:17 MAY 2004 SELF- ALI GNED ELEVATED TRANSI STOR BACKGROUND OF THE | NVENTI ON
(Iy Field of the Invention The invention relates to the fabricati orf@fiAy 2004
integrated circuit devices, and nore particularly, to a nethod of form ng
a self-aligned elevated transistor using the technique of silicon

epi taxial growth in thgmn r ILhtegrated circuits. (2)
Description of the Prior Ar?&éﬁgyl%%&nggpchﬁgggf%T93n1 (STI) wll be

enpl oyed widely in current and future integrated circuit technologies to
provi de sufficient isolation between neighboring devices. However, there
are a nunber of probl emBRCEGRGUNIZOF ITHET I NREREESFES | ncl udi ng "hunp
effects" and chem cal nechanical polishing (CMP) induced dishing over

wi de trenches that nust be resolved prior to its further and wi der
applicatiopg Tl rner_represents an abrupt transition fromthe
transi stor?a?:t?—?/%l(groefa %8 ?EB‘F’&%%. The gate pol ysilicon waparound of a
sharp trench corner causeg§qa;,sS&ha Al €. gonduction characteristic of the
corner resulting in a " doubl gl‘ﬁunppf%l ﬁeﬁﬁgefrﬁﬁsﬁ drPgiaphiemra®nt - gat e
vol tage chategtatedsiciesuittadeidas bl hord PdldNG1RLD! epi of the

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 mechanidal polishing (CMP) induced dishing over
wide trenches-that must be resolved prior to its'further and
wider applications. The S7TI cofner represents an abrupt
transition ffom the transistor active area to isolation. The
gate polysilicon wraparound of a sharp trench corner causes a
separate conduction chéracteristic of the corner resulting in
a "double hump" in the transistor draiﬁ current-gate voltage

characteristics. It is desired to void the problem of the




1 17 MAY 2004 "hunp effects.” Another problemw th STI processes is EWAY o004
t he pactki ng density of integrated circuits wll be limted by the -

di mensions of the isolation trenches. It is desired to fabricate an
integrated circuit w thout 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

el ectrode i"bumpteffeated "by Apethenl prplileg WweehnNSTLQFocksSes Pad 8ftlat

5,686,343 to Lee teaches for m;:gg an epitaxial layer and patterning it to
provi de an &Bi PRk depsity paf cintedated, 81w tsc Wid@sbe hbiremtiyon  of

an SEG | aye ithin a trench and formng a gate thereover. U S Patent
5,681, 776 E:gyké%é}fs"e nsaf"’gt E‘é%h’e%olﬁéé% tRefRches + eddhigndesiead &xi dation

of the. SEGihggi@dse tf kB FLe08 0 1,5Q4at | .S, Ratent 5,453,396 to
Gonzal ez et al discloses aggEG proclerzzgu%f g?gréo‘%?%ﬂe gﬁﬁ/ﬂﬁ\?ﬁ‘%}?f‘?’ﬁé‘e
| NVENTI ON ASPIipcageds.obj ect of the present invention is to provide an
effective and very manufacturable nethod of formng a self-aligned

elevated transistor in. the fabrication
U.S. 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 techniqués. U.S5. Patent
5,686,343 to Lee teaches forming an epitaxial layer and
patterning it to provide an active area. 1U.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 regidns to form trench isolation. U.S.
Patent 5,453,396 to Gonzalez et al discloses a SEG procéss

for a DRAM.
VSUMMARY 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.




of an integrated circuit. 2 17 MAY 2004 Anot her object of the present

i nventi.en is to provide a nethod of forming a self-aligned el evaPQdMAY 2004
transi stor using selective epitaxial growmh in the fabrication o
“integrated circuit. Yet another object of the present invention is

provide a nethod of formng a self-aligned elevated transistor \/\herel n
there is absolute control over junction depth. A further object of the
invention is to provide angthéodhfedioori e dpsaddmtalingBaH i 6h eyatief
transi stor usi sel ective egl taxial growh wherein there is absolute
control oveT’> ?YP%E‘? iDriedpenot Afexming Pusehérabljrest edkvabedi nvention is to

provide a a-self-aligned elevated transistor wherein the
packi ng den3| ty o g |I];11?lré$q%13t eal%?tf]c‘{ﬁ qﬁ’“&ﬂ%tgm‘"fﬁbc @ bhet he di nension of
i sol ation tfﬂfhﬁi&ﬂ;lo}{ﬁBfaQQt f&?Ee#lfél CQ{:E&P\? present inventionis to

e

provi de a nethod of formng a se |gne efevated transistor wthout the
use of shallow trench isol ation.

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.

Tt

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 furthér 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.

Yet another objgct of the present invention is-
to provide a method of'forming a self-aligned elevated

t;ansisto; without the use of shallow trench isolation.




| 7 MAY 2005~ A still further object of the invention is to provide a
method of fornming a self-aligned elevated transistor using sel ectivﬁj MAY 2004

epitaxial growh wherein the packing density of integrated circuits is not
limted by the dinmension of isolation trenches. In accordance with the
objects of this invention the method of formng a a self-aligned el evated

transi stor using selectiveg epitaxjal growh wherein the packing density of
integrated circuits is no? ?‘P’rﬁlt E&i‘rﬁyefh‘ébil%ﬁ"hé}fsit@ﬁ dhvemipiar iien tor enches

i's achi evetbroideXiadpebRYSE of | Qv de erlying a_seni conduct or
substrate. The oxide |ayer 1s %tr@ﬁg% ghg%ﬁ%haltlt?nteﬁee%%ﬁ?ié%ductor substrat e

to form a tramsdilstbavusing syt iRar bpPRasoN ' ubstrate and an
upper portion having a width |arger tﬁgﬂ the w '{v%go#vﬁgﬁ%rfg%ﬁ portion. A
silicon | ayRACkiaggAsRAity t9f rintlegratednchr¢ifitdg isch8et i MeL QR tbsrx'tﬁle grow h
wherein the,silicon ayer_fills the lower portion and partially Trlls the
upper por tT'SFRA8PePh {3R1atHcakksenckest he silicon |ayer partially

filling the upper portion is controlled. A liner oxide |layer is deposited
overlying the oxide |ayer and the silicon layer wthin the trench. Nitride

spacers are formed on then SedBybhse Uil ubl S e t1g ) T e oxi de
llayer. The )
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 seﬁiconductor 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 growﬂ within the
trench using selective epitaxial growth wherein the silicon
layer fills the lower portion and partially fills the upper
B - portion wherein the thickness of the silicon layer partially
} ‘ filling the uppgr portion is controlled. A liner oxide layer
is deposited overlying the oxide layer and the silicon layer
within the -trench. Nitride spacers are formed on the
sidewalls of the trench over the liner oxide layer. The
rliner oxide is removed where it isg not covered by the nitride

spacers overlying the silicon layer. & gate oxide layer is




liner oxide is renoved where it is not covered by the nitride spacers
overlying the silicon layer. A gate oxide layer is 4 ,.7 MAY grown L@J’MRYZMM
overlying the silicon layer within the trench. A polysilicon layer is
deposited overlying the oxide layer and wthin the trench and etched back

to forma gate electrode wthin the trench between the nitride spacers.

The nitrid a hed.,awa ere t. a ot cqvered by the

gate el ect 5€@B|ggé?%g{f%ﬁ%ﬁ%%?%ﬂ&%xs¥ékﬁﬁw¥ﬂﬁﬁg§iﬁﬁﬁéﬁﬁ%?éﬁ- he gate

el ectrode XR98hAY l4ign ' s 4 a at
edges of t%gdgﬁencﬁé T%%ﬁ%;sgéggpﬁ%%ggdQ%G%ggﬁﬁg E&gﬁg}%ﬁ&;%ge%oﬁgéare

i mpl ant ed iwitthibhehei tiemeh dndyetchéd tbecied@eFoeh &hgadd enehrebaeeby source
and drain pockets are formed within the silicon |ayer and wherein the
control | ed WifPrdRnERS BFengle beitweepntheywirtyidet sahtgrs | | IThegnithédapper
portion of the trench corresponds o a desired junction depth of the

sour ce/ dr aiSRAF5ERePE® THASGaPYAYVRRT? JdeYaRdes BOE cepvrTath byotket s are
ilicided. dj o i g d it. | vi th [ | d
S 11l dod SareCEPaEEtodd 1ebXihal SnfENPNIER SRS W SRR IR WDt ho

trench whergienghbe €péErIRCLHAIExEHSAd&neSAHhES! A RRGKHSL S PRI the
sel f-aligned el evated
silicon layer at edges of the trench. The exposed liner

oxide is etched away. Ions are implanted into the silicon

-y

layer at the edges of the trench whereby source and drain
pockets are formed within the silicon layer and wﬁerein 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. AV
dielectric layer is depositéd-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 thrbugh




transistor in the fabrication of an integrated circuit. Al so, according to
the objects of .the invention, a new self-aligned elevated transi stbf 2004
achi eved. An oxide | ayer overlies a sem conductor. substrate. A silicon

| ayer fills a lower portion of a trench through j? MAY 2004 the oxide | ayer
and partially fills an upper portion of the trench wherein the |ower
portion of the trench contacts the _sem conductor substrate and has a w dth
smal | er t hdMCao%ite ntasyr eré pppbiabby tfidisomnt heper @wttion pdl ¥kel i con
gate el ect [t?-gﬁcﬂv tIﬂi?ees g center portion of the silicon |ayer having a

gate oxi de Tayer therepetween®"eh RS R FhekEtench iconkRekEnthee silicon
| ayer al cdamiBehabRsr YupkReafb! 1P had B HialR! R ON darreq:g%ért NG BppYstlicon

gate electrode. A dielectric layer overlles the oxide | 2aKy e gate

el ectrode aﬁdtﬁeu&p@éﬁrp@irmiaﬂcésﬁtg‘gvigﬂ,_idﬁht.heAt%@ﬂgélti%onc?gg]aete el evat ed
transistor in an integrated circuit device. BRI'EF DESCRI PTTON OF THE

DRAW NGS ' | glenéraée oryeniyiesga deemi ey pdrarivinn g £ athdradidriiceln pagbrof this
description, there is showm: Figs. 1 through 14 schematically illustrate in
cross- sect PONANT 1 @ (S RFae okavep rdfanabedvwenhodi Smmcegirahia ppckesent

INVeNntion. 356 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:

Figs. 1 through 14 schematically illustrate in

cross-sectional representation a preferred embodimént of the

'.,} S present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Fig. 1, there is illustrated

2 portion of a partially completed integrated circuit in



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now to Fig. 1, there is
iltustrated a portion of a partially conpleted integrated circuit ihf&AY 2004
MAY 2Q04 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 |ayer 14 may
conprise undoped silicon oxide and has a thickness of between about 4000
and 6000 ShereThe JRAwarypselilineasildoved seri condwervrent i onal
photolitho [ nd. et chi ng .techniques to form an opening to the
substrate gé"s sqg\%ﬁgi go Fi g;.bn f.q‘lﬁﬁ’e 18&53& kY iz sieprsisedfbyn ehiafiaadench 15

t hrough an ¢Hyeer aBghbi Pio®f(ct Xi r 14 and a ngrrow via 17 within
the trench conti ngi ng thro(uéﬁﬂt 8Qt Iﬁggg{ﬁ s"?aﬂ%’"ﬁuﬂ’%’&e&‘%o‘%“%ﬁp%, t he
trench 16 has subsdistel hmijseqayaboyl Lapaad t,gms and a
depth of between about 3000 and 5000 An}\ggystror?s o?l‘g%%%?e%f%q%fwﬁhe

thi ckness ¢#*ifdReandi bies | mydrickhéssThe Metickh Rasud 1osH M dagigneen about
5000 and 1Q, 000 Angstrons and a depth of between about 300 and 500

Angst r ons SEPO®E- 1/ 4 of the thickness of the oxide l|ayer 14. The

The oxide layer is patterned‘using

conventional photolithographic and etching techniques to form

T

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 |
Angstroms or about 3/4 of the'thickness of the oxide 1ayer
14. The via 17 has a width of between about 5000 and 10,000
'Angstroms and a depth of between about 300 and 500 Angstrons

or about 1/4 of the thickness of the oxide layer 14. The

p—

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




wi de trench 15 can be about 1.0 to 1.25 mcrons wde or as narrow as about
0.9 mctrons. Referring nowto Fig.. 3, the substrate 10 exposed w §@iMax Bas4
via opening 17 is subjected to selective epitaxial growth (SEG. Silicon

18 grows to fill the via j? MAY 2004 opening and to partially fill the
trench opening, as shown. SEG can be controlled to the desired thickness

A. The thickness A w Il be the junction depth of the source/drain regions
to be for n@ge%ﬁgeﬁ‘&gﬁiq Parfpity fill tthe thieokhessenihgf akhensidj con 18

within thegggre | [ efween about 1000 and 2000 Angstrons.

Sel ecti ve E;E)ligtg%al?&ggg\?'\%ﬁﬁggdé‘%cﬁ%é‘&sﬁﬁed\ﬂi@rc%ﬁw@hog?hby C. Y. Chang

and S. M Sheckhbsd a1l be D J:Mt%glgggtﬁ@%??’l- 132. For exanpl e,
Iti

vapor phase epitaxy or chem cal Vvapor depo Iﬁf"“éﬁ?t"é’@i%an be
used. At abegion®3® Ge Fothdd SikEGuentSiHT BypHatS S be combi ned
wth H or HCl. gas to result in the for?rati%\p oa}lggjdsitggoﬂu 7957 18.
Next, refefr?Phgti® silgcon, 18 witlem dbiederdfich sopstepRsiikedebyeGyYD Over the

surface ofa%guet 'O(il)e Igygr 14 and over the surface of the silicon | ayer 18
within the“trench. w PiPsPPAANGE*@@Shas a preferred thickness of between

about

Selective Epitaxial Growth isg described in

ULSI Technology by C. Y. Chang and S. M. Sze, McGraw-Hilil,

} NY, NY c. 1996, pp. 131-132. For example, vapor phése
epitaxy or chemical vapor deposition (CVD) epitaxy can bhe
used. At about 1050 “C, 8iCla, SiH2Clo, SiHCls, or SiHa gas

may be combined with H> or HC1 gas to result in the formation

of a 5i solid film 18.

Next, referring to Fig. 4, a liner oxide.20 is
deposited by CVD over the surface of the oxide layer 14 énd
over the surface of the silicon layer 18 within the trench.

This liner oxide has a preferred thickness of between about

Yy 500 and 1000 Angstroms.

Now, a layer 22 of silicon nitride, nitrided
oxide, or oxynitride is deposited over the liner oxide 20 to
a4 thickness of_betwgen about 3000 and 6000 Angstroms, as

shown in Fig. 5. The layer 22 is anisotropically etched back




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 HT MAY 200%

bet ween about 3000 and 6000 Angstronms, as shown in Fig. 5. The layer 22 is
ani sotropically etched back 8 1 7 MAY 200d~ to | eave spacers 24 on the
inside sidewalls of the trench as shown in Fig. 6. Now, a threshold

vol t age inplag% 28 is made through the gate oxide into the silicon 18. For

exanpl e, for® &FANGOSPAESTE 24 BrY theningide | sivleavalldd af tigd Waihcrbadt 1E12

to 1E13 at QiRfsR,2E:40 Lo 50 Key. For a PMOS device, phosphorus or
arsenic ions gﬁgqpn%ﬂghtéﬁ at 1E12 to 1E13 atons/cnR at between about 40
and 50 Key. Referring nowto Fig. 7, the liner oxide wthin the trench not
covered by the spacers 24 is renoved, preferably using a wet etch to

m nim ze silicon damage. Nai,e ao&ﬂl@sggl&%Jﬂ@ﬁ%ﬁgﬁ?aﬁg?iﬁ%o%gg silicon

18 within the trench to a thickness of betwee Bngst r ons,
as shown i FhEEYghBthaosate duiger intopohy $11icen 1§. deRoSidaghuer ot he
substrate anthigling_the trench. The polysilicon | ayer

an 08 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,

breferably 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 abdut

35 and 50 Angstroms, as shown in Fig. 8.

‘ | | Now, a layer of polysilicon is deposited over

f the substrate and filling the trench; The polysilicon layer
is doped, as is conventional, theﬁ etched back to leave a
polysilicon gate 30 recessed within the trench, as seen in

Fig. 9.




I's, doped, as is conventional, then etched back to | eave a polysiligcon
gate 30 recessed within the trench, as seen in Fig. 9. 1 7 MAY 2008 { MAY 2004
Referring nowto Fig. 10, a self-aligned nitride etch is perforned with
hi gh selectivity to silicon nitride over oxide, polysilicon, and silicon.
For exanple, any of the follow ng chemstries may be used: Co/ C4Fe/ Ar/ 02,
SF6/ 02/ Ar, He, NF3/02/ Ar,He. That is, the silicon nitride spacers 24 are
removed where they are notRef®yaind howttw Figol 1.9j | &cesn fatiea ga@q | eavi ng
very thin nBEEEQ? SRRGETS 32. _ An intentionally prolonged nitride overetch
will etch into the tnder] PSTGO3Rrde"th dH@hl selpebinity Behisidiabout 100 to
200 Angstr omg 0§ gaxd A S -aligned oxide . strip renoves the liner

oxi de 20 where i?eiggﬁgﬁgggegrgéiggl*ﬁﬁnhiFWPdéliﬁé v s F®X exampdfeown in
Fig. 11. FomngxafiptBe #d18dwing’ cR&hH LS IR ved, i Luted

hydrof | uoric acid (DHF) (100: % a(t%g%cout gﬁycﬁgglgs%‘g' ?%3%0‘ §égﬁﬁ(a§'. The
silicon | ay8Fe18=/AT iHav NPepOsélr At acatat! st hengdad £ 3Qn RekeigLNg now to
Fig. 12, a self-aligged source/drain inplant 35 forns source and drain
regi ons 38 SRRERTH ThfTS FeEgred svhafeaddey nuet het gatvereldebyr edg 30. The

polysilicon gate 30, leaving very thin nitride spacers 32.
An intentionally prolonged nitride overetch will etch into

the unde:lyinq oxide 20 and 14, leaving behind about 100 to

R

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
= } ; éource/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 aie not

determined by thermal drive-in.

10




source/drain regions or pockets 38 have a junction depth determ’gdvﬁz t he
t hi-ckness of the SEG |l ayer 18 and are not determ ned by thernal 1 Y 2004
10 -7 MAY 2004 For exanple, a large angle tilt inplant is mnade with
four-way rotation. For a N+ inplant, arsenic ions are inplanted at about
1E15 atons/cn2 at 50 to 60 Key. For a P+ inplant, phosphorus ions are

i npl anted at about 1E15 atons/cn2 at 30 to 40 KeV. A N2 anneal at 800--900
Cfor 15 to 20 seconds |1's'£31preedaellpﬂed aolgsie ladlgakati Bt fimSi Ot Gfs dopants

to form NLDDd%r tﬁD re}lgl ons. The gate and source/drain pockets are
silicided 48 a%’l HART Y Fotesioper EommpNe, imbbamif eirsenid ae@si S

cl eaned, suygh 3 2/ H20,  Titaniumis deposited to

a. t hi ckness of bet Ween a oq\b %%EQSﬁPWQ&ré#BMSWlQQM{qVS i Fpkaat ed

t hrough the+t ikphakl) prdePhodlicd: RS 1E13 atoms/cer at 40 to 50
KeV. rapid thermal process (R‘?’P1 foazgrrlget gglfu’ % %Eé Son the

silicon an@teesyent i 2B tof a0eKevas shm/vrannEhﬁl at 1@0@% Gg %F?CEE' c layer
44 | sol atlng bhe el evated transistor 30 of the invention. ric
| ayer B T eI, PFSFPE@@%otQ/saataﬂetefEDSjlmsim of

dopants to form NLDD or PLDD regions.

The gate and source/drain pockets are

p— d

silicided 40, as shown in Fig. 13. For example, the wafer
surface is cleaned, such as by DHF and NH40H/H262/H20.
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 gsalicide léyer 40 on

the silicon and polysilicon-surfaces, as shown.

Fig. 14 shows dielectric layer 44 isolating
the elevated transistor 30 ofrthe invention. Dielectric
) ' layer may be,rfor example, tetraethoxysilane (TEOS) oxide,
phosphosilicate glass (PSG), boroéilicate glass (BSG), HSQ,

or high density plasma (HDP) fluorosilicate glass (FSG).

Processing continues ag is conventional in the

art to form electrical contacts to the source/drain and gate

11




phosphosilicate glass (PSG, borosilicate glass (BSG, HSQ or high

density-plasma (HDP) fluorosilicate glass (FSG .. Processing conti r@r},@smm
is conventional in the art to formelectrical contacts to the sourc rain

and gate 11 j7 MAY 200 areas outside of the cross-section shown in the
figures, as is understood in the art. The new self-aligned el evated
t ransi st or QI' athe I nvention wll now be described wth reference to Fig.

14. An oxi d& Ty 495, 8f | FRS crossriseshdont shownbist takefiGured) sid i con

|l ayer 18 fills,;asd portion of a trench through the oxide |ayer and
partially fills arﬁ'ﬁ%%gr&)%otrl??oaﬁtdf the trench wherein the | ower portion

of the trench contacts the sem conductor substrate and has a width small er
than a width of the upper portion of the trench. A polysilicon gate

el ectrode 30 overlies a CEd @lew)®ellifQR] 9 lJal QN r_, having a gate
oxi de | ayer_26 therebetween. Source/drai é\né%?cl%éa;tggf%%ghﬂf% Tt he
silicon | aydt® dVeagaopo¥ilbmowobe thscsibed anthayefef@hcEOMe¥EE DY the
pol ysi | i corhﬂat%n (e)lxg tr]([)de 30.. A dielectric |ayer 44 overlies the oxide

| ayer and tThe gat & af8ctP e t4nveshies/ areamicopdreter wiukw tratee 10t ench

to conpl et & &iavabAd1hyéNisSedh 15" ohd §HA48T o5 & trencn 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 polysilicoﬁ gate
electrode 30 overlies a center portion of the silicon 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 gatel
electrode 30. A dielectricrlayer 44 overlies the oxide layer
and the gate electrode and source/drain pockets within the
"trench to complete elevated transistor in én integrated

circuit device,

p—

The process of the pfesent,invention provides
an effeqtive and very manufacturable‘method'for fabricating
an elevated transistor. This is a simpler process than SIMOX
(separatioh by implantation of oxygen) or SOI (silicon on

insulator) processes. For example, the inventive process

12



circuit device. The process of the present, invention provides an

effective and very manufacturable nmethod' for fabricating an eIevatgth“,ﬂm;
transistor. This is a sinpler process than SIMOX (separation by

i mpl ant ati on of oxygen) or SO (silicon on insulator) processes. For
exanpl e, the inventive process 12 17 MAY 2004 requires no oxygen

I npl antati on and no annealing treatnent, which reduces the thermal budget.

The process S RE PPnOBYEeD npdsntation andiew shnusl i@ thaltdes i dway
SOT _and_a ful epleted SO01. Partially

bet ween a rki aLl epl.et ly d
depl eted S s?hpggcele:%ﬁg{ﬂfeer et abreagt v c’%’&rﬁ@@ewstd&s:hevmi le fully
depl et ed SGnven¥9oA0tedhi : L.npl epentation, This invention provides
t he advant ages of %a farl y&(ljvelaEgt %1%8 %gguﬁﬂqee et ol i BaE bepwesnneat i on
and al so aldaowinylpadépl @rrie spraghfda FHDE P f e ijnvention all ows
absolute control over sone device p%raneegpggﬁﬁggg %é%hi?PEEﬁFh Yt he
junction dSSPAesedt FAI s pass/ dpagﬁteﬁginﬁm;a\Mlecm-iJScha&%}tﬁa%E%ﬁch the
Eres:

t hi ckness .the_sel ective epitaxial growth. The process of e invention
has a nunbgilg? f%éﬁ%ué%ﬁi§§egv§91b%rﬁQHﬂOﬂSFHIQWrSEﬁmegieménkaﬂebnleakage

?his invention provides the advantages of a fully depleted
SO1 while allowing SEG implementation and also allowing back
gate biasing. The bprocess of the invention allows absolute
control over some device parameters, most significaﬁtly 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 is achieved by the invention because leakage cﬁrrents
are confined to one direction; that is, laterally from the
source/drain structures into the channel area. Conventional

f_} buried source/drain regions have leakage currents in all
directions into fhe substrate. Since the transistor is
formed in a se1f~a1igned Process within a trench and having
isolation therearound, there is an increase in packing
density over STI processes. No excessive etching of the

Vsubstrate is required to form a trench. No hump effects or

13



current is achieved by the invention because | eakage currents are confined
toone direction; that is, laterally fromthe source/drain struct ?fﬂﬂ%ﬂl
t he channel area. Conventional buried source/drain regions have | eakage
currents in all directions into the substrate. Since the transistor is
formed in a self-aligned process within a trench and having isolation

t her ear oun here | n increase in packing density over STl processes,
No excessi \?%Mﬁe-tl&ﬂe%&%oglﬁwe‘?g Qat-rate is required to forma trench. No
hunp effects or 13 i 7 MAY 200 CWP-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 oxigla iy LT rocess is totally
sel f--aligned, thereby elim nagafdﬁgkkgg%snbmgf%%s tg‘ﬁdaﬁFFbWrﬁP smal | er

feature si ZtrAlnthe ptimaatdvar alfl thePOE® BrowrRS s well. Wiile the
invention has been particularly shown and %s?c??‘bg%&%'@% O\;%ft&gence to the
preferred RHfFSHReRfsthhadsl, 114t "firahe be mrebebeads bys thasgigkilled in

the art thal,ya h es in formand details nay be nade W thout
departing from ?Eggé‘a‘?'r ?E%gﬁaysséb’@l%?t%% masking steps and allowing

smaller feature sizes. A more planar overall topology

results as well.

R—

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.

R
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14 1 7 MAY 2004 CLAIMS 1. A nethod of formi ng an eIevaFed

i nventi on. \ _ . - - onprising:a
transi'stor in the fabrication of an integrated circuit conp g%ﬁiMrﬁgY 2004

i i ' ductor substrate; 5 et
i di oxi de layer overlying a sem con
FL?XLSLnga?S oxi de Iaier to said sem conductor substrate to forma trench

[ ' [ aid substrate and an upper portion
v ng & Wi dch | oty antﬁgtkpgtﬁ of said lower portion; 10 growi ng a

having a wi dth |l apger th hRAming panglevatat trwesipesti on @pd partially
silicon |ayer wi'thif £hod ot imig) BEP?ride Spacors Do h B & of

1 id . Lon: formin e sp n the si dews
fs;: LII ntgr Zﬁl:ﬁ u%%éﬁ%ﬁ ]lil(rjlogf f%&W?gFPEﬁﬁ ¢ togembyininsai d oxi de | ayer

ot et oo Tare ot B BB eSSl aElipbmc e
gaas sai d nitri 8ebspagess not covered by

5 etching through saig oxide layer to said
semiconductor substrate to form a trench having a lower
portion contacting said substrate and an upper portion
having a width larger than the width of said lower
portion:

'} 10 growing a silicon layer within said trench-filling
said lower portion and partially filling said upper
portion;

forming nitride Spacers on the sidewalls of said
trench;

15 depositing a polysilicon layer overlying said oxide
layer and ﬁithin said trench and etching back said
pPolysilicon layer to férm a gate electrode within-said
trench between said nitride spacers;

etching away said nitride spacers not covered by
’ } 20  said gaie electrode leaving thin nitride spacers on
sidewalls of said gate electrode and exposing said
silicon layer at edges of said trench;
implanting ions ihto said silicon layer at said
edges‘of said trench whereby source and drain rockets

25 are formed within said silicon layer; and

i5




20 said gate electrode leaving thin nitride spacers on sidewalls of said

gate el ectrode and exposing said silicon |ayer at edges of said tqqnﬂm 2004
inplanting ions into said silicon |ayer at said edges of said tre)hch

wher eby source and drain pockets 25 are forned within said silicon |ayer;
and 15 'V 1 MAY 2004 depositing a dielectric |ayer overlying said oxide

| ayer and said source/drain pockets and said gate electrode within said

trench wherein said gapesitiont rrodeel 88tk 5@ 1GveULGEL F Al ts . formsaid
el evated 30 tra?si stor in the fabrication of said i nt{e’g}r@t%&%%‘f‘gﬁi t. 2.
The met hod accor@¥fiy #¥¢ Gaidnspugkes@raims gictkexisdand ayeid GRig i ses t her mal

oxi de and has aghhj .of. _between about 4000 and 5000 Angstrons. 3. The
met hod accor di ns tgggﬁ[}(g?ﬁﬁ' t%v:\l)ﬁ’eﬁg}f{\ﬁ Cegnrhs whgrein gabdigakes @lectirbdagon _

| ayer conpri sesasel €£id W uiiel/axha %&Jl&‘%sh-fﬁff?l g?g%rt‘feltrﬁ@d according to
0 Ahes s

Claim1 wherein said silicon layer 'has a cO
correspondPly toavstigir coh jthacEabni clanlh 8F sald SAWASALAI N

Ccircuit.

2. The method according to Claim 1 wherein said
oxide layer comprises thermal oxide and has a thickness

of between about 4000 and 6000 Angstroms.

3. The method according to Claim 1 wherein said step of

growing said silicon layer comprises selective epitaxial

growth.

4. The method according to Claim 1 wherein said
siliqon layer has a controlled thickness corresponding

to a desired junction depth of said source/drain

pockets.

5. The method according to Claim 4 wherein said

thickness is between about 1000 and éOOO Angstroms.

6. The method according to Claim 1 further comprising

depositing a liner oxide layer over said oxide layer and

16




pockets. 5. The nethod according to Claim4 wherein said thicknesgaZ%ﬁ$f2mH
bet weeri about 1000 and 2000 Angstrons. 6. The nethod according to &G*ai'm1
farther conprising depositing a liner oxide |ayer over said oxide |ayer
and 16 7 MAY 2004 within said trench underlying said nitride spacers. 7.
The nethod according to aim1l further conprising siliciding said gate
el ectrode and said source/drain pockets before said step of depositing
said dielectric WiBYtR sagd Arspchoshddrlyimg Bgiamm eteMal @dalpansi stor in
the fabrication of an integrated circuit conprising; providing an oxide
| ayer overlying a sem conductor substrate; 5 etching through said oxide
| ayer to said sem stfrate to forman_trench having a | ower
portion contacti ﬁg @%&}ég%gét ?é?%r%mp &7 GPpar bofuntdher wampngsingi dth

| arger than the sdIididingSahda! Qyes 1.QQ; romng a silicon |ayer
within said trench filli r?g sai d |om?e]%%{‘§t<§lr°tglgo%&§n 1(§émrst°i%5FF§d¥?’r’Pi ng said
upper pockets before said step of depositing said dielectrie

layer.

8. A method of forming an elevated transistor in the

fabrication of an integrated circuit comprising:

N

providing an oxide layer overlying a semiconductor
substrate;

5 etching through said oxide layer to said
semiconductor substrate to form an trench having a lower
portion contacting said substrate and an upper portion
having a width larger than the width of said lower
portion;

10 growing a silicon layer within said trench filling
said lower portion and partially filling said upper
portion wherein the-thickness of said silicon layer

} . partially filling said upper portion is controlled;
depositing a liner oxide layer overlying said oxide

15 layer and said silicon_layer within said trench;

forming nitride Spacers on. the sidewalls of said
trench over said liner oxide layer;

removing said liner oxide not covered by said

17




portion wherein the thickness of said silicon |ayer partially fillrijn sai d
K@ MAY; 204

upper portion is controlled; depositing a liner oxide |ayer overlyi

oxide 15 layer and said silicon layer within said trench; formng nitride
spacers on. the sidewalls of said trench over said |liner oxide |ayer;
renoving said |liner oxide not covered by said 17 1 7 MAY 2C nitri de spacers
overlying said silicon |ayer; 20 growing a gate oxide |ayer overlying said
silicon layer wirtHitf&saPacerencrerdemesishiiags 21 R0y Aiakbeon | ayer overlying
sai d oxide ohayer and within said trench and etching back said polysilicon

2 A
| ayer to forén a gat e BPYEPI 0WITHR =i deailaves everigiinhetupens Saichgi tri de
. spacers; etchi ngAMAY wih6,Nki{d de. spacers not covered by said gate
el ectrode | eaving thin nr??i éL%ggE@F 'on sidewalls of said gate el ectrode
er at_edges of

et T N R R R LA
into said Si|icéﬁmegygpdawitkﬁnjsaid trench and etching back said
polysilicon layer to form a gate electrode within said
25 trench between said nitride spacers;
etching away said nitride Spacers not covered by
said gate electrogde leaving thin nitride spacers on
§ sidewalls of said gate electrode and exposing éaid liner
oxide overlying said silicon layer at edges of said
30 trench;
etching away said exposed liner oxide;
implanting ions into said silicon layer at said
edges of said trench whereby source and drain pockets
are formed within said Silicon layer; and
35 depositing a dielectric layer overlying said dxide
layer and said source/drain pockets and said gate
electrode within said trench wherein said gate electrode
'} and said source/drain pockets form said elevated
transistor in the fabrication of said integrated

40  circuit.

S. The method according to Claim 8 wherein said oxide

~ layer comprises thermal oxide and has a thickness of
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edges of said trench whereby source and drain pockets are fornmed wthin
said silicon layer: and 35 depositing a dielectric |ayer overlyingd €MAY 2004
oxide layer and said source/drain pockets and said gate electrode within
said trench wherein said gate el ectrode and said source/drain pockets form
said elevated transistor in the fabrication of said integrated 40
circuit. 9. The .nethod according to Caim8 wherein said oxide |ayer
conpri ses t her nateEee 2BAUE HROQ, and ERAEsBngétrdnsl 7 MAY 2064 bet ween
about 4000 and 6000 Angstrons. 10. The nethod according to C aim8 wherein
said step of growing said silicon |layer conprises selective epitaxial
grow h. 11. The et had i O aim 8 wherein said controlled

thi ckness of said Sili cﬁﬁgﬁfleér&ﬁa?tlggl TL'?/ &“‘-iut"f iShyPEEPIn UPpEE et iodn of
said trench corraswindsséibd sildesin’ @dyhynNed p sai d_source/ drain
pockets, 12. The nethod according to %Iaiﬁ%%%mﬁﬁg}égﬁgég}zﬁ T ERHEs i s
bet ween about 1§38%ARd 2000 Angstrons. 13. The nmethod according to Caim38

wherein said |iner

11. The method according to Claim 8 wherein said
controlled thickness of saigd silicon layer partially
filling said upper portion of said trench torresponds to

a desired junction depth of said source/drain pockets.

. \-,.-,-/J

12. The method according to Claim 11 wherein said

thickness is between about 1000 and 2000 Angstroms.

13. The method according to Claim 8 wherein said liner
oxide layer has a thickness of between about 500 and

1000 Angstroms.

14. The method according to Claim 8 further comprising
. \9 ! L] 3 - L3 L -
) siliciding said gate electrode and said source/drain
pockets before said step of depositing said dielectric

layer.

15. A method of forming an elevated transistor in the

fabrication of an integrated circuit comprising:
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.14,
$ﬁg?ﬁeiﬁ%§raﬂiir3iEgifﬁ“ﬁfii2{sb?L??ﬁQra28ﬁ§r?S?ngfzsszg?ng§Z%%Z§§?ggeg@%
Sard e and_sai?asgrrcigérilEEtﬁggkgﬁsfgfnfag.zn el evated transistor in
fﬁgd ?;gLFg;{:gn ofyan integrated circuit cogg:::;gg 512t;h|§gwﬁzrngxlggpg
oxi do | ayer to said L ﬁ%ﬂ%ﬁSﬁﬂgﬁ%ggwgﬁgogﬁrﬁgﬁgia;gf??gﬁnhﬁﬁt?ﬁgaa
kﬁgfL IgfgéLoPhgﬁﬂ%ﬁ%kt#%tﬁag? :giz [gmer portion; 10 growing a silicon

h wherein said
d tr ehidg BEr elilad’ §x aétfm al .qr owt
L?Y?Loﬁﬂfg;grsa;llls salé Fower°§§§t|(M1 ang par?¥eﬁl fifs said upper

porti on wher ei n S5 qomdukhes ssulfstaité $ol E6HH iaWEHhchpgﬁbkﬁ ly {" ing said

| ef oVeH ying
trolled; 15 depositing a |iner ox

Sard oxide | ortlohcoRthcting 9atd substrate and an upper mortion

S

having a width larger than the width of said lower
portion;
10 growing a silicon layer within said trench using

selective epitaxial growth wherein said silicon layer

R—

fills said lower portion and partially fills said upper
portion wherein the thickness of said silicon layer
partially filling said upper portion is controlled;
i5 depositing a liner oxide layer overlying said OXide
layer and said silicon layer within said trench;
forming nitride Spacers on the sidewalls of saig
trench over said liner oxide layer;
removing said liner oxide not covered by said-
20 nitride spacers overlying said silicon layer;
growing a gate oxide layer overlying said silicon
Y layer within said trench;
depositing a polysilicon layer overlying said oxide
layer and within said trench and etching back sald
25 polysilicon layer to form a gate electrode w1th1n said
trench between said nitride spacers;

étching away said ﬁitride Spacers not covered by

20




| ayer and said silicon |layer within said trench; formng nitride spacers on
the sidewalls of said trench over said |liner oxide |ayer; rennviggT szw&
| i ner oxide not covered by said 20 nitride spacers overlying said-silicon
| ayer; growing a gate oxide |ayer overlying said silicon layer within said
trench; depositing a polysilicon |layer overlying said oxide |ayer and
within said trench and etching back said 25 polysilicon layer to forma
gate el ectrode W11 93%8i §leckratsh Ysemipgnthin chititidedepspasersy et chi ng
away said nitri s _pot_covered by 20 7 MAY said gate el ectrode

| eavi ng thin ni Sﬁ ge §§§c8?ssao1r?0 WitgeRdPrErede suidd egaveing esd idda nand
exposi ng sada | idigde3@va¥i verdying.said silicgon |.ayer at edges of said
trench; etching away sai dlgelg%%s%dlqylsrr%grlég% er i PIREF et s i nto sai d
silicon | ayer attreact:; edges of said trench whereby source and drain

pockets 35 are formed within said silicon |ayer and wherein said
control | ed thickness®bfhing vy isedd bayeseddrined! b)ide;

implanting ions into said silicon layer at said
edges of said trench whereby source and drain pockets
35 are formed within said silicon layer and wherein said
controlled thickness of said silicon layer partially
4 filling said upper portion of said trench corresponds to
a desired junction depth of said source/drain pockets;
siliciding said gate electrode and said
40 source/drain pockets; and
depositing a dielectric layer overlying said oxide
layer and said silicided source/drain pockets and said
silicided gate electrode within said trench wherein said
gate electrode and said source/drain pockets form said '
‘45_ elevated transistor in the fabrication of said

integrated circuit.

16. The method according to Claim 15 wherein said oxide
layer comprises thermal oxide and has a thickness of

between about 4000 and 6000 Angstroms.
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filling said upper portion of said trench corresponds to a desired
junction depth of said source/drain pockets; siliciding said gateldlBat zame
and said 40 source/drain pockets; and depositing a dielectric |ayer
overlying said oxide |ayer and said silicided source/drain pockets and
said silicided gate electrode within said trench wherein said gate

el ectrode and said source/drain pockets formsaid 45 elevated transistor in
the fabrication of éardTh¢rnﬂﬂ$Q@tedcordtmgttoZbaalﬁhmsnﬁﬁiﬁﬁkﬁﬂgamhd'ng to
Claim 15 wherein said ?ii yer conprises thernmal oxide and has a

t hi ckness of bet wegﬂng’ﬁ 9d46@(3c§ﬁ85%0¥f€) hetysenoabou 11000 M 2000. The
nmet hod according to 2+ £ wherein said controlled thickness is between
about 1000 and 2000 "Angstrons. 18. The nethod according to Claim 15
wherein said |iner oxide |ayer has a thickness of between about 500 and
1000 Angstrons. 22 ‘

18. The method according to Claim 15 wherein sald liner

oxide layer has a thlckness of between about 500 and

1000 Angstroms.
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