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DI SCLOSUREO[20DDi37Bae present disclosure relates to nultippirasgat@4d23@! d
effect transistors (FETs), such as netal oxide sem conductor field effect

transi stor - I ffect
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[ 0002] Per haps the si ngIMEﬂiﬁ@ |%(§‘H%¥C@$WB}@F§A’MEH n el ectronic systens
is the MOSFET. Such devices are used not only as transistors but al so as
passi ve devices, such as reSsTHEHtIRAAEEHEAASCAORdIRAnces. The ability to scale
such devices down to ever snaller dinensions has all owed el ectronic systens
to becdqooosal | erTHeoprede@t pRtIdkurdfrelarald inndtipraytchtaad etfet crandtdpo ORETs) Si ze
systens. However, at the current pace of device scaling, it is predicted

that plapgbs h{e@d"l‘%x?deosfeﬁué%nldhctépﬁgldr&%htrﬁtﬂ@étérs|(M(‘)$@Ts') nantdei'h%rﬁguldp i mze
size. Further, as these devices get smaller, they increasingly suffer from

undes'ﬁ%@%ﬁﬁﬁnﬂﬂ&eﬁgﬁﬂgﬁ1%§&L§ﬁ%%%m%§&bFﬁ?E?%f state | eakage current, which

i ncreases power consu Vi ce 0003] As a result,

mul tipl e-gate MOSFETs h 0 f est, based on their use
of multiple gates on nuq¥59§§&§ﬁ§N§EQEqgh§§i§g¢5§g effectively

suppressing of f-state | eakage currents. Further, these nultiple gates allow
enhancd@0 Qg} rent Rerhaphéheosingle apest impertant dicelin edermraleationicsystsmady #itt ages
result in lower power consunption and enhanced devi ce perfornmance.

Mor eoveviOSEFHEAh Suwoh-dpliaesadre dsed seondy es samlidt@s buhako eopaseivt idoniaés, phcdnay
transistors, thereby enabling even higher circuit densities and, therefore,

snal | erre§yat @M HdZ EpacitdfRBO4] THNGbIAS trd Gehidr sudH! ddvides - @R t&/QSEIEImtanat has
been devel oped |s a FinFET, in which the conducting channel is disposed

around @ Lhim ﬁBQedEk@ ]ng@&§ﬂ8§g¥¥§§nﬁ%nﬁ %rRPﬂFFBIu%@%n%ﬁ QQﬁmBIhe

dlnen5|ons 0 I'n est ecti1ve channel "I ength

tranS| 01 /018789PCT/ US2011/ 04 0005 enti onal Fln ETs are
fabric Bﬂfhﬁ]& BPGF gé}ﬁe SVEFT- n?&zﬂ -Tieg %égﬁ)‘:{l{f@&théﬂc&?is VISWsTEE T iich
devi ces often have poor thermal _properties, e. poor heat dissipation, as
wel | aPredirtgd thal gxla%argﬁmsa%%rﬁm@xﬁ@pn%ﬂaclr é]%filfs th§HE§eén toEsopld MHEINYZe sige-

i nproved Fi nFET woul d be desirable. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0006] Fiugiher a4 these deyitesrgey smallaf thap inaieasgredy edfarifroREIndasirade shataplangl t h an

effects, such as off-state leakage current, which increases power consumption by the device.

[0003] As a result, multiple-gate MOSFETSs have become of increased interest, based
on their use of multiple gates on multiple surfaces, thereby more effectively suppressing off-
state leakage currents. Further, these multiple gates allow enhanced current in the on-state,
i.e., the drive current. Such advantages result in lower power consumption and enhanced
device performance. Moreover, such non-planar devices are smaller than conventional planar
transistors, thereby enabling even higher circuit densities and, therefore, smaller system sizes.
[0004] One particular multiple-gate MOSFET that has been developed is a FinFET, in
which the conducting channel is disposed around a thin silicon “Fin”, which serves as the
body of the device. The dimensions of the Fin establish the effective channel length for the

transistor.



exenpl ary enbodi nent. [0007] Figures 2-5 are cross-sectional views of the
Fi nFET of Figure 1 along lines 2a- 2d, respectively. [0008] Figures 6-8 are
cross- secwpanelo1gisews during fabrication of the shal | owpCrarsedtioseBat i on
(STI') of the device of Figure 1. [0009] Figures 9-12 are cross-sectional

Vi ews fabrjication f.é@g shal | ow.trench, |soiat|on usi n xi de.
[0010] ﬁbghgﬁ 13 i Or‘é(e‘&tﬂ%’@g HakToss OPasated aioer StiFely YRk 11 *ft%tﬁp on of
the N-well and P-well. [0011] Figures 14-15 are cross-sectional views of the
EPI gr deftmiqueno 1Hpwp iy Sucht devigesapfienc havss peeic thesmall prppeiliss.of-2¢ R9OEMEahar d
mask deposition. [0013]Figures 18-19 are cross-sectional views of the
f abri catissgratiofi, 4sheeclER$ rdtativelsamdnigicant dx@@da]Bsigramees. 2 caniingyl, ar enproved
cross-sectional views of the fabrication of the mandrel spacers.

FinFET would be desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is a plan view of an integrated FinFET in accordance with an

exemplary embodiment.

[0007] Figures 2-5 are cross-sectional views of the FiInFET of Figure 1 along lines 2a-

2d, respectively.

[0008] Figures 6-8 are cross-sectional views during fabrication of the shallow trench

isolation (STI) of the device of Figure 1.

[0009] Figures 9-12 are cross-sectional views of the fabrication of the shallow trench

isolation using TEOS oxide.

[0010] Figure 13 is a cross-sectional view illustrating the implantation of the N-well
and P-well.

[0011] Figures 14-15 are cross-sectional views of the EPI growth.

[0012] Figures 16-17 are cross-sectional views of the EPI hard mask deposition.
[0013] Figures 18-19 are cross-sectional views of the fabrication of the EPI Fin
mandrels.

[0014] Figures 20 and 21 are cross-sectional views of the fabrication of the mandrel
spacers.

[0015] Figures 22-23 are cross-sectional views of the etching of the spacers.

[0016] Figures 24-25 are cross-sectional views of the removal of the mandrels.
[0017] Figures 26-27 are cross-sectional views of the Fin hard mask etching.

[0018] Figures 28-29 are cross-sectional views of the removal of the spacers.



[ 0015] Fi gures 22-23 are cross-sectional views of the etching of the
spacers. [0016] Fi gures 24-25 are cross-sectional views of the renoval of

t he mandrwD=01§088%] Fi gures 26-27 are cross-sectional viPerasediiome@3®i n hard
mask etching. [0018] Figures 28-29 are cross-sectional views of the renova

of the rs. 2012/ 018789PCT/ US2011/ 046230Q.. Fi gures 30-31 are
cross-s@@?g nal \}%{\g‘%ﬁs é&'ﬁﬁ@ EPH- S Ejl.ewlﬁ—*iogﬁlﬁgl:sm§?g§1§' are cross-sectional
views of the isolation of undesired Fins for Figures 34-35 are

cross- 48020bnal \Higwies 82-3pHee pspestiond] views ahdedpelaépnrpinendepiregulias (36- 37
are cross-sectional views of the renoval of the resist used for isolating
undesi rredofalns. [ 0023] Figures 38-39 are cross-sectional views of the high K
gate material deposition. [0024] Figures 40-41 are cross-sectional views of

t he nmet[pb2gpt e dapesiks BR5 af0H3G] febGbHaE Sichd oft heabR oCAIAT SheS@ifeliRdNiny i ews of
the netal gate hard nask.

[0022] Figures 36-37 are cross-sectional views of the removal of the resist used for

isolating undesired Fins.

[0023] Figures 38-39 are cross-sectional views of the high K gate material deposition.
[0024] Figures 40-41 are cross-sectional views of the metal gate deposition.

[0025] Figures 42-43 are cross-sectional views of the metal gate hard mask.

[0026] Figures 44-45 are cross-sectional views of the deposition of metal gate resist.
[0027] Figures 46-47 are cross-sectional views of the hard mask etch.

[0028] Figure 48 is a cross-sectional view of the resist removal.

[0029] Figures 49-51 are cross-sectional views of the metal gate and high K gate
etching.

[0030] Figures 52-53 are cross-sectional views of the spacer deposition and etching.
[0031] Figures 54-55 are cross-sectional views of the P-source/drain and N-

source/drain implants.

[0032] Figures 56-57 are cross-sectional views of the P-EPI and N-EPI merges.
[0033] Figures 58-59 are cross-sectional views of the TEOS oxide deposition.

[0034] Figure 60 is a cross-sectional view of the fabrication of the local interconnect.
[0035] Figure 61 is a plan view of a FinFET in accordance with an alternative

exemplary embodiment.
[0036] Figures 62-65 are cross-sectional views of the device of Figure 61 along lines
131a-131d, respectively.

[0037] Figure 66 is a plan view of a conventional FinFET.



[ 0026] Fi gures 44-45 are cross-sectional views of the deposition of netal
gate resist. [0027] Figures 46-47 are cross-sectional views of the hard nmask
etch. [00®B]2pi2gusm™948 i s a cross-sectional view of the PETIESRONANEIEI .

[ 0029] Fi gur es 49 51 are cross-sectional views of the netal gate and high K

gate et S 52-53 are c¢ross-sectional ews t he s acer
O osi PB38E o i ST E e cer oo yiRe GBS gPves oL EehTeLalons U

the P-source/drain and N- source/drain inplants. [0032]Fi gures 56-57 are
cr 0ss- seoniZdadlrespeeielvf the P-EPI and N-EPI nerges. [0033] Fi gures 58-59
are cross-sectional views of the TECS oxi de deposition. [0034] Figure 60 is
a cross-secti ondDEVAHWEID DEI(ER PAIONCAE PREFER REIEEMBQIDINMENEISconnect .

[ 0035] Figure 61 is a plan view of a FinFET in accordance with an

al t er ngp039] exenprtarilienRedictvl dedPipa6] ki FLkaspR2nfadah@tEsOms paeeitiyonal
views of the device of Figure 61 along |ines 131a 131d, respectlvely

claimed invention with references to the accompanying drawings. Such description is
intended to be illustrative and not limiting with respect to the scope of the present invention.
Such embodiments are described in sufficient detail to enable one of ordinary skill in the art
to practice the subject invention, and it will be understood that other embodiments may be
practiced with some variations without departing from the spirit or scope of the subject
invention.

[0040] An integrated fin-based field effect transistor (FinFET) and method of
fabricating such devices on a bulk wafer with EPI-defined fin heights over shallow trench
isolation (STI) regions are provided. The FinFET channels overlie the STI regions within the
semiconductor bulk, while the fins extend beyond the STI regions into the source and drain
regions which are implanted within the semiconductor bulk. With bulk source and drain
regions, reduced external FInFET resistance is provided, and with the fins extending into the
bulk source and drain regions, improved thermal properties is provided over conventional
silicon on insulator (SOI) devices.

[0041] Advantageously, such a device minimizes external resistances by allowing the
source and drain regions to be located in the bulk and closer to the channel. Further
advantageously, an undoped channel epitaxial (EPI) based Fin is disposed over shallow
trench isolation (STI), such that the EPI layer allows for better control of the Fin heights, with
less variability, and more consistent Fins, e.g., no undercutting. Further advantageously, such
a device allows for performance enhancement from the introduction of additional strain in the

STI layer, as well as from the bulk source and drain regions. Further advantageously, heat



[0037]Figure 66 is a plan view of a conventional FinFET. WO

2012/ 018789PCT/ US2011/ 046230 [0038] Fi gures 67-70 are cross-sectional views
of the dewpcer2afis®ogure 66 al ong |ines 233a-233d, respeeCirusker/obBEIAI LED
DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0039] The fol |l ow ng detail ed

descripfion .is.of exanple diments of the presently clainmed.invention
withr gﬁ%"ﬂé’ﬂ%és P&reﬁﬁg‘p Witk &%ﬁ@?meﬁﬁw %é?gr% éﬁé@gfb%gtﬁ“? SHh @‘e ?’Hﬁ%nded

to be illustrative and not limting with respect to the scope of the
pr esentsub§itAht i on. Such enbodi nents are described in sufficient detail to
enabl e one of ordinary skill in the art to practice the subject invention,

and it [B042] be urdexcstrdaitet Wah ant dxempéarp edibodinhent,nthy HieFIPT abbnmédvilli ich sone
variations wi thout departing fromthe spirit or scope of the subject

i nvent i @mpldt9AREASTI REHEQ! tBE &\ éxteiPB&@nfl ithd 8 TEfit8ahe bluRNSDuSIeOdnd(daMFET)
and nmet hod of fabricating such devices on a bulk wafer with EPI-defined fin

hei ght I i td regi r ovl.de.
R i e A S A A L b St
while t.he fins extend, beyagnd t.he | regions into the squrce and drain

Fegt ondm kb g R HeRR BRCiiohe e Kol Be naloe bR sl E B S our ce
and drain regions, reduced external FinFET resistance i s provided, and with
the fi " éRPENAT b Prencatiesusiilan ip cRossnesing spRventgnad nuilk jteehnispes her nal
properties is provided over conventional silicon on insulator (SO)

devi cexppp8d4e SAv Wit gedtisFiT chunkl avatdhd SEL thenfinihzidit axthe chaiinel eegiant ances
by allow ng the source and drain regions to be located in the bul k and

cl oser it defeheinebdynit defosited @PI adheanyagme sSITy , Trnbulk doped aghdrdie lre gpist axi al
(EPI') based Fin is disposed over shallow trench isolation (STl), such that

the EPlpelapancabliogl fedikstaledst erheC®Rderctfifectuleintivaeh B aBRy wihi Bspees®
variability, and nore consistent Fins, e.g., no undercutting. Further

advant agegushy cegl‘%gﬁe?lélﬂgl]\{és(s\iﬁ (R éﬂ"ﬁy{rﬁ{éﬂ Fﬁ YR Snd @\%%{Lﬁ& TRALe i o0 t he

i ntroduction o rainin eIayer, as fromthe
bul k sqglce anqwg%@Ln regi ons. Further advantageously, heat WO
2012/ 01B7P8YPEF IR /H48P30 di ssipation is increased with the Fins

connected to the source and drain regions with the bul k substrate.
[0043] Referring to Figures 1 and 2-5, a FinFET 1 in accordance with an exemplary

embodiment includes a bulk source and drain and EPI merge area 3, shallow trench isolation
4, gate electrodes 5, epitaxial Fins 6, EPI merges 7, P-type source and drain regions §,
spacers 9, local interconnects 10, P-type bulk substrate 11, P-well 12, N-well 13, high K film
14, N-source and drain regions 15, silicide 16, gate hard mask 17 and TEOS regions 18,
substantially as shown. As discussed in more detail below, the shallow trench isolation (STT)
regions are disposed within the bulk, with the source and drain regions disposed between
neighboring STI regions. The Fins are disposed substantially normal to the STI regions, with
parts of which disposed over STI regions and other parts of which disposed within the source
and drain regions. Each of the gate electrodes is disposed over portions of each of the Fins
and laterally away from the source and drain regions, i.e., not above the source and drain

regions.



[0042] I n accordance with an exenplary enbodi nent, the Fi nFET channel wl|
be conpletely over STI while the Fins extend beyond the STI into the bulk
sour ce amiodne/ms8T8e@gi ons. The source and drai n regi ons eam/useofiosérd usi ng
conventional source and drain inplants and wel | s bel ow. Extension of the

Fins i e bulk source. and drain_.re all ow for inproved ther
properﬂbﬁéhﬁlniléﬁ“%B“Fﬁﬁgg PN S sy ?@%%W %ENW“F@EHWPHHE§3w§§aB posed

to SOT. Wth the Fi nFET channel over the STI, the Fin height in the channel
regi on theyekpat.orel keawip eneeofugingin wdll Epthe) aay eFheyousier {hwhiinthe prasessingk
source and drain regions help reduce external resistances. The device

ar chi t etdpdraec dinalsswdies nol enterolietl itd yieassgahnily bs gecdnly ordst fraivhichrsiheln pexressing
techniques in the STI |ayer bel ow the channel and gate and al so fromthe

bul K s aubips gnagité fhidicBd, @ ams ard SHo4d Uyel &f 61 dx@mple. Fi gures 1 and 2-5, a
Fi nFET 1 |n accordance wth an exenpl ary enbodi nent includes a bul k source

and dr gpBa ard EP'R&‘&‘%&% érlf%gurgss 6§§“3z3s's‘8¥¥1 tafo%gclﬁle's %9'%&1 dﬂg(P‘iguI‘éait)e ‘?h%&)t rodes

5, epitaxi Fins 6, E P-type source an I'n~region

spacers_9 rconn e hul k sy P-

ool 158 AR R ew@&ﬁeﬁdeetaﬁ%io s DR S8 CLEh e 16 gat e
hard mask 17 and TEQCS regi ons 18, substantlally as shown. As discussed in
mor e ddPA#P] bel oRefemieskalligiies rehehat s6Fatd lsFnagedy jlong dinsas2ar@ddidposed
within the bulk, with the source and drain regions disposed between

nei ghbarspegti®ly, TEHSonside TR iFi depositad dind pbeedemaiest Ayt chdnhipalnoedhahicalo t he
STl regions, with parts of which di sposed over STI regions and ot her parts
of whi glolighiapoSkEP) whélbyfitlheg is oher SH tesmdhelr ai n regi ons. Each of the gate

el ectrodes is disposed over portions of each of the Fins and laterally away

from thgogppr ce q{’@&ﬁqg'@ F{ %Pﬁ%her%ﬂ,lz%Hm?)‘éﬁ‘eM}ﬁarﬁ&W ce and drain
regi ons. 2012/ 018789PCT/'US2011/ 046230 [ 0044] The processi ng steps as

di Scusﬁﬁﬂééﬁ | ow e%?r?%m{gﬁ%l?&a]ﬁ Ar{i!ihﬁaéyE gep%ﬁ'%f%&%@f ﬁ& 3q. 165 e'cul%ig

one of ary s essin

are di sed s not inte ded t cessa |I be the only orde

such p?@c@%%fir g 1S SR Fhel, BléarHF‘i&“gdB%fge gt Tlatthféﬁe“é‘F‘éC (BWF‘{)?} ‘H&f}gfétf
exanmpl e. [0045] Referring to Flddres 6-8, as seen along |ines 2c and 2d

(Fi gur eidgof the Baees Asaiil e zaadily agpiseigtedery angenf ordisartyskill inthead sewied away
to produce the STI trenches 22, 23. [0046] Referring to Figures 9-12, as
seen ahﬁmﬁﬁb@g@yﬁ&bbngomdamﬂmﬂﬁoﬁdds2dgeméﬁﬁeﬁmﬁmﬁkm4xmﬁﬁs dkhdeyﬁd;bﬁ
deposited and then renoved by chem cal - mechani cal polishing (CVWP), thereby

filli ngehicdnBEctST matdrRNC BeamohQOAEHRe Bler fabfcdtRnFbObiieuith3sant 160 Bevill, 12
and N-13 are inplanted. [0048] Referring to Figures 14 and 15, as seen al ong

i nes i . e i:zed, and
rer gad. e <fher  AROR At A Ao BB hnaR 4o %ﬂs.%aa%?w%‘?@??%ﬁﬁles. As
will be re reci ted e of or ski the art, grow ng an
Epi 1yt bR R RS e 0 han G0t BBY 6P o GbBaf on pr ocess.

O her téB é of sem conductor materials commonly used in the fabrication of
ci rcui t19088h al sR¥erringde Fauszs Wi hgs sedrerlong 1111%?0?& WS raspeaiiyelyat dasd | v
overgrown as depicted here, as well as gallium arseni de (&GAs),

di amondnas&sds depasieborer R Ubeer 251 ns (e.g., using deposition).

[ 0049] Referring to Figures 16-17, as seen along |lines 2c and 2d,
respect[0080}, a MRfelring to Figures 18-19, as seen along lines 2c-2d, respectively, Fin

eps

mandrel resist 27 is deposited over the EPI layer 26.

[0051] Referring to Figures 20-21, as seen along lines 2¢-2d, respectively, material 28
to form the mandrel spacers is deposited.

[0052] Referring to Figures 22-23, as seen along lines 2c-2d, respectively, etching

leaves what will ultimately serve as spacers 28a.



mask 26 is deposited over the EPI |ayer 25. [0050] Referring to Figures

18- 19,

deposi t
al ong |
deposi t
respect

as seen along lines 2c-2d, respectively, Fin mandrel resist 27 is

edwowver2/tiBmIEPI | ayer 26. [0051] Referring to Fi geceas2@181423@s seen
i nes 2c-2d, respectively, material 28 to formthe nmandrel spacers is

0052 ferring_to Fi res 22-23, as seen al i nes 2c-2d,
@6@@, et] ??famge%?g&g%a?ﬂ- Pl 135 UIEER nHPRg m§%r2§éf‘{;gre§9f§€?é?1¥’ s

2012/ 018789PCT/ US2011/ 046230 [ 0053] Referring to Figures 24-25, as seen

al ong |

[ 0054] Referring to Figures 26-27, as seen along lines 2c-2d,

mlkelp 87 agg remesgbcet i vel y, the mandrels 27 are renpved.

WO

respectively,

t he har[0088kk 26 Refereinghediigirhel €2y, hesoenrjortpalinksrixskd, regicotns] R 6he hetdow t he

spacers 28a.

respect

th¥k126,is ERBe® PREESleA8Re R niARDYEEhs 26a below the spacers 28a.

[0055] Referring to Figures 28-29, as seen along lines 2¢-2d, respectively, the spacers
28a are removed.

[0056] Referring to Figures 30-31, as seen along lines 2c-2d, respectively, the Fins
are formed by etching the EPI layer 25, thereby leaving portions 25a of the EPI layer beneath
the hard mask portions 26a.

[0057] Referring to Figures 32-33, as seen along lines 2c-2d, respectively, masking
material 29 is applied to protect the desired Fins while exposing the undesired Fins for
removal.

[0058] Referring to Figures 34-35, as seen along lines 2c-2d, respectively, the
undesired Fins are removed.

[0059] Referring to Figures 36-37, as seen along lines 2c-2d, respectively, the
masking material 29 is removed, thereby exposing the desired Fins.

[0060] Referring to Figures 38-39, as seen along lines 2c-2d, respectively, high K
gate material 31 is deposited.

[0061] Referring to Figures 40-41, as seen along lines 2c-2d, respectively,
metalization 32 for the gate electrodes is deposited. As will be readily appreciated by one of
ordinary skill in the art, the exemplary fabrication process as described thus far is a single
gate metalization scheme. As will be further appreciated, more complex processes can be
used in accordance with well known techniques, e.g., fabricating a more complex gate using
one metal for P-channel devices and another metal for N-channel devices. Additionally, the

gates can be fabricated with a gate first or replacement gate flow as is well known in the art.

[ 0055] Referring to Figures 28-29, as seen along lines 2c-2d,



[ 0056] Referring to Figures 30-31, as seen along lines 2c-2d, respectively,
the Fins are fornmed by etching the EPI |ayer 25, thereby |eaving portions
25a of t hwOoBPi2/d1sx8er beneath the hard nmask portions 26aPCraB2jiBed280 ri ng to
Fi gures 32-33, as seen along |ines 2c-2d, respectively, nasking material 29
IS appl o] ct t he e5|re ns whil e exposi he unde ired Fins
for r{b@g?]t [00 %‘Pértﬁ §u1‘€642 raésse?}ha% )ﬁg%ﬁss%g%ff aFF%H‘?{jUY het haid o4,
respectlv the undesired Fins are renoved. [0059] Referring to Figures
36- 37, k§ééﬁdﬁréﬁ ed-li nes 2c-2d, respectively, the masking material 29 is
reaned t her eby exposing the desired Fins. [0060] Referring to Figures

38- 39, [9663}aen alRafgringne Fiael d4-46 espeehi alagylindsi P2 K rgapeetivehy, enasking3l i s
deposited. [0061] Referring to Figures 40-41, as seen along |ines 2c-2d,

r espectmelhiyl,34metaddizalyl Pplidlofe@kthd MetafadtRnai3ect rodes is deposited. As will
be readily appre0|ated by one of ordinary skill in the art, the exenplary

fabri Ca[bggﬁ'lMpr OC%e? %%ﬁ%ﬁr@se% 4husg, T&h dléngahﬁésrﬁ:l bl grésg)%cﬁ%ﬁ?'théﬁ ion

schene ppreci at ed, nore conpl'ex processes can be use

in accord e W nown t echni fabricating a nore conpl ex
gate usThy oret ﬁfrﬁ? ?ﬁ?ef%bry EReRTEE §EGT R8s R ot her metal for. N-channel
devices. Additionally, the gates can be fabricated with a gate first or

repl acdRBB®] gat e quﬁwnaéo Figuiiety, theydarkingimatgaiaki4 is rempgyed.
2012/ 018789PCT/ US2011/ 046230 [ 0062] Referring to Figures 42-43, as seen
al ong 1[0A66] 2¢c- 2Referminpdae fFignatsy49-al.Ithe date metalization 32 and high K gate material

31 is etched, thereby leaving selected portions 32a, 31a.

[0067] Referring to Figures 52-53, as seen along line 2c, spacer material 35 is
selectively deposited and then etched away, thereby leaving selected portions 35a.

[0068] Referring to Figures 54-55, as seen along line 2d, masking material 36 is
deposited and etched, following which the P-type source and drain regions 37 and N-type
source and drain regions 38 are implanted.

[0069] Referring to Figures 56-57, as seen along line 2d, P-EPI 39p and N-EPI 39n

merges are applied.

[0070] Referring to Figures 58-59, as seen along lines 2c¢-2d, respectively, TEOS 41
is applied.
[0071] Referring to Figure 60, as seen along line 2d, the TEOS oxide 41 is etched to

allow formation of the local interconnect 42, e.g., by tungsten deposition, following which
chemical and mechanical planarization (CMP) can be used to provides a planar surface.

[0072] Referring to Figures 61-65, a FInFET 131 in accordance with an alternative
embodiment includes bulk source and drain regions and EPI merge areas 133, shallow trench
isolation 134, gate electrodes 135, epitaxial Fins 136, EPI merges 137, P-type source and

drain regions 138, spacers 139, local interconnects 140, P-type bulk substrate 141, P-well



mask 33 is deposited. [0063]Referring to Figures 44-45, as seen along lines
2c-2d, respectively, masking material 34 is selectively applied over the
nmet al i zatworzoA18789064] Referring to Figures 46-47, as se@eem/uska@ng4d2smes

2c- 2d, respectively, the hard mask 33 is etched, thereby Ieaving only a

selected | ] Ref r|n to Fi re 48, g terial 34
i s renn]é‘@d 6‘836? rg]érl‘? ?‘2‘6 ﬁé gtﬂ?? §U%9.289 rtlﬂée@atse?#f itﬁl%at‘i%r%a?z and
high K gate material 31 is etched, thereby | eavi ng sel ect ed portions 32a,
3la. [ O0B8YPRekeldT NEQD dmiidpulés slrastin hekesed#d alrlgrfg)marlﬁb spigon dpag dp0,
material 35 is selectively deposited and then etched away, thereby |eaving
sel ect edbganttallgres sBoan. [ 6B} &KRefvetumagf the dpigurnae matetiabd 37 aseds éenthalbimg | i ne
2d, masking material 36 is deposited and etched, follow ng which the P-type

sour ce ARghtaEdully aBEWS RS u3d ofitidrebkddysdRinSRihiaehadd i dhfindl€gi ons 38 are
I npl ant ed. [0069fReferr|ng to Figures 56-57, as seen along line 2d, P-EP

39p anqobf 39@&&&%%%% 12PRb 170 c[a&%?q%ﬁﬁflﬁﬁlfﬁﬁ%EQnﬁh@éér &8P, as

seen along 1ines 2c-2 respectivelyy,

drain regions and EPI merge areas 234, shallow trench isolation 235, gate electrodes 236,
epitaxial Fins 237, EPI merges 238, spacers 239, P-type source and drain regions 240, local
interconnects 241, TEOS oxide 242, high K film 243, gate hard mask 244, silicide 247 and
N-type source and drain regions 248 disposed substantially as shown over a box 246, which,
in turn, is disposed over the P-type bulk substrate 245. The spacers 239 protect the gates 236
during diffusion of the source and drain regions, and also prevent strain material from getting
too close to the gate 236. Further, the lower volume of EPI merges 7 to surround the Fins
minimize potential strain effects.

[0074] Also, integrated circuit design systems (e.g., work stations with digital
processors) are known that create integrated circuits based on executable instructions stored
on a computer readable medium including memory such as but not limited to CDROM,
RAM, other forms of ROM, hard drives, distributed memory, or any other suitable computer
readable medium. The instructions may be represented by any suitable language such as but
not limited to hardware descriptor language (HDL) or other suitable language. The computer
readable medium contains the executable instructions that when executed by the integrated
circuit design system causes the integrated circuit design system to produce an integrated
circuit that includes the devices or circuitry as set forth above. The code is executed by one
or more processing devices in a work station or system (not shown). As such, the devices or
circuits described herein may also be produced as integrated circuits by such integrated

circuit systems executing such instructions.



is applied. [0071] Referring to Figure 60, as seen along line 2d, the TECS
oxide 41 is etched to allow formation of the local interconnect 42, e.g.,
by tungstwo 2de2p08i89i on, fol |l owi ng whi ch chem cal and neebarniSe@l/046230

pl anari zation (CWP) can be used to provides a planar surface.

[0072] ing to Figures 61-65, a FinFET 131 in accordance wt n
alterniﬁbgéfenbod ﬂ%ﬁg‘FH%PH@E?C%EPRaggﬁﬁﬁgmﬂﬂﬂsH%@?ﬁ“?@&#b%@%ﬂ%%é%ﬁfnerge
areas 133, shallow trench isolation 134, gate el ectrodes 135, epitaxial

Fi ns 13@eragpp ofnghigayentian wpl bg pepasent te thosp skiledimthe @i witkout dgpardpsfierms 139,
| ocal interconnects 140, P-type bul k substrate 141, P-well WO

2012/ 0B 88RETANdSHR 16286 hd2qtidy: wallthodgl3 thehingbntionf hdsmbebhddesbtibegdpim
source and drain regions 145, silicide 146, gate hard mask 147, TECS oxi de

148, uldohRedtiBh Rvilospesifie pLefamell @Rbddmbmds, is kiduldbe MidesstdlthastHOsivantiopdd y as
shown. The larger volune of the epitaxial material 137 used for the Fins

advant %&Fé 's}{oujih I3WBe .qu&ul'tsJ Sfnitdd oNGERIFEFSLHBOAMMEN 1P id RifendEY HEE the
channels. [00/3]Referring to Figures 66-70 a conventlonaf FI nFET 232

i ncl ud source .and, drain regio and EPI. ner.ge ar 34. shal.l ow trench
2ol at ToHO9E Ty arEng ot ik 0 3 Pitain B0 AL B3 S gB¥h A
spacers 239, P-type source and drain regions 240, |ocal interconnects 241,
TEOS oxVighn shexcops gfihgserclaipps za@}hegeﬁqémagm begcoxersg sherey) j ci de 247 and
N-type source and drain regions 248 di sposed substantially as shown over a
box 246, which, in turn, is disposed over the P-type bul k substrate 245.
The spacers 239 protect the gates 236 during diffusion of the source and
drain regions, and also prevent strain material fromgetting too close to
the gate 236. Further, the |ower volume of EPI nmerges 7 to surround the
Fins mnimze potential strain effects. [0074] Also, integrated circuit
design systens (e.g., work stations with digital processors) are known that
create integrated circuits based on executable instructions stored on a
conput er readabl e medi umincludi ng nmenory such as but not limted to CDROM
RAM other forms of ROM hard drives, distributed menory, or any other

sui tabl e conputer readable nmedium The instructions nmay be represented by
any suitable | anguage such as but not limted to hardware descriptor

| anguage (HDL) or other suitable | anguage. The conputer readabl e nedi um
contains the executable instructions that when executed by the integrated
circuit design systemcauses the integrated circuit design systemto
produce an integrated circuit that includes the devices or circuitry as set
forth above. The code is executed by one or nore processing devices in a
wor k station or system (not shown). As such, the devices or circuits
descri bed herein may al so be produced as integrated circuits by such
integrated circuit systenms executing such instructions. WO

2012/ 018789PCT/ US2011/ 046230 [ 0075] Vari ous ot her nodifications and
alternations in the structure and nethod of operation of this invention
w |l be apparent to those skilled in the art without departing fromthe
scope and the spirit of the invention. Although the invention has been
described in connection with specific preferred enbodi nents, it should be
understood that the invention as clainmed should not be unduly limted to
such specific enbodinents. It is intended that the followi ng clains define
the scope of the present invention and that structures and nethods within
the scope of these clains and their equival ents be covered thereby.

10



WO 2012/ 018789PCT/ US2011/ 046230 WHAT IS CLAIMED | S: 1. An
apparatus including an integrated fin-based field effect transistor

(Fi nFET) ,woantrdigisag: a bul k region; a plurality etCrashetandBal |y
paral l el shallow trench isolation (STlI) regions disposed within first

portioqiﬁﬁigﬁftgéﬁﬂig%gggion; a plurality of source and drain regions
each of } d between nei ghboring ones of said plurality of STI
regions within second portions of said bul k region; a plurality of
fin regions disposed substantially normal to said plurality of STI regions
and each of which includes first portions disposed over a portion of said
plurality ofl.STI Aregppansys ankidsecanotepordd fonbasdd $iplisdtbciradsistorgd FidiE(l).on of
said plurality of source and drain regions; and a plurality of gate
regi onsogeiRingf which is disposed over a respective portion of said
plurality of fin regions and a respective one of said plurality of STI

regi ons andéﬁﬁﬂﬁf idy away from nei ghboring ones of said plurality of
source and dral n reglons. 2. The apparatus of claim1l, wherein said

Fim et ORI ERL R Gt Ko ROeRRA IR oo '

regions conmprises. a plurality of portions of a silicon-based film WD
2012/ 0 1%8HED fiest porsings of g bald regions 4 The apparatus of claim 1, wherein

said plurality of fin regions conprises a plurality of portions of a
gal lium ar s expldialifyi ¢frpource and drain regions each of which is disposed between neighboring

ones of said plurality of STI regions within second portions of said bulk region;
a plurality of fin regions disposed substantially normal to said plurality of STI regions
and each of which includes
first portions disposed over a portion of said plurality of STI regions, and
second portions disposed within a portion of said plurality of source and drain
regions; and
a plurality of gate regions each of which is disposed over a respective portion of said
plurality of fin regions and a respective one of said plurality of STI regions and laterally away

from neighboring ones of said plurality of source and drain regions.

2. The apparatus of claim 1, wherein said plurality of fin regions comprises a

plurality of portions of an epitaxial film.

3. The apparatus of claim 1, wherein said plurality of fin regions comprises a

plurality of portions of a silicon-based film.

11



5. The apparatus of claim1, wherein said plurality of fin regions

conprises a plurality of portions of a dianond-based film 6. The
appar at uswof20yeBm™r1l, wherein said plurality of fin regiP6mdISeanforiz8es a
plurality of portions of a carbon nanotube film 7. A met hod of

fabricating an integrated fin-pased field effect transistor (Fi.nFET),
conpri si ng: + %}’@taﬁﬁ?rﬁﬁlsgiﬁlﬂla’fmﬁ} Whgel Bidpiayalify ofdin ©RIans SRS Eh
isolation (STlI) regions within first portions of a bulk region;

i mpl antplurglity gblpartipns o a gplligmarsaidefdndr ai n regi ons within second portions
of said bulk region, wherein each of said plurality of source and drain
regions i s disposed between nei ghboring ones of said plurality of STI

regi ons; forming a plurality of fin regions substantially normal to

said pluraligy offnehbpiatis@NslaithekabmineRathplafalisbithipledlcak cbyipAfesfa N
regions includes first portions disposed over a portion of said plurality

of ST'4ﬁ8ﬂh$Q§’oﬁﬂ%s%?éﬂ%ﬁuﬂﬁﬁ&&&fﬁhﬁiSposed within a portion of said

plurality o urce an rain regions; and depositing each of a
plurality of gate regions over a respective portion of said plurality of
fin regions and a respective one of said plurality of STl regions and

| aterally away from nei ghboring ones of said plurality of source and drain
regi ons. WO-2012Vhseevmamerf clain i vbasawpid pluralitygof fiheeians ReRPHICS@ ai m 7,
wherein said formng a plurality of fin regions conprises depositing and

gr owi nglamligpiftpaxicls of b lcanbon nanotul®: filfhe net hod of claim 7, wherein said
formng a plurality of fin regions conprises depositing and growi ng a
silicon-based film 10. The method of claim7, wherein said formng a
plurality of fin regions conprises depositing a galliumarsenide film

11. The met hod of A ¢lcdidd of fabMRaiRE M ﬁﬁéfgﬂ?té@ﬁﬁiﬁage@ﬁéw effadtittadsiohr f i N regi ons
m

conpri ses depositing a di anond-based fi
(FinFET), comprising:

etching and filling a plurality of shallow trench isolation (STI) regions within first
portions of a bulk region;
implanting a plurality of source and drain regions within second portions of said bulk
region, wherein each of said plurality of source and drain regions is disposed between
neighboring ones of said plurality of STI regions;
forming a plurality of fin regions substantially normal to said plurality of STI regions,
wherein each of said plurality of fin regions includes
first portions disposed over a portion of said plurality of STI regions, and
second portions disposed within a portion of said plurality of source and drain
regions; and
depositing each of a plurality of gate regions over a respective portion of said plurality
of fin regions and a respective one of said plurality of STI regions and laterally away from

neighboring ones of said plurality of source and drain regions.

12



12. The method of claim7, wherein said formng a plurality of fin regions
conpri ses depositing a carbon nanotube film 13. A conputer readable
medi um cowprzoeiogrsa pl urality of executabl e instructi on®CThERe11MER0
executed by an integrated circuit design system cause the integrated

circuit design systemto duce: an .integrated fin-based field effect
transi st or (qg'—i nFETE, M iﬂ?r‘bg‘ir‘ginﬁb$ @%‘E}Pﬁalﬁga%lﬁ,g apllura ity O?qm Bt urality of

substantially parallel shallow trench isolation (STlI) regi ons disposed

Wi t hi n doimpsise pigng At Lrosiler HueHitaxigfibn; a plurality of
source and drain regions each of which is disposed between nei ghboring ones
of said plurality of STI regions within second portions of said bulk

regi on; a plurality of fin regions disposed substantially

normal to saj.d plTHeahéthyd of cISH 7,H€1§Br@ﬁ_%ai@ﬁ@rrﬁﬁi§!a pRiraNdyiof fini regibbigles fir st
portions disposed over a portion of said plurality of STI regions, and

second R 'is%gﬁ%iﬁﬂgﬁﬁcggm@ Q%iﬁgﬁi_ggmjegtpﬂ&f said plurality of source and

drain regions; rality of gate regions each of which is
di sposed over a respective portion of said plurality of fin regions and a
respective one of said plurality of STI regions and laterally away from

nei ghboring ones of said plurality of source and drajn regions. 14.

The appar at ud- of Thednethadof cipiar &ivrhesgin gaidifarmaing eplyplityioh findggiens conpri ses
a plurality of portions of an epitaxial film 15. The apparatus of

cl ai m X®@mprises dsippsiting d gplliymadrpanydeilnf.i n r egi ons conprises a plurality of
portions of a silicon-based film

11. The method of claim 7, wherein said forming a plurality of fin regions

comprises depositing a diamond-based film.

12. The method of claim 7, wherein said forming a plurality of fin regions

comprises depositing a carbon nanotube film.

13. A computer readable medium comprising a plurality of executable instructions
that, when executed by an integrated circuit design system, cause the integrated circuit design
system to produce:

an integrated fin-based field effect transistor (FinFET), comprising:

a bulk region;

a plurality of substantially parallel shallow trench isolation (STI) regions
disposed within first portions of said bulk region;

a plurality of source and drain regions each of which is disposed between

neighboring ones of said plurality of STI regions within second portions of said bulk region;

13



16. The apparatus of claim 13, wherein said plurality of fin regions

conprises a plurality of portions of a galliumarsenide film 17. The
appar at uswof2oeasT8913, wherein said plurality of fin regCons2conBeses a
plurality of portions of a dianond-based film 18. The apparatus of

claim 13, wherein said plurality of fin regions conprises a plural.i of
portions of a c ar%waﬂglﬁqﬁfgb@gﬂ%p gisposed subs%antlaﬁy norrrngal to said plueallljty of Slﬁl

regions and each of which includes
first portions disposed over a portion of said plurality of STI regions,
and
second portions disposed within a portion of said plurality of source
and drain regions; and
a plurality of gate regions each of which is disposed over a respective portion
of said plurality of fin regions and a respective one of said plurality of STI regions and

laterally away from neighboring ones of said plurality of source and drain regions.

14.  The apparatus of claim 13, wherein said plurality of fin regions comprises a

plurality of portions of an epitaxial film.

15.  The apparatus of claim 13, wherein said plurality of fin regions comprises a

plurality of portions of a silicon-based film.

16.  The apparatus of claim 13, wherein said plurality of fin regions comprises a

plurality of portions of a gallium arsenide film.

17.  The apparatus of claim 13, wherein said plurality of fin regions comprises a

plurality of portions of a diamond-based film.

18.  The apparatus of claim 13, wherein said plurality of fin regions comprises a

plurality of portions of a carbon nanotube film.
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