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WD 2004/ 049445 PCT/ US2003/ 032782 TWD TRANSI STOR NOR
DEVI CE BACKGROUND OF THE I NVENTION 5 A Field of the
wO poogfotd4ehi The present invention rel ates generkdT/¥S1003/032782
sem conduct or manufacturing and sem conduct or devi ces
and, nore particularly, to double gate netal-oxide
sem conduct or fi el AV TRANSISFANWNOR DEVE-H MOSFET) . B.
Description of Related Art 10 Transistors, such as
MOSFETs, are the core building block of the vast
majority of seni cSAGEERGINDLEIHEINVEREIGN seni conduct or
devi ces, such as high perfornmance processors, can

A i ncl, € illions of transistors. For these devices,
: dec#ésg%';r%—w g L f éftsi stor size, and thus increasing
tr aﬂl‘cé !p eis/e%l{ 1ﬁ%§tﬁ)§1 Iret1e¥6s g&%&l&y tro E&rﬁéoh&&!&?:hi&faaﬁﬁ% afii sgﬂligghductor devices

pri ori € sem conductor nanufacturing area.

J

and, TRV BRI (MIRRERT SietidiRle Snfidohdubthl 86105384t krBisBR IAVSFET).
50nm fabricati on processing. To devel op sub- 15 50nm
B. MOSb&EISiotanbhiet gat e MOSFETs have been proposed. In
several respects, the doubl e-gate MOSFETs offer
bet Tedsisoltaduettls SIASFETC &e thieune tuil@ngidork efthe Gtanhajdoieyl of semiconductor
silicon MOSFETs. These inprovenents arise because the
deviges U Bénes-sgait endbRBFEFEesh snsh s high paforhanest nresersors nangesiude milighagof
of the channel, rather than only on one side as in
trangigiorey J9F thesp vicRADEIETsEs ToPsisier Hi45ernd thyt igcreafine Epapigyr depsipy bas
electric field generated by the drain is better
“adgle?a@%ﬁeéﬂah’?}f%‘r?f"gl’fbt SHUELEIAN PR Efannel . Al so,
two_gat es rol. hl.. | ent
N L e
SonRIMEHETs, A5 BRAShS MISFERMaR bSG T pORE UG bQErald¥dcfeneddBble-gate MOSFETs
often connected I nto groups that inplenment higher
offet B8 charAcRibe SthandR! BSventfon billk SGHIE MOSYETES @bbst @fptcv@heng aiise because
is the NOR gate. Conventionally, four transistors,
the &ublb-g@aSMDOERT haslOgilp eeigrait en DSk of theahapnalisaikr than @ityemtoge side as in
a NOR gate. It would be desirable to nore efficiently
conventidngMEPIFERS. | Wph thate agavesatesdlie chestriafigiDRneyaieddy thegirainp ketter screened
woul d 25 increase the overall efficiency of the )
from aprforsm end of B¢ chamgl Adso, CSRRARARAR ceRtrorqRehiyNARI\RS e current as a single gate,
| ppl ement ati ons consistent with the present invention
res‘lﬂtil?f‘gf“li‘cfgonﬁerﬂwhﬁ‘éflén ‘npl enented with only two

tr a?r%ﬁs%s o?sro% 'a semiconductor device are often connected into groups that implement higher level

O v O

logical gates. -One frequently used logical gate is the NOR gate. Conventionally, four transiétors, such as four
double-gate MOSFETs, are used to create 2a NOR gate.
It would be desirable to more efficiently implement a logical gate such as a NOR gate, as this would

increase the overall efficiency of the semiconductor device.

SUMMARY OF THE INVENTION

Implementations consistent with the present invention include a NOR gate implemented with only two

transistors.
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1 WD 2004/ 049445 PCT/ US2003/ 032782 One aspect of the

invention is directed to an integrated sem conduct or
wa@leaisoe445The devi ce i ncludes a nunber of asynmeCT/U82003/032782

Fi nFETs, at |east sone of the FinFETs being arranged

as pairs of FinFETs that define logic NOR gates. A

s e con espent plalestinvefition ksalirpatpd éqnamiingegrated smnméqc@ddewe alhe deyiice includes a

NCOR gate consisting of a first doubl e-gate
number g paymmessic FH‘ﬁETSaatéf‘éﬁé‘?W of e B EETy Aeies aiaaged ?Wof FipffETs that define

ut signal coupled to the first and second

bg%wgﬁgﬁ%tors reflects a | ogi cal NOR operation of two

I np gstgf:ogll %sgalt Sfél%lo l t%ggtéﬁ?c}s%lfo f l)%is:ﬁl C?.ﬁnq 2 e{:f?lﬂéj% a first double-gate
transﬁ?a@ gxrdeaggcg d d%uﬂf@ga?e tIagsmto'P eAﬂu?p%PJ;ﬁgi C gﬁ%&%ﬁrst%&h@uansmtors

nent s aV|ng the sane reference nunber
reﬂeggﬂog&@kbﬁr&p&rﬁﬁén baR6 BHR Bhnalsickied k@Bt Snd sBioALIGRQ4tbrs.
Fig. 1 is a schematic diagramthat illustrates a

top-1evel view of a FinFET consistent with principles

of the invention; Flgs 2-7 ar e schenatlc di agr ans

t aken al ong t he BRIEEDESCR IVANGE| | ustrate a

met hod of form ng an asynnetrlc FinFET; 15 Fig. 8 is

a SRefeeomeetis wadd itethy aatmh@mfewmgs Iwhsqemab@@t@atlwhw@we@ren%? nupuber

NOR gate constructed in manner consistent with the
des%‘ﬁ‘é@éﬁf fePrﬁWétﬁ’lk? epmenty H’H“F‘i‘oﬁt 9 is a diagram

poritt bire sypafeafgen i hsBeer 2 pet e i LARROF R s R fpprnciptes o
thellwentI%NTION The fO||OMAng detail ed description of the
I'nvention refers to the acconmpanyi ng drawi ngs. The
Salfggs, 2Park SHESLOGEor ITRET atonBBh¥ 1REA- Ksﬁ@lgl NintifubiekSitbethod of
dram ngs to identity the-sane or simlar el enments.
formMgSR asyhi@ric FHTOW ng detai |l ed description does not
limt the invention. Instead, the scope of the
i NV B isansctiesatidefagiamchabiftustrites a teppiiend @ HOR| gate pastaatdd in a manner
equi val ents. Two transistors are connected together to
mmﬁﬂnﬂwﬂn&mm&*ﬂ*ﬂamgaﬁ@d Each one of the transistors may

an g%gnnetrlc Fi nFET havi ng_two separately
ad cﬁ‘%§§ g A s indsPREOMRAETIF SO P YT B Pﬂf?ﬁﬂfeerf a FipEET.

the termis T t
doubl e- gat e by Mo RN on

The following detailed description of the invention refers to the accompanying drawings. The same

reference numbers may. be used in different drawings to identify the same or similar elements. Also, the
following detailed description does not limit the invention. Instead, the scope of the invention is defined by the
appended claims and equivalents.

Two transistors are connected together to implement a NOR gate. Each one of the transistors may be
an asymmetric FinFET having two separately addressable gates.

ASYMMETRIC FinFET

A FinFET, as the term is used herein, refers to a type of double-gate MOSFET in which a conducting
channel is formed in a vertical Si “fin” controlled by a self-aligned double-gate. FinFETs are known in the art.
Although conventional FinFETs are typically described as “double-gate” MOSFETS, the two gates are

electrically connected and thus form a single logically addressable gate.
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channel is forned in a vertical Si "fin" controlled by

a self-aligned doubl e-gate. FinFETs are known in the
W@RG04/049313 hough conventional Fi nFETs are typi cet1/¥S2003/032782

descri bed as "doubl e-gate” MOSFETs, the two gates are

el ectrically connected and thus forma single

| odiig &lislayoreleidt deselbFarGai®. co@lsmv@@mnc@@ g4l invention. FinFET 100

PCT/ US2003/ 032782 Fig. 1 is top-1evel view of
inclydpsrpsporceresiondh & idegingpgion 02, Hn%qh%?l pisiog 18F Thpghannel region 103 includes

i nvention. FinFET 100 inc| udes

e PR S g SR IR Eiah AP r SRR D EE s i it bt

s1desdog Ez?tl%%ra eelgcu-t?crﬁlllyrcgrénecet%cf to%egxerFFmII'}ﬂ% OB M z?&d%t rﬁﬁyf mf(hflde Mo ATressable
gateg %géigys gé%&Eibél ern}i @(ESE-E‘ﬁe galteQ peoatsﬁnmeﬁic %%%Egd. b&@ l(gﬁﬁai for

trically connect et together Fin
exa bd iinBRRLd With s Ge WG Gin addy; @ aR 105 HA1H8 $m laln&b@htﬁ type
Iggggatgg 104 aﬁgllgg #Q% gateggﬁgi furtﬁtr 6% Blop
dopAGYINES 6riBFa)| ds esBio@ M- mokedeil bddév.may, for exanpl e, be
inplanted with n-type dopants (e.g., As+ or P) and
gatkgslDb al'ﬁayssbe:tibn’ab}imtﬁw aldng; khe finet Arpin Fgoh afigss2-§ enclgjillustrate steps
B or BF2), as described in nore detail below Figs.
lnm@ﬁﬁN@ﬁ@ﬂ@%@%@ﬂS@%ﬂﬂﬁﬁ@? views taken along the line

A-A in Fig. 1. Fi 2-8 each illustrate ste
t heksfmraidE TR Db aaﬂwwﬁpﬁﬂ#atard%OD deyie Elfté?chd?f@ silicon

subs&gb’?%ogaa%%?“esc‘ FHale A SpoBrr e et Sl fpio ma e
230ma alf%rng%lg gglgpgxé @&a&ﬁ%ﬁ?ﬁsﬁéﬁ%&nﬂ%@ﬁoﬁ F&%ﬁgerﬂﬂ S{ILHI%S silicon-

Y9¢con s rate ayer

gem@ahﬁlﬁr ﬁﬁ{e'd\éﬁhé’laﬁm 'iﬂa§ Be BEITBNG0N subBh@hfoin @ Eonventlonal manner. Buried
conbi nati ons of such naterials, such as silicon-

oxidg R IR0 14N rarge] Fdr @chnPie] feten Apgrysamarag Bo0rRY/to BED Dk FRtinedd)
silicon substrate 210 in a conventi onal manner. Buried
oXi Algilidoaager ndP B dispysed anB@X lafay QZ(maetpﬂeé to cfepte the source, drain, and fin 225
approximately 200 nmto 400 urn in thickness. 15 A

(sougpe pirdcdeyin Ropsheyn indie. He All¢ragivade eloucs’ﬂ/dIB@Xegllcagz HH apdb {92 ggyjbe formed by
etched to create the source, drain, and fin 225

depqsitipg lican adqichipgipgsilicat af?h%ﬁn 7 lsr-fPrgled 2y oneplerpeniation, i 325 may

/d b d
o3P TR 4500 SR A Bt R AR P s
230§1‘Ja£be2d%$ 0s te% vfa%ﬁéﬁ‘ﬁal \4 h{)} dgﬂ&ﬁuénrfekfﬁﬁ%é 5 qﬂyer Eﬁd}nagraﬁerﬁﬁﬁyely be a SiO,

rom for exa approximately 5 nmto
1aye2 ia?éirb?)dbr&@c%tfﬁ 2286ki0 dg' 1Re ﬁE&Qﬁoﬂ‘l Grobdst) ardidmay b& f@'e%lf)le' @y&ﬁed toa
0" may be deposited via chem cal vapor dep03|t|on

thlcl(r&\s/la)nglﬁgfrcﬁm #od2b50 kayer 230 nay alternatively be a

Si2 20 layer. Layer 230 protects fin 225 during-the

f abBy edlizignhepiliogessace offl 20h yatbdsledrignayex AFfiyhag be grown on the side

deposited to a thickness ranging from about 20-50 nm
surfRy offii 287 ZPatrgdielévisic dyprs 25rmag be Fsaiwas @S nfv tn2 pp &1 wigdiht e

dielectric I%yers 235 may be grown on the side

Referring to Fig. 3, polysilicon spacer§ 240 may next be formed around fin 225 (and around gate
dielectric layers 235 and layer 230) using conventional deposition and etching techniques.
Polysilicon spacers 240 may then be implanted with an n-type dopant using a tilted implant process

(Fig. 4). The dopant may be, for example, As* or P*, and may be implanted using a 3-6 keV (for P*) or 12-15

keV (for As™) ion beam at a tilt angle of between 15 and 45 degrees. Because of the presence of fin structure
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surface of fin 225. Gate dielectric layers 235 may be
as thin as 0.8 nmto 2 urn in wdth. Referring to Fig.
W@200p049483 | | con spacers 240 may next be f or medPEr/os2v03/032782
fin 225 (and around gate 25 dielectric |ayers 235 and
| ayer 230) using conventional deposition and etchi ng '
225,t1@@ﬁmg qa‘g@cgelecp@ﬂzygrp ]235@9(}]1agep%§@ethgn-gpr@donw willkba fprgsly blocked from entering
npl anted with an n-type dopant using a tilted inplant
one ﬁ?%é@&sﬂwmp@cefsw <e$haé Hrepire! hayehpuc 60# Be ®xanpl e, As+
ant ed

2 Febov Rty TPt PRt A Bl P a5 T e vit e dopan

R Y e -

that a%élbed Q{t‘d rUs%Ec@Q E@gaa eTIQ 'd@[!aﬁc%agl 'b& fclr @%ﬁﬁ)ﬁ B’Zgi%@ di 1;1 Y%E fmplanted using a

he n-type dopant wi Il be largely bl ocked from
12 @Wt(ﬁi Bﬁ& 4-808¢ (151 848) i beR |atVa~°tilt| ah @O b8 8nd24 Qegis. Because of the
as illustrated of the right side of Fig. 4). Follow ng
prestid€offintstypercdapamrtuding pdiadidl@tric Giers T3 laydlayer Z30NthSpgpedopant will be
may be inplanted with a p-type dopant using a tilted
larg¢lyrplbcent frqpr eveisgsone Sifteeof paysiliserespacefs 240 e.g4 mplluairtedpn the & side in Fig. 5).
may be tilted at a conplenentary angle to 5 that
Accerélg&lv,iﬂt@éwo wlwﬁcqnésqs@&% 0 “@11 i agvmnzptﬂcqﬂ%élomfé pl’éihf‘ tiRg§nd peype dopants.
i mpl ant ed usi
Oneff %dlpawkcl% igihe e5t W&ﬂpwecsat%whe f’fé‘?f ohit §ECRS SHPVB EisSat pag 3 could be
ngI e of between 15 and 45 degrees. Because of

readfhﬁ]rémrpcrlesence of fin structure 225, including gate

di ellﬁe?%ﬁn{g tfmkg.%}’ ﬁﬁﬁgﬁ@dﬁk ﬁ)(s}ﬁcoh ED5EAD, thdaBE d@o&t)!cp&n f%%ﬂ? Réo.

argely fromentering one sid
Polméoylsaybﬂz@@wm FSPARYaRs AFIFEL1®: Lay35250 kday/6d cfe?&sﬁ&i vﬁnfo; & 8mple, CVD
left side in Fig. 5). Accordingly, the two
to a PEpkiyE hpprcxDibteg@CRAS 240 Wil |l be asymetrically doped
with n-type and p-type dopants. 10 One of ordinary
ski Adter fepoditing theipblysilicbh lagpPI0elG T 00 fayt betpirearigeddach tigf layen @50 is
steps shown in Figs. 4 and 5 could be readily
subslta@\wélv glawir witethetep fufgeetoblarer g0, B llvgirpiedinddpdd- B yglﬂﬂ te epptrically

| ayer 250 may then g depasited_on FinFET 100
Y °§P§ PYSEIGH! lf‘yz%?el?be? 5 RSt 7% ﬁ@FEBE%)smaésfheﬁPerﬁBE@?led to create

fully-31 101de dpe Fﬁ%llﬁ]lcon ayer@é’ 1a g ZSQeag QE’Jstngg '7?5 %Frfs 5?1”?1(5 532 m%VE%: connected

rox i at e

to géi@méioh'a&gm%Qﬁnﬁ’a?'bé/ﬁhépérﬁaﬁy Lcﬁ&m{edzw Fi nFET 100 may
be pl anari zed such that [ayer 250 is substantially

Pl a0@ér prdcdskes to &eiﬂﬁ@asﬁﬂ]ﬁéh&qeﬂ@ﬁ‘s ls@¥ 84 thedd Hlust@d in Fig. 7B may
illustrated in Fig. 7A. This yields tw electrically
altertd St €1 Beoipiosled Gbiegarhrle; B tilk MpRhtproctsa Batribdd &ith ey toFigd Bland 5 may be
and 252. FinFET 100 may then be annealed to create
perfproed aftespdlyisiticaaate patenjed is déposiad ind plansiz@s In qrltca®bifie regudfing structure
~dllustrated in Fig. 7B. Layers 251 and 252 may be
inlido el xparaly CeipBbls a8l TOMsEd oS TBnd may be
i ndependently controll ed.
' NOR GATE

A NOR gate is a logic gate that is frequently used in integrated circuits. A NOR gate outputs a value

based on two or more input signals. Conventionally, NOR gates are constructed using four transistors.
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such as those illustrated in Fig. 7B may

w@bdoensas vel y be enpl oyed. For exanpl e, the tPECT/US2003/032782
i mpl ant process described with respect to Figs. 4 and ‘
5 may be perforned after polysilicon gate material is

The Weip &s  tweodnrhOR kaihia oy below in Tebdelh case, the resul ting

structure includes the twn separately controllable
gates, &s illustrated in Filgble¥B. NOR GATE 25 A NOR
gate islalogic gate that is freguent j
integrafed ciEihts. A NOR BBt8 outplts a“¥Bttue based
on two G+—horei-pput—$ignals—Conventi-onaly—NOR
gates ane consPruct ed usi ng fur trangsistor's. 4 WD
2004/ 049445PCH-US2003/032182—The—tggtc—For——=

t wo- i nput 8ate i s[shown bel ow in Table%i. Tabl e |

| nput ApAptt—B—Oodtput—6-—60—1—0-1+61T1°06 % 37
Consi stent with an aspect of the invention, a NOR|gate
I s constructedyusing twoasymretric frnFETy, suctT as
Fi nFETs {100. Fig. 8 i$ a top view of [NOR gate 800
const ructed T a Tanmer _Consistent w tir the 5 present

i nvention. NOR gate 800 nay be located in an

| Nt@ALRnBFHiHSAMpeQ BEHEhRhtiod SMIGIE gatd W A3n@idt € B0 twoRG @RS FinFETs,
two Fi nFETs, | abel ed as Fi nFETs 801 and 802. Each of

suchfab RIEFETS 1&0 Figa®1d a tddQRwaF NOR igitt $0@Icortsuckel inFabnTanded Gonsibtent with the
particul ar, FinFET 801 includes a drain region 820, a
presgoinvaption; iPRaate 8MImayde lobdtedst angutegrat@iRSmicandector devite.gat e
823, and a channel (fin) region 824. FinFET 802
si MORgare809 inelbdre & FanF T labelqdeag FigETs 88iprnd §0% Sagh@EFinFETs 801 and
region 831, a first gate 832, a second, gate 3, and a
502 om Qo BT IR0 ol B BBt o5 A g e en 821,
. d Wth n-type [npurities while aj es. . .
first gz%‘g&gé\sse%c)l/ gakt)eeﬁ)ig, (?E)Ae a \E}\ﬁmflﬁﬁng _retgi(/)rrl) gﬂ iFlsnng%'?l Isgnsﬂtar?%lslgéﬁso a\t/oinram region

830,ia|301}r:<i,egegioﬁ ’83Q Qif'n%tsgagg%l gn oxg%e Q@.&Y%mﬁg cﬁn@eﬁe?ih&@ﬁ! ¥irst gates 822 and

connected; gates may be electrically

832 HRYIEEH8 Yith ABHe TIPS wHR JectRYEal2 6328 RTS8 gl d¥ped with p-type
connected to drain 830. Drain 820 may be
impurities.

As shown in Fig. 8, gates 822 and 832 may be electrically connected; gates 823 and 833 may be
electrically connected; and source 821 may be electrically connected to drain 830. Drain 820 may be
connected to ground, and source 831 may be connected to a power supply 810.

In operation, the input signal lines to NOR gate 800 (labeled as inputs “A” and “B” in Fig. 8) are
applied to the first and second pairs of electrically connected gates. Thus, input signal line A may connect to
gates 823 and 833, while input signal line B may connect to gates 822 and 832. The output signal of NOR gate
800 is taken between source 821 and drain 830. The output value depends on inputs A and B according to the

logic shown in Table L.

ADDITIONAL DISCLOSURE

In certain situations, it may be desirable to create integrated circuits that include both conventional
FinFETs, which have a single connected double-gate, and the asymmetric FinFET described above, which has

two separately addressable gates. In these situations, all of the FinFETs may be initially created as described
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connected to ground, and source 831 may be connected
to a power supply 810. 15 In operation, the input
wGe2@nakhs nes to NOR gate 800 (I abel ed as i npupGT/U$£003/032782
and "B" in Fig. 8 are applied to the first and
second pairs of electrically connected gates. Thus,
abovie figs- 7. gAveddditipnakselectivaspitexinh srowth stepmayfhands apha! to hase@BBe FinFETs
whi |l e input signal |line B may connect to gates 822 and
that%@.beméenémabﬁj&“ﬁé"ﬁ-gnal of NOR gate 800 is taken
bet ween source 821 and drain 830. The qutput_. -
degéhadlugates epertion o o lieen grex e fiorgle PYHEN gt 11:1%%@80. Polysilicon
S e S by PSR SO PO R D B o
eirou | ne ' ti ,
wsifle b ol B AT 8 R PP O Tt Rl gt of 100 mm by
Seleﬁsymgaq%rgwtﬁi NFET described above, which has two
separately addressable gates. In these situations, all
of 1h B@erkinfafdad St ol Ye BLirdbRItd ford 4 Scheitke BpeurSdraie Semhitoetbr the FinFET.
5 WD 2004/ 049445 PCT/ US2003/ 032782 above in Figs.
This2an/be adsomplitbidtusiogedamseéne approach ie phiclate sitridglagender e fipis nwy as an
then be applied to those of the FinFETs that are to o
etchigiop-cRafrnztto Biad) ptisitiFmE Tayer 91 gay 1@ usdd|aganteich stertogish o Benel Qe nitride
of polysilicon over the two gate portions of a_ FinFET )
layegf36. Aftssrameyipg ptilicop gyrerch gdeft qygrhesauresiiraingrpay Mefpl qap gl deposited
and G R 0 AT o8 s Mgt B Gt By gt b eon
charShructure. Pol ysilicon |layer 901 may be, for exanpl e,
Tornmed to a depth of 100 nm by selective epitaxial
growmh. In other situations, it may be desirable to
forma Schottky type source/drain formation for the
coddarnfskdNy  This can be acconplished using a damascene
approach in which the nitride |layer over the finis
useslNaR ganis destiitied stoeqpthat Rerfbe imyilangnitdwili tgo F@FET type transistors instead of
pol ysilicon [ayer 901 may be used as an etch stop to
the qonshticgal fouemanbistery.eFhuptle NQRezatp Jeserihpd eraipies half the onventional number of
renmoving the silicon, a trench is left over the =
trangignsT, BBl DA BBV SYS (R dggaitygadig Qrerlidunctiggfity of the
. %%Id' sihed using nitride layer 930 as a stop |layer. The
integraltdFPHIHE™ Schot t ky contacts with the silicon
ch L. . fe | Scri - -
o 28 pre ot ki (o B B L LA i
strudefr NGt AL, Srobddst, €@ din@fder hté%%vi@@efﬁf&&tgh Qxﬂi@ﬂstalﬁcﬁ-ﬂgrof the present invention.
transi stors. Thus, the gate descri bed herein uses
Howadr fthd pident BRshBSH daDBractidétl i RiiouiBsorting to the specific details set forth herein. In

other instances, well known processing structures have not been described in detail, in order not to
unnecessarily obscure the thrust of the present invention.

The dielectric and conductive layers used in manufacturing a semiconductor device in accordance
with the present invention can be deposited by conventional deposition techniques. For example, metallization
techniques, such as various types of chemical vapor deposition (CVD) processes, including low pressure
chemical vapor depoéition (LPCVD) and enhanced chemical vapor deposition (ECVD) can be employed.

The present invention is applicable in the manufacturing of semiconductor devices and particularly in

semiconductor devices with design features of 100nm and below, resulting in increased transistor and circuit



transi stors, thereby providing significant
i nprovenents in gate density and in overal

wo eoveviamnl ity of the integrated silicon deviPRPer/us1wo3/032782
the previous descriptions, numerous specific details
are set forth, such as specific material s,

specdstand igiproradselisbifienTleaasent prepiwdsapplicalds fg the f?rﬁlatt?ﬂ @kany plyarious types of
provi de a thorough understandi ng of t he pr esent

semipondusior dersiges, anfisgpes, details haye ngs besa 5 ot AR 10T SHfcupjag the thrust of the

practiced wi thout resorting to the s i c _det
preseLpeREsP R FRSH (e BT EHE 3* SR e BB o in eemiqes

are eg‘lrglgge% d Qe%ce tth (lile? tlg Erf 3 hr%ea(‘: ues tavebn%mm?s%ﬂ%%ﬂ }l%?eql 111 H ta11

order hRecessari scure

C O n ﬁitha%frefé g el o dﬂtﬁé\{ﬁv@ﬁdog bhd a-EQ@exgﬂnﬁlzs%@ fed \}eﬁatﬁlﬂtdne shown and

ti've l'ayers used I n manufacturing a
desc§&m&m&ﬂ BEcIABY €8 1d iR uARAERLIANGR ikdBntidh IsRagahe oftkds @ditous other
i nvention can be deposited by conventional deposition
combi@G R AL HaGironi&its 28X R 0Fphile ofiltifitdtib afithia the stopedintieduyvensive concept as
such as various types of chem cal vapor deposition
expréstdBreipr ocesses, including | ow pressure cheni cal
vapor deposition (LPCVD) and enhanced chemi cal vapor
deposition (ECVD) can be enpl oyed. The present
invention is applicable in the manufacturing of
sem conduct or devices and particularly in
sem conduct or devices with design features of 100nm
and below, resulting in increased transistor and
circuit 6 WO 2004/ 049445 PCT/ US2003/ 032782 speeds and
improved reliability. The present invention is
applicable to the formati on of any of various types of
sem conduct or devi ces, and hence, details have not
been set forth in order to avoid obscuring the thrust
of the present invention. In practicing the present
i nvention, conventional photolithographic and etching
techni ques are enployed and, hence, the details of
such techni ques have not been set forth herein in
detail. 5 Only the preferred enbodi nents of the
invention and a few exanples of its versatility are
shown and described in the present disclosure. It is
to be understood that the invention is capable of use
in various other conbinations and environnents and is
capabl e of nodifications within the scope of the
i nventive concept as expressed herein. 7 WO
2004/ 049445 PCT/ US2003/ 032782 WHAT IS CLAIMED |S: 1.
A NOR gate conpri sing:
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a first FinFET (801) including first and second
i ndependently control | abl e gate regi ons (822, 823), a
W@ owroe4regi on (821), and a drain regi on (820)pPCBHUS2003/032782
second Fi nFET (802) including first and second
i ndependently control |l abl e gate regions (832, 833), a
WHADINAAIMERI®HN (831), and a drain region (830); a first
input line of the NOR gate connected to the first gate
redi on (BYOR ge¢ comipesifg r st Fi nFET (801) and the first

SO CATEERUR AL L TEE T R
23 f t FinFET 10 (801 d
“mrqﬁ?§%§%kon (ﬁﬁn%g' %%E?SBE;Sof {Ee second(FlnLEin
80 o
( slconﬁ%@gﬁ%;*maﬁ&n%drﬂ?Id%ﬁcoﬁ ﬁde%%%&%&o%u&ﬁﬁ@g&é 18ords 8832, 833),

t he "sourc rst 01) and
asogge%glon n (687 fait REoRaANd Fi NFET ( 802) 2. The NOR
alm1, erein the first gate regions of the
f l fasﬂrst 2k 156 6ARNORHaR enhsctaalethelBipee vgioh (822)tof e first FinFET (801) and
inpurities. 15 3. The NOR gate of claim 2, wherein the
the fE@ @AOHgiGAIRR2)bfalgH sedosd BFFETH 02S;i r st and second Fi nFETs
are doped with p-type inpurities. 4. The NOR %ate of
c| & seeofld inputt Eneif he NOR ghie pashectyfh tb theeseeondisarei rpaiE (823 xptdhetfg FinFET
only transistors included in the NOR gate. 5. An
@QmHﬂé@ﬁﬁpéﬂﬂ§éﬁﬂﬁéﬁﬁhﬁﬁﬁF“@@J@@@Tﬂ%%1ﬁﬂ1ng a plurality
of FinFETs (801, 802

© heionag g NOBRae B et B PA CO S Ve e Eg% gyt i
@y@ %ﬁ ggdﬁﬁﬂﬁﬁ$&§e0f Fi nFETs that define |logic

grated sem conductor device of clalm

5, pherein the, Reid dg'%tegf c1diin A bR inl G4 98¢ re@oxfs'of &4 first and second
Fi nFET (801) including first and second i ndependently

controlLﬁgﬁﬁga@hﬂxa&mﬂﬂwﬁkdﬁﬁﬁa% 823), a 25 source

regi on (821) a drain region (820); and a second

Fi FET (802) TRMNQRiaref flainst wiareth tiaoseendlzatereliqe pideafirit ynd second
-control | able gate regions (832, 833), a source region
(831), aﬁdﬁﬁkdeMNdW@giUﬁﬂ@QSQWS a first input line
connected to the first qate region 8%%2 of the fir

Fi EET (801) &wrdiQihsterof flam 1g‘¥1‘t"é¢m thefiit S&‘é’%‘élfl“‘%q‘Tsﬁfﬁé‘le only

nd Fi nEET ;
second transistors 1(11019(%)(1 in the NOR gate.

5. An integrated semiconductor device including a plurality of FinFETs (801, 802), the device
- characterized in that:
at least some of the plurality of FinFETs being arranged as pairs of FinFETs that define logic
NOR gates.
6. The integrated semiconductor device of claim 5, wherein the pairs of FinFETs include:
a first FinFET (801) including first and second independently controllable gate regions (822, 823), a
source region (821), and a drain region (820); and
a second FinFET (802) including first and second independently controllable gate regions (832, 833),
a source region (831), and a drain region (830);
a first input line connected to the first gate region (822) of the first FinFET (801) and the first gate

region (832) of the second FinFET (802);



8 WO 2004/ 049445 PCT/ US2003/ 032782 a second input line
connected to the second gate region (823) of the first
WO-200EET944801) and the second gate region (833pCDUS1008032782
second Fi nFET (802); and an output |ine connected to
the source (821) of the first FinFET (801) and the
dr aispeofBigPi linsfeotnpated testhe svpuhd BiteyRET BV 2f the st FinFAT (§9§japd the second
NOR circuit comprisi n%: a first doubl e-gate
gate ragigp 61331 ob fhe pegont FinFER 0% ¥ cond doubl e-gate transi stor

(802), wherein an output signal _coupl to the fir
and™ SERYS Hep pngried ta g parep S g it ’15{%&‘1%3% 19y o' B of e
oper.at i of two input signals applied to the first
S“"&‘ﬁ‘g"@eﬁég@a transistors. 10 S. The logic NOR circuit of
claim?7, PN ' . and second doubl e-gate
> tr?ﬁsi st%lﬁfgﬁgﬁglﬁlﬁggﬁgﬁg. The I ogi ¢ NOR ci rgui t of
cl aj R douithigk Bhddishd\@o1h)iahdt and second doubl e-gat e
transi stors each include: a first gate region (822 or
832)secoddbdcabis eaomalsigat @2y, egi on (823 or 833) confi gured
to be controllable independently of the first gate
I egiteren an autmud sigrabeonggi tothe {i82xhd gron8 Binsistommeflests allogi¢ahNOR operation
region (820 or 830). 10. The logic NOR circuit of
of tvsl impiupsigals gintisded the filsicand jepapt trepigistersy egi on is doped with
n-tgfpe i nmpurities.

9
The logic NOR circuit of claim 7, wherein the first and second double-gate

10
transistors are FinFETs.
0. The logic NOR circuit of claim 7, wherein the first and second double-gate transistors each
include:
a first gate region (822 or 832);
15 a second gate region (823 or 833) configured to be controllable independently of the first gate region;

a source region (821 or 831); and
a drain region (820 or 830).
10. The logic NOR circuit of claim 9, wherein the first gate region is doped with n-type

impurities.



