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The present invention satisfies the foregoing need by providing a sericonductor device having a strained
channel region and a method for manufacturing the semiconductor device. In accordance with one aspect, the
present invention includes forming a mesa structure from a semiconductor substrate, wherein the mesa
structure has a first surface and first and second sidewalls. A gate structure having a gate surface and first and

35 second sides is formed over the mesa structure, wherein first and second portions of the gate structure are
disposed on the first and second sidewalls, respectively. Portions of the semiconductor substrate adjacent the
first and second sides of the gate structure are doped.

In accordance with another aspect, the present invention includes a method for manufacturing a

strained semiconductor device suitable for use in an integrated circuit. A semiconductor-on-insulator mesa
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FIG. 1 is a perspective view of a portion of a semiconductor device at a beginning stage of

30  manufacture in accordance with an embodiment of the present invention;
FIG. 2 is a cross-sectional side view of the device of FIG. 1 taken along section line 2-2;
FIG. 3 is a cross-sectional side view of the semiconductor device of FIG. 2 further along in
processing;
FIG. 4 is a cross-sectional side view of the semiconductor device of FIG. 3 further alohg in
35  processing;
FIG. 5 is a cross-sectional side view of the semiconductor device of FIG. 4 taken along section line 5-
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FIG. 6 is a cross-sectional side view of the semiconductor device of FIGS. 4 and 5 further along in

processing;



FIG 6 is a cross-sectional side view of the sen conductor device of FIGS.
4 and 5 further along in processing; 2 WO 2005/001908 PCT/ US2004/ 017727
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Insulator (SOI) substrate 12 patterned to include a mesa isolation structure 14 having a substrate surface 20

30  andsidewalls 16 and 18. SOI subsirate 12 comprises a layer of semiconductor material 22 disposed on a layer
of dielectric material 24 which is disposed on a body of semiconductor material 26. Preferably, layer of
semiconductor material 22 is undoped silicon having a thickness ranging from that of a monolayer of silicon to
approximately 25 nanometers (nm) and dielectric layer 24 has a thickness ranging between approximately 50
nanometers and approximately 500 nm. More preferably, silicon layer 22 has a thickness of less than 10 nm

35  and dielectric layer 24 has a thickness of about 200 nm. Substrate surface 22 is also referred to as a top
surface of the substrate or an active surface. Techniques for forming mesa isolation structures are known to
those skilled in the art.

Referring now to FIG. 2, patterned SOI substrate 12 taken along section line 2-2 of FIG. 1 is shown.
More particularly, FIG. 2 is a cross-sectional side view showing substrate surface 20, silicon layer 22, silicon
40  dioxide layer 24, and silicon layer 26.
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layer 24 that is etched from each side, i.e., from sidewalls 16 and 18, ranges between approximately 10 nm
and approximately 30 nm. Even more preferably, the amount of silicon dioxide layer 24 that is etched from
35  each side is approximately 20 nm. Because of the underetching, gate dielectric material 32 wraps around
opposing sides 48 and 49 of silicon layer 22. Likewise, polysilicon layer 34 wraps around the portions of gate
dielectric 40 that are adjacent opposing sides 48 and 49.
Referring now to FIG. 6, a layer of silicon dioxide 50 having a thickness ranging between
approximately 2.5 nm and approximately 10 nm is formed on gate 38 and on silicon nitride layer 30. A layer

40  of silicon nitride 52 having a thickness ranging between approximately 5 nm and approximately 50 nm is
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Referring now to FIG. 8, the heat treatment causes the nickel to react with the silicon to form nickel

40  silicide (NiSi) in all regions in which the nickel is in contact with silicon. Thus, a nickel silicide region 82 is
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and silicon ni
dioxide layer 28 and silicon nitride layer 30, wraps around opposing sides 48 and 49 of silicon layer 22.

Likewise, nickel silicide region 92 of gate 38 wraps around the portions of gate dielectric 40 that are adjacent
35  opposing sides 48 and 49.

By now it should be appreciated that a strained semiconductor device suitable for use in an integrated
circuit has been provided. An advantage of the present invention is that the semiconductor device can be
manufactured to be under compressive or tensile stress by adjusting the width of the gate, selecting the
annealing temperature, and underetching the mesa structure. The semiconductor device can include one of

40 these techniques or a combination of more than one of these techniques to provide stress. Thus, either the
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26. Gate djelectric 40 I's conprised Pof silicon dioxide | ayer 28 and
S|I|conaﬂﬂF¥*ﬂ@”layer 30, wwaps around opposi ng sides 48 and 49 of silicon
| ayer 22. Likew se, nickel silicide region 92 of gate 38 waps around the
portions of gate dielectric 40 that are adjacent 35 opposing sides 48 and
49. By now it should be appreciated that a strained sem conductor device
suitable for use in an integrated circuit has been provided. An advantage
of the present invention is that the sem conductor device can be

manuf actured to be under conpressive or tensile stress by adjusting the

wi dth of the gate, selecting the annealing tenperature, and underetching
the nesa structure. The sem conductor device can include one of 40 these
techni ques or a conbination of nore than one of these techniques to provide
stress. Thus, either the 6 WO 2005/001908 PCT/ US2004/ 017727 el ectron
mobility, the hole nobility or the nobility of both the electrons and the
hol es can be optim zed. The increased nobility results in increased device
per formance. For exanple, NMOS and PMOS transistors nanufactured in
accordance with an enbodi nent of the present invention have CV/1 del ays as
small as 0.2 picoseconds (ps) and 0.3 ps, respectively. Another advantage
of the present invention is that the strain is 5 defined at the |ast higher
t enperature processing step which hel ps prevent subsequent rel axation. Yet
anot her advantage is that the high nobility increases the drive current of
the device, while the quantization effects in such an ultra-thin

sem conduct or-on-i nsul ator device increases its threshold voltage, thereby
inmproving the offset current. Although certain preferred enbodi nents and
met hods have been disclosed herein, it wll be apparent 10 fromthe
foregoing disclosure to those skilled in the art that variations and
nodi fi cati ons of such enbodi nents and nethods nmay be nade w t hout
departing fromthe spirit and scope of the invention. It is intended that

t he




invention shall be limted only to the extent required by the appended
clains and the rules and principles of applicable law. 7 WO 2005/001908
VWHAT | S Clwolybd3/doBios PCT/ US2004/ 017727 1. A met hod for nmaredBU$2004/61972
sem conductor device, conprising: providing a sem conductor substrate; 5
form ng WHATSHICEAIMEDISTr e from t he sem conductor substrate, wherein the nesa
structure has a first surface and first and second sidewalls; formng a
gate structure over the nmesa structure, wherein the gate structure has a
gate surface Amgthod foy Banuigerering 8 SHPEPRETERE devicg AP eei n first and second
portions of tHhevigalfesicsideddtkebs@de di sposed on the first and second
sidewal | s, respectively: and 10 dopin Qr.ti : b SQRORAS b Bifst
subsPrate adj %@'@Pﬁa?ﬁae ftlrlrggméx(r%lh sglg‘(cz%n&&srisdaggﬁesé R{rﬁgmggltgg%structure. 2.
The met hodace fnddfirstiam sdcondidideralisn f or mi ng t he gate structure includes:
formng a firglmhaVek sQlcud QbAES hist sHBRRY WitkeirMegate shecnTeha a gite inchasreal  and

15 forning a second |ayer of _dielectric nmaterial ver. b d f
di el ect rfirst apdgeeqnd sifies aad wherein first and spegsf 98’1“8?%? %e g%%?%l’ n grségséld;&ntﬂ%ée}%ggqtdg

st r uct ursecdnisiievdis resfeaivelyragd porti ons of a first |ayer of dielectric

mat g al over c;pg:g %rh(gx@ bt ANAmREGRAG: sSbHaYRidcsnt 18 Bk ¥k 8écBhdidedofi@Ighieon of t he
first |ayer o? Bl'ectric material serves as the first portion of the gate
st ruct urstrugiyig anot her 20 portion of the first layer of dielectric material
serves as the second portion of the gate structure and oxidizing the first
and second sidewalls. 4. Th t (1](|er .ein formng the gate
structure i nc?lffdléeho %frc%l%g waen?lrfgli&g‘]ggt%e%%&g# e %@?{'i c material over the
mesa st ruct ur ermiagafirtlayervé dicleeits Befptiphoveoihe BeASEGUE: %y er of seni conduct or
mat gisi al  over g} he. SEHHhE ARG WEdiQbcuTiREkiaRve ddiratoatof tiblectfid matriaknd  second
sides of the gate structure by selectively growi ng the |ayer of

sem conductor material. 5. A nethod for manufacturing a strained

seni condict or Tibendttoé ofslrith biherefndprmipmahe sategimchuert ingddst'ed circuit,

conpri sing: 3Q.Bf OV A0S a3irs? B CONAUE AR JvEITRH it @d SIBAA silSallQhidOrherein

" “structure, the sem conductor-on-insul ator sa.isalation str feavi ng
a top sufHoRtas Oﬁﬁﬁﬁlﬁ‘ilﬁ*y§’t°f§ﬁlf"t§‘é%tﬁ’6‘5 ﬁ%%&?ﬂ‘gp?%?ffﬁ%ﬁ*& ge g CIélmlc]%lS el'ectric

mat e al pdibnloh@e fiefaystut ipkariameketi erdes asshe sarvdd puiorvd ths puesrr s and Pi¥4eng a
gate on th ate diel ic mterial, wherein the gate and the gate

di el ect r'i“%grrsrané?eic%"fj%d%g%%er ate to forma gate structure having a top
_surface and gate sidewalls; 35 formng a sem conductor nmaterial on portions
of the tpp SUThAES@DE ddAR 1/ BRI Balin thonteStricied inclades fotthiag @ fitst aysr efidieleptip st

and Secorggensai gv%}"@«la élgséstiugtﬁlrr(ral; :ng fusrlhlerligclh%?ngf rom the sem conductor material; and

25 forming a layer of semiconductor material over the semiconductor substrate adjacent the first and

second sides of the gate structure by selectively growing the layer of semiconductor material.

5. A method for manufacturing a strained semiconductor device suitable for use in an integrated circuit,
comprising:
30 providing a semiconductor-on-insulator mesa isolation structure, the semiconductor-on-insulator

mesa isolation structure having a top surface and first and second sidewalls;
forming a gate dielectric material on the top surface and the first and second sidewalls;
forming a gate on the gate dielectric material, wherein the gate and the gate dielectric material
cooperate to form a gate structure having a top surface and gate sidewalls;
35 forming a semiconductor material on portions of the top surface of the mesa isolation structure
adjacent to the first and second sidewalls;
forming silicide from the semiconductor material; and

forming silicide from the gate, wherein the silicide from the gate strains the semiconductor device.

40 6. A method for straining a semiconductor device, comprising:
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formng silicide fromthe gate, wherein the silicide fromthe gate strains
the sem conductor device. 40 6. A nethod for straining a sem conduct or

devi ce, cor2085/6139088 WO 2005/ 001908 PCT/ US2004/ 017727 pr pETAISI@®4817727
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10. The st r ai aredicoeitiGondaeiQf sugﬁ\éie@lﬁalﬁésafshﬁéidpcgnﬁ%\@ggnei n the gate
structure Co@gfaief%@fcn@e dirst dielectr] 30 material di Sposed on a second

C .
dielectric material andra sét %f?ﬂ’bﬁﬁﬁ‘i“ﬁﬁor'ﬂ‘hﬁwqt‘glsu‘ﬁ?%@ééﬂe Bty davingasate
di el ect FFEffsbdsgcond dpposing sidewalla yuet thiod andifekth opgokise iRbalsi al bei ng oxi de,

the second | ay@bndabeotld ®pdiesibls alfBlef thethird Gl plbcon.  nitride,. and.the
senwon%&{?guqlrc material bei ng polysilicon, a%@lﬂp Psé?%smteﬁ%nts’frf’slp%c?“’%?"é’F'(tS‘Et ric
materi a urttﬁe i ncl udes sidewal|l oxide disposed on the first and second
opposi ng si dépidseco@bsil@ide regions on the first and second doped regions, respectively; and
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a gate silicide on the gate, wherein the gate silicide strains the semiconductor device.

10. The strained semiconductor device of claim 9, wherein the gate structure comprises a first dielectric

30  material disposed on a second dielectric material and a semiconductor material disposed on the first dielectric
. material, the first layer of dielectric material being oxide, the second layer of dielectric material being silicon
nitride, and the semiconductor material being polysilicon, and wherein the first dielectric material further

includes sidewall oxide disposed on the first and second opposing sidewalls.
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