl InKTCHTIRGLCrD e aheste | nt ogr at ed

circuit device of claim15 wherein the first

sem conductor island 2 conprises a strained silicon

[ wher.ein.th ecqnrd .sem gonduct or, .i sl and .

19, ThERTe 08 MG e DER 13 R RiTa AR08 ingSrpiicq) gomprises a
integrated circuit device of claim15 wherein the

least qriemeaferiad selpctphiremdbn swep conmiingoés groupdramn (e 41Co AN cTaN, Ti,
and wherein the second | ocal interconnect conprises a

Co, NQUW a6 c6:0binaténs therdSt andeheldih 8@'BERM 16¢4] SbrbottR¥ GnRises the
claim 15 wherein the first [ocal interconnect

materﬁg%%gﬁﬁé%@ ltélgn o g@sapﬂnggteeﬁécgnclu o%ﬁle i ntegrated

circuit device of claim15 wherein the first | ocal
i nt erconnect conprises at 2 |east one materi al

20. fu%dﬁf‘ﬁ%qﬁ?‘ﬁ ggaﬁgb%@egf%%@aﬁ.{ﬁﬁgg R ir8s LB 1L prises 2
t her eof and wherein the second | ocal interconnect
dopedé&ﬁ%« ¥ds the

21.  The integrated circuit device of claim 15 wherein the first dielectric layer comprises at

least one material selected from the group consisting of PEOX, TEOS, BPTEOS, PSG, HDP

oxide, Si3sNg, and SiON.

22.  The integrated circuit device of claim 21 wherein the second dielectric layer comprises

the material of the first dielectric layer.

23.  The integrated circuit device of claim 15 wherein the first dielectric layer has a thickness
of between 100nm. and 400nm and wherein the second dielectric layer has a thickness of greater

than 20nm.

24-



4 material of the first local interconnect. 1 20. The
integrated circuit device of claim15. wherein the
first dielectric |ayer conprises a 2 doped oxide
layer. 1 21. The integrated circuit device of claim 15
wherein the first dielectric layer conprises at 2

I tJ :
24, ggﬁg%tg%%edmﬁg g%%?é@i* cgg}éﬁpsH%g&mél t§§ fi ta%cgf%ﬁy& cofrises a

iON. 1.22 T t it d f claim21
fowk Gl g i BRI OB BT SIS B per compr i Scs 2 (he

material of the first dielectric layer. 1 23. The
integrated circuit device of claim 15 wherein the

5. el BB B R 1 vl EERERGronf dRselt 85 Romprises o

| ayer. has a_thickness of greater 3 than 20nm -24 1

low-k diglectyigavifiy diglestrisgorstrripf desgéinde of cl ai m 15 wherein
the first dielectric layer conprises a 2 |lowk
dielectric with a dielectric constant of |ess than 3.
1 25. The integrated circuit device of claiml15
wherein the second dielectric |ayer conprises a 2
lowk dielectric with a dielectric constant of |ess
than 3. -25 1 26. A nethod of manufacturing an
integrated circuit, the nethod conprising: 2 formng
a plurality of transistors in a sem conductor body; 3
formng a first dielectric |layer over the plurality of
transi stors;

25-



10

11

12

13

14

15

4 patterning the first dielectric layer wwth a | oca

i nterconnect pattern; 5 filling the | ocal interconnect

pattern with a conductor to forma plurality of |oca

6 interconnects, the local interconnects having an

upper surface that is substantially co-planar with 7
26. A nHIRST ofSHAudR iy AaNBiebiafedlcikhie tRE Melialc %ﬁ?fi'smé

form ng a second dielectfic |ayer over the rst

] tri : r..and the | ocal intercagnnects; 9
gltogljﬁl%%ga péﬁrg]hﬁ»?/o RRAAE 12 gepsonducig, gh the first
dielectric | ayer and the second dielectric 10 |ayer;
1fpriming|4 firgt dilectvic dayhodess tha plhratityefdtmsisors; mat er i al ;
and 12 formng a netal |ayer over the second

dpeleRnid ihe fraviedlectad lay@asith 108l ficdébn@betlphgeret al
| ayer 13 electrically coupled to the conductor :

0Bk ot Bt ol Ao BTG ity VG B

) lines, at |east one of the netal |ines overlying but
intercongegtatteiiocalgntereomastsehaying anarppecaifacnthet s snbstantiallpyo-planar with
the second dielectric layer. 1 27. The nethod of claim

an uppBsubhiee ef elfhe ddistiad laly¥r; Of transistors conprises at
| east first and 2 second n-channel transistors and at

Rl Bl P OBt Bt RS BEERR Bl bt 0 Tocol eerconncets

inverters. 1 28. The nethod of claim 27 wherein the

| Yeking p plusaley oheiatholes shonglsde dirstidigdecttiolayer and the second dielectric

i nterconnect and a second | ocal interconnect, wherein
layer;the first local interconnect is electrically 3

coupled to a source of the first p-channel transistor,

our.ce . the.first.n-channel. transistor, a 4 gate
2];1&?1% éhes‘é%ﬂlas B’-“E}r%‘? H%?Ct?rr%%gﬁ@t and a gate of the
second n-channel transistor and wherein -26
forming a metal layer over the second dielectric layer, at least a portion of the metal layer
electrically coupled to the conductor material that fills the via holes, wherein the metal layer is

patterned to create a plurality of metal lines, at Jeast one of the metal lines overlying but isolated

from one of the local interconnects by the second dielectric layer.

27.  The method of claim 26 wherein the plurality of transistors comprises at least first and
second n-channel transistors and at least first and second p-channel transistors that are

electrically coupled to form cross-coupled inverters.

28.  The method of claim 27 wherein the local interconnects comprise a first local
interconnect and a second local interconnect, wherein the first local interconnect is electrically
coupled to a source of the first p-channel transistor, a source of the first n-channel transistor, a

gate of the second p-channel transistor and a gate of the second n-channel transistor and wherein

26-



5 the second | ocal interconnect is electrically
coupled to a source of the second p-channel 6
transistor, a source of the second n-channe

transi stor, a gate of the first p-channel transistor
and 7 a gate of the first n-channel transistor. 1 29.

the seca—ﬁt?loﬂﬁtlﬁﬁﬂzoﬁﬁec@ isaélé&&%_llg%u 1A kSofithd %Eoﬁcﬁ%—@han%l

nmetal includes a word conductor layer

i B i WSRO SO ERR ot B LohEhelor s
| evel of netal including a bitline conductor, a
a gate of dhefizsharvhannel ansistore 4 conductor, a high vol t age
supply conductor and a | ow vol tage supply conductor. 1
30. The nethod of claim 28 wherein the fi rst level of
net ale,glléc?d udes a bitline conductor, 2 conpl ementary

29 piheimatoef ey 4 andveheseip sheclirst lepeli of %ﬂd@@ﬂ@ﬁ 2 wéline

met hod further conmprising 3 depositing a second | evel

conductdr lagek ahe eveiodifhehdricosipribiay depaitinged sond laee] o€ ﬁﬁ[ﬁl’ over the first
| evel of netal 4 |nclud|ng a wordl'i ne conductor. 31.

level ofr B@taﬁ%@&g le%laﬂf rﬁ&%u i ﬁ% q bﬁthéé&&%ﬁ&la? gjgﬁégéen?ary bitling

i ses depositlng
cIa| 26 wherein filling the via hol es conprises
COﬂdU%@pégigP.Vﬁ&a%& supply-qongdirdorangg Loy voltagesupplye@niveon t he
group consisting of Ti, Co, Cu, Ni, a nitrided netal,
and a silicide, and 3 conbinations thereof. 1 33. The

t hod, o . ai 6, wher e ielectric |layer
Firirradlo R B indrg B Rat Iebr BeruanBass bitbe netductor, a
group consisting of oxide, PEOX, TEGCS, BPTEGS, PSG

compleBnegiiy bithide cahdSetoNandla Betver Bhpplyethddtarf the haithmdX6rther comprising
wherein the second dielectric [ayer has thickness
deposi@i £AERbnd 138! of edAWVer the first level of metal, the second level of metal

including a wordline conductor.
31, The method of claim 26 wherein filling the via holes comprises depositing tungsten.

32.  The method of claim 26 wherein filling the via holes comprises depositing at least one’
material selected from the group consisting of Ti, Co, Cu, Ni, a nitrided metal, and a silicide, and

combinations thereof.

33.  The method of claim 26 wherein the second dielectric layer comprises at least one

material selected from the group consisting of oxide, PEOX, TEOS, BPTEOS, PSG, SizNy, and

SiON.

34.  The method of claim 26 wherein the second dielectric layer has thickness greater than

20nm. -
27-



-27 1 35. The nethod of claim 26 wherein the first
dielectric |layer has a thickness between 100nm 2 and
400nm 1 36. The nethod of claim 26 wherein the
sem conduct or body conprises a body selected from 2
the group consisting of a bulk-silicon substrate, a
35. P Rethkd of &1%.&9@6 bR Bb %Istﬁle?é lgll ferdils §tma§iéksa$e%aen 100nm
region, a region, a straine |con regi on,
onposnte Si I icon content 4 substrate 1 37. The
andd'OﬁE‘?’hod of claim26 wherein etching a plurality of via
hol es conprises using an etch 2 gas conprising at
| east one of C4F8, CSF8, CH2F2, and N2. 1 38. The
r J: f
36. ”ﬁﬁéﬁﬁi&hB{i 8?!&1?%%9%‘% tgl? E%ﬁfc ﬂ%g)r%oﬁt rﬁéﬁsteé a%Rd\é§eé%cted from
gas conpri si ng at_| east one of C4F8 C5F8, CH2F2, and
the gIQUp, CORSISNE ofried UirEliFRRIUOS TR < R ihiliean ibsiFatea silicon on-
di el ectric layer has a thickness of |ess than 250nm
insulatbr #ion] h SiGetdanm, abirdhal sNich rebieneind adordpeeisd siketd Phtent
the local interconnect patterns has a 2 m ni num w dth
substrdl | ess than 90nm 1 41. The nmet hod of cl aim 26
erein filling the local interconnect pattern
conprises 2 depositing at |east one of W A, Al Cu,
Cu, silicide, TiN, TiW and TaN. 1 42. The nethod of

37. CTRd MedBawh @1&&1‘1 6 Whlafeﬁrp&clﬁjﬂg %ﬁwm%glo?%a%aﬁ &gftl‘f)ﬁses using an etch

dep05|t| ng at east one

gas compnsmg a?least one O}-Cﬁ!“g, %&"; Ef_ﬂ: , ar%(? No.

38.  The method of claim 26 wherein etching a plurality of local interconnect patterns

comprises using an etch gas comprising at least one of C4Fs, CsFs, CH,F, and N,
39.  The method of claim 26 wherein first dielectric layer has a thickness of less than 25-0nm.

40.  The method of claim 26 wherein at least one of the local interconnect patterns has a

minimum width of less than 90nm.

41.  The method of claim 26 wherein filling the local interconnect pattern comprises

depositing at least one of W, Al, AlCu, Ch, silicide, TiN; TiW, and TaN.

42.  The method of claim 26 wherein filling the via holes comprises depositing at Jeast one of

W, Al, AlCu, Cu, silicide, TiN, TiW, and TaN,
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