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curved silicon oxide or silicon nitride spacer, referred to as a “sidewall spacer”, on the s1des of the polysilicon

gate allows deposition of additional doping to form more heavily doped regions of the shallow source/drain
25 (“S/D”), which are called “deep S/D”.

To complete the transistor, a silicon oxide dielectric layer is deposited to cover the polysilicon gate, the
curved spacer, and the silicon substrate, To provide electrical connections for the transistor, openings are etched
in the silicon oxide dielectric layer to the polysilicon gate and the S/D. The openings are filled with metal to
form electrical contacts. To completé the integrated circuits, the contacts are connected to additional levels of

30  wiring in additional levels of dielectric material to the outside of the dielectric material.

One improvement to the CMOS transistor uses an insulating substrate and is called silicon on insulator

(“SOI”™). The advantages of‘using an insulating substrate in CMOS and high speed field effect transistors

(“FETs”) include latchup immunity, radiation hardness, reduced parasitic junction capacitance, reduced junction
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What is needed, therefore, is a way to uniformly grow high quality, single crystalline source and drain

while introducing strain to the channel.
30 Solutions to these problems have been long sought but prior developments have not taught or suggested

any solutions and, thus, solutions to these problems have long eluded those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a semiconductor substrate having an insulator thereon with a

semiconductor layer on the insulator. A deep trench isolation is formed, introducing strain to the semiconductor

35  layer. A gate dielectric and a gate are formed on the semiconductor layer. A spacer is formed around the gate,
and the semiconductor layer and the insulator are removed outside the spacer. Recessed source/drain are formed

outside the spacer.
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Likewise, the drawings showing embodiments of the device are semi-diagrammatic and not to scale
and, particularly, some of the dimensions are for the clarity of presentation and may be shown greatly
exaggerated in the FIGs.

The term “horizontal” as used herein is defined as a plane parallel to a substrate or wafer. The term

25  “vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as “on”, “above”,
“below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”, “over”, and “under”, are defined with
respect to the horizontal plane,

The term “processing” as used herein includes deposition of material or photoresist, patterning,
exposure, development, etching, cleaning, and/or removal of the material or photoresist as required in forming a

30  described structure.

Referring now to FIG. 1, therein is shown a cross-section of a fully depleted silicon on insulator
(“FDSOI”) wafer 100, which includes a semiconductor substrate 102 of a material such as a p-doped silicon
{“Si”). On top of the semiconductor substrate 102 is a buried oxide layer (“BOX”) 104, which is an insulator
layer of a material such as silicon dioxide (“Si0,”), and a channel Iayer 106 of a thin layer of Si.

35 In order to control short channel effects of 45nm and below node with a 25nm or smaller gate length, it
has been discovered that the channel layer 106 must be thinner than 100 A in thickness.
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30  resistance, while overcoming the problem of SEG on thin silicon. At this stage, performance can be improved
through modification of the SEG of the recessed source/drain 402.

Referring now to FIG. 5, therein is shown the structure of FIG. 4 after further processing in accordance
with an embodiment of the present invention. Silicidation takes place on the gate 204 and the source/drain 402
to form a NiSi layer 504.

35 It will be understood that the order of forming the recessed source/drain 402 and the DTI 108 is
optional and the sequence described above has been done so as a matter of convenience. The recessed
source/drain 402 can be formed in situ during selective epitaxial growth of the recessed source/drain 402 or by
jon implantation and rapid thermal anneal. Through strain engineered trench fill dielectrics, the DTI 108

introduces strain to the channel 404 and is preferred for isolation among transistors.
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30 Thus, it has been discovered that the semiconductor device method and apparatus of the present

invention furnish important and heretofore unknown and unavailable solutions, capabilities, and functional
advantages for FDSOI CMOS. The resulting process and configurations are straightforward, economical,
uncomplicated, highly versatile, accurate, sensitive, and effective, and can be implefnented by adapting known
components for ready manufacturing, application, and utilization.

35 ‘While the invention has been described in conjunction with a specific best mode, it is to be understood
that many alternatives, modifications, and variations will be apparent to those skilled in the art in light of the
aforegoing description. Accordingly, it is intended to embrace all such alternatives, modifications, and
variations which fall within the scope of the included claims. All matters hithertofore set forth herein or shown
in the accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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the primary control where the DTl 108 is formed before the recessed
source/drain 402. Referring nowto FIG 6, therein is shown the structure
of FIG 5 after further processing in accordance wth an alternate
enbodi ment of the present invention. An etch has renoved the spacer 304
(FIG 5) gndhmve 20 dielectric fill of the DIl 108 (FIG 5), leaving a
trench 602. After the etch, a contact etch stop |layer 604 is deposited in
the trench 602 and over the source/drain 402, the liner 302, and the gate
204. The contact et | ayer .604.in the trench 602 introduces

addi ti onaﬁ' st r ai “?%Q?qi@g@%@ﬁ USRS Ting 2 SPicAngueteR AGViCerORIPTIFINg; herei n i s
shown a T ow cii#idiap adeiRon@abidNubleRie (R havihiihh ufiict (16 islcod $ie Y
depleted silicon on rnsul ator sem conductof device In accordance Wth the
present i ssemidopductaayerdd d@cbn the insobitar(E04)cles provi di ng a semni conduct or
substrate havigg_an insul at or .t hereo th a sem conductor |ayer on the
insulator in a“n|"é'8%a9§‘°z";§?‘bcﬁ%ﬁ°ﬁ@“°é"38 dielectric and a gate on the

sem conduct or lfeyeing b Ba®@ didlecikic (20P) ah@h FaRG204H cAQRPsdntiBotducios Mlydt (108);Spaced
outside the_spacer and introducing strain to the sem conductor "l ayer’in a
bl ock 70824 f or mi ng a spacer around the gate in a block 708; renoving the

sem conduct or i ut-si,de t.ne spacer i,n. | ock 710;
and form ng re?:@slrgé%gs lf%g@P é?%’%érk%ﬁ%ﬁ{esgagee&taﬁgm?dﬁ?@er%eﬂ% n?)l}ggllgg‘?’iz 30
Thus, it (ES)kaferrediovingwepdztion thtedf heint@ducomdiitoake svteRIueRE Ndr and
apparatus of the present invention furnish inportant and heretofore
unknown aftP®mavail abl e sol uti ons, capabilities, and functional advantages
for FDSO CMOS. The resulting process and configurations are

strai ghtforward, econom cal, unconplicated, highly versatile, accurate,
sensi ti ve2. and Teé imetlidd(@00)eofetlainn] bhereipfoemingtrestsivd sedrpidraig (40)Wn
conponents for read facturing,,. application, and utjlization. 35 Wile
t he invenf’\‘tﬁﬁeﬁ%ess g‘ﬁrﬁ%ﬁpﬁﬁ m;h{lse Hi& teessesf soHres/dsgia €492 dypbest  node,
it isto Qﬁedtﬁg%gﬁi)ﬁﬂ%m\;vﬁ%utﬁfa@ﬂleasgﬁ@e&@.ﬁd ves, nodifications, and
variations wll be apparent to those ski Igd inthe art in light of the

af oregoi ng description. Accordingly, it is intended to enbrace all such

al ternatiyes, di fi.cations nd . variations which fall wthi he scope of
t he incl ufed cllfgf’ mse.thoil (Il78é}aqftczar“§1 thVgﬁr&P{ FBie rg‘éftssefiéPFll‘?e)#é"r”éi(% r shown in
the acconpaside i $Hadsk(BOH faFtRerlcd isbsﬂfoﬁhﬁfgﬁ%@égsédrba%n' dop@tiligdh Ve and
non-limting sense. 40 5 CLAI MS . The met’hod (700) for nmanufacturing a
seni condudQuiee/drain @82-enipide Biersgaces (304) dintrgduringstiaiwtedhe sanicendistardayer ( 102)
havi ng an(li gul ator (104) thereon with a sem conductor |ayer (106) on the
i nsul at or (d% 4); formng a deep trench isolation (108); form ng a gate
dielectric (202) and a gate (204) on the sem conductor |ayer (106); and

form ng a spacgr (304) around the gate (204) and in the deep trench
i sol ati on% (108he Hrthed (Y@hefickimd whereinderming reesssed sounee/depdn (4923t rain to

the sem CORGUCHY sph@¥804) further comprises forming recessed silicon germanium
source/drain (402) outside the spacer (304), introducing strain to the semiconductor layer
(106).

)

5. The method (700) of claim 1 additionally comprising:
removing the spacer (304);
removing the deep trench isolation (108), leaving a trench (602); and
depositing a layer (604) in the trench (602), over the recessed source/drain (402),

and over the gate (204), introducing strain to the semiconductor layer (106).




(106). 2. The nethod (700) of claim1l wherein form ng recessed source/drain
(402) outside the spacer (304) further conprises form ng recessed
source/drain (402) by selective epitaxial growth outside the spacer (304).
3. The method (700) of claim 1l wherein form ng recessed source/drain (402)
out side the spacer (304) further conprises form ng recessed carbon doped
silicon source/drain (402) outside the spacer (304), introducing strain to
t he seni cénductAcsentieymeluciot A&)ice campridimg:met hod (700) of claim 1 wherein

form ng recessed source/drajn (4 outsi de the spacer (304) further
conprises for nﬁﬁa‘nfcseé‘é%f&“bﬁtra}(t%&?%é?m&mmsulﬁmr(ﬁ&)ahqwn v4b2) out si de

the spaceserid8fductdrtye? ¢itse) BF (i it e sem conductor layer (106). 5.
The net hod (700) of c}lr ai@m addi tn?%né)??gld‘@’onpri sing: renoving the spacer

(304); renovi ng geteglielectric (202 ahd a gated204Hron(th® Smicohreton dayer (Y0SRCh (602) ;
and depositing_a.layer (604),110 the trench )2), over the recessed
source/drain (g%n’a}{lygns a‘iﬁ}bd@ﬁémﬁ’gt ega}gg%()%),i ntroducing strain to the
sem conduct or kapeed 6di6e/drath @02 oSHIe SIRNPAEdrP804)EMICE conprising: a
sem conductor substrate (102) having an insulator (104) thereon with a

sem conduct or R&gaeh (608b3paeed ewtside thwueadssed outé)jdraia (402)endicehtaining the ( 202)

d t j duct or. | 6) ; ti | )
(3049 ar othisey it st BB BeF REMEingRindb SPekhessbispPsTireihl ke spacer
(304); antterchtiselnddn (168R) spaced outside the recessed source/drain (402)

and containing the spacer or a contact etch |ayer for introducing strain
to the recessed source/drain as a deep trench isolation (108). 7. The

sem condugt or L i4m rel Jacessed sourcef drain,. (402)
out'si do 1 fie spaaeramsieid dBye 8EChEN B bkl BEGREGKARMEREPR T 02)
formed byoutsidt et spaeer ¢Pp04)duithdr cotmprisds tdssediDUERRIrSATS6T) (o by 8. The
sem conduct or, devj ce .of c] ai m,&vx/nerei n the recessed source/drain (402)
out si de t FACeliys eRttaxial gagwih quisids the spaser 6304)r ecessed car bon doped silicon
source/drain (402) outside the spacer (304) introducing strain to the
sem conductor |ayer (106). 7
The semiconductor device of claim 6 wherein the recessed source/drain (402)

outside the spacer (304) further comprises recessed carbon doped silicon source/drain

(402) outside the spacer (304) introducing strain to the semiconductor layer (106).




