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In accordance with the purpose of this invention as embodied and broadly described herein, a

25 method for forming gates in a MOSFET includes forming a fin structure, forming a first gate structure on top
of the fin structure, and forming a second gate structure that surrounds the fin structure and the first gate
structure.

In another implementation consistent with the present invention, a method for forming gates ina
MOSFET includes forming a fin, forming a first gate on top of the fin, forming a second gate that surrounds

30 the fin and the first gate, and removing a portion of the second gate to expose the first gate, the removing
causing the second gate to be split into separate gate structures.

In yet another implementation consistent with the principles of the invention, a double gate
MOSFET is provided. The double gate MOSFET includes a fin, a first gate structure and a second gate
structure. The first gate structure is formed on top of the fin. The second gate structure surrounds the fin and

35 the first gate structure.

In a further implementation consistent with the principles of the invention, a triple gate MOSFET is
provided. The triple gate MOSFET includes a fin, a first gate structure formed on top of the fin, a second
gate structure formed adjacent the fin, and a third gate structure formed adjacent the fin and opposite the

second gate structure.
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Implementations consistent with the principles of the invention provide double gate and triple gate
FinFET devices. Unlike conventional designs, each of the gates in the FinFET can independently control the
fin channel.
25 EXEMPLARY PROCESSING
Fig. 1 illustrates an exemplary process for fabricating a double gate MOSFET in an implementation
consistent with the principles of the invention. Figs. 2-4 illustrate exemplary cross-sectional views of a
MOSFET fabricated according to the processing described in Fig. 1.
With reference to Figs. 1 and 2, processing may begin with a silicon on insulator (SOI) structure
30 that includes a silicon substrate 200, a buried oxide layer 210 and a silicon layer 220 on the buried oxide
layer 210. Buried oxide layer 210 and silicon layer 220 may be formed on substrate 200 in a conventional
manner. The thickness of the buried oxide layer may range, for example, from about 100 A to 2000 A.
Silicon layer 220 thickness may range from about 200 A to 1000 A. It will be appreciated that silicon layer
220 is used to form the fin.
35 A gate oxide layer 230 may be deposited or thermally grown on silicon layer 220 (act 105). Gate
oxide layer 230 may be formed at a thickness ranging from approximately 5 A to 50 A. Alternatively, other
gate dielectric materials, such as high-K dielectric materials, may be used. In one implementation, nitrided

oxide may be used as the gate dielectric material. A gate electrode layer 240 may be deposited over gate
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| mpl enent ati ons consistent with the principles of the invention provide
double gate and triple gate FinFET devices. Unlike conventi onal desi gns,
each of the gates in the FinFET can independently control tReAPRi30l channel .
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Flg 5 illustrates an exemplary process for fabricating a triple gate MOSFET in an implementation
consistent with the principles of the invention. Figs. 6-8 illustrate exemplary cross-sectional views of a triple
gate MOSFET fabricated according to the processing described in Fig. 5. Processing may begin by
performing acts 105-130 described above with respect to Fig. 1. After gate electrode layer 420 has been
deposited, an interlayer dielectric (ILD) 610 may be deposited over second gate electrode layer 410 (act
30 505), as illustrated in Fig. 6. ILD 610 may include, for example, tetracthoxy silane (TEOS) or another

similar type of material. The thickness of ILD 610 may be such that it extends above the height of second

gate electrode 420.

Chemical-mechanical polishing (CMP) or another comparable technique may then be performed to

planarize the wafer surface to expose first gate electrode 240 (act 510), as illustrated in Fig. 7. As a resul,
35 second gate electrode 420 may be split to form two separate gate structures, namely gates 720 and 730.
Based on this configuration, a triple gate MOSFET may be formed, where the first gate electrode 240 acts as
a third gate 710. Gates 710-730 may each independently control fin 220. To reduce capacitive coupling to
gate 710, gates 720 and 730 may be etched back (act 515), as illustrated in Fig. 8, using known techniques.
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etching techniques (act 120). The resulting structure 300 is illustrated in
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number of materials may be used for the protective mask, such as a silicon nitride based material. The
thickness of the unprotected fin structure 1030 may then be reduced to form a thin fin structure 1230, as
illustrated in Fig. 12. This thinning of fin structure 1030 may be accomplished via etching or some other
well known technique.
30 CONCLUSION
Implementations consistent with the principles of the invention provide double gate and triple gate
FinFET devices. Unlike conventional designs, each of the gates in the FinFET can independently control the
fin channel.
The foregoing description of exemplary embodiments of the present invention provides illustration
35 and description, but is not intended to be exhaustive or to limit the invention to the precise form disclosed.
Modifications and variations are possible in light of the above teachings or may be acquired from practice of
the invention. For example, in the above descriptions, numerous specific details are set forth, such as

specific materials, structures, chemicals, processes, eic., in order to provide a thorough understanding of the
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Mobility is an inportant attribute for inproving transistor perfornmance.
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(e.g., silicon dioxide) may be deposited on the silicon film Fin
structure 1030 may then be formed via, for exanple, e-beamlithography and
etching. Source and drain regions 1010 and 1020 nmay then be fornmed in a
simlar manner. Once source region 1010, drain region 1020, and fin
structure 1030 have been formed, source 25 region 1010 and drain region
1020 may be covered with a protective mask, as illustrated in Fig. 11. A
nunber of materials may be used for the protective mask, such as a silicon
nitride based material. The thickness of the unprotected fin structure
1030 may then be reduced to forma thin fin structure 1230, as illustrated
in Fig. 12. This thinning of fin structure 1030 may be acconplished via
etching or sone other well known technique. 30 CONCLUSI ON | npl enentations
consistent with the principles of the invention provide double gate and
triple gate FinFET devices. Unlike conventional designs, each of the gates
in the FinFET can independently control the fin channel. The foregoing
description of exenplary enbodi nents of the present invention provides
illustration 35 and description, but is not intended to be exhaustive or
tolimt the invention to the precise formdiscl osed.



Modi fications and variations are possible in |light of the above teachings
or may be acquired frompractice of the invention. For exanple, in the
above descriptions, numerous specific details are set forth, $A4®Hl3Q07
specific materials, structures, chem cals, processes, etc., in order to
provi de a%@ggh understanding of the 4 - 5 APR 2007 WD 2004/ 038808

PCT/ US200 0 present invention. However, the present invention can be
practiced without resorting to the details specifically set forth herein.
In other instances, well known processing structures have not been
described I.n d&maithqd fon fondeg gates intaometahexide semicbydushy figtdeeffdos tratmistet  of

t he present i) i,on. In.practici t he present invention, conventional
deposi t i on@%‘%ﬁﬁ’F@%@&‘ggﬁf'?agﬁﬁze&goé'hi ng techni ques may be enpl oyed, and
hence, 5 the defophlny Ddilicd#Ctn sttt BY ESrmtlAY & siiebn RS oS &t ink@hiik Re&ei N i n

detail. Wile series of acts have been described with regard to Figs. | and
5, the or dbpt isformed oyet & seppigonhictoy substidte; n ot her i npl enent ati ons consi st ent

with the prese i hvent i er, nopsdependent act. b

i npl ement ed i nn%gjf’%gl E[e]fnl.spg%e %&%‘ﬁﬁ%ﬁn t%%quthg nisgélf%ec?i‘%lath@él&e ﬁrﬁt e
descri pti osiruofuré béing setsseintiaBp pinikatd owikhootd Mestaehsé angd 10 as critical
or essential to the invention unless explicitly described as such. Al so, as
used herein, th@rRng ejegond gate prugtyre dhrt surrownds g firatrushere gpd therfirst gatgrs .
Where onl ygone itemis intended, the term"one" or simlar |anguage is
used. The scope of the invention is defined by the clains and their
equivalents. 5 5 April 2007 CLAIMS: 1. A nmethod for formng gates in a
net al - oxi de senj.condyct or glel d-effect transistor (MOSFET), tge nmet hod
characterized byt mgthed of ciainal, whersin the formpupg o firg 28t stryetrsigelndes:| i con

| ayer on an i”Sfbhﬁid;ig’wdik@fﬁfc1a§é?%htﬁésifi£€rﬁ§ over a sem conduct or
substrate; formng first gate structure onh top of the fin structure, a
wi dt h of the fidepositiage gatetalenttode daybrovay tiseidisleatnicilagedryandi nilar to a width
of the fin structure; ﬁ}%d forlrri n ? second gate structure that surrounds
the fin struct RECHRS @aﬁ‘?g‘ftméﬁ ®structure. 2. The method of claim1,
wherein the formng a first gate structure includes: formng a dielectric

| ayer on the silicon |ayer, )
The method of claim 1, wherein the forming a second gate structure includes:

forming a second dielectric layer to surround the fin structure and the first gate
structure,
depositing a second gate electrode layer over the second dielectric layer, and

patterning the second gate electrode layer.

4, The method of claim 1, wherein the first gate structure and the second gate

structure are positioned adjacent the fin.

5. The method of claim 1, further comprising:
independently controlling the fin with the first gate structure and the second gate
structure.

6. A method for forming gates in a metal-oxide semiconductor field-effect transistor
(MOSFET), the method characterized by:

forming a fin;

forming a first gate on top of the fin;

6



depositing a gate el ectrode |ayer over the dielectric |ayer, and
patterning the gate electrode layer. 3. The nethod of claim1l, wherein the
forming a second gate structure includes: forming a second di Apat2007c

| ayer to surround the fmstructure and the first gate structure,
depositing a second gate el ectrode |ayer over the second dielectric |ayer,
and pat t er ni ndOPRBEAseeM gs hatsustoupdsyibe finand thefirstgate;mdnhod of claim 1,
wherein the fir . A8 .are

posi tioned adj a%{gr?tg &?ﬁaﬁfx%&%@@%ﬁ%?ﬁg@%{%ﬁ&%ﬁ%ﬁﬁﬁ tfL‘(,gaﬁ%’urt h{eh:oglc npri sing:
i ndependernahsing tretsecdrid gage tortee splininte sepatdtegdte stsdctyas.e structure and the
second gate structure. 6. A nethod for formng gates in a netal -oxide
sem conductor field-effect transistor (MOSFET), the nmethod characterized
by: forming a fTie mt@bdoPdlafn bi WhdreBEhe f¥iAPPfiRfindilitResf i n; 6 S April 2007
form ng a second gate that surrounds the fin and the FI rst gate; and
renovi ng a por tfoomingfa sileondeyasiod apansulatingdayeo shat isforthéed eter gaermicondustor
renovi ng o %{tng the second gate to be split into separate gate
structures "7 %The nethod of claim®6, wherein the forni ng a fmincludes:
formng a silicon layer on an insulating layer that is forned over a

sem conductor substrate. 8. The nethod of claim?7, wherein the formng a
first gatesi nclThicmethod of phaing 7awhereingbe forminga 8rst gatednrludes: si | i con | ayer,
and depositing te ol I A r, ovgr the dielectric material. 9. The
met hod of cl ai n@ggﬂn\%haecﬁglﬁgthtc%gﬁ?%a?#ﬁ%e Sélﬁ%() 018%63’ 4e includes: formng a
second di el ect rdepositihghigate dextpdé [aguinever g ditlectaioandtdi@alf i rst gate, and
depositing a second gate el ectrode |ayer over the second dielectric
material. 7

9. The method of claim 6, wherein the forming a second gate includes:

forming a second dielectric material to surround the fin and the first gate, and

depositing a second gate electrode layer over the second dielectric material.



