| NTEGRATED Cl RCU T HAVI NG PAI RS OF PARALLEL
COVPLEMENTARY FI NFETS Techni cal Field The present

wonvessoe generally relates to transi stors an#8Cmmise004/021279

10

15

20

25

30

35

40

INTEGRATED EIRCUET HAUNG RATRS OF
PARALY L GOMPLEMENTARY:FINEETS

recent advance in transistor technology is the
introduction of fin type field effect transistors that
amectki@iwiers Fi NFETs. U.S. patent 6,41 3,802 t o Hu et
al. (hereinafter "Hu"), which is incorporated herein
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portion. Wile FinFETsstructures reduce the size of

t Bafigir6lirr Adased devices, it is still inportant to
continue t o reduce the size of FinFETstransistors.
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FimRrEDcton df fietype dieidnitecytrinsistend thathaee kigwn as FinFETs. U.S. patent
appy13x80redoeHy et Uhére M@ ftb@udeRBich Vs Btordpbeitdd WrEhSDy reference,
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integrated circult structure that utilizes
NGRSOy 414 drats gbfherandh F et s gt conductor
( FPYRrEYe) chaniRl POriRENt i on has a first - type of FinFET
whi ch includes a first fin, and a second-type of
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P BB BR BRI § ettt Slk Bl o Of ol FpFETSs to
FPREEMERHB therlatabare previavaly cappensdinhil cpyldihesdrevipusly formed,
wEltrébydippeerdinetedy druibling tife desisity pinthafthFENe second fi n,
such that the spacing between the first - type of
FPisrtesPeaef Iavestigecond- type of Fi nFETi s approxi matel y
equal t o the width of one fin. The invention also has
aTbemvemiaeprevitles arethteprated chrannstuaiegitbnutitizes dvenglémsaitary

- fihYtipBe AbldRREERTARA LD GFiNETONhe iNRALOH hid DFEL-tJPEof FinFET

g%ﬁ:h'iﬁ‘&bd’eqeasﬁr@t ﬁﬁ,raﬁh a sqp&{d—{%e%?%eﬁ which includes a second fin
running parallel to the first fin. The invention also has an insulator fin positioned
between the source/drain regions of the first first-type of FinFET and the second-
type of FInFET. The insulator fin has approximately the same width dimensions as
the first fin and the second fin, such that the spacing between the first-type of
FinFET and the second-type of FinFET is approximately equal to the width of one fin.
The invention also has a common gate formed over channel regions of the first-type
of FinFET and the second-type of FinFET. The gate includes a first impurity doping
region adjacent the first-type of FinFET and a second impurity doping region
adjacent the second-type of FinFET. The differences between the first impurity
doping region and the second impurity doping region provide the gate with different
work functions related to differences between the first-type of FInFET and the
second-type of FinFET. The first fin and the second fin have approximately the same
width,



regi on adjacent the first-type of FinFETand a second
i mpurity doping region adjacent the second- type of
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dopi ng region and the second inpurity doping region
provide the gate with different work functions rel ated
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channel dopi ng species. The process forms the
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The mandrel structure includes two parallel sidewalls and simultaneously forms pairs
of spacer structures adjacent each of the sidewalls. The mandrel structure and the
middle spacer comprise similar material, such that the removing process removes
the mandrel and the middle spacer in a single process. The process of insulating the
source and drain regions deposits dielectric materials over the first fin and the
second fin and then removes the dielectric material from all areas except between
the source and drain regions of the first fin and the second fin.



The method al so includes a process that forms the
series of three layers of spacers. The nethod forns
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structure. The net hod also fornms the mddl e spacer on
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orms a series of three or nore | ayers of

L858 5t B e B TRy Lt

alstrectusg according to the invention;

Figure 3 is a schematic diagram of a partially completed dual-density FinFET
structure according to the invention;

Figure 4 is a schematic diagram of a partially completed dual-density FinFET
structure according to the invention;

Figure 5 is a schematic diagram of a partially completed dual-density FinFET
structure according to the invention;



| ayers of the spacers, such that evenly separated
spacer layers remain extending fromthe underlying
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usi ng the inner spacer and the outer spacer as masks,
such that regions protected by the evenly separated

S b ' L: ' nding. fr
PR ey Cm Lo ry b b A g g e
i ATBAHTOIFRAT9 Behp dVeRYONinder st ood from the fol | owi ng
detail ed description of preferred enbodi nents of the

i Rigana ¥ s sdhematie tiegeme of a partialhecanzwied gial-ten sidiFTFET

Feguétard sccardmih@it iveflii@gr am of a dual - density
structure according to the invention; Figure 2 is a

S tc, di [ all | eted dqual - ..
LRI 2 el Bl BPL bty oA B OB e
FrYurt esaﬁcgrdﬁqgs@ﬁgﬁﬁlvﬁ'&t'%;agr amof a partially

conpl eted dual - density FinFET structure according to
t Riguren9 et saemafc diapemlof & partislbheomileted divalgdensitg Fin®ET

patridtald accoeimy ®irdirlemion; density FinFET structure
according to the invention; Figure 5 is a schematic

di am of rtially c | ef. dual .- ,density. FiLn
STRARETD B'a 21Bak. Babbr BF bR b ep Aty ERFEY
s STucHHES accending WS inventiti ti al |y conpl eted dual -
density Fi nFET structure according to the invention;
FFigureel T7isiasscaematiedagiam ofi agraatiydontplqrad tudhdensity FinFET

C oiidtBtetit cidBlg o tHEMFbAtont1 NFET structure according to
the invention; Figure 8 is a schematic diagram of a

part i y coml et ed dual -, densi Fi nFET structure
DEBBIE 45 T EaY TS o P comyeed dhaliarasy FioreT
dFtEgfit iR S Fordingdetthainventianipl et ed dual - density Fi nFET
structure according to the invention; Figure 10 is a
sEiberst3 is adicaghatin dikgrampefral padidlly coRpted 8GhICHERsity FinFET

dewasgdelié At Bihdmlfondccording to the invention;
Figure 11 is a schematic diagramof a partially

c | eted dual - density FinFET structure according to
G e P A AR IR M A e A
pHEFYGtel|agcerdingl te teatinderdlon; density Fi nFET structure
according to the invention;

Figure 15 is a schematic diagram of a partially completed dual-density FinFET

structure according to the invention:

Figure 16 is a schematic diagram of a partially completed dual-density FinFET
structure according to the invention;

Figure 17 is a schematic diagram of a partially completed dual-density FinFET
structure according to the invention; '

Figure 18 is a schematic diagram of a partially completed dual-density FinFET
structure according to the invention:

Figure 19 is a schematic diagram of a partially completed dual-density FinFET
structure according to the invention;

Figure 20 is a schematic diagram of a partially completed dual-density FinFET
structure according to the invention:;



Figure 13 is a schematic diagramof a partially
conpl eted dual - density FinFET structure according to

woheosiov®nt i on; Figure 14 is a schematic di agr eRaTk2@4/021279
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partially conpleted dual - density FinFET structure

acco ng to,the. inventi r

afiagrean b stheris drga sl b G R her
sstrugsungrascerdinertaithg)inventidle i nventi on; Figure 16 is a
schematic diagramof a partially conpl eted dual -
de@sie 32 ElarHEEEmstﬁcr digrareofacentiallyragntptettd dualrdensity BiNFET

F'stgly{tﬁre cJ()ﬁlarﬁg YBQE@WEﬁt%nd' agramof a partially

0 et e ensi ty Fi nFET structure according to
the i nvention; re 8 ematic di.a
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astoctdieragcongindie thﬁWﬁ'ﬂﬁ'Qﬁha"q‘:l gure 19 is a schematic

di agram of a partially conpleted dual - density Fi nFET

SEgUed 24 B A&hemdliagiag@nt bfea éroyeobipied FikFpIUstauclie iascarding to -

sehenBldiondi agram of a partially conpleted dual -
dg}ﬂ;’s'l ty E’l NFET structure according to the invention;

Fi gure 21 is a schematic diagramof a partially

t%ggal LS r@é%n%ogﬁﬂélﬁ%nﬁinm:g structure according to

i vent i on ure 22 1s a schematic diagramof a
partially conpl et ed dual -density Fi nFET structure

accordi n o the |nvent|on Fi 23

PG aranoged Sosyar nedepindAlavin B yfste s ErSRE RlhiLip the
stspagstwirese arymugly wgiv anetfi ET m\élﬁtheo‘ﬁrm%ch ahqfﬁf@tﬁ@r%mﬁge y

a deabienpluadrdp gy, @m.)ahe densitgof theckpifiTedThe structure utilized by the

Fii ekl oM [sUhbih §n ?i%ﬁﬁé"ﬁ{/vﬂﬁh shéwd Heop \ﬂéﬂ)@nhk_;@ﬂ} 1 BastrathbtRir fins

Fﬂ\()gﬁf{?%w gﬁ?f(%Je fO%IP?Eplan\EgH‘LIIIS?%OéS E_’%Pi; e@i‘?ﬁ:‘? fﬁ% s 1td@)eform
t Retvapgels slfest B SorsAUETS A T° B 184 FEETLQUpe g effect
f oramsistors INFEBS)y Aapipsubatprrdes apatasestihi 1o fige akhesatqsrighich
etsgrrpuhdithedt@asnd Yedddnst dfeh&findirEshdhie asiteme 106 £The gate contacts
Utahi %PFO% irdrfey f?%ﬂ& R dnfacBRMehd s'buFde%Hedr&mVU?‘tl’?@vanous

SRt S e ) 0 Crbh 3B el e st eon ch
ssae COMBES e igaktion; rﬁ@lon@@tﬁewarmas the ypsiops HRAsigPfse While Figure
t railsstedter confiPERdisthgrit-tygecant Rsype2ransismri-oneyopdiniilgiskilled in

efth€gt would understand after reading this disclosure that the structure is not
limited to complementary type transistors and could comprise any form of transistor
based structure. While the description focuses on an exemplar two-FinFET structure,
one ordinarily skilled in the art would understand after reading this disclosure that
the structure is not limited to pairs and multiple FinFETs could be formed.

Figures 2-23 illustrate various stages of processing when manufacturing the device.
Figure 2 illustrates a cross-sectional diagram of a laminated structure that includes a -
substrate 20, oxide layer 21, silicon layer 22, and a masking layer 23 (such as an
oxide or other masking material). The substrate 20, oxide layer, 21, and silicon layer
22 comprise a silicon-over-insulator (SOI) structure that isolates the silicon 22 from
the underlying substrate 20 which improves the transistors performance
dramatically.

The masking layer 23 is patterned to form a polygon structure 23 (stripe, mesa,
mandrel, rectangular box, etc.) 23 as shown in top-view in Figure 3 and cross-
sectional view in Figure 4. Then, as shown in top and cross-sectional views in

5



transistors (NFETs). An insulator 104 separates the
two fins. The gates which surround the channel regions
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are shown as itens 112, while the contacts for the

urce _and drain of the arious,.transi I
T e Tdnshes v el orp s sb e feiénrﬂfeﬁsaﬁwwh@ riesa 23.
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amethgidues,dhe bracers famerberpttiessédes of ithe wesr &3 will be sub-lithographic
I nwlz@tsmanéﬁmah tBd Erdgltedt Podsibid litheglaphiesideheinsidditiovanth22pacers
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erformance amaticall'y. The masking
I§§"e t°2"’l=‘>'91nst gé?EECSFSned to forma pol ygon structure 23
(stripe, nesa, mandrel, rectangul ar box, etc.) 23 as

shewh as showp |rLthe|t@|sy\/and1crpssg—gecélogalwscm&g;g%scz Riagh &y the sacrificial
Visgaitet B1 g Wiemdndréhznareasmstaimsinga sapctivadtahirgsgrocess that

S‘?%b\%@%e We§¥‘§3 LRk S4EE P @et’i‘ﬂ&esehot @ulSﬁﬁr‘lt%:}é@ffect the harder

gruvkla ssu {haecsglﬁgn% g%gthe%l{]% n§" gH:,EQpL f g@%@ ile

05|t|n

wé?@ﬁusaﬁﬂ%a‘af‘%ﬁ'éﬁ Fe FreaHARSHy “éh'éé‘fsé@?ﬂ?e 'é‘HF' Yol VdpitErials
etcotlidrig ysed Eergbe stractures wes@ibeddiemin s¢ lohg amtiomegiosd and the
Sufill@le 8padr 63 WAk haRtleadvely romalier witltedpedtharmhd innecamh@ser

MIb &l 60 [d0BeXER Iy e nﬁH{ll@@B%r sTt—;hg tng ﬁ%@?as‘lﬂ hr%%ﬁﬁed of the
o SROE (I ecy S peter e p B F8r S oSl BBl of Born
sGHéétluéesrs repeated to formthe three di fferent

si dewal | spacers 60- 62 shown in Figures 5 and 6. The
i nmBiguangl thelsiticors2 2igvakterreddc an etdathg acess @sihgtheshbagérs 60,
a ARt QH 'a@lﬂm@ﬁ Uﬁé?o@cﬁuﬂepfhlsohgﬁ lth& §|5é7‘ceF§9c%|ﬁ|Héq::lananzed to

mat eri al

s APRYS rfy r|ou on %h %?uﬁ?&geWhﬁ&tﬁesfo |8J§/H§%e9énp%on utilizes
nﬁ'ﬂ%Pi‘%ﬁm%Stﬂ*Fé't'reF fO foamm WQ&I%‘GW@'@PW"@F' ﬁw e would

r emdestanddint kgt of this disclosure) that the structures themselves could be used
as conductors, semiconductors, insulators, structural supports, masks, etc.
Therefore, while the following description centers on transistors, the invention is not
limited thereto. Figure 9 also illustrates an ion implantation process that dopes the
channel regions of the fins. In this example, the ion implantation is N-type and P-
type. However, many other types of transistors could be formed, dependent upon the
specific design requirements, and the invention is not limited to the specific types of
transistors used in these exemplary embodiments. Further, in this example, the ion
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i nner and outer spacers 60, 62. One advantage of using
spacer technology is that spacers can have sizes that
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feature that can be formed using state of the art
l'ithographic tec ues. exanmple, if the
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St BP0 ATl gy ot g E v R AR R g an

|
spat &Py Pettlvely 1P es
t mernendisulagkithsdergitugingd directign of ge pasalist Bpgissyvastdqge to dope
mitblel tlmnaplaegion6 22 pathve.hidtenmessizre 19 3thameatef matedal itskelfiche be pre-
SHEBed BRCINES Yorsd [EVEIDT irIBUrRy ipAib) to i Bepu3itbd apathdr an
S'a%it%ﬁﬁ%%ﬁﬁgrmvgaihpgm *884 Be ﬁéﬁ%eﬁr onelsri‘deF oAYE Gat%'
the sili1co 2IS terned 1h an etchin frcess
L SPREG PO HOET & BHerepyimplanialiandntd onesidh of (R Gatbetryeture 100
orto ghange the werlstusgtion efthaiddeeisthe gaterengudan Qngeddain, by
I @FEfeEMiAR\anrapgediimglaats); the sigypefrths gateaoaductdtihbeistavay from

S et (o s o ™

¢ tblt sy vBag Ut repT B gﬁﬁheo%a?% gt foolesly

t Kifferepfor ek furationdeplantsnedtey &uis.dBe poupe 2k Eginegions of the fins

c dihduregions notseenered gl et gats condistdralt IB0srecaive thetsanmk and drain

Ztu@a@r:itt %is sAE&WHK f Figilire .1 3THafRr@ft@iopwhts lake tidea bPHeBOLURE and

S| S AR Pl R 1 s o

eI rPGRtEY brelorkth Peresslelt angled n dRcfief Breor

the fins. In this exanple, the ion inplantation is N

t yissiresnt mcyb@jllumm\peqo,nfqmnydiglleg]@ip quypégo Euch as a nitride, etc.)

t rdepssiwd@ver thewndrdardcorraxtigurd @ pand erdss+spaiioriahgew along line A-

SREwhild BgH@SI5AY acRFIYLJBHEHH SiewdlBhglIh@ B-BY eiulRN & shdnot

| Iilﬂ]s‘ir%ge tﬂlgt tthlgediégc%ﬁlc fl h& istr}é‘%??‘en%ved in, for example, a selective etching
process from all areas except between the source and drain regions 130 of the fins.
Indeed, as shown in Figure 17, the dielectric 140 is even recessed below the top of
the fin. Figure 17 is a cross-sectional view along line A-A of the top view shown in
Figure 16. The view along line B-B would appear the same as shown and Figure 12
because, as stated above, the dielectric 140 only remains between the source/drain
regions 130. '

As shown in Figure 18, which is a cross-sectional view of the source/drain regions
along line A-A, the exposed silicon areas 22 are silicided forming silicide regions
181. Next, a conductor such as tungsten 180 is deposited over the entire structure.
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transi stors used in these exenplary enbodi nents.
Further, in this exanple, the ioninplantations are

wangs@ad4®e that the silicon portions bel ow spaeeraISED4/021279
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only receive the first type of i npl ant (P type) while

t i ons e ers.,62 onl recelve he
 Slarn 19 RRrBRS e fiRaten %\6?@?{@?9 e gy g or o

i fi9F ShAtaPPes ahoaeé%B B-hie Figiieses0 anfh2 1ithe fypgstends recessed

c lbek@rtht dop bethedinpeifidiire 20as a draseesectional viemohkhecdourdegdrain

| Ediamd albBg Ahd RA 864 BhiRl 1dSis blteosadeREGHH viebfth@gatk fchannel

f : he perpendi cul ar direction from which
lIlgeé Ql’?Ellth‘PiﬁHSB Igl rected. Next, a gate 100 is patterned

over each of the pairs of fins, as shown in Figure 10.

Agiguse 24 iusHatks @Wrﬁsnﬁfﬁﬁ?'eﬁﬁﬁeﬂ%idiﬁw ¢fifle é%}{rée/ﬂéﬁj“ regions along
sline AuAdsdisbows tiedelditmnal prheessiop wiiere the téingsted bifyistpaterned to
C@&theve tPeftlindifertfrohhieredion 200 etvidRaREbets BBFif FRAurd PR illustrates

f 'tﬁ'e). sarﬂ_@ﬁat[e(?gmgl}zﬁtb?m tkﬁ?ﬁ étbﬁ‘?Sé\m @ 'cﬂalll:ﬁe?}#a?e Blo'nsalong line

P ateeﬁbeaé@'tene’rmese 1P of e UGS 8% e the

s@éltleltsrraxntaer% 8 A 1R oy thag are cleﬁcrdrrea!@bove) iragigitipa, the structure
dishbwen Eiguravb his dditicdriabdieletoics dbpogiad tn onleoto isblateght @ifferent

WRiGhutS. 2R JIiiRridhtdnR8cAdoRetinYe dFRPmYE 3% WBR KRown to
t ¥Ipc?se%9€|%gnlgls‘<g&ﬂh htelglfté (%O%déran&gﬁ#?er i JoloRel fferent

angl es t hat
are all perpendicular to the |ongitudinal direction of

t iupeals 2Pchematy vigy aighe igudive hidhopensith SRaMasM structure that
r éydlwles pals ohtyansistordl 24dr 2t (where/each ihoxgegresenis emd gdir of parallel
i tcamlpfenceathrberaﬁfuados@eﬁbséécrkeduwe VEEHRiring \pattedis 248PKEM Y 1

é [esdetnéP %ﬁlﬁ&%‘dﬁ&ﬂ) %@f‘% tr %Htsqge %gﬁﬁ 'lﬂ@qlt m 249

e SI ’
et D Bt Bortacis S oF 3 Teprepenidne RordImg peiGes ge of
| ﬁe@seﬁéneﬁteés oVhitefdgya 24 shews epeiexemEdycycwh uyine thehgventive
woraksistong tonerdiharattilied ideche bt daidersramil (e tigit. of Ehis
a@eslcrbsueytreema% Aol a8 AlrRMerdt RN bASH. sttetirsd 86 B created

Qﬁ‘thgcv\% %R?%uct or that is away fromthe direction

from € angled inplant is directed will be
shielded fromthe inplant, thereby allow ng different

pd desiibed Rboyes thfinkersya alRsesT Rrogidces dciugrire that alregst doubles
wihiekddnsitg bf BinFEThgidvioes.s TheAihwentianhitiized spaceaaclomlagydo form the

drf.as JwHiehIws @k fihder difefent trhfsistBai ohe foRheCRAUEN edsebxogether

%rﬁ@rﬁ' SLQEEQC gtlr[% alf J & 316 BE s qlt a]f“ﬂlCM
gﬂﬁg RoGh gﬁgﬁ?ﬂw B g dufd

“Y%F'Omés%av'e% QF gk i, IMpAgts, WY 2hGws ong fig to
cahlelsletha opfead figdineaach vet of finagai nermmthegfl@m@l kecselagpiveintgped
otliffbirérftyt Thérefong thé tniverstidnreasilydpriot éces ompianpeaitdhy etah&iktors. The
apGhBRnRPt SEHISBHL FRRVEgatELAY E§§ bé—éonﬂé‘&e&-ﬁldlwdually allowmg

! El{eul%h%%or{ &Fi ;“Xf)egra%ga{cggls ler! ae(s:n%f[a er are eIrhe |g\ﬁn&89 6?8 prowdes a

eenlre

Frfge&*a%ﬂ t1>4f°rr§ Pgirg ngrssa t@éeeeleﬁsﬁowe&/m RN ISterReoruged as wires

or resistors to contact each fin independently.

While the invention has been described in terms of preferred embodiments, those
skilled in the art will recognize that the invention can be practiced with modification
within the spirit and scope of the appended claims.



while Figure 15 is a cross- sectional view along line
B- B. Figures 16 and 17 illustrate that the dielectric

wa4msie40ext renmoved in, for exanple, a sel ect PC&/US2004/021279
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etching process fromall areas except between the
szgkﬁe and drain regions 130 of the fins. |Indeed, as

itMOFi gure 17, the dielectric 140 is even
recessed below the top of the fin. Figure 17 is a
cross- sectional view along line A- A of the top view
shown in Figure 16. The view along |line B- Bwould
app&ar
g el PR SyRIRR ARt B R, iy BRERHARyoBR: nrers)
t K8MOFSNGe/ dr ai n regi ons 130. As shomn in Flgure 18
which is a cross- sectional view of the source/drain
I efirenS nEHTANRging afirsé¥in;A, t he exposed silicon areas 22
are suicided forning silicide regions 181. Next, a

conduct as tun n 180 Sit r e
COE BT B SRR B0 M ST HER SNl

180 overlying the channel regi on and gates of the f|ns

t latingybieafis pasivopd hetweds-soBreel draffi rgoioss oPgric fitst FMFET and said
t RecdrdNGStENWhérelneRRFBedatde Fif Wat B@prbmaaélytlteesatnerwldth
F'cﬁ’rHEn‘?m ésssa?d fisOfire anf?a% E?c%ﬂh ?d’lfh% @ s;aacm%l%etween said

squrce
o T e T ol o graron OrEas o ewﬁ'ataé?'}s ﬁ%#ﬁt & theegpfior one fin
along line B- B. Figure 22 illustrates a cross-section
sectThe matgratedwirodit stnectsreun claind il afuntheegiroprisied @ ogmmioneyate
Afofmé6les 00NN el RGioAY GF §4i@ Rt FRVFET 886 5410 sWRE FirdFEe.
tungsten 180 is patterned t o renove the tungsten from
a region 220 between the sets of fins. ure
i 13 Tgt [deqated CHCWh RRUGTUEHR FIRimh g ‘Qﬁ%’e'é'fsat% 'Dﬂ'ggi‘térh“d“des a
180st impuhity ddpirhesiojogaadgaceeigiaishfivgt BINEET andea Bcomd inmpuyity doping
1 redibhatijaaémsaidnecadidfibieanal patterning of the
tungsten 180 into the various contacts 108, 112, etc.
des he structure

s%b Pe f'rﬁ‘ég“é'ﬁfg'ﬂrteu'%ﬁ'glm gl ‘gf“‘eré't“rq'ff ’%‘e“ﬁ&ﬁ‘%’%‘*& Sat?' first
oﬁ@ék‘“ty drdtsl rgpientaRd saidfseeQnEimMPyfiFY danif e giopapyde said
plcamamarz ghicomitipdiffe s eericlanctiomspelafedrtnelifferersceabetweeh Isaid first
KrFoWRTlan8 shibeseorarmmprar i ly skilled in the art, to
conplete the structure. Figure 24 is a schematic view

i nventive C €.
© oa NS IRPATRRY BT S rore B RaIS Y oacra aiifrst Hhaid Sag peond
bdin hayppeereMinatelshgpzane widthar al | el conpl enent ary
transistors) crossed coupled with wiring patterns 248.
Item 241 represents the ground line and item 242
represents the voltage line. Item 249 represents the
bitline contacts. Item 243 represents the wordline
acting as gate of access transistors. Wiile Figure 24
shows one exenplary circuit using the inventive



transistors, one ordinarily skilled in the art woul d
understand (in light of this disclosure) that many

waddistienal and di fferent Fi nFETbased struct ur e6TaS2000/021279
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created with the invention. As descri bed above, the

[ ntive Cess roduce a stru tur a

o B e TR TR sPL e iR et e TR rec
uttransistoss HEEs) OBPRSHPogy to formthe fins, which

allows the fins of different transistors to be forned
Mychys€h@Redt Firtgehhahg AGRdtfinsepar at ed by one spacer

width) and allows the fins to be sub- I|thograph|c in
size. The invention also provides for a

RS YRR VBT POES BBt g O Al gL st fin

fin (in each set of fins) to permt the fins to be
sednaasulatel fin gosiaoneti fdtweandduyce aFdetraihaegiond biesaid first first-type

'Tgftmma An&8at ls¥cdrog e I%s FIRA WABRIY @iy irfsLRBS Fl YsS
Coaﬁ)pg(g{]p% ﬁg %‘5%3@% % oSf‘lsSéIg%%% fﬁstgfm %aa{é?d geac%ng‘?m such

VI
iﬁhétgtthtSB%F”?ﬂ P%,tws%rssa}' laftsth Nk @nd sfigserenmshtaeqi FinFET is
al apprerimatetiesual wwehbvidth of boe fin;paidr s of fins, that

could be formed into transistors, or used as wres or

r %Sé.oﬁr%ﬁ’ Lte QoY %\@F cRAHB rfebgmk Bﬂ?a(i’@ﬂ%?nc%é’of ﬁmi*éTeand said

I nven |<?|gr{§1g§ een described 1n terns of preferred
er?Sf)%'? t e skilled in the art will recognize
that the invention can be practiced with nodification
W % Whe intbgraggidiriceit smecteedpelagh 61 Wherappsaittienmon gate includes a

leﬂkm‘ﬁqpﬁhq}%&ﬁm regibn Jﬂljéiﬂhtfr’:iaﬁﬂﬁ@tlt%é of I?ﬁFlEtlI%t(ng %%Ecéglpd) impurity
u [ C sistors i NFETs

d ”{d 'réﬁlo araja%x'?cgsta grﬁ]er ‘é{%&ggﬁ'{a irst fin; a second
FlnFEThaV|ng a second fin running parallel t o said

first fin; and an insulator fin positioned between
s@iThelrméegratedreagiio nsuaiiredaicinh 6l @hereinndiffdran cesdmitwleen said first

S &M UFItdedE)Fr% pﬁ?o ra‘ﬁkl'laﬁ@e@'oﬁd"ﬂﬂuﬁihpaoﬁlh@ré&‘?"cﬁx prov1de said

£ RS holferaitWord lnchiohs RRRY RIFRTnRES borwpbibiaid fist-
sdVee ofi FiRRE Trand seieseaonsdybpe b EWRET-Fi nFET s
approximately equal to the width of one fin. 2. The

| 1Y, gHE Rit€gtaRdrcidiiit s@ldei@tibicRin B, WhévelM shid firdt #iRQAd said second
cqﬂpﬁa{vg PPFO@WQ%E?E%F%@WTM med over channel regions
[

of sal rst and sal d second Fi nFET. 3. The
integrated circuit structure in claim?2, wherein said
conmon gate includes a first inpurity doping region
adj acent said first FinFETand a second inpurity doping
regi on adj acent said second Fi nFET.
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4. The integrated circuit structure in claim3,
wherein differences between said first inpurity doping

woegismndzmnd sai d second i npurity dopi ng regi onPOTASR2@e/021279
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said common gate with different work functions rel ated

[ Qo Inf E‘f ?Lérngﬁb }?El?snofsﬁrglei e 3%4: fidf Eﬁ@&qra%‘?fsgors (FmFETs)

sec, rated circuit struct
cﬁaﬁmef PR H"%aid first fin and said second f| n
have approxi mately the same width.6. An integrated
Ciforetind a Sémlcohdwatorubydr ionianybstoatp] enentary fin - type
field effect transistors (FinFETs)conprising: a first

fé &Eﬁ%gfm HFEFETU&MFeQ%ﬁ féy&&%n{@w veﬂ.cﬁfﬁ?@v?austo}é I%S.g"f
fFW§F°F¢W1°rﬁW¥nsulator fin p03|t|oned bet ween source
and drain regions of said first first - type of
Fifgrriiqa dersai of thee tydrst ofpRactis bih BTl Sideiel£bisarhindndrel
| QgYLator fin has approximately the same width
dimensions as said first fin and said second fin, such
that the spaci ng between said first - type of
FIreirevingepid mapdich sperure angahe miggle ﬂ@ﬁeéogiﬂ!ﬁ BRECAR: sl that an
edpual spacer afbambaiiehsmiceomeain exterading frosoraitbsengadreluctor layer;
formed over channel regions of said first - type of

F' ?1!: Q'Fﬁ'{bds(ﬁaaéeqm?&fu%@&r I%XP %sﬂp sgquﬁﬁe-ll—' ngcerEna sald outer dspacer

Ceshed thardeages p%?‘t?ﬁt?i'?v 13 lﬂ“FE @pa&srpwgsaf giitghspacer
ad?fa@é ﬁﬁ adstfint andsa secppe finfextEndmE e said subwdrage;
i npurity doping region adjacent said second- type of

Fidefitig a&harl it rd JirP@rsaldeitsChid & Eauc‘FEédéﬁH Yine in claim
6, wherein differences between said first |npur|ty

ing region and sald second i npurity doping region
p?%m”g%a ‘iecFoea KBMOVGAR &eR 2 heqiy Petaihiirshdriang aﬁ@ﬁﬁm fin;
related to differences between said first- type of
Fidopikd poeticnsiod ssiddvsndin dndpaidddechhdifrhot Srotetle by said gate

| b sdlcdred f&r‘n’f lirke ﬁ*&&ﬁ%%&ohﬂm@aﬁi‘ fsBfin %EEEF r§e4:°tﬁ1id‘:1fin; and

first fin and sald second ave approxi mate

same wi dth.10. A net hod of formning pairs_ of paral | el

f insulating saidssprrcy agel deain rQQ“Hlﬁsqféﬁlgrfgﬁ(fFl Hepseyrcesgd grain
meddiot afeaidrsesontyfin.f or mi ng a sem conductor | ayer on a
substrate; formng a mandrel structure having
substantially vertical sidewalls on said sen conductor

Li¥§rh§|ngeg&ggﬂ ,nsclﬂfn Ee(g \Ag‘ueFFg%a%,lgﬁo?oecelss Xfe f%?mi?\fg sgﬁ:las%?icras? ofO trlllree
layers of spacers comprises:
forming said inner spacer along a sidewall of said mandrel structure;
forming said middle spacer on said inner spacer; and
forming said outer spacer on said middle spacer.

12, The method in claim 10, wherein said first fin comprises a first FinFET and said
second fin comprises a second FinFET.
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structure; renoving said mandrel structure and the
m ddl e spacer of said spacers, such that an inner

weoepes@odsmnd an outer spacer remain extendi ng fPOmMUS200d/021279
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sem conduct or Iayer patterni ng said sen conduct or

S G c
a3¥%§ tbﬁ%hn ﬁﬁlg} 1? V\g]e(seﬁlpzs" 88{ ? 8’@%3} @éa‘? s&ﬁ@e §ld drain
s pred@s iEipSRifernnt dpPaline ff?réﬁ‘ia?"rg'%fs'”%? Sr‘%“F%eta“fju C[Ta'ﬁrfag'ons
aof sadficstfFinfEERn@paldl ngconddimFEdi d substrate; defining a
channel region in said first fin and said second fin;

f 95 ”f'H%gm@chQ@ d?cl&lﬂpﬂé‘%k@?%ﬁ}ﬁa n@an@l?éitsfrﬁ&uFeeﬂtlgﬂe%osﬁdrglel

@il Shbere s LR s ente T arE bl B tcen:
g&ﬁ@‘@ﬁﬁﬁhﬁﬂ@ﬁa$o form source and drain regions in
said first fin and said second fin; and insul ating
Sak OrieQHE®8d andaith 80, WHeedh oag nﬁﬁndwisdufﬂul‘éimf daitl iR spacer

S%#{){nggs@{h@ s%*@:'rﬁ] tsﬁgb\ﬂﬂﬁ R4t SR m%@nﬁgreﬂ)gogeg repdoved 88d mandrel

el n_sai ro orm n
s&l“@l Sé'gr“i"gé ecf‘lpa‘feﬁr”éé swg[gé:frgcea]s spgcers conpri ses: °

formi ng said inner spacer along a sidewall of said
magdriel method ot tiaies 16,0vherelg ssidiptloces sldf ias sipdeesaidpowat and drain

' 'Pé(;ﬁﬁnss&ﬁﬁ:&fses aﬁ‘ﬂosﬁtﬂfgrﬁ H\@e%'c%e@é’r‘iaﬁbvé%@frrs@ﬂn §Ad Said second
acer [
S RpvRp s ekt TR o) ol T ek Cepr SRR daig spurce
f.aﬁd@mm%@ss %fsékﬁlcfﬁﬁ‘df”FP'?ﬁfﬁrd i%FO“qLIﬁ'é nmethod in claim
12, wherein said process of doping said source and
d r1al R nle@itH OoFFoirAiRY PakrS oﬂ¢5rﬁpﬂém@ﬁta@qm&$e5ﬁﬁ—tté|§% fidle efratt
r ions of sai irst
%EE%?H% F@lgl%gﬂsgag%%ﬂ]g @E{Prfs% The nmethod in claim
10, wherein said mandrel structure includes two
paermingp ssmir@nevdter layal oftfeudsHiateai d net hod
simul taneously fornms pairs of FinFETsadj acent each of

S@bihifd g%d'ré strieurel i dEIBOG@nti&lyolepticd) difewaMd nsaly
Sa%%cﬁﬁﬁ &8 Ia§rructure and said mddle spacer conprise

ane” nmat such that said renoving process
rem)ves said mandrel and said mddl e spacer in a
siferghieg prsedessef.thjee d@/ersTofespaearhonl siid sidenialls aidsaidwmendieh
satrdcfar@cess of insulating said source and drain
regi ons conprises depositing a dielectric materi al
OY'eer;lO\%rallgI; (sjalfjlnqasntdrefl Isﬂ*uaﬂge iy tg\e %qg&Q(gpacer of said spacers, such that an
inner spacer and an outer spacer remain extending from said semiconductor layer;

patterning said semiconductor layer, using said inner spacer and said outer spacer
as masks such that regions protected by said inner spacer and said outer spacer

remain as a first fin and a second fin extending from said substrate;

doping channel regions in said first fin and said second fin differently from one
another using angled implantations; ‘

forming a gate conductor over a central region of said first fin and said second fin;

doping portions of said first fin and said second fin not protected by said gate
conductor to form source and drain regions in said first fin and said second fin; and

12



fin and renoving said dielectric material from al
areas except between said source and drain regions of

weoeaiw/miwst fin and said second fin. 17. A net Rod/ust004/021279
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form ng pairs of conplenentary parallel fin - type

f'ir%'uﬁtlﬁ s%ﬁts LrcaRsnl %ﬁa@ edidsHrEdi)fir rP'er'i’ﬁtsBGFte and drain
Por

%grls Q% conductor layer on
s 'df%F?H ﬂga rrandr el structure having
substantlally vertical sidewalls on said sem conductor

| a§.efhe riethod ingclams B, iveerah sditl deping af eaid cbﬁm&pmg&rrs amprises
S%ﬁ’m@sﬂi@\/’l’ﬁfkt‘ ffn Wich 8 dirst ABRKE Bbpifg SP&didé Pom bR Gﬁ%l’eﬁﬁat is

S IR Bk UGS AN Hﬁs&'ahdtﬂh&da?&ﬁ]%?\a{@ o
¢ E5R0nH BT ARl i ] UIST Ea08R) COELTEERS ayer :

patterning said sem conductor |ayer, using said inner
spacer and said outer spacer as masks such that

r (i‘g '0121‘}%&58& ﬁPélﬁFh JPz§’ vﬁﬁﬁ’gn AL %Foc%?@&%rrﬁi‘?@ saRl Anfitbridlictor

|
EE S blavPa Rt b Bihuf <R Sl s gprganuctor
i ##¥8aid first fin and said second fin differently from
one anot her using angled inplantations; formng a gate
cgmdmtr@étho&&rclarrpes]twmkem egt @Bpdl oFshid chadrd rddidhsF0fther

%Mdé&‘d &‘&Bh@gnwhtdd&%n&éh ﬁénddof H E.'e f3Rfan
aw siﬁlﬁ% e Sﬁcw?@* O e
sar%eeééoﬁdmfn fr%dfﬁwm%wd@ecead ghawal dapingepegiesi n

regions of said first fin fromsource and drain
regi ons of said second fin. 18. The nethod in claim

144, 'I"M%%@thgd ﬁf&rl]g reqn fé:i?'ppoc%%aw IP{n?%%%lrE%nes of three

|rs
d%&?ﬁd’ SPES Y '?rb"ﬁf an angle that is substantially
perpendicular t o said first fin such that said first

f Formptigiaid irmes spadesgonnd sidewalf 604aId Rardrél fiauctaied fir st
channel dopi ng speci es. 19 The nethod in claim 18,
ere n_s rocess of .form n[gaﬁsal d ,sem conduct or

I ay@ﬁnq nacﬁ?ﬂqdl% f)‘?ag\?'f o ﬁﬂdénnse& g c‘?‘HgnneI dopi ng

species within said sem conductor |ayer. 20. The
néarinanp $aid obtar spak8: ombeadd eiiddig apatedopi ng of said
channel regions further conprises doping said second

fi i f
A etk &nc&gﬁafﬁ AR %@PF&F%O&CAO%%& AT gﬂf& &rain

S[F%E]o:{sﬁgll% §"§EBﬂ%"$F5n£t cP erent angles into source and drain reglons

of said first fln and said second fin.

23. The method in claim 17, wherein said mandrel structure includes two parallel
sidewalls and wherein said method simultaneously forms multiple parallel FinFETs
adjacent each of said sidewalls.

24. The method and claim 17, wherein said mandrel structure and said middle spacer

comprise the same material, such that said removing process removes said mandrel
and said middle spacer in a single process.

25. The method in claim 17, wherein said process of insulating said source and drain
regions comprises depositing a dielectric material over said first fin and said second

13



protects said first fin fromreceiving said second
channel doping species. 21. The nethod in claim17,

wohers@ososai d process of form ng said series oPCriusem®4/021279
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| ayers of spacers conprises form ng said inner spacer

al.on si dewal | truct
= iPehafpuRd el fOsaR Rl RS s ey peflfi g source
sand d@ﬂﬂé%glgrpmféﬁ'%fﬁs"s%n Elnqﬁad@jF“eco%é'Eer 22. The

method in claim 17, wherein said process of doping
said source and drain regions inplants different

dopa i | L ' r

- QR & ol Par PP Erd R e QR Pl no. o
nethod in claim17, wherein said mandrel structure

i feinide 8 mansirg)skrariues havingsubstastiallvoerital eirewallsion said
meemicbndudrat lagereously fornms nmultiple parallel FinFETs

adj acent each of said sidewalls. 24. The method and
C'fgér{%h&?a sePQSGSfech%esoq'n‘#om FseAf sﬁggelfé:&lr'g d@%wﬁﬁg ﬁfsald mandrel

ceér conprise th ame nmateri

séitra%w ng process rermves said rmndr el and said

m ddl e spacer in a single process. 25. The method in
ClramBvikd saidhigdreirdl st@tclrpaareeitefateiaydrabf suid sgdcdrs, such that

S%‘ﬁrlﬁﬁer%Bgceq ﬁH An oﬁﬂa’rgﬂac'cei: Pémaﬁh §§én8’ﬁ8‘?§)‘ﬂ keﬁ@ sé‘bstrate

dielectric material over said first fin and sa
secondfin and renoving said dielectric materi al from
all areas except between said source and drain regions
of27sBhedmbihodtin tiaim afowisakid saeldomet shacer aR6 said auedrispacenf

f %mpmlge BAé af lc8hdfckdts Sl EBrsd ths@lafdtDSdniah sk elements used
g@%’ctgﬁjn%?ﬁu (;_Cgf,monsgmai el structure havi ng

antia vertl ewal |'s on said sem conduct or

Iayer forn1ng a series of three or nore |ayers of
s PBcErsmethodan glaim d6wwhareinsridspersrahfpraingsiaidisaries @f three
angyereofdpatgs samdrismndr el structure and the alternate

| ayers of said spacers, such that an inner spacer and

a ' [ Lrate.

2 7oRhE SRS SphR RIS BF ot PRl BB Lo
and said outer spacer conprise one of: conductors;
s dninioadeidinoirdle spaganloatseidsnnersdacmisindel enent's used t o
pattern features into said substrate. 28. The nethod

| Forhifl %n@@)utém%é?ér%n%@id%ﬂﬁ%‘s%ﬁéer‘)f formng said

series of three layers of spacers conprises:

29. The method in claim 26, wherein said spacers all have approximately the same
width, such that said inner spacer is separated from said outer spacer by the width
of one spacer. *
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form ng said inner spacer along a sidewall of said
mandrel structure; formng said mddl e spacer on said

wonmsroogpacer; and form ng said outer spacer ORCSAIS2004/021279
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m ddl e spacer. 29. The method in claim26, wherein

Sk R BRI e LR A

outer spacer by the width of one spacer.30. A nethod
oforfrangr feyepelr rahteghl et saictsubstrgteon a substrat e
conprising: formng a |ayer of material on said
Vt@%lﬁ@ﬁ%ﬁnfdpeﬂ RrD&ufe KR Bbs f]ﬁ&iﬁ/t\)éftﬁam?(é\ﬁﬂb on said layer of
ait antl l'y vertical sidewa on said | ayer of
formng a series of three | ayers of spacers
on sald sidewal I's of said mandrel structure; renoving
séorchinmaderds oftthigelayess eisdateneomsaldisilewpliscelsaisf mgadrdl
spaG&ufe; such that an inner spacer and an outer spacer
remai n extending from said Iayer of material; and
gé’teg\?quén dirg:ﬁlngreéa{rﬁgrtu()f i erl gﬁ%créggﬁ 'gfr#g?r%rsuch that an
r #yie6ABAGEF BNdan ewtehgpasal @manh@fte@ctm Epmeswi leyerddf suatesiial; and
spacer remain as a first fin and a second fin

hﬁm'irrggsaﬁd RPRrSSFinthe &Y B5hg sBid irder sphGr ARY A duber@badeas
K\@%I{Jall that ?ﬁoAs%g{etc&fd b%ta%lrghﬁér %?E%?Ehﬁ%&g%r&‘?efh acer

conaudtors

et RYE a5 7 HFfafl”}ﬁ@ba S%HEi? Enﬁxgea H‘gﬁf% &3id SB?S"F%? ‘m ng
said series of three layers of spacers conpri ses:

f gL.MThegméethbd in aRiaT 36,aredin shidgepobindevial dondiriseflohle of:

WQ%&koélfeﬁ‘rﬁééﬁdgct f'soﬁml ﬂguﬁ?da'g m ddl e spacer on said

i nner spacer ormng sald outer spacer on said

m ddl e spacer. 33. The nmethod in claim 30, wherein

s a2-drhegaetlpd inelpinh3Qevherrin o3 paew@ss ot feemingraaidsegien of three
S layhrstdfapacms dornpriees: spacer i s separated fromsaid

outer spacer by the wi dth of one spacer.

forming said inner spacer along a sidewall of said mandrel structure;

forming said middle spacer on said inner spacer; and

forming said outer spacer on said middle spacer.

33. The method in claim 30, wherein said spacers all have approximately the same

width, such that said inner spacer is separated from said outer spacer by the width
of one spacer.
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