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G 1 WD 2004/ 049445 PCT/ US2003/ 032782 TWD TRANSI STOR
NOR DEVI CE BACKGROUND OF THE INVENTION 5 A Field of
WO benslonsu@nt i on The present invention rel ates geaaruskoos/032782
to sem conductor manufacturing and seni conduct or
devices and, nore particularly, to double gate
met al - oxi de sen1coﬂ@ﬂ@EBAN$B§O@N@Rﬂ§BHCEranS|stors
(MOSFET). B. Description of Related Art 10
Transi stors, such as I\/[BFETS are the core building
bl ock of the vast BAGKGR DAPF THEINVENTIAN o devi ces.
Sone semn conduct or deV|ces such as hi gh perfornmance

A Progessprs, can i nclude millions of transistors. For
theé%—&eggﬁ—%g—decr easi ng transi stor size, and thus
in C’h%ﬁ; s&gm$e§1%§él§t£s negaﬁp & SLIMIC%IH&)%OI M@Qﬁ%ﬁg%@i;eﬂco%@t& devices

a high prrorit e sem conduct or nmanufacturing

and %&@part@&@r‘}sef&tdbmate Mé@ﬁﬁ?& sdr@dRaddiof fidiEbttebdtraSSstrd (MDSFET).

bel ow 50nm fabri cati on processing. To devel op sub- 15
B. 50npesMipebiEdiReladonhl e- gat e MOSFETs have been proposed.

In several respects, the double-gate MOSFETs offer

bet TwssismEasualcds MOSFETS are tha asre building blaskenf the @astrhajdrity & semiconductor

silicon MOSFETs. These inprovenents arise because the
devidesu Bbree sgmicendBE REvices; sush gs hightperfasmanse Prewowatb'@fllﬂfiegvla% of

of the channel, rather than only on one, side as, i

trangi¥ior ghior [heRs APVIoRAegereRsios SARRSTT tiFfefnd LS leeRtipe fapsisior det% has

|eId rat ed the drain is better
wsafiopils sy g oL S Streeaiol PiEped Bl 00y <o
two c8R n%ﬁna?ﬂﬂ»sﬁé?f%&@ ldlfﬁcqﬂjgéglﬂ%g é%v?ﬁ)nﬁ%ab%%t)n ﬁUJeEsﬁx@t T@&bvelop sub-

a si ngFe gate, 20 resulting I'n a stronger sw tching

50nSIMIBKHETs, B6BRShE MUSPE D hate to6 Préyod UhlsOerali@dpbds tha tisuble-gate MOSFETS
often connected into groups that inplenment higher

offel Batex charlao&@istlbﬁﬁlalg;ﬁi d@Bventionll Gulk sibepd MOIFE T Stheke inqrgéve@dnts arise because
gate is the NOR gate. Conventionally, four

the dqublergite MOSEET kag & Bateplectresig on batlotidss ef thpephennej(zaiigr than ogly en one side as in
used to create a NOR gate. It would be desirable to

conypptional MOJEETs n\ﬂle)? ﬂ'}efﬁjlfeéw% gates4hq eéfg*ne feld é%lfréte%'ﬁycthe drain ig better screened

t hi ld 25 h
LT R L T Rp—
resuﬁd}'%/ﬁ,@hg}egsqp‘}h%gggﬁﬁtl ons consistent with the present

ent1 o i nc NOR gate inplenented with only two -
Transistors on a semiconductor device are often connected into groups that implement higher level

logical gates. -One frequently used logical gate.is the NOR gate. Conventionally, four transiétors, such as four
double-gate MOSFETS, are used to create a 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

AR

*166166*

| T

*G00001*

transistors.
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transi stors. WD 2004/ 049445 PCT/ US2003/ 032782 One

aspect of the invention is directed to an integrated
WQitHoddiict or devi ce. The devi ce incl udes a negibas2eB/032782

asymmetric FinFETs, at |east some of the FinFETs being

arranged as pairs of Fi nNFETs that define |ogic NOR

gatQes aspeet gltheinyentips iedirectesifto arrategraiedesamicendudtag quee&eé’ewfedncludes 2

a logic g&@te consisting of a first double-
number gf pymmpesic BRE Ty atdesstsoper f 15 BinEETbeias araagpd pspais O Fm%“”ETS that define

| %{ﬁ signal coupled to the first and second
0gig %ﬁt"ét ors reflects a | ogical NOR operation of two

B T T T
u'ansﬁﬁnt' g{ded@&:gnd cﬁ)ulﬂagﬁe t{‘agmgtc;? eAﬁ‘BJqﬁl@ BSQJ &HIM t@ﬂ§ ﬁrsMﬁ@ £e@(5nﬁ transistors

el enments having the sanme reference nunb

refle6t€ 81080 NORbpFRYon bARD BiH& Bigndls ck@,lealt@ﬂﬁem:&na Jasdaa; ghsisiors.
Fig. 1 is a schematic diagramthat illustrates a
top-1evel view of a FinFET consistent with principles
of the invention; Figs. 2-7 are schematic di agrans

taken al ong thewwwstrate a
met hod of formng an asymmetric FinFET, 15 Fig. 8 is

a Jefremenis madgitate dsheddievipgs| %{ernaﬂee@n%hambmv faeweé?enae number
ate constructed in 1zi\og‘m:mner consistent with the

des‘%‘f‘%"ﬁ‘ﬁi’”?ﬁ??@%? ﬁmenﬁﬁtﬁm’lg 9 is a diagram

RSl B P T R o

the ibOMBNT! ON The fol | owi ng detail ed description of the
i nvention refers to the acconpanyi ng drawi ngs. The
Sarmygs. RPark &héna0 gigzriusdrex Songhéhige AR th Fig) 1 thiaf il @64 method of
dram ngs to identify the sane or simlar elenments.
formilga0asymineric FisfBToW ng det ai | ed descri pti on does not
limt the invention. Instead, the scope of the
i nViEg B isrschematifaiagramdhapilustrifes a tepyienef 8 dVOR sate sepstgyted in a manner
equi val ents. Two transistors are connected together to
C°nsrsm|‘%ﬁ€ﬁtpreaenmn§%@ Each one of the transistors may

o G MR R R 3 RER AL S o e

BEST MODE FOR CARRYING OUT THE INVENTION

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. FinFETSs 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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A FinFET, as the termis used herein, refers to a type
of doubl e-gate MOSFET in which a conducting channel
WO 2000488 in a vertical Si "fin" controlled bPCa/us2003/032782
sel f-al i gned doubl e-gate. Fi nFETs are known in the
art. Although conventional FinFETs are typically
deskig. il xeagorlg vel view bf| adiind BT d 00 qomeiemwith ppnfeplfswéthg imyeatory FFET 100

el ectrically connected and thus forma sing
inclydgts R fyei i S <EiTPEoyQPend chelzem?/ g3y shamel region 103 includes

tﬁiuc%ﬁ/g%%%o'%gé%ﬁﬁ’g‘?éwgﬁlpgwogﬁﬁg g, gpllg(g Xc%%ex%ﬁ%;}n%%&”[’?, in which both
mdeé &Yh%%gtol: % blec!:nll%-[) tgd JoEeC‘ﬁ%% '910%%8 g&ﬁ%gﬂb E#ﬁ]u&e%o adliressable

region regl
gateg ‘ih%éléh% g£t§9b@£hd]l95'3 Thg git gfurfLJ? Be 55%&9%&&19 lp&i fdaﬂ: 10£8Ray, for
| ow. n

describéd wth respec ig. 2, U

exarBysi) ¥&itdplaXBEith - thgefabSants d)g. M3t 611 ad ate 195 dRFbeGhplhdiad vi@pype

are electrically connect ed toget her, Fi nFET 100 may
dopaedé.f.) DOYAHH,)yasidesetihed in harodetdidelessabl e 5 gat es, | abel ed

as gates 104 and 105. The gates may further be

as ykigse2-7 prg alobsyseatiopbdews@akewaldigberting A-Af ovFig. éxEBigp -8 each dlustrate steps
~ inplanted with n-type dopants (e.g., As+ or P) and
mtbga?@famenm‘}ceﬁefﬁﬂ%%dﬁ?ed with p-type dopants (e.g.,

i %S%% G Bl o s 1
subs{rfg]té_\ZlOI and Fi)lgl d ox1de er §ZO %?S%?dnolf_llé#%}ﬁ%tsgbfg;i%@bsnjaeg 210 and layer

manu ac urln ess 0] erring

230 En%yaﬁieglauvgly cgdnﬂ?'i’s:g%nﬂﬁgmr@%alp Gr &mBﬂnLﬂoﬁm sk mbt@x%ﬂ’sl &EW4s silicon-

device th includes a silicon substrate 210
gernRilmA B IoRide 12yel 20 n{aB6¥Gorrhed Yo KilicdR Subklia®206 Rd cOvertidf] manner. Buried
silicon substrate. Substrate 210 and |ayer 230 may
oxida lay @ 2eGiayralgy, ferergaipleSon) @proritiately200meh &l490 nmin thickness.
conbi nati ons of such materials, such as silicon- )
gerAvailidon faver@y bedisposell areBPX Jayer 2200d ighed ttfecrﬁfat?rﬂwéalf@ndram and fin 225
silicon substrate 210 in a conventional man te
(sougee ﬂjjéir%%f 0225\ Fllﬁi&) lAgﬂ'geglvely 6?m‘§ggéf|‘ﬁff’%°ns ]1(?1 102 may be ormed by

deposR:lg d%(c n fmd €l JcXm%me si con at{eé tphg o .(Zjigrdrs], tlo%ih#gogeg?n%%xﬁal aﬁl(lj ﬁn 225 may
rang? *erJHeth eg( r%g ggﬁi‘&u&at}@ 5 Bgﬁout gr n@ w1d§1n ﬁeifoferatcglgéﬁn 225

source a raln not own I n . Alternatively
230 ShRphLRp A v cb&géap%orhggos,a&ﬁ(ci@;’.omﬁ eLafy&rzgmamemauvely be a Si0;
depositing silicon and etching the silicon after the
layef. i IAyes 230 pr&tecksdinrZREldurib#th® fBridatidal peodesk) lasd tadtbe, f6ri eRanipRS depdsjted to a
range from for exanple, approximately 5 nun to about
thicihgss pawgingifreun ajtoht 208Rfuor e et ching fin 225, a Si 3N4 | ayer
230 may be deposited via chem cal vapor deposition

CVBY) oxishizinzithe Hoe smlfaggf effin239) epte Jelequicd iy £73R4v\pe BrgWR on the side

s“ff?cgffﬁ gt G Bl 2 pRlg i S g At a9t

de pl?c%erﬁngqo fﬁ% 3apol}s1h|c<§:nks9§:§r§ 24{0a 11'11 I xg be f{n%mi %&ldtﬁn %95 (§l% a?&ﬁhd gate

dielectric layers 235 and layer 230) using conventional deposition and etching techniques.

a SizNy layer

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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By oxidizing the silicon surface of fin 225, gate
dielectric layers 235 nay be grown on the side
WQQRoHAdR4Hf fin 225. Gate dielectric |ayers 23PCRAIS2603/032782
as thin as 0.8 run to 2 rumin width. Referring to
ysilicon spacers 240 may next be forned

Fig. 3,
225 o g sk e sk P S e S e m O SR iy g
@S d er 2%%@ usi n conv ti.onal Ep05|t|on and
one ﬂ'gﬂtcg%wmea (2t Jsfrpcdtol fhe 5 8% S BB rmy ¢ hen
ed opant usin
I rrp an‘f’mér OC W' Bopilﬁxmd)?an%{&, 1:1% fl)i sga%frls H;gyg/beﬁxé?lar# grwuh a p-type dopant
usmgg @/ﬁ% fug[?l +3ce9§ Théion Qerz]ﬂ og%g 1(0? ;ﬁ%ké tied 19 céhn e’n@rtary angle to

or 12-15 Kk eam at
that BREHHRd Mth RGEWMRATe. A5 TR P MAPNH DL TEQRampRES JHBE, Al mhy'& implanted using a
presence o?kfln %tructuge zg %D 2001ﬁ5494J§ 4 P 5
1-2 RET({BL QX KR8 2B8RF,) 32 beamiatCdlLiGl 518 6f t3tdeén 1iagd £Cdeprbas. Because of the
| ayers 235 and | ayer 230, the n-type dopant will be
preseige ofdinystriptunciRé dndludpggendieedtrivdayes 25 and theer 380, the by Hopaw will be
spacers 240 (e.g., as illustrated of the right side of
larggly plocked fronpespteripgipnn gide of@olpisilicpmepacses2atfe-gi» apillushrated dngh, left side in Fig. 5).
onS|I|con spacers may he inplanted with a p-type

e e e P LEnsPeES O“H%P%ﬁﬁlfm‘ﬁer“&e‘é’s@wﬁ“ﬁ@ ftG 24skpsyfe dopants.

the i,pl ant cess
one b crtrr el n B e RO B Bk Bt bR B e ey sapgdpriave
mmﬁ?rﬁ&&d 4. The dopant may be, for exanple, B or BF2,
hd may be inplanted using a 1-2 keV (for B) or 4-8
k eVRdrdridg t8Fig)6, hRadpedpidiliccd idyerd 450 3P6h BelaeddSileWBERANEET 100.
and 45 degrees. Because of the presence of fin
Polysilican@dyex250 225 orm thecdateslofMRHFEALE. diagek 230inidy Ge depysitédvia) Blb example, CVD
and | ayer 230, the p-type dopant will be Ilargely
wabﬂﬁuﬁa@ﬂﬁmﬁﬂxﬁﬁeming one side of polysilicon spacers

2486é as illustrated on the left side in Flg. 5).
eapwgwg VetRegn B ) i pa b i e 250

e e U N
unc&nlx?& eg EQZSlh%Bndlg}%rs beﬁelags 1§}e§s§§l %G?H‘ IJUHJE%IIQOQ‘; r't_LayA[he% Ee annealed to create

Ac

O

'y reverse erring to
full)‘-lsﬁiiﬁg@ I)Qfﬁltéfﬁi IIS 69l 330C4s iRrePhtddGY F;Q %n Lg%rsquﬂg bgﬁ'ﬁiay%g connected
Fi nFET 100 ol ysilicon layer 250 wiil formthe gafes

to g4 palds T0R frdd 106 @hd thay peindepbridedii YorlBlled € POSI| t ed via, for
exanple, CVD to a depth of approximately 100 nm 15
Af t @thergiepssss for pgatinh sypottckitiRTe sudhay bose Afiratel inFig-=TB kAP
may be planari zed such that |ayer 250 is
altergatiyely barmpigyed; For expraple, the til impjeat RIQYQSS deperibgd withyfespeet fodfigs. 4 and 5 may be
230, as il]ustrated in Fi el ds two

pertiiires: i polyolieon i @B‘ﬁ??é&d%&ﬂ'g% rwﬂamr%‘ﬂx s e g e
t
mcll{ 5 LLeal'\éJo tseé)arat?% |ccimtrd11a% gatf,s s E]FE%H%; i ’Iz‘?a%n en be anneal e

crea | ayers 251 and
252, as |IIustrated in Flg«mg@%ﬂgayers 251 and 252 nay
be connect ed

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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to gate pads 104 and 105 and may be i ndependently
controlled. 20 O her.. processes for creating
WQ2904od4db c. Fi nFETS, such as those illustrated Plcrr/lFS|2g13/032782
7B may alternatlvely be enpl oyed. For exanple, the
tilt inplant process described with respect to Figs. 4
The jorid £ 2 freyiniye NOBegrtp e belew erTaplelysi | i con gate
mat eri al

the resylting structure irdePldes the two separately
cont r ol |[able—gates—as—ttust+rat-ed—n—Fig \
GATE 25 |A NOR®fe is|a | og “(E’“tdﬁate t hat |§“F’P'equertly
used in .nt““""*ed eHrets- NeR-gat-e UUthto &

val ue Dhased two or| nore |ghut si gnal s.

Conventiﬁﬁa++7——+&}%fﬁfﬂr&—are—eaﬁsfruefed—tﬁﬁfﬁr+11M
transi stlors. 4 WD 2004/ 049445 PCT/ US2003/ 032782 The

| ogi ¢ fgr—a—twg—TmputNERgatg s shogwrbetrgwim—{abl e
|. Tablg | Input A'lngut B Cu?p 001 010 100
110 domststgnt—w tif armr aspgct of tie T Nvgmtiom,| a
NOR gatg is constructdgd using two asyimetric Fi nFETs,
such as FINFETS 100, Fig. 815 a top view of NOR gate
800 constructed in a manner consistent with the 5
pr aSmfidtent WideMtabpat.of hikirvegitdnga BOR g4tdiy cdasiricod aing @wd Rymtketric FinFETs,
i ntegrated sem conduct or device. NOR gate 800 i ncl udes
suchtag\BinFE T FEOT Fig. B &laadpenibverd NPRgRE I c@@trucgidn 80ahnerEarsistenfwith the
Fi nFETs 801 and 802 are simlar to FinFET 100. In
presephinygnien AYOR gate§fGmayghg Jocptetiin emietggrefe%ﬁeaicwdr"égide\ﬁceszo a
source region 821, a_first a secand

ate 822
82§“°%$?6e 0 iagiafs oo li“l'PEEﬁj Jepeeds ogsle Sbtfrm&g%r Hiyot FFETs 801 and

L
SI m lz?frtcg%&ll'ﬁr'}c 10’# dl% gf.\%(é aatr g'lx\g'%'g g@l afnc%uéigsoaﬂ dub rae 8 %@3@ source Oregél‘on 821,a
first gll@ﬁh@ed SC&O%@ gaQJ]S2§ %ﬁd a Eh'ar(nglt(ﬁlg%g% 8§42 %’uﬁ‘ﬁg S@Sﬁ%y Mdeg & drain region

oped n-type inpurities while second gates 8
830 a@@hr&se?gldmyl  &rsel@Resd2, WisécBndlmie ¥P5 andl a¥RARRE] kg 834A$u§t @ﬂmzz and
in Fig. 8, gates 822 and 832 may be electrically
832 mayrecioped avith g-aytpe BnpBAtd:s avhitk s&:8m1 gamy 8A3@nd 833 may be doped with p-type

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 I.

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

5
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el ectrically connected; and source 821 may be

electrically connected to drain 830. Drain 820 may be
wQeiddd4dsl t o ground, and source 831 nay be comaFaiSeeh3/032782

to a power supply 810. 15 In operation, the input

signal lines to NOR gate 800 (labeled as inputs "A"
abovgarFigsg2-7.i fn @ﬂgonaggelegrve ep1@19§| groah step may therf heragplied todhose of the FinFETs

second palrs of electrically connected gates. Thus,
mm?ﬁﬁﬂ?°§“@ﬁ&! FRFESA may connect to gates 823 and 833,

I B ma
S e P S B e
layer &)tlwg.epe s%l%ﬁrvglg fo ]d Rn ﬁgs éﬁle Bm?g’lo ‘in t};p egrgt%&) Hltc]lelﬂJ;ltldt% designed to have

ends on in accor |ng
a s1rr§ﬂQMCéte'a gIt@QJLugtmle Pﬁ%lli@@ﬁla);a Qfl‘%l'a E}! Mpﬁﬁbﬂnﬁd ﬁ)%rdteﬁ& &F 100 nm by
Situations, It may deS|rabIe to create integrated
Rb&hgqmmaﬁgbh&t i nclude both conventional FinFETs,
whi ch have a single connected doubl e-gate, and the
as ylmowerrsit@atibrs fifthaly bel ésiabldae tbria b Sshettkywpe sdurdaidsin forwation for the FinFET.
separately addressable gates. In these situations, al
Thiseghin eraecomplishé@Msingrmdanisceneapprpagh Inywhich gy nile é?yer@e@@eiﬁb dsciised as an
5 WD 2004/ 049445 PCT/ US2003/ 032782 above in Fig
etchzstop. Rs&?m%sda Figi o poysilisen leset 90F @ by sedas 4 etﬁwm%@taéfﬁnchﬁyﬁf nitride
thos of the FinF

v A0 G ST aR B R rfefg PG TGP ik o 4 pceposied
and 8(8161%8 lﬁéﬁ? nllthi?eq%exo%ﬁr asto légp ’Iggltn& R&'ﬁ]g c%glﬁcyggqta%tsgjltﬂﬁgl con

e selective

chmgg.those of the FlnFETs in the i ntegrated CIrCUIt t hat

are designed to have 5 a single connected gate

structure. Polysilicon |ayer 901 may be, for exanpl e,

formed to a depth of 100 nm by selective epitaxia
CONCIMMON | n other situations, it may be desirable to

forma Schottky type source/drain formation for the

Fi n4BPR gatyfidgsciibed abpye tatcambsiimpleresited withiyo FingRhiyBetEapestors iostead of

the @g@égﬂggﬂ%{% Q'ané\l\lﬁgtlelicﬁ: hy%llggbeq‘;‘_é{ !@fdesdp%g efeiE}er%\ﬁ Ssres lgalqu(:f‘hefconvellm%nal pumber of

trang%?or% ﬁlere yc%?rg]wchn e ﬁscaagl 1tm|p B(‘Jgeemefﬁ 111 gat(cj: dg‘nsslggagd glk?u?ml?&u?cgonaﬁty of the

mw§§&HMk&ﬂkhﬂ§ S|I|con a trench is left over the
source/drai n area. thal can then be deposited and
pol inSRQEvidss de@riftichd, heRrduayREifidRRildse Rt HBiQ Puch ayspdcific MaRrials,
nmetal forns Schottky contacts with the silicon

structiresnehednical CoiNCsddS leCiNin oldor A pdaRe gabmug'handzbs&cdihgjﬁ the atesputsnvention.

that can be inplenmented with two Fi nFET type
Howeyenythe prasent invéntient qapbe nsfcticed without resorting 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



the conventional four transistors. Thus, the NOR gate
descri bed herein uses half the conventional nunber of
WO 2e0d8HSHdr s, t hereby providing significant PCT/US2003/032782
i nprovenents in gate density and in overal
functionality of the integrated silicon device. In
speedsipad impeoypdrelipbidiys hq pyesens fpyentpn ifarphgrble w&ﬁowa&mu’é £y off ¥arious types of
are set forth, such as specific materi

semi st fvices, BT CHPLE P btk dort G845 0] Ppping (o st o o

prese nl[]lggeﬁg?e ﬁ-xgrzl;l:ﬁﬁ t@egqrg Qrf ervg’n ?xg gcl)enp\{%UOf t httohtgcgg?%)antargl etching techniques
are @%d aﬁf ﬁ n#é Ehlg %{Lﬂs Ioﬁs%a{ tgéﬁﬂgueg fi)avg EH% berh St k’Jr&x ﬁergﬁ In%'etlaﬁ

ort el n. I nst ances, known
p I Q5ifRSiRd REkeritl eMEIdiieRR of YBY/iBveRifin aRELRBw Gﬁﬁﬁfeé &f@tﬁi vdrdatility are shown and
detail, in order not to unnecessarily obscure the

deschib¥d lx&ﬁtﬁe @éseﬁt BRcIu@S R Bito b iedAdtdod that tHd i@vediicalicapabie@f @8 th various other
conductive | ayers used in manufacturing a
comBitAtinBandkneidametieant Gseapable afxodifdaiocewithi thd scépe bitbe ipreg@goncept as
i nvention can be deposited by conventional deposition
expresegihereiques. For exanple, netallization techniques,
such as various types of chem cal vapor deposition
(CVD) processes, including |ow pressure chem ca
vapor deposition (LPCVD) and enhanced chem 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 wth design features of 100nm
and below, resulting in increased transistor and
circuit 6 WD 2004/049445 PCT/ US2003/ 032782 speeds and
inproved 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 environments and.is...
capabl e of nodifications within the scope of the
i nventive concept as expressed herein. 7 CLAIMS: 1.
A NOR gate conpri sing:
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a first FinFET including first and second
i ndependently controllable gate 5 regions, a source
region, and a drain region; a second Fi nFET i ncl udi ng
first and second i ndependently controllable gate
regi ons, a source region, and a drain region; a first
CHAﬁhﬁiline of the NOR gate connected to the first gate
region of the first FinFET and the first gate region
of the second Fi nFET; 10 a second input |ine of the
1. NOR ONIOR gatesemprisingo t he second gate regi on of the
first_ FinFET and the second gate regi on of the second

Fi nRerst RRET ninglyding:first and sg¢ond/jadagepdently coptspiiable gate

471 NFET and the drain of
reé E%st’ggg%ﬁ Fﬁn‘ﬁﬁ&g%{rgkﬁ%é NOR gate of claim1,
whe raesiemxtdﬁénFET smcludldg fiest andi sdeond- EJBspa‘rdentlyasgmrmlablecgate
Fi nFETS. I\P? ate of claiml or claim2,
reg,m%q,@,sHurlcﬁéegfqu,gp %nf%‘?rbns of the first and
Secqihsfi hBEtE}-Ex% oF rtﬁ‘e ﬂ@ﬂ’{e t&drhebred YPfhe IR Yatd feBion of thefirst

The NOR gate of claim wherein the second gate
FlmF@T gmd;tlmfﬁrst@tefneg@n ofithe secersbNdFETNFETs ar e doped

urigqty The ate of clajm1,
whe PBfoniap i ThElor R OR i Miile 8758 58iopd Bl Rdrom of he
ﬁrétffaﬂBE’Ehﬂd thel s8€driddget reBionltf tNIBc@idd EinFBT; 44y | nt egr at ed
sem conduct or device including a plurali ty of

asy ifreuEpug lingphthe NOR gate coanected totthe seures 9fAbe firsh Findig T and

FtEbIe plurality of FinFETs being
the:érral fc'\egeg:gg%?rs of FinFETs 30 that define | ogic NOR
gat es 7. The integrated seni conductor device of claim
t he i.rs, of FinFETs 8 include: _a first
asymﬁﬂsﬁ% rerfrfprs?ﬂlmnle (Mheratg the first andysgcanddGREETs are
asyMARRRNERPETY

3. The NOR gate of claim 1 or claim 2, wherein the first gate regions of the first
and second FinFETs are doped with n-type impurities.

4, The NOR gate of claim 3, wherein the second gate regions of the first and
second FinFETs are doped with p-type impurities.

5. The NOR gate of claim 1, wherein the first and second FinFETs are the only
transistors included in the NOR gate.

6. An integrated semiconductor device including a plurality of asymmetric
FinFETs, the device characterized in that:

at least some of the plurality of FinFETs being arranged as pairs of FinFETs
that define logic NOR gates.

7. The integrated semiconductor device of claim 6, wherein the pairs of FinFETs

8
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control |l able gate regions, a source region, and a
drain region; and a second asymmetric Fi nFET i ncl udi ng
first and second i ndependently 5 controllable gate
regions, a source region, and a drain region; a first
_input line connected to the first gate region of the
incfydest asymmetric FinFET and the first gate region of

t he ond as t nEET; con

onATESA AR R EET i frd B8 SRR BB Indsbl
cor&ﬁqlrm&tg’ateCregiﬁn@,FaEBuﬁi&deglbﬁ @#deaadigingagiony #d on of the

second asymmetric Fi nEET; and 10 an_output |ine

conAéeqond asymmekicsHnF B L ippludipg first aad se&@%ﬁ@mr@emm FET
S FinFET. 8. A

coftifablepaieplos ¥ soblh® (BRER MhaWHIREGLE, | 0

doulalfestg'apui line aunmeetedrto tla:rﬁist gdte eeghmratitte fissy asymimeteic

transi.sto erein an outpu i gna

rg%ﬁb ?g‘rsﬁ galefrgion ng-‘i’a S %@gﬁaywlgﬁgi g‘!’gﬁi reflects a

| og f I

t heh%?%";‘?%;ﬁ% R St o U e R SRR ORI Riygiferi
FindiFIcaridt the secohdiigate 3¢giom ef thierse¢and afsymmetrariﬁinEE]Swnﬂ

asy 20 dou te transjstors are Fink 10,

Tho B g KErennpdies o' Seirif R eGP apinfekic HREETaAd the
drdih6f the sédondndymfeaitFinegymet ri ¢ doubl e-gate

transi stors each include: a first gate region; 25 a

second gate region configured to be control | abl e

I ndgp y I gate region; a source
8. r eg?‘oﬁ)ﬁ%%gh m%glt cgr%p;l% on. 30 11. The logic NOR

ci r auirkt a@imﬁie&idﬂ&blewmé ehisidthreahd r st and second
doubl e-gate transistor are FinFETs. 9 12. The logic
I\IO?aéF‘i%QlaﬁyrBFwHI%i%fb@ gAhEARSISOt he first gate region

IS daRRgh YA Bl!?tput signal coupled to the first and second transistors reflects a

logical NOR operation of two input signals applied to the first and second transistors.

9. The logic NOR circuit of claim 8, wherein the first and second asymmetric

double-gate transistors are FinFETs.

10.  The logic NOR circuit of claim 8 or claim 9, wherein the first and second
asymmetric double-gate transistors each include:

a first gate region;

a second gate region configured to be controllable independently of the first
gate region;

a source region; and

a drain region.

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

transistor are FinFETs.
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n-type inpurities. 13. The logic NOR circuit of claim
12, wherein the first gate region is doped with 5
n-type inmpurities. 14. The logic NOR circuit of claim
12 wherein the second gate region is doped wth

e |npur|t|es An integrated sem conduct or

15
12d eV| Qe QAR pipgyt st chainr % Wheyein thedfirghanis reigions deperswith

_tgé %l sone of the plurality of FinFETs being
raﬁge as pairs of FinFETs that define |ogic NOR
gates. 16. The integrated sem conductor device of
a

cl aj 5, rein.t e pairs of 1 NFETs i ncl ude:
137 ; e ifr%wﬁ% FEGUR r&lflm {2 phssei @@éjaﬂcgarmgweﬁaéquwh
. ple gate regions, a source region, and a
nt9$9 Hﬁhgglon and a second Fi nFET including first and

second i ndependently controll abl e gate regions a
ion; irst in

sourge. reg] and raimnr
147 nd PE eie TR e FaTHif ©, WERHeE" s SPisthe gelereton o doped
wnlﬁllj] ¢ impériidde first gate region of the second
FinFET; a second input |ine connected to the second

gat e regi on of the first FinFET and the second gate

15 egi ra{t@ae% ﬁﬁ&n‘?ﬂctorﬁ'ﬂ%&{ %oe}rq]? gn,.output 1ine

connec € source nm%ﬁ Fi nFET and t he

dr ai Ipllﬁﬁlltfyhﬂ' asybmeeRMAFIET 9) kHEast 5éme bf thel plir@BtyadfainFETs
sem conduct or device of claim 16, wherein the first

beigg peranged s pays of FinhETs thas defiprdogis AR grlesFETs ar e
doped with n-type inpurities. 30 18. The integrated
sem conduct or device of claim 17, wherein the second

16gat &he irtegrated sexhicohdudior detvicarnd ckeradisgwhereinths paikcof

thgﬂ%qnﬁtéélp-type impurities. 10

a first FInFET including first and second independently controllable gate
regions, a source region, and a drain region; and

a second FinFET including first and second independently controllable gate
regions, a source region, and a drain region;

a first input line connected to the first gate region of the first FinFET and the
first gate region of the second FinFET;

a second input line connected to the second gate region of the first FinFET and
the second gate region of the second FinFET; and

an output line connected to the source of the first FInFET and the drain of the
second FinFET.

17.  The integrated semiconductor device of claim 16, wherein the first gate

regions of the first and second FinFETs are doped with n-type impurities.

18. The integrated semiconductor device of claim 17, wherein the second gate

regions of the first and second FinFETs are doped with p-type impurities.
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