SRAM | NTEGRATED CI RCUI TS W TH BURI ED SADDLE- SHAPED FI NFET AND METHODS FOR
THEI R FABRI CATI ON TECHNI CAL FI ELD [0001] The present invention
generally relates to SRAMintegrated circuits and to nethods for their
fabrication, and nore particularly relates to SRAMintegrated circuits
fabricated with buried U shaped FINFETs and to nethods for fabricating such
integrated circuits. BACKGROUND 100021 Transistors such as net al

of toct " transratye peefsp ki VA hEREIE shFETER A RirBirtt vy bl ocks

of the vast mgjority of sewktWoODSCOR THEREQEtIeAdTEONCUItS (I CS) A FET

i ncl udes source and drain regions between which a current can fl ow through
a channel under the influence of a bias applied to a gate el ectrode that
overlies the channel. Sone sem conductor |ICs, such as high perfornmance

m croprocessors and nenory arrays, can include mllions of FETs. For such
| Cs, decreasing transistor size ﬁﬁ@HNHhﬁQfﬂﬁﬁbaS|ng transi stor density
remains a high priority in the sem conductor manufacturing industry.

Tr ansi st or permmmmﬁﬁﬁgemhﬁmeMﬂbmg&%ﬁﬂyﬁﬁﬂ&ﬁbSR@WF%%E%%%QHQ§&dh?mtrans'Stor

decrease 0031 Static random access nenory (SRAM i ntegrated
z:$§U|ts @ﬁ;s%?g“&fﬂ%F@“ﬁs@H“nﬁbﬁﬁ“ggmgt@W&Sé?§ﬁé“%ﬁ#ﬁﬁ&@§mawﬁ as

enbedded %ﬂmad&&ﬂi Wriedl OLshe)e@MINEE TS HNE i OREQGRTSOh B 103&%1@1‘1 ?r@egjpﬂcteds uch SRAM
| Cs has increased markedly so that nenories in excess of one nmillion bits

are now cBfffth. As IC size has increased, so has the processing conplexity.
The increased IC size requires a reduction in the size of individual
conponents and in the m ni mum f eaBACBGRADt he m ni mum wi dth of |ines and
spaces within an individual conponent. Processing coaneX|ty i ncreases as

Lhe feature - So@R) IRALABSSRNSHRUP G RRCANRR, ALl LhE Ll d 9, Pr ecl sely

define lines and to ensure adequate spaci ng ures on different
processi ngMPakjalsy or simply field effect transistors (FETs) or MOS transistors are the core

building blocks of the vast majority of semiconductor integrated circuits (ICs). A FET
includes source and drain regions between which a current can flow through a channel
under the influence of a bias applied to a gate electrode that overlies the channel. Some
semiconductor ICs, such as high performance microprocessors and memory arrays, can
include millions of FETs. For such ICs, decreasing transistor size and thus increasing
transistor density remains a high priority in the semiconductor manufacturing industry.
Transistor performance, however, must be maintained even as the transistor size

decreases.

[0003} Static random access memory (SRAM) integrated circuits (ICs) are widely
used, both as stand-alone memorics and as embedded memories in, for example,
microprocessors. The size of such SRAM ICs has increased markedly so that memories
in excess of one million bits are now common. As IC size has increased, so has the
processing complexity. The increased IC size requires a reduction in the size of
individual compenents and in the minimum feature size, the minimum width of lines and

spaces within an individual component. Processing complexity increases as the feature



[ 0004] Presently known SRAM cells include six transistors and require at
| east three levels of netal in addition to the gate el ectrode |evel.

Rel iably processing the nultiple |ayers of conductors and the necessary
contacts to those conductor levels is difficult, especially when the

m ni mrum feature size shrinks to the range of 20 nanonmeters (nnm) or |ess.
[0005] It is also knomn that high performance field effect transistors

(FETs) can forme onduct o t tures comonl y
referred t lépgigcwﬁfﬁ\l %‘% it nbﬁ‘foé]bers acfﬁm g i d’u‘fcts§1ry( ‘?eérg nehardid SEUSRAM cel | s,
are fabri eddgede siaiingbawedn EdtNEERSHfTdabtipkec RV onal pl anar FETs, with
FI NFETs the sem conductor region containing the source-drain channel has a
fin-1ike shapeygg ng rOXk r pendi cul the s ce of the
substrate di eeior 4‘]‘@35 Ig%}\%{?éh%g& é@cﬁ%&e% |s£1‘f1]81r$tamscfmgéca‘t”36é é‘i‘flf odes can
be provi dédecokivdiophmeip osadiiitbndeghofatt kiectada-lbicke Mhmﬁtoccfsagg o and
sonet i nes, akongthe P Q uch ed s are not

- equi  ed. i @ a% 0 r@clgt{dgéé[‘t’mtg dBd qlgeggec 8 %H%I&s %(E ?hofse cgﬁug{ Eﬁcll% % hat have
the gate élrf@w@ Qsh@ldrlfar“ﬁlewhte(rjpmexdgtefea@cmb bhrangs althn':gngetnéz&ndxesmeﬁs used
herein, t tel.0 "FINFET", singular or plural, is intended to include all
such vari atrons. [0006] A FI NFET transi stor Iends itself to the dual goals

of reducing transistor size while nmaintaining transistor perfornmance.
Tr ansi st olUdr 16 ineipre knover thalnhigh perfireenceyiicld effacr apnsistond FETanee, bei s

proporti ofahed o tiei Shfcfiucthesuub@ns] §(§1ﬁ’1§tmﬁ£‘qg@§éd 1 Q a‘l“l: C}M;I%’T the
transi stor channel is formed at | east along the vertlca ewalls of the

fin, to fa&eraadagieviihdCleitritdingnSiudMacallp.cie Erbaingied USI%@MONTE!N@E?& ncrease

per for Wangﬁake\/t\!bﬁ\mﬁkﬁnaﬁ;blﬂﬁl fEea0ih Ylmmsmeﬁﬁg:oﬂﬂﬁto@fcﬁﬁnQImtIt ht‘r:tg: ﬁaléb St r at e
surface required é‘ he transistor. [0007] Even with

reduci ng THECHER canaglFgs @arh’dhkeh@m‘-‘esmtdééit PPEOXEharedy pﬁlmltdtf@ll?cétshfeabrl catl on

pr obl ens. suSdeoMEORbanE: dinel Wae FOVEESSe IBAEL is @dtés@@eb AN A §q &5 the gate
| engt h sh]é?ltnks and the attendant variation in thresh on vol tage (the

mi ni mum g2RECddeadetfeResed siss of Bretiirlke shanpelimegian and somapinyes ploogrtheandom

dopant flatacttowabp@dg@ Atmotughesuah&tg@%htes M@rnbﬁlfetpma Qhe feluH@EPgatté”%gsed” threshol d
vol tage (M), can l'ead to m smatched and unngat ched transi stors.

One sol utPEHe ‘gﬁldyma{'ﬂrﬁé&t léfwﬁt’&@t@@t%géhemavﬁwmmg@@ vehlamaehg thebut

fabri catidgssughisdd @rsh shotsn sANFARe” difo daFHJleaP@sr ﬁaleﬁtt@d% crk L devi ces
formed on gabul k sem conduct or waf er’. Iile to the of dopant in a fully

depl et ed HOHYPHMEre is little or no random dopant fI uctuation driven Wt
m smatch, and random tel egraph noise (RTN) becomes a linmiting matching

mechani s no6ws] mm ilﬁlSlsBl’ mﬁae§asdl)fpffoltm 2ad1 120815 GaRdudTRY BRI Nize Vt - m smat ch
ar e n'aX|mZ|n gate area renmi ns

due to \f\wn{cn t1 1 ? (g 3 39 th(w#

an i mpor t'ant 6B %Blff’\/é“sl’sb Pei U’f”écel FJEIS SRR Oé.’i"'r‘“é%s‘)ﬂe]i@@%‘}dI*-’&Sr““I ow

SRAM cel |tldhtmi((aganceg&tmopondm@l&d1Iﬁirvatltﬂ of gakagestdrGnlinkl. I8 a dNOtHEhHe | | M ting
factor. The .i.ncreas ncentration direc at the ate i s needed
in order ¥8% iChalﬁ“’lﬁgmme?\}tggr@h"ﬁ?%n e yegfics ﬁ@e‘@lﬂﬂﬂf‘%@i‘ de&ciligly de cont ri but es
to incr eefsnnmgmGoﬂla w1ﬂl@0&€hﬂzelA@1ﬁbﬂldﬂeﬁ3g inereabd pdrordase,naialoa: §1@mﬁ£e@¥[y de an SRAM

integrated circ ed
9 incréasing lﬂte ar ca o thc%ubsl’jate surface required by the transistor.

[0007] Even with FINFETs, however, reducing the device size (and, hence, feature
size) introduces fabrication problems. Such problems include adverse short channel
effects as the gate length shrinks and the attendant variation in threshold voltage (the
minimum gate voltage necessary to turn a transistor “ON”) from random dopant

fluctuations in the channel. Variations or fluctuations in threshold voltage (V1), in turn,
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FINFETs. In addition, it is desirable to provide nethods for fabricating
SRAM i ntegrated circuits having buried FINFETS with reduced conplexity and
increased reliability. Furthernore, other desirable features and
characteristics of the present invention will becone apparent fromthe
subsequent detailed description and the appended clains, taken in
conjunction with the acconpanyi ng drawi ngs and the foregoi ng technical
field and background. BRI EF SUMVARY [0010] Methods are prﬁvided Lgrd
fabricatin RAM |nte rated circyit.ln accordance with one enbodi nent,
the met hod i %\?}%ﬁge‘?s‘&@ﬁb@ ’?%de‘Hgfegrtéaé]Flétf“Son Upe £ jopudion oxide*PipEr overlying
a silicontraubsts aﬂ‘;tﬁ urkl e dhgnigelsp &t &‘l}ﬂ&@lﬁ]ﬁ&fﬂ@lﬁﬁﬂaﬁﬁ'@mf llbﬁﬂar!@ difrguphot 1(:)!’ esi st,
for the for f . .two pull transi stors u own transistors,
and two pashegid e drvdRe fified R 4 hl SPedoraperareR hue i Bertiorid by

ani sot r opilapahtl iy a éﬁll}ffﬂeﬂ@tcﬂ%ﬁﬂlﬁﬂi&eb ieMarngehs rindort IBpMX NGQuHidY efiveaorir espondi ng
to the patter ereaft i.S0 ical l tchln U-shaped channels in

t he S|I|C%ﬁnqahéwg18m951’ gﬁﬁb?%“:@§§§5@$WH W“@H%m@F@P%Bﬁdmﬂ“§econd oxi de
| ayer is fziaelsngm echGO\PedrccisF@UEﬁﬁd@ECc&hﬁlpﬁﬂe erms Ni&iﬂﬂm&cﬁf dnrea%zr’rgi al layer is
deposi ted_on the sgeon i n _anot her enmbodi ment, an
SRRNIceIIm%h%?mﬁ mea ﬁ gﬂ“ﬁﬂ?ﬁ“%b“i%ﬁ#ﬁwl‘Péﬁémgﬁﬁwgomﬁwﬁeﬁﬁrled pul |
down FINFEEHQMQm§R$m0m&wstmo buried pass gate FINFET transistors; a first
cross coupl e cont act configured to electrically interconnect a first pul
up transi @ f S pass gate
tranS|sto$2Qﬂ 1 QAQZ%% crgggﬂ %?éh%%%é "lgﬁﬁ%¥ G?@&‘%é“% éctrlcally
|nterconn@é@naﬁ@@tdﬁdHpUh&nw¢XMEanswsm@mndamﬁgauhdgmukhmdbmnnﬁmans|stor
and a se e f. the bur FI NFET
tran5|stggggggg§§mgékﬁ'%ﬁﬁpﬁk%% gfggbﬁ%te éﬁﬁ@utswlmm?ﬁngbyghaped FI NFET
transistors are saddle shaped BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The
pr esent iﬁ@%ﬂﬁYﬁ%d%EWHtﬁé@%ﬁhéﬂq@Pwé%mﬂﬂﬁﬁwH%@@m¢®ﬂﬁwﬁpmmﬁammmdmnth t he
followi ng drawing figures, wherein |like nunerals denote |ike elenents, and
wher ei n: JIBOEB]. FAhGddltiohs itatsp@d’sﬁﬂﬂ@tté \RoWde€WeBbdQfor e?éﬁln&%hﬁg{ YraGhemati c

n

nsj st or ., SRAM.ce as. part of an SRAM i egrated circuit
lhgzloﬁtg g]:jplfaé%lgtlcactélrﬁgse ﬂV%]gnglE% TINFLTS w1thp reduced complexity and mmeascd

reliability. Furthermore, other desirable features and characteristics of the present

Rl N
gar

invention will become apparent from the subsequent detailed description and the
appended claims, taken in conjunction with the accompanying drawings and the

foregoing technical field and background.
BRIEF SUMMARY

[0010] Mecthods are provided for fabricating an SRAM integrated circuit. In
accordance with one embodiment, the method involves depositing photoresist on a first
oxide layer overlying a silicon substrate; forming a pattern of locations, using the
photoresist, for the formation of two pull up transistors, two pull down transistors, and
two pass gate transistors on the oxide layer. Fins are formed by anisotropically etching
U-shaped channels in the oxide layer corresponding to the pattern, and thereafter
isotropically etching U-shaped channels in the silicon layer to form saddle-shaped fins in
the silicon. A second oxide layer is deposited over the saddle-shaped fins, and a first

metal layer is deposited on the sccond oxide layer.
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[0014] FIG 2 is a schematic perspective view of the SRAMcell as part of
the SRAMintegrated circuit of FIG | illustrating a post oxide fill
processing step; [0015] FIG 3 is a schematic perspective view of the SRAM
cell as part of the SRAMintegrated circuit of FIG 2 illustrating contact
formation; 100161 FIG 4 is a top view of the SRAM cell as part of the SRAM
integrated circuit of FIG l; [0017] FIG 5is a top view of t he SRAM cel |

i ew of ol Rl BRRRCop Sl b abbre celip PG ng o

nitride hamdasrmss ltwprboma’ssulhgoxsm @‘mlﬁ}bﬂ" ilﬁiﬁﬁiﬂﬂdlﬁlgiwbuwuetd pldsNRRTBINFEG019] FIG 7
is a crosgs. sect ssqociated with EIG 6; [0020]

FIG 8is alsbsr%ssé‘ ‘é%é OS%%O“b éﬁ}l‘%ﬁ?gﬂg ﬁé‘) %"C‘-“CH Y grerpgacctg-fisf o1l FI G 9
is acr ossp selrststom,m ﬁnsew hdf(@\ﬁglc{llblﬂel Bnd Bf@i{ phds@ateBiandiQOR2dndRl deeonk0 1S a
Cross-secf, 0023] ,FIG 11 is a top view

Vi C.C 0
of an SRA 5’5’ CpP 15501%‘5:?9 glglfgmﬁﬁ SPARTGIY 8’3‘?%&“@‘3’{1 et Pulk ) TuiRE 2a
non- sel ec$e|cme! mnidlddeﬁ pobsistcetanh a proosesss fde SieRtof;onhd@f Bcngr fbbingd F| NFETS;

FINFET transistors are U-shaped. In an alternate embodiment, the U-shaped FINFET

{ransistors are saddle shaped.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will hereinafter be described in conjunction with the

following drawing figures, wherein like numerals denote like clements, and wherein:

[0013] TIG. I is a perspective view of an exemplary schematic layout of a six transistor

SRAM cell as part of an SRAM integrated circuit having buried U-shaped FINFETS;

[0014] FIG. 2 is a schematic perspective view of the SRAM cell as part of the SRAM

integrated circuit of FIG. 1 illustrating a post oxide fill processing step;

[0015] FIG. 3 is a schemalic perspective view of the SRAM cell as part of the SRAM

integrated circuit of FIG. 2 illustrating coniact formation;

[0016] TFIG. 4 is a top view of the SRAM cell as part of the SRAM integrated circuit of
FiG. 1;

[00617] FIG. 5 is a top view of the SRAM cell as part of the SRAM integrated circuit of
FIG. 3;

[0018] TFIG. 6 is a top view of an SRAM cell as part of an SRAM integrated circuit
following a nitride hard mask processing step for forming buried FINFETS;

[0019] FIG. 7 is a cross-section view of the logic area associated with FIG. 6;
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[0024] FIG 12 is a cross-section view of the logic area associated with
FIG 11; 100251 FIG 13 is a cross-section view along line A- Aof FIG
11; [0026] FIG 14 is a cross-section viewalong line B- B of FIG 11;
[0027] FIG 15 is a cross-section viewalong line C- Cof FIG 11; [0028]
FIG 16 is a top view of an SRAM cell as part of an SRAMintegrated circuit
following the fin formation processing steps; [0029] FIG 17 is a

Cross-sec % the lagic. ar ssQci with FIG 16; [0030] FIG
TEOTS el VR fgésn“‘i/?sé\ﬁfeg%ﬁﬁwﬁ?%lé? e 16; 10031] FIG 19 is a
cross-section view along line B - B of FIG 16; [0032] FIG 20 is a

cross- sectl03hl vil&wd &l omgpsisigiien @ew a@ngfinéEBG B AFIG[Q033] FIG 21 is a top
view of an SRAM cell as part of an SRAMintegrated circuit foll ow ng gate

oxi de, netghaf i FiG. 18R FREUcibEEES SR Fudf 068FFHIAG. Steps; [0034] FIG 22 is
a Cross- s‘ectllgn Vi ew oC Cloigl C arog'Lé éssom ated with FIG 21; 100351 FIG

23 | nwewalo ine A- Aof FIG 21; 100361FIG 24 is a
cr olsZ- 2egh%2% vlielgjw gl“’o%ﬁ’pl"il%o%‘“ é@rﬁfcep—'rﬂ?}?alﬂf an YR Infepiged 2acits o

Cr 0ss- sectdliowingiagion-adledtige bxinepdGy ctcl%x@éesﬁhgﬁite}ﬂ%h forming buried FINFETSs;
[0024] FIG. 12 is a cross-section view of the logic area associated with FIG, 11;
[0025] FIG. 13 is a cross-section view along line A — A of FIG. 11;
[0026] FIG. 14 is a cross-section view along line B ~ B of FIG. 11;
[0027] FIG. 15 is a cross-section view along line C — C of FIG. 11;

[0028]  FIG. 16 is a top view of an SRAM cell as part of an SRAM integrated circuit

following the fin formation processing steps;

[0029] FIG. 17 is a cross-section view of the logic area associated with FIG. 16;
{0030] FIG. 18 is a cross-section view along line A — A of FIG. 16;

[0031] FIG. 19 is a cross-section view along line B - B of FIG. 16;

[0032] FIG. 20 is a cross-section view along line C - C of FIG. 16;

[6033] FIG. 21 is a top view of an SRAM cell as part of an SRAM integrated circuit

following gate oxide, metal fill, and metal recess RIE processing steps;

{0034] FIG. 22 is a cross-section view of the Jogic area associated with FIG. 21;
[0035] TIG. 23 is a cross-section view along line A — A of FIG. 21;

[0036] FIG. 24 is a cross-section view along line B - B of FIG. 21;

[0037] FIG. 25 is a cross-section view along line C - C of FIG. 21;



[0038] FIG 26 is a top view of an SRAMcell as part of an SRAMIi ntegrated
circuit follow ng replacenent gate processing steps; [0039]FIG 27 is a
cross-section view of the logic area associated with FIG 26, illustrating
a replacement gate; [0040] FIG 28 is a cross-section view along line A - A
of FIG 26; [0041] FIG 29 is a cross-section viewalong line B- Bof FIG
26; [0042] FIG 30 is a cross-section viewalong line C- Cof FIG 26;

RAM i ntegrated
cireut 1895 b 2irRint o R Sl St ern g ol Sy nobaudereit 32 s a

cr oss- secfdllowingirepacofettiyeie pogesingkegs; associ ated with FIG 31, illustrating
a replacenent gate and contacts; [0045] FIG 33 is a cross-section view

along i ngbﬂ ’P‘I(?f27F] ﬁﬁ%%% c(l't%%?ﬂ@%xg fcfhe :I;OAEIC ared a&roé)l%gd Setltlll%ng%)/i ew al ong

line B - of FIG 31; 5iaC a5t 055 88T ToN Vi‘e ong line C
- Cof FI @USigillﬂf:amlaF@MB];atFl g. 36 is a flow chart settl ng forth various
process steps associated with the fabrication of an SRAM devi ce havi ng

buried sagdh®- shapedskl-NEEIS86n view along line A — A of FIG. 26;
[0041] FIG. 29 is a cross-section view along line B - B of FIG. 26:
[0042] TIG. 30 is a cross-section view along line C - C of FIG. 26;

[0043] FIG. 31 is a top view of an SRAM cell as part of an SRAM integrated circuit

following contact formation processing steps;

[6044]  FIG. 32 is a cross-section view of the logic area associated with FIG, 31,

ilustrating a replacement gate and contacts;

{0045} FIG. 33 is a cross-section view along line A — A of FIG. 31;
[0046] FIG. 34 is a cross-scction view along line B - B of FIG. 31;
[0047] FIG. 35 is a cross-section view along line C - C of FIG. 31; and

[0048] Fig. 36 is a flow chart setting forth various process steps associated with the
tabrication of an SRAM device having buried saddle-shaped FINFETSs.

DETAILED DESCRIPTION

[6049] The following detailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the invention. Furthermore,
there is no intention to be bound by any expressed or implied theory presented in the
preceding  technical field, background, brief summary or the following detailed

description.

[0050] TIG. 1 is perspective view of an exemplary schematic layout of a six transistor
SRAM cell 100 having buried U-shaped (or saddle shaped) FINFETs. In an SRAM
6



DETAI LED DESCRI PTION [0049] The followi ng detailed description is nerely
exenplary in nature and is not intended to limt the invention or the
application and uses of the invention. Furthernore, there is no intention
to be bound by any expressed or inplied theory presented in the preceding
technical field, background, brief summary or the foll ow ng detailed
description [0050] FIG 1 is perspective view of an exenplary schenatic

| ayout of .a six t.ran tor S M C 100 burl ed U shaped saddl e
shaped) Fi e ¢ CH‘@@ SEANG B "Y%ﬂe@r‘é?‘%m&ﬁy Aty Fmes ipy regnly aay e ! woul d be
repr oducedowmyt coiunes RAMacalieigaligdiudas Elﬁy‘la@sﬁstdl@w&pad"ﬂidc sal m§>31sw cell 100
i ncl udes %3( m({?%s Ia’t ors: @ ! ecttl ve 1§ 2 Ed gﬁnm stors, 124 and 134,
respective” pul’l down tTah&TStGrE 12T fd?q88d AN EHERYE PaSSpEEs gat e

t ransi st onsnsisﬂﬁs 32%1131300 Eachhtrdnsians inshutds spieh uptes%ma%emapa@gmﬁsour ce and
drain regi ons nduct or , substrate, separated by a gate

el ect r ode % “Fctl:ﬁn §éf mcfm(\}la]ﬂ/ S@é'ﬁ‘ft? osicga‘?tﬁ‘é%¥ Pk 1"‘6’1?3? é@f‘ftﬁ‘ﬂ%‘u"ﬁw a channel
ext endi ngchebleknilthef smwmcmxcatgd acth&ingl exidn@ing ab@veal Betsh@eeaddsiighect rically
tite e T S
exanpl e, pnalebmdoﬁwhm@mmtsm:s b Bc PrOimEBMDSS oLNCRamelghdMOsh21 and a drain
region 123 formed in a sem conductor (e.g., silicon) substrate block 102.

Pull up tF@8fl StR%x | ion 125 an n. region 127
formed i nra gem conaéjﬁjct rﬁgﬁggtﬁ?@{%&g %@ﬁhﬁ%f **BassEgat 2?5' %‘ $tor 130
shares a Esivho3dioandd megr;@lmwmm(tmwplﬁw dldlwn)tsmbansicslblocrk 1. Paﬂldjpf urt her
i ncl udes Q*an%f%fé( CI@M]%Q[{&@ A 3durcdh ei?m dﬁgn?lqld I nd1§11elm £ond bSt rate bl ock

102. Although the actual transistor devices are barie aoémﬁeﬁ‘cé' hi dden
from vi ewsecopfliggior|substigigstdodku it G4e dP4sk I‘gFiE'IUadssmlcé%) shess mbdemmonUdiginape or

SR @ onReSy a8 blil USH BLER BTSRRI K2 S I 8 i ghaPE, and

t he manner ~of birjl cating evi ces rls‘Bed in
det ai | befopned i m [FenBAduRef %ﬂ)ﬁllaﬁgblmh/\l 020 Aﬂﬂl@!ghBhG SRAMrosistor 100cek wret her

i ncl udes lru}i\@d GhPRSC AR eforh r\'}}zé%rﬁ‘lqgé l:ﬁ?es@&ﬂle%‘?ﬁNI oG Ji(':ers %%6“1&\(;?:12? af’?’g

i ncl udes ‘8 up transistor down transi St
Conmon cr gsBape o paddlccdpiteast !Uaﬂdltqdntl@reddmapt\mm& 125hél‘i®eld<smbe; aderter 332

| ncl udes BulniPof HENM Bhifih-3tkadc Rl o ML, ANRL S R, 136 having a

comon cross coupl e contact er connect coupllng of the two
inverters IS faC| i.tated bglextendlng the cross couple contacts down to the

buri ed delPeds Refgdngspary deElGQ 3, SEAM 6ol 190afusthet ineludes 2o grpds ¢Bwledr e coupl ed

to a firshvpeterbial 3§QU"I¢1@ VPG QRE T %QQ&Q&@Q%UFIQ& %hﬁélmc%t%ﬁlgtilgﬂ?)lo and
312, respectivel %ﬂi and the sources of pul Pranmstors 1 and 136 are
d

coupl ed t%V4 EEEYRG 29 SeiRTH 3t dIcommgR é’é’ss\/s%*lﬂééﬁ’lﬂé% perhitfargneast $ast alhecont act s

304 and 3kdondhesPECHD ViRlMes JiMEupGel 1;1(;1!)151 3@%ﬁ@§§§[¢dév9{ t:efn@@!.q{ PﬂSl (un?’” ting by
respective pass gate transistors 128 and 0 (Se GS. [ 0053] As

is well KhEWRTOR fHEosh cark ceitact g §1“§H9€1H16§533§RAMW5MC@QIP Eﬂt:e@:f Td:li? reaits are

nverters is facilitated by extending the cross couple contacts down {o the buried devices.
The sources of pull up transistors 124 and 134 are coupled to a first potential source Vo
corresponding to metal contacts 310 and 312, respectively, and the sources of pull down
transistors 120 and 136 are coupled to a second potential source Vgs corresponding to
metal contacts 304 and 314, respectively. The cell is accessed for reading or writing by

respective pass gate transistors 128 and 130 (See FIGS. 1 and 3).

[0053]  As is well known, integrated circuits such as SRAM integrated circuits are

formed in and on a semiconductor substrate with the fabrication process involving a
7



formed in and on a sem conductor substrate with the fabrication process
involving a series of photolithographic processing steps in which a layer
of photosensitive material is exposed to radiation that passes through a
photo mask to transfer inmages on the photo mask to the |ayer of ]
photosensitive material. The layer of photosensitive material is then
devel oped and the resultlng pattﬁrned mask is used aSOSSZrOfethnaSk for an
etching, i0 or other pro ste n e
conven%J i oRa s 0plp %él Wg'taﬁll] BRIOPEYLE §te%gfm P?éf‘%la l%?febgﬁ?@?@é S’é{b‘b’\%‘e‘tlﬂés gate |evel
to conpl eteyq:aotsdﬂetoSRAMoﬁ:eth paéEblEl ek agihstof Bdsk tdh Galshir l&ﬂaée@\éghl&: ﬁfotdm}]m mJit
of 1insul ator because they nake

Egn? ;gp e;:l 8{[an?1eq}gcglf’)(“ 8 g H)“fs’f:'gf' g‘ﬁfn“pé'@ I 16?@’5& @IIJQP@E‘E‘E]?’BEFE‘“"I“@\P%I“’ iy ac%ll ve
silicon | dmlo))ed ﬁf’rdehéﬁé\l%ﬂmae!ged Baskes ysedQQS@Loc@@fdlaflﬁifol’ @Ci}étl:ﬁdngl?ti&nhkggt Lhe
contacts i it fabrication process o ose |evels e
feature S|n§ dnlhsmpeo lﬁ)%:héndpm?etsf’%%éones Im)lre and nore d![ffl cu” to cgr;ect:y I
and reliably etch the contacts. Metal |ayer one is typically use or |oca
connect i off¥5#In knHée SRARM k! apprvech ﬂ)reevlb\rt:isrrg‘ italougheetial atevalkhel ,gayaer two. The
third laygt.qf, 3B %lel l!h tRA% c!elp 'lthg f tlhc lhxgecfcvef 5P med Ftnr Ist J ons on
overlay and on criti ca di mensi ons A7t Rel"&F o8 ¥er eases t he
conpl exi t §iclyd thigeglf h\bwqilﬁaﬁntthCbmesémst[ll@t(os&]caﬁn tilaypnwadntﬁwwkiiec havi ng
bur L)rezanucietﬁﬁtﬁgfegegﬁ%gzzs:(gg{@glegﬁdb?eqa anal‘g(éti g@rhcgnalt g)gr@‘re'gﬁﬁi‘/f‘%loﬁt gus steps in
acc ,
t he fabri ¥y fdenge.end mc@mimmu@mmtsmmwo the dabwiedtion krvosw ofthdses 0, |b n tPF
interest Qfg pr@ ik Ymtu 1?1%@1‘(0%5“;! 1939 s3h qgg[ld"‘%’i(!)l dl?lnctIYf i gmiq:en}l ned briefly
herein or w | e omt entirel "o ? i Ic ®own process
details. Nﬂhﬁhiﬁeeﬂchéiet@rlﬁws Nbeal Ipyeopw isyym@fll&n@ed bl a)caiewnmeudrravn ng a netal
Por oi 1 £ o kP L Ao (A el B TH} B S P e a or

erein

ot her conde &R cethineieisat resioigléans pi pyeriaygat enicnig el dhmsmmhﬁ"tthte]’ay@m de or |
ot her di , gonductor substrate. [0056
I n accorgiéﬁglyrd\:/{n&teE?%%gésgln%cgﬁ{lgi&ﬂ’ &%F{]}ab:’?&uﬁo@% OF fabricati ng an SRAM | C

havi ng buried U shaped or saddl e shaped FI NFETs begins with a recognition
: @8‘1"’% ottt Eﬁlgﬂ‘é’ﬂe%BWNﬁéT‘Va“Igl Biigd tlhélap%ﬁ%\ﬂ’%ifwm@mcéloﬁﬁeh:gt hto be

that a s&
i ncr easedubidtift k8 ah QCain’ 64894 WaH VIALE &I%E{lﬁl‘Q:H{sacjtlb QEQ:UBJH Heﬂ%} range of 30
-_40% wi thout conpr o sing transistor density wt a given volune of an

SRAM cel | Yar|oys sigpsdn he dayigation of Méigismicaadicior éﬁa@e@c v\rel NPETB a0 been

proposed, ihé heer@k 8588 Iy édn@é?mbﬁh\{gﬂ Ewil pOIWN(,BIL}CiﬁBQC(m{%ﬂ&m&&QI% t echni que
of buryi ng saddl e shaped FINFETs in the cont'ext of an 100571

Ref er ri ng” How itied @“@Y vty idiag thepyel-keovanmogess ditaiowi While the f or nat i on

of a pOSttu@“}(TNd@S'f pibberlvayers 120 de0at 1y RRAM &L lohte %le&igg(/&gﬁgolﬂ%kﬂg to SRAM
cell 100 of FI particularly, process steps r ting to the

1 r
f or mat i orfvalﬁ"fmﬁug‘b‘l‘ %@rﬁéH]t“"ﬁé’f"éé‘?dll@‘fdb‘ﬁé“fiﬂriotdﬁ}éd%éﬁ ﬂlﬁ)\h@rfa&diq @@U@dfar eas of the

| C (not shewr} mc@N& ARY chiiubh@ Redr [dy%v&%g]ﬁggﬂg'% 111%5{9{ Whgtﬁﬁ‘aoxmce &he 1C since
t he FI NFETs re buried under the netal layer descéri In greater

detai | belRss eloging myieriph &’ﬁ’i"%P"%‘r‘%dé§1§1C§‘t‘@[§‘§l$ ‘éiﬁ‘ltq/ed in replacenent gate
integration are well known and need not be described in further detail
her e. [0656] In accordance with one embodiment, the method for fabricating an SRAM IC

having buried U-shaped or saddle shaped FINFETs begins with a recognition that a
saddle or U-shaped FINFET allows the transistor gate length to be increased (relative to a
rectangular gate configuration) in the range of 30 - 40% without compromising transistor

density within a given volume of an SRAM cell. In this regard, although saddle shaped

8



100581 Referring again to FIG 3, the metal contacts which inplenent the
cross coupling of the inverters, also referred to as the wring of the SRAM
cell, will now be described. Mdrre particularly, a total of eight devices
are shown in the enbodinment of FIG 3. O these, six are active transistors
and two are not active. The six active transistors are pull up transistors
321 and 333, pull down transistors 323 and 331, and pass gate transistors
128 and 3?&}“&8%@\!@1‘5 ve non-a tive 8eV| ces 305? and 311 are shorted from
their gate to the dra’ REPEI: W8 PREPYRDSPIRGBIATYSS G Flamdinergp oty

respect i veclonpssf bophgetdderbaped FNIHIR neht codxabmn3®3nand 320. They are used
solely for wiring to effect the cross coupling and interconnection of
respectiv ve t ts 308 and 320.

[ 0059] Ref g?ﬂu né&%{;ﬁ&ﬁﬁﬁéﬁ‘@%? %II*WVG.‘T’@?&%O Slf’}‘{é?‘ég)x A R

i ncl udes Pl postipride ﬁl«hewgtzﬁzsolxmzmameuzm (Cpubsipmdinmotﬁimslcslt 00(s0f120 and

136, passggat 1 con i ons 309 and

311 PG eg %B’% %“\%‘% e 8’?0%%2‘@%@4&%@?%;81 g %ﬂ &?ﬁ"‘“ﬁ‘m%ﬂ}c? Kcl udes

i nvert er sd@80n dxdedpiRrah fngiovgeas @f Pedti (va shpwigt aaﬁotoemtﬁhahct@emasm 4rVDO)

contacts , S ntacts 304,

314, and Fem e R R AR b RE B8 na 520,

[ 0060] Thé geaieredeiiksbapy). f dhe paticilerapriorsys Ibigpd edolsaﬂdi epshapad ghleNFETS

w t hin an 0 fion with FIGS. 6 - 35.

100611 FI &?gé%lpﬁk Ljvei\éwﬁlu\ﬁngglvwg % 1%?%%{&&;}?%9? 1“%‘86’ C32\1/“ }hcgc respective oxide

regi ons 60 604, and 606, and respective nitride | ayers 608, 610, and 612.

Fol | owi ng O%ﬁﬁ Rsforeng agtimmiel [40r fade BRRUaIasH, WEED imisanit thecapssbe

per f or nedeohPlingt drhIDS ters2 ALy Pémfedqg‘é's AR SyirihESPHE SRURK Yol %fuﬁir [ nhGe SRAM

region. Then a nitride har d deposition step Is perforned in the active

region fdfestribed bMW"eEF“W“I‘@FﬂETa W@déﬁshi fiyviges grejshown & de cubodimegedt i on vi ew

of the pefigpherat HeQQisk £EALGR innsﬂgﬁ-.'“liﬁletl\do 2@9%\0[ ]@tlgle.egfhgssi)gfgvggs. section
0 : is a

view through the siljcon taken along line A - .

cross sectt"i“ft)‘ﬁo’\?l"e‘?/\l"flh’t‘lbf&@ﬁfsf%”dx?”dé3§alkle1nd%‘l“o‘r?gls$fpﬁe323 aBd3aL.RRG 6, and
FIG 10 i spas gh[&ﬁi%sx&@l@tlQ@ﬁhMﬁV\’RE%bEQ%tﬂoﬁ %véhév‘a&?ﬁb@tﬂq 39?(!11ggiac;1fé5en al ong
line C- Cof FIG 6 erring now to I t hogr aphy
and et chilfy® frgcsdsionye é’t"ébsOff”é“r e gHbRTIRgPUH B te@s@@acﬁyecmqetpfem@s NFETs are

per f or nedohidcttan@ idGEdomest al-0@S308! Ml Bh@! |"Dﬁey ﬁeh@erddsofe@sil& gm% w effa bon/ Si ON)
| ayer 1100 is deposited over the entire substrate i'nclu g both the active

(menory) B ‘éassf%ém&ﬁﬂf‘ persoprretian of reppeivarimearas 83 andg32xjplraipeside bel ow, the
har d maskneRbmi-As 30VeK sbfhe 1 ogic region to protect it during processing of
the active (SRAM region. The pr ocess sequence for the buried FINFETs is
S|mlar t t he burjed wordlj is _standard in the industry
For prav ol i FRpOBEAs hore prcrdtn WA, cou S EPT Bl Eivgtes By

lit hogr amny ustixep)slstﬁs per ﬁ]ﬁil‘irBEﬂpu]lCc[cQ@tucﬂgstaxsﬂab hﬂ’( m@ past, Bgc shhdigan for the
formati on,of m(”gg (Lérl ed FINFETs F@ dz fall a BF etch step, for
exanmpl e, ‘& Adh-"sef"&€&PT ‘é“’&%?la‘é?‘?ﬂlr oit H:t‘ppos b‘*l‘"‘é‘éif deVREBaktdt n of

U- shaped csl ﬂﬁ{tbﬂﬂe}s 3f ord ihdledes wbsrey 8RY afDFITALNRB r&bedibe FQUE)bt@ﬂmFl NFETSs.

FIG 12 is e on view of the |ogic area ich is protected
from 1 e S S BHERETURBE T § o RSty Srtr bOCmng oStee stobgors Hids o sk,

FI G 13 334, and reogsstigatdss osupld @wattlahdlSdrahh®g Jokendsmhaped structures
through the hard mask, nitride, oxide, and silicon taken along line A - A
in FIG I r0s hard. mask, nitride,
and OXI dﬁa efb%ﬂ’%c!ﬂ% S@E g f% ?abﬁga%agaﬂuée _SL?IS eﬁ @egqgk?gl“%w& B’lsgl Sectl on

vi ew t hr Sligh eellgwit] elowéagldcmnbeaikemlab@mgMlﬂnﬁﬁxf}:&uﬁ in FIG 11. [0064]
Turning nowto FIGS. 16 - 20, the resist (hard mask) 1100 previously laid
down in FIG 11 is stripped (renmoved). Fin formation then proceeds with an
ani sotropic STl recess (etch) of the oxide |ayer, followed by isotropic
thinning of the silicon. FIG 16 is a top view of the SRAMcell of FIG 11,
with the hard mask | ayer 1100 removed”’ FIG 17



is a cross section of the peripheral |logic area of the SRAMIC, which is
unaffected by the aforenentioned fin formation steps. FIG 18 is a cross
section view through the nitride 1622, oxide 1624, and silicon 1626 taken
along line A- Ain FIG 16. FIG 19 is a cross section view through the
nitride and oxide taken along line B- Bin FIG 16, and FIG 20 is a cross
section through the gate region taken along line C- Cin FIG 16. 100651

Wth cont ference to t he U-shaped channels 1804 are

initially @F@ G B ITHEP gfe %&%&@ Gk @Pﬁ‘a‘fémesp‘t’tﬂ‘@rﬁ PHENSO8% 1806 of

t he each 604 and &t mepiegpeadiintadd Riansreg oy, decnsut heell gtgglgrsaﬂt ﬁtﬂa&% ﬁ] fr gmt It eft

toright in F dicate dashe nesl to formthe bottom

1808 gf e%m“dhs"tfe‘t’c ""'\‘h‘“o‘&éﬂg é‘B%‘a‘i“% Ct"@z};etpreg%i‘%e |fP'yi I8 NERE R $IRs- AR 1602

corres pond:tsmgmte@, tdvehecdAM r@fiorc Mavinalisidd RO miagk dcb@s:t@(}ls@@ is pilofindACt i ve area
t hi n| ng the fins formed in

thinnin onthlnn effec f

the sil ?cgﬁ’“’ ‘fC?vc R b rlwg%l“g(ggmlg%éh%cﬁ?dt]%@ 7u’8t"|51r‘8§’° S LHPEETMHe resul ting

saddl e shéapedipictal bgm:églmimm kéILSIOr FI@X ik B chokdeciZi, vr;&wllhmagglhﬁm a pull

up fin 20 own fin 2004. This sadd|e

cgnfi gur a?.g%ﬁmg‘é“ 310“ ne 0|Ar e(cs}g%n(gulli g(;Itstt‘emfs? FECHIDVIER SRAEh A8l up box 125

of FI G 1ltakdoml qaar tnlc(ﬂH- Brm Fidhes, wn&WGal 0in g chdshgechor vilw itoldh@he s’kﬁca)(tsﬂovm in

FI G 18) to the vie long line 129 in FIG 1, and the view
lm%{(@nl% 8?(919%% gdmf 1 (Sir%ﬁ# %

al ong i'n FIG 20) is analogous to the view
along I|ne 127 in FIG 1. [0067] Referring now to FIGS. 21 - 25, the process
st eps ass@8PHt dtpfaaiinthndvayd Hgist hée - lﬁetlﬁ%byhlniwe&dfc@hmgamqessm@snagq tdre FI NFET

t ranS| St Ofoﬁnigg btllh&i éla&kngﬁ %H‘%ﬂ@lﬁtﬁsl AI aﬁ)ll E(p 11 W RCtl nGOEYIV atS)e ]%Fsl rl bed The
i} Shdwn), U¥51 I"OMed”

process beginsS with xi de forna
deposi ti ngramast(ak. ﬁ#lb(tﬂ@i@iﬂbllwal 1190 @v@pdsuibd <)vcl duyentuz]smgttatandluam@lw

pol i shi ngy, i @x@ d&ﬂ/c %’ﬁ%&?@%ﬁl 18% gl?t?&?&blgﬁettﬁllo Qjco 1t1%4t '1\% ]():q[?m(zt% %ace 2300 of

the nitride 2 | owe ive I on et in the
u- shaped ¢ baé mﬁk etmmg|ow¢1dbmlog@@agsqlﬂlo@mt@c$)t daridg procaten@40de efvG  24) . The

R ot alsRARASbe P! ALY BhBeOTd ledfiicd BleS oc by Bl @URAELPYENe 1At 1A

and only etchés tThe netal ow T ea age SRAM a
m dgap wdikicd wagiing whish iosndeién bafrdushetfal DR Mdebrirsgah. f or bot h n-type and
p-type devices. If, on the other hand, a high perfornmance SRAMis

i nvol ved, [006%p dlirdib eaank wprk &M@@tﬁmper@r) rlﬁtﬁc%la%h?%cpb% ﬁﬁf%?s%é& ed and

patterned for n-FET and_ p- FET devi ces, usi ngtustan ard’'tec ues .e.,

usi ng suct@ses \?ei’alt‘F‘t’hIBg‘P%tﬁthhﬁ@k@c dpenatigt obthenlgied FINFETS. This i

followed by a BF etch step, for example, a non-selective oxide/silicon etch to create the
pattern of U-shaped structures for the subsequent formation of the buried FINFETs. FIG.
12 is a side cross section view of the logic area, which is protected from the
aforementioned lithography and etching steps by the hard mask. FIG. 13 is a cross
section view illustrating the U-shaped structures through the hard mask, nitride, oxide,
and silicon taken along line A — A in FIG. 11. FIG. 14 is a cross section view through the
hard mask, nitride, and oxide taken along line B — B in FIG. 11. FIG. 15 is a cross

section view through a gate region taken along line C — C in FIG. 11,

[0064] Turning now to FIGS. 16 — 20, the resist (hard mask) 1100 previously laid down
in FIG. 11 is stripped (removed). Fin formation then proceeds with an anisotropic STI
recess (etch) of the oxide layer, followed by isotropic thinning of the silicon. FIG. 16isa

top view of the SRAM cell of FIG. 11, with the hard mask layer 1100 removed. FIG. 17
10



[0069] Referring nowto FIGS. 26 - 30, the process steps associated with
dummy gate and repl acenent gate formation in the |ogic area, and FINFET cap
formation in the active region are showmn. The S/D inplants can be used al so
in the SRAMregion to realize the S/D doping of the U shaped FI NFETs.
Alternatively, S/Dinplantation nmay be performed both before the U shaped
FINFET formation (as described above in connection with FIG 6) and

t th t.at. f ' Th b
w o 1ayi b don o SLPabeTRh AR, P 58bo S AM Wi G b titiad kg ave o

(st oppi ngafz‘@tentchmmd tf'ﬂllfdlalahatyﬁﬁpSZGQQ) 8 ifsQ| dlmed:uby vwdBgl@azipgini@xi de etch)
step and itrid tr rne n the | ogic area,
and FI NFE ca(f)xsldeafra()ézzcl‘fa(’)]Prs?le1 o Hz? E {e‘é?: épe a’blﬁ rfl(gl o %1& I J@dd? Haffce wit h
wel | knowsectist ‘am\danohg;hnlmetslﬂeslldandlenmeealoaé Enc 110@719]?1(Rﬂf69£l"nﬁlfm qmow t o

FI GSS. 31. - ste socj at ntact formation, i.e.
bui | di ng {She0§(és? f’)cscgonctﬁhouf’h E’Séﬂfé@foél 582 OPﬁE Hé&fg" own in FIG 3, will
now be descri bed. An oxide cap 3102 is |n|t|aIIy | aid down to protect the
gat es pr elf06dls| Vith gemtided seferdnee loodiG8. egidor?, UGdhstaptd fhanmet 180m aienvol ves
deposi ti ng;anbhatf.mas t [ 1 t,.erni ar hi.ng down

t hr ough th(la Ogl d(’ec | a K]B S?E@? ?1(! . F@? 1%8{1 I&npﬁ%ﬁ mpgg?] pﬁ“’ Caﬁg] § st oppi ng
on the aclspw@ispdtived ﬂm% b@dﬂm de dhalyeb (864 dfromt lpfi anirighm ini RIGI d&)asi s

deposi t edi 1R ENSy NQLES 1inf0] 91 dokY I erf| Jling) the
hol es i tm rrae o y( .1 . ,m S éOQ\ABdfo *Xfti Atfoﬂ) lig)tS %\&}Eﬁl J‘i%{l CMC 51 N BSdance with
st andar d selEtwifiaty eishedrie arfbplérlﬁ%ﬂ gouemm (4 rhealcwbmﬂalmemalw EtOla iore

enmbodi mengyiqd henit Ar@Q0l09uIRER! ( t ri;zed to form at
| east : gatxe1 el e(lzlt rodes1 sto]uré1 dlﬁg(?‘n&g%ﬁ?ﬂl Ssthcgglﬁét Ofghim%”og Hs &8 t hat
coupl e t hierpekiy thyatlson, ﬁ@m@n@lmp@sadébmm fiodes:sbet ween pul | up and pul |
down transistors, and cross coupled gate el ectrodes; and contacts for

coupl i ng mbﬁﬁ]puﬁe réR1tinf @Qﬁllessﬂlﬂkﬁ sﬂ1@01@4’11@%@“&&%&6&9@% (8. Oni ch M% and the

pul | down transjstors to another potential node ) Vss gate
el ect r ode?® HEt By HLPO0R a4 @ poyperghal widar pylidosindana®d hltsrwtde@oﬁlzpmophe gate

el ect r odegnghileashsiubd ok tif mséh&;vﬁ)fn 16w lup %0?‘?2‘9&1‘ rged ﬂg |L Hawn
transi sto to for a conmon (gate el ectrode; COUp e each I Up tranS|St or

to its asSHieXrERediir P adh G -dAdshersrn BIC. d Stsitipecunipdhe eewnbde; coupl e

t he comumeg@banaligct r adand Qlcklh&m%olm%D@J@Wﬁrﬁ@rIGrt@l%%il GIMEE RN ke pull up
and pul |l down transistors of the opposite inverter pair; coup e t he
source/draé%f”ﬁg‘&'ﬁ“f‘ﬁév'ﬁgs“éﬂ“ééﬂtl%l%7rlaﬁ§?sltors to the Common inverter nodes; and
provide for the SRAM cell to be coupled to potential sources VDD and Vss.

100721 Raﬂmu n@efmw;,tmwﬁb@m@&} -ans, eneppicad MeRromestd 30@0ayfi@s tnfabri cating
SRAM |

cco mbodi ment j nvol ves depositin Step 3602

a | ayer o?cqblﬂ%%foéz?’élf‘ug ﬂéf Iﬁﬁl’?ﬁ RIS (0] s 54 ‘i‘}éPIFE‘}?P%@h%’“g ”If’%ﬁ‘é P )
SﬁbSt rat mowawdiet@ﬂaad n@hﬂ(}ﬁb@@b lae@ﬁhél)mm g@@tdhﬁfcrfmﬂ‘faub@ﬁ@t §HORS), fMWQ lt lhed

otore5|st up transistors, u own
!to ransi st O d(’p Eale dlgt%w'ﬁgég?ﬁaltcglyt ?"éfH%s!&&‘r ¢1m p aiha P H%‘lsi’1§§éP°IJ “’? he net hod
3600 fur tlblﬁd)vel the lengbes mani ik (Dcplﬁab]b ys‘mﬁ-‘ice 30@ of &Qﬂil@@@@% UrsRaped trenches
inthe o er . Cerrespo ttern of transistors, followed b
i sot ropi )élcé?ciwde ATy st & p'ﬁp g%@g n '&Eﬁgﬁi’ég“‘@ﬁ%‘?{ﬁ]& dliGon 280eFi§133%on | ayer t)c/)
form saddheeshamu (I“im%) r‘iI‘ht hiaer saelau 208s i ScRePRNE n@Xded@al iRy Efroledis t hen
deposi teq1 (nSlal%Q mpl?)) t@ saddl e-shaped fi ns. Fi nal | y, a first netal
| ayer is eposf St al.over the second oxi de | ayer. 100731 Wil e at
| east one exenpl ary enbodl rrent has been presented in the foregoing detailed
descri pt| it should be appreciated that a vast nunber of variations

exi st. &Eﬁﬁbu fyt l%1I1‘§d“°é‘é chppredichtas SRt a trdzapxerip fencliorepbodi thent s are
only exa@mh@&elaﬁﬁdaeaﬁ,&i RPboth RLigRded LQpd éiéﬂ'clcs tﬂem?ﬁQBﬁ’ael 2RR! lﬁglp' lity, or
configuration of the invention in any way. her, the foreégoi g detail ed
description will provide those skille ng in the art wnth a conveni ent road
map for inplenenting the exenplary e bdi ments. It shoul d be under st ood

t hat various changes can be nmade in the function and arrangenent of

el ements without departing fromthe scope of the invention as set forth in
t he appended clains and the | egal equivalents thereof. CLAINM



What is clainmed is: 1. A nmethod for fabricating an SRAMintegrated circuit
(1C), conprising: depositing photoresist on a first oxide layer overlying a
silicon substrate; formng a pattern of |ocations, using said
photoresist, for the formation of two pull up transistors, two pull down
transistors, and two pass gate transistors on said oxide |ayer; _
ani sotropically etching U shaped channels in said oxide |ayer corresponding
to said p etch{n U—sh“Ped channels in said

tropi cal
silicon Igngm?%”f%?%MsgdﬂY@V%%ﬁﬁ%%f%?ﬁ% Wik tTieetien |(Wd inetele g k9 ng a
second Oxddm&hﬂwaﬁ;ﬁwﬁﬁuﬁﬁidIEEdﬁHQrBMBﬁ@Q&EH&&%sﬁﬂ@n@%&ﬁﬁh&kqua first
nmet al Iayer sa conﬂéox | de The nmethod of claim1l, further

conpr|5|ndmngsmmwave t?@ﬁ “@ﬂ?énéré%f?% es and | ocal interconnections

coupling one of the pull up transistors and one of the pull down
transi st ot®6lo Refrode: roet tad&BS. 2he 36t the prooéss tlegs pPadclatedprithrdansiysia@r s and pul |

3 "The morod or Bk R R P sBare A orb FEeRE e B oS
deposi t i ngggion are shown. The S/D implants can be used also in the SRAM-region to realize the

S/D doping of the U-shaped FINFETs. Aliernatively, S/D implantation may be

performed both before the U-shaped FINFET formation (as described above in

connection with F1G. 6) and fogether with logic S/D implantation for tuning reasons. The

process begins with laying down an oxide fill layer 2600, polishing it down using CMP

(stopping at the nitride layer 2604), followed by a deglazing (oxide etch) step and a

nitride strip. Replacement gates are formed in the logic area, and FINFET caps are

formed in the active region, all in accordance with well known, standard processes and

materials.

[0070] Referring now to FIGSS. 31 - 35, the process steps associated with contact
formation, i.e., building the cross couple contacts and interconnects shown in FIG. 3, will
now be described. An oxide cap 3102 is initially laid down to protect the gates
previously formed in the Jogic region. Contact formation involves depositing a hard
mask, photolithographic patterning, and eiching down through the oxide layer (using
RIE) to create the contact holes, stopping on the active silicon. A barrier layer (e.g.,
titanium nitride) is deposited in the holes, followed by filling (typically overfilling) the
holes with metal (e.g., tungsten,) followed by CMP, all in accordance with standard

techniques and materials.

[0071] In accordance with one embodimenti, the foregoing metal contacts are finally
planarized to form at least: gate elecirodes; source/drain contacts; contacts to nodes that
couple the pass gate {ransistors, common nodes between pull up and pull down
transistors, and cross coupled gate electrodes; and contacts for coupling the pull up
transistors to a potential node (e.g., Vpp) and the pull down f{ransistors to another
potential node (e.g., Vss). The gate electrode material thus forms local interconnects that:

couple the gate electrodes of each pull up transistor to its associated pull down transistor
12



sai d photoresist over both an active area and a logic area of said SRAMIC.
4. The nmethod of claim1l further conprising photolithographically

patterning said photoresist. 5. The nmethod of claim1, further
conprising removing said photoresist fromsaid active region prior to said
ani sotropi ¢ et chi ng. 6. The nethod of claiml, wherein said

ani sotropi c etching conprises STl recess etching of said first oxide |ayer.
7. The ne th of claim f%rther conpr|5|n§ forn1ng both n-FET and p- FET
: g Torm a common gafé electrode; couple each pull Up {ransistor Yo its associated pull
transi stors.
down transistor at a common inverter node; couple the common gate electrode to the
common inverter node between the pull up and pull down iransistors of the opposite
inverter pair; couple the source/drain of the pass gate transistors to the common inverter

nodes; and provide for the SRAM cell to be coupled io potential sources Vi, and Vs,

[0072] Referring now to FIG. 36, an exemplary process 3600 for fabricating SRAM
ICs in accordance with one embodiment involves depositing (Step 3602) a layer of
photoresist on a first oxide layer overlying a silicon substrate, and forming (Step 3604) a
pattern of Jocations, using the photoresist, for the formation of two pull up transistors,
two pull down transistors, and two pass gate transistors on the oxide layer. The method
3600 further includes anisotropically etching (Step 3606) U-shaped trenches in the oxide
layer corresponding to the pattern of {ransistors, followed by isotropically etching (Step
3608) U-shaped channels in the silicon layer to form saddle-shaped fins in the silicon. A
second oxide layer is then deposited (Step 3610) over the saddle-shaped fins. Finally, a

first metal layer is deposited (Step 3612) over the second oxide layer.

[0073] While at least one exemplary embodiment has been presented in the foregoing
detailed description, it should be appreciated that a vast number of variations exist. It
should also be appreciated that the exemplary embodiments are only examples, and are
not intended to linit the scope, applicability, or configuration of the invention in any
way. Rather, the foregoing detailed description will provide those skilled in the art with a
convenient road map for implementing the exemplary embodiments. It should be
understood that various changes can be made in the function and arrangement of
elements without departing from the scope of the invention as set forth in the appended

claims and the legal equivalents thereof.
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8. The method of claim?7, wherein said nethod conprises formng a | ow

| eakage SRAM 9The nethod of claim@8, wherein depositing said first netal

| ayer conprises depositing a single netal species. 10. The met hod
of claim?7, wherein said nethod conprises form ng a high performnce SRAM
11. The method of claim 10, wherein depositing said first netal |ayer
conpri ses depositing two separate nmetal work functions. 12. A

met hod of claim1, further conprisingCLRHﬁ%ing repl acenent gates in the
logic region of said SRAMIC, and formng FET caps in the active area of
sai d SRAM ICW,t.‘]. d.‘13. The nmethod of claim1, further conprising
formng a coNtHdt 14l | ayer over said pull up transistors, said pull down
transi stors, and said pass gate transistors. 14. The met hod of
claim 13, further iconfbmplgcpdrfgl: fabricating an SRAM integrated circuit (IC), comprising:

depositing photoresist on a {irst oxide layer overlying a silicon substrate;

forming a pattern of focations, using said photoresist, {or the formation of two pull

up transistors, two pull down transistors, and two pass gate transistors on said oxide layer;

anisotropically etching U-shaped channels in said oxide layer corresponding to

said pattern;

isotropically etching U-shaped channels in said silicon layer to form saddle-shaped

fins in the silicon;
depositing a second oxide layer over said saddle-shaped fins; and
depositing a first metal layer on said second oxide layer.
2. The method of claim 1, further comprising;

forming gate electrodes and local interconnections coupling one of the pull up
transistors and one of the pull down transistors to a node between the other of the pull up

transistors and pull down transistors and {o a source/drain of one of the pass gate transistors.

3. The method of claim I, wherein depositing photoresist comprises depositing

said photloresist over both an active area and a logic area of said SRAM 1C.

4. The method of ctaim 1 further comprising photolithographically patterning

said photoresist,

5. The method of claim 1, further comprising removing said photoresist from

said active region prior to said anisotropic etching.

6. The method of claim 1, wherein said anisotropic etching comprises STI

recess etching of said first oxide layer.
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planarizing said contact metal layer to form gate el ectrodes; source/drain
contacts; contacts to nodes that couple the pass gate transistors, conmon
nodes between pull up and pull down transistors, and cross coupl ed gate

el ectrodes; and contacts for coupling the pull up transistors to a first
potential node and the pull down transistors to a second potential node.

15. The nmethod of claim 14, wherein said first potential node corresponds

to VDD, and said SyeCOﬂQQO&%}Udﬁl I@Bgﬁx %&L&&%ﬁ&ﬁﬂ% b‘i\@ n\ﬁ% and; -FET 16. The

met hod of claim 13, further conpri’si ayer over said
transi stors %WWHWﬁto depositing sald netal cont act Iayer 17. The
nmet hod of claim 16, wherein depositing said barrier |ayer conprises
deposi ting titani m At medle] ofahh Yepasintiingesai dmpwealrtont et | ayer
conprises depg: gw& tungsten. 18. An SRAM cel| made by the nethod
of claiml. g SRAM |ntegrated circuit conprising: two buried pull up

FI NFET transi stor pul | down FINFET transistors; two buried
pass gate FI NFET ?I’ a glflg?. a dcum 8, wherein depositing said first metal Jayer comprises

depositing a single metal spemes.

10.  The method of claim 7, wherein said method comprises Torming a high

performance SRAM,

1T, The method of claim 10, wherein depositing said first metal layer comprises

depositing two separate metal work funclions.
12, A method of claim 1, further comprising:
forming replacement gates in the logic region of said SRAM IC; and
forming FET caps in the active area of said SRAM 1C.

3. The method of claim 1, further comprising forming a contact metal layer

over said pull up transistors, said pull down transistors, and said pass gate iransistors.
14, The method of ctaim 13, further comprising;

planarizing said contact metal layer to form: gate elecirodes; source/drain
contacts; contacts 1o nodes that couple the pass gate transistors, common nodes between
pull up and pull down transistors, and cross coupled gate electrodes; and contacts for
coupling the pull up transistors to a {irst potential node and the pull down transistors to a

second potential node.

5. The method of ¢laim 14, wherein said first potential node corresponds to

Vop, and said second potential node corresponds to Vsg.

16.  The method of claim 13, further comprising depositing a barrier layer over

said transistors prior to depositing said metal contact layer.
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a first cross couple contact configured to electrically interconnect a
first one of said pull up transistors, a first one of said pull down
transistors, and a first one of said pass gate transistors; and a
second cross couple contact configured to electrically interconnect a
second one of said pull up transistors, a second one of said pull down
transi stors, and a second one of said pass gate transistors; wherein each

of said bur' ed FlI N’:E-E"h& ﬁ]@tpoﬁf 0?“{9{@1661{%/?@1%* §ch%ﬂﬁ1$&ud barrier [d er cngpnsThe SRAM | C of
claim19, wherein each of said transistors are saddl e
shaped. depositing titanium nitride, and deposmng said mefal contact layer comprises deposrt;ng,
tungsten.

[8.  An SRAM cell made by the method of claim 1.

19 An SRAM integrated circuit comprising:

two buried pull up FINFET transistors;

two buried puli down FINFET transistors;

two buried pass gate FINFET transistors;

a {irst cross couple contact configured to electrically interconnect a first one of said
pull up transistors, a first one of said pull down transistors, and a first one of said pass gate

{ransistors; and

a second cross couple contact configured to elecirically interconnect a second one
of said pull up transistors, a second one of said pull down transistors, and a second one of

said pass gate {ransistors;
wherein each of said buried FINFET transistors are U-shaped.

20.  The SRAM 1C of claim 19, wherein each of said U-shaped FINFET

transistors are saddle shaped.



