WD 2004/ 049445 PCT/ US2003/ 032782 TWD TRANSI STOR NOR DEVI CE BACKGROUND OF
THE INVENTION 5 A Field of the Invention The present invention rel ates
gener al | y wi@2dgidegsnduct or manuf acturing and sem conduct g ?26[){1@978 and,
nore particularly, to double gate netal -oxide sem conduct or fzf ect
transi stors (MOSFET). B. Description of Related Art 10 Transistors, such as
MOSFETs, are the core buil di ngwd peiANns$ToRRON 88YIamRj ority of sem conduct or
devi ces. Some sem conductor devices, such as high perfornmance processors,
can include nmillions of transi stors For these devices, decreasing

transi stor size, and thus i nBAEH , KEEE fIMsi ty, has traditionally
been & high priority in the seni conduct or manuf act uri ng area. Conventi onal
MOSFETs have difficulty scaling bel ow 50nm fabrication processing. To

devel op shb- EEEHheINLEPETs, doubl e- gate MOSFETs have been proposed. In
several respects, the double-gate MOSFETs offer better characteristics
than the convethe PEaImvERHoR rles ﬁ%’ﬁﬁﬂW@EﬁﬂE’Pg ucfmg Butace Sy kRIndUoiy faies

b FET bot f th
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there arg two &g%ggonotfﬂgatg{&gtrl c field generated by the drain is better

screened fro f the channel. Al so, two gates can control
roughpy twice ﬁ%@?ﬁ@ NS MORFERSaréhé EAbBdifPIGk of BOvaki@Sibityl of &midBnd@cit I onger
switching signal. Transistors on a sem conductor device are often connected
i Nt o gr oupsicsks. h&imelséﬁl&ﬁﬂﬁﬁf& ddvice&ibh ds@iE berfolR@échadcesgat, e inchidoilifohesfuent | y
used logical gate is.the. NOR gate. Conventionally, four transistors, such
as four tooudspre Fgathse ddUBksEdsieasng GransBotsidenngd thesib@easindNCiRsigertdensitl, baswoul d be
desirable to nore efficiently inplenent a | ogical gate such as a NOR gate,
as this visditiepallpimen shighepaionty inthe somicpndhdior efaguifasiugpgayeaof t he semi conduct or

devi ce. SUMVARY OF THE | NVENTI ON | npl enent ati ons consistent, wth the
present i nventEFEHoTal NMORFETs hrpdiffichlly spatips RelnwOurm falfiqafion prgegssing, o develop sub-

tran SJ.ISSt quogm MOSFETs, double-gate MOSFETS have been proposed. In several respects, the double-gate MOSFETSs

offer better characteristics than the conventional bulk silicon MOSFETSs. These improvements arise because

the double-gate MOSFET has a gate electrode on both sides of the channel, rather than only on one side as in

conventional MOSFETs. When there are two gates, the electric field generated by the drain is better screened

from the source end of the channel. Also, two gates can control roughly twice as much current as a single gate,
20  resulting in a stronger switching signal.

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

25  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.



1 WD 20041049445 PCT/ 1JS2003/ 032782 One aspect of the invention is
directed to an integrated sem conductor device. The device includes a
nunber of wasyoeweioasss Fi nFETs, at | east sonme of the Fi nFEIs/BSioisoakdanged
as pairs of FinFETs that define |ogic NOR gates. A second aspect of the
invention is directed to a logic NOR gate consisting of a first doubl e-gate
5 transi st or @measpecsera@ntlettion Bldeedgd teantiftepiiddSéntEonduior @iicd Ulthe dvita alcludaupl ed
to the first and second transistors reflects a |ogical NOR operation of

t wo i npubumgiegefatysmeiia FinBETst a3 lepdt gonfejof e FaFETs$eigraneinged &psirssff BinBETsBfat debne
DESCRI PTI ON_ OF THE DRAW NGS Reference is nade to the attached draw ngs,
wher ei n &R siehavi ng the same reference number 10 designati on may
represent |like elenents throughout. Fi %;ral is a schematic diagramthat

i |lustrates a?69nd apest offediyersion i directed fora IegieNOR gatsfonsiing pfg firshduple-gde of  t he
invention: Figs. 2-7 are schematic diagrans tak al o the line A-A in
Fo o s R G GO At G TR R A BOREERIS £ g g
s a schemBhl ciodlAR6R ThE! orehd 3k LiBlR o QoS Walleo s NOR a1 ©
constructed 1 n manne consis %nf’gwltﬁp% e present i1 nvention;, and Fig. 9
is a diagramillustrating deposition of polysilicon over two gate portions
of a FinFET. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The fol | owi ng

detail ed description of thgriEVMSENCRETION befSEDRAWIRGECCONPanyi ng dr awi ngs.
The same 20 reference nunbers maybe used indifferent drawings to identify
t he- same- or SiRefeleade ihmAa®riticaitachbdsdigwidgs evheikinlelemwits hgvisiahesah e foebactiunidr i 0N
does not limt the invention. Instead, the scope of the invention is

defi h@d Wesignition maymoprerdedikedleanients thamehomgui val ents. Two transistors are
connected together to inplement a NOR gate. Each one of the transistors may
be an asymetig tispsehppatic diggram gt ilstraesaordews] yewsd @ FsERRepnusteph widhspringigles of
ASYMMVETRI,C.Fi nFET A FinFET, as the termis used herein, refers to a type of
doubl e- g8 RIEET i n which a conducting

Figs. 2-7 are schematic diagrams taken along the line A-A’ in Fig. 1 that illustrate a method of

forming an asymmetric FinFET;
15 Fig. 8 is a schematic diagram that illustrates a top view of a NOR gate constructed in a manner
consistent with the present invention; and
Fig. 9 is a diagram illustrating deposition of polysilicon over two gate portions of a FinFET.
BEST MODE FOR CARRYING QUT THE INVENTION
The following detailed description of the invention refers to the accompanying drawings. The same
20  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.
25 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.



channel is fornmed in a vertical Si "fin" controlled by a self-aligned

doubl e-gate. FinFETs are known in the art. Al though conventional Fi nFETs
are typi celd oslepaisd bed as "doubl e-gate” MOSFETs, the tWa-HatRes64292

el ectrically connected and thus forma single |ogically addressable gate. 2
WO 2004/ 049445 PCT/ US2003/032782 Fig. 1 is a top-level view of a FinFET
100 consi st entFigM ish tgprlevariige &s FRFET D@ domsseRi wi Principled bftile ilv@BtionNBhERIE®0 a
source region 101, a drain region 102, and a channel region 103. The
channel rwidonR sdd@ régiro| 10t @ Sraintrépipnt1 02 Asd sdchamelgegiann(3. dbe chawelrediand 0fvintlhdes
respect to Fig. 2, below. Unlike conventional FinFETs, in which both sides
of the gdiedrapstorafip @t fepeied withaepastio Fige?. belgwet Yidike copentiopat FinbBTsyiywhich both
additional ly include two addressable 5 gates, |abeled as gates 104 and 105.

The gat eSHrRRf e g3 Hefleogicallyconprgted tpgetiey, HinfRiHK0Q magpidisionpByjingyds twy adgressghley ny)|
be implanted with n-t . 0. + P+ d 5 b
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process %paﬁs?b?gﬁ)o}@@z),al@esg%fa@ﬁ!iﬂo%%ie&ﬂbéﬂvg- 2, FinFET 100 may be a silicon

~on insulator device that includes a silicon substrate 210 and a
buried oxide (HH)7 kiad6is-seBbhalkiicud @xEFh1SHR tHe Mfe Al inGRYN1. SHRTL-§ abiSillusBuig sibgsat e
210 and layer 230 may alternativély conprise germanium netals, or '
conbi nat iimhe mafufastinidy phrése of FET 180Jch as silicon- germanium Buried oxide

| ayer 220 may be formed on silicon substrate 210 in a conventional manner.
Buri d@ oxi de Refeping (Bl 2nRigFER 4 AQmay Hearsiliconcomiseatorf(BQDreajop thabiidndesalsific@00 nm
to 400 m in thickness. 15 A silicon | ayer may be di sposed on BOX | ayer 220
and et chébPstraie 2P @nd aburipdoxide (B layer 22D disposgd pn fhie piligop substraico fpistatlq aptlaieh not
shown in _Fiqg. . Alternatively, source/drain regions 101 and 102 nay be
Formed by Ry et A i GO p PO o PGS RB SR SRR 525 | s
formed. I n_one i t.atl fin 22 [ .0 f or. | en, .

ppr oxi mivmin: HRHERER! 6 0] Wikofied ol Blcon FBAAE AR Fhopt lordl BBl CBuricn

SI 3N4 | aVfige 1afe? D0 ¥R ridGe, 12 BRTbEe SfbmdpfroSiRGiy 68 nnY B RO nufif R, ON_(CVD) on
fin 225. La§/§$§230 msrly%?'sll ternati vel fﬁrt())e gtgg?oz 20 ?b;yer. Layer 230 protects

fin 285 duri ngs tilwn fagd idaf B disPOe PEOBESE fayer 20Fhnd Bivheld & crehtd Ehe 80 Urr, and fin 225
deposited-to a thickness ranging from about 20-50 nm By oxidizing the
silicon Yshufcaae don ifot sho@ib Figg)t Altathatively kdurce/dtayreichs AR and1HY ragbgbmebpon t he
si de

depositing silicon and etching the silicon after the fin 225 is formed. In one implementation, fin 225 may
range from, for example, approximately 5 nm to about 25 nm in width. Before etching fin 225, a SizNy layer
230 may be deposited via chemical vapor deposition (CVD) on fin 225. Layer 230 may alternatively be a SiO,
20  Ilayer. Layer 230 protects fin 225 during the fabrication process, and may be, for example, deposited to a
thickness ranging from about 20-50 nm.
By oxidizing the silicon surface of fin 225, gate dieleciric layers 235 may be grown on the side
surface of fin 225. Gate dielectric layers 235 may be as thin as 0.8 nm to 2 nm in width.
Referring to Fig. 3, polysilicon spacers 240 may next be formed around fin 225 (and around gate
25  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



surface of fin 225. Gate dielectric layers 235 nmay be as thin as 0.8 urnto
2 nmin width. Referring to Fig. 3, polysilicon spacers 240 may next be
formed ar wonghobaw4225 (and around gate 25 dielectric | ayefpsRadops | ayer
230) using conventional deposition and etching techniques. Polysilicon
spacers 240 nay then be inplanted with an n-type dopant using a tilted

i mpl ant  PR&céusbding g4 gelecttic laydih 835coplay 230athe beype daptint OXENRMr ]y bABKed Gbm Pyterigd
may be inplanted using a 3-6 keV (for P+) or 12-15 keV (for As+) ion beam
at a til tonafidp g peiysilisen; specers 2405e.anes ilhBiratd of be geht BéofBget)of t he presence of
fin structure _ 3 WO 2004/049445 PCT/US2003/ 032782 225, including gate
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bl ocked fron;qp%erﬁn? one,si.de of Ilcon spacers. 240 (e.

1 Tust r at'S8E B P e i oo ohfe %yantwmsam@ ikt pecpplsaeifisp el

uor ng e i Ry bl kap 01 £8P il dolRnd Sy, bl ook e o VRS RS
tilted atl-ﬁkeWﬂPb%Iﬁrktlé{’onm 1@11 $e9m aét tﬁt@%ﬁ&%&w énblg%%xstdp%%g Sé%@acﬁg JrfeFi O-

4. The dopant nay be, for exanpl e, ant ed Uusl ng a
1-2 keV (pkedéncdf gkttt 08 Vncloing gk cﬁélech@ﬁhygg%?aﬁﬁla r 830, foe ﬁ-ﬂgé &p&t wigtween 15

and 45 degrees. Because of the presence of fin structure i ncl udi ng

gat e di ellegdly bleckédayoar ehteﬁ@)naﬁldb df@glﬁihc&&@acefsbm @l Xﬂ&sﬁﬁﬂfbﬂthe‘mfdside heig. 5).
| argely bl ocked fromentering one side of polysilicon spacers 240 (e.g., as

i |1 ust r atésgordingly, the twafolysidicadapdcers FAOquill Bp)asymusaizallydiopeg|with niyipearkipaypp dbpasts.| i con
spacers 240 wll be _asymetrically doped with n-type and p-type dopants. 10

One orye ﬁ%ﬁf?nfgk?kﬂl in fhyg agt pyill agpreciaj that thy grdereaf the stepstshren it Figs. oand 8 coudsd bet he

steps sha in Figs. 4 and 5 could be readily reversed. Referring to Fig.
6, an und%)\%’éya‘ BEF 5| li con Iayer 250 may then be deposited on Fi nFET 100.

Pol ysi licon | gy emré{;(pm 6I Jm 1 ysm‘%acfgerz%g %E,T 10?%8?!&%6@ -may be

deposited vi a, exa

After depQgiitidoRs 5&&90 wmlfaflﬁma gqepofhaﬁml yeﬂgaE,EJ %&Q?SH&%RI £ aLug;tl

such that layer 250 is substantially anar wt op sur ayer
230, as itbh apinfodhpebxintielyi 100 n{A. Thi s i eI ds two electrically unconnected
polysilicon |layers, |abeled as |ayers 251 and 252. FinFET 100 nay then be
annedbed to crafat depositink khy paliydilicon ee2300iyERT! 106 by be¥@irEedsadh R Hye2 2D is aS
illustrated in Fig. 7B. Layers 251 and 252 may be connected to gate pads
104 and Foistaptiaslly plenpr with thaidepeacgefleiey 230omn tillustkateddin Fig. 7A. This yields two electrically
unconnected polysilicon layers, labeled as layers 251 and 252. FinFET 100 may then be annealed to create
fully-silicided polysilicon layers 251 and 252, as illustrated in Fig. 7B. Layers 251 and 252 may be connected
to gate pads 104 and 105 and may be independently controlled.
20 . Other processes for creating asymmetric FinFETs, such as those illustrated in Fig. 7B may
alternatively be employed. For example, the tilt implant process described with respect to Figs. 4 and 5 may be
performed after polysilicon gate material is deposited and planarized. In each case, the resulting structure
includes the two separately controllable gates, as illustrated in Fig. 7B.
NOR GATE
25 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.



20 . O her processes for creating asymmetric Fi nFETs, such as those
illustrated in Fig. 7B may alternatively be enpl oyed. For exanple, the
tilt inplavoe20s08ass described with respect to Figs. 4 apgrRsiteyodss:
performed after polysilicon gate material is deposited and planarized. In
each case, the resulting structure includes the two separately

cont r ol | &bt legigft esvo-igmt NOR gat i stoed bélew inable 7/B. NOR GATE 25 A NOR gate is a
| ogic gate that is frequently used in integrated circuits. A NOR gate
outputs a value based on two or noreThbiplit signals. Conventf{onally, NOR
gates are construcled using four transistors. 4 WD 2004/ 049445

PCT/ US2003/ 032782 | The Mapgi& for |a t wolnprBut NOR gat Gutpg shown bel ow in
Table I. Table | Ipput A lnput BiQutput 001 {010 100 110

Consi stent with anjaspect9of thelinventi®n, a NQR gatel is copstructed using
two asymmetric FinEETs.—such as FinFFETs 100 Fig 8 is a top|view of NOR
gate 800 constructéd in a®manner [consistlent with the & present invention.
NOR gate 800 nay bé-tocatedin an-integrated sediconductor device. NOR gate
800 includes two Fi|nFETs, !l abel e¢ as Fi fFETs 801 and &b2. Eafh of Fi nFETs
801 and 802 are siHtar—to—F-rFEF—100—}n—partieular—F-REET 801 i ncl udes
a drain region 820f a sou?ce regijon 821,1a firgt gaté’822, h second gate
ol ]
e

823, and a channel HHm—+regren—S24—FHrFEF—862-'strH y—r€l udes a drain
region 830, a source region 831, a first gate 832, 'a second gate 833, and
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connected; gates 823 and 833 may be electrically connected; and source 821
may b8 elpesdntineatfidny NORaE 80Mmeaythe 10d4t@l iland@Osratdd serhiBon8@fbr B&ce b€

NOR gate 800 includes two FinFETs, labeled as FinFETs 801 and 802. Each of FinFETs 801 and
802 are similar to FinFET 100. In particular, FinFET 801 includes a drain region 820, a source region 821, a
first gate 822, a second gate 823, and a channel (fin) region 824. FinFET 802 similarly includes a drain region
830, a source region 831, a first gate 832, a second gate 833, and a channel region 834. First gates 822 and

10 832 may be doped with n-type impurities while second gates 823 and 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.

15 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,

20  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



connected to ground, and source 831 nay be connected to a power supply 810.
15 In operation, the input signal lines to NOR gate 800 (| abeled as inputs
"A" and "0 3004/dodes 8) are applied to the first and secpRflyRRLseneh

el ectrically connected gates. Thus, input signal Iine A nmay connect to
gates 823 and 833, while input signal Iine B nmay connect to gates 822 and
832. The abust PFigs. QY NMAladd@ifionBiGEe@ifé @itaxB Grolvth ske@ic8ihda Bt WyPRA 16 ke GEhSAAFEaRd
drain 830. The output val ue depends on inputs A and B according to the

| 0gi ¢ shadwtaré tn bd aloveptidnal EMFEADDI TI ONAL DI SCLOSURE In certain situations, it
may be desirable to create integrated circuits that include both

convent i onal Fig hilgswates depdsition bépelysitico byrg the tvocatn eatiend othdiiEE 99 tRelysitiaed t he
asynmetric Fi nFET descri bed above, which has two separately addressable

gat es. | reverfakmaydie sekestivedifermed py these of theFipfET I frfhe ipfegpatadeirguitithaf 23¢ degisned fodivesd as
described . 5 WD 2004/ 049445 PCT/ US2003/ 032782 above _ in Figs. 2-7. A
addi t!lsonélsmg“éfoé‘ﬁeﬁe éa‘ee‘BF‘t“ﬁ%iE&gsr‘&?‘WﬁYﬁf Ot &y brefyr Fpreale, B’ém‘?fﬁbg feath of Zoot“ﬁ'g?% of
t he FinF%;iﬁég%a% re to be conventional FinFETs. Fig. 9 illustrates
deposi tion of Bo ys??ldon over the two gate portions of a Fi nFET 900.

Pol ysi | i con lIﬁ"Xtﬁ‘e& si%%n%&ap fe &%chgféltt% f}]éxg%y %c%&ﬂ(g@ge S%@!Cé/(ﬂgﬁ ﬁ)rxﬁﬁftioﬁ Rf"thg F TS in

the integrated circuit that  are a single connected gate
St r uct ur erhis CRlvy adchrhligied hadeed daBlend Bdprddth in fvRikh B ARBL Byer bRF MBFHh & Bedasdgpt h Of
100 nm by selective epitaxial growmh. In other situations, it may be

desi r abl etch-gtof. Referring HHIH O goYysiliyonaySPOI figy druged Bs dn@tchBbp 10 Btch Otrenth@refitAdET .
This can be acconplished using a danascene approach in which the nitride

| ayedOovdayert9B@ Aftenreingvingstbekilian, atrench isdéit ayerole. souRefderin dreag Metal ¢ah ghen @ deposited
polysilicon | ayer 901 may be used as an etch stop to etch a trench over
nitride Pedpolished uspgpitridaayerd3Q asrstep yert Ble matal foe@rﬁgh%th foataeitwiticthg silicen over t he
source/drgin area. Metal can then be deposited and polished using nitride
| ayer 936 ely stop layer. The netal forns Schottky contacts with the
silicon channel. CONCLUSION 15 A NOR gate is described above that can be
i npl enented with two Fi nFET type transistors instead of the conventional
four trangagiesmn Thus, the NOR gate described herein uses half the
conventi onal nunber of

15 A NOR gate is described above that can be implemented with two FInFET type transistors instead of

the conventional four transistors. Thus, the NOR gate described herein uses half the conventional number of
transistors, thereby providing significant improvements in gate density and in overall functionality of the
integrated silicon device.

In the previous descriptions, numerous specific details are set forth, such as specific materials,

. 20 structures, chemicals, processes, etc., in.order to provide a thorough understanding of the present invention. .
However, the present invention can be practiced 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
25  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 applicéble 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 inprovenents in gate density and
in overall functionality of the integrated silicon device. In the previous
descri pti w2000 Us specific details are set forth, spEhugmesePRsdficC
materials, 20 structures, chem cals, processes, -etc., inorder to provide a
t hor ough understandi ng of the present invention. However, the present

i nvent i ospeeAndigpioveddliabiiigl. Thetphesait invedS@rit applirablototitiedormping iof dang ofthetias typesoet
forth herein. In other instances, well known processing structures have
not beensaimoducloedtvices, e benrd, detdils haye et been odt farib in anden weradebsiuliye thiybustiobthe he
thrust of the present invention. The dielectric and conductive |ayers used
i n manuf BEteatipvegtion. Mericicnsdipprasent ﬁéﬂ&h@ecmwna@el@wﬁwaﬁ@ apfl etphingechpauss ent

i nventi on can be deposited b% conventi onal ositjion techg ue For
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sem conduct or §EVICGS and particu 5% I'n sem conductor gﬂb%ces W t

desi gn f eghuilaBéhs Ha el%ﬂﬂler@s%gd Relae ofrnﬁéfﬁkéubﬁlgguﬂlﬁl tHe @&5@@5&%&&@8&&&99&& and
circuit 6 WO 2004/ 049445 PCT/US£003/032782 speeds and i nproved

reliabi| ekpfessedig@eir €esent invention is applicable to the formation of any of
vari ous types of sem conductor devices, and hence, details have not been
set forth in order to avoid obscuring the thrust of the present invention.
In practicing the present invention, conventional photolithographic and
etching techniques are enployed and, hence, the details of such techniques
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 capable of nodifications within the scope of the inventive concept
as expressed herein. 7 CLAIMS: 1. A NOR gate conprising: a first FinFET
including first and second i ndependently controll able gate




5 regions, a source region, and a drain region; a second Fi nFET i ncl udi ng
first and second i ndependently controll able gate regions, a source region,
and a drain region; a first input line 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 line of the NOR gate connected to the
second gaig A®gs:on of the first FinFET and the second gate region of the
second Fi nFET; and an output line of the NOR gate connected to the source
of the first FinFET and the drain of the second FinFET. 15 2. The NOR gate

of claimk, wheygj ' ..and second Fi nFETs are asymmetric Fi nFETs.
3. The NOJZQ gatg\o cé%?rc]gnlff)tg%m%l aim2, wherein the first gate regi ons of

the first andagastoFidFET nintlhdingrfistd@ddeecotidtildepehdedely icoitusliableggate 20 4. The
NCOR gate of .claim 3, wherein_the second gate regions of the first and
second’ Fi KF8H9%S: 8 PRUrge FRedriwantha B3y FEI9%purities. 5. The NOR gate of claim

1, wherein the,fy Z’%%H ! I,SL.0r S
i ncluded in thgsﬁ@dgfg?@?? : nn{ﬁf{%}fge%ﬁﬁ%&d%g%ﬁ%%%@ [elwcéz §t|rencl uding a
pl ural i ty rediomss gisowte ragioriand-E dggin tdggorgevi ce characterized in that: at

| east some of t lurality of FEinFETs being arr ed as pairs of FinFETs
30 that define alr}ﬁéﬁplé‘pﬂ%“@egétﬂé"slﬂ& 4G LoNIRelE F%@Sgﬂgéﬁeésgf&ﬁ(é’f @&e ffHétvi ce of
claim6, wWaarer fhd e Maidak RiohiorieRcord FiifEpde: a first FinFET including
first and second i ndependentfTy control | able gate regions, a source region,
and a 1dr ai n r egiseegndanput line of the NOR gate connected to the second gate region of the
first FInFET and the second gate region of the second FinFET; and
an output line of the NOR gate connected to the source of the first FinFET and

the drain of the second FinFET.

15 2. The NOR gate of claim 1, wherein the first and second FinFETs are
asymmetric FinFETs.

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.
20

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
25  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
30 that define logic NOR gates.

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

8



a second Fi nFET including first and second i ndependently controll able gate
5 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
regi on of the second Fi nFET; a second input |ine connected to the second
gate region of the first asymretric FinFET and the second gate region of

t he secongcpggmetric Fi nFET; and 10 an output |ine connected to the source
of the first asymetric FinFET and the drain of the second asymetric

Fi nFET. 8. A | agirg RudiET including Geshnd :sfucﬂ@d indepdndentlyscoptraliable gatdoubl e- gat e
tran5|stor and ¥§¥etr|c ubl e-gate transi stor, wherein an

ond a
out put si glga(fnst%ﬁoplg%edreég) eS8 8&Cond transistors refl ect s a

| ogi cal NOR opgkédon@FisFET mmdmgu{ﬁrssmmﬁ@csn&mbp@deﬂtg dogofiablé katand second
transistors, 9. The logic NOR circuit of claim@8, wherein the first and

second5 asIRSIST § Sowree WEiP) andyhdwmin ¥egipsi st ors are Fi nFETs. 10. The logic NOR

LSt o 1 A shel Y Ak e A SRR BT

doubl e-gat e transi s rs eac second gate
regi on cofifst gateaegivn obthesecinddihBBT e |ndependently of the first gate

region; a source region; and a drain region. 30 11. The_logic NOR circuit
of claim9, whésesondipgutiingcpnnested to the ssRondeaiefseipnmfihe first %Sy’ﬁgn‘?tﬁﬁurl ties.

0 12.  Theplt@iiCalddRe Sldofilt hte2bgih B e beontl il WinflTSng0at € region is
doped mnt n-type 1| npuri

an output line connected to the source of the first asymmetric FinFET and the

drain of the second asymmetric FinFET.

8. A logic NOR circuit comprising:
a first asymmetric double-gate transistor; and
15 a second asymmetric double-gate transistor,
wherein an output 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

20  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;
25 a second gate region configured to be controllable independently of the first
gate region;
a source region; and

a drain region.

30 11.  The logic NOR circuit of claim 9, wherein the first gate region is doped with

n-type impurities.



13. The logic NOR circuit of claim1ll, wherein the second gate region is
doped 5 with p-type inpurities. 14. An integrated sem conductor device
conprising: a plurality of asymretric FinFETs, at |east sone of the
plurality of FinFETs being arranged as pairs of FinFETs that define |ogic
NOR gates. 10 15. The integrated sem conductor device of claim 14, wherein

the pairsief FinoResRs NORCbielst ofldiin BY, etk he fitsd gath regiokiis épeansits econd
i ndependently controllable gate regions, a source region, and a drain
regi on; aRdyRSIAPWEESNd Fi nFET including first and second independentl!y
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 gaté3regiTho lefic NOR seadnef dain-H] wikrsie dendcindiate depion isaspedct ed to
the second gate region of the first FinFET and 20 the second gate region
of theSSe(YYS&’cP‘ﬁiPﬁFﬂETP‘,m’é?ﬁd an output line connected to the source of the
first FinFET and the drain of the second FinFET. 16. The integrated

sem conduct or device of claim 15, wherein the first gate 25 regions of the
first andl4ecorh integFddad searieomimpd devich compsigivg:i npurities. 17. The

nlegrated sem condict o SeeEs WLpEbELIAG uerSin A seandegete
10 being arranged as pairs of FinFETs that define logic NOR gates.
10
15.  The integrated semiconductor device of claim 14, wherein the pairs of
FinFETs include:
a first FinFET including first and second independently controllable gate
regions, a source region, and a drain region; and
15 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
20  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.

16.  The integrated semiconductor device of claim 15, wherein the first gate

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

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

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

10



