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SUMMARY OF THE INVENTION
20 Implementations consistent with the present invention provide a double-gate MOSFET having a thin

channel area and methods of manufacturing the same.
One aspect of the invention is directed to 2a MOSFET device that includes a source and a drain
structure formed on an insulating layer. A fin structure is formed on the insulating layer between the source
and the drain. The fin structure includes a thinned region formed from a channel area of the fin structure. A
25  protective layer is formed over at least the thinned region of the fin structure. The protective layer has a wider
widih than a width of the thinned region. A dielectric layer is formed around at least a portion of the fin
structure and a gate is formed around the dielectric layer and the fin siructure.
Another aspect of the of the invention is directed to a method for forming a MOSEET device. The
method includes forming a source, a drain, and a fin structure on an insulating layer. Portions of the fin
30  structure act as a chaanel for the MOSFET. The method further includes forming a protective layer above the
fin structure and trimming the fin stracture to a width of about 3 nm to 6 nm without significantly trimming the
protective layer. The method further includes growing a dielectric layer around the fin structure and depositing

a polysilicon layer around the dielectric layer. The polysilicon layer acts as a gate area for the MOSFET.

35 BRIEF DESCRIPTION OF THE DRAWINGS

Reference is made to the attached drawings, wherein elements having the same reference number

designation may represent like elements throughout.

Figs. 1 and 2 are cross-section views illustrating formation of a FinFET consistent with aspects of the

invention;
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30 structure act as a channel for the MOSFET. The nethod further includes
formng a protective |ayer above the fin structure and trinmng the fin
structure to a width of about 3 nmto 6 nmw thout significantly trinmm ng
the protective layer. The nethod further includes growing a dielectric
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the dielectric layer. The polysilicon |ayer acts as a gate area for the
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following detailed description does not limit the invention. Instead, the scope of the invention is defined by the
appended claims and equivalents,

A FinFET, as the term is used herein, refers to a type of MOSEET in which a conducting channel is
- formed in a vertical Si “fin,” FinFETs are generally known in the art.

20 Fig. 1 is a cross-section illustrating doping of a starting structure for a FinFET 100. FinFET 100 may
include a silicon-on-insulation (SO) structure that includes buried oxide (BOX) layer 120 formed on a silicon
and/or germanium substrate 110, with a silicon layer 130 over BOX layer 120, Alternatively, layer 130 may
comprise germanium or silicon-germanium. In an exemplary implementation, BOX layer 120 may have a
thickness ranging from about 200 nm to about 400 nm and silicon layer 130 may have a thickness ranging from

25  about 30 nmto about 100 nm. A protective layer, such as an oxide layer (e.g., Si0,) and/or a nitride layer
{e.g., Si3N,) may next be deposited to act as a protective cap during subsequent etching,

The silicon layer 130 and protective layers may then be etched to form a silicon fin 140 with
protective layers 150 and 160 over top of fin 140 (see Fig. 2). Protective layer 150 may be an oxide layer and
protective layer 160 may be a nitride layer. Layer 150 may have a thickness of, for example, approximately 15

30  nmand layer 160 may have a thickness ranging from about 50 — 75 nm.

Source/drain regions may then be formed adjacent the ends of fin 140. In one implementation, silicon
layer 130 may be patierned and etched to form source and drain regions simultaneously with fin 140. In other
implementations, another layer of silicon may be deposited and etched in a conventional manner to form
source and drain regions. Fig. 3 is a perspective view of FinFET 100 with source and drain regions 310 and

35 320 formed adjacent the ends of fin 140,
Fig. 4 is a schematic top-level view of BinFET 100 with source region 310, drain region 320, and fin
140. .The cross-sectional views in Figs 1 and 2 are taken along the Iine A-A’ in Fig. 4.
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thickness (BOT) of 0.6 to 1.2 nm may be formed on the side surfaces of fin 140.
Referrmg to Fig. 10, a layer of polysilicon may next be deposited on FinFET 100 in a conventional
manner. The layer of polysilicon may be doped using gate doping masks. NMOS devices may be doped with
25  phosphorous and PMOS devices may be doped with boron. The polysilicon may be planarized to the level of
nitride layer 160, forming two separate polysilicon areas 1001A and 1001B. The polysilicon areas 1001A and
1001B may be patterned and etched to form the gates of FinFET 100. Polysilicon areas 1001A and 1001B
may thus form two electrically independent gates. In other implementations, polysilicon areas 1001A and
1001B may not be polished to the level of SisN, layer 160. Instead, a single polysilicon layer may cover SizN,
30  layer 160. In this situation, the polysilicon layer forms a single addressable gate for FinFET 100.
A mask may next be applied to the gate area 602. Using the mask to protect the gate area 602, the
TEOS layer 501 and protective SiO, and SisN, layers 150 and 160 deposited over the source/drain region 310
and 320, may then be etched using an isotropic wet etch to remove the TEOS layer 501.
After the surface of the source/drain regions 310 and 320 are exposed, ion implantation may be
35  performed on FinFET 100. To dope the source 310 and drain 320. More specifically, for an NMOS FinFET,
phosphorous may be implanted at a dosage of 10" atoms/em® at 5-10 keV. For a PMOS FinFET, boron may
be implanted at a dosage of 10" atoms/cm®at 2-5 keV.
After ion implantation, salicidation (i.e., a self-aligned silicide process) may be performed on FinFET

100. In this act, a metal, such as tungsten, cobalt, fitanium, tantalum molybdenum, nickel, eribium, or platinum
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implementations, polysilicon areas 1201A and 1201B may not be polished to the level of oxide layer 1301.
Instead, a single polysilicon layer may cover oxide layer 1301, In this situation, the polysilicon layer forms a
single addressable gate for FinFET 1200,

A mask may next be applied to the gate area of FinFET 1200. With the mask to protect the gate area,
TEOS layer 501 and the additional protective layers deposited over the source/drain region 310 and 320 may
30  then be etched away from the rest of the FinFET 1200,

After the surface of the source/drain regions 310 and 320 are exposed, ion implantation may be
performed on FinFET 1200. This effectively dopes the source 310 and drain 320. More specifically, for an
NMOS FinFET, phosphorous may be implanted at a dosage of 10*° atoms/cm® at 5-10 keV. For a PMOS
FinFET, boron may be implanted at a dosage of 10" atoms/cm®at 2-5 keV.

35 After ion implantation, salicidation (i.e., a self-aligned silicide process) may be performed on FinFET
1200. In this act, a metal, such as tungsten, cobalt, titanium, tantalum or molybdenum, may be deposited over
the polysilicon (gate) area 1201A and 1201B and source and drain regions 310 and 320. A thermal annealing
may then be performed to create a metal-silicide compound. At this point, a top-view of FinFET 1200 is
similar to the FinFET 200 shown in Fig. 11,




phosphorous maybe inplanted at a dosage of 10" 5 atons/cnR at 5-10 keV. For
a PMOS Fi nFET, boron may be inplanted at a dosage of 1015 atons/cnR at 2-5
keV. After ion inplantation, salicidation (i.e., a self-aligned silicide
process) nmay be performed on FinFET 100. In this act, a metal, such as
tungsten, cobalt, titanium tantalum nol ybdenum nickel, eribium or

pl ati num 3 WD 2004/ 068589 PCT/ US2004/ 000963 nay be deposited over the
polysilicon (gate) area 1001A and 1001B and source and drain regions 310
and 320. A thermal annealing may then be perfornmed to create a

metal -silicidévacomeeaissd. Fig. 11 illustrates a top-viewigskooFendsET 100
after the annealing. Referring to Fig. 11, the cross-hatching represents

the nmetal - silicide corrpound OV ES e R HERE Bl egions 310 and 320 and the
two gate regions. The %1 e reg)l onTs 5 |nc?161§§&d%ate pads 1101 and 1102

formed at the en P {a i Bﬁsuéqleé%l%mfﬁﬁ‘i,&“‘&"ﬁ o T 167h#Ee ¥esul ti ng
Fi nFET 1.00 |5FfE‘l“ﬁb}@’§° Finfi T 6q0jtalenelpns fipide A o Bie. 340, 'as i ndi cated by the
dotted |ines in Fregrindid Fig The Sipé BeQ6Dindee folndy @l Suriddidanye 16960Am&1m@éfer are

wi der t hars fiBoidQe foﬁ%d dobike Eﬁ@éléalyﬁ‘rqtsﬂo “rhEAugngenJeQ of sﬁ%\é?eﬂ?ﬁ?&%@:hhﬁcle%&r [ L ol

resul ting 1 o, I\/[PSFe Pravi des ann
Ref erri ng banL%e?l?%H@o R AN epﬁl?ﬂearrt?fg iy rsrlBB’b‘P’r:f%ﬁtTh“st FeaE 88 hi nni ng
fin 140 by eXpsl a’ﬁ‘gw%tma%‘2’5‘ﬂ“@“yﬁmwa"@f‘i’eﬁmiwmh'ﬁ?le’eye{ 1610meibn biveligh a
reactive i on et forngp (ifRbiEs) laypri 610 £3Ge. laydr M61Qp@4y 8¢ adug 5 nandisas wids known in  the
art, RIBis a varkeakihoorgf7,pliasns:iehedit Ehgpﬂaﬂauy\é}bvﬁlaroﬂ&lﬁlésﬂ@al%é?% Skl ng, the

sem condugj orpnaf&t anﬁnl% o‘%ﬂx P§ e l,ectrode
enbodi nent , jg;:g mo Sih oy 151ﬁgayli?e vrvle%gy ebform‘iﬂf"é’ %at(%dlfleec CElerSt he wi dth

i ni
of fin 140 to gielﬁcmcfaymylmgﬁybﬁﬁt‘ﬁaﬁ/ ™ o 6 nm Protective |ayers 150
and 160 may next lfi?@mﬁve‘ﬁﬁ‘%'é a polypiksorgtyer a1 myetyt o epesited on RingERMGHOs2 t he fin,
| abel ed 15 aswehtompl @b Thepolrilgon )& may Fion e @40Ne an@ brahkd 1lRiREE oFaEsEdoody t he
et chi ng of |&Mﬁﬂl&mﬂiﬁglsalnﬂiyalﬁgaplﬁan%aﬁtfwhIokh@ie@ ofgéke(i@érll&@ At@xxFJmt Fi;réql may next
be for wedlsonlsobﬁay%é&faﬁ&&im%nf gr%écnfgedaéo' n 1240, as illustrated in Fig. 13,

Sacrificial oxid 3 Cg h% ?wg own or formed to a thickness of about 0.6
nmto 1.2 nm and ﬁﬁiﬁj@%ﬁ 0 PPE MO 7 8MGS FREE mifped prseipglq buried prigy fayer. When
Al t er nat i vel yorfoEne stirtop i ity mpteien (g yalisidagnn aspsgiediabobuyeptivevialichlatammaz qui val ent
oxi de t hi cknésshifdd@HJectoiess@labig 2@n d’pﬁopﬂxateﬁneﬁmnl’i&!ﬁloxbﬁloBﬂoﬁ&ﬁer@fkﬂﬁuh@m@'bge
surfaces of fuet) Ghéiciad @) @h, 86 r@Sark AUGES, EJ;@Q%E ée‘%!e& foﬂﬂ Nvds Ehihrs e, @ 1 ayer
of p0| ySIid Cgl{gﬂlmﬁclldgé)étm)qugaup 9 %TPINR)Q F]%TS I.r{ ssEtLﬁuonlthe valﬁs gq?%"gs%\égfg;[tiagggl, 1301,

manner. The é/?) nari zed eve
coverd

formn g two SBP4 %3 pgotcﬁs?ﬂsv ttrei] t(l} OS metal may be deposited. The photoresist over the PMOS
FinlFETs may then be removed and another photresist layer may be applied over the NMIOS FinFETs. At this

point, the PMOS metal may be applied. A thermal annealing may then be performed to create the metal-
silicide compound. .
25 CONCLUSION
FinFETs having a narrow fin, and methods of making the narrow fin FinFETSs, were described herein.
The narrow fin provides a number of advantages to the FinFET, including better short channel control.
In the previous descriptions, numerous specific details are set forth, such as specific materials,
structures, chemicals, processes, efc., in order to provide a thorough understanding of the present invention.
30  However, the present invention can be practiced without resorting to the specific details set forth herein. In
other instances, well known processing stractures 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
35 techniques, such as various types of chemical vapor deposition (CVD) processes, including low pressure
chemical vapor depqsition (LPCVD) and enhanced chemical vapor deposition (ECVD) can be employed.
The present invention is applicable in the manufacturin g of semiconductor devices and particularly in
semiconductor devices with design features of 100 nm and below, resulting in increased transistor and circuit

speeds and improved reliability. The present invention is applicable to the formation of any of various types of
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areas 1201A and 1201B. The polysilicon areas 1201A and 1201B may formthe
gates of FinFET 1200. Polysilicon areas 1201A and 1201B may thus formtwo
electrically independent gates. In other 25 inplenmentations, polysilicon
areas 1201A and 1201B nmay not be polished to the | evel of oxide |ayer 1301.
Instead, a single polysilicon |ayer may cover oxide layer 1301. In this
situation, the polysilicon layer fornms a single addressable gate for

Fi nFET 1200. A nask may next be applied to the gate area of Fi nFET 1200.
Wth the mask to protect the gate area, TEOS |layer 501 and the additional
protective | ay¥r2044685¥si t ed over the source/drain regi T/ SI0VHME 320 may
30 then be etched away fromthe rest of the FinFET 1200. After the surface

of the sour cekgtcaiutor iRk, %sengel&taﬁsme AR &uﬁ%&&ﬁ@@mh éllnng H;P&I%J‘Sf%' on nmay

be perfornmed on ef f ectlve es e sour ce 0 and
drain 320. Nbpresent 1nvengonEIn Braci%fm ‘the Presen% mvenuoNﬁt%n na nql_wé%% Eﬁjg; %e? be

i mpl ant ed at aéfeaﬂ%t’géd ‘8‘?“ 0 desilsof wridccimigges beye ng b?‘e@seué@%erqﬁm deil. PMOS  Fi nFET,
boron may be i npl 8rit teegrefytred gmtddisay of tie fnvéh@i bd ate@ exBoipad itauersaltitDardeBVn and5 Af t er

i on i npl and atdewibed i58d preeht@Bdids1d) Tt to 18 underdood Bt fhe @Jeﬁugn@gpaﬁé clf i€ hdSoRERCESS) My
be perforned chgan ﬁo&ﬂr%l-gnvno’ln%gg ‘and 1srlrpgl£é %moad%cahongmmé 1éhe s& é)é ofl'he a8 e Loun = ten,

cobal t, titanium tantalum or OSI TEG V& *t he

pol ysi licon (FAPE™EPea 1201A and 1201B and source and drain regi ons 310
and 320. A thermal annealing may then be perfornmed to create a

nmetal -silicide conmpound. At this point, a top-view of FinFET 1200 is
simlar to the FinFET 200 shown in Fig. 11. 4 WO 2004/ 068589

PCT/ US2004/ 000963 OTHER | MPLEMENTATIONS I n sone situations it may be .
desirable to formstrained silicon FinFETs. Figs. 16-18 are cross-
sectional views of a FinFET 1600 taken along the line A-A" in Fig. 4.
Referring to Fig. 16, a SiGe |layer 1610 may be formed on a buri ed-oxi de
| ayer 1601. A nitride layer 5 1620 may be forned above the Si Ge | ayer
1610. The arrangenent of SiGe layer 1610 and nitride |ayer 1620 may be
formed, for exanple, in a manner simlar to the thin fin showm in Fig. 7.
Thus, SiGe |ayer 1610 and nitride |ayer 1620 may be initially etched to
have the sane width and Si Ge | ayer 1610 may then be laterally etched to
forma thin SiGe | ayer 1610. Si Ge layer 1610 may be about 5 nmto 15 nm
wi de. Referring to Fig. 17, Si layers 1611 nmay next be epitaxially grown
around the SiGe layer to a wdth of




10 about 5 nmto 1.0 nm The growmh of Si |ayers 1611 nmay be foll owed by
the formation of gate dielectric layers 1612. Gate dielectric |layers 1612
may be as thin as 0.6 to 1.2 nm Referring to Fig. 18, a polysilicon |ayer
1801 may next be deposited on FinFET 1600 in a conventional manner. The
pol ysilicepAdyer may then be patterned and etched to formgates of Fi nFET
1600. PolTysiTrcon |ayer 1801 may al so be planarized down to the |evel of
nitride |layer 1620. At this point, FinFET 15 1600 nay be conpleted in the

manner describ Sone FETs have both P nd NMOS Fi nFETS pl aced
on a sing?p bugﬁggggﬁﬁagwﬁﬁﬂgaggﬂﬁéﬁomﬁGPWEPHFH@‘§§F3@F@§ﬂ?$ﬁ#¥% this

| P! erret Aoy ak®irdludifd i sAMhRTofiRed 6P el RIARINRY beriRe Bld dfirce.
salicidation may be achi eved by electroless plating o? an appropriate

net al .5 | nangdde diaim the MOSKFE Froorapsinger ent silicides may be used. One
silicide (e.g., a6 .. rare earth.netals Er Ga, Sm) may be used for

t he NMOS FinFE*gggﬁgmﬁaogﬁﬁ X Hn?fP?HFgQEEQfH@EﬁEFTwHE? be used for PMOS

Fi nFETs. | n t ha protéctiv@ldyenforine@ oPbA® 1daisNhE Tisinfdrebioh O RSfin GANALED DY a
photoreS|&é and then the NMOS netal may be deposited. The photoresi st over

t he PVOS theipratectivedayer bawng paviderwidduthane widbtdfdhe thiroedeegion; | ayer nay be
li ed t he: ' ' int. the.P | be
bl od. At et el 1ol cHrEned dbudd beieesPR Einpel ftGig) SEnE Rt oy ol

silicide amlmpound. 25 CONCLUSI ON Fi nFETs having a narrow fin, and nethods
of making the narrqw fin Fji nFETs,, were descri bed herein. The narrow fin

provi des a nunb&tc irmedipathe ysulatine {ayer aropmtthe digleqttieljaver anskthe finshor t
channel - coRihl, widheih e Mk Sof RRGT hith OF Gronl SPBE RS SPeci fic details
are set forth, 'such as specific materials,  structures, chem cals,
processes, etc., in order to provide a thorough understanding of the
present inventjon, .30 wever, the present invention can be practiced

wi t hout rasort 1gieviFerqfelamel, wWhepeinytheqrptective layesingludesi ein. In ot her

i nst appces, Wweldn di@ay8Y, @k€ssi ng structures have not been described in
detail, in order not ?o unnecessarily obscure the thrust of the present

i nventi on. The eitrédedayerifornagtidoveo ieunddedeydrayer s used in manufacturing a
sem conductor device in accordance wth the present invention can be
deposited by conventional deposition techniques. For exanple, netallization
35 t echnl321U_es,TWio@s)fwimoz,Jwhbmme%i&h%qﬂepwawto%%gﬁi 48 § VD)
processes,_ including | ow pressure chem cal vapor depositio (LPCV]I’_‘) and
enhanced ranpedthevuiside layep issdeppsitedteavidpthadabbet Onph oy &8nmThe pr esent

i nvenjjion is applicable in the manufacturing of sem conductor devices and
particularly in

4. The device of claim 1, wherein the dielectric layer is about 0.6 nm to 1.2 nm
thick.
5. The device of claim 1, wherein the gate comprises polysilicon.

25
6. The device of claim 1, wherein the MOSFET device is a FinFET.

7. A method for forming a MOSFET device comprising:



sem conductor devices with design features of 100 nm and bel ow, resulting
in increased transistor and circuit speeds and inproved reliability. The
present invention is applicable to the formati on of any of various types of
5 WD 2004/ 068589 PCTI US2004/ 000963 sem conduct or devi ces, and hence,
details have not been set fqrth in grder to avoid obscuring the thrust of
the present i VBHigi%ﬁ?qunagfaé'btaP 2t Sstuse e aninsylatiag layers potisns eht i onal

phot ol itﬁﬁ@ﬁﬁ@ﬂh&uﬁé’%ﬁﬁ&%@h@ﬁmﬁﬁ?f&ﬁﬁéﬂ@ﬁ)sﬁﬁ enpl oyed and, hence, the
details of such techniques have not been set ‘forth herein in detail. Only
t he preferred fonbingiamntestivf lay¢reabone thetfirosirmne;a f ew exanpl es of its

versatility are sho apd . 5 descrih in. th resent disclosure. It is to
be under st ood tflﬁﬁ?m\éﬁlée ﬁ'ﬁtgf‘ﬁtﬁl@ Ongﬁﬁi%PB“‘%ﬁné%gﬂw Wﬁ‘?‘ﬁus ot her
conbi pat i@%ﬁﬁmy%ﬁhﬁﬁgmrgtem lagercapabl e of nodifications within the

scope of the inventive concept as expressed herein. 6 CLAIMs: 1. A MOSFET
devi ce i ncl udifegmingsolieleetrig hayen arpuad thef fn steattwe; and i nsul ating |ayer; and

including a fi I r romed on the.insyl at.i | ayer .bet ween the source
5" and the. dr ai SPORHEE heRfa bR RS el ol s Belr it B et B Y S I & a
channel aiceifg af a ghxe afdafoBtheMOBFET. a protective layer fornmed over at | east
the thinned region of the fin structure, the protective |ayer having a
wi der width than a width of the thinned region; a dielectric |ayer forned
arou atq | ea ty fel fi . Q and a gate
for rrg on8't hesfhne?a&gtg f@ ﬁgkﬁag@Z’rwgé}S@nf "TheE d&‘?%@]gergﬁ?% i(.:égl ral%l}l gh?31Sr'1d the fin
st r uct ur elepusitingamoxide ldyet toreedeptieaf sboub S nm, wdiddpositing B @ittidd ldyer @ dvh. 2.
The devi Crf§ g}‘ laim1, vvh%ei n the protective layer includes: 15 an oxide
| ayer, arf§PH ¢fidbPPRO MBYR /S Bk med over the oxide |ayer. 3. The device of
claim2, wherein the oxide layer is deposited to a depth of about 15 nm
and the nitride layer is deposited to a depth of about 50 nmto 75 nm

0. A MOSFET device comprising:

M~ =)

15 a source and a drain structure formed on an insulating layer;

a fin structure formed on the insulating layer between the source and the drain,
the fin structure including a thinned region formed in a channel area of the fin
structure;

a protective layer formed over at least the thinned region of the fin structure,

20  the protective layer having a wider width than a width of the thinned region;

a dielectric layer formed around at least a channel portion of the fin structure;
and

a gate formed on the insulating layer around the dielectric layer and the fin
structure.

25

10.  The device of claim 9, wherein the thinned region has a width of about 3 to 6

nm.



20 4. The device of claim 1, wherein the dielectric layer is about 0.6 nm
to 1.2 nm thick. 5. The device of claiml, wherein the gate conprises
polysilicon. 25 6. The device of claiml, wherein the MOSFET device is a
FinFET. 7. A nethod for form ng a MOSFET device conprising: 7 formng a

source, ajdrai 110:-Sor : i ' | ayer . .portions of
the fin stguct'glrl%a‘g\g%(?ﬂguglsﬁg’ %%ﬁ%ﬁ?%@%“ﬁg%@ﬁg‘# %r% %&a{aﬁ?rm ective
| ayer aboarel 4 mi¢ride layestfornadduover theroxide lagert he fin structure to a wi dth of
about 3 nmto 6 nmwithout 5 significantly trinmng the protective |ayer;

formng a dielectric layer around the fin structure; and depositing a
polysilicpn | aygs daviedpd adi sliesdihithe | r lyll GO r
acting as a gate ar ela fofiathﬁe NMOSFET. tg%oggﬁ'llﬁ}éérggt gé()ﬁ‘%? tg%a{fer#ﬂ%?é?V\herei n
form rfg tahoupi dnmcmidvbe hisyderlayerds defesited thepdepit ofaboans®uinde 76auer to a
depth of about 15 nm and depositing a nitride layer to a depth of about
50 nmto 75 nm 9. A MOSFET device conprising: 15 a source and a drain

struct ur e1¥,0r "ERe @viélof dlaivl 61 WhékelrPhE dieldctiid [hg,éf Is bl &?T&ﬁ pRelaGp t he
insul ating | ayer between the source and the drain, the fin structure

i ncl udi ngt?@kt hi nned region fornmed in a channel area of the fin structure;
a protective layer formed over at least the thinned region of the fin
structure, 20 the protective |layer having a wider width than a w dth of

the thi nnBd r eBheodevice ofictlifcl, herdi@ iRl gatdédmtisas poIpdliedn. | east a channel
portion of the fin structure; and

15. The device of claim 9, wherein the MOSFET device is a FinFET.

16.  The device of claim 9, wherein the gate is formed to include small gate

15  lengths.

17. A method for forming a MOSFET device comprising:

forming a source, a drain, and a fin structure on an insulating layer, portions of
the fin structure acting as a channel for the MOSFET;

20 forming a protective layer above the fin structure;

trimming the fin structure to a width of about 3 nm to 6 nm without
significantly trimming the protective layer;

forming a dielectric layer around the fin structure; and

depositing a polysilicon layer around the dielectric layer, the polysilicon layer

25  acting as a gate area for the MOSFET.

18.  The method of claim 17, wherein the fin structure is trimmed by exposing the
fin structure to NH,OH.



a gate forned on the insulating |ayer around the dielectric |ayer and the
fin structure. 25 10. The device of claim9, wherein the thinned region
has a width of about 3 to 6 nm 8 11. The device of claim9, wherein the
protective layer includes: an oxide |layer, and a nitride |ayer forned over

t he oxideid a jce~of .,claim1ll erein f.he oxide |ayer is
deposi tedlét'oygf%ee%)lﬁh(g]%f%%a{@og'z’ &@eﬁe&??ﬁffﬂpﬁ\é\p iI?rPFeaéV? Apsr g posi t ed
to a deptdepositinganbxie layer toa dEpthiof aBaut 15hen, A8d deosiing® MirldeJayspiea ei n the
dielectrig¢ layer is_about g.G nmto 1.2 nm thick. 10 14. The device of
claim9, é@%ﬂéﬁﬂxF'g?@Qﬂ%7 &pri ses polysilicon. 15. The device of claim
9, wherein the MOSFET device is a FinFET. 16. The device of claim9,.
wherein the gate is formed to include snall gate 15 lengths. 17. A nethod
for form¥My a MeSHEEthddviofe claimpriZi figrthek orcompgsiag:s adepositing dr AIBOS and a

fin structyre,.o n insulating. | ayer, portions of the fin structure acting
as a chanﬁéme%porﬁ}?@ﬁlﬁ&tgﬁtecgweﬁé% %‘%r éhep&ﬁ‘%T vevica pefore pidmainge fin
st ruct ur ethe FinistAattage. t he fin structure to a width of about 3 nmto 6 nm

wi thout significantly trinmng the protective layer; formng a dielectric
| ayer around the fin structure; and depositing a polysilicon |ayer around

the dielegtricpl r h olysilicon |ayer ., 25 acti.ng as a _ga rea for
the nooFer: 1oTheniiited 8 Bamt oo e “hRrishi: SRR v ok JRSY <
trimed prorspesipe dveethefinstsicturs befofe trinNH @ fid structure.

22.  The method of claim 20, further comprising: depositing the polysilicon layer
to a depth of 50 nm to 70 nm on the TEOS protective layer.

15 23. A MOSFET device comprising:
a source and a drain formed on an insulating layer;
a fin structure formed on the insulating layer between the source and the drain,
the fin structure including a first region formed in a channel area of the fin structure;
a dielectric layer formed around at least a channel portion of the fin structure
20  to athickness ranging from 0.6 nm to less than 1.0 nm;
a protective layer formed over at least the first region of the fin structure, the
protective layer being wider than the first region and including an oxide layer and a
nitride layer formed over the oxide layer and having a thickness ranging from 50 nm

to 75 nm; and

25 a gate formed on the insulating layer around at least a portion of the fin

structure.

24.  The MOSFET device of claim 23, wherein the first region has a width of

about 3 to 6 nm.

10



19. The nmethod of claim 17, wherein formng the protective |ayer includes:
depositing an oxide layer to a depth of about 15 nm and depositing a
nitride layer to a depth of about 50 nmto 75 nm 5 20. The method of
claim17, further conprising: depositing a TECS (tetmethylorthosilicate)
protective | ayer over the MOSFET device before trimmng the fin structure.
21. The nethod of claim 20, further conprising: etching away the TECS 1 o
prot ect i véS.| ay&he MRSFERdeviemoftlainc 23 rwhebpeif trecpate ¢omprivgs pbigsilicen. st r uct ure.
22. The nethod of claim 20, further conprising: depositing the polysilicon
| ayer to a depth of 50 urn to 70 urn on the TECS protective layer. 15 23.

A MOSFET 2Vi CBhE MUBHET 88icSof i3, 3iftrén HeAOSFRTRY RS 2Ridrigu! ati ng
| ayer; a fin structure forned on the insulating l'ayer between e source

and the drain, the fin structure including a first region forned in a
channel asfa o ' .uct ur.e. dielectric |layer formed aground at

| east a c%’gnne'Fh‘;]'E)gdr%?élI}o]j‘rr:r g%%?%éy?l'flw ?’r%ﬁrﬂpéﬁe ge f%f%gn?(ﬂfoc‘%ﬁ § S3Y gj ng
from 0. 6 gateriengthsess than 1.0 nm a protective |ayer forned over at | east

the first region of the fin structure, the protective |ayer being w der
than the first region and including an oxide layer and a nitride |ayer

formed ovey thgﬂ&h&&oqutg&gng%%?gyﬁf%e ic%hi cknegs’% ranging from50 urn to

75 nm and 25 a gate forne e Thnsula Ic%rapqxsd r around at |east a
porti®n of t hefolming stonuret adeain,24d aThestMoBTE dﬁiﬂsﬁﬁtiﬁ% 18R ipdttions opher ei n
the first r?.i n has a w dth of bout 3 to 6 rim 10 25. The MOSFET devi ce
of cl ai m$S M urUreATng a@éf@%k&’r‘i@%ﬁ%i licon. 26. The MOSFET device

of claim 23, wWaghRioh fBRWSREF: AoVé 6R ﬁfstﬁlcﬁir&FET' 5
depositing a tetraethyorthosilicate (TEOS) layer over the MOSFET device
before trimming the fin structure;
15 forming a polysilicon layer to a thickness ranging from about 50 nm to 70 nm
on the TEOS layer;
trimming the fin structure without significantly trimming the protective layer;
and
depositing a second polysilicon layer to act as a gate area for the MOSFET.
20

29.  The method of claim 28, wherein the fin structure is trimmed by exposing the
fin structure to NH,OH.

30.  The method of claim 28, wherein forming the protective layer includes:
25 depositing an oxide layer to a depth of about 15 nm, and depositing a nitride layer to a
depth of about 50 nm to 75 nm.

31.  The method of claim 28, further comprising: etching away the TEOS layer

over the fin structure before trimming the fin structure.

11



27. The MOSFET device of claim23, wherein the gate is fornmed to include
small gate lengths. 28. A nethod for form ng a MOSFET devi ce conpri sing:
10 formng a source, a drain, and a fin structure on an insulating |ayer,
portions of the fin structure acting as a channel for the MOSFET; formng
a protective | ayer above the fin structure; depositing a
tetraethyorthosilicate (TEQCS) |ayer over the MOSFET device before trinmmng
the fin si2.uctThemetbbd bb claim@8awhereistriniming thafig stricure ihdluddsnemsming@ngi ng
from abou 20 nmto 70 n on .the TECS Jayer; trimmng the fin structure
wi t hout sT§ARSTESHY © & Wy ﬂ%}’oph%nﬁ’r@t ive layer; and depositing a
second polysilicon layer to act as a gate area for the MOSFET. 20 29. The
nmet hod of claim 28, wherein the fin structure is trimed by exposing the
fin structure to NHACH. 30. The nethod of claim 28, wherein form ng the
protective layer includes: 25 depositing an oxide |ayer to a depth of
about 15 nm and depositing a nitride layer to a depth of about 50 nmto
75 nm 31. The nmethod of claim28, further conprising: etching away the
TECS | ayer over the fin structure before trimmng the fin structure. 11
32. The nethod of claim 28, wherein trimmng the fin structure includes
trimmng the fin structure to a width of about 3 nmto 6 nm 12

12




