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WD 2005/ 109491 PCTI US2005/ 014951 METHODS OF FORM NG ELECTRI CAL CONNECTI ONS
FOR SEM CONDUCTOR CONSTRUCTI ONS TECHNI CAL FI ELD [ 0001] The invention
pertains to nethods of formng electrical connections for sem conductor
constructions. In particular aspects, the invention pertains to nmethods of
form ng el ewraoesalose®onnecti ons to source/drain regions, BEEOU$W05KMBE450ds of
formng conplenentary netal oxide sem conductor constructions. BACKGROUND

OF THE | NVENMER DO OF FeRmmG Eaatmrm&r@@nneefnmF@nesmdopz@mdc’rgﬁ
nuner ous sem conductor devices and assenblies. The interconnections can be

utilized in, for exanple, elect HQQMST HSEWI ng source/drain regions of
ei ther p-type netal -oxide-sem conductor (PMOS) field effect transistors or

n-type net a,ll-gﬁﬁié@‘ﬁlgﬁg"@onduct or (NMOS) field effect transistors. The

el ectrical an also be utilized for coupling PMOS transistor
devi ces wi t HobBAJS t r aTisd interntiod peitaiestd methodydf ésraigastgcetrical connectlons for

| - d ,
i i 7o QVORSEEPHRRGY e el iR ofioihabes, 1 U Bh e Ble PRI cocess
nmenory ( SRAMrmgresdatricat ¢amnsction® GOSJurdedarain megions, gu@tosmampé@uﬁfommnmct or device
processing %r%PI‘e%eHAW rﬁé‘%ﬁoﬁ&es n%&@rldﬁctE%{cdn’é{r&&loﬁ ion, sinplify processing,

and reduce cO0s el red nmet hods of formng electrical
i nt erconnections which progress toward one or nore of such conti nuing

goal s. [ 0004kt ©eieaivegads( | bed herein can be particul ar useful
for formng electrical inter connectl ons to source/drain regions associ ated
with field 0P8k traklepticdingercopppgiions are utlized foraumerausdemizopguctemhat

al t hough t hee|iBdedHd 2BerhBiicR! THBirtééotRfdrsREH bBEKIRER in, & Skimpf, t 0 such
application, the invention can also be utilized in other sem conductor

fabri cat i on elggIRlYACNERING sUTGR/Frairregioas SRInSERr Ry PRIRQHIAS-RIMITAdNSar y ski | |
in the art. pﬁuuwaareﬁ&t TrlaEsué.tha«Fﬁlt%\é :ﬁweﬁﬂ&hdé-@erﬂia@m%@emmoebmelu BHeoit i on
ncludes o fel gt o oo 2 an oLt gl Copesl 9L LA oy STl ot o
conductive Idevieed Wie RMIQS trangiathr ladce in bemplemenendnétlistideseraigomductdr her e| n
a0, 20 acentohiBs SAIAYSh  Ketpd T e b T PR BRIV PR B ABRE™ e
patterned etrolerters advaddits/siid48idoRCIdCES2DBMOHLUSRAM) constructions.
[0003] Continuing goals of semiconductor device processing are to increase the
scale of integration, simplify processing, and reduce costs. It is desired to create new
methods of forming electrical interconnections which progress toward one or more of
such continuing goals.
[0004] Inventive aspects described hersin can be particular useful for forming
electrical interconnections to source/drain regions associated with field effect transistors.
However, it is to be understood that although the invention is primarily described herein
relative to such application, the invention can also be utilized in other semiconductor
fabrication applications, as will be recognized by persons of ordinary skill in the art.

SUMMARY OF THE INVENTION _

[0005] In one aspect, the invention includes a method of forming an electrical
connection for a semiconductor construction. A semiconductor substrate is provided.
The substrate has a conductive line thereover, and has at least one diffusion region
therein and adjacent the conductive line. The line extends along a first axis. A

patterned etch stop is formed over the at least one diffusion region. The patterned etch
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stop has a plurality of openings extending therethrough. At |east sone of
the openings are along a row extending along an axis substantially parall el
to the first axis, and directly over the diffusion region. An electrically
insulative material is formed over the patterned etch stop. The

el ectrical | woizoesubs®i ve material is exposed to an etch wugs2ds@idss a trench
extendi ng through the electri caIIy i nsulative material to the patterned etch

t op, dt d th

i {7 usi on r oo B4 pR. & SpeAfd oo fBlehulr, A8 IRER T b YRl ™ e
openi ngs. A@feallmtanow&weﬁdmmta_m%ls svhstentiadly paralléldo thedfirsti axisi and he openi ngs
and wi thin ghgy! 6EHGHL dlﬂ‘_u r?egi%hr?\P@écﬁmﬁ%ﬁ%@éﬂv&%ﬁgﬁl ?srfbﬁlhed Svet the

el ectrical connection wt usi on one aspect, the
i nventi on epRlismrdstesstap.nEinelgctisally fisHiakp laﬁten@ll@eanS@élto %@ﬁtﬁb@ml nto a

plurality ofonﬁ@a&r@ﬁérdéﬁéﬁaﬁgetaroqaﬁthe%@&rreaﬁmgusw StdhSit6 HeSarerneReRyi ded,

and a transi stor ate line s I’OVI over esu strate. -Fi‘petl’anSIStOI’
gate |ine 9@ apdphg PtCBfi'Seﬁﬁ@ﬁ%U’osqfd@%fe otethmoeeraw& pward g Giftugion Fegion.

di ffusion rgObNAS RN dPEHeMtheR .@/webwloaeh&e%;beﬁhg@t Rn @l’é@tr@él@r%naﬁcnb@as'[ one
of the sides of the transhlstor irst el ect VlAGyOﬁI nsul ative

materi al i sTRGFAESsmEr Wt ef%eﬁ%‘é}ga@aﬂ W'tﬁ'f‘fﬂ?%fé‘?rl?ﬁ TP@@'Q‘}HE’E“ dpeteened
etch stop isafedai®gth Qy@rical Bshnbthichtwil tﬁ@ﬁiﬁhﬁ@rﬁ tegidnasul ative nmaterial. The

tt d et t t t hereth h th
e | east . sdfilel; FndnapeaPrasd M ietn PBEFMRe0Rs MEMUELLMERAT of he
sou ][ cel/d g ai aeancfeﬂ usmmtlornega ;ﬂmhtyéf seroyidaial regibmd. cmlsé%.lcbmtoarsumratm:“ser : ial
or ne over e ern [ ca
| pour ot ve Havah ang BT BR il e N Sbied Voo el e fRE SFE SRS L ha
second el eclinei heald paii of oppeeing/sdasatieplumlity tobsdunes/ gratnt diffusgah regiohs atteop and to
extend sone Ind&g' ItRR% Qﬂnﬁtr%%ﬁb Q'gbgg’t Bgl%t %E%? eeslid‘elgoo?tdféﬁrdngfsfbrg; f i rst

el ectrical |§/r8| nsuﬁat I've naterl tren
directly ovkne. thist ejp@maﬂg@sulAweeh@f@tlalu%@rmgd @\cﬁnmﬁqum/dfamkfftalom S for med .

wi thin the ppeping aﬂemepﬂekh'sﬁb ik Fb?mb&%@ﬁ"fh%f-r@?elgétﬁ&éﬂy J%glawe fag@uauct lve

material is i°n el ectrical connection wt our ce si on
regi ons. [ ODuwpatiemnesrichsipe bes a phiealinieforenings eensifsabseiraughetvilbat I8astf or ni ng
a CMXS  congddisithe Bpe%&@é@nﬁiﬁﬁ%ﬁ Ner aH1BSdt s8ine o'f %e@oﬂ?‘@eﬂﬁﬂn difdsiogubstrate

has a sem conductor base w t regi.on and Pﬂifgl on def |ned
therein, a fa9ic9e. ASSRensteperdcally H@U'év‘@rm?tﬁ[éwm“?%@%ﬁhed enegRte R

conducti ve rhdrsOMRS sdcbid a%iﬁcaup fBuRive @a@haue akd éwhéu‘ tonMo?sa sendrce/ dr ain
di ffusion I‘EIOSWIthb bilse an the first conductive

e Shot - SHpisg frgehihd-aeene sere s it metksnlin Hehitfrisd Gn PR L e

base and al amtgtotdmrﬂlsdmem‘ftﬁd’@eamggn/dhnamrnwbmﬂernee di¢cingtop itpiktistned et ch stop

S Formed oyl Ll YRR APPSR IGME § bR G SR i R g ned et

openings. An electrically conductive material is formed within the openings and within
the trench. The electrically conductive material is in electrical cdnnection with the
source/drain diffusion regions.

[0007] In one aspect, the invention encompasses a method of forming a CMOS
construction. A semiconductor substrate is provided. The substrate has a
semiconductor base with a NMOS region and a PMOS region defined therein, a first
conductive line over the NMOS region and a second conductive line over the PMOS
region, a plurality of NMOS source/drain diffusion regions within the base and along a
side of the first conductive line, and a plurality of PMOS source/drain diffusion regions
within the base and along the side of the second conductive line. A patterned etch stop

is formed over the NMOS and PMOS source/drain regions. The patterned etch stop has
2
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2 WO 2005/ 109491 PCT/ US2005/ 014951 a plurality of openings extending
therethrough. A first set of the openings is in one-to-one correspondence
with the NMOS source/drain diffusion regions and a second set of the
openings is in one-to-one correspondence with the PMOS source/drain

di ffusion re@izess098n el ectrically insulative material isctfosxoeshimser the
patterned etch stop. An etch is utilized to forma trench extending through

e et he Rt BPRGY ExolBhe iRl NEnPLd Bf ABDoBhiRfe RYPP. 21d 10

extend the firs sec roxi mate the NMOS
sour ce/ dr ai AN@Hd- ¢m¢%@5p@§160¢%wﬁm@eﬂ‘ﬂ‘é0$’mce/§m diiuslermfagicisfahd gisepondegi ons,

respectivel get of i cﬁfeﬁ%g lé’iﬁ%n@-tcﬁ bﬁ§&orﬁ@ﬁédo@ﬁc@%ﬁﬁﬁ{eﬂ@ﬁ%()?rcé)a?aiﬁ' rst set of

openl ngs and secon tion direct y over th secon et o eni ngs. An
el ectrical l 39'ffé§lﬁﬂltﬁ§l.'qr\$e"\’i‘a€t'%qm°§ﬂy ingUlatyematengl isHpimadever ithesnattamd nd sets

of openi ngs stoRNhn\dtdrits DiiliZ8 td fo@rﬂ"aﬁrenEWSXtéﬂmd?t‘»‘g%\lfh‘r&@HtNe &@aﬂeavws%laﬁ% erial is

in electrical connection with source/drain diffusion

regi ons. BRIAteriBEoRe PattaRPRich Rier praly Nitssd[toe tiis] amet sqcend setsohBRANINGSNt s of
the inventi @aisft fRYFIEHISEES NaaOSWolickrail @ff@éi&ﬂﬁé@ldng ahBend mb@w ng

acconpanyi n dr awi ng itic vi

sem conduct purGe/plggin $ﬁ'ﬁ%‘?ﬂe JOQ’P gSpeﬁP‘(ﬁﬁ’ ﬁlr"ﬁérre{/‘c'b%% SR @"'Q'P Q'Q?é’t'éﬁpv%{'n
exenpl aré gsﬂlﬁfﬁﬂ et oftdp:enmgeaﬁméedonu@mub@aurecﬁy gverkhé secoadtibfa@ro@mgs C top
view, and Figs

| ror 535 i Siechio oot Tl BRI At ReiRp B i Pont ey sBe T, o

of Fig. 2 iaad sitoinmtheadrancy). The eldactniealB-condictite matediabindh ¢lbetrical cosnestart withh  of

Fig. 2is S{ﬂﬁe“@}ﬂ@é?a&%ﬁl\?@% st)bl%g/d?ar?dlﬂu |A:r! l%giﬁ)ﬁs [0010] Figs. 4-6 are views of

t he fragnen espectlv own at a processing stage
subsequent to that of Figs. 1-3. The views of Figs. 5 and 6 are shown al ong

the |ines SB%I@BE%C%HQFIOW &k -,-fllF Eéﬁﬁ\ﬁﬂ\?é‘a vely. Al so, the cross-section of

Fig. 6is | ong t ine 6- and the cross-section of Fig. 5is
al ong the |il9808&-5 of Pﬁf@freﬁemquﬁtﬁfmﬁ offtheyinverttiog ase desaribeg belpwiwie fr agment s

of Figs. 1 $efefeﬁ§é’ﬁ)ctﬁé’f’(ﬂb\)(lm %Iaecympeﬁ"&madrﬁl ssing stage subsequent to that
of Figs. 4-6. The cross- SGC?IOHS of "Frgs. and 9 are along the |ines 8-8

and 9-9, resﬁ?@@?h vel yFigss 1-Riage d*f;lgramr@ac vigwa ot2 G%LCQ%@{‘ithrY"%?r fraggrentat g g

al ong the Ilmnﬁwafﬁy BocEdsth ah@eﬁbl@@%s‘é@&tdf%p?ésd?ﬁﬂ}veﬁldnsF«‘r’d ang the
line 8-8 of Flg 00122&‘ he fragnents of Figs.

dta
12 are Vviews
1- 3, respect? c{;q.iq@mmg , aaggfga %‘f%@reﬁ‘%%mg\%% 8@ﬁ%ﬁ?°t'togaltvl'ﬂ‘fs of Figs.
7-9. The cr efhgiecines?s2 ahd 338 Figl1, respectively. Additionally, the cross-section of Fig.

2 is shown along the line 2-2 of Fig. 3 and the cross-section of Fig. 2 is shown along the
line 2-2 of Fig. 3.

[0010] Figs. 4-6 are views of the fragments of Figs. 1-3, respectively, shown at a
processing stage subsequent to that of Figs. 1-3. The views of Figs. 5 and 6 are shown
along the lines 5-5 and 6-6 of Fig. 4, respectively. Also, the cross-section of Fig. 6 is
along the line 6-6 of Fig. 5 and the cross-section of Fig. 5 is along the line 5-5 of Fig. 6.

[0011] Figs. 7-9 are views of the fragments of Figs. 1-3, respectively, shown at a
processing stage subsequent to that of Figs. 4-6. The cross-sections of Figs. 8 and 9
are along the lines 8-8 and 9-9, respectively, of Fig. 7. Also, the cross-section of Fig. 9
is along the line 9-9 of Fig. 8 and the cross-section of Fig. 8 is along the line 8-8 of Fig.
9.

[0012] Figs. 10-12 are views of the fragments of Figs. 1-3, respectively, shown
at a processing stage subsequent to that of Figs. 7-9. The cross-sections of Figs. 11
and 12 are along the lines 11-11 and 12-12 of Fig. 10. Also, the cross-section of Fig. 12
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and 12 are along the lines 11-11 and 12-12 of Fig. 10. Also, the
cross-section of Fig. 12 3 WD 2005/109491 PCT/ U52005/014951 is along the
line 12-12 of Fig 11 and the cross-section of Fig. 11 is along the line
11-11 of Fig. [0013] Figs. 13-15 are views of the fragnents of Figs.

1- 3, respecf‘i%i’f‘ﬂ%’%om at a processing stage subsequeprtT/uszobdauosef Fi gs.
10-12. The cross-sections of Figs. 14 and 15 are along the lines 14-14 and

1315 of P @ aiofhg indHnd0e- 1218 Fif. 43 3mSR ol %fcmﬁ{ G g2 %gloﬁé fadinb 8.1 e

15-15 of Fi 0ss-section o ine 114714
of Fig. 15.of[f@13] Figs. 16 and 17 are fragnentary Vi ews of a senlconductor

waf er  fragijgn ts; aﬁ ha Lh B85 VieRs eﬁﬁéﬁhgﬁerﬁ&agﬁ?w élqsgfe@%&ﬁsm

second aspect 0} Present I nventi on g I .17
i s a cross-&@dpensaing Fiegh supsagyentie that pffdgsy 70-12. dhe prags-seetionp 0bRigS- 1 gs 18

and 19 are aﬁoeﬁ@arealohbﬂwé lfn@gﬁﬂﬂusan@HSFl'Sgﬁ Tgl@ii amoltﬂe crcrse%eetﬁinldrelgywshom
at a processing st a% subsequent to hat o

cross- sect i BR'pg e e 1pg1§ éﬂdﬁga“fjl"fée?fi’??esef@rl@ ng 1I4|'§13'°'I@the['@916]14F| gs. 20
and 21 are ofirgygsof the fragments of Figs. 16 and 17, respectively, shown

o ois?éé’ﬁf?iﬁa&%ﬂf‘g BT P Pant ot B s Balhdiuellis sy s, 22

and 23 are fvagewt afa ibrbmnfnaq:gjredsﬁssmgfst@eQ‘Saccﬂaﬁjaad%iwﬁﬂa sec@BRIERPbIt\GEIHE, Shown
at a processm st age uen to that of  Figs. 20 and 21. The

cross- sect i YREOF P '°n2§bq ggéﬁ% 0 G and Rig- ig'-s%ach?s'?‘?Ca‘?n%é([ew[%%f‘eFi gs. 24
and 25 ar e lined®st 7adf Figa@6f r agnents of Figs. 16 and 17, respectively, shown

a1 2 Pr 0ces34dia) St a0%: b8 ALl fol i Ohadhgis ofpe T 4317

Ccross-secti [0019] Figs. 26
and 27 are ‘\esesetivaly, shh\en fatagmasssngﬁtaga sybsequentiadhat of Flgse‘sq)wmeme, shown

at 2 PrOCeSShliater 4 ORRONERL idlrbhaliodh g gg: 24 and 25. The

Cross-section is a i ne f qu [ 0020] Figs. 28
and 29 are PU® of tﬁ*ﬂ? faeagﬁemasewwwfgaefr%n%m%iofﬁgs ﬁ@é‘ dZtively, shown

at a procesgkhdhtivdpan ﬁHQﬁ@ HRBEsiNPsthdtrdubd déhgt%the%fﬁ '287 d Th
Cross-secti onﬁ&l Fél © |sga onSl s d’\Eaefune q2 of Fi igg 28an[0021]e Fig. 30

is a view quo§sn%ecm)rbof F_[g' 2id$ 3}0“9 Wﬁr?ﬂ -24of g'gp?%cesm ng stage subsequent to
that of Fi g.[jod@% Figs. 22 and 23 are views of the fragments of Figs. 16 and 17, :

respectively, shown at a processing stage subsequent to that of Figs. 20 and 21. The
cross-section of Fig. 23 is along the line 23-23 of Fig. 22.

[0018] Figs. 24 and 25 are views of the fragments of Figs. 16 and 17,
respectively, shown at a processing stage subsequent to that of Figs. 22 and 23. The
cross-section of Fig. 25 is along the line 25-25 of Fig. 24.

[0019] Figs. 26 and 27 are views of the fragments of Figs. 16 and 17,
respectively, shown at a processing stage subsequent to that of Figs. 24 and 25. The
cross-section of Fig. 27 is along the line 27-27 of Fig. 26.

[0020] Figs. 28 and 29 are views of the fragments of Figs. 16 and 17,
respectively, shown at a processing stage subsequent to that of Figs. 26 and 27. The
cross-section of Fig. 29 is along the line 29-29 of Fig. 28.

[0021] Fig. 30 is a view of the Fig. 17 wafer fragment at a processing stage
subsequent to that of Fig. 29.

[0022] Fig. 31 is a diagrammatic, schematic illustration of a prior art SRAM cell.



[0022] Fig. 31 is a diagrammatic, schematic illustration of a prior art SRAM
cell. 4 WD 2005/109491 PCT/ US2005/014951 [0023] Fig. 32 Is a
cross-sectional view of the Fig. 16 wafer fragnment shown at a processing

st age subsequent to that of Fig. 19 in accordance with an aspect of the

i nvention aWoensanddge to that described with reference trCTAIQS05024580.

[ 0024] Fig. 33 is a top view of a sem conductor wafer fragnent at a

processi ng e an

Pepect of o HOSAT T RER olfock BEebdiBlity oftnd Figtss R SRLARREBAMelaZ o) o
OF THE PREFMWEMWEWGQU@Mt ofrfig. immmcwrdwqawthme%sneewdm by which
active regi méntféﬁ'&lt&%at‘ﬁieﬁé%@esc(nbe@wnth FREVENE to\ERdsY 2b/3bET connect ed)

utilizing trench etches. The active regions can be along the sanme
conductive IIPPR4las onfdd a’??d? RA?PP VigW ohf sergicanguctar sigfer FGEMGEt atRPrPgasei8g An
aspect of t&agd BNASHdueo he thdtiof Rigds in ARordBBtcONith &b BsHbcBofaRETEntRANduUCt i ve
line are strapped to o(ra}?: another is described with reference to Figs. 1-15,
and aspects altasnatiye iy thabelihig, 4- regi ons associated with different conductive
lines are strapped to one another are described with reference to Figs.

16- 30, and i LnLti i a sem conduct or

waf er fragnéﬁ?A&%&ZSésﬁﬁpﬁi@&g%eh’%#%%%@l@ﬁ*%&?'%ﬁ@@@ss| ng stagg of the
exenpl ary fi[os25]aspecthedfivdniion nﬁmae@metﬂoﬂyayl%mhaci%@reglom eg&métra‘pﬁcleds s?zwn
in Fig. 1 tp co en co a a conductive |Iine
her cover .« anaiRi D iR oA Uftind Potneine thf rBieigioN At seqnent
16 whi ch i salshgte sametaemdmmlaeeneasmamtm, or'ﬁlmgldtffeeem ce@xmmhnbs Aaxt ends

al ong an ax : e

i scasei on FRSETCrAY Perktn SPANEE e TEGGS AhdE odhyight ShrdbhEIB AL |\ e
di scussed beﬂr@wed [tceme}nqmeréa:desadoede\gtmfemcem Eigds1-4p, camcaswcés Ini whecty

segrent 16 gliklrdo As%ss&.atgemg@rfaéré?ﬁ oHRAbIR 1hE9RRLBp LR RbPEre th 2
line 21. own aspect Invention, active region 20 has a

rect angul ar d%ﬁcr'b@i(WIth F@éefg'ﬁ@d@ Figen#6-86tandeé32r egi on  ext ends adj acent |ine 14,
and al so wi tjgpse)t he basrihg lMﬂﬂﬂd Vlbé‘gl é'd’é%n%é’ondh&@?ﬁ&feﬁrﬂgﬁnerﬁ 19 3

illustrate cross-sections along 't line 2-2 and 3- respectively, of Fig.
1. Fig. 2 sHesigtedata preiipinay Pé?ﬁ?ﬁ?'l"%é@gﬁoi tB@\/@?‘e'EP‘éﬁ'th?t@éP?%F of thewresent e

region 22, vt Wﬁéﬁﬁdgﬁ'de@nﬁhd)lééh@ﬁﬁﬂﬂt Vet REiphBe 84emidfd@diorHapen 2
el ectricall i.nsul at EI ectrical |%qu nsu{| at i ve, reg| on 22

can conpri sBaydpgda g%nc{u%\{eémgqéglg?rp%\%r 1 §°“ bR e Ahasa Rerizaptaliygrdendip
particul ar wsgaeeégmantlib whiptis biseyn toaasiisdte deseatiBalThy lioéar segment 16

extends along an axis 19. Axis 19 can be referred to as a first axis in the discussion that

follows to distinguish the axis 19 from other axes that are discussed below.

[0027] An active region 20 extends around the linear segment 16 of line 14. A
boundary of active region 20 is demarcated with a line 21. In the shown aspect of the
invention, active region 20 has a rectangular or box-like shape. The active region
extends adjacent line 14, and also within the base 12 underlying line 14.

[0028] Figs. 2 and 3 illustrate cross-sections along the line 2-2 and 3-3,
respectively, of Fig. 1. Fig. 2 shows that line 14 comprises a lower electrically insulative
region 22, a middle electrically conductive region 24, and an upper electrically insulative
region 26.

[0029] Electrically insulative region 22 can comprise any suitable electrically
insulative material, and in particular aspects will comprise, consist essentially of, or
consist of silicon dioxide, nitrided oxide or high-k dielectric materials.



A
consist of silicon dioxide, nitrided oxide or high-k dielectric materials. 5
WO 2005/ 109491 PCT/ US2005/ 014951 [0030] Conductive region 24 can conprise
any suitable electrically conductive material, and in particular aspects
wi Il conprise, consist essentially of, or consist of one or nore of netals
(such as, fwe:@saempyie, tungsten), netal conpounds (such rpag/ushbansoiesianpl e,
tungsten nitride and/or titaniumnitride), and conductively-doped

sem conduct terl &%@?F C

pol ycryst al ?? Si | %@ﬁggwg?o@&con uct éﬁ%%{%ﬂfaé%éc‘{ﬁ%aﬂu g%ﬁ%?%vgn) In
particul ar faétﬁE!@it gnd ip padigelar %@ecwllb‘?qnéﬂﬂsmoﬁaﬁt easastialy Obf0f gonsishetonsor t i on
consi sting &fm&r%@'H\%Ea'(sV@.hc&hé@ﬁlﬁ‘éxarﬁﬂla)ltﬁﬁéé%érﬁ'r‘nét‘afco?hp%fu%%' @eﬁlagqo,upper

portlon consi st of tungsten conducti ve si
exanpl e, on@(amplqugl“és’@f‘ NttMﬁg%fidéW%ﬁnanH@e) @aﬁgp'ﬁd@iwthﬂwd n| ckel s. li ci de,

titanium si één%cﬁﬂué!ﬁﬂmh@ﬂhl@'(%%b'f‘oﬁé)@ﬂ\plé, @Qr?dUanGépédf}ﬂUcﬁista‘ﬂﬁler egl on 26
can conpr|se any suitab articul ar ects

conpri se, cHligenapnd /Qé%m‘?tﬁ’lenfﬁ pd aB‘PrP@BP%?‘g‘iORbf'"cﬂ?é“CHlarB %Poréqulc'i“@on

Iru tride andmaﬂehalczarbad lcemsndem a[l&cb?abmbn Bénsiefing 8f copldastivey-dope@s a conductive
I ne, even t

| at I
i i on 1 o GHRRIFEACHR RS 2 Feper pogaFOTeU0 Bh Rl PO bRt ng
| ateral si deushlakssfodéxaaipte, brie obpaceofiurigBtenaitieidt ocabe stitidegidkebsiknigeosi ng

si dewal | s. cer ani sotropically- etched electrically

i nsul ative tﬁgr?%rlnl i’f’é %‘ﬁéangﬁg@ |J'§'§%I |y insulative materials can conprise
any suit abl €008 er i alUpper insliatiierrggiof 86 caxcmmrise ampiseitdbdd matedaipandinng,

consi sting i f W itride
and si 11 corP St gapbd i oomBhed SOMR shiul 1 Rl 8Pl sieh bFEAR 1L T2
of Fig. 1 imitridededsiﬂi@rwiwmiefy the diagram [0034] Fig. 2 shows

conduct i vel @ed d'LfrffJﬁA E'Fef(eﬁgafbrh%é&n@ﬁ'&w@ﬁn@@v@ﬁ'ﬂio’&gh dsHhBwASHE conduct or
base 12. Re |on 30 an can conprise elther n-type doped or p-type doped
regi ons, aslMgidan CB@PW‘@?@@W@G”%?”%%’!"S’Jéﬁ'ﬁo'bﬁo ondugipynadeials: in the art.

Diffusion r amljls 30 L@mmBRa@ésala@ho@s@mg la@mlé,fatewumswiﬂ SpHtdrsige on
opposi ng si of the conductive |Iine E | ati ve to one anot her, @hchannel

regi on 35 e%ﬁé?fﬂ%edt%’r@é?%oqur@g sidewaliRy fSes g ePeeris %”'?Ptf"@&? s 30 and

32. The soUét@@écd@@dtrbam;egisolaﬁveaﬂdteﬁmnmé elecrtﬁ@uwhsaraﬂvé @ﬁﬁatnh@rcaﬁorrprl sed by
consi dered .to conprise a

the active reqgi o uctive 14 can

(ol ef f ctorthaRane s RSTRIS mtinc, e SRnp R e B e g Mo GO R e gat e
confi gured éssehtitiinp ohnr osnstitihg bhenecdraoinedt silitdrusitridataad siticoredibxidey  The

di sconnect | ljpmgulative spacers 28 are not shown in the diagram of Fig. 1 in order to simplify the

diagram.

[0034] Fig. 2 shows conductively-doped diffusion regions 30 and 32 extending
into semiconductor base 12. Regions 30 and 32 can comprise either n-type doped or
p-type doped regions, as will be understood by persons of ordinary skill in the art.
Diffusion regions 30 and 32 are adjacent conductive line 14, and are on opposing sides
of the conductive line relative to one another. A channel region 35 extends beneath line
14 and between source/drain regions 30 and 32. The source/drain regions and channel
region are together comprised by the active region 20. Conductive line 14 can be
considered to comprise a field effect transistor gate in the cross-section of Fig. 2, with
such gate configured to turn on or off the channel, thus interconnecting or disconnecting‘
source/drain regions 30 and 32.

[0035] Fig. 3 shows that diffusion region 32 can be one of several diffusion

regions formed along the conductive line 14, Specifically, Fig. 3 shows a plurality of
6



source/drain regions 30 and 32. [0035] Fig. 3 shows that diffusion region 32
can be one of several diffusion regions forned along the conductive |ine
14. Specif ically, Fig. 3 shows a plurality of 6 WD 2005/109491

PCTI1 US2005/ 014951 isolation regions 34 extending into base 12, and further
shows a pl uwealzpaspomPr di f f usi on  regi ons 40, 42 and 44, ircrwkiodsioespsi o region
32, with the regions 40, 42, 32 and 44 being electrically isolated from one

h b h I '
oDt oY, PR B P KBRS BT el LB SO BTt BB, o °
st ruct ur es. regfons 40) 42 arehd4 in additionds regibnc2npith the regiahd 4y 42 8nhaid 44béiag i on _
structures, el[e{ﬂﬂcal@'i{oﬁé@édlﬁ&ﬁ Ioﬁ@%a&ﬂ%&&@t&so ﬁ&?lt??#opg%ﬁemo'la%bhy r?ggnjo"ﬂr consi st

of, for exa I con oxi usion reqgi o 42, 32
and 44 ext emn mnmmgetameswtab@ stictuzgs; inshidingbler exsemple, rﬁheumpﬁemqhgsqtat@g 1 and 3.

It is not edsﬁm}rgé hfe.seraﬁ&v&mcmeé wsora,ﬁls@@H&fMPencms%na%ﬁ strect&rgg tH?_bW of

Fig. 3 as being behind the plane of Cross-section o wever,
conducti ve ﬁtrtw@rqmcarscqmﬂsgmﬂmwt essentiglly of, preansigeet, ioéel‘sﬁrﬁiﬁﬁd gligohe drawi ng,
and in ordgpxhe enphasize that the cross-section of Fig. 3 is along a

different plane than the plane of line 14. (0037] The diffusion regions 40,
42, 32 and 49038]n eacHesiffiesiprsiegione .42, 32t 44 extend alerg e s 1985 63N

Ia:ssom2 at ﬁd We&&brﬁnbmam@mgs dearace mgﬁetreuwitﬂévcdnuu@vwnemmbbldtﬂée vi ew of
I g show

n ransi st vice C rrprlsm he rce/drain
oot on 32 1BBSIT EPTFS] Srbs g i 6 plaie SP B cis Saleltat Hib o or red by
i npl ant: ngf nge\teabdoadomivdumé i & it ot emﬂmnmmsdwmt tolmﬂuf%tmma@chugt or
materi al of . ba an.co S Ui sem, conduct or
Tt or al , 1 BTG gmelaee B8t e oS BEBR AT Ebay 1S Hhay i BRREo AR ER TS
lightly- bacbigne)uﬁd\ed@iped W th an appropriate dopant (p-type or n-type

dopant). BasgodA can B, GRS Rch248 % as g SR0AMGIMoe RS LALS, 0 [ he

di scussi on ai ns osure to be un rstood t hat
the term " sefssatesogte/duimreging asserigjed with & fransigasdevinernompsisediey ineelst, i n

addi tion tow}it@ﬁeaxhév%fnl% 1 8lotind &h e ﬂﬁ%r}gansﬁ’oﬂie‘;lcb 'Eoﬂng |§g%fh%t ation of the

clai ns that the“terns "sem conductive substrat sem conduct or
substrate” &ewceldminfegiopd2nean any construction conprising sem conductive

material, | r{@b%j' ng, 'bl'a’éd:ﬁ@slloﬂ ie@lo‘h@dot& 3@541&(44365?1 BORAYEd byﬁnpléﬂiﬁw@“ al s such
as a semn conduct’i ve waf er éﬁlt ér alone or in assenblies co r|5| n ot her

mat eri al s t A¥iRBEPPNdUGIN b aHaRGRE Jopan) dtgd sepicandycipy anateriab pt ase 12t JR8 or i n

base 12 can comprise any suitable semiconductor material, including, for example,
monocrystalline silicon lightly-background doped with an appropriate dopant (p-type or
n-type dopant). Base 12 can be referred to as a semiconductor substrate in the
discussion and claims of this disclosure, but it is to be understood that the term
“substrate” is broad enough to encompass other structures in addition to, or alternatively
to, base 12. To aid in interpretation of the claims that follow, the terms “semiconductive
substrate” and “semiconductor substrate” are defined to mean any construction
comprising semiconductive material, including, but not limited to, bulk semiconductive
materials such as a semiconductive wafer (either alone or in assemblies comprising
other materials thereon), and semiconductive material layers (either alone or in
assemblies comprising other materials). The term “substrate” refers to any supporting
structure, including, but not limited to, the semiconductive substrates described above.

[0039] Referring to Figs. 4-6, an electrically insulative material 50 is formed over
base 12, and specifically over diffusion regions 30, 32, 40, 42 and 44. Insulative

material 50 can comprise any suitable material, and in particular aspects will comprise
7



assenblies conprising other materials). The term "substrate" refers to any
supporting structure, including, but not limted to, the sem conductive
substrates descri bed above. [0039] Referring to Figs. 4-6, an electrically
insulative material 50 is fornmed over base 12, and specifically over

di ffusion r#@i20e10891 32, 40, 42 and 44. Insul ative nateri/ed20&di1eEn
conprise any suitable material, and in particular aspects will conprise 7

VO 2005/ 109441 /e THASRIYRLIT A0 SRR, 8 DHIRPE S blBORoR e i L

exanpl e naterl aI el g)% oro
spi n- on- di edlass (BPSG) 8 )?Pmﬂ@csibelmtwg(%OD)t Heoordingly einswtativei radtei) S8 AN, ih n

particul ar ash&fS: pé‘r,@gnawnﬁﬁse g@ﬁ‘s‘iét%%ség-ﬁiélﬁf&r'é}'cbﬁﬂgof BPscEFIrHof BPSG

and/ or SCOD. g50040 atterne over i nsu atlve mat eri al

50. Patternd®040layer %Eatwfﬂ‘qd '?Wlﬁ?aﬁ fopmedaysr insglativaraeterinkbo.  Ratiginegh

i nsul ative pgéel il tyéféambnhﬁlse%%ﬁeﬁmv&\hhrc}etnebna@l/e thBteRAIR cahPEdS, materi al
52 will conprise a nate whi ch etches  npre slowy under particul ar

condi ti ons ??\%‘V%{bé?h%t '@rqﬂ%ﬂ' "‘6’(5‘13 m?t%',@b%‘f"%[r‘-’?m%%%ﬂ?t%\a' whigl efche®ent i on,
mat eri al 52m6ﬁ§bl@myfpﬁd!é?©art@:0|aﬁbcﬁfdlt©ﬁ§fﬁahldaéé dhaftrial 8. 16 @ASMBlaryafspedte opr nore

of aluni nu silicon ni frogen.. For nce, terial 52 can
Somar | me g iventoro metarir S 4 Shriprise. oS! ey ha O sonsiat & 4 SE AR aam
oxi de, sil iemmdmmm sliécon, @éybencam:l nutrbgerde:oamétasmbélrﬁﬂanansmah rcordpnsel n such
aspects, materi oxi de or _exanpl e,

50,.
3PS5 t o' be. SaelE pespayo o R BRI oboneorvalte o Ak p TS, SS&tRie. carl . et ch
condi ti ons sili@nkitdderatidsiipen Dayrstride. brslich aspectss malteriah5Q ban @misistvfi acdioped :

ool ect] Vel yoE . SPRFLAnCaRagt U Lol K BaTbUR R, o1 oon
"undoped" i §pemf chllszewhtcondjii@’tSi arginewn togpesions oberdiiatyxskildn thetast whith | acki ng

bor on and] OkeuRp R i eBl it SRS TP inihR, siaffide Siibbon oxi de

(such as BP e un oxi d e entl re . may contain
no neasur abP¥/nidgeaang/or WOMS'MWW'% Theder nu‘@pé@pqdhmﬂaz@deé@tmwm con
oxi de so t hﬁtsm&ﬂﬁd@ﬁl@mét%hﬁl l%klﬁd&réir?@ﬁcﬂor%hb Jﬂﬂi?bl.%)‘dn%r'o&e? ﬁqﬁil.@ifleéﬂ?@}ﬁ t he

etch rate of the undoped | 1 con di oxi de. Layer 52 is shown having a

subst ant i al PFOB‘?%‘&’P"@&H@KSL@U@FeﬁPeSG)Tﬂ'Be U@‘I‘Rﬂ%ﬁ %FP[?&YLP%G'E‘W BRoPEd ned as

follows. I njel ﬁllahfontélﬁ%wn@édsk(@bléﬁdd%h or Bfd lsﬁnﬂl@b@%@s@ﬁ@éd thhha deps&e 12. An
t he materi al anar for e

chem cal - acﬁ%ﬁf%\e “Bora:She S Tataboe daeer 3o g o 1550 Boh il (P b
conf ormal owgkthe uhditspeﬁlsma@:r diggde.upper surface of material 50. [0042]
e e A Zor iy OB e Dk E PO R TR T e 14
(such as, fsfown structure can be formed as follows. Initially, insulative material 50 is formed over
the base 12. An upper surface of the material 50 is then planarized (using, for example,
chemical-mechanical polishing). Subsequently, layer 52 is formed to be conformal over
the planarized upper surface of material 50.

[0042] Patterned layer 52 has openings 54 extending therethrough, with such
openings being direéctly over diffusion regions that are along the line 14 (such as, for
example, the diffusion regions 30, 32, 40, 42 and 44). Layer 52 can be formed into the
shown pattern utilizing any suitable method. An exemplary method is photolithographic
processing. Specifically, an unpatterned layer 52 can be initially formed over layer 50,
and subsequently the shown pattern of openings can be formed within layer 52 by
photolithographically forming a photoresist mask over layer 52 to define the location of
the openings, etching the openings into the desired locations with a suitable etch of
layer 52, and then removing the photoresist mask.
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exanple, the diffusion regions 30, 32, 40, 42 and 44). Layer 52 can be
formed into the shown pattern utilizing any suitable nethod. An exenplary
met hod is - photolithographic processing. Specifically, an unpatterned

| ayer 52 can be initially forned over |layer 50, and subsequently the shown
pattern of wapsosngsican be formed within layer 52 by preorakusagssaphi cal ly
formng a photoresist mask over |ayer 52 to define the location of the
openi ngs, etching th nto the desjred Iocath@ns mn a suitable

n
etch of |a}®i3%2 aﬁfa"etqwswna%ﬁ%@ne GoVR I nirpedeleag b ﬂf’es 2005/ 109491
PCT/ US2005/ kt465idlly éxtéhdiBig linbar segmenttgsoffide a4 e Speefigaily, 00lb&)pbmhg§9i‘ea| ong both

d f th h t t 16 of
Speci 11 cal 1 5P A gh R e ebdn B U nIieL 3R YEF PriPeDnisn RGECLES of < ne
| i ne. The flowrarepleng agswalitrsych rev ederfing dleng an ads autsstaltiegpaaalfebto, thevi t h such
t endi | | f th
| near seqrisfy 148 s Mbe¥eanattIRLAHe 4 thoRB o Pphuns BEra b ufidafl | 7o
to i ndi catiedicitathat te Wwaexax sderrasite arephralie! tr@nepanottier @ithindsheprecessgher
" Lhe SIOREaRH o Mo TRASHE BRI HoBLANGAEN Ao\ ReBHuR 1S5l Bhadl OcesS,

whi ch inclu 'S not pects I'n e axes are
exactly partal asplectsdn whish Aieaxee are Naﬁﬂmﬁl%fomnﬁrﬁlomey Sithougb @rPhgpénphgs are

shown for ”%u%béﬂ%@%F@Qwo%)nqgﬁnéafontc;b‘éoélh@ﬁdeé &t the ide .tb@mtmﬁ{dépm t hat

each set eni ngs could be replaced with a single |ong openin .e., a
sl ot or tr@ﬁ hs‘?h‘éf§peﬂ‘ﬁés s W%E?Plaﬁ%mﬂhg SE‘Q{@O%OR%%%OQSW °r5| des of

the line cmnér@hperhdsemba@@ﬂm%pémﬂ; 45 6n Bk @F@QI@@E;@Q&: &ftRé find ddd & € on

opposi ng sides of the Such ect of the I nventi is shown in Fig.
SO B ¢ HEBeo YR 8878 PLHS At o DG AEPTEPPosPBSRAD OLG 1a: SHBws 1 he
][nat er ihal 52a3bé\z‘ﬁc55fiétlml_rl1_\9éhtleﬁi§dmb\m ;rohgtfmemntamwesgbﬁ@t@j Slbts belnggatgd 550, eﬁ cept
or the win nduct i ve and active e shown
0 ohant om JOURIT n Fiigs. 4o e B e dian Strdeel P Lt £l oo

beneath | agrmgmérﬁ 10[@@éﬁ]foﬂbé eindowg 5a.eXbe tanduciye. ling-12,andmctiveseliah Qoe

et erial 60 JcS, £0p FESh BN ioRd G MRS iBNE e 8, NGl B bt fed L BER! SO

| nsul ati ve terra eferre 0as aflrs rlcaIIy
i nsul ati ve fameréid al and a second electrically insulative material,

respecti vel %004 d' St#&é’f@:‘r‘uh@ Iﬂehh@F{g{gt'/eyé?\l @%Jlétﬁ’/g‘nggggnﬁﬁmé‘fBFmedT&% first and

second el ectric nsul ative ma can conprise differing
conposi t i ongattef masﬁamé%ﬁéﬂnwiaﬂvqmahew @ah@%ﬁ%ﬁ@fﬁtfla&ﬁﬁwwaﬁrﬂﬁt her. In

particul ar ARRLIHS as alfifst Gletrcdf) iNRASILE ﬁfla?eréparﬁﬁgs%ng%ie‘étr%ﬁﬂcf?lﬁétﬁéhv@oped

silicon oxide. In some aspects, .insulative materials can both
consi st esseAteah r%ﬁpé‘ft've'éfrtOé’(bﬁ"@glﬂ?h the matsialsfrRim one another. The first and

second electrically insulative materials 50 and 60 can comprise differing compositions
from one another, or the same composition as 6ne another. In particular aspects,
insulative materials 50 and 60 both comprise doped silicon oxide. In some aspects,
insulative materials 50 and 60 can both consist essentially of, or consist of the same
doped silicon oxide, such as, for example, BPSG.

[0046] Referring to Figs. 10-12, an etch is utilized to form trenches 62 and 64
within insulative material 60. The etch also extends openings 54 to an upper surface of
base 12, and accordingly to diffusion regions 30, 32, 40, 42 and 44. The shown
trenches 62 and 64 have portions directly over openings 54, and such portions extend
along axes which are substantially parallel to the axis 19 of conductive line 14. The
trenches may have other portions (not shown in Fig. 10) which extend in other
orientations besides substantially paraliel to axis 19. Regardless, in typical aspects of

the invention, at least some portions of the trenches are linear and extend along axes
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doped silicon oxide, such as, for exanple, BPSG [0046] Referring to Figs.
10-12, an etch is utilized to formtrenches 62 and 64 wthin insulative
material 60. The etch al so extends openings 54 to an upper surface of base
12, and accordingly to diffusion regions 30, 32, 40, 42 and 44. The shown
trenches 62W8588%4hve portions directly over openings Per/useaes/g4ssh
portions extend along axes which are substantially parallel to the axis 19

of CondUCt' %ﬁt&ihl‘%‘ﬁgéérmlg h@ﬂhtix%n@&%o tn*/b%}’n% 191t b@e 4%3% %jo Q?vh(cﬂo'[ shown in

Fig. 10) whic orlen I'ons bes ssu ntially parallel
to axis 19.treRebes @ k64 exiendgandel re&gp@m@s @fecont @xisiand atthighaxisit | east sone

portions of /109491
PCTI US2005/ g e S e S SR R e o A o et U P e e

14. The axe@‘t%déﬂg whi ch trenches 62 and 64 extend can be referred to as a

second axi s [goaf) @ thlpntﬁo@%? ;senphéree%rbe%meheém aheedlaséénwwes&br@m@m @eRs from
the first axis al on ch conductive |line 14 extends. [0047] Al though

peri pheri es?" BLF“dtqpéﬁg‘H%é‘lGE'sé‘h ge gadesstaodihatife dverin W‘)@HP?S@‘@I e ar ound

openi ngs S4as V\Iﬁééts inswitieh the dpeeiRgS 50a riohakiciddad bl MYEpériphBricy GrarRass®R Ot her
aspects in i ch the openings 54 are not encl osed by the peripheries of

trenches 62N%f4d 64. [0048] The etch utilized to formtrenches 62 and 64 is

sel ective fcpmomapt EE) | alhe@ich lItHikéﬂtb\f@rrttﬁanﬂﬁésaﬂié aid @QIS sklRcoidYor mﬂ@ﬁﬁ%O t hg etch
renoves nat e a es nmater e et n n
Gome. aspect Bt gitngro Bl EEr 1 OB L RE forky oS Fieferiel SR ABT RN f ol 52 so0

t hat mat er i r@mob&s materialt52s lm\&tmtt danlbleyinrseme\asfediy, Highty sdiedtive foe matdrizdbe@h a
large porti r%[&t.\?ef toggét&ﬁéu%? s@‘?hét%ét&%%ffé no{ Q%‘é?aht.énl} r@ﬂel/éocfé\whg% 'é?/eWh' -ch

materi al s sane etch
condi tions Tbalﬁghtﬁalatﬁelnqufﬁmterfabﬁ(ﬁnsrrgmw@nches 62 and 64 as are ut| lized

for ext endi pgha@pent ngs 3ok S YginEREHRle dihnd do L8RS debhohbaaEng0 ar e

different f ne anot formtrenc 62 and 64,
and subs equ@ﬁﬂﬂ%”@ﬁ‘%%h%ﬁﬁ%ﬁ@ﬁ iCﬁ@ﬁt'Q’o‘& can B@ U'&'Gﬁﬁf‘?fé@ "&ngﬂﬁ%ﬂ?@@?’ f2aed Bhi ng
condi tions a%&%lﬁz@d‘f&%xfé%ﬁ@tdp@ﬁ\n?é Szit'hﬁﬁugh%térﬁgs@“ﬂ nfifariad6b ddeescearbensi on

of the openings (54) into materi 050] WNmterial 52 can be referred

to as a "et@fieraptdiom pnp Wra@gggghytlkﬁedttq@rm "r?{?@'?ﬁﬁ &5AndP4: gt cate that the
et ch t hr ougdupkasiishe ioV&téfﬁtd?)l’ehﬁbs 64) o‘éh' béi’h?ﬂ"gel @¢Hags iro@sniag colddvas 52. In

other wor dsbet\}vgeent gforprr:aﬁct)lg Qf trencr?es 662 ang g&) andt 2 tex’rterrlls(:‘|‘0r§a (t)fctne oper%unngsé%%t Ve
into material 50.

[0050] Material 52 can be referred to as a “etch stop” in some aspects of the
invention to indicate that the etch through insulative material 60 substantially stops at
layer 52. In other words, the term “etch stop” indicates that the etch of insulative
material 60 is selective for material 60 relative to material 52. The term “etch stop”
includes, but is not limited to, applications in which etch for material 60 entirely stops at
material 52 (i.e., applications in which the etch for material 60 is 100% selective relative
to material 52). Accordingly, the term “etch stop” is to be understood to encompass any
applications in which removal of material 60 relative to material 52 is selective for
material 60, including, but not limited to, applications in which the etch rate of material
52 is much lower than the etch rate of material 60.

[0051] Although openings 54 are shown being extended to an upper surface of
base 12, it is to be understood that the openings may, in other aspects, be extended
toward an upper surface of base 12 but not entirely to such upper surface. Instead, the

openings may be extended to proximate the diffusion regions 30, 32, 40, 42 and 44
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—TErETTaroU 15 Serective tor material 60 relative to material 52. The term
"etch stop"” includes, but is not [imted to, applications in which etch for
material 60 entirely stops at nmaterial 52 (i.e., applications in which the
etch for material 60 is 100% sel ective relative to material 52).

Accor di ngl yo fobiobim "etch stop” is to be understood tecrosnopassiany
applications in which removal of material 60 relative to materlal 52 is

selective for., material. 60, lgcfludlng* but nﬂtﬁgmtedto gllcatlonsm
whi ch t he eVitip based2owithaul gxteading entirgl to\gHeh o P redens tTH@Oé’F 'A9% EAe of

mat eri al 60se fefid o A4 bémg@hemwrtb Pt SR fiprakifatdt W\drb@;icﬁrgregibhe Reliadicite an
e of base 12 s, to ood t t he openi n

; i
oPher saneafie oo mipe oot SahCy IR iE EhiR O3k wacaY Pt "
entirely t otﬂe dgrb?u?mmgionsulrf (130 aéépwtseaadxe itWeatiorg penduttjge gm;ctlbgsog%ﬁliggig 1t 0

te the re
T Usa005) Bargis: CorBielsere8BR; S5t sy nos, 18R o d Mot
di f fusion r@gam«gs 54The thogrars exdpnded o thbeondicive gdictwes ©r beleag closbended to "at
| east prox'{%hgh to't Ec&kéucg\%f@hc{u?% s%”tﬁat e?ec&r{&gir &%?cnom%h b*e@ﬁbé’et%ggﬁtpgs may be

ext ended en usi on regions

di f f usi on rfegm@htg the gpndoetiye strpetotesbyddn ameonrlateemtamﬂiformddmbm the structures
(for exarrpéfe mggnductive pedestal s; not shown in Figs. 1-12) are over the
di ffusion regio eni ngs 54 can then be extended to the conductive
struct ures, [¥A52ht | ed$e inguintive matrsiablp is dot sewadmbige12.ver thoyel thees so t hat

el ectri cal ﬁ%ﬂﬁ%u%&ﬁélbl@%eﬁﬁ%@%%% of¥he éreééff?éiztlbﬁoi ﬁS L0 EHECGhAt4Gal

structure by an appropriate material formed wthi op enlwg [0052] The
i nsul ati ve P8Pt Fowpin plenis: simpByiheidraving ang sn °r99"e"ﬁ G(”PRiﬁéﬁett thenat eri al

woul d be vi ghilig sbe@hétcbrés@t &bﬁ@meqjiarfefwtr@rda&% s%@ﬂérl &rng'aﬁzFl g. 12. The
mat eri al order to

erphasi ze (NS he.  HEAPANCR Fge it o CORHENS BAG AnY BrerfEdorfinne
Cross-sect i wgnhchés 62 ghd 44 anfl Wbid]opBeihgs 54. ﬁma‘tﬁmﬂucﬁwe megerial 28 elkbiricallyconduct i ve

| 70 f h 54.
The: conduct FUReHRMES the disidh bRl 8%, 72 A 34 SRRt BrBnfRES: o0 ogi ons
30, 32, 40, mariaTd céd cobbosd anycalithlyle catatiat ircludingnir example,Adetametabnpri se any
sui tabl e ”a&ﬁﬁddo%hd aH&/'oPS'Ar{d?ﬁcttJegf d ng%&@@ﬂnféoné& o?'matéFE $Euché’éTR>9‘éQé’xﬁplea”d/ or

conducti vel y- o EEm con
conducti vel goruu@iwdlyﬂoped:ghnom rin pamwl@nﬂsaﬁctaswpe@m@ve ratatiab 70 wdj campese al 70

L SOmPr 5 yer Pt Rl Blor L B ofiih YRarbt il RS Rl rARY Cand | 201 L

nitride or tungsten nit er o tun In |layer
of metal ni@#igkdayes OUWWSTQ@dTWQ)thEdﬁ!@!@f el 't"mdélts utilized to adhefe the thick

layer within trenches 62 and 64, and within openings 54.

[0054] In the shown aspect of the invention, the conductive material within
trench 62 is electrically isolated from the material within trench 64, and the conductive
material 70 comprises a common planarized upper surface 74 with insulative material
60. The shown construction can be formed by, for example, depositing the conductive
material 70 within the trenches and openings and over an upper surface of insulative
material 60, and subsequently planarizing the conductive material either alone, or in
combination with material 60, to remove the conductive material from over an
uppermost remaining surface of material 60 and form the planarized upper surface 74.
The planarization can be accomplished utilizing, for example, chemical-mechanical
polishing.

[0055] In the aspect of the invention of Figs. 1-15, a plurality of separate

diffusion regions are formed along the opposing sides of conductive line 14. The
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| ayer within trenches 62 and 64, and within openings 54. [0054] In the shown
aspect of the invention, the conductive material within trench 62 is
electrically isolated fromthe material within trench 64, and the conductive

mat eri al 70\86(}%;1@ 65 @ common pl anarized upper surface l]ér[@éé{#biln i” ative
i fo

mat eri al ovvn construction can be forned by,
depositing the conductive material 70 within the trenches and openi ngs and
over an uppsapase fifugomnfegions ghmedraspomitoesrouee/dan difusion mkgepassotiste

pl anari zi ngwﬁt?@ep%%gﬂﬁﬁélﬁgr d’é‘%ﬁc@é'@éco?dn ré}fcoﬁ& o it 14 &an CPREBHAIRLHAN W th

mat eri al renpve the conductive eri a romover an uUppernost
renmai ni ng SURMTSIR ggte gt RICh 26. TEDEMPS & werdine apsosise WEReA MASHAY a8aY-f ace 74.

The pl anarlﬂ@éﬂraﬁ.s@@@amne%a@eah deetlsdHek lof ﬁéﬁ%torfg&fes@&@émtr@ ;sequentially
chem cal - mschanl cal i shi nga 0055] In the aspect of the_invention of
6‘?" r

Fi gs. 1-15,3i3"%p ipvafefingd By axia pgse r@tp@gfugn,anr@@q) o¥pdn Figemd®: 81 ong t he

opposi ng si feenddfs wMbeweiFrbred ohlarne;péésmg'r §8e ofldondG:tRB0RS 1@%9Aducated by
PCT/ US2005/ Q14951 sepaigg TYWCI'IUSI on source/drain

re IQnS can corr g

di ffusi on rEgFcne &sld ﬁ2§€BQP§ Bsigqradhaif ﬁB’F”‘g‘b P%H@ WRéor di ngl y,
condu?:ti ve &:dngllaeae@ a:gaa:oﬁ@frérmmm riProfs trérich B2 g6 cgﬁmtm @, 145Ul as, }‘_or
exarrpeavvor | ne ssocl,ate Wt a e ransi.sto gate | ne
oo e SalogotslE, R0 fa Bblyelbd choniB Taatsdb bitin o7 TR bR APRITSE4 I org &
row defi neddxbptlphemaﬂ%ucﬁ%n@ewmer ginfitarebosly retajive tstrefudvds dmi thé gs. 3, 6,
9, 12 and b 0 S f (o line 14, as
indicated b nﬁgs 540? Wbegéﬁﬁf %g%ﬁgﬁ&% éng% e@%etre%Ch%g%gﬁnél é@r ed a fi rst
trench, an dasneets@rh trednventiors ibd epesidared e dicsh dettof epetingshin @rowiatangrasfirstrsidech 62

across condycinfabiife M apd i oRhARESE USESAELNSL\IPE arfs AGEHEIENS

relative to tr eneat trench can
occur si mul todeesgsiopd s@tlﬁppquonarf@n@wne@ @n@mtme ofdpéﬁﬁrvgncfealrm rectly

beneath it.  Jhg mg gflﬁ%terthnéﬁ@nCh 62 can, in sone aspects of the
i nvention, be co ered first set of openings in a row along a first side

of conducti \18°5q]ne 14\lthergh theoPepags HGShgwN ERNMBE N § OB trench 64 can be

consi dered cdrfes %&nﬁ@mlﬁlﬁ PREAIINPH: dFRBRINTEGondlinahd SHsMadbf Figges-apdt gi de of
line 14 whic |E |n 03|n rtyejla En tg§the flr@% meg of %%I ne 14. [ 0056]

Al t hough t h¥® V\‘/?P“PBI‘ e?ﬂthgrﬂ?%*ctsd”%ﬁ’ E? “H%PF@QE?Ondence with

a plurali tyogﬁénnrcysfafrel5$smanafeagvumrmsmg1e Hiffasip mg&ﬁﬁlﬁmgw@fan&,gﬁe slovlkb, it is to
be understood,géhat t he_inve i

. tiPn.l | udes ect S i two or nore
openi ngs ar BEUSenlePE g4 T A BTCPHET A S Te ceets 7 2B brerteg e TREPHIER: e
shown regions 40, 42, 32 and 44 merge into a single, continuous diffusion region extending
along a side of line 14. Anocther similar diffusion region can be formed along the
opposing side of line 14. Each of the shown rows of openings 54 extending along the
sides of the line can be formed over the single continuous diffusion regions to form
multiple contacts to the single diffusion regions.
[0057] Figs. 16-30 illustrate a second aspect of the invention. Figs. 16 and 17
show a semiconductor wafer fragment 100 at a preliminary processing stage of the
second aspect. Wafer fragment 100 comprises a substrate having a base 102. A
suitable semiconductor material base is, for example, monocrystalline silicon lightly
doped with background p-type dopant.
[0058] The base 102 has an NMOS region 104 and a PMOS region 106 defined
therein. NMOS region 104 comprises a background p-type dopant (shown as p- in Fig.
17), and PMOS region 106 comprises a background n-type dopant (shown as n- in Fig.
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i solation regrons 34 can be elinmnated in sone aspects of the invention so
that diffusion regions 40, 42, 32 and 44 nerge into a single, continuous
di ffusion region extending along a side of line 14. Another simlar

di ffusion region can be forned al ong the opposing side of line 14. Each of
the shown rpus0fe0qeieNi ngs 54 extending al ong the sidepcefustivsnidwsie can be
formed over the single continuous diffusion regions to form nultiple
contacts to the single diffusion regions. [0057] Fi 16-30 illustrate a
second aspetD- gheihiegianeud ypically; hgdormas! agran n well @Hg%\ﬁ%{%@’r‘ﬁ%&ﬁmr@i waf er
fragnment 10gasat a prelimnary processing stage of the second aspect. Wafer

fragnment 10 ris subs t avi ng a base 102.. A, sujtabl
sem conduct 898%gperl :fhegéasgénqni &}@Fn@% eé“ﬁﬁr?&@?%’t’%f"l“? ﬂi& Qver ﬁ’t‘?on lightly
doped wi th KmMORgIoNCa peddﬁﬁeonhma\fdlme[ﬁ@@%rtﬁb@Nﬁ%ﬁegﬂ&QaMﬁtf&nﬂ! NMOS r egi on

104 d P
packar ound TEYBERIBRANe BpRENELethdsReqec Fonouesys Hagk TR ABg B Hob
conpri ses acdraiokliyedines cam d:qrmepmimtiamtorc(llab@wnd ascardingin ckh gompilsd a/2ri2605/ 109491

PCT] US2005/ Q0983 aghee) B Muc il B OnBRULG LUPLIE o R BRI cRse an 1 vl

in the sem Condt
i ncludes a ﬂerllseswm!mdmamolberl ine 108 over the NI\/DS regl on, a second
conductive g 110 ' Jne 112
bet ween t he d|%r?)§t an lis?é%télggedzonduclglgi?gF%Wrﬁ&g;af&r'h‘mt'{a?eds{soé;g%ggsdgégrﬁ%w
conducti ve PRiPABioN chlinectiis; é@bMQT@C\n@r@leméES isghagrampeetictlly dlustraiethatdnpri se a
series of Bé)@élﬁfo%&ﬁ es o oTh% P Eheclile Hegltoﬁrﬁﬁﬁ&%ﬁﬁse%%gﬁ%fﬁbﬁ' n

regl ons on O 0SI1 ng 'l nes Wlth ne anot her An active
regi on 114 NYQf W%ﬁ’rﬁ'ﬁtﬁ diffysiop regipngs epdthecechee oippy 1§GPF‘GU$Rﬁ gefuralitygbr t i on

of line 108pnaydsdanedy/dain cmﬁlslowee@@w %ems%oaﬂca@f@m@ﬁdr@aréy illustrated

as a box surround|ng a portion he active reg|on 114 conprises

a plurality diggramis %deséré)\‘eﬂrbé{ldﬁs'éﬁq(f“%|18§1WF‘@B|”&%§39%%P°P BeWEENve region
116 conpri sesiviiugl NKaIS stoynrcéfdram@‘iorspmmé@mmsls@ur&é/u@m@groagamws The NMOS

/drain ' e di tically il hdI 135
ani oh nar k SepErTREAl Bettla ot dan o’ MER L Pt RS egrone, and
t he PMOS soindiviguelf RINQSrsagroerusaiaregiondi agrarmati cally illustrated by dashed
i 137 k '

L nes 197 b SSRALAN RS RSUNGALs A0 S bR RER RO EEE 20 |

and 109. The NMOS source/drain diffusion regions (nclude a first series of diffusion regions along

the side 107 of line 108, and a second series of diffusion regions along the side 109 of
line 108. The first and second series of diffusion regions are connected with one
another through transistor gates comprised by line 108, similarly to the interconnection
of separate source/drain regions discussed above with reference to Figs. 1-15.

[0062] Conductive line 110 comprises a pair of opposing sides 111 and 113. A
first series of PMOS source/drain diffusion regions is formed along side 111, and a
second series of PMOS source/drain diffusion regions is formed along side 113. The
first series of diffusion regions along side 111 is connected with the second series along
side 113 through transistor gates comprised by line 110, similarly to the interconnections
discussed above with reference to Figs. 1-15.

[0063] Line 112 does not have source/drain regions associated therewith in the
shown fragments of Figs. 16 and 17, but rather is a conductive interconnect extending
to other circuitry (not shown).

[0064] Fig. 17 shows exemplary source/drain diffusion regions along the cross-
section 17-17 of Fig. 16. Specifically, NMOS source/drain diffusion regions 132 and 134

13



““The NMDS source/drain diffusion regions include a first series of diffusion
regions along the side 107 of line 108, and a second series of diffusion
regions along the side 109 of Iline 108. The first and second series of
di ffusion regions are connected with one another through transistor gates
conpri sed bwd i0p10908, sinilarly to the interconnection PEFUSEEXPIARE
source/drain regions discussed above with reference to Figs. 1-15. (0062]
Conductive |j 0, ' kI 0 ' ' hy I first
seri 65 of PERSTF2ENBCRY, PaBd fncfos BREUDE hitERrdbidBnl oo, "ana
a second ser3Panddfs RN ARPAPing 8ides oidiner 1Pedho NS spweerd@inal ong si de

113. The fikgbns®buI§Sombrigl 4 alrQiialcetdtyRB ol RRGyHri8nddd dbpanE @RAGEE ed Wi th
the second series along.  side 113 through transistor gates conprised by |ine

110, si ni | ariNJOB§ouRe/drait UMY GRPTIS AR ARRISRIAIABTIYRE with reference to
Figs. 1-15. dop@G3linlémanditg ddpes. not have source/drain regions associated

therewith in_the shO\ﬁm f,ra%rpgqnts of th%gs. 16 and 17, but rather is a
conduct i ve i H%PLonnedMdReLHY AG0 20 TR H8ShRVR E/MPISNY FRISIUHBRRA FMiIRD064]
Fig. 17 if;mﬁ tkﬁ:;é@@pb@ib?% SB%I\F&@{a??@iolﬂilnéiﬁﬁoﬂSigOﬂ A@cgjr?:ggy,_ah@grga%s]gm_, €10SS-
section - 0 ig. .16. eci a ) squr ce/ dr.ai n_di sion, regi ons
155" hnd 194 o53 TAEPBHOE 4 5 TepeRa sedibia) 68 258 21 ape Griive ey Shoct o
si des of i nnelid8s fuathdr dAMipBise @undieticty @aterials bbwsien the @giepasd loh@binawdtive38 ar e
shown al ong Qpposin ides of .line 110..Th VOS  sour [.al ipons woul d
conprise an 'B%EP%%W‘&EQ‘%@ c—’qc{/aﬁtévecrg?ntﬁ['l%tof met @8$ﬁ%§?%%§§%%§% %Bngpéﬁg he PMOS
sour ce/ dr ai mategal ohinentl@l ebingoiapeled 2% and percopdidive materigbef line 112 being

conduct i Vi t Y 01ang g AR aol AR ok RESmA08, nd 10nBnkudige ar e shown

conprising constructions similze _ ose descr above relative to line
14 of Fig. Xiscigesskabiongrejativelieinsilatie maigrialg 28 anghA@, regrectivaipof 5@ & | ower

i nsul ative na§RiLRle a8 foRN HRAGH 30 BSHAM NS tHPRkd @dndlidfe matb@aid | nes

further conprise conductive materials between the upper and |ower insulative
material s, #iEHSEadaoYn iRicPNIHCtRMalerial 244 Fig: Reanch@NROMRYSe HISsIE® 122, the
conductive JBRbEIva maRdriald donkldholh, M8 chrbsth@fe bifforerd ikhibriads @RAIRIdnée

material of line 112 being |abeled 130. Insulative materials 120 and 124
can conpri sé@H¥ sane materials as discussed above relative to insulative

materi al s 22[gpgg) 26, FapRecGhbwekbMewal spatcsrs 126 adbsd yileivdis oraihes @8, 31422, 128
and 130 can co i j '

STl AN T AT M, EARIE R e Y
mat eri al s asFigre ®rabhedrs 106 acamt chovat indy. doftd eirplity thatiemirg). s rel ative to.
one [0067] Isolation regions 140 extend within base 102. Regions 140 can
correspond to shallow trench isolation regions, and accordingly can comprise, consist
_essentially of, or consist of silicon dioxide. The middle isolation region 140 of Fig. 17
electrically isolates an active region associated with line 108 (the active region 114 of
Fig. 16) from an active region associated with line 110 (the active region 116 of Fig. 16).
Isolation regions 140 are not shown in the top view of Fig. 16 in order to simplify the
drawing.

[0068] For purposes of the discussion that follows, line 108 can be referred to as
a first conductive line and line 110 as a second conductive line. The sides 107 and 109
of fine 108 can be refetred to as first and second sides of line 108, respectively; and the
sides 111 and 113 can be referred to as first and second sides of line 110, respectively.
The NMOS source/drain regions formed along first side 107 (such as, for example,
region 134 of Fig. 17) can be referred to as first NMOS source/drain regions, and the

NMOS source/drain regions formed along the second side 109 (such as, for example,
14



another. [0066] Fig. 17 shows sidewall spacers 126 adjacent sidewalls of
lines 108, 110 and 112. The sidewall|l spacers can conprises the sane
materials as the spacers 28 of Fig. 2. The spacers 126 are not shown in

Fig. 16 to Worg&l)é/l(% E)he drawi ng. [0067] Isolation regi onpclSroesdigesd W t hin
base 102. Regions 21) can correspond to shallow trench isolation regions,

and accordingly can conprise, consist essentially of, or consist of silicon
di oxi de. Théhaveditine 3RobFiat 10ran bgirefarrad® asfsepprg NWMDS @%Qﬁ/¢rﬁ@aiifft5$(0hsol at es

an active reghigl 3839508 S6urb/ifhin Blﬂ@s&l@%ghh@?orﬁn%g'a}é‘ﬁﬁrtﬁ@fl@ﬂSléelﬁ ©ffin&i 9

16) froman active region associated wth'line e active region 116 of

Fig. 16). 1'dBIetches. fegagmie. tardidydonegiosHatsn! Fi. t é?aﬂ@ﬁ@fie@@\ﬂ@raﬂilfﬂ 16 in

order to si mmMbS¥olibedrait @Mé’tgw regf%%&]nd'?@é Pﬂm%‘é/d?émtd"fﬁxs%h%y&% on that
follows, line 108 can be referre first conductive line and |ine

110 as a sed¥AwdARNGIbe perond side 11§1RENng Hiddsudhasshel regimy 138 of|Fighd 7hes® Rean be

referred to ragerb fcsds s%'@én&ﬁﬂ@%o%tdéﬁ&axﬁfdlﬁubﬂaﬂ rddidhs. respect| vely; and the
sides 111 anﬂmllS can [ ef erre second FI des of Iine 110,

respect i vel yl906%he NNI&E r(‘ﬂ?f'?,eé(}@ dg% 1%@@933?”1‘%“ I¥p BREg 150 '8 fordede 107

(such as, faveexaapboo., lnsmegwe:mnatbammcﬁh@omwée dreifemtiear &negoskidn e as fir st
NMOS source/ rain re e/.drain r ons for al ong
the second SFARRESTAEN eBe] MR ERa R g S ok LG et

PCT/ US2005/ 04 éitwh contpeising giptemaiizti afpeFbgfack Whichdn siistardibidyr capthnaowés second

NS sour cehfba) oLl URiid RRIAP A TTEM, PYLGRY & 2Ryl by on

regi ons for I'rs or exanpl e,
t he diffusi mowmglsbad bB®roihg Iﬁnagerla17$0 treaxtdnd acefse threpghbpeonast sﬂrfa®ts of [ndsS

sour ce/ drai nogdi § foision P&'&}%?: &1 r'ﬂEteP 4)S(3H8 S’és% iy lefnfaHﬁh n regions
368l U, ips it e i Rohto |

formed al ong the second 'side 38 of Fig
17) can be m@e@ﬂé@tQ@W@ﬁg@db@ﬂ”@m %Uﬂ@é‘ﬂmb@&ﬂdﬁﬁﬂﬁ@%nsv@gl ons.

[0069] Ref e drﬁgzaﬂﬁﬁtcaﬁ Be Eb&ﬁnphé@e@w f&%xé‘rﬂplb NsHekridal-WiechRtied balshihgl s

formed over base . I'nsulat’ive materi can conprise an idéntical
conposi tion mehescrlTB%éCtb’PéW'%”Lﬁsﬂﬁ Fnsd HIGN%S”EQWW iRslaphad ine nfidei$ 1 50 of

Fig. 5 | nsuhhayige mt%la@hvelﬂégnons are%m@mqm&rtwémagar@l HeRnae mesl 1sgpper
surface which is substa ial l‘é | anar Eé)/er surfaces of jnsulative

nat eri al 124?”8f13I7|”H€§dirD i9- 10,1 dg rﬁ%sepﬁﬂiﬁs%{ Bi@in regtoBRAI “REBOWYf or mi ng
mat eri al 15(};@qse.xb.@gdtoemﬁmﬁﬁthblm%vuﬁ@er most surfaces of lines 108, 110 and

rateri al - 150MEB T enov e AR LRI dpe 2DGh 8 PR HBS Higs | 1 TomEd oHa 112.

Such insulative material 150. Patterned material 152 can comprise the same composition
discussed previously for material 52 of Fig. 5. Accordingly, patterned material 152 can
comprise, consist essentially of, or consist of silicon and one or both of oxygen and
nitrogen. A pattern can be formed in material 152 utilizing, for example,
photolithographic processing and an appropriate etch, as discussed previously for
forming a pattern in material 52 of Fig. 5. A series of openings 154 extend through
material 152, and an opening 155 aiso extends through material 152. The openings
154 are directly over NMOS source/drain regions along the first side 107 of line 108,
and over the PMOS source/drain regions along the first and second sides 111 and 113
of line 110. The opening 155 is over line 112. In alternative processing, the opening
over line 112 can be formed at different processing stage than the openings over the
source/drain regions.
[0072] The openings 154 can be, in particular aspects, considered to comprise a

first set in one-to-one correspondence with the NMOS source/drain diffusion regions
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pl anari zation can be acconplished by, for exanple, chem cal-nechani cal
polishing. [0070] The active regions 114 and 116 are shown in dashed |ine
in Fig. 18 to enphasize that the active regions are beneath insulative

mat eri al 150wobb®/1bdswes 135 and 137 utilized in Fig. 16 It@f,g@g&p(ﬁ@tse
separate source/drain regions are not shown in Fig. 18 in order to sinplify

t he draw ng. [0071}; Referring next to Figs. 20 and 21 a patterned |ayer 152
is formed owang thednst side olehagenductiye linsd 08 mnsecon@ et ingnete-are 152 can conpri se

the sane COfHéﬁééﬁdn@@nce@lnﬁﬁHé3@@8%&1%&&@’#@@9!‘53 B4 & thiedirst 3 chhdlictive
Accordingly, patterned n%t erial 152 can nprise con?\ﬁ% essentl ally of,
or consist dPedipiangh b S%tﬂéc’tﬁ-towoa’feswaw wifthe §evWce/draiht t ern can

be formed i negBALEIbA thé&@ccﬂ-{dléme&bfmge 1195 exanpl e, PQOt olit hograph:c gr o a
rocessing a appr ate as dis Vi

Pt erm 1y o8B PR RBEhupSlerer G2ping? 57 REa HvRL L4 Bk ef bR R
mat eri al 1521peﬁ1ﬁ§s Smermrml}wlm@ diffuisioml regowalen?metshwwgmmmoﬂhaé 1082. The

. " N
oPae 195 of Thotaf 1 on, Ahhpr Bl B eRecE S P ) ThorroPisy Sle i dslgs b c°
first and seNM@S diffuidies rddidnsait i t b8 undérstdod ehat aGingkhepenpngrronlyl HESBrmes over
ine 112 | hBLBERRL LS RERRSSTLA0. SIABpRAT B rYETnd bBF ofd fef” Pe

formed at di ent processi ng openi ngs over
sour ce/ drai rexteetgmgrtlse lehgid B2 theBigtiveoiegion radpmng B84 10F rof bl@ 108 Panilaiyc thear aspect s,

NS sour ce/ i ARTBLRFs 13 bREnd Y abllo BB 97750015 BERRTEBTEEAE, o) "°
al ong the firegaces \M@ direndhdike openieg floeg therside10d, of fine dtd wad sBetheriresg- t o- one
corr espondengg o%ﬁlh@zéhgr%ﬂ\ﬁor@tﬂé%%/eqrté'oﬂltrteegl'zor@tt@ RA%ayleh €53 b4 Phe Si de of

conductive |ine hird set in_one-to-one correspondence with the
PMOS sour ce/'8ieHPH t0 2@ 8RR SiePJRGreeRRN SR &P g‘toa%d@FUQSPﬂéb‘i@ZelaPYﬁ)*PﬂTyef he
shown pattergp @fFigpeni ngs 154 within layer 152 does not include any

openi ngs over_the NMOS diffusi ?n rggl ons_ al the econg éie 109 of line
108. [0074] [®7Phough T8 SPERIAY i 3]s ShowD EXPH ‘3% i BrRaUSVer the
series of lNM‘tErb !e§||1f3f)|cbﬁllr@n11l2€®u6t:ﬂ|§an l?é ad;]cﬁbn{pﬂsl‘tw v}qtgchegtsttable@tdmtmaaerwl ngle
openi ng cou e r,all of the rain re n openi ng
Ul have. (1 TS oo 2BHENER A BRI T4 e Betabe HLae EHGRE T et on
al ong si de Xorfpatterdingleydr082. Si m I arly, the plurality of openings 154

extending al fiigef o ilsstdh A3 LI 04 d Bk, RO faighlgied v th 2

trench-1ike ng an N5he d ano rench-
formed over patterned layer 152 and within the openings 154 and 155 extending

through patterned laye'r 152. The insulative material 160 can comprise the same
compositions as discussed previously for insulative material 60 of Figs. 7-9.
Accordingly, the insulative material 160 can comprise an identical composition as the
insulative material 150, and in particular aspects both insulative materials can comprise,
consist essentially of, or consist of doped oxide. Insulative materials 150 and 160 can
be referred to as a first insulative material and a second insulative material, respectively,
to distinguish the materials from one another.

[0077] Referring next to Figs. 24 and 25, a pair of trenches 170 and 172 are
formed within second insulative material 160, The trenches 170 and 172 can be
referred to as a first trench and second trench, respectively. itis noted that Fig. 25 is
drawn to show only those materials which are along the plane of the cross-section,
rather than materials out of the plane, to simplify the drawing.
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| i ke openi ng extending al cr)ing the side 113 of line 112. Patterned | ayer 152
can be referred to as an etch stop, for reasons simlar to those discussed
above relative to layer 52 of Fig. 5. [0075] The opening 155 is shown

extendi ng through | ayer 124 and to conductive nmnateri al <1112
Such can beV¥8HPP#¥hed with a suitable etch of materi a%é?/ygioog/blg I'n some
aspects the etch of material 124 utilizes the sanme etch as is utilized for

patterning | qywms) 152. {retteindRerfliged forfgrmi MefieBshes2Z0and 123is solecgileftkri cal |y

| ay: 52 d withi h
openi ngs 154 Ae98 "aRriaar T b doH e TP ety E 385 ofReet ekl at i ve
mat elrl ?: VéGOlncsaubseqmﬁgtretsmng h>eccsralneatloomfrn@(;sarameﬁmlemmgstreblmm‘ﬁmmapvev| 0;12 Ir Iya}‘ or

nsul a
' n@i& galawo eggg{ed t ﬁgh é%os Ig(s'%g‘;% ae reln%)é/gd o) &%‘?'ﬂfpﬁv 88%% ri{ s i e 150,

160 can conpri i cal I nsu rral
and in parti msleair02a§peetcztunlgomhzadrtsaktancd the apatiegs aﬂSLblscpaefeuabtymelestwe foconsi st

essential ly gf,, 8(15‘6991%%%0% en| §%§‘Fkt¥ﬁdﬁ§ h%ucq% rﬁat&§£1 fd 160

can berefere to asaflrs msg%oT rnsulative
material, re®opaseil02pxtend toc:qndsthalgubsm dlﬁ@emarteetonawghlﬂrthﬁmm adtive her .

[0077] Ref er g 1qggéuch%s%|fﬂr§rongﬁga§12??4§%migne%llllﬁs%fcti\;er e %HQ%S%J&h%@d 172 are

formed within second I nsulative e trenc es 170 and 172 can
be ref err eddiffésiersregions i 3¢ apd E3fHh Thn@redegsmanexiend ientirelydpéta diffesion. 1t i s

noted that FiggiondPad showdll, 3Bart ExtemPy dP&lJlMatEfﬂ%S@ffL@&rﬁreb%% lr}"’fUr%Qarﬁﬁlg & ong

the plane of the cross-section, rather than material ut of the plane, to
simplify theaRPr"%Voﬁ@UCHBSM9%5?%@)@3@’1WW@SQ%@/WL@@M"WE'@GPSTWFH@
etching uti Ima@damgo@@rtm @hh@suﬁr{ phes 170 and 172 is selective for material

160 | at t accordin bst an ’ ié s on | ayer
152. reI ?\1 !s\tjgié%ﬁgﬁt e:alt ff‘i@t tre('S'Ph 691??%8‘%4 %hg'EﬁCH)f H\éeréréef’r@ ‘Ii ‘r‘%’ regi ons of
i RSUl ative iglods E@hg it‘id}xreoewmm af line 1os( aﬂﬁeﬂemﬁn;&&fbtoay gve{remmm;rtge ext1 gzd
t ase ize e e, openi ngs
D o i 1P L tts BB el P Sirkion eihel STt lfoobt B8 RESa T
openi ngs 154patidredidichygoven o OSediftusicsl redibs albmy thasele102 oblinetith (aod

ducti vel ) o . ) 114
conduet | vel Yaganesy bbb apEa9hanss PN BEANER AGER Mo g B 110
di ffusi on retggons)- Jﬁwlt@ndlylt;@)ﬂrstﬂeecmimﬂ pagtiorcdirectix oenanepeningli§4 t o t he
di ffusion ?’Q ﬁ?ﬂ)ﬁ(;t()‘i‘ﬁe éck?ﬂ@lmve efter‘?é’i‘%@éﬁﬁ@qéo proxi mate the diffusion

regions in, , an applicatron such as that described below with
reference tolP989] 32 v{)}t@r&‘@pﬁndatr@rtphdaatcpmensesa portion directly over the PMOS

diffusion regions along side 113 of line 110 (and specifically directly over the openings
154 that are directly over such PMOS diffusion regions).

[0081] Although only two trenches are shown formed, it is to be understood that
the invention encompasses other aspects wherein more than two trenches are
simultaneously formed.,

[0082] Referring next to Figs. 26 and 27, a conductive material 180 is formed
over insulative material 160, within openings 154, and within trenches 170 and 172.
Conductive material 180 can comprise any suitable composition, or combination of
compositions. For instance, conductive material 180 can comprise a refractive metal;
and in particular aspects can comprise a thin layer of metal nitride (such as, for
example, titanium nitride or tungsten nitride), and a thick layer of tungsten. As another
example, material 180 can comprise a layer comprising, consisting essentially of, or
consisting of copper. The copper-containing layer can be utilized together with one or

more copper diffusion barrier layers which protect active areas from copper
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material is over the diffusion regions. [0079] The first trench 170 has a
portion directly over the NMOS diffusion regions along the first side 107
of line 108 (and specifically directly over the openings 154 that are

directly ovegyosiggdhobdpS diffusion regions). The first trepgpydled
portion directly over the PMOS diffusion regions along the 5|§ %01? of I|ne

110 (and specifically directly over the openings 154 that are directly over
such PMOS di £frighioation: ddgiesndP. 11rnd 11@ntagpiper vitteagtive segienselidrnddd6aarpor ti on

directly ovegngh IHFBﬁQr‘utsﬂ viéaftin F‘?@“Z%rtg’H&%éé)théths‘%lcﬁgfé%&?ebfhethgﬁ{aﬁriaﬁi 80130 of
line 112. [0080] .The second trench 172 conprises gortlon directly over the

PMOS  di ffu5|[89ig3r]eg| onf3eT8IMHA fextg &igr148 a7d £9. r'i‘?—?tﬂr?W QisFuBlsEErts cal i y
directly ove blah&&affrenifagsa phbdriiddalppar furfdts €8t hdtosiBe nidierial, RMI%o einfdvesi on

regi ons). Al t hough only two tre s.ar own. f ornmed, is to be
under st ood tﬂ‘?t’l‘at?rl‘?éfrf’ﬁs’é’ﬁf 5”8%3 ﬁc@%ﬁgggg §P'WZ’|‘ ‘Qgrﬂ?é@?gorb\ff‘é‘rb& n nore than
two trenches a660ﬁ1pl|§ﬂdﬁiLlJt|ﬁﬂn@W$iX§{mbw mmimcél&%%m&fpenmn@g 'Ihemlartaazﬁiogs 26
and 27, a conductiv 0.is at i V.8 160,
M i opent AR heRTelRLAReT ) B ARES Dot a0 prd A PR TP VRl or  a
180 can conptavsief #rymatarialdb et tempomsssing stage of Eigrdd is abheath dfat attbeposi ti ons.
For instance ductive ial 180 can conprise a refractive netal; and
in particul aPrO%gQSln@tSté%e Ofrﬁﬁ)?r%rl se a thin layer of netal nitride (such as,
for exarrpl e, [0084']an| unThe rermodal (Ibrnatngw(éfmmDt/erlthhaylpp%ﬁdrf@etdimaterlahy@ of

tungsten. As apoLh g ola%?mln@ateﬂmg 86 Wﬁlhln:hé H:% fﬁﬁqme_[[ﬁgteﬁal l13Y GlitnQRPr 1 Si ng,

consi st ng essentl conslt stl1 ng e CO aer-cont ai ni ng

| ayer can betfalﬂth172ed¥1?6®%ff@éﬂ8QMNtﬂHn6ﬁ@CrbT70 Wf@a&bmfé\ecﬁl"f 8i on barrier

| ayers whi Chs&fr@é/&r%tn @@Bhé’ﬁ’loﬁé £@bsilié 967 GIQIIHBQOB Wwith m@@@@rwgéﬂﬂfegxons
PCT/ US2005/ 014951 contam nation. _Lines 108, 110 and 112, together wth

active regi oAoNa it giflel1 116 ling1d0. JRBGPNIURiYSHRRER 1P é'Wheﬁc‘Fi?rletSQ'Be NYOS

i ndi cat e t hatng PP rdepitentdyibhetoriictich cohaacnveh%&%hméﬁrnénmg iREXt to
Figs. 28 and, 29, rraterla# 80, 1s subjecte | anari zation to forma

pl anari zed u%@?aﬁﬂef%’@é iglg or Ly CC??Q?@PP |, and to renove the
material fronoossr | nSRléfatring(heﬂf&bﬂFlig ab a&ﬁélectﬁﬁaily melietiv @pamozs@tdrraéd eah be

protdbarr ST ST T TR P
that an uppecoreﬂ:r&‘eaatny cuitdble ¢leatddallpinsuladvemabierialaincllGig afor exeengie, atiessi ng st age
of Fig. 29 i ﬁitl%%neat h that at the processing stage of Fig. 27.
[0086] The construction of Fig. 30 can be incorporated into numerous CMOS
structures, including, for example, CMOS inverters and static random access memory
(SRAM) cells; and/or can be incorporated into repeated logic cells sUch as shift registers
or arithmetic units. Also, the construction can be incorporated into applications in which
dynamic random access memory (DRAM) and SRAM are integrated into a common
circuit. The construction can, for example, be incorporated into system-on-chip (SOC)
integration, digital signal processing (DSP), microprocessors and embedded application
specific integrated circuit (ASIC) chips.
[0087] Fig. 31 shows a diagrammatic illustration of a prior art six transistor
SRAM cell 710. The cell comprises first and second inverters 712 and 714 which are
cross-coupled to form a bistable flip-flop. Inverters 712 and 714 are formed by n-
channel driver transistors 716 and 717, and p-channel ioad transistors 718 and 719.
The source regions of driver transistors 716 and 717 are tied to a low reference or circuit

supply voitage, labeled V¢ and typically referred to as “ground”. Load transistors 718
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[ 0084] The renoval of material 180 from over the upper surface of material
160 electrically isolates the material 180 within trench 170 fromthe
material 180 within the trench 172. The material 180 within trench 170
el ectrical | y wiprwgabs1INMOS source/ drain regions along firskraissiRsdddsof |ine
108 with PMOS source/drain regions along first side 111 of line 110. The
conductive material 180 further connects the NMOS and PMOS source/drain
regions to edECtGagarrieElsHduRioroetacas high reiense qrickeuitpPpvolage, forns a
|@1:at e g\éer f'lﬁ})éiecg’vcc:[ érlﬁilrtﬁé 8iafs cﬂ?b@eéb@ﬂ@ﬁ%gg@m}ran£1&8&5ﬂ1 sReker i mae @Qﬁébdt 0

ig. an el ectrica ive ca arized upper
surface 181 ?ffoarﬁjéfaé}slsﬁﬂrgl ﬁ%a"éirﬁ |%5§8ngch8 t?fﬁlem?%?ln%%?ﬁ)cor@éﬁgﬁﬁ
conpri se anytraisistablzes ehertz i cal | y | nsul ative material, including, for
exanpl e, sili nitride. onstr i.on
i ncor por at ed [&?#é numeP g %%SI 'P‘(l G PREY cfPt%e({%’ tlngcd)Fa"é fg(%ﬁ{lcg CMOS
i nverters ankrhrtstsﬁerdG,raﬂcbonﬂaalgdmesemﬁanUTags an(urSlaﬁM owgpltl 722 famdhddry toadralve
| ncor porat eded it & fLRERT 967 | APl G55 s BN RNAS iRl Fha fRALALEGR ol o

arithnetic un| t he con ructi’on can be '1'NCor pora
appl i cat i onsdriver trérisidtor 7d9rmdlnvef@nm)4rh@:w'emerrmnmuy7immd nthesRmEfar e

integrated | QLo .8 COPY7 CTHeHHbLEtf g&?utﬁ&@%‘f {n\}&l]iér%Z%ﬁB 7159 e %@T&iuﬁledbe

|ncorporated|ntos stemon-cC ntegration
processi ng (03N aﬁlpdbéﬂ?ﬂ‘@ﬂ@@@@wf mlgmamwo«mm D@taufﬁoﬁpe@ijfeaﬂv,fu c

I ntegrat ed Ci'n{? Ha'rtou Jo)is EJ&EQ%OUF{IQp%?Aveﬁme%&]?Z%h%m@erf@r %G{paﬂ?%

illustration ior art six transistor
conprises fi ‘F@@S W'@é@dﬁ@”?rhwﬁﬁéﬁ sInthis capfiguratignyiRyester QPT@U"S(YQQS’*@dc?S%pI ed to

form a bi st apks tfd éd@ndnérﬁmnargwc%mr@t&m@oﬁﬂéfnaln% pare formed by n- channel
driver transistors 716 and %E{% channel Ioad ai){g)l stors 718 and 7109.

The source rd8{8Hs of Aretery Hip-Her pughdisdhat Agsyihgd vpic P €8 &Y ow

reference orelgmesitflan irssgrated aray bbggtic mahelyetbnénts. aqulutvaw ofalctassreferred to
transi stors 110949 00 /01495 and

d S
0 o o e R oS BeRe MOl a@ﬁ%gf%ﬁaﬁ% o BRI pe B
vol tagg, 71I7amh&dnnvivn,dualamﬂnf cltrtzel?&:emmutm: th@@Jfrra@gQ@Mlsm?nsieuovmo hdsorei St ;)r st )
716 . The,gate 0 r ansi ors a are connec o e
ateaor T h e 1B e Rt RO b S Rt P LSud TRt Ao S RORRET T oo o
712 has an i imsaorteeactivaepuinal Z20néavedriectrdms-dobpled imaenerafutme VR2.eA pturaitsofst or

716, and si n&dr@lérﬁeﬁt&r&%@@ﬁ{n @ﬁaﬂg%uéﬁ ém\é%@?e;rpa?}gfggﬁw e?r?en a(?y E’&S'm{?y the

drain of dri ran nver as an | verter rnput 724
f or med by t hlinegaBé aodl 736 shown, are connected to the remaining active terminals of access

transistors 730 and 732, respectively. A row line 738 is connected to the gates of
access transistors 730 and 732. .

[0090] Reading static memory cell 710 involves activating row line 738 to
connect to inverter outputs 720 and 722 to column lines 734 and 736. Writing to static
memory cell 710 involves first placing selective complementary logic voltages on column
lines 734 and 736, and then activating row line 738 to connect those logic voltages to
inverter outputs 720 and 722. This forces the outputs to the selected logic voltages,
which will be maintained as long as power is supplied to the memory cell, or until the
memory cell is reprogrammed. '

[0091] The structure of Fig. 30 can be incorporated into a SRAM cell of the type
shown in Fig. 31.

[0092] Referring next to Fig. 32, an aspect of the invention alternative to that of

Fig. 29 is illustrated with reference to a semiconductor wafer fragment 200. Several
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driver transistor 716, and inverter 714 has an inverter input 726 forned by
the gate of device transistor 717. The inputs and outputs of inverter 712
and 714 are cross-coupled to forma flip-flop having a pair of

conpl ement ar yof s by e outputs. Specifically, inverter S
cross-coupled to tnverter input 726, and inverter output @B%OJ&Q%I

cross-coupled to inverter input 724. In this configuration, inverter outputs
720 and 722 COhmonemthef wafeplragrestt 209 atevidersicaltte thoge poown infFig.H9, &nd pudhl op.

[0089] A mempy; E‘%ﬁt?wiﬂl‘ aﬁgs@.d@ﬁnéa%ﬂ&%%ﬁ@ ePW?th?é’fle @ﬁcéwﬁg ;fmeA rrermry

el enent of an i'ntegrated array of static neno ement Fpuralta?/
access trar@ﬁ%em@et\g%ﬁfﬁhaﬁa%éféﬁoﬁ Rigs® anst ?Q@QQﬁﬂt To90f Fig: g9 isstaaf t o

sel ectively tﬁé‘:‘é@ﬁéoﬁ&%g SEERAY th Al Mndu@ive TRIBaY 160 SMRBHI2WMAshiaa, t he array.
Access transi stor has one Tactive term nal connected to cross-coupled

i nverter outRﬂFﬁf”PQO“atﬂ@é a8 istferappgite eptirely overding 1ha180 K@t theee vas ie Aegning

connected t Qo%"e%&ﬁa‘n@iﬂ?% e doﬁénﬁjht/@haféﬁbpwo a?%%roc‘ésﬁhgl ERbb faMaI@éous to that
conpl ement areie col um r@a rs, suc e sin ement ary

col umm | i ne¥esorhedaytn re ﬁé@\,ﬁ'gsa?roea%néfc%réﬂe?tgcaﬂ ﬁ&’}e&‘%ﬂ twgg’bct i ve

term nal s ofcongagans ma&ér&mwéwmeﬁ%&br@nmo?&%eﬁeﬁmirwlsmch éarf Mokhee 738
I S connect ed access transistors 730 and 732. [0090] Readi ng

%qtqt{e %atres :
static memory hb uohgig ?%R?BP%?Pact ivating row line 738 to connect to
i nverter out peaes] 720 aAndthé? difftencebetweeh stngsuré 280 ahElg./BbandAhi straguted 08t at i €

menory cel | vol v fir Lng select! v I
vol t ages on fél_o%r?rﬁ 1S haﬁtﬁg S{f%C rgnga%g%go%o%gﬁ fﬁggggwggqgﬂhggvxfég%ég?% to
connect t hoseMOSgioarcediraingegionso The corductve mmbptatsszaﬁmmanﬁb gsuitibles f or ces

the outputs rlhgte Qemétﬁ{mﬁg J&%)Jaﬁ%’lec ﬁ%@x a%l@ﬁnm éﬁ’@bﬁ Qn . \Ilrlneﬁ?s M/d?trﬁétg'led as

| ong as power e menory cell Is
reprogr an’medSl|lC[@(I@uf]]loOTIIT'IQ";S dtadastelsrd®2¢an PBQFOVB@d@aﬁr tl@éorm@@@m pbinglatiyei nto a

SRAM cel | of p,f ﬁaut%@%mglgﬂvg?]d'aacgﬂd%g;y%ﬂe stbpg%item@aelnngswagﬁ Pafetigh 32,

an aspect of the inven ternatrve to Is Tllustrated
wi th referent®® ang tavarddifiusioniedions Yoserying 'ﬁ“é@ﬁ'ﬁ'nﬁoz(@‘é?h asgifesesping 19 V\D

2005/109491 Mg@&ﬁﬂﬁét@e@&%d a%avaﬂwmef&&eﬁtfe twigeaaj‘éaw&wnda&ad

identical to those shown in wi | beI bel ed

i dent i cal | y P¥nCHEe PREUNISIE “B%%&“V(P‘feﬁ qfé?%qséﬁjl%%o% gP ﬁﬂ@ast SQProxmalg $4%8r ence

bﬁt ween the Jdpagmt:eee&tr@fcdﬁdgctwaznaaéwblﬂsv@wmrb@gamid 1300 efotrlchlyy 29 is that
there is no op

Chere 15 1o chenlnh Bentlio o hhR condiell o to st al T kbt L2
that t her e VER ifalsoeketriogl connection to the diffusion regions underlying the pedestals 202, in
that the pedestals 202 are electrically connected with such diffusion regions.

[0094] The invention described herein can be utilized for numerous applications
in which it is desired to connect (i.e. strap) active areas to one another. The invention
can be utilized for strapping PMOS regions to NMOS regions, or can be utilized in
connecting PMOS regions with one another and/or interconnecting NMOS regions with
one another. Various aspects of the invention utilize a trench etch aligned with etching
through openings underlying the trench to desired regions. The devices formed utilizing
methodology of the present invention can be appropriately shunted for low parasitic
resistance, and the methodology of the present invention can be utilized for forming
interconnects with fewer masking steps than would be utilized with other methodologies.
The invention can, in particular aspects, allow strapping of source/drain regions of
transistors utilizing lower sheet resistance materials than are utilized with other
methodologies. The height of the conducting interconnect material can be adjusted by
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to be extending to the conductive material 130 at a processing stage

anal ogous to that described with reference to Figs. 20 and 21. If an

el ectrical connection between conductive material 180 and the material 130
of line 112 s, 9ﬁﬁ“ﬁd such can be formed w th additi opgl/RERSERE$NT

st eps. [009§i yit er difference between structure 200 of Fig. 32 and the
structure 100 of Fig. 29 is that the structure 200 has conductive pedestals
202 over t headN¥ti werth déMBSasd)thecafviainnaofreta‘rﬂ@cmnMeth'Bldelogy)nﬂhepresentpedest al s
can conpris n SUIt n a

epi taxi al | ﬁ@%gﬁ%ﬂ ik cc}ﬁz% } gfov \}Iag&gsn'g c’%hnecsé YV%(OJ{BE& PE ! @SSkm%nds
Pedest al s szep@ahatwutﬁirml/@“é@nﬁlm bﬁrUtdll-‘Edf didditionaly, miethodsiabnef ttz@prasamteru al 150
(Fig. 19), g&f dcilleglltNlnﬁQ'ecoﬁﬁﬁ’&?lvmr\a@ﬁtaﬁ%lngml% ggﬁe{rﬁ 93'3 (E&dner i al
150 and toma usi on regions underlying nat erla such "as proceSS|ng
anal ogous t dstavgsiod eempiigiedian EHN)Hipandn aéw?rem@hs@l i the mem)or:eagiopeand
conduct ed t Qan@X&e0dizhith SRSMKRESed® HRBRLIs RMFdREES cRbs-BEERAY Bhfhchiide OF at

| east to proximate such upper surfaces so that conductive naterlal 180 will
be formed t oVihé katlee Mmamety PVaY Bt A RIBPSiPheralie dessingmenyaY. The el ectri cal

connection ofgoasf er i alelitfiowgl bt %@@éeﬁ{ ifverdBr chsbaLiBiRe@ kR Gluefts connecti on
to the diffusion regions underl pedestal s 202, in that t he

pedest al s 2(PPiFaAEoR, E@{Urdi”@élplpﬂl’caé@ﬂ%@ﬁ?r@élgmpdtﬁh B\9éah bHineP @58 99r egi ons. [ 0094]

The i nvent i onetHestddy e thellfe &in invamtidaeakt bt ihgaekd, 86 ualizeBIPIbmARRLUMeRiUsONS i N
which it is desired to conn

ct. : str ctive a to on ot her. The
i nvention CcBANYY SR8 aﬂgéo? e é?‘f'%ﬁp’ﬂﬂtj E&/fﬁ%"@ﬂﬁp@n@% Wi S §@§P’ons
can be uti | iazegs,iflash cmenvecairag, RVODIdidgmemsrwvdrtdys ane phaaset dnangamemory
|nterconnect|Q$ NMOS regions with one another. Various aspects of the
i nvention utii?ze a trench etch aligned with etching through openings
underlying the trench to desired regions. The devices formed utilizing
met hodol ogy of the present invention can be appropriately shunted for | ow
parasitic resistance, and the nethodol ogy of the present invention can be
utilized for formng interconnects with fewer nmasking steps than woul d be
utilized with other nethodol ogies. The invention can, in particular
aspects, allow strapping of source/drain regions of transistors utilizing
| ower sheet resistance materials than are utilized with other
met hodol ogi es. The hei ght of the conducting interconnect material can be
adj usted by 20 WO 2005/109491 PCT/ US2005/014951 adjusting trench depth,
and the amount of etch back. Methodol ogy of the present invention can be
utilized for providing various interconnects w thout additional nasking
steps that would conventionally be utilized. Additionally, nethodol ogy of
t he present
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invention can allow thi nner conductive materials to be utilized in a menory
region (such as a region conprising an SRAM then in a region peripheral to
the nenory region, and can allow utilization of lowk dielectric materials
for reduced cross-coupling capacitance wthin both a nenory array and a
regi on peripheral to the nenory array. [0095] Met hodol ogy of the present

i nvention cq be utilized for numerous applications, including applications
wher e tigﬂv\g?tch metal bitlines are used. Methodol ogy of the present

i nvention can, for instance, be utilized in form ng nunmerous nenory storage
and/ or | ogi c %‘-ﬁbfﬁ‘éé of o th B P EorF R 162 Alci Yoy e, o ik ENS:
flash nenory arrays, non- atile nenory arrays an ase change

arrays. 21 CLAF fing aserNCWﬁeaswtratehww @mdeqﬂé%t"ﬁ thereoven AR bavingrPne oF mare

seni condua‘«moncre@&tsrm&teincaad 20RBEHt tdl dagcaucma}hbokh@mqeaex%&mng %My%tf@gt agigbstrate
having a conduyctive |ine thereover and havin or nore diffusion re |ons

t herein and acfP%’égn? p?%é"eég%aeﬁf@a'd PR ET Me'R '“”F'ﬂ'é’e&?f‘%rﬁ?ﬁ Pﬂj'eéﬂeﬂr‘@'eh M
axis; forpiunagy af grehings agendiryteereny atrlessbsaneosfehespeniagebeing diorgy a)roweacganding aloh@e

patt er ned, L ayer aﬂ?&b@ganﬁ%%' férué'té AT a???&l tgb‘?rf? a??é{;t@”o%“aq |éa'§F5nee1]o’? sau%n ast

some of the openin row ex
substantlmbterffslapalr¢Qa;Qnsto t he f| rst axis and be| ng directly over at Ieast

one of said Or}@rnﬁﬁ% ar{@écﬁnéyw fndibRe nﬁéf&la@&%f thfe%@érﬁ& Iﬁﬂare'l ectrically
i nsul ative materi over the patterned 0Ssi ng the el ectrical

ot ot ve ot sippeina (8 elerrEsly A MRETRS 31 HRNORh BFnHPTRY aenEng gl the

elhect Ir ic a}ub@tnctansa inb@btivéenaidiatto O}aé V\ﬁ}ét@rﬁdﬂeayléﬁf&d ﬁbra;edmolreaoferre plmranty Wbp@hm@@ afd Which
t he urali.t enin ana . | the o enln S
e o aos 2 1R S BRE e BB g S8t SR ihuat ine SO D6 e ey )
regions, diffesi@tregions thegetcrebeing selestivedor reewing thg etehteically suilaticarhbtyrial nafativata the
materi al g&{ ?rfe'd‘@elﬂ Qt %Q& a Rtfoh%f &%‘i’rghéﬁ’@énﬁ &?lrect‘y%éltth@olrp]é?ﬁﬁgk QHq 8 eﬁJ}f‘g élér@'l@é‘

being dir er the openings and extending along t second axl's
form ng afeere@%si@dl |y conductive material within the openi ngs and wi thin

the trench, t hﬁrmlﬁé acéléttﬁ@&uy yomad/ueﬁatmn WkHirethi aperliRis28d iwithif kiCtkncl, athe
connecti on FUSI n reglons

ne o
The. met hotteBrealy bmieive. it Bt BiaEiee PesRnrB g et teqt sl BBe Shres
t he one otiffasoreregidnd.f usi on regi ons and the conductive naterial into a DRAM
array. 3. The nethod of claim1l1 further conprising incorporating said at
| east one of the one or nore diffusion regions and the conductive nmateri al
into an SRAM afh@ipethed offplaimyblurbrr compising ingarparating l5aid atleagi one pHie one or more

i ncor por aifigorsabign$hnd thaebnddBiRePhatéPinREDRAM BRES

3. The method of claim 1 further comprising incorporating said at least one of the one or more
diffusion regions and the conductive material into an SRAM array.

4, The method of claim 1 further comprising incorporating said at least one of the one or more
diffusion regions and the conductive material into a flash memory array.

5. The method of claim 1 further comprising incorporating said at least one of the one or more
diffusion regions and the conductive material into a non-volatile memory array.

6. The method of claim 1 further comprising incorporating said at least one of the one or more
diffusion regions and the conductive material into a phase change memory array.

7. The method of claim 1 wherein the openings are extended to more than one of the one or more

diffusion regions.
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di ffusion regions and the conductive material into a flash nenory array. 5.
The nmethod of claim 1l further conprising incorporating said at |east one of
the one or nore diffusion regions and the conductive naterial into a
non-vol atile nmenory array. 6. The method of claim| further conprising
incorporating said at |east one of the one or nore diffusion regions and
the condugctive material jnto.a,phase change menory array. (. The t hod, of
cl'ai m 1 vher o THeTHPeR el S FBr EheRE A oest How She e Biehit oY PG e yon
nore di fdoosttovithrsagiab esst dd2 o8the Phe onmporediiffusibn cEgioinsn ahd fwhetelirethe openingssirang  at

| east oneexggggﬁgtﬂi,é/g 1S4t ML dhEuBVELRRgL i n electrical contact with said at
| east one of the one or nore diffusion regions, and wherein the openings are
extended to the at |east one conductive structure. 9. The method of claiml

wherei n tqie el \etridtict dfiain s whatdintae BREEEAIR Insiiistiva reeraNd aadeCsid digoirichly

i nsul ative ﬁteriél'él anq further. conprising: formng a first electrically

i nsul at i VEURLYSMRETal G Uder SOBRE S nore di ffusion regions; formng the
patterned | ayeorniivga fitshaedtiigaly ineblatve matarial gver sedibrat orviorerdiffesioralegioannd wher ei n
the etch etch : t 1l Vi d V8. erial to form
the trench an?r@&ﬁgggvéﬁ%ﬂ Itaﬁéé%?%rtgétﬁgﬁ%égﬁ rﬁlg"_a{ﬁu%% ?én'_s%h{e}éfai%/@trmt erial to
extend the opewheiga thesich efehes freyahdhe secendplpsticalin pdative ipterfal toderm the trench and
el ectri cadbngs imiS e Hifsk ¥iRcti®dIR insalbtiveangbi & fend tHepRARE.1 On  and wherein the
second electrically insulative material also consists of the conposition.

11. The method of claim 10 wherein the conposition is a doped silicon oxide.
12. The nt hodThef methad ohclhimBAevherain thi Eirsbelectidnaliyinsdative hiatesiabeonsietyioba sorapositiomr e
than one galyudrdiPie sb@Rk Perlall nIRAIRRARH: 8o BRI dr i flldd'e patt er ned
| ayer conprises silicon and oné or bo of oxygen and nitrogen. 14. The

met hod of claim1 wherein the patterned | ayer consists essentially of
silicon apd onehddhetREd & cidith 10 %8RI tABEordshiBYRM: dopéd silldeR ok hod of claim 1
wherein the patterned | ayer consists of silicon and one or both of oxygen
and nitrogen. 16. The nethod of claim 15 wherein the electrically insulative
mat eri al 0nsi Besmethodofdied wheldircihs on@ui rdére ditfdsion Fegion® tifeatore thadloae Hiffiision
wher ei n trggioﬁ)atterned | ayer conprises silicon dioxide. 18. The nethod of
claiml1l wherein the patterned | ayer conprises silicon nitride. 19. The

met hod of claim 1 wherein the patterned | ayer conprises silicon oxynitride.
20. The mpf hodTigf methdd HR claitthGitiatdin hE Battnsiisier ¥omprisBE ik aRd BAS br tkh SGRREEhNY

si des, the opposing
and nitrogen.

14, The method of claim 1 wherein the patterned layer consists essentially of silicon and one or both
of oxygen and nitrogen.

15. The method of claim 1 wherein the patterned layer consists of silicon and one or both of oxygen
and nitrogen.

16. The method of claim 15 wherein the electrically insulative material consists of a doped silicon
oxide.

17. The method of claim 1 wherein the patterned layer comprises silicon dioxide.

18. The method of claim 1 wherein the patterned layer comprises silicon nitride.

19. The method of claim 1 wherein the patterned layer comprises silicon oxynitride.

20. The method of claim 1 wherein the conductive line has a pair of opposing sides, the opposing

sides being a first side and a second side;
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sides being a first side and a second side; 23 wherein said one or nore
diffusion regions are along the first side, wherein the row of openings
extending through the patterned layer is a first row, and wherein the trench
is afirst trench, the nethod further conprising: formng at |east one
second diffusion region within the substrate along the second side of the
conductive line; formng the tterned. |ayer .to.h at | east sonme of the
openi ngs. ext ertHSEE) PR PR H1TBU T4F BN GoR™S SEANTA R SN AY Y G SPEHEE d
axi s subsixenting tHrqugh dheapdtternet dayehie affirst siw, and wheaxeid thedremgh @i a fastitiepchp derméethad at
| east ong, ﬁggg flingf usion region; the openings directly over the at |east
one secong ITTusion region being second openings; the exposure

of the
el ectrical |y ifRgning:dti'east ara ssepnd difysioniegion Wi (e sykslate along dhrisacprthdige of the
ext endi ngonddttivdigia; t he second el ectrically insulative material to the
patterned | ayer and, extendi said secon opepings toward the at |east one
Dacond i f s BITPEGEsRToHrd P Y Fay® BE AT spPE MR Boeriral Sefep i R Pl =iohd'
di rect | y seeend rowextsediopalonge third gsis avistapiialy pdialig) tathe figt axicandbeing directly, ovanttie at
formng t j ' j il ' and
w thi -t R EAEEEAEBoniagoh g YR Bl ol i afigh g SERRE ARREEH Ren

el ectri caleing seeAPLAPENi0eS mat erial within the first trench is ele 22. The

net hod of cl ai e 2QoshiRIctine didigicaly ihitile MBRriIitd B efthfiérigtsdcestd Péhch ext@nding
e at | east second, di ffusion

single fiyst djiffusign regjon and wherein th I n

Cegion | Shiuah fgeecasd Alsalicaly Ryl MAGHA it the SSTHRdIaYRE e EENeIng BT Acsd
wher ei n tdpenisgsiglverdithe sttleabt blicusscomi diffugionmegion, abinast atpediot of thé secind ¢yerchseingnd
di ffusiong j - ' : ' t he conductive |ine.
24. The rrc%{eﬁt%&%&%%%&%ﬁ'g@e%% Z\P%htg %&S%I&]ggggwrgﬁggf%ayst di ffusion region
is a plurali tyfomming theglectiically sondstive ragiptm withip the spReNdapaningeans withikibe seaead
second digdndgi on region is a plurality of second diffusion regions. 25. The
nmet hod of claim 24 wherein the first diffusion regions are connected to the
second diffusion regions through a plurality of transistor gates conprised
by the comduct Theméthotof cBim 20 whieteincttle eibctficaiiytorgluétive elateriar withid the dirsheerich el 0
a plurality of source/drain regions, conprising: providing a sem conductor

substrate; providing a wordline over the substrate, the wordline having a
pair of ofosi he methesof claim@Qiwherein the pi leash pie firsteffusion regionds aisinglgifirst diéfbsien

regions Wieg;i_'ah Bnd BRersiH DR 4t Bt HebeBbrRNHURRR réfiontidI§ singlk d6sonaTditfubien Y\%ﬁo@“ i ne;
formng a first electrically insulative material over the source/drain

diffusion regions; 24 formng a patterned etch stop over the first
el ectricafd.y i nisarnathod ef drh R iwhkreirt the sipglé tiat difighioptredgiorsis @pnnected to the single second

diffusion region through a transistor gate comprised by the conductive line.

24, The method of claim 20 wherein the at least one first diffusion region is a plurality of first diffusion
regions, and wherein the at least one second diffusion region is a plurality of second diffusion regions.

25. The method of claim 24 wherein the first diffusion regions are connected to the second diffusion
regions through a plurality of transistor gates comprised by the conductive line.

26. A method of forming an electrical connection to a plurality of source/drain regions, comprising:
providing a semiconductor substrate;
providing a wordline over the substrate, the wordline having a pair of opposing sides;
providing a plurality of source/drain diffusion regions within the substrate and along one of the
sides of the wordline;

forming a first electrically insulative material over the source/drain diffusion regions;
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having at | east one opening extending therethrough, the at | east one opening
being directly over two or nore of the source/drain diffusion regions;
formng a second electrically insulative naterial over the patterned etch
stop; etching the first and second electrically insulative materials to form
a trench extending through the second electrically insulative material to

t he patterned tch st and.to ast one openi

pattbrned o cHOWTELS PRy EL e T p R PG P Al aiginge Bch 860
| east a pttavmgahleaﬁt otéepeningreatendibg thecetitfougac theat lpestone hpendeereinggsrectyrederf top 1o ng
an el ectrigal %e%Qu’}E’éJ WBhfddigk: Wi thin the at |east one opening and

within the trench ﬁ%'ne ectri cal I'y conductive material being in electrical
connection W tfﬁ"’ﬂ'PﬂaaFW“BP'eﬁ‘ﬂ?%lys'ﬁHPE /oRteliahoves terRalieRd PERSORs. 27. The

met hod OL clai éfa;rak‘g e BrsCand seabril eaéctrtoamhsmmnee faeARIB & fohte blﬁdﬁéh éxtéiding iough the
openi ng direc

t he source/d ion i ons.
26 "The rsPRkPSeensfesee B alt ety SOHRGR a0d B ey et eArLare BN on
and one othuothh patferneshejaiestoraintd tivg firstadgetricalBInsulbtiee metetiadatdéasta portior2d theteaneh n
the patteg &gﬂ.é essentially of silicon and one or both of
oxygen an w@{:tgh)vérttﬂg gs'?I"tahod of claim26 wherein the patterned etch
stop consi sts fermiag n elgetricaiy ciductye maggrigl wihin the pljesst apgioRAningcRe withig fhe trepgh,
met hod of the bREtEAP coitRERe MAtdtRl Raid iR ReFicA tokheSidMWihARPWoSE $noted Sdufddirain
di oxi de. éz The nethod of claim 26 wherein the patterned etch stop
conpri ses@YSNBFONi t ri de. 33. The method of claim 26 wherein the patterned
etch stop conprises silicon oxynitride. 34. The nethod of claim26 wherein
the first Iec e [ QN
wherei n tHo sebsabpLel it 2P R RIS SRRk aTinGled £ORL bl hred] duer
conposi t | @rieasB®o offthe spwee(ddinaliffusionireai®s. wherein the conposition is a doped
silicon oxide, and wherein the patterned etch stop consists of silicon and
one or both of [ 36... A net hod of form an el ect al
connect | off t o HasTeal PIAn b bORRRPaPaA P EHIRP corBiEs Ao eGyPER Ry a
sem condueiygen andhsttogab.e; 25 providing a wordline over the substrate, the
wordl i ne having a pair of opposing sides; providing a plurality of
source/drain diffusion regions within the substrate and al ong one of the
si des of 2he whhaihethed offataimi2f wharein the pattgmedietdhcddnl apnsists ghsentially ofvsiticoniand onpvesr
the sour cggtﬂlr,,adxp?é;i,rgntjt,moggn regions; formng a patterned etch stop over the
first electricalTy insulative materlal the patterned etch stop having a
plurality of openings extending there through, at | east some of the openings
bei ng di rsxt | yTee@ethod of claim 26 wherein the patterned etch stop consists of silicon and one or both of

oxygen and nitrogen.

31. The method of claim 26 wherein the patterned etch stop comprises silicon dioxide.

32. The method of claim 26 wherein the patterned etch stop comprises silicon nitride.

33. The method of claim 26 wherein the patterned etch stop comprises silicon oxynitride.

34. The method of claim 26 wherein the first electrically insulative material consists of a composition

and wherein the second electrically insulative material also consists of the composition.

35. The method of claim 34 wherein the composition is a doped silicon oxide, and wherein the
patterned etch stop consists of silicon and one or both of oxygen and nitrogen.

36. A method of forming an electrical connection to a plurality of source/drain regions, comprising:
providing a semiconductor substrate;
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at | east sone of the source/drain diffusion regions; formng a second
electrically insulative material over the patterned etch stop; etching the
first and second electrically insulative nmaterials to forma trench

extendi ng through the second electrically insulative material to the
patterned etch stop and to extend the at | east some of openings vvithi n t he

patterned et Cgpré\‘}@ Ry EJEDI% |ﬁ@gveﬁl{hgsshb§ st 'vﬁ?&hhg hé\nr?g[%]gé { &%ﬁp&tl ersllaaes

| east a porti ern and form ng
an el ectri cal Iwow@nmmbram qfranéqzei/@ralnﬁfﬁJhlp'mretgwes wﬂ@mmgs@bam anctar\q’rm anpef the
trench, tdigs oe{h@%mhﬁgl I y conductive material being in electrical connection
vmththe source/dral on re cl aim 36 wherein
the openi ngs. dPEMESE BRUUEEHGIY RedSa e el cer 8 SPTERTOR TlusPa P a8, The
net hod of cl ai form3bg abhatteened étdslatqmuecekmrsaelactdcta‘nﬁ insulativemegeéral sheagatterned etch stop
electric t .

sour ce/ dfﬂﬁvﬁg %cbr]?ﬁy og(r%pé'g?ﬁs e%%‘ﬁéi cP e\?%dﬂ%ag l?gs't SQ%% |°?1{5‘§ og&ﬁ'qgseb% ?1 (grﬁi H%%I‘Vt%e’

t he condudtdagtsomecs thesoyrce/gmin diffesianeregions; of cI aim 36 wherein the patterned

etch stop CONPiohsiRGa8bdond 8RctABAlly HiBlaMe rh:ﬂ&rhal Nert@ﬁé@l@r'ﬂe@@@h@fobr ogen. 40. The
nmet hod of claim 36 wherein the }fg%ttter ned etch stop consists essentjially

silicon and on®cRjpg thﬁﬂfsha'lﬁse@?“ ertngaly 'H?'{"?t'éfﬁgﬁte”ﬂ'i to PR atrepEbRIteding I”%{P‘fﬂ?‘é'@

wher ei n t&&oﬂ&ﬁélédmdawinﬁﬂame fiatpialto ks mitterned etﬁh bﬁoc eﬁu ﬁ)rwl‘te@lﬂ €hetdt Ida6f donfefof
oxygen and nitro

St op. compredinbt G e enprigPoFbOg fusthe SRR PSR el R b A &
patter nedthetrerhphshemlp d(f@fmplovgébe edeningsirandi t ri de.  44. The nethod of claim 36
wherein the p%rrﬁawsﬂe@&tﬁ&wE&mua%matéfasw.ﬁm t'hGQE'erf?ﬁ@é%h& wtﬁ#ﬁme%ncﬁ hge met hod

of claim36 whereih the tirst electrically insulative material consists of a
conposi ti gertricaiicanfestive materal heingdmeledricat eennegtion with He oyrcpAdEaimditfiesiqndpaienss o
consists of the conposition. 26 46. The nethod of claim45 wherein the
conpositi is |I| n ox1

coneists S i TBAnahe A S MdiniRe pPERGE ar Sirfond B b Bk aan sfbSth gl
of claim36 wherein the opposing sides of the wordline are a first side and

a second SS' demé’\‘ﬂ?\h&‘d & %6 QAEre g'{thé Q&Jr ﬁ'dﬁﬂsﬁﬁ Qe Ené §reté.l@ctr1c'aﬁyséonﬁécge% to

wher ei n sald | ura é source aln u5|on regli ons are
sour ce/ dr %ﬂ“ﬁ“‘d'i"? pefsslg tP%@TQﬁY@’ th&ﬁ&”’\ﬁﬂéﬁa@i diffusign rediqng cand; whegein the openingsace,

the net hgderdddd tdRE cRuRIveE peddgtald. orm ng a plurality of second source/drain
diffusion regions within the substrate along the second side of the

wordline; formng the first electrically insulative naterial over the second
sour ce/ dr 3.n ditid msthathofrodain 38 swvherein the patterned etch stop comprises silicon and one or both of

oxygen and nitrogen.

40. The method of claim 36 wherein the patterned etch stop consists essentially of silicon and one or

both of oxygen and nitrogen.

41. The method of claim 36 wherein the patterned etch stop consists of silicon and one or both of

oxygen and nitrogen.

42, The method of claim 36 wherein the patterned etch stop comprises silicon dioxide.

43. The method of claim 36 wherein the patterned etch stop comprises silicon nitride.

44, The method of claim 36 wherein the patterned etch stop comprises silicon oxynitride.

45, The method of claim 36 wherein the first electrically insulative material consists of a composition

and wherein the second electrically insulative material also consists of the composition.
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formng the patterned etch stop to have at |east sone of the openings
extendi ng therethrough directly over at |east sone of the second
source/drain regions; the openings directly over the second source/drain

di ffusion regions being second openings; etching the first and second
electrically insulative naterials to forma second trench extending t hr ough

the _secongh, o! ehid ebh ¥ JaiAUSIneNF, FBLSRMGoh B d PRI ShihcRdipReand

to extend the secon tern he first
el ectri caqut‘?mieﬁﬁfPétqp\Fé"?kﬁ? @gﬁ"&P“ ang °ﬂeecl§§9the9f peygen and 'bﬁngeDhe second trench
being directly over the second openings; and formng the electrically
conduct i v§7 mat er i al e second ope the s

ctri

and in el 1 Pt bR BT e coBaaes ol he Mydite e B Ss AN BSsisnd.

48. The neiddiod of claim 47 wherein the electrically conductive materi al

within the 11 ghedfQBE0aL St e badsiiGlel Y tho MbALEIWLEOMLIGIRLIRE bR ki

conductive nmater ec tre _ d" of
wher ei n t #iusigndegiensae fiishepiregfdsaip diffasiernctegions. @ne whereBiile tsengh isea trstdranch, the
di ffusi onme@ed fAftfer cdfhpridilg Net hod of claim 47 wherein the second

IR MR TN R I S R
wherei n sikeofdeewordiir@peni ngs are extended to the conductive pedestals. 27
forming the first electrically insulative material over the second source/drain diffusion regions;
forming the patterned etch stop to have at least some of the openings extending therethrough
directly over at least some of the second source/drain regions; the openings directly over the second
source/drain diffusion regions being second openings;
etching the first and second electrically insulative materials to form a second trench extending
through the second electrically insulative material to the patterned etch stop and to extend the second
openings within the patterned etch stop into the first electrically insulative material, at ieast a portion of
the second trench being directly over the second openings; and
forming the electrically conductive material within the second openings, within the second trench,
and in electrical connection with the second source/drain diffusion regions.

48. The method of claim 47 wherein the electrically conductive material within the first trench is
electrically isolated from the electrically conductive material within the second trench.

49, The method of claim 47 wherein the second openings are extended to the second source/drain
diffusion regions.

50. The method of claim 47 wherein the second source/drain diffusion regions are electrically

connected to conductive pedestals that are over the second source/drain diffusion regions, and wherein
the second openings are extended to the conductive pedestals.
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