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Additional advantages and other features of the invention will be set fortl in part in the description

30 which follows and, in part, will become apparent to those having ordinary skill in the art upon examination of
the following, or may be learned from the practice of the invention. The advantages and features of the
invention may be realized and obtained as particularly pointed out in the appended claims.

According to the present invention, the foregoing and other advantages are achieved in part by a
method of forming a fin field effect transistor that includes forming a fin and forming & source region on a first
35

end of the fin and a drain region on a second end of the fin. The method further includes forming a dummy
gate, with a first crystalline material, in a first pattern over the {in and forming a dielectric layer around the
dummy gate. The method also inciudes removing the first crystalline material to leave a trench in the

dielectric layer corresponding to the first pattern, thinning a portion of the fin exposed within the trench, and
forming a metal gate within the trench.
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RIGS. 4A and 4B illustrate cross-sectional views of dunimy oxide and a polysilicon layer formed on
the fin of FIG. 3B consistent with the invention;
FIGS. 5A and 5B illustrate the formation of a dummy gate from the polysilicon layer of FIG. 4B
consistent with the invention:
30 FIG. 6 illustrates the formation of a dielectric layer adjacent the dummy gate of FIGS. 5A and 5B
consistent with the present invention; and
FIG. 7 illustrates the removal of the dummy gate of FIGS. 5A and 5B to form a gate trench consistent
with the present invention;
FIG, 8 illustrates thinning of {he fin exposed within the gaie trench of FIG. 7 consistent with the
35  present invention;
FIG. 9 illustrates formation of gale insulation within the gate trench of FIG. 7 consistent with the
present invention;
FIGS. 104, 10B and 10C illusirate formation of a metal tri-gate within the gate trench of FIG. 9

congistent with the present invention;
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further
S%A 9‘rnmﬁannglr?ayer 105 and substate 115 may include, for example, silicon, though other semi-

25 conducting materials, such as germanium, may be used,
As shown in FIGS. 2A through 2D, a vertical fin 205 may be formed from fin channel layer 105. Fin
205 may be formed, for example, with a width (w) in a range of 10-100 nm. Fin 205 may be formed from fin
tayer 105 using any conventional process, mncluding, but not limited to, existing photolithographic and etching
processes.
30 Subsequent to formation of fin 205, source 210 and drain 215 regions may be forred adjacent
respective ends of fin 205, as shown in FIGS, 2B and 2C. Source 210 and drain 215 regions may be formed
by, for example, deposition of a layer of semi-conducting material over fin 205. The source 210 and drain 215
regions may be formed from the layer of semi-conducting material using, for example, conventional
photolithographic and etching processes. One skilled in the art will reco gnize, however, that other existing
35  techniques may be used for forming source 210 and drain 215 regions. For example, source 210 and drain 215
regions may be formed by patterning and etching fin layer 105. Source 210 and drain 215 regions may
include a material such as, for example, silicon, germanium, or silicon-germanium {8i-Ge). Inone
implementation, $i,Ge.,), with x approximately equal to 0.7 may be used. A cap 220 may then be formed on

upper surfaces of fin 205, source 210 and drain 215, as illustrated in FIG. 2D, Cap 220 may include an oxide,
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As shown in FIGS. 104, 10B and 10C, a metal gate 1005 may be formed in gate trench 7035 over gate
insulation 310. Metal gate 1005 may be formed in gate trench 705 using a conventional metal deposition
process and polished back to the upper surface of dielectric fayer 605. Metal gate 1005 may include a metal

35  .material, such as, for example, TalN or TiN, though other metals may be used. As shown in FIG. 10C, the
resulting metal gate 1005 is disposed on three sides of fin 205, thus, producing a tri-gate FINFET. The tri-gate
FinFET, consistent with the invention, will have better short-channel control than double-gate and single-gate
devices. The tri-gate FinFET will have higher drive current than a double-gate FinFET for the same area. The
mefal gate 905 of the tri-gate FioFET further also reduces poly depletion effects and gate resistance.

40
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than a deubkanweahe FinFET for the sane area. The netal gate 905 of the
tri-gate FinFET further al so reduces poly depletion effects and gate

resi stance. 40 4 WD 2005/0 71 7 2 7 PCT/US2004/ 043105 EXEMPLARY

Dl FFERENTI ALLY DOPED MOLYBDENUM FI NFET GATES FIGS. 11-12 illustrate an
exenpl ary process for formng asymetric nol ybdenum Fi nFET gates. As 5
shown in FIG 11, the exenplary process nmay begin with the deposition of
nol ybdenum on a fin 1105 to produce nol ybdenum spacers 1110 and 1115. Fin
11.05 may be fornmed in accordance with the exenplary process described
above with respect to FIGS. 1 and 2. The nol ybdenum spacers 1110 and 1115
may range,



for exanple, fromabout 200 A to about 1500 A in thickness. Subsequent to
deposition of the nol ybdenum spacers 1110 and 1115 may be asymmetrically
doped 10 via inplantation of different concentrations of nitrogen.

| mpl antation of nitrogen in each of the spacers 1110 and 1115 alters the
wor k function associated wth each spacer. The asymmetric dopi ng of spacers
1110 and 1 1gpAauselts in dual work functions thus, producing asymetric
gates for the resulting FinFET. In the previous descriptions, nunerous
specific details are set forth, such as specific materials, structures,
chem cal s, processes, etc., in order to provide a thorough understandi ng of
the present invention. 15 However, the present invention can be practiced
wi t hout resorting 6@1@1@@fépmm&aﬁpéelidfqﬁggnwwgtebchaéq”-thz%bﬁi n. In other

i nstances, wel |l kngun: a%?ﬁl%%)“g structures have not been described in
detail, in order not t ecéssarily obscure the thrust of the present

i nvention. | nfopmingtd sums regien 62283 eme firshwod of the find@A)and iasinein region (215)

phot ol i t hogr i i ni ques may be enpl oyed, and hence, the
details of sﬁ%ﬂé eeccﬁ%fﬁg%gélhﬁgl\i/ ﬁ%ﬂt been set forth herein in detail. 20
Only the pref err edfoeningdinmandes a2 10hever npeen sindavenoftha fih 2050 canpkesgiod its
versatility alr& 0shoelvn and 'odzfﬁ%i‘i bed in the present disclosure. It is to be
understood th )fﬂlé ﬂﬁ%ﬁﬁ B capabl e of use in various other

conbi na]EIiooEs and efoxhingranedr30shaf i;a&ﬁﬂaplabdi? mﬁj‘therﬁdi(idsg,abhmmegwﬂ (10) t hﬁ .
scope of the inventive c s expressed herein. 5 CLAIMS 1. A netho
of forming a ?ﬂ?}\‘ﬁ?*&f%ﬁ‘%‘r %gfﬁqg‘?@f’g‘fﬁ?ﬁﬁ%%ﬁi%@@%’ed by;: 5 forming a

fm (205); form ng emeouaRe laged (005)(of28rifivinl @xide 1 teneivd defects fRont burfdc2d5) and
a drain regio é-ézé{?) g.n a second end of the fm (205); form ng an oxi de cap
(210) over up‘frfL cWnf4%%s of the fin (205), source region (210), and drain
region (215); 10 ffding% duhdy gite (833 witt a 5 sbrhi-ednahotyingtRern, fhefidst
(205), saurce region (210) and drain region (215) after formation of the
oxi de cap (22Ffermyiepthedi €A% | ayer (305) of sacrificial oxide to renove
def ects from surf agasing@fdidiéerid laler hiouh@HRIdREnS; ate (505), with a
first sem -conducting _%ateri al , ?enqgg?i rst HiFS_ pat téeatémf/)gr the fin (205);
forming a di el ect FFEOViagdhe (B8 spmir@idhetinghBalsuanip i§arce2 (506 (705k Apihang t he
first sem - cqpdutit M ePRIST ddlesfoRding 8 @ie Erdt peelt (705) in the dielectric

| ayer (605) corresponding to the first pattérn; 'thinni n% asportion of the
fm (205) exposed: wﬁmmﬁatmthméﬁm{n(@@&qusedthhmmetenc (705);

20 forming a layer (910) of gate insulation on the surfaces of the fin (205)
exposed within the trench (705); and
forming a metal gate (1005) within the trench (705) over the layer (910) of

gate insulation.

25 2. The method of claim 1, wherein the metal gate (1005) contacts at least three of
the surfaces of the fin (205) and wherein the fin field effect transistor comprises a tri-
gate fin field effect transistor.

3. The method of claim 1, wherein the dielectric layer (605) comprises

30 tetraethylorthosilicate and wherein the first semi-conducting material comprises

polysilicon.

AMENDED SHEET



20 formng a layer (910) of gate insulation on the surfaces of the fin
(205) exposed within the trench (705); and formng a netal gate (1005)
within the trench (705) over the layer (910) of gate insulation. 25 2. The
met hod of claim 1, wherein the netal gate (1005) contacts at |east three of
the surfaces of the fin (205) and wherein the fin field effect transistor
conprises atri- g a0, 4f f . L . 3. e:gﬁ)tl.{; | ai m
1, wherein thg " di el%%gtléeih@dlog?ggn?GB‘E‘%IG(%BH%P%ECZ%%%@%t(gI@a% y g%j?tﬂgass?l i cate
and wher ei n t lvae bf i€, SEBRNSING SN dTHOrgZridt Ali0a) HEHORy, ZsBsindMglssi | i con. 6
AMENDED SHEET 4, The nethod of claim1l1l, wherein the gate insulation (910)
conprises at least one of SIQ S, SiN, S ON HFQ2, ZrQ2, Al1202,

HFSI O xI , ZnS;5. and Thiyhithod of cliie Ifidiedcahpridigi: m 1, further conprising: 5

formn | ayer of _dun xi de (405) oye he fjn rior.to.formn
the " dumy oate (SBTIEME IOk HORY P ALK S a8y it "
depositing a ljgawely gute b, first sem -conducting material over the fin

(205); and etching the layer of thgespfi rst sem -conducting material to form
the dummy gat avhemein fosming thefluppey gat¢ @OSHEAMRIIES 6. The net hod of claim 1,

wherein fornng thgepMRiidk a 83boftHONB) sehEBARASE maWBAQVEL the Gin 201 ki
material within the trench (705). 15 7. The nmethod of claim1l, wherein

formng the |ayer cgbBp therlayssefie fisst spmiosandacting ssriab oform therdramy 828 owi ng

the layeyqy (30%3, 88%kdbiklal oxide, and wherein renoving the layer (305)
of sacri¥0| Ci a? c??()lﬁ%e to ?errm?e defects from sidewalls of the fin (205)
conprises: 20 etching the |layer (305) of sacrificial oxide. 7 AMENDED

SHEET 6. The method of claim 1, wherein forming the metal gate (1005) comprises:
depositing a metal material within the trench (705).

15 7. The method of claim 1, wherein forming the layer (305) of sacrificial oxide
comprises:
thermally growing the layer (305) of sacrificial oxide, and
wherein removing the layer (305) of sacrificial oxide to remove defects from
sidewalls of the fin (205) comprises:
20 etching the layer (305) of sacrificial oxide.

AMENDED SHEET



