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features of the invention may be realized and obtained as particularly
pointed g WSF Sade ims. According to the present invention, the
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SOUrce r e@nip, a damascene process. A tri-gate FinFET will have better short-channel control than double-gate

25 and single-gate devices, and will have higher drive current than a double-gate finFET for the same area. The
metal tri-gate, formed in a damascene process consistent with the invention, may be used io reduce poly
depletion effects and gate resistance.

Additional advantages and other features of the invention will be set forth in part in the description
which follows and, in part, will become apparent to those having ordinary skill in the art upon examination

30 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 a source region
adjacent a first end of the fin and a drain region adjacent a second end of the fin. The method further

35 includes forming a dummy gate comprising a first material in a first patiern over the fin and forming a
dielectric layer adjacent sides of the dummy gate. The method also includes removing the first material to

form a trench in the diclectric layer corresponding (o the first pattern and forming a metal gate in the trench.
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departing fromthe invention. Accordingly, the drawings are to be regarded
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t he pr esent |nvfe ﬁ an. | ustrates an ‘exenplary t1n consi stent
with the PSR SH ’#%“%“hﬁlﬂ"Q‘ﬁ’r?sfl’llﬁ’é“te’t‘%ﬁ"e source and drain regions
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FIG. 2D illustrates a cross-sectional view of the exemplary fin of FIG. 2A consistent with the
invention;
30 FIG. 3A illustrates a cross-sectional view of a layer of sacrificial oxide formed on the fin of FIG.
2A consistent with the invention;
FIG. 3B illustrates a cross-sectional view of the removal of the saciificial oxide of FIG. 34
consistent with the invention;
FIGS. 4A and 4B illustrate cross-sectional views of dummy oxide and a polysilicon Jayer formed on
35 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;
FIG. 6 illustrates the formation of a diclectric layer adjacent the dummy gate of FIGS. 5A and 5B

consistent with the present invention; and



invention; 30 FIG 3Aillustrates a cross-sectional view of a |ayer of
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dgtlaﬁjleld r:irgs'cription does not limit the invention. Instead, the scope of the invention is defined by the
20 appended claims.
Consistent with the present invention, an exemyplary damascene process for forming a tri-gate
FinFET is provided. In the exemplary damascene process, a duumy gate may be formed from a layer of
semi-conducting material, such as, for example, polysilicon, that has been formed over 2 fin, A dielectric
layer may then be formed over the FinFET fin, source and drain regions around the dummy gate, The
25 dummy gate may then be removed 1o create a gate trench in the dielectric layer. A metal gate that contacts
three surfaces of the fin may then be formed in the created gate trench to complete the damascene process.
FIG. 1 illustrates a cross-section of a silicon on. insulator (501) wafer 100 formed in accordance
with an exemplary embodiment of the present invention. SOI wafer 100, consistent with the present
invention, may include a buried oxide layer 110 formed on a substrate 115. A fin layer 105 may further be
30 formed on buried oxide layer 110. The thickness of fin layer 105 may range, for example, from about 500A
to about 20004 and the thickness of buried oxide layer 110 may range, for example, from about 1000A to
about 3000A. Fin layer 105 and substrate 115 may include, for example, silicon, though other semi-
conducting materials, such as germanium, may be used.
As shown in FIGS. 2A and 2D, a vertical fin 205 may be formed from fin layer 105. Fin 205 may
35  be formed, for example, with a width {w) in a range of 10-50 nm. Fin 205 may be formed from fin layer 103
using any conventional process, including, but not limited to, conventional photolithographic and etching
processes.
Subsequent to formation of fin 205, source 210 and drain 215 regions may be formed adjacent

respective ends of fin 205, as shown in FIGS. 2B and 2C. Source 210 and drain 215 regions may be formed
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fin 205, souffe 210 and drain 215, as shown in FIG 3A. Sacrificial oxide
| ayer 305 may Hehewi wEHS- §rp diglagtric layer 605 may be formed over dummy gate 505 using, for example,

conventional deposition processes. Dielectric layer 605 may include, for example, tetracthylorthosilicate

30 (TIEOS), or any other dielectric material. The thickness of dielectric layer 605 may range, for example, from
about 1000 A to about 2500 A. Dielectric layer 605 miay then be polished back to the upper surface of
dummy gate 505 using, for example, a CMP process, as illustrated in FIG. 6,

Dummy gate 505 and dummy oxide 405 may then be removed, as shown in FIG. 7, leaving a gate

trench 705. Dununy gate 505 and dummy oxide 405 may be removed using, for example, conventional

35 etching processes. Gate insulation 710 may then be formed in gate trench 705, as shown in FIG, 8. Gate
nsulation 710 may be thermally grown or deposited using conventional deposition processes. Gate
insulation 710 may include SiQ, Si0,, SiN, SiON, HFQ,, Zxr(,, Al,O;, HFSIO(x) ZnS, Mgl or other high-

K dielectric malterials.
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gat e 905 nimyiatbe fornmed in gate trench 705 over gate insulation 710. Metal
gate 905 may tEa @r med in gsate trench 705 using a conventional netal
deposi tion protess "By ey PREF BEIR KWPhacnFpap ekt inggEeceT. adisevedt r i ¢
| aye?? 6051G. Net abnifyatie 1Q0Byemefipolyritdon dosanageicabe folfRtiekd ahlu,lomh plaﬁanz&pr
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fin 205, ey Pﬁ(fﬁ‘ag&l}]&q i ngss pf the Bf&jfséxcqzq I3Rever fin 1005 may be carefully controfled.

Polysilicon 1305 may connect the gates located on either said of fin 10035.
In the previous descriptions, numerous specific details are set forth, such as specific materials,
30 structures, chemicals, processes, ete., in order to provide a thorough understanding of the present invention.
However, the present invention can be practiced without resor(ing to the details specifically 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. In practicing the present invention, conventional
photolithographic, etching and deposition techniques may be employed, and hence, the details of such
35 techniques have not been set forth herein in detail.
Only the preferred embodiments of the invention and a few examples of its versalility are shown
and described in the present disclosure. It is to be understood that the invention is capable of use in various
other combinations and environments and is capable of modifications within the scope of the inventive

concept as expressed herein.



The ni-gate Fi nFET, consistent with the invention, wll have better
short-channel control than double-gate and single-gate devices. The
tri-gate FinFET al so has higher drive current than a double-gate Fin MI for
the sane area. The netal gate 905 of the tri-gate FinFET al so reduces poly
depl etion @ Apgts and gate resistance. 10 EXEMPLARY SELF- STOPPI NG POLY
PLANARI ZATTON FIGS. 10-13 illustrate an exenplary self stopping poly

pl anari zation process for form ng a Fi nFET, consistent with another

enbodi ment, of the present i.nvention, that |eaves, the FinFET gates connected
after planari z‘gme@ln(). % Olgﬁgﬁﬁ%‘ﬁeﬂ éfegéfn%lﬁgl’gkiaéﬁﬁFré? Y ocess may begi n
with the deposifbi-;@ilﬂg(afﬁ@’. thin layer of 15 oxide or nitride on a fin 1005.
Fin 1005 may be forned in accordance with the exenplary process descri bed
above with respgegringg spugsregion gdiagent gHstenf of theyfer andg draieragéten an oxi de or
nitride LAl I . for exanple, fromabout 150 A to about 700
Ain thi g%tr(]i scéﬂ aﬁg%gqna&érﬁf%%eposi tion of the thin |ayer of oxide or
nitride, the | dgeningay okilepap tvenesheandfResbftle finsiotgecc@pioaMndanah
processes, to produce a cap 1.010 on fin 1005. A layer of polysilicon 1015
may then BES¥%Hrmed over cap 1010 and fin 1005 using, for 20 exanple,
conventi onal deREsikLI r ; Ny : Jd:ayer  of

pol ysi licon 10?2&?7% agé}’eppcffg%%?l&z% g?&%{i‘%ﬁ%&oﬁ%ﬁgé%ra;nggzeé@?@gé(gqp 1010
usi ng, f oraftexfmphiéon af the gkidy cagl ective poly to oxide CMP process. Cap 1010
may function as_a polish stop.|ayer. Polysilicon |ayer 1015 may function as
the gate mat errFIEP‘l?m qi?%l&%’?ﬁ%fe“flﬁléﬁ“ -tog?mpbep%e%gfrﬁa supfgpeseftifol e, a
conventi ongl, etching process, as shown in 25 FIG 12. A uniformy thin

| ayer of polysilicon 1305 may then be fornmed over fin 1005 and planarized
pol ysi | i con | ayemminga8lumay showmpnsieg &first Batarsd e Sohpatdrn onalthafmosi ti on

processes. Using. t. bove. exenpl.ar roc t he thickness of the

pol ysilicon 13 r%\gg?‘%feﬁ?‘f:%i%%geﬂEQa% tgl_g?se(%ﬁﬁ? 9?’8%@%‘14 ed. Polysilicon
1305 may connecémbvigg gatfast haeailad fom guther i@k dicctdid Ryd00&reshPndile
previ ous descriptions, nunerous specific details are set forth, such as

speci fic hatherfraippitesy structures, chemicals, processes, etc., in order to

provide a thor 9&%n§ﬁ%§%}?§%{e?%@%&ioﬁ%ﬂ tH{ SRS (%[{Hr% ﬁ%lioég{ﬂ)ﬁsedlc}@t NGl the

present invention cC W thout " resor e all's

speci fi caltleyclsetdf orth herein. In other instances, well known processing
structures have_nat been descriged in detajl, in order not to
unnecessarily GOHEEEF 8 Mol eaisr g eBF“&h@V%F%%%%?rPﬁgﬁﬁﬁﬁéﬁpoﬁn practicing
t he present invention, conventional photolithographic, etching and
deposition techni ques may be enpl oyed, and hence, the details of such 35
t echni queg. havdhnotetivekaf cde I, ovitcheit dreenetali gatcd edtdts aehsy thrbesiplaeéesfr ed

enbodi nent,s of the.inveption.and a few . exanples of its vergatility are
Shown  anthedus G BREh el fird CBR ARYEPpSURE oo b bt THBAR SHEFet ood t hat
t he i nventhpdstbs capabl e of use in various other conbinations and

environnents and is capable of nodifications within the scope of the
inventive concept as expressed herein.

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

tetracthylorthosilicate and wherein the first material comprises polysilicon.

4, The method of claim 1, wherein the gate insulation layer comprises at least one

of §i0, Si0,, SiN, SiON, HFO,, ZrO;, A1,0;, HFSiO, ZnS, and MgF,.

5. The method of claim 1, further comprising:
forming a dummy oxide layer over the fin prior to forming the dummy gate,

wherein forming the dummy gate comprises:

6



5 CLAIM5 |. Anethod of formng a fin field effect transistor,
characterized by: formng a fin; formng a source region adjacent a first
end of the fin and a drain region adjacent a second end of the fin;

form ng an oxi de cap over upper surfaces of the fin, source region, and

drain region; El% mﬂégaﬂyéﬂ%‘%ﬁe@fstﬁﬁ%iiafb\% e ﬁ'};(lagg on the fin, source

regi on and dral n"region “afte ormat1 on the oxi de cap; renoving the
| ayer of sacri feichingthokiydeoft tbe fiesrmaterchéfceiote the dmsypbacasthofirs patterfii n;
formng a dummy gate conprising a first material in a first pattern over
the fin; formng a dielectric |layer adjacent sides of the dummy gate;

removi ng ghe fithgtndRidest it O WiREh %Ihﬁ&%@ rﬁé’t‘altgla% Qérﬁbl%é FdePodiByes
corresponding to the first pattern; formng a | ayer of gate i nsul atlon on

the surfaces ofrnettaﬂ@%fumwié@(ﬁﬂgi@@uwctlhl n the trench; and formng a netal
gate in the trench over the |layer of gate insul ation. 2. The net hod of
claim1, wherein the netal gate contacts at |east three surfaces of the

fin and wher ei mht hethddoffdehdl  efteess farmamSihs lhlker GORRITIFRRS oRide bm@asd: fin
field effect transistor. 3. The method of claim 1, wherein the dielectric

| ayer conpri seshermally grxtipe Betlaesi ofi seertficialoarideherdi n the first material

conpri ses poly
i nsul ation | aygxlrhelcegﬂ'ém(ﬁnn atg 1%&&?(;%02@ o ? k@e%? re%%e fﬁqﬁgg%qgwﬂll—soz
Zr 02, A120BtheHESc&pisgnS, and MgF2. 5. The nethod of claim 11, further

corrprisi ng: formng ﬁl gwrmy om%@kjayer over the fin prior to formng the
dumy gat e, weihe byes REsacHEC@LARYCgat e conmprises: 6 depositing a |ayer

of the first material over the fin; and etching the |ayer of the first
material to formthe dummy gate in the first pattern. 6. The nethod of
claim1, WhereidnmEtodiofitprivies arih dicldyeiteet vamptorsesnpidkmosi ti ng a

forming a fin;

forming a source region adjacent a first end of the fin and a drain region adjacent
a second end of the fin;

forming an oxide cap over upper surfaces of the fin, source region, and drain
region;

forming a layer of sacrificial oxide on the fin, source region and drain region
after formation of the oxide cap;

removing the layer of sacrificial oxide to remove defects from surfaces of the fin;

forming a dummy oxide layer over the fin;

depositing a layer of first material over the fin and dummy oxide layer;

etching the layer of the first material to form a dummy gate in a first pattern;

depositing a dielectric layer over the dummy gate and source and drain regions;

planarizing the dielectric layer to expose a top surface of the dummy gate;

removing the first material to form a trench in the dielectric layer corresponding
to the first pattern;

forming a gate insulation layer in the trench on the surfaces of the fin exposed
within the trench; and

forming a metal gate in the trench over the gate insulation layer.



metal material to fill the trench. 7. The nethod of claim11, wherein
formng the |layer of sacrificial oxide conprises: thermally grow ng the
| ayer of sacrificial oxide, and wherein renoving the |ayer of sacrificial
oxi de to renove defects fromsidewalls of the fin conprises: etching t he
ayer of sact! Ml AlndxbAfainfs, vhaiBh 0l LALELAR:Eafibh: b6l dralLg!

transi stor, conprising a source region adjacent a
first end tod fin 20 F) iand svnelrean ﬂhr:a’ﬁnrﬁeﬂ@gffﬁm tmnbnﬂomaﬂnpxa;esem@dteé‘mﬁiabcﬂ cfftre fin;
form ng an OXIde cap over upper surfaces of the fin, source region, and
drain redfoRst “formng a layer of sacrificial oxide on the fin, source
region and drain region after formation of the oxide cap; rennving t he

| ayer of sacrificial oxide to renmove defects fromsurfaces of the fin;
forming alu mTylemibOd efydaino$,evher¢in the diglecieip dasiet corgprsesayer of first

mat eri al Quer t he a ayer of the
Frrst mae Qypiithd s s f WRPeRs TRol BFH soPpRtesdi i Raapoet ¢ ng a
dielectric layer over the dumry gate and source and drai n regions;

pl anarizing the dielectric |ayer to expose a top surface of the dummy gate;
removing the first material to forma trench in the dielectric |ayer
corresponding to the first pattern; formng a gate insulation |layer in the
trench on the surfaces of the fin exposed wthin the trench; and formng a
netal gate in the trench over the gate insulation layer. 7 9. The nethod
of claim8, wherein the netal gate contacts at |east three surfaces of the
fin (205) and wherein the fin field effect transistor conprises a tri-gate
fin field effect transistor. 10. The nethod of claim8, wherein the
dielectric layer conprises tetraethylorthosilicate and wherein the first
material conprises polysilicon. 8



