11 JUN. 2004 A METHOD TO FABRI CATE A SUB- QUARTER- M CRON MOSFET W TH LI GHTLY
DOPED SOURCE/ DRAI N REG ONS BACKGROUND OF THE I NVENTION (1) Field 0{1 ‘
| nvention The invention relates to the method of fabrication of egrate
circui-t devices, and nore particularly, to a method of formng a-
sub-quarter-m cron MOSFET structure in the fabrication of integrated
circuits. (2) Description of the Prior Art In sub-quarter-mcron MOSFET
architecture, it is necessary to use ultra-shallow source and drain

ext ensi on regi OMEHWM@F%MGMEMW@?MRM&@ "’slg’E’f’éfg to form
such regions. For exanple, Fig. illustrates a sem conductor substrate 10,

preferably conposed of qgggqtyqygh@bg tﬁ¥§Qggs ¢, of silicon oxide
tra porysi -

12 is forned on the surface of the icon layer is
deposited and patterned to fornlgate electrode 16. A .11 JUN 2004 typi cal
LDD(li ghtly doped source and drain) structure 24 is formed by an LDD mask
i npl ant foll owed by deposition of the spacer oxide 18 and then a -
source/drai n - mask inplant 20. nghtly doped source and draln regions 24
lie under the spacers 18 as shown in F|g 1.

BACKGROUND OF THE INVENTION

. (1) Field of the Invention
The inyenti()n relates to the method of fabrication of integrated circuit devices,

and more particularly, to a method of forming a- sub-quérter—micron MOSFET structure

in the fabrication of integrated circuits.

(2) Description of the Prior Art
In sub-quarter-micron MOSFET architecture, it is necessary to use ultra-shallow

source and drain extension regions. Low energy ion implantation is typically used to

form such regions.

For example, Fig. 1 illustrates a semiconductor substrate 10, preferabiy composed
of monocrystalline silicon. A layer of silicon oxide 12 is formed on the surface of the

substrate. A polysilicon layer is deposited and pattefned to form gate electrode 16. A




Gate gritical dinension (CD) reproducibility has been a concern .of all o |

t he sﬁb,n*i cron technol ogi es. M ni num gate length corresponds to thﬁgrmm %?1
feature size of any technol ogy generation; that is, the edges of the f
i tho'gr aphy tool capability. Therefore, considerable relati ve vari ations o
a gate CD are inevitable. At the sane tinme, device characteristics

RRMG gai J.S, Patent, 5,447,874 to Grivna et al
tSte;gRglsyad(raret hogjmg?t(p rtﬁf?fr? edas%%%%gﬁl.:lralgbwg@, Fﬁﬂﬂ“ﬁ%g?mhrtgpl ; Hﬁ_élfal S?g;et .
d i n ap,.oxd ' i - Usi ng..a._cheni cal . ani cal. pol i shing st )
e o BRI ARE MNP SRS JERIATLSEL RS o

i ot o t 5,856,225 to Lee et al teaches a net hod‘o_f :
19 Io]; ];n?FlSnt anﬁw%ﬁgéé%og%%hggﬁéﬁ%grs%m?%@g GO &GP g‘ﬁﬁe \“@@f@ﬁﬁaﬁﬁfél%ﬁﬁ showprior to
t he i npl antﬁhi;- n of the channel regi on under the gate. This all ows nore
preci se controf of the source/drain positions, thereby controlling the
el ectri cal paraneters of the MOSFET device. U S. Patent 5,_393, 681 to Wt ek
et al teaches a method of form ng a vertically raised transistor usi ng
sel ective epitaxigl growh (SEG _to formthe channel region of a MOSFET.
U.S. Patent 5,3 %? Bg{é“%m?glﬂ% D) asprodsimlity hias heen mehctmrof plhpfithaguta
t.ra.nsi stor in a 'toro" ctiopn forned in the substrate. U s: Paten:[- 5, 624, 863 -
to Hel m et glllcr‘t)%%}ﬁ;é’zogé??' By gatsrlenatheorrespongds to thevatindmuan feadire sizdISFET ar e

sing. - dj- ion froma doped silicon plug into the substrate. T-
];Loir ”ﬁdl :JS :\In%gg%:thngl'og nge%Ier%gon; that 1s, the e‘_crl)ges of the lithography tool capability. :

Therefore, considerable relative vaﬁatidns of a gate CD are inevitable. At the same time,

device characteristics strongly depend on the gate length.

u.s. Patgnt 5,447,874 to Grivna et al teaches a method of forming é MCSFET
device employing a dual metal gate féﬁned in an oﬁde opening. Using a qhemical.
mechanical polishing step to planéﬁze thersuxface eﬁminates the problems encountered in
etching different _metals.. .8 'Pat_ent 5 ,856,225 to Lee et al teaches a_metho‘d of forming
a MOSFET device where the source/drain regions are built prior to th¢ implantation of
the channel region under the gaté. ‘This allows more precise control of the source/drain |

| posi'tions, thereby controlling the electrical parameters of the MOSFET device. U.S.
Patent 5,393,681 to Witek et al teaches a method of forming a vertically raised transistor
using selective epitaxial'growth (SEG) to form the channel region of a MOSFET. Us.
.Patent 5,391,506 to Tada et al teaches a method for forming a transistor in a projection
formed in the substrate. U.S. Patent 5,624,863 to Helm et al teaches a method where the
source and drain of a MOSFET are formed using out-diffusion from a doped silicon plug

into the substrate.




SUMVARY OF THE I-NVENTI.ON A princi pal object of the present invention is to
provi de.an effective and very nanufacturable met hod of . fabricati ng a

MOSFET devi ce having a raised source/drain  structure. Another o gEEIU;\pfznm
the present invention is to provide a nethod of fabricating a I\/& :
devi ce having a raised source/drain structure using sel ective epitaxial

growth (SEG . Yet another obSuMMARYORETARERYBATIGNENtiON is to provide a
met hod of fabricating a ‘sub- quarter-mcron MOSFET device having a source

and drain extension structure wherein the source/drain dopant
concentrations are precisely controlled. ‘A further object of t he present

invention is to BrpmntRel odjcdBift o -mcron -
MOSFET devi ce wher ei n@t heJ partll%gllare elmf ﬂ%n'ﬁ?ﬁ% ngm@ldf f?%e W%I VeBki de i s

i ni i zed. ﬁ%uﬁ&ﬂ?abﬁrmé?ﬁﬁd%tfabﬁfcaﬁr%% IMOSFERbLAMERD] 0l Lo plovi de a

met hod of fabricating a sub-quarter-mcron

contact spagihng,Ss W der. This allows use of a thicker netal salicide
reduci ng the sheet resistance of the source, drain and gate regions. The
wi der spacing al so reduces inter-electrode. leakage. 3 1 1 JUN 2004 A still
further object of the present invention is to provide a nethod of

fabricating Another object of the present invention is to provide a methdd of fabricating a -

MOSFET devwe havmg a raised source/drain structure usmg selectzve epztaxml growth

(SEG)

Yet another object of the present invention is to provide a method of fabricating a
sub—quarter~micron'MOSFET device having a source and drain extension structure

wherein the sogrce[drain dopant concentrations are precisely controlied.

A further object of the present invention is to provide a method of fabricating,a :

sub-quarter-micron MOSFET device wherein the particle implant damage to the gafe

oxide 1s minimized.

Yet another object of the present invention is to provide a method of fabricating a
| sub-quaner~m1cron MOSFET device wherein the contact spacing is wider. This allows
‘use of a thicker metal salicide reducing the sheet resistance of the source, drain and gate

regions. The wider spacing also reduces inter-clectrode leakage.




a sub-quarter-m cron MOSFET device having a flat surface t opol ogy al | owi ng
for better step coverage during subsequent processing. In accordaﬁc‘ieJU\iitm%
~the objects of this invention, a new nethod of fabricating a_lsub-quarter

m cron MOSFET device is achieved. A sem conductor substrate i's provided.
Shal | ow-trench isolation (STlI) regions, for exanple, are formed in this
substrate. An o gl fahee bbjbst oPiHRHrEH i‘&%ﬁﬁdﬁk-ﬂ%rm&é} &Qtﬁoéb’ﬂ%rgc%&ga”d the -
STl regions. The oxide layer is patterned and .etched exposing two Tegions

of the substarsabQuarfrs@bBs MOSFEERIe!RE hding DA Wibhicl REGos! SuRELS B ABd wi th
SUDStFate Fegi one POPYHEG

intrinsic silicon covering the two expose during

. N " 0 . . . . . - . \ for m
t he previ oustpicg hR&8o dudkdql con regions will eventually _
t he gour ce jneg -dfbe{?g-r% reg%%ngéqo?ﬁk)ﬁjgé SFET. The oxi-de | ayer regi on between.

the two epitaxially grown intrinsic regions is then patterned 'a'n,d_ et ched
away exposing the substrate between the two.intrinsic silicon regions. |

is is followed oxi de. deposition and a t ol ysilicon :
-(Ij-g;)gs: tS i oﬁ. %hvgmllg%l?&g%%hgvﬁ\%}é%ﬁ (%}Beézfsi R 1ﬁ51fo%,%)arfe§v lf‘%g?ff?é%'?rt?ﬁﬂ%&ji to expose
f ' Epsiic . silicon regions. An oxidation stepis.
tﬂgnt ggrfs lcj); r?@%g%ag%rsﬁlﬁ%dgﬂ??ngfg?“f%éa 15ved o SFrHIC]’E" c&ﬂg?%‘iﬁﬁlﬁ@ﬁm’g@@e and
i insic i.licon regians,..Since the oxide is forned on the upper '
sur f ace, oSS Phich SRR S TS e St o e agsuEeshor e
il gate and intrinsic silicon regions. This forms each o e
bol Yai || con °Gar B HaPIoRES R Bing brincbnowbBgoms 1t resiorsafibe okdalsvehape
where both are_thipner on_the upper portions of the structure and wi der on
the |ower SdRTIPIRI A FIORT BePosing Ve seioneef thesbsrated\ sdentive ajtaniobt  of t he

xi de al ong the . . :
gate oxid growﬂg(SHEG% 1s performed with intrinsic silicon covering the two exposed substrate

regions formed during the previous step. These intrinsic silicon regions will eventually -
_form the source and dfain regions of the MOSFET. Thc_a okide layer reg_ioi_i between the
two epitaxially grown intrinsic rggi_oﬁs _is then patterned and etched away ¢xposing the |
| substrate between the two .in’m’nsic silicon regions. This is followed by a gate d;dde,_
deposition and a gate polysilicon _de_position. Chemical mechanical polishing (CMP) is | |
then performed to expose the top surface of the intrinsic silicon regions. An bxidation |
step 1s then performed consuming some of the silicon in the polysilicon gate and _intrinsic-
silicon regi.ons. Since the oxide is formed on the upper surface, more of the silicon is _
consumed from the top surfaces of the polysilicon gate and intrinsic silicon regions. This
forms each of the polysilicon gate and intrinsic silicon regions into a trapezoidal shape
where both are thinner on the upper portions of the stmcfure and wider on the lower
section. An oxide etch is then performed removing most of the gate oxide along the
sidewalls of the polysilicqn gate leaving V-shaped trenches along the sidewalls of the

polysilicon gate. A low-angle ion implantation is performed forming source/drain




si dewal | s of the pol ysilicon gate leaving V-shaped trenches al ong the
sidewal I s of the polysilicon gate. A lowangle ion inplantation is
performed formng source/drain 4 1 1 JUN 2004 extensions in the substrate
area under the V-shaped trenches. An oxide is then deposited overd yiRgothe
entire surface followed by a CWP pl anarization. A secondinplantationis -

perforned tocgdeRfont heim ki i,ons of the source/drain and
pol ysilicon r egi on. %?ﬁsgs{lir%é Hﬁgﬁhtﬁoﬁfé}mé@pwegc@&l R PFidE isdhendeapsitedr - -

t al t ; neal i | 1 | et the -
”’@2&?&?&%&?@%&%% Do RNt i 4 FreCbEuppiavn ity
dr aw ngs for art of this description, there is shown: Fig.
| schenati'ca I@?{BBC{E éwﬁg)HmE‘FS&Pééhc%éﬁtgil%!ﬁaﬂ he eqyeedtsnin and polyslidwmSFET
havi ng a LDD %}ru%éure in ccochanc - wWith prior art. Figs. 2 through 10
schemati cal | {¥l Spep ﬁo O¥FHsa Bheidatinn stepfergnetalization andranncalipg effthe r ed
enbodi nent of tfﬁﬁﬂ'&’ esent i nvent| on. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS {AFP ARG o ?Hf’cgithng%@'EE@gﬁee of the invention, a preferred -
embodi ment will. be described herein. Referring now nore parti cuI arly to .- -

‘Fig. 2, there is illustrated a portion of a partlally conpl et ed NDSFET
devi ce.’ A sem conductor substrate 30is

BRIEF DESCRIPTION OF THE DRAWINGS

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

- shown:

Fi g1 schematlcally lllustrates in cross—sectxonal representaﬁon a MOSFET

having a LDD structure in accordance w1th prior art,

Figs. 2 through 10 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.




pr ov.i ded pref er abl y corrpo‘s_éd of ~nonocryst al l'i ne silicon. | I $0I_ati on regi ons
such as.shallow trench isolation (STl) regions 34 are forned in the“ Juﬁnﬁ}%

sem conductor substrate 30 to isolate active regions from one another.

oxi de deposition or furnace oxide growh of thickness between about 1000
to 3000 Angstrons is perfornmed. Thi s oxide layer: 32 may  be conprised of
any of a group contai n;bm@ﬁmgp@fm]g i ; Silicon

Oxyni tride, A um num Oxide, or Titanium Oxide. The oxide layer 32 is
patterned to -expose the surface of the substrate 30 in two areas of an
active region Referring nowto Fig. 3, two intrinsic silicon regions 36 are

grown using sel egiineat mﬁﬂiyﬁijﬁiﬂ%t&%&b% Q-f%%%%m%&ggrgﬁe%%?%%ﬁ%tmggﬁgubmrat e

not covered by the oa;?dﬁ I"ayer 13toajc I cCKness ? oxt uIarI-y'tolF;[Sth
t hi ckness of ! |l a i g n _ ti. _ g. 4,
the area of bg%%(g%Iéd[aye(_F‘I '3%{@%& ngn?%(ﬁéeﬁ ir?%uéarlyﬁf ??gn%r O‘:‘;EH Iﬁﬁﬁtgifisglt ﬁg? rrgl6 is.
. 4 nr.o A . i
oxi dat i on { REGIARH & pbfifeoiibitdq ORREF A0uE Finaliufironbi ) or furnace
[ [ \ ' [ i [ - ' about - 10 to
200" Angst r o PRl Sp RS o oo By STEHT JrolS BorgSRTER gat e | ayer
v a ‘ ) ' : ' troms, This gate :
ayer. 40 may BUOSHEcHEn RolgRGh AT oBopt e Mpmrd i et ge b REAASY phous
silicon, platinum.silicon.6 11 JUN .2004 germanjum or a st acked conposite
havi ng ong ?Sé’;aé? RCYC 58PS P OnR a%f%f’r'a Q(‘E%HHWO&VEF opfurnace oxide growth of
thickness between about 1000 to_3000 Angstroms is performed. This oxide layer 32 may
be comprised of any Qf a group containing Silicon Oﬁde,'Silicon Nitridé, Silicon

Oxynitride, Aluminum Oxide, or Titanium Oxide. The oxide layer 32 is patterned to

expose the-surface of fhe_ substrate 30 in two areas of an active region

Referring now to Fig. 3, two infrinsic silicon regions 36 are grown using selective
epitaxial growth (SEG) on the areas of the substrate not covered by the oxide layer 32 to

a thickness approximately equal to the thickness of the oxide layer 32.

Referring now more particularly to Fig. 4, the area of oxide 1ayef_32 bebveen the
two intrinsic silicon regions 36 is etched away.' A gate oxide 38 is then conformally
grown by rapid thermal oxidation (RTO), low pressure chemiqal vapor deposition
(LPCVD) or furnace oxidation over the entire surfaée with a thickness of between about
10 to 200 Angstroms. This is followed by a deposition of a polysilicon gate layer 40 with
a thickness of between about 1000 to 3000 Angstroms. This gate layer 40 may be

composed of polysilicon, polysilicon germanium, amorphous silicon, platinum silicon




pol ysi,l i con gernmani umor a conducting metal such as tungsten, al um num or
titanium VWhen a stacked conposite gate | ayer 40 is used, the de_po_gujl ?\'rcli?@f*
met hod is furnace oxide, chenical vapor deposition (CVD), |ow pres éj N
(LPCVD), or rapid thermal CVD (RTCVD). The first layer of the conposite
will have a thickness of between about 500 to. 2000 Angstrons, and the

second | ayer gednkhiufhaden dackéd SRS t&fxin@%h«‘!‘ﬁ?é} @B@gﬁ%ﬁg%d {: Qecogc?gg%- of . ng |

Angstrons. Referring nowto Fig. 5,- thé surface en planari z

chenical nec Jilkcdh cenhsid (&MY 1y £ ' ten avin rtq at e oxi de
38 and the pglﬁgdsli_l_icggn gat ebr:}g";?er 40gmf8%][§/ |%§T§h ernégﬁ%ﬁl et the two

B e N B Nt e e
et o 9 op MhchfaF dhor feroB SRS, A1 e RXID AR BERARE Betipen abou
oLra ST SRRt 30 ng 08l i O SR e e SRR T o
20, a0 PoLY shdoh s, 0 e KESH S P R bk e T oS &

t hi nner on t#‘s% [.nRortions of the structure and w der on the | ower .
section. A ryoys%%ﬁg)a ion performed for -3 to 120 mnutes at NOT to 1000C is

preferred. ‘A wet oxidation may be used under the same tenperature
conditions, but this could occur too quickly to achieve the desired gate

shape. 7 Referring now to Fig. 5, the surfaée 1s then planarized using chemical mecham'c_ai -

polishing (CMP), for example, leaving the gate oxide 38 and the polysilicon gate laj/er 40
“only in the regions between the two intrinsic silicon regions 36 A wet oxide et¢h of the

- surface is then performed to treat the surface and open the top of the gate oxide 38.. "~

!

Referring now to Fig. 6, a secdnd.oxide layer 39- of thickness beﬁeen about 400
to 1000 Angstroms is grown. During thirs process, the epitaxially grown intrin’sic_ silicon
36 and polysilicon 40 are consumed., Thel consumption occurs at a higher rate near the
upper surfaces of the intrinsic silicon 36 and polysilicon 40. This results in a polysilicon
gate and intrinsic silicon regions that are t_raiaczoidal in shépe \;vhere these structﬁres are
thinner on the upper portions of the strﬁcture and wider on the lower section. A dry
‘oxidation performed for 3 to 120 minutes at 800°C to 1000°C is preferred. A wet
oxidation may be used under the same temperéture conditions, but this could ocour tod

quickly to achieve the desired gate shape.




11 JUN 2004 Referring nowto Fig. 7, a majority.of. the second oxide |ayer
39 is stripped away using a wet etch |eaving gate oxide 38 along the bottom.
edges and under -the.polysilicon gate 40. This step fornms a V-shapgd Jutensgh
33 between the intrinsic silicon regions 36 and the pol ysilicon gate 40.
The trenches have a mndth at the top of between about 300 to 1000

t
ow gl ('s) oA ng BFVE BEE s bRRCNGARS er%%ng]:aﬂdta?%yagt éﬁ%ﬂpb‘%’)ﬁt& %‘éﬁ%“to
5'&22"2?2?&3?e““gif‘ﬁé%;ﬁ"&‘wﬁg R O R R

ti th e/ r ai ns ferr now to Fig. 8, a third
g)r(iegel Ingyere%%% Sl{tiz‘ r?g a&f%@ﬁcﬁ Bg% ?@’6@1 g" S UGe STEIEEO | sf ' .
deposi t ed fl“#%ﬁ%? nggggageghtrench 33 and covering the surface of -the

structure. ¢ genches hgpe pyidifnatithetpp ghbatwecnabow PARE t o
expose the t surfaces 0 e polysilicon gate 40 and intrinsic silicon
regi ons- 36. ?@%"\ﬂ ESTqU esgiihandhe thickprstpk the plsiBongpteo Adovangier om a

group conpri Bor on, Phosphorous Arsenic, or. BF2. The inplantation 50
is perfor rred(sﬁast imnlpsdaion 4 pEenrdenirers @ groupEomprising Baren, Rhognheronsrsanit, ener gy
bet ween about 5 to 180 keV, thereby doping the polysilicon gate 40 and
creating dopBk:, ei Indivmrat sdmemébctwamnbpe@imaso 5R15 atomsitm] anslienergy bétwedn r egi ons
36. Referring nowto Fig. 10, a netal layer, such as titanium cobalt,
ni ckel or cabopds$ toel 804&p¥ns wifotrédareating mearommcemahakégmﬁ 4dep05| t ed
overlying the entire surface of
Refefring nowto Fig. 8,a third oxide layer 48 of thickness between about-2500 to
8000 Angstroms is deposited filling the V-shaped trench 33 and covering the surface of

the structure.

Referring now to Fig. 9,2 CMP olanaﬁzotion is performed__’to expose the top surfaces of
the polysilicon gate 40 and intrinsic silicon regions 36.. This s folloﬁed by an ion
implantation 50 of one ion from a group comprising Boron, Phosphorous, Aisenic, or
BF;. The implantation 50 is performed ata dose of between about 1E15 to 1E16
atoms./cm2 and energy between about 5 to 180 keV, thereby doping the'oo]ysilicon gate

40 and creating doped silicon source/drain regions 52 in intrinsic silicon regions 36.

Referring now to Fig. 10, a metal layer, such as titanium, cobalt, nickel or
composite layer of titanium overlying cobalt is deposited overlymng the entire surface of

the wafer. An annealing step then transforms the areas over both the silicon regions 52




the wafer. An annealing step then transforms the areas over both the
silicon.regions 52 8 i | JUN'2CD~ and the polysilicon gate 40 to gﬁggl
sui cide 54. Thereafter, the non-transforned netal - overlying the ox 2004
regions 32 and 48 i's renoved. In accordance with'the objects of this .
invention, a new nethod of fabricating a sub-quarter-mn cran MOSFET device
having |i ghtand tHopelgsiln e 40 ke Metal dididd $1. A8 RAKD e nddEad RO mBLPV! ded
uses self-aligning structures sinplifying the manufacturing process and
provi di ng f obveglging itised xitfe rEiNRi30 @hd 48 F8AFSRAS and el ectrical device
characteristics. By minimzing the area of the active source/drain
extensions -covered by the source drain contacts, source/drain =~ =
punch-through will occur at a significantly h![?her vo![,t age. f I {lhgddl.tl on,

[ ing int - ' etter coptro , :

i mpl anti ng into tIH%cc\ér&B@eO\lQﬂ] Ak 8@5&5 gi't{hﬁ: ven{%on, nag{ng&gfl ggfa‘%Hca[twga

source/drain extension inplant. Snce the activ

i - ' ' he V- d grooves. b en the gate -

ol ect I ode ;ﬁ%ﬂ@%ﬁﬁﬁ?ﬁ?éfﬁff}%&?@kﬁs?%%ﬁ%ﬁl/?f%?gﬁgﬂ?@ EF??:"EL ant damge
i - : n, an - T

?nu;\: Pngzteg? ?’%gc aﬁg':O'tT F%ﬁg%gés%rg\gﬁﬁ%use%@%gﬁmg|5ngr§p1$1ngﬁge for a thicker -

i Ci i ' . Sheet 51 St. while mninmzing.inter-electrode
eakage.  Fi T ORTIRE Pk <Gl pRYR e pp Rt B A T lecieely

coverage durjng subsequent netalization steps. \Wile the i nvention has been
parti ol ar| y&eé'%B TaRiestcs b miAe Hheragtac discetitegowrce/drain extensions

«covered by the source drain contacts, source/drain punch-through will occur at a

significantly higher voltage. In addition, implanting intq the V-shaped groox}e allows
b¢tter control of the source/drain extension mmplant. Since the active gate ared iﬁthe
substrate is protected by oxide in the V-shaped grooves between the gate electrodé and
| source/drain regions, the effects of pértible impiant damage during the Qne~step
polysilicon and soufce/drain implantation aré minimized. The additional spacing
between electrodes aliows for a thicker salicide with lower sheet resistance \%rhile
minimizing inter-electrode léakage. Finaily, the flat surface topology allows for betterr

step coverage during subsequent metalization steps.

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.




the pref erréd enbodi ments thereof, it wll. be under stood by those skill ed -
in the art that various changes in form.and details nmay be made w t hout
departing fromthe spirit and scope of the invention. 9 11 JUAN 2000k JUN 2004

CLAIM5 1. A nethod of fabricating an integrated circuit device conprising:
providing an agtiM@ area in a sem conductor substrate separated from ot her
active areas by isolation regions; formng a first oxide-layer overlying
sai d sem dondiinethed of fabseating en intetrased droiiis dbvace compriSing:egi ons; patterning and
etching away said first oxide layer in two distinct areas and w thin said
active area toPfogidmgapgciiserdaiys stmicemiuctosebitony@pahed fsmaskd atge gr owi ng
intrinsic silicon regions to fill each of said openings; etching away said
first oxi @ead b)yléﬁlailwtsabnb; active area between said intrinsic silicon 10
regions formng a gate opening to said sem conductor substrate; confornmally.
depositing a gémmingeifie oixalg dayemditerliing s#id stngedndu@paibiiteind sf¥ dolaibhg sai d
oxi de layer and said intrinsic silicon regions; depositing a conducting
| aye? overm¢gimy. said gate oxide and filling said gate opening; planarizing
sai d conducting layer to forma gate el ectrode within said gate opening;
patterning and etchjng away said first oxide layer in two distinct areas and within said
active area to form two openings f_o' said semiconductor substrate;
growing intrinsic silicon regions to fill each of said openings;
etching away said first oxide layer in said active area between said intrinsic silicon
10 - regions forming a gate opening to said semiconductor substrate;
conformally depositing a gate oxide layer within said gate opening and overlying said
oxide layer and said intrinsic silicon regions:
depositing a conducting layer overlying said gate oxide and filling said gate opening;
planarizing said conducting layer to form a gate electrode within said gate opening;
15 growing a second oxide layer whereby pbrtions of said conducting layer and said
infrinsic regions are consumed such that more of said consumption occurs near the uppér
surfaces of said conducting layer and said intrinsic regions than in the lower portions;
etching away said second oxide layer and a portion of said first oxide layer and said
gate oxide layer thus forming a V-shaped trench between said conducting layer and said
20 | intrinsic regions;
implanting first dopant ions into said substrate under said V-shaped trench to form

source/drain extensions;

10




15 growi ng a second oxi de | ayer whereby portions of said conducting |ayer
and. said intrinsic regions are consuned such that nore of said -
consunption occurs near the upper surfaces of said conducting'l ayg‘r'f B 2004
said intrinsic regions than in the lower portions; etching away said second
oxi de | ayer and a portion of said first oxide layer and said gate oxide

| ayer thus forgi ncal .a V-shaped trench between said conducting fayer and said .
20 intrinsic rSPOYHS 2 g oxide laygr filiipg saidi¥shaned tromd andoeerlyinigdaidubst 1 at e

under said V-shaped trench to form source/drain extensions; 10 11 JUN 2004
deposi t i nGeuElnglayes ardiaid igyiasic regiansng sai d V- shaped trench and overl yi ng
said. conducting layer and said intrinsic regions; 25 inplanting second
dopar®® i ons i nteplansing seganddapruigonsate said gate electraiiadd intd faididirinsic@ghi@RS t O
form source/drain regions; and siliciding said gate el ectrode and said

sour ce/ dr & 191 egjiresidraipoegidret andg f abrication of said integrated circuit
device. 2. The method according to Claim1 wherein said isolation regions
are formed by slicdingseid gateelettrods ahddaidsoufcSitain regiond Spnpi@inB o8 R&GH @ Ng to
Claiml wherein said first oxide |layer is deposited by |ow pressure

cheni cal wapotegee@igichit devidel. PCVD) or furnace oxidation at a thickness of
bet ween. .. ' ' '

2. The method according to Claim 1 wherein said isolation regions are formed by shéllo‘.w

trench isolation (STI).

3. The method according to Claim 1 wherein said first oxide layer is deposited by low

pressure chemical vapor deposition (LPCVD) or furnace oxidation at a thickness of between.

about 1000 to 3000 Angstroms.

4. The method according to Claim 1 wherein said second oxide léyer is grown by dry
oxidation at a temperature of between about 800°C to 1000°C for a period of between about

three to 120 minutes to a thickness of between about 400 to 1000 Angstroms.

5. The method according to Claim 1 wherein said third oxide layer is deposited by low

pressure chemical vapor deposition (LPCVD) or furnace oxidation at a thickness of between

about 2500 to 8000 Angstroms.
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about , 1000 to 3000 Angst roms. 4. The method aécordi_ ng to Claiml. wherein |
sai d second oxide layer is grown by dry- oxidation at a tenperatufie; gfiy 2004

bet ween about 800C to 1000C for a period of between about three to 120
m nutes to a thickness of between about 400 to 1000 Angstroms. 5. The
met hod according to Claim1l wherein said third oxide layer is deposited by

| ow pressurg chem cal vapor deposition (LPCVD) or furnace oxidation at a
t hi ckness.g‘of é‘i‘?ﬁ@é‘%""ﬁ@&" ‘2@6@lme@mldmwxr@dwermfmeamwmm 6. The
met hod acgor dilng.dtao‘ % T 1 wherein said gate oxide |ayer is fornmed using
rapi d t hefIFHP2RIBQLLT G QRpwPress g chamtien warer denssition (LRCIRror depasi t i on
(LPCVD) or furnace oxidation with a thickness of between about 10 to 200
Angst r ons OXigatiopyithpthickness eblatueengbews 101200 Angatiemei n sai d growi ng of said
intrinsic silicon region is. perforned using selective epitaxial growth
(SEG. 8. The nethod according to Claim1l wherein said first dopant ions
are inplanted at an angle Iless than five degrees from perpendi cular at a
dose of bét vidie megiindrecdding ta PaRE] Siherainonial/geovlingbf i iemiRkigyiliodn legibiaen about
0.5 to 180 keV. 9. The nethod according to daim1 wherein said conducting
| ayer is pafoysed iougseltepesdritaxial gowhgSE®@W pressure- chemical vapor
deposition (LPCVD) or furnace oxidation wth a- thickness of between about
1000 to 3000 Angstrons. &

8. The method according to Claim 1 wherein said first dopant ions are implanted atan angle

less'than five degrees from perpendicular at a dose of between about SE13 to 3E15

atoms/cm” at an energy of between about 0.5 to 180 keV.

9. The method according to Claim 1 wherein said _conducting layer is polysilicdn deposited
using Iow'pres_sure chemical vapor deposition (LPCVD) or furnace oxidation with a

- thickness of between about 1000 to 3000 Angstroms.

10. The method according to Claim 1 wherein said conducting layer is polysilicon
germanium deposited using low pressure chemical vapor deposition (LPCVD), furnace

oxidation or epitaxy with a thickness of between about 1000 to 3000 Angstroms.

1. The method according to Claim 1 wherein said V-shaped trench has an upper width of

between about 300 to 1000 Angstroms.
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.10. The nethod according to Caim1 wherein said conducting |ayer is

pol ysi licon germani um deposited using | ow pressure chem cal vapor .
deposition (LPCVD), furnace oxidation or epitaxy with a thickness &f JUN 2004
bet ween about 1000 to 3000 Angstrons. 11. The nethod according to Caim!l
wherei n said V-shaped trench has an upper wi dth of between about 300 to
1000 Angstrons. 12 1 1 JUN 2004 12, A nethod of fabricating an integrated
circuit dddi seettodptf fzbringing pn onéetitedcirnit device/dnipkigiagi N a sem conduct or
substrate separated fromother active areas by isolation regions; formng
a first oxide pmyilingmertiydig isakeniseriueRPCibet-As scpatbel hdkomdedrid

i sol-ation. regions; patterning and etching away said first oxide |layer in.
two di sti nedas By Belatih@giohd; hi n said active area to formtwo openings to

sai d sem conductor substrate; growing intrinsic silicon regions to fill

each of said opgmiMdGSfirstixflRilfer Wﬁn@@&i&'séﬁi&é{du&?f HBstlaBVARH shifl DBl act i ve
area between said intrinsic silicon 10 regions formng a gate opening to
sai d.ssem ctor substrate; confornally depositing a gate oxide |ayer

wi thin said gate opening and overlying said oxide layer and said intrinsic

L EOn 1 e0l OnieAERRAI e BuBPLAE bl G808 L B Bt ke 53 il R °

and filling sa gate openi

_ active area to form two openings to said semiconducfo'r sﬁbstrate; |
~ growing intrinsic s_ilicoﬁ regions to fill each of said openings;
etch_ing away said first oxide Iayef in said acﬁve area betwe_eh said intrinsic silicon
10 ) regions forming a gate opening to.said semiconductor substrate:
conformally depositing a gate oxide layer within said gate opening and (;veriying said
oxide layer and said inttinsic silicon r'egions;'-
-depositing a polysilicon layer overly'ir_lg said gate oxide and filling said gate opening; |
- planarizing said pQIysilicpn layer to form a gate elgctrode within said gate Opehing;
'15 | growing a second oxide layer by dry oxidation at a temperature of beﬁzveen about
800°C to 1000°C for a period of beMeen about three to 120 minutes to a thickness of
between about 400 to 1000 Angstroms whereby portions of said conducting layer and said
intrinsic regions are consumed such thét more of said consumption occurs near the upper
- surfaces of said polysilicon layer and said intrinsic regions than in the lower portions;
20 étching away said second oxide layer and a portion of said first oxide layer and said
gate oxide layer thus fonning é V-shaped trench between said polysilicon layer and said

intrinsic regions;
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pl anari zi ng said polysilicon layer to forma gate electrode within said
gate opening; 15 growing a second oxi de |ayer by dry oxidation at a _ ,
tenperature of between about 800C to 1000C for a period of between fboyfy 7gg;-
three to 120 mnutes to a thickness of between about 400 to 1000 Angstrons
wher eby -portions of said conducting |layer and said intrinsic regions are
consuned such that nore of said consunption occurs near the upper surfaces
of said pol ysi inpertingdirsdopmtioasint sait subsitkeundeghidns stapadtréndh tdWrh ower '
portions; 20 etching away sai'd second oxide |ayer and a portion of said

first oxi deurtelyain extetisions; d gate oxi de |layer thus formng a V-shaped trench
bet ween sai d polysilicon layer and said intrinsic regions; 13 11 JUN 2004:

i mpl @sting fi ra&podiﬁpé@mhiﬂd@stﬁl_eilafeﬂﬁﬁiﬁ%@h@vbsﬁaﬁeatu%nélﬁ&%véﬂh sfigshaped trench
to form source/drain extensions; .25 depositing a third oxi de |ayer

filling S@b@gyb@h@@@qndg@mﬁﬁﬁﬁﬁqngﬁ{Iying said polysilicon |ayer and said
intrinsic regions; inplanting second dopant ions into said gate el ectrode

trinsic regions: implanting second d
ST ol ai ng-sai o BE ook MR ond oo TR i PR icaRfen | ng

fabricati gy i doi:ntegrated circuit device. 13. The method according
to Clainllzq%kggggﬁaggﬁgb@%b gtion regions are forned by shal I ow o o

- siliciding said gate electrode and said source/drain regions completing fabrication of -

30 . said integrated circuit device.

13. The method according to Claim 12 wherein said isolation regions are formed by shallow

trench isolation (STI).

14. The method according to Claim 12 wherein said first oxide layer is deposited by low
‘pressure chermical vapor deposition (LPCVD).or furnace oxidation at a thickness of between

about 1000 to 3000 Angstroms.”

15. The method according to Claim 12 wherein said third oxide layer is deposited by low
pressure chemical vapor depositiori (LPCVD) or furnace oxidation at a thickness of between

-about 2500 to 8000 Angstroms.

16. The method according to Claim 12 wherein said gate oxide layer is formed using rapid
thermal oxidation (RTO), low pressure cherﬁical vapor deposition (LPCVD) or furnace

oxidation with a thickness of between about 10 to 200 Angstroms.
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trench isolation (STlI). 14. The nethod according to Claim 12 wherein said
first'oxide layer is deposited by |low pressure chemnical vapor deposition .
(LPCVD). or furnace oxidation at a thickness of between about 10007t10J13‘0Qﬂm
Angstrons. 15. The nmethod according to Claim 12 wherein said third oxide

| ayer is deposited by low pressure chenical vapor deposition (LPCVD) or
furnace oxidatioon at a thickness of between .about 2500 to 8000 Angstrons.
16_ The mdfhbie meshestatcording ¢ Claim 2 bRenehesaidi groveiag of sgidtigirinsé sificdra¥gibn isS
formed using rapid thermal oxidati.on (RTO, low pressure chem cal- vapor
deposi t i opefIPEIDying seléctivngmiexiabgrbadi (SBG).W th a t hi ckness of between about
10 to 200 Angstronms. 14 1 JUN 2094 17. The nethod according to Caim12
wherein said growi ng. of said intrinsic silicon regionis performed using
selective epitaxial growh (SEG. 18. The nmethod according to Claim12

wher ei n sdBdlHeimethodtep@iing tOOEnAL B whillndRiighst Abna 1 an f' ve
degrees from perpendi cul ar at a dose of bet vv%enpa lon?ﬂgéﬁ}igﬁtééall :

at oS/ CITP afdle Rs MACHEYIcRiccDRNS Ot o2 ?%sgﬁfﬂ&geéﬁea}fomé%w Ioh t hOd

according to Claim12 erei n sai d pol ysi 03| u3| ng | ow

pressure ﬁﬁﬁﬁjcﬁﬁhtéﬁﬁﬂgﬁ%gﬁ%@éehlag&t@gspgg% & furnace oxi dat| on with a

t hi ckness of "between about 1000 to ngstrons.

- 19. The method according to Claim 12 wherein said polyé;ilicon layer 1s depdsited using low

pressure chemical vapor deposition (LPCVD) or fumace oxidation with a thickness of -

between about 1000 to 3000 Angstroms.

20. The method according to Claim 12 wherein said V-shaped trench has an ﬁpper width of

between about 300 to 1000 Angstroms.

21. A method of fabricating an iﬁtegrated circuit device comprising;

providing an active area in a semicehductdr substrate separated from other active
areas by isolation regions, |

forming a first oxide layer overlying said semiconducter.substrate aﬁd said isolation

5 regions,

patterning and etching away said first oxide layer in two distinct areas and within said
active area to form two openings to said semiconductor substrate;

growing intrinsic silicon regions to fill each of éaid openings;

etching away said first oxide layer in said active area between said intrinsic silicon
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20. The nethod according to Caim 12 wherein said V-shaped trench has an
upper ‘wi dt h of between about 300 to 1000 Angstrons. 21. A method of
fabricating an integrated circuit device conprising: providing an agtji , '
area i-n a sem conductor substrate separated from other active areas bvﬁdzwg
isolationregions; formng a first oxide {ayer overlying said sem conductor
substrate.and said isolati-on 5 regions; patterning and etching away said
firstlOoxi degidnayemingmn gatwopghing itmeid emiadand silistriien said  active area to
formtwo openings to said sem conductor substrate; growing intrinsic

silicon regi onsnfamklly depositie ©fats atide RP@WithiSsaidlat YpRfin@ WEY oveaita bdid St
oxide layer in said active area between said intrinsic silicon 1% 11 JUN

2004 10 regiﬂemgeﬁandﬁiidgltﬂnsgﬁéim(ﬂﬂ?%ﬂgg to said semiconductor substrate;
conformal l'y depositing a gate oxide |l ayer within said gate opening -and

overlying sai ddep@iiftea b@}%/s‘?ﬁcoﬁ Wa%?@kﬂwh@%@( gagé Gxidd A}#d?ff{ﬂ?gg]%%;%?ezépag@g;og ting

a polysilicon |ayer overlying said gat e and

openi ng: bl anaiieesithe Al GoMAL YS! LI REhAX Sl LOAOR iy ol e 5l setpode wi thin:

sai d gate openi ng; OW ng a 'secon ayer
ror e of sar d CaReTacs and oRRk Ryt Ay rEnGEhRR ShiERTRNESR ST 11T
' i'ntrinsic regions are consumed such that more of said consumption occurs near the upper-
7 .surfac_es of said polysilicon layer and :said intﬁnsic regions than in the lower porﬁons;
* etching away said second oxide layer and a portion of said first oxide layer ahd said |
gate oxide layer thus forming a V-shaped trench having an upper width of between aboﬁt 300
20 to 1000 Angstroms between said'p.olysilic_mn layer and said ihtriﬁsic; regions; ..
implanting first dopant ions into said substrate under said V—shaped trench to form
source/drain exténsions_; |
depositihg a third oxide léyer ﬁlliﬁg said V-shaped trench and overlying said
polysilicon layer and said intrinsic regions;
25 | implanting second dopant ions iﬁto said gate electrodé and into said intrinsic regions
to form source/drain regions; and
siliciding said gate electrode and said source/drain regions completing fabrication of

said integrated circuit device,

22. The method according to Claim 21 wherein said isolation regions are formed by shallow

trench isolation (STI).
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surfapes of said polysilicon |layer and said intrinsic regions than in the

| ower portions; etching away sai d second oxide |ayer and a portion of said

first oxide layer and said gate oxide layer thus-form ng a V-shaped trench
havi ng an.upper w dth of between about 300 20 to 1000 Angstrons ‘oktidéensn:
sai d polysilicon |.ayer and said intrinsic regions; inplanting first dopant
ions into §ag@ sy ‘frat under . said V-shaped trench to form source/drain
ext ensi oné 6H§£q

overlying said polysilicon | ayer and said intrinsic regions.; 25 .

i npl antin Qreé%’é‘bﬁl?nﬂ‘@b 0T flepasitiomElECYAN @r Gumase exidetionatie thaskdeds of betwesrd
intrinsic re |ons to formsource/drain regions; and siliciding said gate-
el ect r ode 28y 1000:4p 3090 ngsepms.ai n regi ons conpl eting fabrication of said
i nt egr at ed circuit device. 22. The method according to Caim 21 wherein

said isolation regions are formed by shallow trench isolation (STI). 16 11

JUN 2004 23. The nethod according to Caim21 wherein said flrst oxi de

| ayer i-s @épbsinetiebdmpcdrding topClainsl eherbiarhiddbcordpate Iigé}%%ﬁa GLPCVD) or
furnace oxidation at a thickness of between about 1 o 30 0 Angstroms.

24, Thg rrgx:liﬂdmama:(nmjjefmlré of GbtRiesn bubdvereion 0eeCos £ A o%ét%ed MG 1S
grown py ary
three to 120 minutes to a thickness of between about 400 to 1000 Angstroms

25. The method according to Claim 21 wherein said third oxide layer is deposited .by'low
pressure chemical vapor deposition (LPCVD) or furnace oxidation at a thickness of between

about 2500 to 8000 Angstroms.

26. The method according to Claim 21 wherein said gate oxide layer is formed using rapid
thermal oxidation (RTO), low pressure chemical vapor deposition (LPCVD) or furnace

oxidation with a thickness of between about 10 to 200 Angstroms.

27. The method according to Claim 21 wherein said growing of said intrinsic silicon region is

performed using selective epitaxial growth (SEG).
28. The method according to Claim 21 wherein said first dopant ions are implanted at an

angle less than five degrees from perpendicular at a dose of between about 5E13 to 3E15

atoms/cm’ at an encrgy of between about 0.5 to 180 keV.

17

‘ﬁ&“ ing {9 ¢lgimp 2] Hécfplay@ﬁ firstioxidp fpyerdip depvﬂsﬂdé?aéw trench and



oxXi dat| on at a tenper ature of between about 800C to 1000C for a peri od of
bet ween_about ‘three to 120 minutes to a thickness of between about 400 to
1000 Angstroms. 25. The nethod according to C aim 21 wherein said Hhiggn g
oxi de layer is deposited by |ow pressure chem cal vapor deposition (LPC\/D)
or furnacé oxidation at a thickness of between about 2500 to 8000
Angstroms. 26. The nethod according to Caim2l wherein said gate oxide .-
layer is P8rFhsdnatkadngcordipi tp Cleine? hwheromisaid polysili¢aRTIE)er isl deposieeksur e cheni cal
vapor deposition (LPCVD) or furnace oxidation with a thickness of between
about 10 pressuochange Wmdepﬁﬁtxo:ﬂ'@x%@)h@ﬂumeomdam with Ghitkngs2df wher ei n
said growng of said intrinsic silicon region is performed using selective
epi t axi al bgwoent dbofSEIBY to 2R)0 Akgsiroiiet hod according to C ai m 21 wherein sai d
first dopant ions are inplanted at an <angle |less than five degrees from
per pendi cul ar at a dose of between about 5E13 to 3E15 atons/cnR at an
energy of between about 0.5 to 180 keV. 17 11 JUN 2004 29. The method
according to Claim21 wherein said polysilicon layer is deposited |ow .
pressure chenical vapor deposition (LPCVD) or furnace oxidati on W|th a

thi ckness:of. between about 1000 to 3000 Angstroms. 18
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