re3eeedj f D6zTm-OP13758PCT SELF- ALI GNED CONTACTS TO GATES BACKGROUND FI ELD
Pi®@BRET Enbodi ments of the invention relate to circuit devices and the s
manuf act ure of device contacts. BACKGROUND [0002] Access to and operation
of devices (e.g., transistors, resistors, capacitors) on a substrate, such
as circuit devices on a sem conductor (e.g., silicon) substrate is provided
by contacts to the devj . i r formng of, for

exanpl e, Metal Oxide §Eﬁ%&ﬂ€[§ﬁ‘€8 Wﬁﬁgﬁ gﬁ;ﬁem’ conduct or devi ces,
it is inportant to assure gate contacts are not electrically short
circuited ("shorted") to juncti GACRGROOND:- 9., doped or source/drain
r-egion) wthin an active area. consequence, current techniques require
pl acenent of gate contacts to be spaced a distance away from active regi ons
to avoi glEEDshorting to adj acent sourcel/rains. For exanple, polysilicon
gate contacts for nmenory cells (e.g., Static Random Access Menory (SRAMy or

o’ nar  SWhA: GPnespEits B H MG tdale O cRRuRBERREF AR 7271 LOTD Ty

resukt inmarsifactureof dé\Bce)odgtacent act to a source/drain. 20 [0003] Wat is
needed is a technique for making contact to polysilicon gate |ayers on top

of nmenory cell actjive regions, without restriction of proximty to

sour ce- Mﬁ%ﬂgm. 1 P 13758 PCT BRI EF DESCRI PTI ON OF THE DRAW NGS
[0004] Figure 1 is a top view of a substrate illustrating a gate contact
for a ”gm CehbcdsR tBRMdVfRrafidifofddvides (fé?@', fansiciPdTbsktargre 2 is a
cross-sectional elevation view of a substrate from5 perspective "a" of

Fi gur e Tapatitars} omaisupstrete, such gseifcyibdevicenoan semisonguetor (&8d cont act

tch. [0Q06], Fi 3 sh t.he st t f Fj : t
openi ng 6on:srae RRRuipeLRy eoiter S e e AbvigedPhule B fis il ctcn
stopol ay&fmihg df,*TereﬁérﬂPleJ, Mdtan0xibe BeticendustboOSh eranbisturt ur e of Figure 3,
after formng a gate plug and a gate contact. 00‘0%} Figure 5 is

cr oss- ssemieonduciordevicesnitis snperiant te assynegate icontasts ake e} %%‘thm@ﬁ’l gned

ate co t L gk n | i I [0 : mthe
gt ruct u%b%gfarﬁﬁg%é]gsg?hﬁgg é?ylg{cgg}ég%@%%g%gégﬁp gg][orfgﬂ(%eZ%r?hrs I's )or med to
ext end twWithigaheactivetieed. @scacogsaquenbe, gatent te€l00dWas reiqyireeplacengernt

cross-sectional el evatbi on Vi gw g.f a substrate ilJustr.ati poq .
of gate contacts to be spaced a distance away from active regions avoid

15  shorting to adjacent source/drains. For example, polysilicon gate contacts for
memory cells (e.g., Static Random Access Memory (SRAM}) or flash memory) are
formed over the field region because gate electrodes are so narrow that a minor
contact mask mis-alignment in the active region may result in shorting the gate

contact to a source/drain.

20 [0003] Whatis needed is a technique for making contact to polysilicon gate
layers on top of memory cell active regions, without restriction of proximity to

source-drains regions.
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sel f~aligned gate contacts fornmed by adding a dielectric etch stop | ayer.
PA®®ORAT Figure 8 shows the structure of Figure 7, after a subsequent gate
contact opening is formed through the second etch stop layer to the
conformal 20 etch stop l|ayer. [00012] Figure 9 shows the structure of
Figure 8, after a third gate contact opening is fornmed to extend the gate

contact opening to th L qur e i 0ss-sectional

el evation view of a sgﬁiiféea%bi A Al AWl d gate contacts
formed by partially planarizing a dielectric or etch stop 25 | ayer over the
gate 'aiﬁfo4]2 _FiBﬁZﬁﬁEGﬁobWG}a'iuaatrrgteliﬂus&fmv? d §&tedontadtyéea of Figure
10, after formng a different second dielectric l'ayer over the partially

pl anar i memdiyetalidormed loxgethe agiivefregionng a first gate contact opening

t hrough the different second dielectric layer to the partially planarized

di el ectry ayet.. [20 I Figure 11,
atter t Sishy” Figureid® gtbsssHbidhar SIsYA view ol SUEMSE fim 0T OCTE CF
openkNng pefsgdttive 84 of EiPﬁﬁiG] illrsteatiry Seif-aliynesl ddte cohtacts usinger tihedure 3,
after formng a gate plug and a gate contact to a conducting silicide

| ayer. lconteEtafabED DESCRI PTI ON [ 00017] The manufacture and integration of
integrated circuit (1C) gate contacts for sem conductor devices is
describ or ¢ i N f f j idid gate
ayer odiudlls ERERE 3ok RECTRAlNS fFRjURe2 dfer XlsBAuB SReng R o
Menory (fGRfed to éxtanth andnitialpenimg thraugh aeconterimai etaby stapdayertg thes usi ng a
different ,mask than ones used for junction contacts to form openi ngs at

| east d&RtPto the gate layer, but not down to the junction layer. [00018]

In the description prescribed herein, the ternms "poly", "polysilicon", and
" polpgcer xﬁmit] | i nRigirt iacsHbwsthe stRRturevf FighR g esttrfornihg @ gdterpigiahdie ter s
"gate", "gafe region", "gate layer", and "gate el ectrode" are used

i nt er chagrigoptacko Similarly, herein the terns "source", "drain",
"source/drain", "junction", and "doped region" are used interchangeably.

Li kew s reig. er S QULE L asien j i letratim@ur ce/ drain
ot act 0V Pl 8 & ol Fos QULhiha SR fbn wiew 67 SuSFa@Tlustratind
i nt er chaeffeslighgd dgaterabmtactstising atwe ldyertdielectriegi on" and "active area" are

used i nterchangeably herein. 25 [00019] Enbodi nents contenplate a techni que
that all contacts ol ysil.icon | r s, to I Ly hkn active
ar eas sd&‘ﬁ}]hat '.rﬂug-ezﬁ %%oﬂf%&@%ﬁguﬁ%% %ﬁecfr% g?ecg%gﬁqcaggé:%{#tnctl on or
sourge/ Mpinthg 8FbANEd td-extehd e §aR cdritdetiopehingtotheqatai ew of a substrate
illustrating a gate contact for a nmenory cell (e.g. SRAM flash nenory, or

other menory cell) fornmed over the active region, 30 As sh in Figure 1,
menory d89010] ooFigwre fHiEa SOBs-SERIONR] eﬁe?vaﬂen vigy gha pgbstrate lﬁmratmg

self-aligned gate contacts formed by adding a dielectric etch stop layer.

[00011] Figure 8 shows the structure of Figure 7, after a subsequent gate
contact opening is formed through the second etch stop layer to the conformal

20 etch stop layer.

[00012] Figure 9 shows the structure of Figure 8, after a third gate contact
opening is formed to extend the gate contact opening to the gate.

[00013] Figure 10 is a cross-sectional elevation view of a substrate illustrating
self-aligned gate contacts formed by partially planarizing a dielectric or etch stop

25 layer over the gate layer.



P13758PCT junction region (also called "source/drain region" or "doped
P13¥gseeir ) 104, gate regions (106, and 110), and another junction region 108.
The gate region or "gate" (e.g. a gate el ectrode such as pol ycrystalline
silicon) is disposed over the active region at 106, extends into a portion
of the field region at 110. The active 5 region (also called the ' active

d h |
Tunct i ofUa8] orfigune 13 Ebusre Ssbre O Figirectlh nBe LTEINa BaTEIRRY | unct i on
region %glgcsnd;rrgfgéédl’ﬂlgc %}g{&?gbé}‘\he?aﬁalw +r?1'|2telaedle|fe Iﬂagédeénd%rmlﬂ yactive

region surroun eglon gate regfons 110.
Typi cal fiyst gatEantaet ownmgnttuouglatrm différentdecond dietectrietgyenso tt®4, 108 are
covered to, oat ed th various other layers. For exanple, gate and
juncti oR@ rizgdistieleelicla¥erwi th silicide, etch stop |ayers, and/or

pl anari zed InterIayer Dielectric (ILD) made of materials including silicon
di oxide 60%1@12) F.Ph?é ARGHoWsARE Btralcafé of PRfarea Fhfep fsthiing adeieedd Si 02) ,
siliconnitrid , and silicon carbide ( . Thus, an active region
gate cogat&compemp@lng%m exandéihe gatee@prﬁgcthp@@tngwé) thegai®, openi ng t hr ough

| ayers coveri ng or over the gate and extendi ng down to the gate 106 or to a

conducti Y. ( hown by
1307 i n[@fbdg 9?‘?9/?@ si’rox}sr}}g'étsg ugfr;{?) %‘?E&@r@% aﬁl‘.sespfcon ng Slqsl ci de

| ayer mangrd Qét% domtadide atddnadnictimg silicideilayer( Ti S| 2), cobal t silicide (CoSi2),
and nickel silicide (NiSi). The opening 130 can then be filled with a
conductive material, such 20 as a netal to formthe contact or connections
to the gate 106 (e.g., or CEER shown in Figure 13).

[OOdBO] Furt hernore, accordi AIED) II:ﬂﬁ@?\lt is possible to make a
contact opening 130 to the gate 106, so that even if ms-ali gnedaﬂg5

m s-al i o7} ovxﬁheimqnwmmmndagﬁematmofamt%met&d ¢ireuiti (o gate cpntagds cont act

N h h 04 - al i gned
Cont act eheTisgududar SEHPEE iotiibel, FRE I i’ <fboliertiofiggShe are
r ef er r edofinging Pof/shicah atelafyet coniatts opehihgeindogiont rienbn (g, Statics f or

sel f-aligning contacts formed in two separate or different naskln

oper at i \dosm Acepss Memary (SRAMbu flagh meanwbrcejlltﬂ%w M'@%P&@Eea@’ﬂym ngs,
d th
et 15" TR ORfEa sk farbénos diddiBi Ithcih SonBiMS K 1o AR, " 10,

juncti Oﬂeaquo&mtthergalt@myearbtbmopdontumh heictioe lzyed/ or after the masking
operations used to form polysili con gat e contact openi ngs In addition, 4

var 1 ous 100, ofubeies ol BRsRabethaien e el Y AW e "Pooozy)

For 'nst“Ea yBry s?dtlh@sum?dﬁ"faré%esmtérdtﬁnpeablya AI86 ehevsinrthe gsrmidigyaterbst rat e
having the junction re over . the gate are t hus t hi nner

ons
than | LDgste f@@tﬂ“”s’iﬁ!@iﬂ%d , and j"gﬁi@tq@ﬁmd@g|36$1§S€¢\§‘t§rqhé§9¢@ lyit is possible
6d| [ " ” »\M, 9 Out (9]
U’ ar SR BB B Relr ke Eonplry selcebRrk Py Gen ar CANEd
period aegiontare Used Iritert:hhﬂgéablyat t;ikewnser dmemm the: Brmest* eousde ctcmtémﬁ‘ m an
opening to junctign regions. Therefore, an o nl,n eep e h to reach the
Gate, | buEraibEORASh ROt RPviagt | st FOMTER, dgdbBRd J5aAn
mi s-al | gnegh ey 2 FRRAINT HetefthS MAGIEKreBRA BhiOBCHive T each
the gate I'n (g‘tn ac |%/6.emfeer§?{a¢$%db%’ by seII?ectl r?g a peri odgof time for etching
t 0 gat e areat art usduktinterehandgeabhhberein. and | onger period of time. In other
words the gate contacts could be forned directly over a gate within

Fi guise. 10001 TBrireMRbAG Giyaplale =dbeiiius inds Hlais BPactte crougn 0

control ;Stfl an&&tgab%y@mbé pldicezk within Gactive areuhmrahaonnsaangnqmm ng 130 at

| east dovvn to the gate | ayer 106, but not down tq the junction |ayer 104,

108. [OGEPZ’Q?CtW@nQW&Wtoc%ﬁlﬁ‘}entﬂ@)‘?d@k‘a‘?ﬁﬁoé"c @ﬂ)éﬁgi?'!& rré@'k'né?r’f'cﬁe used to

formtl [ ty cture of
20 TOr 63366 e RER S§BsFale i RiAGa SRR LMt efa b HeA°

cr 0ss- Se(@tg CSFaAMeﬂaslatnevmrv; emothier enemndrytoedl) ﬁ)rfnedmwmrtbe)actwe/mglcm. of

Fi gure Illustrating self aligned gate contacts USI a cont act

et ch30 ASA§ sBowniim Frauyerb memppaerl %Q@mcﬂgﬁsccé"mdi ‘%@Ié%g'gﬁ 2conduct or

| ayer 203, which may conprise differerst materials or layers in accordance

with practice of the art. For exanple, sem 25 conductor |ayer 203 could

include a | ower silicon substrate |ayer having a well



regi on above it. Sem conductor |arger 203 has forned therein having
P$3788RET drai n or junction region 204, gate 206 (e.g., polysilicon gate)) and
anot her source/drain region or junction region 208. [00023] Transistor

devi ce 200 al so includes conformal etch stop |ayer 224, 30 which is forned,
as shown, on junction region 204 and 208 as well| as gate 206. Enbodi nents

ith and without dielectric.shoul der. regions 209 at gat . P13758PCT
and/ or CHen degiaR daiss called :saece/diain redof oronrA e dPElEX 5 2) i o
may be Eét{i&ﬁsdgr@, 35908 AR éh&PerfunEﬁ&w %qi@ﬁhbepfrhaaéﬁe?égéhro@de 206 and

junctio eqgl 8 are also contenplated. Etch stop |layer 224 can be
used t o“gatet ecg. aygate deédtreaisiicmas polycrystalinessilican) ig disposed wwer the deposi t ed

Bi el cor ARV reakyy ot £ sdardsani ¢ Rgiorcy rden it ol LT SThE B0 oy o
et chy st ?%Jr)ﬁ 550 edfed it ‘weétiléBlen” o?“ﬁ&tiv;%’srlegﬁr@)?is risde ubiob ke cevitealSi C as

wel | " as us other appropriate materials to nake the self-aligned

f eat ur e se€liaruskeovin by junctivowegionritldc therpentral portsm ofgate regioni108; ad i niti al
cont act . openi ng). e ndi ng. t.hr ouah ,di el LWe d 26 .conformal to
etch stB’H%I%QQég&'Qﬁﬁb%Codtnegfé?lgéf@ﬁpr(gfsgifgﬁéé&ﬁeorf%l(g?re%ogreﬁ%ﬁﬁ%&é\?e t hrough a
| 't hogr agdibR") 6 tharfeclp Mﬂﬁﬁﬁﬁ'\dmyfﬁéid&te%i@ﬁklmvﬁd gatelregionscl lgayer 226
exposes an area for contact opening 230 and contact opening 230 is forned

by et chiTypicallyitbe gate ragigreer gate 146 andiunetion segions 4 P¢ati@atesovareti cal | y
{:;g ! 2%6(:§%%|a;\@gilvgﬁcﬁjseﬁ%f féyla@.’effo?é&mﬁlat g&@ ﬁgﬁ;ﬁg{:ﬁ@rwegi&dse gftric

stop Tayer 'Is 224 are nmateria ected such that they
may be pelwveredwith ellicited efoh stop layerstarid/chglanatized Indgridyer Hi¢lectried t hat

etches dielectric |layer 226 to the excglusjon.Qf, or at g nuch faster rate
then et ¢hD)tropde 9@/@13%,92% inclusiRg aijicen Wdesgéﬁé)mgﬁ?ﬁ‘é‘%sﬂpa giasSof Figure
2, after qﬁﬁﬁﬁ i ic$) f QhidGhi ; sitdkdr ni ng
through(géc(:;csblréfor I%‘%ﬁ&é}%%gsi%?/’e?ﬁto t'ﬂ@%’%ﬁ 'eéHaI $nlIMFci;dgﬁérrgm:%te subsequent
or secoif8iG)pdihusgaf 22tivaregien gateneahtactt apemingy 130 ican be fopaed by ces@inghr ough a

f | etch I 224 to th 206. | nitial. [ 0 and
subdaquamORENg HEbuarb Hrs Sver et i e G BB BRI RUER, ogi ons or
areas (4afe 1666r t@ﬁ@oﬁ@ﬁétirgﬁéiﬁkﬁdéf@dje@%ttdﬁd%ﬂéemea@cﬂ.psuéh/éz_f,&IYB- For
exanple,” initial opening 230 may be fornmed by etching an &giwﬂnsg'z to the

conf or mshowndy $3Qypin Eigare 43y Ascorgingtosanabodimeants fal er

Tayer o el shieriaiindlf Sariinn IR (S, ‘eBpn SfiideEST], AndPloyel "l B P
| ayer 2Zficide (NiSi)eTtlewspening 30 can terabenitiéd indthtaecondhtotive neaterdalc suah op

| 224). Also, sub t ing 232 to th 206 f d b
et L Png 3 MEGIRD 13 Hie Faiaci Gnngelens oo S ADB U Bnct PP o

necessar%%érol oW RUBButd§3ponformal etch stop layer 224 on the gate
regi on and a tine ne essar§ to etch through etch-stop | ayer 224 and to
the junction region 204, 208. 6 P13758PCT [ 00025] Accordingly, for
exanpl e,[00026] ac?uﬁlp@rmofgsamd@gdp@nnt@dmen@dlt®p95$lb!¢éa regkeia et ch t hat
would re r Y i.Z j ] Si 3N4
et ch st R i opanbl GHOS B8 dAe DAY uih eUpA T Agn 18 o s gy | e
sour ce/ dowhrly jagtiorsredich 1888s showmlin Figerd 1)3haNbntacreddll nonsteart toet ch for a

eriod |l ong enough to reach down to the, top of, polysilicon gate regions
I[2)06,25bute"ftli‘gfJ'-MS‘FI%" é?ﬂiegﬁof‘cprﬂ@geh%@ﬁ?rrﬁ@fﬂ%@ﬁﬁ (r%@ég%ﬁ?e%‘ﬂ?_%i@& Wgul d
preak 1 Mot it 0l it ShBrt 1B inciBh rblioRd e Sefeq/td iidin ROsERS 204, 208,

[ 00026] I ment's so contenplate“transi stor device 200 w thout an etch
st op | ayatigning” cbrtacts)cOne techadduen calmfonself-20@niag ootactih forgwden286 (e. g.

wi t hout 10 2 4).é}.—fg}ce an .OEeni n%.si mlar to 330 and 2%% in Figure 3 can
be f or meEPARAGAr SIRIEN{ MPSKALOPEITIONS: Qe RAIAIDD IBT SOUTE/ARANGT £ or a peri od
of tine dQﬁétV&?ﬁébrftQ& dzdéﬁﬁwg%‘é“éﬁé%?éébohﬂ SPerhtidop eali-aliyRingaté eohiicer 226 on

gate region to gate 206 and a tinme necessary to etch through the dielectric
| ayed0 22gpeaningsindhe astivetggion.2Bhe difflsentier sepgoate] masijng eparalivnsdisefe

Structung Bfm furbibR c3ntadt bpEnhgs TaRbepéibrindd o dndior after the

masking operations used to form polysilicon gate contact openings. In addition,

4



a gate contact. Likew se, Figure 13 shows the structure of Figure 3, after
PI&M5APOD a gate plug and a gate contact to a conducting silicide |ayer that
clads the gate. As illustrated in Figure 4, the resulting gate contact
opening can be filled with a conductive material, such as netal or other
appropriate material, and planarized 20 to formgate plug 260. As expl ai ned

apan ng tieseIaI g SaIIGaeE CoRat g ey (8 fgrmod Boind B dnedRe 0 i o

Figure Qte?nscmﬂde%lﬁéll inedd®ntaxter that clads the gate (e.g., such
as is S%&ﬁr%’/ 1307 i'n Figure 13). Gate plug 260 can in turn be covered

with the same or a different conductor, netal, or other appropriate 25
mat er i al[08031hctFerdnstagae.cembedimants pgcognizinpthat A gate ovardiesdddr at el y f or med

source/ drain c j h fii ' ive materi al
(e.g. t ﬁ88§%ﬂ§q{§&ﬂ§t ﬁﬁﬁﬁﬁ#@g\ féﬁ&ntesr ?QF Q’t?ﬂglﬁbkﬁéhv%g%d&?%%ggﬁ%é cont act
260) 5 amiginpéethani IEB(s)tovel substrate onjurwtidnaegiops uds2y fesuRsit s posdilile tgat e
contact opening 130 descri bed above, source/drain contact 30 olg?ni ngs can

be f or mpeedietm Shortemrering pfdime itayil takestorich 6F rerpove subsilateiondlRile; i de
| t : : clde
7 by 5 i WpEldSioR B £t Bopaferto a ftider BRribd of iR il RERe| B F1 OUT e

si |i ci detdrpyeremaeciLiDamateriat koiftemlarbogenifg tSijuhctiandediods. TAesaforeasinwi t h t he
gate contacts described with respect to, 106, above our.ce/ drai.n _contacts
can be HEREY QQS‘—‘R:%’PR‘QItOd'PaEBH?‘ée?teE 5‘4 et dﬁﬁ?r%@‘{ﬂ?‘atiorh'%mnﬁgnor to
cont,gct : i F: IROMEHE by a¥%8hatdiéetcH/mdsk t he _
sourlge/ (§§ 'Pﬁ(y(]%?%é fft’@Sc I@ggg:éghsho.vmﬁuﬁﬁl?)%d in Eiagure 13). Thus, plug 270
can f or raperatiom taceach thengatedo mnedativeiragioo Anadyy sgleeting a perodioftime 4, or to

ducti i l.ici | t hat cl / j: . by 1305 i
Fi gure 18 S8nfiato @ raREl pelibehafe BbiteL R ShBeERBIR B URe Bie or o
di f f er enjin&raREHdG! e @ite'Bohiicts Eodila b farmed diretty ever & gateawithid Withobit so,
considered to by the invention are depositing conducti nlgF material in gate

and/ or sborting toradjacentseuragidrainsorjunetinnst yThs, sefpaingcteiiguie hibeor der; as
wel |, .as formn I r-aj i
sepdiar o5 Ghe S gE e siaus Buisk HroBLE erORTEhAnct of subEhaf finiyal
((38nt enplortetching 't@pﬁbdiﬁ(cbd d:d»rfjtattt: apenires h30 gtleast d?\lvndld) ﬂiga géterlaﬁeua‘rﬁdﬁ,e)

eposi ting Tungsten () n anarizing to 15 form plugs, then depositing
Al uni nurBYt Rey de "ﬁ%ﬂ?ﬁﬁ%‘ﬁﬁ%’&ﬁg’%ﬁgﬁoibé Danascene process such as a | arger
etch to forma larger nore shall ow opening around a smal |l er deeper initial

cont act [Gmi]HQMoﬁ-@%ﬂeQ?éélly?f& diiahipél aséparatPreEk CaH)beliskdioddani zed) to

form gate and/or source/drain plugs and contacts. [00030] According to
ot her ~ ertimoel etabedactive segian gate periRCLepeNiRISIdeiNg Manyiastyie efles| ayer

dielectrjic. i et L N0g: i F of 1GCs,
sem DondstvapadddiarsoMOS dRLes tE ShpRRTRIC Eidlte 218 JBMAEERIC 120,
Fi gure Zelévatnoiow df asstibstratd fremepaaspedtivei “alobFigure Ub dlustrating elfist r at i ng
self-aligned gate contacts using a two | ayer di Iect,rif,. As spown in Figure
5, trandigned gats Fertaglso!sing adimed goniact etghy fyss |Fdguee &; raRsiselt or

| ayer 3 qrAYZ, '.Hlb%"si Y. i S i i i on 308.

Gat e 302&8\.}#% %ﬁ’fﬂ c():r mal %?%'ﬁc%é'[dgg{ﬂhﬁ égghwgffdﬂoﬂa?ﬁgmyigg%éf@gf 05 m cron

t hi cknegnaterialsaprslayensds @ccordancewdth practice of theast. | Bgexanple, a8mshown i n

45y potoriiLcly S 2Ca R Rer e YR R fate ke iy g e T
met al - pakyfin ascve it.LE6Mmicdndustor Hrgbp203 haslfemesd thfeinaiaviryy forned to 30

have a planar surface with portions of etch stoP | ayer 324. For exanpl e,
the firssouce/deain oF junclipnregign 204upatentOd (g.9. aplysiligepsste)candanetiefed as a

confor mal, JL.&hifih rré&oﬁ or jLFn]C§|8§$E&En 208.

[00023] Transistor device 200 also includes conformal etch stop layer 224,
30  which is formed, as shown, on junction region 204 and 208 as well as gate 206.
Embodiments with and without dielectric shoulder regions 209 at gate edges;



lrayer: (e.g. see 524 and 525 of Fig. 10) on a transistor device 300 in the
P&7BBRET r egi on (see 104, 106 and 108 of Figure 1) as well as other regions
as necessary. After initially being deposited or formed, conformal first
dielectric layer could then be planarized (e.g., by nechanical or

cheni cal - mechani cal polishing) to expose conformal etch stop |ayer 324.

Af f 336 I ff d

i o1 et ARl spleias spler sbide, sugn SR Rar AfEde (sl ek MabEE, "as shown

:j” Fi QUG med il drsot? %ﬁbﬁl Ocﬂ‘tcﬁ’%tor%lﬁﬁ'o‘?@a%@lebﬁotﬁé’?ﬁﬁ@n?ﬁ]ﬁﬁét% r2gfomad
ielectric layer 33 |rst diele

ctri'c | ayer . I'nitial opening 340 can
be for n€04| 208 aee alsbicoatemplated. LEichgstQmIayeuQZd ®anr’nequw terprotact gate ens.  For

10 t  gat 340 f d, by et th
Soen o308 andiun e regiane s 1208 Shegel HePmkites on S o perded ' o°
greager d?e%&ﬁ& Iayetrmé% PfetAized %teﬂbyémulecwrrc g@@ Nt FBeverarmaierials

dielectric 336 an(?setc stop | ayer 342. Several materials are
sui t abl éon‘tbe ﬁecﬁlbﬂ%yercm@l ang/en %tchémhﬂ%zzﬂiaf@ §Id'@h|e»1®°§e%§9ﬁ!0m electric

wnl | as PO SaNe T Cof WAl e yhticys B lproptiale malehis i hdke B 0 20,

etch selsgfldlighéd féftue. Figuré2salsé ShoWQbeﬁI)acf opeminli239 (ely, aéitstonl i gned
feature. For exanple) second dielectric er 338_co r| sing Si 02, and

first dI@tl@lcqqnta;cnowemgzsstemdthéw@ @1?- IGlayey 22 QiR hi gh et ch

| ecti i J N1 A t f hor t
Co ali afiy S8 BV 4 GortBctbertng 2361 Rftned, *edéo%g‘%ﬁﬂ B P ayer
338 coullithographic a6dsicts pfozess where aghasboﬂ@ﬁ&leatr%aywh&ﬁaexpakqsah Si 02),

while first/bottomdiel ectric I er, 336 canpri.ses,an undo Si 02. [00033]
Fi gure @rediRlconiast WPU@QL# @GFEOBen'QE?é '%lf%ﬁl%i:l&' g‘&ﬂ@ 9contact 25

openi ng dlégét%?%rtZ?G%ﬁI?QQ:hbHﬁst%@téﬂ%‘kﬂ%eﬁﬁ@éﬂy%n{&nﬁd‘@tﬁﬂh@ As shown
in Figure te rst contact opening 340 formed, second gate contact
openi ng diglectdatayes 2261 e dneccrabediment Hiielgatrie layert 228 am)@mhrﬁjw Iﬁ&@at e 306.

Subsequ ate can ni n ion

asi 3. AP ATE ol Rt ey v Sod eyt SURE Lot By 36 o EBH o ng
342 can dpemiétnf Rk $leétbdhatetanediefionic lyep22b te thef exclmios bt forst op
layer 324 to the gate 306. 9 P13758PCT [00034] Thus, second gate contact
openi ng aaxmyeln faster igterthenstca ston layer 3¢4)a period of time (tined etch)
between a time necessary to etch through conformal etch stop |ayer 324 on

t he gat on t SQRTID t hr ough
first dq I‘I'é 5§e3r?r§§‘é§ t)lfct%?g%{ '?gg%éfa?/ﬂe% d324 andéptoéﬁrﬁ@ﬂ\son

regi on 364net308extead(aaasmtlabepbmb@ﬂvoagbl ai ¢dnformaletch stopraygrte the t he

resultl n at e.cont en| n 40 and 2 to form
Gat 201 dREalFiETeche F 8efiond @p5 B8 22 STy MER SR o

conpar atjhi4gl éperifg EBO%r%Qgh %eédiﬁaﬂrma||@tm§to@nd¢@rr2mmetg&te EOGOiﬂrﬁilalFur t her,
according to other enbodi nents, a sg&ar ate mask can be used 1g to form

di el ect rapening:-23@ abg subsequest OPeRINdedA2opayhe formnast ndransister #edceiur i ng

manuf act u r t her deV| ces
Wher e afeSs feabhs b AFH-CA04) 166 ahd TBSUhS Ganidus BBAnkAES SHa/d!

subst r atgystdrhsis Forexargpleeirfitistlopening 280 may et fached foqretelpingpnammann@g a

dielectric etch stop | ayer. AS%E in Figure 7,. transistor device 400 is
made?Sup t@fthgéﬁﬂtoé@ﬁgﬁ@ﬁ(ﬁm? Kaver guﬁt’f@ %9%9&%% gﬁ‘”f‘@@ HEAH4 as wel |
as | “”Ctéel‘gébrtfr'\r/gg'f&%é Ie&ﬁ&%ﬁ@%%aﬁ%ﬁtﬁé%hf&ﬁfdﬂeﬁpﬂobWr 244 are al so

pr esent on stop yer 424 1s first dielectric l'ayer 436, such
as a rret(elg panh etih ¢Itemmsirymmy beselect!adethetemhes dialeptric layesRi2640 the shown in

Fi nbodi t t t st th
i ol et 1R Ripl B8t At LI e St Tan a3 o BYSRadl Hegy TaoBhiH 23,
over or gHeriiy 232 &/ fHe d&@ ZMQV%e%ﬁﬁe@b9Iétd:IﬁNg3for”d59encﬁﬁiMf fireedelghian | ayer

(e.g., 0.05 mcron thickness), a planar |ayer, and/or nay be fornmed after

over3let ditned etah) between the time neggssant e eWhW“P‘&Qi’b@@tCOP@VH@Iﬁ&WPet ch st op

I 4 I

o o1 ect riter AP0 160 TRARIA ind AmERBOXERTIS AT AR FHENSERETY |
(ILD), Wayer2wrind e tHegupetioh @gictp204 f2G8.ent material than the f| rst
dielectric layer 436. [00036] To formfirst dielectric | ayer 436, a

dielectric is initially deposited as & conformal dielectric |ayer (e.g. see
524 and 525 of Fig. 10) on etch stop |ayer 424 on the active area of the
device. After initially being deposited or fornmed, conformal first
dielectric layer 436 is then planarized or over etched to expose



30 conformal etch stop |ayer 424. After first dielectric layer 436 is
Pp378BECT zed or over etched, second etch stop layer 450 is formed on and in
contact with the planarized 10 P13758PCT first dielectric |layer 436 and
with portions of conformal etch stop |ayer 424 on gate 406. Second etch
stop | ayer 450 rray t hen be planarized. Enbodi nents contenpl ate second

dielectr ye ned on ,second .etc active
area of [é‘ﬁ’@gﬁ \/& gﬂplyh g% glpé%’n‘ﬁm&?g gﬁqﬂi&%@%ﬁ@é‘?ﬁgﬁg@p e sanme or
di ff er efindiPsade a{crtthaflwbhra feabh HoWnethRﬁIg'H &n 119 Riyef 8B planarized 8id) f f er ent
materi al than second etch stop | ayer 450. Al so, second etch stop |ayer 450

my be QR6 teameSigs atchistorfayer 284 0ver polysiigon gate oy, but oot ag @6 | ayer 424.

i of oot £00N a5 soUTRAENAB BalTRY 205, 206 A flbskhlgt SERR PR BE LAl & ocr r e
layes | GorddBeri6d! fdhgasnoughQd.reB&kdowh Id4he tiplofShdlysiticoredateasgionsi206s ot her

appropriate dielectrics that can provide the contact etch selectivity to
make t hédutapt longiegeudh te seaghesouree/deginfegions B8#n268.weuld hsealstrougyer 436

and sec | onprise netal -polysilicon
| LD sucﬁgggfes?@ &w@"gg‘w\tﬁ“ F@@%r#%?’rrr% H)crlllge C?I’IEC etch stop |ayer 424 and
second (planar) dielectric etch stop 15 | ayer 450 (deposited between the

| LD | ayg¢oa0R6pot Bmbodimerts alBé¢hterptate transistor devide 20Mpithaytean éh, such as

made up AP 6Y8500 Sheninchios Eegive 207 A DL aRUOE e G LB Grl iRy dovm ¢ o
sounge/ @rza?j% Géoéﬁo?@ﬂ grsﬁﬁﬂér'te 2%*0‘5&03231 ROPiGRIre Acca Bé Fshied tombodi nent s,

initial sequen nings can be forned to gate 406 in the active
regi on mmaosmntmm atelma'mpdaw %Zﬁ/bcyretslylsgénea psaad@tamﬁ ketwgendh®wn in

Figure 7. first or Q hr ough

t he seccS'l’%e B?%‘tsééw %rlp%ghéj'?cl c 'gi%\ﬁg&gécé}gg?%%eg l?eglég'ﬁﬁﬁgantd first
gate conf ffb reRessdiy t&é&ﬂmvonm therdisiéctic Ieyam:m}totjhﬂcﬁmemm 204,second
etch stop | ayer 450 using for exanple, an etch chem stry having a greater
25 sel e@08vity for the second dielectric layer 438 than for the second etch
stop layer 450. Figure 8 shows the structure of Figure 7, after a

subsequ te oé%} top
Iayz(rg tg&?%e?coﬁ &q‘cgh gt%'bd@a%gfrﬁg?g&u%e fﬁmé?egﬂgcfﬂ %gagﬂbsequent
gate cord gate ammntngrk@mﬂse rFagumamIshoWerthedtrudhuwgﬁFlgweﬁda&ecformimg) | ayer

450 t t 424, F 3 I t
122y HEANEANDP CAtE RORAT o3 SpBARRIS SIGE TR SR RS oPan
etch chexd fisiyatBaVh Fﬂg@rega Qﬁé eésmmtgagéﬂevwrﬁradtJopenwg?aaﬁﬁmnéwwnaecond etch

stop |l ayer 450 than for etch stop Iai}ﬁr! 424 and than for first dielectric
| ayer 42@nductg\mmagertahmhtasern§ta4@ép apprepriate enaterial apd pianafized gate

cont.act

chovl 1 HORSHh e up PEBG s GaTiRH REOVE vl bl BHatO REMAL oG’ O\ eng
t he gat e1 3R Eigurencaigate tontest epetity cEnbelfOBnenhdewnttblthei ggte @.g.ont act
openi ng 444 can be farned by_etchi g% for a Herlod :l ﬁ_etwe cﬂ%a tinme
necessar%ﬂcf‘c?‘se'\‘.sé“’FPOYVFPrtZ}’u%(PtGt’!*r%'gé'tb'?n4 Fif a&ep ugt{r}gp& ayes I f1ad%e gat e
regi on fGatelpldy 268%ahiif thrayer 436
and/ or ?Q%P%Fénﬁ&etggﬁﬁ??gé¥h%‘”’é?’5’§'@z?vgﬁwmé Jlfj.ﬁctl on re%| on 4n4| léjl . to
[ 00039] bﬂ)ccuared with the same oradlfferent conductor metal, or other appropriate

[ 00039] I\/b enbodi enpl at e second contact opening 442 and
thir cdﬁ? Y@’p%qlar?gag %E‘fodﬁ?fét?é?url ng the sane etch to extend the gate
contact opening to gate 406. For instance, etching to forman opening

through[g 0029)d Al tisd Sepdratety fothiédastiirédrt ctigieortachopéminglcayidhedBé, to gate
406 can be done using an etch chem stry having a greater selectivity for

t he secd‘ﬂt@demttha§pa¢ucrtafpenateglahtmgeths segre ef a diftargpt matesial than Hebn for the
first di ( r etch stop
| ayer aZPeiiior it b e anfBRRLnEEE D ke S@Rycham AT aY0" s R0
second g&ltlethmgmtecnonmmrmpegmg4123(ndebdnlbedcab@aeesmunemkcamcqmtaatg 444 can be
forned b etchln or a rlodo tlrreb nenece to etch

t hr d?gh e%t{ngg/gm @o‘ﬁﬂéoihﬁ&tﬂﬁegfﬁ'ﬂ%zgﬁd attora ﬁ% PF'So the gate
region, AR td1g 040bh 238G 8HoRh By FH0BAnIAYEFe 450 and
through |rst %Yeel ectric g§gp%4d;&6@ahnd/%r etch stop Ia;?gr 424 Fig

junction region 404, 408. As described above and illustrated, for exarrpl e,
in Figure 4, the resulting gate contact opening (e.g. 440, 442, and 444)
can then be used to formgate plugs and/or contacts sinultaneously or
separately, in any order, 2s conparative to form ng source/drain plugs

and/ or contacts. [00040] Furthernore, according to additional enbodinents,
a separate mask can be used to form partr aI I y pl anarr zed di eI ectrl c active

o, o a o Y 1 . -y



30 view of a substrate illustrating self-aligned gate contacts formed by
PpeSBP@T | y pl anari zing a dielectric or etch stop | ayer over the gate |ayer.
As shown in Figure 12 P13758PCT 10, transistor device 500 is nade up of
sem - conductor |ayer 503 having junction regions 504 and 508. Gate 506 is
al so present. On the gate and junction regions, enbodinents include a thick

t d f 0. ' f first. di {ri : | LD
i el ect ABY. GFoRER rRpBod e Soueai A RO e8! fmeferiels 2.,
et ched MTRBIPTJ SBNafd NISit AISO Gas With thebhte dIntaas deserisElrEt ric | ayer
524 is torned in the active region using various techni ques and/or systens.

For examgspect tb $0@above, soayes/dsiin conlacts ¢an befarmed tp eantagtior éenaecti or med as

t hi ck f |, di.el (£ 9. 4 i: , ' i
(104, 180 0 Ppepal DaH0Ee! B oiosiceRoa GFiicliti sPERRTMY s00° The
thick cemdtelam theGolired/eedin (6.g!, 8uEh asds 8howRbyarBS5APigure 1 8ebhus, hei ght on
a portion of the junction regiron, height "Y', which is |ess than the hei ght

h
of the @HE270heagferm aconjct i thersauree/diain 202 08anshowrinFigirei4: of ayer 524

could t 11 ad: L | Vil ion 525) to
create 58 CHApBfid itielndrihir e ihariliGbiatdin de SBRRIBOPK 0, 2000 e
of Fi guiRigdfe 13 Beurdetdraimplug 2710fdzav theh bebcceeenwittithe satme or @ ayer over the
parti al ld{ pl anarized diel ectrlfc | ayer, and _formtr‘l"i 2 first gate coptact
olpgnl P? ffﬁ*’@?‘g‘FP’td‘\@itQiquF@féhto §€B@1§Plﬂr@4dé§,‘f‘rq08 qchgée. fésc_f, nﬁﬁ’lefﬁ';cl {J)qu

Dar sl £ (0 ieriioh sfe HE¥ELiind Sofiditho,fgferl ke anBRdu R 0 T

hei ght apeaingsrsimahanéousheogsepmratety iphany' ofde(;asgwell as ferenggdte of 0. 03
Fegi on. eelaiRouGIdel Gomacts SRuEReRIIEPT SSRRTRIY BHA OMeFer 1ot
dielectric layer 524 is partially planarized, different second dielectric

| ayer 5360029] f oMeRsbver ethettbehriglies assdrivedajonteraplatdiearioud mietdiiizatidnvi ce.
Al so, shown in Figure 11, first gate contact opening 540 is forned through

second dechniaues incluging. foraxamplei (depositing dangsten Qykandplanarizingita) openi ng
540 25 i dy] i i ' . i
oyoti2rrs O R Heh Ackfsird AR GA (Do Ehoaes ERN ABamattener,

et chi ng prbcesestithngs & targbeetchts foreh allager ore ajialowopegingraretnded chemistry

having a greater selectivity for the different_ second dielectric |]ayer 526
than forsmalier deeger igitial eeptactopesjeg, tbga.bOﬁoemfﬂ?dw@aP@pmr @M;‘ he

struct ur, JEiQ f f ' contact opening to
riZegts ﬁ)ningqaté andfor s@u%é?ﬂrea'ﬂb gg@_@%a%@@é@. peni ng

extend t'he gate’ cont opening to t As shown In Figure 12, after
first contacting opening 540 is formed, second gate contact 13 P13758PCT
openi ng [68130] s Aceording o atherembedimais.c separate mask AR pe: segkiodomnne.

sub ; 0 . U . .
oot b M HREco R adioe rlfion Boil ot dferifids Uiid RieplirattuBorils: 000
be f or negnfigordwhdregmemdrgrcaligrampeariows dtheodeNicéwhere appriopyiatel. anar i zed

dielectric |layer 524 to the gate 506.. Moreover, in_order. for?nﬁﬁgco d gate

cont act FigHre Ads 8oposs-sedtiopgbeleyation yew ofia suhstiate llushigting sef-alioneq ned
etch) b j : h i bf hei ght
on' the g eBptacls (o AR diBloElrcl A ERUIR i PRyip s, HalSlsiorifeite 12, @
hei ght , 306 igmadertp of dnithis exampie, semiaginductor tayed $08itavingijsinatiorpar ti al | y

removed di el ic or etch stop 524 C h hei,ght " X" 10.i s nuch or
subﬁantrﬁgﬁqn?f&é%%‘”@g aj Jupgtion ’1%8&"0:?&% 8?@5 QI{)Q]ng 8P6’rﬁnal ?'%hr?z?pi ncrease
the ef f agydrvaneston HOGKRE of8 08 AicraRiHicknss aré alsdUpreadnte Formednenf i r st
dielectric or etch stop layer 524, and/or different second dielectric |ayer

526, sudichstopdaper 3246@s Hicswmin RigureScembodiments soptamplate Mther
appropr 'qalélgcf}fc%ﬁé:rydﬁ 35§%acfea\rn'litﬁrt\9¥ 'tﬂ?est OdiGiRBERHith different etch rates

(such as two metal-polysilicon ILDs). First dielectric layer 336 can be formed to
30 have a planar surface with portions of etch stop layer 324. For example, the first
dielectric layer 336 could be initially deposited or formed as a conformal dielectric

8



15 etch selectivity for making the self-aligned feature. For exanple,
P3&rs8RAT di el ectric | ayer 526 conprising Si02, and partially planarized first
dielectric layer 524 conprising Si3N4 or SiC would provide high etch
selectivity and prevent ms aligned polysilicon contacts fromshorting to
adj acent source/drain regions. Simlarly, second/top dielectric |ayer 526

f PS d i all | i zed diel ic.20 | 4 of \ d d Si02
coul d bARIR. hee Egbend S e (D Lot AtiprisTo ARG 0K efvior e -
conf or ”@én%ilﬁhgg?g@@ ’l@é’ﬁﬁd quVofm&@%g WER bk OthdraehRhs asUsdtedsad24, with

a confor ially planarized Tegion 524 formed on the normal étch stop
424, andifrexdretialty leiog dieposited di formedy canfownalifirstl dielestictlayereauldithest ch st op

424. As d i bed, ab d.illustrated..i Fi a4 [ ti
com ant bR HEacR By Beenanibor idicabmasiahaliashi T Bt 090 ©
and/ gr %ﬂﬁcﬁﬁfgf efdh3tbp aer Bly lﬁferﬁi@ﬂ%’né‘béﬂrwa%%i 3BYis PlsiRirizegoaPar ative to

formng so drain plugs and/or contacts. [00044] According to the
t echni quiifferentigegsondydielestricdayerr33fkeis famoed ondbe transistaisieyicgay be forned over
an active area (e.g., a cell area) of a gated device 30 (such as a

ransi stgfdey) RS AAUANIAHTaLR & A dlle ¥ahEack BBLARLSIAY (L HrtndluraGldny e ar ea

IS that ctsT o gate [Fayer spacing restrictions to

14  P1l3&o8RE digledttiv tayer 838 .to Tirstdielectricilagdr 836e, Intial gpening 340 mantbect s can
be drawn over active gate re%i_ ons | eadi er sem cqnductor circuit

to snal
| ayout s, forged intheelive fegignysing yajiougde ’F'GB‘EF;S?',‘d}@éFY%teE‘én drawn smal | er
and/ar t - et el ' i lfoRAEd i
manu1 actél%r%én%r%’ ﬁ&&tg?&%&ﬂ%ﬁ@b?%?%ﬁgry cbeaﬁleg(,%% g#’?’;{g t?rem)ry,

and var ithesirsttdielectnie tayey useig an etohrchermistrp baging pegrieater sedectivity forovi ded as
descri bed herein. [.00045 S | ysi.licon gate nt acf ,openi ngs over
active ﬁ?&PBﬂé"%?Cthg Y&F l"é-ggﬁ?'? é&gﬁgt ‘iﬂ?'legﬁﬁalg&?re‘gﬁgﬁFi?hpﬁSBil Fenough
control o substrate renoval or etching to produce a contact opening at

| east down to the gate | ayer but not down to to the junction |ayer has been
descri bed. [00046] Wile the various enbodinents of the invention have been

descr i bd80032hosSevaral matenials errsuitablgfar the frs gligleetric fayer 396, gibfeeent; al
enmbaodi f . In@n ay! t : ' t
doscr! payeopd e BYER 5aBnafl Bicktbtop 18herod) Bubas SR PN (i ¢ he
spirit el Sioasewell dshariepp otiterdapprapriate didedtnies tretcanirovideitse t hus to be
regarded as illustratjive instead of |limti Rg 1g. E’l37@8P.CT Al M5: VWhat
i s clai r%}!l‘t?‘g:et‘lh s%l?ﬁ*ﬁf"ﬂd&-&:dﬁﬁ??%ﬂ?@: rates) erpakingdbe seE-aliggedn. 5 forning
a gat ed gjr& e Fat EhMpld) Sebid dRidRid RYer 888 comprising SiO,, and first
dielectric layer 336 comprising SisN4 or SiC would provide high etch selectivity
20 and minimize mis-aligned polysilicon contacts from shorting to adjacent
source/drain regions. Similarly, second/top dielectric layer 338 could comprise
phosphosilicate glass (PSG, a Phosphorous doped SiOy), while first/bottom

dielectric layer 336 comprises an undoped SiOa.

[00033] Figure 6 shows the structure of Figure 5, after a second gate contact

25 opening is formed to extend the gate contact opening to the gate. As shown in
Figure 6, after first contact opening 340 is formed, second gate contact opening
342 can be formed to extend the gate contact opening to gate 306. Subsequent
gate contact opening 342 can be formed in the active region using various
techniques and/or systems. For example, gate contact opening 342 can be

30 formed by etching an opening through conformal etch stop layer 324 to the gate
306.



fformng a contact to a gate of the gated device in the active region. 2.
PT8i#s8RE€T hod of claim 1, wherein prior to formng the contact to the gate,
the nethod further conprises: formng a dielectric |ayer on the gated
device in the active region; to formng a contact opening through the
dielectric layer to a junction region of the gated device using a first

K: d f ' t h he  diel | h
Gate of 00, ks sepoed Gateriilatibreting: 942 a5 b fhirtRd by et fardod of
cl ai m 2,538t hifhe @i?né@ét‘?ﬁh)‘geﬁveféﬁ‘é ﬂﬁfe KRR AE toluteh tHroliie cdhformal ect ri c

e
| ayer cg rises etching for a period of time between a tine necessary to
etch t hrewgatopnayetl 34econ thecgateyegionr(etth@ngdogate g0Bhangha titne naeessétessary

et hod & SLTaeus sk Fiefipti Pypr Y36 28R s RBrlRuTAAY pid L Betdh, (e
gat eqd deuiieR.3040 BUB NA\sadexseibed aBbve anl ifistiatédirneFi gome 4hehd reRtitingn regi on
and the 20 gate of the %jted device. 5. The method of claim4, wherein the

f or m ng gate opeiachapening (0. 84C and &4} can ¢h¢rapem¢d|t@ fsm gateplid®s: f or ni ng

ayer: sndidta s SEtEelRG & BrARhEUEI oD PRl R o, °F

| ayer t%oh?éb/aﬁiirﬁplugﬁ(én‘dt’tﬂ'rdﬁnlfadwrm ng the subsequent open| ng conpri ses
etching for a period of tinme between a tinme necessary to etch through t he

conformal etch stop |ayer on 16 P1 PCT the gate re d at]j
necessar§0435] et Ewrthefs aseprdingtothers 'ﬁgp iBeNis. 4 88PIalR F‘ 33 unct i on
regi@n. ric layer on
the g 19 et§f%rﬁla'(g@?ﬂ(?tgherﬁg%%éggwféogﬁénrtﬁ]ﬁg@gc{rgﬁ‘?ﬂo%anﬁq% ﬂ'?@du el ect ¥| c

I ayer onnalhmfagmrezdf s, isemiconductoracmemory Gglls)randeaimsuzhergde\h@ea‘ i rst

OO e appgaiste, Bt rch BRGE SebFofar Ly GoRRIBTRABET, T 2,
g at ed dfttt’déﬁ%tuhﬁ sbhfangﬁ&u Yate ééthBts faftiedVbyRiding & didiédtit BEchostop M yas!
peni ng throu the dielectric layer and to the gate further conprises:
As shown in Figure 7, transistor device 400 is made up of semi-conductor layer
15 403 having junction region 404 as well as junction region 408. Gate 406 and
conformal etch stop layer 424 are also present. Formed on etch stop layer 424 is
first dielectric layer 436, such as a metal-polysilicon inter-level dielectric (ILD).
Likewise, as shown in Figure 7, embodiments contemplate second etch stop layer
450 formed on the dielectric layer 436, as well as on a portion of etch stop layer
20 424 over or on gate layer 406. Second etch stop layer 450, may be a thin layer
(e.g., 0.05 micron thickness), a planar layer, and/or may be formed after over
etching first dielectric layer 436 with respect to conformal etch stop layer 424. On
the etch stop layer 450, embodiments contemplate second dielectric layer 438,
such as a metal-polysilicon inter-level dielectric (ILD), which may be the same or

25 different material than the first dielectric layer 436.

[00036] To form first dielectric layer 436, a dielectric is initially deposited as a
conformal dielectric layer (e.g. see 524 and 525 of Fig. 10) on etch stop layer 424
on the active area of the device. After initially being deposited or formed,
conformal first dielectric layer 436 is then planarized or over etched to expose

30 conformal etch stop layer 424. After first dielectric layer 436 is planarized or over

etched, second etch stop layer 450 is formed on and in contact with the planarized

10



etching an initial gate contact opening to the different second 15
PABEIBBETri c | ayer using an etch chem stry having a greater selectivity for
the second dielectric layer than for the first dielectric |ayer and etch
stop layer; and etching a subsequent gate contact opening through the etch
stop layer to the gate. 20 7. The nethod of claim6, wherein the etching a

et ween TEst oIk A3 41 Wi o dirorfu i Sibn.top Tl a2 %o bl gat o
region o, %édoﬁﬁEBél&?ﬁﬁaﬁh?’%ﬁ%@?ﬁglthéﬁ%qharﬁé’rﬁeﬂt. HEmbb@iérger and to the

junction region. 8. The nethod o aim4, wherein the formng a dielectric
l-ayer orcontfempatecsec@hddiielectsicilayereis, fonmed er secong atchgstep fayes 458 @ or nal

dielectrjc layer on the gated vice in . act.i. Lan; | Zi th
it oot apfie s e oBficfs AlPeLER seBabd Sisectt o 3B MaalhBBR 01 ayer "on
a pokti @anf of difeletit Matdalltha Uit GRISHAC Riyeh4360ipid @differont rhaerial r st
dielectric layer and the conformal etch sto& | ayer; 1 P13758PCT form ng

7
? secondhan seeand etghisigielayen4bfe Als; spE0Rd eiehsstop lavey 450 Ay beile ei n t he
ormn 0 ' ] ' ' dtoth
furt hor SPOfECP! & BlRER AR Bl PGBl Ayer AL 500 10 e Sacond

etch stop layer; and etching a subsequent gate contact opening to the gate.
9. The 180030yl oSevéral maferialdavayibe tused for dinstrejclastoplagendd, figstt e cont act
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conformal dielectric etch stop layer 424 and second (planar) dielectric etch stop
15 layer 450 (deposited between the ILD layers) both comprise SisN4. Also, a thin
etch stop layer 450, such as SizN4 or SiC could be deposited between top 238
and bottom 436 ILD layers made up of SiO, to minimize mis-aligned gate contacts

from etching down to source/drain regions and creating shorts.

[00038] According to embodiments, initial and subsequent openings can be

20 formed to gate 406 in the active region using various techniques and/or systems.
For example, as shown in Figure 7, first or initial gate contact opening 440 can be
formed through the second dielectric layer 438 to second etch stop layer 450.
Here, first gate contact opening 440 may be formed by etching the opening to
second etch stop layer 450 using for example, an etch chemistry having a greater

25  selectivity for the second dielectric layer 438 than for the second etch stop layer
450. Figure 8 shows the structure of Figure 7, after a subsequent gate contact
opening is formed through the second etch stop layer to the conformal etch stop
layer. Figure 8 shows second or subsequent gate contact opening 442 that can
be formed through second etch stop layer 450 to etch stop layer 424. For

30 example, subsequent gate contact opening 442 may be formed by etching the
opening to etch stop layer 424 using an etch chemistry having a greater selectivity
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etching to forman opening through said confornmal etch stop layer to the
PiR58PEIBI Ng an etch chem stry having a greater selectivity for the confornal
etch stop layer than for the first dielectric layer. 20 11. The method of
claim2, wherein the formng a dielectric |ayer on the gated device further
conprises: formng a first conformal di eI ectri c layer on the gated device
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height to the junction region. to 13. The nethod of claim 11, wherein the

et chi nglunetioniregign 44eAP8g conpri ses etching using an etch chenistry having
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using an etch chemistry having a greater selectivity for the second etch stop layer

15 450 and for etch stop layer 424 than for the first dielectric layer (e.g. second etch
stop layer 450 and first etch stop layer 424 are both the same material, such as,
SisN4). In this instance, second gate contact opening 442 and third gate contact
opening 444 can be formed by etching for a period of time between a time
necessary to etch through etch stop layer 450 and through etch stop layer 424 on

20 the gate region, and a time necessary to etch through second etch stop layer 450
and through first dielectric layer 436 and/or etch stop layer 424 and to junction
region 404, 408. As described above and illustrated, for example, in Figure 4, the
resulting gate contact opening (e.g. 440, 442, and 444) can then be used to form
gate plugs and/or contacts simultaneously or separately, in any order,

25 comparative to forming source/drain plugs and/or contacts.

[00040] Furthermore, according to additional embodiments, a separate mask

can be used to form partially planarized dielectric active region gate contact

openings during manufacture of ICs, semiconductors, memory cells, and various

other active devices where appropriate. Figure 10 is a cross-sectional elevation
30 view of a substrate illustrating self-aligned gate contacts formed by partially

planarizing a dielectric or etch stop layer over the gate layer. As shown in Figure
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gated device. 17. The device of claim 16, wherein the dielectric |ayer
Pa315pPCEes a material 25 selected fromthe group consisting Si02, PSG
Si3N4, and SiC. 18. The device of claim 16, wherein the dielectric |ayer on
t he gated device further conprises a conformal etch stop layer on the
junction region and the gate of the gated device. 19 P13758PCT 19. The

devi f claim18 wh i) h f | J i
mat er |10 EPBRRIGH devish A0S iR U6 Of PV cAgoastab avBesdY BRuRE TERGERS & 20,
The deV'ré@oﬁé 5914%1?@1%& OERS SHdjst 4180 pRESEME me@at@aﬁag%ﬁ&@h ragiohis! d

contact through the lectric layer to the conformal e stop | ayer; and
a fourt lendodimentstincludgla think (egnf om the omter lof Stlomigrageircanformal figstt e. 21. The

fort hor Geifefp T o an G FoiRehiBordsch Hpbibvark BAE thathds Kagh baofiE L7 e
regi gn RardizedHr ACHRNEZB of ARSI of §8teCEE. FarhallyailananicdbdieRictic on a

portion of the gate; a different second dielectric |ayer on the gated
devi ce ilayertf24ds formed inghemctive tegipe uging vanious deehiiquemand/or systeligh t he

dielectrdc |layer a th e 1. - : | e cont act
o the G exptine B8shiioirand i b ihtgty SIS Tofndd R ST Ty
havi ng godfdtaiaf Hicledtes ldyer (¢ gf 524 bR 526% inthechictiveeégibn (1104,e108 dadr for the
first dielectric layer and etch stop |ayer; and a fourth gate contact

) P,
mr ough 1082 as el an efber egaiens of 2 angistas deyipe0. Thee tidk eenfefmal ai m 18,
erein i ' tLi C : ' : b X
pl anlgri z%%g?ﬁpgéﬁgi(élgég? ?l)é?al %&&@%%2%3@:{?@% %%’r{h%ﬁ‘%{gﬁ%’ ecggttﬁd gevi ce
f or expagegiog, héightOfff whichl is dessithandipe height obthesgater beéight ‘@’. Aftergate; a

25 ot op Milgles DeRa SeeAth e epBe ayet ST e e BARENG PEriZef B | ayer  “and

> _ . .
pherel n éctgtﬁ%offéggsﬁgnwmgaﬁénubh@zlsgkb EhatdltrRl &sifbintall e stopndyéo the gate

[00041] Figure 11 shows the structure of Figure 10, after forming a different

15 second dielectric layer over the partially planarized dielectric layer, and forming a
first gate contact opening through the different second dielectric layer to the
partially planarized dielectric layer. As shown in Figure 11, embodiments include
partially planarized dielectric layer 524 including a different second height on a
portion of the gate, height “X” (e.g., on the order of 0.03 microns), which is less

20  than the height on a portion of the junction region, height “Y” (e.g., on the order of
0.1 microns). After first dielectric layer 524 is partially planarized, different
second dielectric layer 526 is formed over the cell active area on the transistor
device. Also, shown in Figure 11, first gate contact opening 540 is formed
through second dielectric layer 526 to first dielectric layer 524. Initial opening 540

25 is formed in the active area using various techniques and/or systems. For
example, first gate contact opening 540 may be formed by etching the opening to
the first dielectric layer using an etched chemistry having a greater selectivity for

the different second dielectric layer 526 than for the first dielectric layer 524.

[00042] Figure 12 shows the structure of Figure 11, after forming a second
30 gate contact opening to extend the gate contact opening to the gate. As shown in

Figure 12, after first contacting opening 540 is formed, second gate contact
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a third gate contact to the second etch stop layer; and 30 a fourth gate
PdaTE8RCT to the gate. 20 P13758PCT 23. The device of claim 16, wherein the
dielectric layer on the gated device further conprises: a first partially
pl anari zed conformal dielectric layer on the gated device in the active
region having a first height on a portion of the junction region which is
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i n the arfiméhecedsary tu%mgth@owtw frerfirst heigho hdigne $X", té@ the jlnetioretéyioh.of cl ai m
24, wherein prior to formng the dielectric |ayer on the transistgr device,
f or mi ng |a adgiiony Heingdastiallyremavegd dielgatricias etehtopaiz4 irdhabigighhegat e of

t he trangi r i : : rgafaﬁe f | Dt ¢ ' ormn
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initial theeffeoliveriessugh the dielectric layer to the conformal etch stop

| ayer; form ng a subsequent opening through the conformal etch stop |ayer

to the 3[80(94%5 © S%\r/]edra%rlnaterials are suitable for the first dielectric or etch stop layer

524, and/or different second dielectric layer 526, such as, SiO,, PSG, Si3sN4, and
SiC as well as various other appropriate dielectrics that can provide the contact

15 etch selectivity for making the self-aligned feature. For example, second dielectric
layer 526 comprising SiO2, and partially planarized first dielectric layer 524
comprising SizN4 or SiC would provide high etch selectivity and prevent mis-
aligned polysilicon contacts from shorting to adjacent source/drain regions.
Similarly, second/top dielectric layer 526 of PSG, and partially planarized dielectric

20 layer 524 of an undoped SiO, could be used. Moreover, embodiments also
contemplate having a normal conformal etch stop layer over gate and junction
region, such as 424, with a conformal partially planarized region 524 formed on
the normal etch stop 424, and made of a different dielectric material than the
normal etch stop 424. As described above and illustrated in Figure 4, the

25  resulting gate contact opening (e.g. 540 and 550) can then be used to form gate
plugs and/or contacts simultaneously or separately, in any order, comparative to

forming source/drain plugs and/or contacts.

[00044] According to the techniques and/or systems described above, gate
contacts may be formed over an active area (e.g., a cell area) of a gated device
30 (such as a transistor). One advantage to forming gate contacts within an active

area is that contacts to gate layers can be made without spacing restrictions to
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10 formmg a contact opening through the dielectric layer to a junction region of

the gated device using a first mask; and
forming a contact opening through the dielectric layer to the gate of the

gated device using a different second mask.

3. The method of claim 2, wherein the forming a contact opening through the

15 dielectric layer comprises etching for a period of time between a time necessary to
etch through the dielectric layer on the gate region and a time necessary to etch
through the dielectric layer and to the junction region.

4. The method of claim 2, wherein prior to forming the dielectric layer on the
gated device, forming a conformal etch stop layer on the junction region and the

20 gate of the gated device.

5. The method of claim 4, wherein the forming an opening through the
dielectric layer further comprises:
forming an initial opening through the dielectric layer to the conformal etch
stop layer;
25 forming a subsequent opening through the conformal etch stop layer to the
gate; and
wherein forming the subsequent opening comprises etching for a period of

time between a time necessary to etch through the conformal etch stop layer on
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planarizing the first conformal dielectric layer to expose the conformal etch
stop layer on a portion of the gate;
10 forming a different second dielectric layer on the gated device in the active
region; and
wherein the forming a contact opening through the dielectric layer and to
the gate further comprises:
etching an initial gate contact opening to the different second
15 dielectric layer using an etch chemistry having a greater selectivity for the
second dielectric layer than for the first dielectric layer and etch stop layer;
and
etching a subsequent gate contact opening through the etch stop
layer to the gate.

20 7. The method of claim 6, wherein the etching a subsequent gate contact
opening comprises etching for a period of time between a time necessary to etch
through the etch stop layer on the gate region and a time necessary to etch
through the etch stop layer and to the junction region.

8. The method of claim 4, wherein the forming a dielectric layer on the gated
25 device further comprises:
forming a first conformal dielectric layer on the gated device in the active
region;
planarizing the first conformal dielectric layer to expose the conformal etch
stop layer on a portion of the gate;
30 forming a second etch stop layer on the first dielectric layer and the
conformal etch stop layer;
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CZ[ PE: 1 g The method of claim 8, wherein the etching a subsequent gate contact
opening comprises etching for a period of time between a time necessary to etch
through the conformal etch stop layer on the gate region and a time necessary to

10  etch through the second etch stop layer, through the conformal etch stop layer,
and through the first dielectric layer and to the junction region.

10. The method of claim 8, wherein the etching a subsequent gate contact
opening comprises:

etching to form an opening through the second etch stop layer to the

15 conformal etch stop layer using an etch chemistry having a good selectivity for the

second etch stop layer; and

etching to form an opening through said conformal etch stop layer to the
gate using an etch chemistry having a greater selectivity for the conformal etch
stop layer than for the first dielectric layer.

20 11. The method of claim 2, wherein the forming a dielectric layer on the gated

device further comprises:

forming a first conformal dielectric layer on the gated device in the active
region having a first height on a portion of the junction region which is less than
the height of said gate;

25 etching the first conformal dielectric down to form a different second height
on a portion of the gate, wherein the different second height is substantially less
than the first height;

forming a different second dielectric layer on the gated device in the active
region; and

30 wherein the forming a contact opening through the dielectric layer and to
the gate further comprises:
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first height to the junction region.

10 13. The method of claim 11, wherein the etching an initial opening comprises
etching using an etch chemistry having a greater selectivity for the different
second dielectric layer than for the first dielectric layer.

14. A device comprising:
an active region;
15 a gated device within the active region; and
a contact in the active region to a gate of the gated device.

156.  The device of claim 14, wherein the gated device comprises at least one
SRAM cell.

16.  The device of claim 14, wherein the contact is a first contact and the active
20  region further comprises:
a dielectric layer on the gated device; and
a second contact through the dielectric layer to a junction region of the

gated device.

17.  The device of claim 16, wherein the dielectric layer comprises a material
25 selected from the group consisting SiO2, PSG, SizNg4, and SiC.

18. The device of claim 16, wherein the dielectric layer on the gated device
further comprises a conformal etch stop layer on the junction region and the gate
of the gated device.
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a fourth contact through the conformal etch stop layer to the gate.

21.  The device of claim 18, wherein the dielectric layer on the gated device
further comprises:
10 a planarized first dielectric layer in the active region of the gated device
exposing the conformal etch stop layer on a portion of the gate;
a different second dielectric layer on the gated device in the active region;
and
wherein the second contact through the dielectric layer and to the gate
15 further comprises:

a third gate contact to the different second dielectric layer formed
using an etch chemistry having a greater selectivity for the second
dielectric layer than for the first dielectric layer and etch stop layer; and

a fourth gate contact through the etch stop layer to the gate.

20 22. The device of claim 18, wherein the dielectric layer on the gated device
further comprises:
a planarized first dielectric layer in the active region of the gated device for
exposing the conformal etch stop layer on a portion of the gate;
a second etch stop layer on the first dielectric layer and the conformal etch
25  stop layer;
a second dielectric layer on the second etch stop layer; and
wherein the second contact through the dielectric layer and to the gate
further comprises:
a third gate contact to the second etch stop layer; and
30 a fourth gate contact to the gate.

20



O#109%& ()-. 10%& () - QUXYZ[ ebC 10y10% ()- | 4109%& ()- 10 10 10y;

P18RE8PCT - 9109& () -, 8" 109%& ()- +dEbC 10@ 109& ()-! 100& ()- Y

109 ()-109& ()-y 109& ()- f109%& ()- 2bdEbC 10LS$f 109& ()- T! 109& ()- |,
109& () - 109& () - @LOY%& ()-f GLOY ()-1f8dEBC 10Y1S

109& ()-.f109% ()-9-109& () - +109%& () - *510%& ()-1(M 10%& () -8y-0123dYNC 10

102 () 2351 09E(IVICERAT) | Engrer e Bl 9 VM SH BV 10

10%. () ¥ YriprisEQV& () - " 10%& ()- 0%& ()-10%&' ()-6L#bdEYNC 10
%4 0%&, () 109& () - Y"&109%&' ()- 10%& ()- 10%& ()-10%& () - bVABYNC
101s10%&' () - &firsbgartially nlamnzqd CQIG)‘Wn@DdIFle;C.U%ElaWT onglhe' gajed deyvicglinYNC 10 10

| Tove? (175 Sciaietion Rahe.a(rStAANEe 5 Priar o Bedd b st i,
5 less than the height of sald gate and having a different second height on a portion
of the gate which is substantially less than the first height;
a different second dielectric layer on the gated device in the active region;
and
wherein the second contact through the dielectric layer and to the gate
10  further comprises:
a third contact through the different second dielectric layer to the first
dielectric layer;

a fourth contact through the first dielectric layer to the gate.

24. A method comprising:
15 forming an active region;
forming a transistor device within the active region;
forming a dielectric layer on the transistor device in the active region;
forming a contact opening through the dielectric layer to a junction region of
the transistor device using a first mask; and
20 forming a contact opening through the dielectric layer to the gate of the

transistor device in the active region using a different second mask.

25. The method of claim 24, wherein prior to forming the dielectric layer on the
transistor device, forming a conformal etch stop layer on the junction region and
the gate of the transistor device.

25 26. The method of claim 25, wherein the forming an opening through the
dielectric layer further comprises:
forming an initial opening through the dielectric layer to the conformal etch
stop layer,;
forming a subsequent opening through the conformal etch stop layer to the
30 gate; and
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