SELF- ALI GNED ELEVATED TRANSI STOR BACKGROUND OF THE I NVENTION (1) Field of
the Invention The invention relates to the fabrication of integrated
circuit devices, and nore particularly, to a nmethod of formng a
self-aligned el evated transi stor using the technique of silicon epitaxial
growh in the manufacture of integrated circuits. (2) Description of the
Prior Art Shallow trench isolation (STI) wll be enployed widely in current
and future integrated circuit technologies to provide sufficient isolation

bet ween nei ghbgEIoAdRYNERELEVRVERErRANBESEORI € a nunber of problematic
i ssues in STl processes including "hunp effects"” and chem cal nechani cal

polishing (CWMP) induced dishing over wide trenches that nust be resol ved
prior to its further and wi der applications. The STI corner represents an

abr upt tran%;é(igggl:{gm E,(?Egﬁ‘,@mé&'?b@ai ve area to isolation. The gate

pol ysilicon arp trench corner causes a separate
conduction characteristic of the corner resulting in a "double hunmp" in
the transistor drain current-gate voltage characteristics. It is desired
to void the Probl em of the "hunp effects.” Another problemw th STI
procedsEield of tediveH®acki ng density of integrated circuits will be
limted by the dinensions of the isolation trenches. It is desired to
fabri cate arfhenibegptipneglaies tuthe fabiigationtof infegmtespisaiisdeicashangmorgr ocess.

particularly, to a method of forming a self-aligned elevated transistor using the technique

of silicon epitaxial growth in the manufacture of integrated circuits.

(2) Description of the Prior Art

Shallow trench isolation (STI) will be employed widely in current and future
integrated circuit technologies to provide sufficient isolation between neighboring devices.
However, there are a number of problematic issues in STi processes including "hump
effects" and chemical mechanical polishing (CMP) induced dishing over wide trenches
that must be resolved prior to its further and wider applications. The STl corner
represents an abrupt transition from the transistor active area to isolation. The gate
polysilicon wraparound of a sharp trench corner causes a separate conduction
characteristic of the corner resulting in a "double hump" in the transistor drain current-gate
voltage characteristics. it is desired o void the problem of the "hump effects.” Another
problem with ST| processes is that the packing density of integrated circuits will be limited
by the dimensions of the isolation trenches. 1t is desired to fabricate an integrated circuit

without the drawbacks of the STl process.



1 U S Patent 4,749,441 to Christenson et al teaches a nethod of selective
epitaxial growh (SEG to formelevated source/drain regions. However, the
gate electrode is not formed by self-aligning techniques. U S. Patent
5,686,343 to Lee teaches form ng an epitaxial layer and patterning it to
provi de an active area. U. S. Patent 5,780,343 discloses the formation of
an SEG layer within a trench and formng a gate thereover. U S. Patent
5,681,776 to Hebert et al teaches SEGwithin a trench and then oxidation

of the SEG regiopst.o fgr i i ON\. Pat , to
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el evated transistor in the fabrication of an integrated circuit. Another
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aligned el evated transistor using selective epitaxial gromh in the
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invention is to provide a method of formng a self-aligned el evated

t ransi stmr8i\348 elistiddesrtbe fanaiisolaiba SHEAtaeEr wathar ajtemchiaod foephd a gate
thereover. U.S. Patent 5,681,776 to Hebert et al teaches SEG within a trench and then
oxidation of the SEG regions to form trench isolation. U.S. Patent 5,453,396 to Gonzalez

et al discloses a SEG process for a DRAM.
SUMMARY OF THE INVENTION

A principal object of the present invention is to provide an effective and very
manufacturable method of forming a self-aligned elevated transistor in the fabrication

of an integrated circuit.

Another object of the present invention is to provide a method of forming a self-
aligned elevated transistor using selective epitaxial growth in the fabrication of an

integrated circuit.

Yet another object of the present invention is to provide a method of forming a
self-aligned elevated transistor wherein there is absolute control over junction

depth.



2 A further object of the invention is to provide a nethod of formng a
self-aligned elevated transistor using selective epitaxial growh wherein
there is absolute control over junction depth. A still further object of
the invention is to provide a nethod of formng a self- aligned el evated
transi stor wherein the packing density of integrated circuits i s not
limted by the dinension of isolation trenches. Yet another object of the
present invention is to provide a nethod of formng a self-aligned
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i solat] on.tr&ncﬁes. I n accordance with the objects of this invention the
met hodUBFUYbIRRg a sel f- aligned el evated transistor using selective
epi taxial growth wherein the packing density of integrated circuits is not
limted by the dinmension of isolation trenches is achieved. An oxide |ayer
is provided overlying a sem conductor substrate. The oxide |ayer is etched
through to th%SﬁléIXdr&@ﬁébﬁCb@f thanryadion is & pEvifes MadirhohRuning %S?'g-wer
portion contacting the substrate and an upper portion having a w dth
| ar geraligned dléneated tahsisfortiersiovke papigng idensitaokintagcaigd|ciguits isnajligiied
within the trench using selective epitaxial growth wherein

by the dimension of isolation trenches.

Yet another object of the present invention is to provide a method of forming a

self-aligned elevated transistor without the use of shallow trench isolation.

A still further object of the invention is to provide a method of forming a self-
aligned elevated transistor using selective epitaxial growth wherein the packing density of

integrated circuits is not limited by the dimension of isolation trenches.

In accordance with the objects of this invention the method of forming  a self-
aligned elevated transistor using selective epitaxial growth wherein the packing density of
integrated circuits is not limited by the dimension of isolation trenches is achieved. An
oxide layer is provided overlying a semiconductor substrate. The oxide layer is etched
through to the semiconductor substrate to form a trench having a lower portion contacting
the substrate and an upper portion having a width larger than the width of the lower
portion. A silicon layer is grown within the trench using selective epitaxial growth wherein

the silicon layer fills the lower portion and partially fills the upper portion wherein the



the silicon layer fills the |lower portion and partially fills the upper
portion wherein the 3 thickness of the silicon layer partially filling the
upper portion is controlled. Aliner oxide |I|ayer is deposited overlying
the oxide |ayer and the silicon |layer within the trench. Nitride spacers
are formed on the sidewalls of the trench over the liner oxide |ayer. The
liner oxide is renbved where it is not covered by the nitride spacers
overlying the silicon layer. A gate oxide | ayer is grown overlying t he
silicon Ia er within the trench, A_polysilicon I i e

over | yi i n%ssoszft the wwaﬂa%@awad'm.ﬂﬁmsﬁ@e HPBRRPR *%@%ﬁr@ﬂ @az‘k*"}eé %m a
gate electrode within the trench between the nitride spacers. The nitride
spacer s layey isdenesitechausylvingdhe ww@ya&erea%fﬂﬁe&ﬂv@ﬂéawa%”&atf@%l eMltfﬁ“{ﬁj
leaving thin nitride spacers on sidewalls of the gate electrode and
exposi ngspacerd anedormosd de tow eideyialig of the tegrichavrer they/ner axidedayers dte ings
trench. The exposed |iner oxide is etched away. lons are inplanted into the
si | i con dxiyers ratmadved verdge st iohot devered hg bhanhigiicebgpaeos oeeriiing theagiicopdeket s
are formed wthin the silicon |layer and wherein the controlled thickness

of the SAEemlb@wer Ragrolval dverlyinglthé Blicbh eayepRethirpviettianehofA phigsiticentlyer
corresponds to a desired junction depth of the source/drain pockets. The

gate el gg h@g%@&&%ﬁk%@d&a?&%ﬁi FitAN&hE Itﬂeln@h dnd ctthedbRIas f6ine al e

i s deposited overlying the oxide layer and silicided source/drain pockets
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and the “'source/drain poc ormthe evated transistor in

t he f abré\’\(}%} \Irvﬁere they are not covered by the gate electrode leaving thin nitride spacers on

sidewalls of the gate electrode and exposing the liner oxide overlying the silicon layer at
edges of the trench. The exposed liner oxide is etched away. lons are implanted into the
silicon layer at the edges of the trench whereby source and drain pockets are formed
within the silicon layer and wherein the controlled thickness of the silicon layer partially
filling the upper portion of the trench corresponds to a desired junction depth of the
source/drain pockets. The gate electrode and source/drain pockets are silicided. A
dielectric layer is deposited overlying the oxide layer and silicided source/drain pockets
and silicided gate electrode within the trench wherein the gate electrode and the
source/drain pockets form the self-aligned elevated transistor in the fabrication of an

integrated circuit.

Also, according to the objects of the invention, a new self-aligned elevated
transistor is achieved. An oxide layer overlies a semiconductor substrate. A silicon layer

fills a lower portion of a trench through the oxide layer and partially fills an upper portion of



integrated circuit. Also, according to the objects of the invention, a new
self-aligned elevated transistor is achieved. An oxide |ayer overlies a
sem conductor substrate. A silicon layer fills a |lower portion of a trench
t hrough the oxide layer and partially fills an upper portion of 4 the
trench wherein the | ower portion of the trench contacts the sem conductor
substrate and has a wdth snmaller than a wdth of the upper portion of the
trench. A polysilicon gate eIectrode overlies a center portion of the
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trench to te ele at tr istor in an inte ted t device.
BRI EF ¥ R CPOEET W‘]\&ﬁ?ﬁi“ﬁﬂg '%5@%5‘9 9 oK !ﬁgg'lform' ng a
mat eri al part of this description, there is t hr oygh
schemetherehatyeen, %VF%@alw%w%‘é'éhméﬁeﬁf'F@B?@@é Rt 389% Rogionsg Pgﬂ%ﬂ? red
enbodi ment of the present invention. DESCRI PTI ON OF THE PREFERRED
EMVBODI $iordaRer rotrdavgrasoy the meilygilicon gaie etedtrode) IAudielestricdayeporaniontier a
partially conpleted

oxide layer and the gate electrode and source/drain pockets within the trench to

complete elevated transistor in an integrated circuit device.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is

shown:

Figs. 1 through 14 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Fig. 1, there is illustrated a portion of a partially completed
integrated circuit in which there is a monocrystalline silicon semiconductor substrate 10.
An oxide layer 14 is deposited by chemical vapor deposition (CVD) or thermally grown
over the surface of the substrate. This layer 14 may comprise undoped silicon oxide and

has a thickness of between about 4000 and 6000 Angstroms.



integrated circuit in which there is a nonocrystalline silicon

sem conduct or substrate 10. An oxide |layer 14 is deposited by chem cal
vapor deposition (CVD) or thermally grown over the surface of the
substrate. This layer 14 may conprise undoped silicon oxide and has a

t hi ckness of between about 4000 and 6000 Angstrons. 5 The oxide layer is
patterned using conventional photolithographic and etching techniques to
forman opening to the substrate as shown in Fig. 2. The opening consists
of a wide trench 15 through an upper portion of the oxide |ayer 14 and a
narrow via 17 within the trench conti nuing through to the substrate
surface. For exanple, the trench 15 has a wdth of between about 12, 500 and

15, 000 Angst ro@W%lad@btswaéﬁern%@%@ﬁoawjlongb@mtalﬁaog@gblcm?tpblﬁ@ or
about 3/4 of the thickness of the oxide layer 14. The via 17 has a width
of bet wdeahripees (600D ameperdDBOhASFEBIrdiesrssitdvEN Bdpgh2.of he lppen®en about
300 and 500 Angstrons or about 1/4 of the thickness of the oxide | ayer 14.
The w decdnsieste bf 4 Wridatrebeh &b dubugh antuppér Partion af dresoxid e ayer 1dssndsa navwoas
about 0.9 mcrons. Referring nowto Fig. 3, the substrate 10 exposed

wi t hi n tig 1vivatrep e thench/cdrinuighhetigedotive sebstedté verfe. t Bad elangsiowt h
(SEG. Silicon 18 grows to fill the via opening and to partially fill the
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A. The thickness A will be the junction depth of the source/drain regions

to be  petween about 3000 and 5000 Angstroms or about 3/4 of the thickness of the oxide layer
14. The via 17 has a width of between about 5000 and 10,000 Angstroms and a depth of
between about 300 and 500 Angstroms or about 1/4 of the thickness of the oxide layer 14.

The wide trench 15 can be about 1.0 to 1.25 microns wide or as narrow as about 0.9

microns.

Referring now to Fig. 3, the substrate 10 exposed within the via opening 17 is
subjected to selective epitaxial growth (SEG). Silicon 18 grows to fill the via opening and
to partially filf the trench opening, as shown. SEG can be controlled to the desired
thickness A. The thickness A will be the junction depth of the source/drain regions to be
formed subsequently. Typically, the thickness A of the silicon 18 within the trench opening

is between about 1000 and 2000 Angstroms.

Selective Epitaxial Growth is described in ULS! Technology by C. Y. Chang and

S. M. Sze, McGraw-Hill, NY, NY ¢. 1996, pp. 131-132. For example, vapor phase



formed subsequently. Typically, the thickness A of the silicon 18 within
the trench opening is between about 1000 and 2000 Angstrons. Sel ective
Epitaxial Gowh is described in ULSI Technology by C. Y. Chang and S. M
Sze, McGawHill, NY, NY c. 1996, pp. 131-132. For exanple, vapor phase 6
epi taxy or chem cal vapor deposition (CVD) epitaxy can be used. At about
1050 C, Sid4, SiH2C2, SIHAO3, or SiH4 gas nay be conbined with H2 or HC
gas to result in the formation of a Si solid film18. Next, referring to

Fig. 4, aliner oxide 20 is depos) by CVD. over e fo ve, oxi de
ager SpiBungr shemicehiert denettBe KD eBtett TS et deAbibat RS Ser
This liner oxide has a preferred t jcﬁne s, of aﬁiweegﬁabOEt Oq andf1000
Angst rheCl2NG Cla ar s 9992 MAYY e $RBIREHVI lde0r Hikt SRYEYIeSHI Jothegprmation
oxynitride is deposited over the liner oxide 20 to a thickness of between
about E@0%i s0lid f'BOJE. Angstronms, as shown in Fig. 5. The layer 22 is

ani sotropically etched back to | eave spacers 24 on the inside sidewalls of
the trench as shown in Fig. 6. Now, a threshold voltage inplant 28 is nade
through the gate oxide into the silicon 18. For exanple, for an NMOS

devi ce, BF2 iNw&, refaringid Bigt éda dihebetiveen istbepdsited Hyl2VDover Ek3swufapesifcn?
at 40 to 50 KeV. For a PMOS device, phosphorus or arsenic 1ions are
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oxide has a preferred thickness of between about 500 and 1000 Angstroms.

Now, a layer 22 of silicon nitride, nitrided oxide, or oxynitride is deposited over
the liner oxide 20 to a thickness of between about 3000 and 6000 Angstroms, as
shown in Fig. 5. The layer 22 is anisotropically etched back to leave spacers 24 on the

inside sidewalls of the trench as shown in Fig. 6.

Now, a threshold voltage implant 28 is made through the gate oxide into the
silicon 18. For example, for an NMOS device, BF; ions are implanted at between about
1E12 to 1E13 atoms/cm? at 40 to 50 KeV. For a PMOS device, phosphorus or arsenic

ions are implanted at 1E12 to 1E13 atoms/cm? at between about 40 and 50 KeV.

Referring now to Fig. 7, the liner oxide within the trench not covered by the

spacers 24 is removed, preferably using a wet etch to minimize silicon damage.

Gate oxide 26 is regrown on the exposed silicon 18 within the trench to a

thickness of between about 35 and 50 Angstroms, as shown in Fig. 8.



Referring nowto Fig. 7, the liner oxide within the trench not covered by
the spacers 24 is renoved, preferably using a wet etch to minimze silicon
damage. Gate oxide 26 is regrown on the exposed silicon 18 within the
trench to a thickness of between about 35 and 50 Angstrons, as shown in
Fig. 8 7 Now, a layer of polysilicon is deposited over the substrate and
filling the trench. The polysilicon |ayer is doped, as is conventional,
then etched back to |l eave a polysilicon gate 30 recessed within the
trench, as seen in Fig. 9. Referring nowto Fig. 10, a self-aligned nitride
etch is performed with high selectivity to silicon nitride over oxide,

pol ysilicon, For f.ol | ow

d silicon .exanpl e, any of .the .chem strjes
ay be used: QUMK PLROVREH TR e osfiSY iy b Bup* e BT R ergh
silicon_nitrjde spacers 24 are renoved where they are not covered by the
ool ysi | ThoRolyaligoRRYer B.Aaned. o84S, Camventianalr ihed diedhackss 1648 @ nt ent i onal | y
prolonged nitride overetch will etch into the underlying oxide 20 and 14,
| eavi ngPREsilicRN aate 0 regesses! within Mgy yeneiviasoreein &éd- 2. A sel f-al i gned oxi de
strip renoves the liner oxide 20 where it is not covered by the nitride
spacers 32, as shown in Fig. 11. For exanple, the |liner oxide may be
renoved by diluted hydrofluoric acid (DHF) (100:1) at about 24 C for 60 to
80 seconds. The silicon |ayer 18 is now exposed adjacent to the gate 30.

Referring now to Fig. 10, a self-aligned nitride etch is performed with high
selectivity to silicon nitride over oxide, polysilicon, and silicon. For example, any of the
following chemistries may be used: Co/C4Fs/Ar/Q,, SFs/Ou/Ar,He, NF3/Oy/Ar,He. That is,
the silicon nitride spacers 24 are removed where they are not covered by the
polysilicon gate 30, leaving very thin nitride spacers 32. An intentionally prolonged nitride

overetch will etch into the underlying oxide 20 and 14, leaving behind about 100 to

200 Angstroms of oxide 20.

A self-aligned oxide strip removes the liner oxide 20 where it is not covered by
the nitride spacers 32, as shown in Fig. 11. For example, the liner oxide may be
removed by diluted hydrofluoric acid (DHF) (100:1) at about 24 °C for 60 to 80 seconds.

The silicon layer 18 is now exposed adjacent to the gate 30.

Referring now to Fig. 12, a self-aligned source/drain implant 35 forms source
and drain regions 38 within the silicon 18 adjacent to the gate electrode 30. The
source/drain regions or pockets 38 have a junction depth determined by the thickness of

the SEG layer 18 and are not determined by thermal drive-in.



Referring nowto Fig. 12, a self-aligned source/drain inplant 35 forns
source and drain regions 38 within the silicon 18 adjacent to the gate

el ectrode 30. The source/drain regions or pockets 38 have a junction depth
determ ned by the thickness of the SEG |ayer 18 and are not determ ned by
thermal drive-in. 8 For exanple, a large angle tilt inmplant is made with
four-way rotation. For a N+ inplant, arsenic ions are inplanted at about 1
E15 atons/cn2 at 50 to 60 KeV. For a P+ inplant, phosphorus ions are

i npl anted at about 1 E15 atons/cnR at 30 to 40 KeV. A N2 anneal at 800-900
Cfor 15 to 20 seconds is preferred to get lateral diffusion of dopants to

form NLDD or PLDD regions. The e d, so e i r i \i.ci ded
40, as shown % %?@.P%ﬁnaﬁ?ra”%gﬁhﬂr@@”{ ﬁ‘fﬁé\g‘? @ﬂhz@ﬂf‘gggﬁéﬁ%rﬁeg%i%!%such
as by DHF and NHAOH H2Q2/ H2O.,  Titaniumjs deposite 0 hj ckness of
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titaniumlayer at a dosage of about 1 E13 atons/cn at 40 to 50 KeV. A
rapi d hérpant, phesehasus rTe)aredmpanterbakallqut 184 51adgmes/cnt FR%ttRe S eY con and
pol ysilicon surfaces, as shown. Fig. 14 shows dielectric |ayer 44 isol ating
t he elléyvanmzhl bt 809605E 8010t0 PAsecomieistireierreite get taterel diffysionehy be, for
exanpl e, tetraethoxysilane (TEOS) oxide, phosphosilicate glass (PSG,
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The gate and source/drain pockets are silicided 40, as shown in Fig. 13. For
example, the wafer surface is cleaned, such as by DHF and NH,OH/H202/H-0.
Titanium is deposited to a thickness of between about 200 to 300 Angstroms. Silicon is
implanted through the titanium layer at a dosage of about 1E13 atoms/ocm? at 40 to 50
KeV. A rapid thermal process (RTP) forms the salicide layer 40 on the silicon and

polysilicon surfaces, as shown.

Fig. 14 shows dielectric layer 44 isolating the elevated transistor 30 of the
invention. Dielectric layer may be, for example, tetraethoxysilane (TEOS) oxide,
phosphosilicate glass (PSG), borosilicate glass (BSG), HSQ, or high density plasma

(HDP) fluorosilicate glass (FSG).

Processing continues as is conventional in the art to form electrical contacts to
the source/drain and gate areas outside of the cross-section shown in the figures, as

is understood in the art.



(HDP) fluorosilicate glass (FSG . Processing continues as is conventi onal
in the art to formelectrical contacts to the source/drain and gate areas
outside of the cross-section shown in the figures, as is understood in the
art. 9 The new self-aligned elevated transistor of the invention will now
be described wth reference to Fig. 14. An oxide layer 14 overlies a

sem conduct or substrate 10. A silicon layer 18 fills a | ower portion of a
trench through the oxide layer and partially fills an upper portion of the

trench wher el n ae:d,PU0F AR 8By AbALHRSKIANE Il BREARS P BEesaRTIE Of

substrate and has a w er t e upper portion of the
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44 overlies the oxide |ayer and the gate el ectrode and source/drain
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circuit device. The process of the present invention provides an effective
and ver ysermigandusterauasiratenanchbas 8 avidthasnalsatharga addtblcddiae vaperRaTtes obihe
This is a sinpler process than SIMOX (separation by inplantation of
oxygen) toencBOA pslyilicangate daledtudds 30 pverpene essies poRam efbesiliepnidyer
i nventive process requires no oxygen inplantation and no
having a gate oxide layer 26 therebetween. Source/drain pockets 38 lie within the silicon
layer at edge portions of the silicon layer not covered by the polysilicon gate electrode 30.
A dielectric layer 44 overlies the oxide layer and the gate electrode and source/drain

pockets within the trench to complete elevated transistor in an integrated circuit device.

The process of the present invention provides an effective and very
manufacturable method for fabricating an elevated transistor. This is a simpler process
than SIMOX (separation by implantation of oxygen) or SOI (silicon on insulator)
processes. For example, the inventive process requires no oxygen implantation and no
annealing treatment, which reduces the thermal budget. The process of the
invention results in a new structure that is midway between a partially depleted SOl and a
fully depleted SOI. Partially depleted SOl's pose long-term unstable |-V characteristics
while fully depleted SOl's do not allow SEG implementation. This invention provides the
advantages of a fully depleted SOI while allowing SEG implementation and also allowing
back gate biasing. The process of the invention allows absolute control over some device
parameters, most significanily the junction depth of the source/drain regions which is

controlled by the thickness of the selective epitaxial growth.
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anneal ing treatnent, which reduces the thermal budget. The process of the
invention results in a new structure that is mdway between a partially
depleted SO and a fully depleted SO. Partially depleted SO's pose

| ong-term unstable IN characteristics while fully depleted SO's do not

all ow SEG i npl enentation. This invention provides the advantages of a
fully depleted SO while allow ng SEG inplenentation and al so all ow ng

back gate biasing. The process of the invention allows absol ute control

over sonme device paranmeters, nost significantly the junction depth of the
source/drain regions which is controlled by the thickness of the selective

epi taxial gr oy 19T lriR&egr[‘ii%nﬁasté*ﬁu%%ﬁgﬁm%dﬁfélnghg%s%%‘ﬂ%HPréntOéTi

advant ages over curren ructures. age current 1s

achi eved t he i nvention because | eaka I : r i to one

dir ect?e.tﬂf??grteﬁa?\ lpwer feakapg okl ef‘f'&rﬁcﬁheé’eggjdr@g/@fez‘mn?tegﬁgf&u{eggg into the

channel area. Conventional burjed source/drain regions haye. |egakage

cur r enB4TEMHS agg porfinedde iO@ﬁsdb'F.em'%ﬂ Rt syt Bomdi SeUrREISILIATE |

formed in a self-aligned process wthin a trench and havi n%gi sol ati on

t her eaintuthg, chenagkares. Lenvesiend duripd saereeradergiany haygdpaiane QrEadses.

No excessive etching of the substrate is required to forma trench. No

hunp edlif dicections irtvhe adbsteale d Séienthedansistords Femesbnanselfakoneddiroeess he

ability to control the orientation of the SEG growmh because of the

pr esengghiafa tréechoaidiravidg Tdatation. thefBaeoynd) tlesrs is sntindrabsey irspadkira deyrsesl,
over ST! processes. No excessive etching of the substrate is required to form a trench.

No hump effects or CMP-induced dishing occur.

Other advantages include the ability to control the orientation of the SEG growth
because of the presence of the oxide 14 "frame." The process is totally self-aligned,
thereby eliminating masking steps and allowing smaller feature sizes. A more planar

overall topology results as well.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.
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t hereby elimnating masking steps and allowi ng snaller feature sizes. A
nore planar overall topology results as well. While the invention has been
particularly shown and described with reference to the preferred
enbodi ments thereof, it will be understood by those skilled in the art that
various changes in formand details may be nade w thout departing fromthe
spirit and scope of the invention. 11 Cains 1. An elevated transistor in
an integrated circuit conprising: an oxide |ayer overlying a sem conduct or
substrate; a silicon layer filling a &ower portion of a trench within said
oxi de layer and partially filling an '@HB%r portion of said trench, wherein
said lower portion of said trench contacts  said sem conductor substrate
and has alwhaelevatag ransistaain @D infearategicirgtit gompFengporti on  of said trench;
a polysilicon gate electrode overlying a center portion of said silicon
| ayer havi ngn@Xidgalegeoxiaiyingy eemideededier aelsiraléier ei n t he pol ysilicon gate
electrode is formed within the trench; source/drain pockets within said
si |l i con | ayersilaondayps filiorgt a mveergorisai of sirencowithiaysaid oxide layerendgabljaliyai d
pol ysilicon gate el ectrode; and
filling an upper portion of said trench, wherein said lower portion of said trench contacts
said semiconductor substrate and has a width smaller than a width of said upper portion
of said trench;
a polysilicon gate electrode overlying a center portion of said silicon layer having a
gate oxide layer therebetween wherein the polysilicon gate electrode is formed within the
trench;
source/drain pockets within said silicon layer at edge portions of said silicon layer
not covered by said polysilicon gate electrode; and
a dielectric layer overlying said oxide layer, said polysilicon gate electrode, and said

source/drain pockets to complete said elevated transistor in said integrated circuit device.

2. The elevated transistor according to Claim 1 wherein said trench has a width as

small as 1.0 to 1.25 microns.
3. The elevated transistor according to Claim 1 wherein said oxide layer comprises

thermal oxide and has a thickness of between about 4000 and 6000 Angstroms.

4. The elevated transistor according to Claim 1 wherein said silicon layer has a
controlled thickness corresponding to a desired junction depth of said source/drain

pockets.
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a dielectric layer overlying said oxide |layer, said polysilicon gate

el ectrode, and said source/drain pockets to conplete said el evated
transistor in said integrated circuit device. 2. The elevated transistor
according to Claim1l wherein said trench has a wwdth as snmall as 1.0 to
1.25 mcrons. 3. The elevated transistor according to Claim1 wherein said
oxi de |l ayer conprises thermal oxide and has a thickness of between about
4000 and 6000 Angstrons. 4. The elevated transistor according to Claim1l
wherein said silicon layer has a controlled thickness corresponding to a
desired junction depth of said source/drain pockets. 12 5. The el evated

transistgry ﬁé‘é%v‘été&gtrér?s@o%@&cﬁd:‘ﬁ?%@iéﬁﬁ@'mﬂwe?éﬁh%‘éﬂ?%ﬂn‘és@% M&Ridenabout

1000 and 2000 Angstromns evated transistor according to Claim1l
furthe de | ayer within said trench underlying
nitri d‘{é @%acgpgn%%@h'&éﬁgteva ‘ed transistor according to Claim1l further
conprising a layer of silicide overlying said polysilicon gate el ectrode
and sai d source/drain pockets. 8. The elevated transistor according to

Claim6 wherein said |iner oxide |ayer ha t hi ckness of bet about
500 and P00nS ARySTDIRNSIGor RRCRBULD ST LAdH GO # HOS G RVET o t
conpri \i/:tfr:l% said trench underlying nitride spacers.

7. The elevated transistor according to Claim 1 further comprising a layer of silicide

overlying said polysilicon gate electrode and said source/drain pockets.

8. The elevated transistor according to Claim 6 wherein said liner oxide layer has a

thickness of between about 500 and 1000 Angstroms.

9. An elevated fransistor in an integrated circuit comprising:

an oxide layer overlying a semiconductor substrate;

a silicon layer filling a lower portion of a trench within said oxide fayer and partially
filling an upper portion of said trench, wherein said lower portion of said trench contacts
said semiconductor substrate and has a width smaller than a width of said upper portion

of said trench;
a liner oxide layer overlying said silicon [ayer within said trench;

a polysilicon gate electrode overlying a center portion of said silicon layer having a
gate oxide layer therebetween wherein the polysilicon gate electrode is formed within the

trench;
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an oxide |l ayer overlying a sem conductor substrate; a silicon layer filling
a lower portion of a trench within said oxide |layer and partially filling
an upper portion of said trench, wherein said |ower portion of said trench
contacts said sem conductor substrate and has a width smaller than a width
of said upper portion of said trench; a |iner oxide |ayer overlying said
silicon layer within said trench; a polysilicon gate el ectrode overlying a
center portion of said silicon |layer having a gate oxide |ayer

L anch: 15 SouResr ol R pBauih saFE AR ISy € bERRrdy R allh sl e

of said silicon | ayer not coyered by said polysilicon gate el ectrode; and
a di el ecieEE %\Xf%@'gW@@ﬁ?f’ﬂ@e‘gea?@%?%{%@qdayer, said polysilicon gate
el ectrode, and said source/drain pockets to conplete said el evated ,
transi stor i @ delpelric iyeyoyeddng srELNdeIBYRh said nelysiiern gate\eledwder apd saidor
according to Claim9 wherein said trench has a width as small as 1.0 to
1. 25 mi covinee/drein pdtieteicesampleta said sievated wansistar ngsaid intbaratedCiviérdsivices ai d
oxi de | ayer conprises thermal oxide and has a thickness of between about
4000 and 6000 Angstroms. 12. The el evated transistor according to Claim?9
wherein said silicon | ayer has a

10. The elevated transistor according to Claim 9 wherein said trench has a width as

small as 1.0 to 1.25 microns.

11. The elevated transistor according to Claim 9 wherein said oxide layer comprises

thermal oxide and has a thickness of between about 4000 and 6000 Angstroms.

12. The elevated transistor according to Claim @ wherein said silicon layer has a
controlled thickness corresponding to a desired junction depth of said source/drain

pockets.

13. The elevated transistor according to Claim 12 wherein said thickness is between

about 1000 and 2000 Angstroms.

14. The elevated transistor according to Claim 9 further comprising a silicide layer

overlying said gate electrode and said source/drain pockets.

15. The elevated transistor according to Ciaim 9 wherein said liner oxide layer has a

thickness of between about 500 and 1000 Angstroms.
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controlled thickness corresponding to a desired junction depth of said
source/drain pockets. 13. The el evated transistor according to Caim12
wherein said thickness is between about 1000 and 2000 Angstroms. 14. The
el evated transistor according to Claim9 further conprising a silicide

| ayer overlying said gate el ectrode and said source/drain pockets. 15. The
el evated transistor according to Claim9 wherein said |liner oxide |ayer has
a thickness of between about 500 and 1000 Angstronms. 14 16. An el evated
transistor in an integrated circuit conprising: an oxide |layer overlying a
sem conductor substrate; a silicon layer filling a |ower portion of a

Lrench WiEhAR o ibfslorPan ML BRI LRl boorkdiina an upper portion of

said trench, wherein said | ower tion of said trench contacts said

sem conductaq]ro)a@@%ﬁ ﬁemﬁlﬁ} Qas%nﬂcé’ﬂog}cmr%”% Sle: than a wdth of said upper

portion of sal ner oxi ayer overlying said silicon |ayer

WS Sl LisclyRobLskiLdar oLyl L oo e, sect e v sl
e e PAling &R Ubber portion oF said trénch whBreik Sald 15%er Bortion of $aid ferich dontacte "
said semiconductor substrate and has a width smaller than a width of said upper portion
of said trench;
a liner oxide layer overlying said silicon layer within said trench;

a silicided polysilicon gate electrode overlying a center portion of said silicon layer
having a gate oxide layer therebetween wherein the silicided polysilicon gate electrode
within the trench;

silicided source/drain pockets within said silicon layer at edge portions of said silicon
layer not covered by said silicided polysilicon gate electrode; and

a dielectric layer overlying said oxide layer, said silicided polysilicon gate electrode,

and said silicided source/drain pockets to complete said elevated fransistor in said

integrated circuit device.

17. The elevated transistor according to Claim 16 wherein said trench has a width as

small as 1.0 t¢ 1.25 microns.

18. The elevated transistor according to Claim 16 wherein said oxide layer comprises

thermal oxide and has a thickness of between about 4000 and 6000 Angstroms.
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silicided source/drain pockets within said silicon |ayer at edge portions
of said silicon |ayer not covered by said silicided polysilicon gate

el ectrode; and a dielectric |layer overlying said oxide |ayer, said
silicided polysilicon gate electrode, and said silicided source/drain
pockets to conplete said elevated transistor in said integrated circuit
device. 17. The elevated transistor according to Caim 16 wherein said
trench has a width as small as 1.0 to 1.25 microns. 18. The el evated
transi st or 1gcRar diDgekirdrsRiidR ARBoWHSS & B1atdl & QKb LAY NiceRTRe: 58S

t hermal oxi de and hag amﬁkﬁt nesg oﬁégétmeen about 4%%% 53d 6 06 Anégtrons.
15 19. T ; L5t r el | I I jlicon
Fayer nad TGS RiEY b E R RRhn 2B OR0 k2ot BBy SL B R o,
corresponding.to.a desired .juncti dept h of said source/drain pockets.
%0 | The gt Bpsrers bEel BT a gt m 16 wherein said | Lner oxi de

| ayer has a thickness of between about 500 and 1000 Angstrons. 16

20. The elevated transistor according to Claim 16 wherein said liner oxide layer has a

thickness of between about 500 and 1000 Angstroms.
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