SELF- ALI GNED ELEVATED TRANSI STOR BACKGROUND OF THE | NVENTION (1) Field of
the Invention The invention relates to the fabrication of integrated
circuit devices, and nore particularly, to a nethod of formng a
self-aligned el evated transistor 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 wdely in
current and future integrated circuit technologies to provide sufficient

i sol ati on between nei ghbori ng devices. However, there are a nunber of

probl ematic issues in STl processes including "hunp effects” and chem cal
mechani cal polishing (ERPF-ARECEEY ELEVATED GERANSHSTOR r enches t hat nust be
resolved prior to its further and w der applications. The STl corner
represents an abrupt transition fromthe transistor active area to

i solation. The gate polysilicon waparound of a sharp trench corner causes
a separate conduction chareIREROINDC OFOTHEh@NTaNDRONT esul ting in a "double
hunp” in the transistor 1 drain current-gate voltage characteristics. It is
desired to

(1) Field of the Invention

The invention relates to the fabrication of
integrated circuit devices, and more particularly, to a method
of forming a self-aligned elevated trangistor 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 emploved
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 applicationg. The STI
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




void the problemof the "hunp effects.” Another problemw th STI processes
is that the packing density of integrated circuits wll be limted by the
di mensions of the isolation trenches. It is desired to fabricate an
integrated circuit wthout the drawbacks of the STI process. U S. Patent
4,749,441 to Christenson et al teaches a nethod of sel ective epitaxial
gromh (SEG to form elevated source/drain regions. However, the gate
electrode is not formed by self-aligni nE techniques. U.S. Patent 5,686, 343
to Lee t%ﬁ%ﬂésﬂ%’?‘?ﬁ%‘@%ﬁ? epltagearhpagekcahst bas t erhi g ideidedpievi de an
active area. U. S. Patent 5,780,343 discloses the formation of an SEG | ayer
within av®+endie HPFlshiody thegdbampt REfeaver " UuSthem amold e88¥iTN6 t o
Hebert et al teaches SEG wthin a trench and then oxidation of the BEG
regi ons $B! fRreRegIssnhcls itdeltathenpatkSngPderat t§, 453183 take@nzal ez et al
di scl oses a SEG process for a DRAM SUMVARY OF THE | NVENTI ON A pri nci pal

obj ect ofixdeltpy esidit Henvéntited by tbepdoveneiamns eff edid iescdrd ivar y

manuf act urabl e nethod of formng a self 2 aligned el evated transistor in
the fabricatdlors . of Tan disntdegriatadtel fabricate an integrated circuit

without the drawbacks of the STI process.

U.S5. Patent 4,749,441 to Christenson et al
teaches a method of selective epitaxial growth (SEG) to form
elevated source/drain regions. However, the gate electrode is
not formed by self-aligning techniques. U.S. Patent 5,686,343
to Lee teaches forming an epitaxial layer and patterning it to
provide an active area. U.S. Patent 5,780,343 discloses the
formation of an SEG layer within a trench and forming 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 GQonzalez 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-



Anot her object of the present invention is to provide a nethod of formng
a self-aligned elevated transistor wusing selective epitaxial growth in the
fabrication of an integrated circuit. Yet another object of the present
invention is to provide a nethod of form ng a self-aligned el evated

transi stor wherein there is absolute control over junction depth. A
further object of the invention is to provide a nethod of formng a
self-aligged el evated transistor using selective epitaxial growth wherein

there i sTabToFUt e TEHTDIC TP toEnd i 6RSdEPPRICAC k%R |9 faly HAdeIsPLEEEL of
the invention is to provide a nethod of formng a self-aligned el evated
transi st8+*“Wherei n the packing density of integrated circuits is not
limted by the dinmension of isolation trenches. 3 Yet another object of the
present inventionis to provide a nethod of formng a self-aligned
el evated transistor without the use of shallow trench isolation. A stil
further object of the iMmwaitsronbjsctoofpthei deesemet hodkrofi drorir ng a
sel f-aligned el evated transistor

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.

A further object of the invention is to provide
a method of forming a self-aligned elevated transistor using
selective epitaxial growth wherein there is absolute control

over junction depth.

A still further object of the invention is to
provide a method of forming a self-aligned elevated transistor
wherein the packing density of integrated circuits is not

limited by the dimension of isolation trenches.



usi ng selective epitaxial growh wherein the packing density of integrated
circuits is not limted by the dinension of isolation trenches. In
accordance with the objects of this invention the nethod of formng a a
self-aligned el evated transistor using selective epitaxial growh wherein
t he packing density of integrated circuits is not limted by the dinension
of isolation trenches is achieved. An oxide layer is provided overlying a
sem conduct or substrate. The oxide |ayer is etched through to the
seni conduct or substrat &%t FFEERCE PPéficth RAVERY PrEIBVRripENtiion é8ntacting
t he substrate and an upper portion having a width |larger than the w dth of
t he | owe® JFIVI6HE aAmedicdced [Fayaingsageohh- it tdned tdlevatedch usi ng
selective epitaxial gromh wherein the silicon layer fills the | ower
portion wfeRhertdmlWirhaut] $heheseppér spatioent whertei isdlseidnhi ckness of the
silicon layer partially filling the upper portion is controlled. A liner
oxi de layer is deposited 4 overlying the oxide |ayer and the silicon |ayer
within the trench. Nitride spacers are fornmed on the sidewalls of the
trench over the |iner oxistellayerthdheobiset OKitdes ivepmivedivhese it is
not covered by the nitride spacers overlying the

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 cbjects of this invention
the method of forming a 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 ig 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
thickness of the silicon layer partially filling the upper

portion is controlled. A liner oxide layer is deposited



silicon layer. A gate oxide layer is grown overlying the silicon |ayer
within the trench. A polysilicon |layer is deposited overlying the oxide
| ayer and within the trench and etched back to forma gate el ectrode
within the trench between the nitride spacers. The nitride spacers are
etched away where they are not covered by the gate electrode | eaving thin
nitride spacers on sidewalls of the gate electrode and exposing the I|iner
oxi de overlg'nqg%h silicon _|ayer at edges of the trench. The exposed

}él

li ner ox?de CHEd BRE LPose aRe PRI gkt deoni kivex e &1 ¢&& | ayer at
the edges of the trench whereby source and drain pockets are formed wthin
the silit6fPFayeNiGHESwiRRsIEr st REecbRTTER| ed the ckidernldfs tofe tdiel i con
| ayer partially fiIIing{the upper portion of the trench corresponds to a
desi red FUeRE} o repilte ofinse oxddecéAdeai n Poekbiser Theldgdtse relmevedode and
source/drain pockets are silicided. A dielectric layer is deposited
over | yi nghere oxiide rtayecvaregd byl tbededtsbde cepalrarsn poakstisicantesi | i ci ded
gate electrode wthin the trench wherein the gate el ectrode and the
sour ce/ de &l icpocleater f oamdiite selifieall hgsedi el gvaedrd@nsirgt @he i N the
fabrication of an integrated circuit. 5 Also, according to the objects of
the investliomn layer within the trench. A polysilicon layer is

deposited overlying the oxide layer and within the trench and

etched back to form a gate electrode within the trench between

the nitride spacers. The nitride spacers are etched away where

they are not covered by the gate electrode leaving thin nitride

spacers on sgidewalls 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. 1Ions 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.



a new self-aligned el evated transistor is achieved. An oxide |ayer
overlies a sem conductor substrate. A silicon layer fills a |lower portion
of a trench through the oxide layer and partially fills an upper portion
of the trench wherein the |ower portion of the trench contacts the

sem conductor substrate and has a wdth smaller than a width of the upper
portion of the trench. A polysilicon gate el ectrode overlies a center
portion of the silicon |layer having a gate oxide | ayer therebetween.
Source/drain pockets lie within the silicon |ayer at edge portions of the
silicon layer not covered by the polysilicon gate electrode. A dielectric
| ayer overlies the oxiPdEA-apeEcaRdnghecgaie ebiettrodd 4it soweosidnai n
pockets wthin the trench to conplete elevated transistor in an integrated
circuit ¥R eIBRIER IDESCRILPTRORCOF FHEL DRAV NGCS: dhri erveel .ac éonpangieng
drawings formng a material part of this description, there is shown: 6
Figs. 1 lawougiverd isshenweingabhylurtbussubserate cross-1Sectn dagker fills
representation a preferred enbodi nent of the present invention. DESCRIPTI ON
OF THE RREFERREDREVBOD MENEStrench through the oxide layer and

partially fills an upper portion of the trench wherein the
lower portion of the trench contacts the semiconductor
substrate and has a width smaller than a width of the upper
portion of the trench. A polysilicon gate electrode overlies a
center portion of the silicon layer having a gate oxide iayer
therebetween. Source/drain pockets lie within the silicon
layer at edge portions of the silicon layer not covered by the
polysilicon gate electrode. A dielectric layer overlies the
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:




Referring nowto Fig. 1, there is illustrated a portion of a partially
conpleted integrated circuit in which there is a nonocrystalline silicon
sem conductor 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 conpri se undoped silicon oxide and has a

t hi ckness of between about 4000 and 6000 Angstrons. The oxide |ayer is
patterned using conventjonal _photolithographic and etching techniques to

form an opening to thd *fbstlr &g shdwACTemEr icably THd usiseritig 18onsi st s
of a wde trench 15 through an upper portion of the oxide layer 14 and a
nar r ow V&Y SEthiMmaheresentesaonnai pyefarvedetkrdinents gisthsat e
surface. For exanple! the trench 15 has a width of between about 12,500
and 15, (POEPeRfstyoiAntdmd-a depth of between about 3000 and 5000 Angstrons
or. about 3/4 of the thickness of the oxide |layer 14. The via 17 has a
wi dth of between about 5000 and 10,000 Angstrons and a depth of between 7
about 300 and 500 Angstrons or about 1/4 of the thickness of the oxide
| ayer 14. The wi de (DESORTIPTIONAOFbLEHELPREFHRRED EMEORXMENTGY ons W de or as
narrow as about 0.9 mcrons. Referring nowto Fig. 3, the substrate 10
Referring now to Fig. 1, there is illustrated a

portion of a partially completed integrated circuit in which

there is a monocrystalline gilicon 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.

The oxide layer is patterned using conventional
photolithegraphic and etching techniques to form an opening to
the substrate as shown in Fig. 2. The opening consists of a
wide trench 15 through an upper portion of the oxide layer 14
and a narrow via 17 within the trench continuing through to the
substrate surface. For example, the trench 15 has a width of
between about 12,500 and 15,000 Angstroms and a depth of
between about 3000 and 5000 Angstromsg 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 Angstromg and a depth of between




exposed within the via opening 17 is subjected to selective epitaxial
gromh (SEG. Silicon 18 grows to fill the via opening and to partially
fill the trench opening, as shown. SEG can be controlled to the desired
t hi ckness 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
Angstrons. Selective Epitaxial Gowh is described in ULSI Technol ogy by
C. Y. chErgtantt%S.and AnGEGraWSHPE| abayt N¢2 cof dlopshimkness10£32. For
exanpl e, vapor Shase epi taxy or chem cal vapor deposition (CVD) epitaxy can
be used.th¢ lepEB0@4 -Si @hgi wsdeRCrencls Hol @in dre Stdditgds Ondip be
conmbined with H2 or HC1 gas to result in the formation of a Si solid film
18. Nextl.zefrergrigng twde @r 45 aalkirner 2exadeu200i % mideposi.t ed by CVD over
the surface of the oxide layer 14 and over the surface of the silicon
| ayer 18 within the trench. 8 This liner oxide has a preferred thickness of
bet ween about 500 and 1000 Angstrons. Now, a |layer 22 of silicon nitride,
nitrided oxide, or oxyiflerirdeg sacdeposrigd oyefnd haiddier-coxiode 20 to a

exposed within the via opening 17 is subjected to selective

epitaxial growth (SEG). Silicon 18 grows to fill the via

opening and to partially fill 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 ULSI
Technology by C. Y. Chang and §. M. Sze, McGraw-Hill, NY, NY c.
1996, pp. 131-132. For example, vapor phase epitaxy or
chemical vapor deposition (CVD) epitaxy can be used. At about
1050°C, SiCl,, SiH.Cl,, SiHCl;, or SiH, gas may be combined with

Hy, or HCl gas to result in the formation bf a 8i solid film 18.

Next, referring to ¥Fig. 4, a liner oxide 20 ig
deposited by CVD over the surface of the oxide layer 14 and

over the surface of the silicon layer 18 within the trench.



t hi ckness of between about 3000 and 6000 Angstrons, as shown in Fig. 5.
The layer 22 is anisotropically etched back to | eave spacers 24 on the
inside sidewalls of the trench as showmn in Fig 6. Now, a threshold voltage
inmplant 28 is nade through the gate oxide into the silicon 18. For

exanple, for an NMOS device, BF2 ions are inplanted at between about |El 2
to IEI3 atons/cn2 at 40 to 50 KeV. For a PMOS devi ce, phosphorus or
arsenic ionshg¥e i npl anted at 1E12 to 1E13 atons/cn2 at between about 40

and 50 KEVAS REFRGT i Gt Howdo sppgefrrrefethiakressi @t GRS a0t A8Ach not
covered by the spacers 24 is renoved, preferably wusing a wet etch to
M ni ni ze®3¢1 }¢oH AMgrige™sGat e oxi de 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 9 Now, a layer of polysilicon is deposited over the
substrate and filling the trench. The polysilicon layer is doped, as is
conventional, then etchedr backatyerl eavefasipbtysihilcoitgate £33 deeicessed
within the trench, as seen in Fig. 9.
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 ig removed, preferably

using a wet etch to minimize gilicon 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. 10, a self-aligned nitride etch is performed with
hi gh selectivity to silicon nitride over oxide, polysilicon, and silicon.
For exanpl e,any of the follow ng chem stries may be used: Co/ CAF8/ Ar/ QZ,
SF6/ Qz/ Ar, He, NF3/Q2/Ar,He. That is, the silicon nitride spacers 24 are
removed where they are not covered by the polysilicon gate 30, | eaving
very thin nitride spacers 32. An intentionally prolonged nitride overetch
will etch into the underlying oxide 20 and 14, |eaving behind about 100 to
200 Angstrons of oxide 20. A self-aligned oxide strip renoves the |iner
oxide 20 where it is not covered by the nitride spacers 32, as shown in
Fig. 11. For exanple, ¥, endpyexi dé payydel iermvied dappsditiedt eger

hydrof luoric acid (DHF) (100:1) at about 24C for 60 to 80 seconds. The

si i con theeyubig naf enewdeXpddédoatdhacenentio. tTes gatleys30.1cb@ Referriag now
to Fig. 12, a self-aligned source/drain inplant 35 fornms source and drain
regi ons @&edu tadd nig kergiehitdonal abdgacenthdéd ek gat d eelvectr ode 30. The
source/drain regions or pockets 38 have a junction depth determ ned by the
t hi cknespobfs thie®GdaayenolGecandsatiewdbhin the trench, as seen in Fig.

9.

Referring now to Fig. 10, a self-aligned nitride
etch is performed with high selectivity to silicon nitride over
oxide, peolysilicon, and silicon. For example,any of the
following chemistries may be used: Co/C.Fg/Ar/0,, SF./0:/Ar,He,
NF;/0;/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 intenticnally
prolonged nitride overetch will etch into the underlying oxide
20 and 14, leaving behind about 100 tc 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 hydroflucric acid (DHF) {100:1) at about 24°C for 60
to 80 seconds. The silicon layer 18 i1s now exposed adjacent to

the gate 30,

10




determ ned by thermal drive-in. For exanple, a large angle tilt inplant is
made wth four-way rotation. For a N+ inplant, arsenic ions are inplanted
at about 1E15 atons/cnR at 50 to 60 Key. For a P+ inplant, phosphorus ions
are inplanted at about 1E15 atoms/cn2 at 30 to 40 KeV. A N2 anneal at
800-900C for 15 to 20 seconds is preferred to get lateral diffusion of
dopants to form NLDD or PLDD regions. The gate and source/drain pockets
are silicided 40, as shown in Fig. 13. For exanple, the wafer surface is
cl eaned, such as by DHRedraTNHIOAOM2E2/ FRO T2t anisshfi-aldepesited to a

t hi ckness of between about 200 to 300 Angstrons. Silicon is inplanted

t hr ough $¢rerastdusimmimplentast 5a fdosagecufcabmud d518 mtopnsyscs® at 40 to 50
KeV. A rapid thermal process (RTP) fornms the salicide |ayer 40 on the

si | i con wanchipoltyts |diddronsusf adgsaceas shovhe ddrdigledA-hows .di ehaectric

| ayer 44 isolating the elevated transistor 30 of the invention. Dielectric

| ayer meyouhss/delirexagilns bet baekhoxyss| raee (TERR)ctdQeppROSphosi | i cat e
gl ass (PSG), borosilicate glass (DSG, HSQ or high density plasma (HDP)
f|UOFOSIdéﬂéﬁﬁﬁdﬁdﬂﬁy‘&Eﬁskhickness of the SEG layer 18 and are not

determined by thermal drive-in.

For example, a large angle tilt implant is made
with four-way rotation. For a N+ implant, arsenic ions are
implanted at about 1E15 atoms/cm® at 50 to 60 KeV. For a P+
implant, phosphorus ions are implanted at about 1E15 atoms/cm?
at 30 to 40 KeV. A N, anneal at 800-900°C for 15 to 20 seconds
is preferred to get lateral diffusion of dopants to form NLDD

or PIDD regions.

The gate and source/drain pockets are gilicided
40, as shown in Fig. 13. For example, the wafer surface is
cleaned, such as by DHF and NH,0H/H,0,/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/cm?® at 40 to 50 KeV. A rapid thermal process (RTP)
forms the salicide layer 40 on the silicon and polysilicon

surfaces, as shown.
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Processing continues as is conventional in the art to formelectrical
contacts to the source/drain and gate areas outside of the cross-section
shown in the figures, as is wunderstood in the art. The new self-aligned

el evated transistor of the invention wll now be described with reference
to Fig. 14. An oxide layer 14 overlies a sem conductor substrate 10. A
silicon layer 18 fills a |lower portion of a trench through the oxide

| ayer and partially fills an upper portion of the trench wherein the | ower
portion of the trench éo@-adtls StRes défleordiet bryenifst rigcd agndohibea widt h
smaller than a width of the upper portion of the trench. A polysilicon
gate el e2tetrieed 30rampartioas 38 eéntbe povenbionf thrielsidbimion leayer mAgvi ng a
gate oxide |ayer 26 therebetween. Source/drain pockets 38 lie wthin the
si | i con Payefomteredyd eportsitoastobxyhelsnti ¢OEOS Ayetidanot covered by the
polysilicon gate electrode 30. A dielectric |ayer 44 overlies the oxide

| ayer anchddmehamitle celteciglede dpdal? Boubeel Ueatd goadket )t himgot hert rench
to conplete elevated transistor in an integrated circuit device. The

process lofgh heerpiasenil dsiventioen provi-des] ddat&fdredd vergyd very
manuf act urabl e method for fabricating an
Processing continues as ig 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.

The new self-aligned elevated transistor of the
invention will now be described with reference to Fig. 14. BAn
oxide layer 14 overlies a semiconductor substrate 10. A silicon
layer 18 fills a lower portion of a trench through the oxide
layer and partially fills an.upper portion of the trench
wherein the lower portion of the trench contacts the
semiconductor substrate and has a width smaller than a width of
the upper portion of the treanch. A polysilicon gate electrode
30 overlies a center portion of the gilicon layer 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

12



el evated transistor. This is a sinpler process than SIMOX (separation by
i npl antation of oxygen) or SO (silicon on insulator) processes. For
exanpl e, the inventive process requires no oxygen inplantation and no
annealing treatnment, 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 SDI's pose

| ong-termunstable 1-V characteristics while fully depleted SD's do not
al | ow SE®Wigs aheiraiiosiketFhivd thanehhe ohremelovilesomie tad edetvaged of a
fully depleted SO while allowing SEG inplenentation and also allow ng
back gaterdisisitny: ithen pnsegsstefl theciunveddviore al | ows absol ute control
over sone device paranmeters, nost significantly the junction depth of the
source/drain regions which is controlled by the thickness of the selective
epi taxial growth. The process of the invention has a nunber of advantages

over current STl structitieeproBekoWef trakggeseulTBntdiSAgHevadsbynt he
i nvention because | eakage currents 13 are confined to one direction; that

i's, |atespdot fFreomrid&erSOHEeRkdRaLPaBTE URLLLSES Fdi qgﬂﬁc%f&aﬁgegpar ea.

Conventional buried source/drain regions have | eakage currenfs in al
elevated transistor. This is a simpler process than SIMOX
(separation by implantation of oxygen) or S0I (gilicon 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 SOI and a fully depleted S0I. Partially depleted
S0I's pose long-term unstable I-V characteristics while fully
depleted S0I's do not allow SEG implementation. This invention
provides the advantages of a fully depleted S0I while allowing
SEG implementation and alsc allowing back gate bilasing. The
process of the invention allows absolute control over some
device parameters, most significantly the junction depth of the
source/drain regions which is controlled by the thickness of

the selective epitaxial growth.

The process of the invention has a number of
advantages over current STI structures. A lower leakage

current 1s achieved by the invention because leakage currents

13




directions into the substrate. Since the transistor is formed in a
self-aligned process within a trench and having isolation therearound,
there is an increase in packing density over STl processes. No excessive
etching of the substrate is required to forma trench. No hunp effects or
CWVP-i nduced di shing occur. O her advantages include the ability to control
the orientation of the SEG growth because of the presence of the oxide 14
"frame." The (gqr’\jnp,cess is totally self-aligned, thereby elimnating masking

steps and® &l FOM HES R 1981e Cddegitdongi £Bat S notateialier fwer &he t opol ogy
results as well. VWile the invention has been particularly shown and
descri bedOW ¢¢/ Fetgr erfeaateinese ipief ehpeghenboli aeen s ddwreesfionpd will be
understood by those skilled in the art that various changes in form and
det ai | s HayieR smtecaidteca regépast hayef terkade spirdittsanc sddpe of the
invention. 14 Cains 1. An elevated transistor in an integrated circuit
conpri si dgreciniaong derticaydre eubsltyihg.a Sénteoritkl ctoinsidistyr dtse foraedi | i con
| ayer filling a |lower portion of a trench

in a self-aligned process within a trench and having isolation

therearound, there is an increase in packing density over STI

processes. No excessive etching of the substrate is required

to form a trench. No hump effects or CMP-induced dishing

CcCCcur.

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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5 wthin 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; 10 a polysilicon gate el ectrode overlying a center
portion of said silicon |ayer having a gate oxide |ayer therebetween;
source/drain pockets within said silicon |ayer at edge portions of said
silicon layer not covered by said 15 polysilicon gate el ectrode; and a
dielectric layer overlying said oxitfe#®§er, said gate electrode, and said
source/drain pockets to conplete said elevated transistor in said
integrated circuit device. 2. The elevated transistor according to Caim1l
15 wherein said trench has a wwdth as small as 1.0 to 1.25 microns. 3. The
el evated transistor according to Claim1l wherein said oxide |ayer conprises
t hermal oxide and has a thickness of between about 4000 and 6000
Angstrons.l. An elevated transistor in an integrated circuit

comprising:
an oxide laver ovérlying a semiconductor substrate;
a silicon layer filling a lower portion of a trench

5 within said oxide layer 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;

10 a polysilicon gate electrode overlying a center
portion of said silicon layer having a gate oxide layer
therebetween;

source/drain pockets within said silicon layer at
edge porticons of said silicon layer not covered by said

15 polysilicon gate electrode; and

a dielectric layer overlying said oxide layer, said
gate electrode, and said source/drain pockets to
complete said elevated transistor in gaid integrated

circuit device.

2. The elevated transistor according to Claim 1

15




4. The el evated transistor according to Claiml "wherein said silicon |ayer
has a controlled thickness corresponding to a desired junction depth of
said source/drain pockets. 5. The elevated transistor according to Claim4
wherein said thickness is between about 1000 and 2000 Angstrons. 6. The
el evated transistor according to Claiml1 further conprising a |liner oxide
| ayer within said trench underlying said nitride spacers. 7. The el evated
transistor according to Claim1 further conprising |layer of silicide
over|yi ng ShfEcHaterid|terandudaand vadghsear esadt apm botker sl.2E6 8. The
el evated transistor according to Claim6 wherein said |liner oxide |ayer
has a thi ckhesen®f between about 500 and 1000 Angstronms. 9. An el evated
transistor in an integrated circuit conprising: an oxide |ayer overlying a
sem conductor substrate; a silicon layer filling a |ower portion of a
trench 5 within said oxide |layer and partially filling an upper

3. The elevated transistor according to Claim 1

wherein gaid 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.

5. The elevated transistor according to Claim 4
wherein said thickness is between about 1000 and 2000

Angstromsg .

6. The elevated transistor according to Claim 1
further comprising a liner oxide layer within said

trench underlying said nitride spacers.
7. The elevated transistor according to Claim 1

further comprising layer of silicide overlying said gate

electrode and said source/drain pockets.
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portion of said trench wherein said | ower portion of said trench contacts
said sem conductor substrate and has a wdth smaller than a width of said
upper portion of said trench; 10 a |liner oxide |layer underlying said
silicon layer wthin said trench; a polysilicon gate el ectrode overlying a
center portion of said silicon |ayer having a gate oxide |ayer
t her ebet ween; 15 source/drain pockets within said silicon |ayer at edge
portions of saﬁd silicon | ayer not covered by said polysilicon gate
el ectrode; *anti’@ HEIFRY it AN iEt By ecrypragngard ekate $ayer, said gate
el ectrode, and said source/drain pockets to 20 conplete said el evated
transi st or VRAT8:R dsq il elgi e pxiPecileygirt hdevicehidnegheotel evat ed
transi stor according to daim9 wherein said trench has a width as small
as 1.0 to kebBeenighpns. 500 arFhd 0diceragetd rbmansi st or according to Claim9
wherein said oxide |ayer conprises thermal oxide and has
9. An elevated transistor in an integrated circuit
comprising:
an oxide layer overlying a semiconductor substrate;
a silicon layer filling a lower portion of a trench
5 within said oxide layer 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 gaid trench;
10 a liner oxide layer underlying said silicon layer
within said trench;
a polysilicon gate electrode overlying a center
portion of said silicon layer having a gate oxide layer
therebetween;
15 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

gate electrode, and said source/drain pockets to

20 complete said elevated transistor in said integrated
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a thickness of between about 4000 and 6000 Angstronms. 12. The el evated
transi stor according to daim9 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 Claim12
wherein said thickness is between about 1000 and 2000 Angstronms. 14. The
el evated transistor according to Claim9 further conprising a silicide

| ayer overlying said gate electrode and said source/drain pockets. 15. The
el evat ed tFBEFRISE otevdictording to Claim 9 18 wherein said |iner oxide |ayer
has a thickness of between about 500 and 1000 Angstrons. 15. An el evated
transistor in an integrated circuit conprising: an oxide |ayer overlying a
sem conductor substrate; a silicon layer filling a |ower portion of a
trench 5 Wt e ssidradde daaypartandapadtdahgycdidlding @an upper portion of
said trench wherein said | ower portion of said trench contacts said

sem conductisdrsitbsddial e rmth has a width as small as 1.0 to 1.25

microns.

11. The elevated transistor according tc 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 9
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 Claim 9
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has a wwdth smaller than a width of said upper portion of said trench; 10
a liner oxide |layer underlying said silicon layer wthin said trench; a
silicified polysilicon gate electrode overlying a center portion of said
silicon |layer having a gate oxide |ayer therebetween; 15 silicided
source/drain pockets within said silicon |ayer at edge portions of said
silicon layer not covered by said silicided polysilicon gate el ectrode;
and a dielectric layer overlying said oxide |ayer, said silicided gate
el ect r ode, Wagee 5ai 3R i | idiedePxdCiesdaves/ Hrai a potkietsss ooconpl et e sai d
el evated transistor in said integrated circuit device. 19 17. The el evated
t ransi st orbaiteernliagputo Woiamdl 68.00Whéngshrsagd trench has a width as small
as 1.0 to 1.25 mcrons. 18. The elevated transistor according to Cl aim 16
wherein said oxide |ayer conprises thermal oxide and has a thickness of
bet ween about 4000 and 6000 Angstroms. 19. The el evated transi stor
according 1e. Gridlcated transistor in an integrated circuit
comprising:
an oxide layer overlying a semiconductor substrate;
a silicon layer filling a lower portion of a trench
5 within said oxide layer and partially filling an upper
portion of said trench wherein said lower portion of
sald trench contacts gald semiconductor substrate and
has a width smaller than a width of said upper portion
of said trench;
10 a liner oxide layer underlying 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;
15 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 gate electrode, and said szilicided

20 source/drain pockets to complete said elevated

transistor in said integrated circuit device.
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wherein said silicon |ayer has a controlled thickness of between about
1000 and 2000 Angstrons, corresponding to a desired junction depth of said
source/drain pockets. 20. The el evated transistor according to C aim 16
wherein said |iner oxide |layer has a thickness of between about 500 and
1000 Angstrons. 20

17. The elevated transistor according to Claim 16
wherein said trench has a width as small as 1.0 to 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,

19. The elevated transistor according to Claim 16
wherein said silicon layer has a controlled thickness
of between about 1000 and 2000 Angstroms, corresponding
to a desired junction depth of said source/drain

pockets.
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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