CREATI ON OF A SELF- ALI GNED, | ON | MPLANTED CHANNEL REG G ARTER;
SOURCE AND DRAI N FORVATI ON BACKGROUND OF THE

| NVENTI ON (1) Field of the Invention The present 'f{:%
invention relates to a nethod of fabricating netal oxide sem conduct or

field effect transistors, (MOSFET), and nore specifically to a process

used to inprove the yield and perfornanqglp[ t he MOSFET devi ces. (2)
Description of the Prior Art The sem conductor industry is
continually striving to (GRERGUONIEVi BeSBl fAHaEHEL M9 dMBELANTED

mai ntai ni ng, or even decreasing, the_ cost of the sem _conductor fuﬁﬂUCt'
These objectives haveCHREBEL REGIN, yAELER s$PERIH), @méﬂﬁlfng% 1%e

industry to create smaller seniconductor devices{ thus enabling nore
sem conductor chips to be realized froma starting substrate, thus

reduci ng the processing cost far I £ ﬁﬁ@ﬂﬂﬂﬁﬁpr chip. The
ability to fabricate devices,é%qﬁﬁgéggﬁnégsgﬁggga ures, has been the main
contributor in obtaining smaller chips, with the smaller chips stil
possessing a |l evel of integration, equal to the

(1) Field of the Invention

The present invention relates to a method of
fabricating metal oxide semiconductor field effect transistors,
(MOSFET), and more specifically to a process used to improve the

yield and performance of the MOSFET devices.

(2) Description of the Prior Art

The semiconductor industry is continually striving to
iwprove device performance while still maintaining, or even
decreasing, the cost of the semiconductor"prcduct. These
objectives have been partially satisfied by the ability of the
industry to create smaller semiconductor devices, thus enabling
more semicénductor chips to be realized from a starting substrate,
thus reducing the processing cost for a specific semiconductor
chip. The ability to fabricate devices, with sub-micron features,
has been the main contributor in obtaining smaller chips, with the
smaller chips still possessing a level of.integration, equal to the
integration achieved with larger counterparts. In addition to

satisfying the cost objectives, the use of sub-micron features, or



I ntegration achieved wth [arger counterparts. In addition to satisfying
the cost objectives, the use of sub-mcron features, or .

-2- mcro-mniaturization, has also resulted in performance increases,
resulting fromthe decreased capacitances and resistances, realized from
the smal | er di mensi ons. However even with the use of
mcro-mniaturization, sem conductor engifeering is still striving for

addi tional nethods, to _further inprqv evi f i.el

exanpl e Li affc*CeMAtatPRiER1e Oy a%ofﬁ%? \ég%ﬁlggé%ggg?%xgﬁgc%éﬁ%%a g\%fce
in which a f iy RN I | ' | S{bs 1L i
channel | engrgl;t%r&rlé:d'?l n,P%rgé:?l ﬁ?ﬁéfﬁ%%glﬁ?-ggf'%%%ﬂta%gf H?Sh%?da%ﬁ%é PEalized
puncht hr ouglr RO itPR sha1 88y 0N HhdYd ihgaol ysilicon gate structure. This
procedure allows the parasitic capacitance, realized fromthe

anti - puncht hrough region, to be mnimzed, or confined to only the region
directly bel ow t he pol ysibweoer gaten viltdh phesvae ofveiniominiaturakaplon,
address the sel f-alignnent of a channel region to an _overlyin ate
structure. HARGMAUGtoT] enginesing FF S§EI¥IRGLOF 5@6&%%‘8“%11“\%?‘895
the self-aligned channel regiqgn i,s created after . the forgstiec;{

P
i npl ant ed sdtf ¢ é‘rﬁ'ﬁﬁrﬁ%ﬁ”?f’ & G§VEAE.P '%&eﬁ?ﬁ% Yd‘!ql&@ aﬁ?‘or?&gi ?%%n%f
source and d @'ﬁ,blrjjten?m%gf Egﬁbﬁopeé;gﬁ'ﬂ%%lor € ¥l:99bé°£'_rb‘rd'§%lﬁmde@§@9§n

W thout redistri e Chan r'egi on dopants. The sensitive
which an anti-punchthrough region is formed in a sub-half micron

channel length region, featuring the self-alignment of the anti-
punchthrough region, to an overlying polysilicon gate structure.
This procedure allows the parasitic capacitance, realized from the
anti-punchthrough region, to be minimized, or confined to only the
region directly below the polysilicon gate. The present invention
will also address the self-alignment of a channel region to an
overlying gate structure. However this invention will also
describe a process in which the self-aligned channel region is
created after the formation of ion implanted source and drain
regions. This sequence allows the annealing of source and drain
regions to be performed, removing ion implant damage, without
redistribution of the channel region dopants. The sensitive
channel region dopants, used for threshold voltage adjustments, as
well as anti-punchthrough purposes, are subsequently created, and
subjected to a minimum of high temperature procedures, thus

maintaining the preferred location of these sensitive regions.



ichannel , regi on dopants, used for threshold voltage adjustnents, as well as
‘anti - puncht hrough purposes, are subsequently created, and subjected to a

m ni rum of hi gh tenperature procedures, thus nmintaining the preferred

| ocation of these sensitive regions.

- 3- SUVMARY OF THE | NVENTI ON It is an
obj ective of this invention to provide g _process for fabricating a MOSFET
device, featuring an ion inplanted channel region, formed after the
creation of a source and drain regMRRY OF THE INVENTIQY s anot her object
of this invention to self-align a polysilicon gate structure, to an
underlying ion inplanted,._channel [egi,on . At Js L

anot her object of this i AVenti 3R ?%Pééﬁ%qg 25 F&%Stﬁgvgﬁgﬁﬁ%ﬂ“%é%%bﬁd 0%a

source and dﬁ@édl:-srseﬁ'?gpfa}?ribcating a MOSFET daGe Egaf@&h}%tr@ Lheisd %ﬁtﬁg%nted

i nvention a process abricatih ng a MOSFET devi ce, featuring an |

i npl ant ed chadiglel rRQHOR, E6khedl dged e FredrebhybhJa PSS i@ dgatia
structure, and to a source and drain region, and created after fornation
of the sourwsgiand drain region, is described. After formation of shallow
trench isolation regions, a dunmy polysilicon structure is

It is another object of this invention to self-align
a polysilicon gate structure, to an underlying ion implanted

channel region.

JIt is still another object of this invention to self-

align the channel region to a source and drain region.

In accordance with the present invention a process for
fabricating a MOSFET device, featuring an ion implanted channel
q _ region, self-aligned to an overlying polysilicon gate structure,
and to a source and drain region, and created after formation of
the source and drain region, is described. After formation of
shallow trench isolation regions, a dummy polysilicon structure is
created, and used as a mask to form a lightly doped source and
drain region. Silicon nitride spacers are formed on the
dummy polysilicon structure, followed by the formation of heavily
doped source and drain regions, and the formation of a metal
silicide layer, on the top surface of the heavily doped source and
drain region. An insulator layer is deposited and planarized, to

expose the top surface of the dummy poly§ilicon structure, followed



é

created, and used as a mask to forma lightly doped source and drain
region. Silicon nitride spacers are forned on the dummy polysilicon
structure, followed by the formation of heavily doped source and drain
regions, and the formation of a netal silicide |layer, on the top surface
of the heavily doped source and drain region. An insulator layer is
deposited and pl anari zed, to expose the_:tgp_surface of the dummy

pol ysilicon structure, followed . .

-4-" by the P¥nER@Irasovaie cfulihp PBIDY| POOGH IStGWe SEFBCtPEGvi H§FETI Geni ng
in the insulator |layer, cqatedq wth the siligon nitrci spacers. hannel
regi on, conSPERtHS %’f the AASLEEETy OfY She CF el%tw"rtté’ggg‘ﬁ, sgglﬁ% Inigtsx(;l =
anti - puncht regy ISl - L.apl i 4 i

sem conduct%?ggu str%&ﬁa&n%écggglbgﬁdgﬁ%nﬂg% gfg%eggﬁggpéfgh%oﬁas%ﬁ at or

llayer, and g@hts@liapesh ! as %Qlaaisaeﬁai-@ﬁwmm@hd&@gmohegwnﬁonA gate
i nsul ator layer is grown on the surface of the sem conductor substrate,

exposed i n Lhplawpediirg d rddien pEukthtosehibymidudalr eubdtibateheditepositi on
of a polysilicon layer, conpletely filling the opening in the insulator
| ayer. Afteundepinin®ftheheppoliygiin ¢che Laseratdn Layeri nprdraedifi-gadigned to
procedures, a chem cal nechani cal gol I shing procedure is used to _renove
pol ysi | i conthRodidreRoFAFCRadBdofira ke HS9OREt or A1 IRR]  1nSNdSEPE hZYFH the
formati on of _a polysilicon_gate ucture, on the te_insul ator layer, in
the openi nggﬁ?wgh%‘}/%ufsﬁfs C‘Fa‘_iéit?levxf?rﬁlcqrhd;u%&ryg?’ﬁ?%ﬁﬁt%’ateécps?tsreﬁc e
sel f alignedybRshfe; 4Nl I MING 4t¥} 1ayer, followed by the deposition of a
polysilicon layer, completely £illing the opening in the insulator
layer. After doping of the polysilicon layer via ion implantation
procedures, a chemical mechanical pelishing procedure is used to
remove polysilicon from the top surface of the insulator layer,
resulting in the formation of a polysilicon gate structure, on the
gate insulator layer, in the opening of the insulator layer, with
the polysilicon gate structure .self aligned to the underlying ion

implanted channel region. A metal silicide layer is then formed on

the top surface of the device polysilicon gate structure.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are
best described in the preferred embodiment with reference to the

attached drawings that include:.



.impl anted channel region. A netal silicide layer is then formed on the top
surface of the device polysilicon gate structure. ) BRI EF
DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her advant ages
of this invention are best described in the preferred enbodinment with
reference to the attached draw ngs that include:

Figs. 1 - 10, which schematically in crosg-sectional style, show the key
fabrication stages used to create a MOJSFET _devi cg, with an ion inp|anted

channel region, self alfig@ifedlto ¥ "M FFRETARYFREL POy SFPFEGRSSE TR r e,
oreati on of A SourBe Uil ARATATFagRbhon Seaddd (b P Urep BRI
e PREFEREED; EYBIA END ion implanted chﬂ&?ei@éb%'%(ﬁr sledlr heabhag @ MPFET
device, with an [on i pl an egl cﬁannel region, self-aligned tdo an

overlying RBQe¥siihg ey AMIEUER, sfRdct@raN Bl aEAH-a394he€ Bdthdr ain
region, and created after thé formation of a source and drain region, wll
now be deagfabefltigbuieienibhd dtdiwuelivhe fMGRET afewircerdesion ld€daisburce

and drain region.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The method or fabricating a MOSFET device, with an ion

implanted channel region, self-aligned to an overlying polysilicon
gate structure, and to an adjacent source and drain regicn, and

created after the formation of a source and drain region, will now
be described in detail. Although the MOSFET device described in
this invention is an N channel or NFET device, this invention can

also be incorporated into P channel, or PFET devices.

A P type, semiconductor substrate 1, comprised of
single cfystalline silicon, with & <100> crystallographic
orientation is used, and schematically shown in Fig. 1. Shallow
trench isolation, (STI), regions 2, are formed in semiconductor
substrate 1, via creation of shallow trenches, in semiconductor
substrate 1, formed via reactive ion etching, (RIE), using Cl, as
an etchant, followed by £illing of the shallow trenches with a

silicon oxide layer, obtained using either low pressure chemical



‘this invention is an N channel or NFET device, this invention can also be
‘incorporated into P channel, or PFET devi ces. A P type,

sem conductor substrate 1, conprised of single crystalline silicon, with a
<100> crystall ographic orientation is used, and schematically shown in
Fig. 1. Shallow trench isolation, (STl), regions 2, are fornmed in

sem conductor substrate 1, via creation of shallow trenches, in

sem conductor substrate 1, fornmed via re@ctive ion etching, (RIE), using
Cl[err] as vapottdépositial,| omPdvby, f of| plasme dritersisal khemtitebchesomi th a
silicon oxide |ayer, obtained using either |ow pressure chem cal

- 6- vapor H&pBEitiem, (RELYR)., veingl hevmRertdieridasidiicesk, vAPBRS) , as a
deposi tion, %PECVD), using tetraethylorthosilicate, (TECS), as a source.
Removal of GRWAREed BET9¥an WxiuBeantedns + et hOwidiesi d&om KeILpaF | Pirside

trenches, vi.g_e] Rl E or .chem cal pechanical _ polishing, (CMWP
procedures,E%Sn%ﬁ%?%?%rﬁf?ﬁ%ﬁ%ﬁnsvﬁSreggﬁﬁf 9= 4%5&%5& ??ggﬁﬁ%ﬁ%&icajly
shown in Figoiishing, (cM | RSH oFpL i :

silicon oxi ge, d]é%%si(te(f)ds?ﬁacf%\%%'o? Pg%é/%éptj'rrg%ggﬁrgggg ft?(;féf%?ﬂ‘llg ness
between abeeyidfistd, 4cHM@RIiIIcRATRy EBoWeXin deppsited. A first polysilicon
| ayer 4, is next deposited, using LPCVD procedures, to a thickness between

about 2000 to 6000 Angstrons, foll owed by the deposition of a capping
i nsul ator |ayer 5, of sidipsghiogudetondsiyer 3, comprised of silicon oxide,

deposited using LPCVD or PECVD procedures, to a thickness between
about 20 to 40 Angstroms, is next deposited. A first
polysilicon layer 4, is next deposited, using LPCVD procedures, to
a thickness between about 2000 to 6000 Angstroms, followed by the
deposition of a capping insulator layer 5, of silicon oxide, again
deposited using either LPCVD or PECVD procedures, to a thickness
between about 200 to 1000 Angstrcms. The capping insulator
layer 5, can also be a silicon nitride, or a silicon oxynitride,
also serving as a bottom anti-reflective, (BARC), layer, for a
stosequent photolithographic procedure. Conventional
photolithographic and RIE piocedures, using CHF, as an etchant for
capping insulator layer 5, using Cl, as an etchant for first
polysilicon layer 4, and using CHF, as an etchant for pad
insulator 3, are used to create dummy Polysilicon structure, shown
schematically in Fig. 1. Photoresist removal is accomplished via

plasma oxygen ashing and careful wet cleans.

An N type, lightly doped source and drain region 6, is



deposited using either LPCVD or PECVD procedures, to a thickness between
about 200 to 1000 Angstrons. The capping insulator layer 5, can also be a
silicon nitride, or a silicon oxynitride, also serving as a bottom
anti-reflective, (BARC), layer, for a subsequent photolithographic
procedure. Conventional photolithographic and Rl E procedures, using
CHF[err] as an etchant for capping i nsal ator | ayer 5, using C[err] as an

etchant f | rst . _polysilico ayer_4, . usj Fl e AN, £t gha

for pad ?{noszttﬂ'ieﬁs ‘6?‘?31,0%93@&333# 5¥§r%€teel%§grlﬁ‘r§£%%?%i4ﬁ Eélr)lsé&?? yctsLelr (eélla gﬁown
schemat i caldgigyn g%'thegx' FBet 0% &b Sfo @RV ak hSa8seopPtdedidvbug 1BhgsSMa
oxygen ashing "and care u? wet cl eans. An N type, lightly

doped sourge s@d dtahs/ &R O Hilidon nitride spacer 7, is then formed via.
-7- formed via ion inplantation of either arsenic or phosphorous, at an

ener gy betdeposidiont of 4 il déaVniatide deyerhetabng almhetr LEITBD qo PEEYVD
atoms/cnferr]. Asilicon nitride spacer 7, is then formed via_ deposition
of a sili cwPdduriede Ekayar thickreseiRgiaieenpebpusr 1PEOVEY A5 SBGEEECMEp g

t hi ck t bout 1000 to 3000_Angst foll b | sot '
Iy i
R L

via ion ir@é@&ﬁ@éiic%rngf sBblHein RISEN C HeaRMAFPREHEYS, N aly ) 20ekaYand

bet ween about 10 to 50 KeV, at
drain regions 8, are next formed via ion implantation of either
arsenic or phosphorous, at an energy between about 10 to 50 KeV, at
a dose between about 1E15 to S5E15 atoms/c¢m®. An anneal, performed
at a temperature between about 900 to 1050°C, is used to activate
the dopants in the source and drain regions, as well as reducing
the point defects created from the source and drain ion
implantation procedures. This is schematically shown in Fig. 3.
A metal silicide layer 9, comprised of titanium disilicide, between
about 300 to 800 Angstroms in thickness, is formed on the top
surface of heavily doped source and drain region 8. This is also
schematically shown in Fig. 3. The titanium disilicide layer is
formed by initially depositing a blanket layer of titanium, or a
titanium - titanium nitride bi-layer, to a titanium thickness
between about 150 to 400 Angstroms, using R.F sputtering
procedures, followed by an anneal, using rapid thermal annealing,
(RTA), procedures, creating metal silicide layer 9, in regions in

which titanium interfaced the top surface of heavily doped source
. 1



:a dose ‘between about 1E15 to 5E15 atons/cnierr]. An anneal, perforned at a
tenperature between about 900 to 1050[err]C, is used to activate the

dopants in the source and drain regions, as well as reducing the point
defects created fromthe source and drain ion inplantation procedures.
This is schematically shown in Fig. 3. A netal silicide layer 9, conprised
of titaniumdisilicide, between about 30Q ga 800 Angstrons in thickness,
is formed on the top surface of heavily doped source and drain region 8.
This i s al sandcradat regliby 8howkf itheFbd-layerhés tbsedi wmmtditainiug gatrager
Is formed by initially depositing a bl anket |ayer of titanium or . a
titani um - t$3¥8F ukekveendabept | rto 2902 ARFERRPTR t 1 KD eSFet tlen

b 150 400 Al , ' R F eri d f.all b
o anneal ,  \RSERS A (R TS nERedtneay S nishdyed] BBERERea il Y

ol ol el de | ! . . . U Lot
gﬁr?aczlO}CHggaﬁﬁ%ﬁ%g%gﬁégéﬁfgggn§eéfbnéMﬁkan&'5&”Héﬂ@1h§ eriaretht Heye?Ps,

8 and drain 4 e r@mobbat BSidY o a¥eLtisn Usedm, outl 6] UM | ridle owleay By,
bet ween about 100 to 200 Angstrons, i'-n thickness, is deposited on the.
under | yi ng tusanfiraitheer anUH[$RCt edl EjPOansaimtiom. t he top surface of STI
regions 2, and on capping insulator layer 5, 1is then renoved using a
solution of NH err] OH - H[err]C&err] - Herr]O followed by _use of either
an Herr]SOerr], or H eAr] Rapetatosolangrodl. of either doped, or undoped,

silicon oxide, shown schematically in Fig. 4, obtained using either
PECVD, atmospheric pressure chemical vapor deposition, (APCVD), or
sub-atmospheric chemical vapor deposition, (SACVD), procedures, is
deposited to a thickness between about 4000 to 10000 Angstroms. A
CMP procedure is next applied to remove insulator layer 10, from
the top surface of the dummy polysilicon structure, exposing the
top surface of capping insulator layer 5, overlying first
polysilicon layer 4. This is schematically displayed in Fig. 5.
Capping insulator layer S, as well as first polysilicon layer 4,
are now removed, using a buffered HF solution if the capping
insulator layer is silicon oxide, or using a hot phosphoric acid if
capping insulator layer 5, is silicon nitride, or silicon
oxynitride, while a KOH, or KOH and isopropancl solution, is used
for removal of first polysilicon layer 4, creating opening 20,
schematically shown in Fig. 6. The critical channel region 11,
shown schematically in Fig. 7, is next formed. Channel region 11,

is comprised of an anti-punchthrough region, obtained via ion

h



An:insul ator |ayer 10, of either doped, or undoped, silicon oxide, shown

schematically in Fig. 4, obtained using either PECVD, atnospheric pressure

chem cal vapor deposition, (APCVD), or sub-atnospheric chem cal vapor

deposition, (SACVD), procedures, is deposited to a thickness between about

4000 to 10000 Angstrons. A CM procedure is next applied to renove

I nsul ator layer 10, from the top surface of the dunmy polysilicon

structure, exposing the top surface of capping insulator |ayer 5,

over | yi ng fimpdantpolipsi of covrdraymr BF,, Tk £11 enecigynbetwaen yakiwpl3dy e i n

Fig. 5. Capping insulator layer 5 as well as first polysiljcon |ayer 4,

are now rerdv&8Y. UBF Ry dPIRUPREVRED PR GELINEPT 1R aLAPEV A + PAsHPLL RS

| ayer is silicon oxide, or using.,a hot phosphoric acid if . capping_ .

ol at or g iresBord aafist don e lne & Ea BibsRatiey aea ittt pilritheR oy

or KOH and 4.sop nol solution, .is_u f | 15t ROk Y St L4 con

| ayer 4, crégEZt i égp%%%?ﬂ’né)%omsgh%%a%?geﬁﬁr%&skgﬁggﬁ %}og“ie 6?% JI"Eeb&({rilq%\:i’cal

channel regonR kbse gggﬁgeﬁcgﬁg@ 11GAll Yol BECh Jatdms ) &eNeXbad OfdRMA.acrannel
0

region 11, 1s conprise an anti-puncht hrough regi on, obtained via ion

- 9- i npl antlafytedn 30f sbefen a5 BREEfddn oxiidanlepergypbetawemgabostiBleto 70
KeV, at a dose between about 4E12 to 1E13 atons/cnferr], as well as a

threshol d atjletterionsi mptanials diropr evkevirg thmichagsehgregidrer TRE[amtd-

or boron, perfornmed at an energy between about 30 to 80 KeV, ,
punchthrough reglon,_w1th a higher dopant level then semiconductor
substrate 1, restricts the spreading of the depletion regiocn,
created at the interface between the source and drain and the
substrate. The channel region 11, placed in opening 20, is self-
aligned to the adjacent scurce and drain regions, while being self-

aligned to a soon to be formed, overlying polysilicon gate

structure.

Pad insulater layer 3, is removed using a buffered
hydrofluoric acid solution, followed by the growth of gate
insulator layer 12, on the surface of semiconductor substrate 1,
exposed in opening 20. Gate insulator 12, is comprised of silicon
dioxide, thermally grown in a H, - O, - N, ambient, at a
temperature between about 850 to 900°C, to a thickness between
about 30 to 100 Angstroms. A second layer of polysilicon 13a, is
next deposited, using LPCVD procedures, to a thickness between
about 2000 to 4000 Angstroms, completely £illing opening 20. This

is schematically shown in Fig. 8. A CMP procedure is then employed



at a dose between about 1E12 to 5E12 atons/cnferr]. Pad insulator |[|ayer 3,
serves as a screen oxide |ayer, preventing possible deleterious materials
fromentering the channel region. The anti- punchthrough region, with a

hi gher dopant | evel then sem conductor substrate 1, restricts the
spreading of the depletion region, <created at the interface between the
source and drain and the substrate. The_gRhannel region 11, placed in
opening 20, is self- aligned to the adjacent source and drain regions,

whi | e bei &§ §8MPve sgeepfPtlysdldson L8YBE 3R nekEoBVEN FORg SPEEFSE | PR on
gate struyctu nsu#ator I ed, using a

. d i 3.1
ut ferod LATHFBFPROHYST A q SOTHREo RO B oW B975 S SR SFbpath
| nsulator o@ehglzo, W1leN8) IURERCE, VneSBHAELIPHEL Unatiill! F8dford 11 exPRAPd

i n opening”20. te insulato IS conpris I con i oxide,

thermal | y igr evReimat 2cdl 8¢ rdnowrD[ier Flig. Blerr] anmbient, at a tenperature
bet ween about 850 to 900[err]C, to a thickness between about 30 to 100

Angstroms. A second |layer of polysilicon 13a, is next deposited, using
LPCVD procedures, to aAfterkimsindefwpobysabboon 200k tarARUOrAngshr oviss
conpletely filling opening 20. This is schematically shown in Fig. 8. A
CVP pr oced@®le implanbat bem| @f exfither arsenic or phosphorous, at an energy

PPNk EO RN T B SRR
atoms/cm®, a layer of either cobalt or titanium is deposited using
R.F. sputtering procedures, to a thickness between about 150 to 400
Angstroms. An anneal, using either a conventional furnace, or an
RTA procedure is used to form the metal silicide 14, either TiSi,
or CoSi,, at a thickness between about 300 to 800 Angstroms, on
the top surface of polysilicon gate structure 13b. Unreacted
metal, on the top surface of insulator layer 10, is then removed
using a NH,OH - H,0, - H,0 solution, followed by use of either H,SO,,
or H,PO,.

While this 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 this invention.



opening 20, self-aligned to the underlying channel region 11. This is

schemat i cﬂ“ ‘m“lmuﬂw 9. After doping of polysilicon
gate stru “Bm Bflon i nplantation of either arsenic or phosphorous,
at an energy cbetwe®n about 20 to 40 KeV, at a dose between about 5E14 to
5E15 atonms/cnferr], a layer of either cobalt or titaniumis deposited
using R F. sputtering procedures, to_a,fhickness between about 150 to 400
Angstrons. An annealcramgs Nng ei ther a conventional furnace, or an RTA
procedure is usedltoAfweriheheofindiapiriSALLBg de MASFET tdRW1CH. SPPeffr] or

CoSi[err], at a thickness between about 300 to, 800 Angstrons, gn the top
surface of pol ysi FPESRCBALEEY rTHAFE L E3h OTRF L3RR FESTEEPS Bh*the top

f fi | at | 10, i [ - . 0
S erT1 0 soluti on. ol | vty edisP SRR eclBiidartiiots g Shladlert]
Herr]PQerr]. semiconductor Miidie-akhi.s i nvention has been particularly
€d With r

shown and describ ef'erence to the preferred enbodi ments thereof,
it wll be understood byothose £kiur§dpolybheidsh dtwictuatkl,0va gha@ges in

formand details nmay be made w thout departing fromthe spirit and scope
of this inventionsemiconductor substrate; - 11 - CLAIMS 1. A
met hod of fabricating a MOSFET device, on a . ) .
forming lightly doped source and drain regions in
_an area of said semiconductor substrate, not covered by
said dummy polysilicon structure;
forming insulator spacers on the sides of said
dummy polysilicon structure;
forming heavily doped source and drain regions in
an area of said semiconductor substrate, not covered by
said dummy polysilicon structure, and not covered by said
insulator spacers;
forming a first metal silicide layer on the top
surface of said heavily doped source and drain regions;
depositing a f£irst insulator layer;
planarizing first insulator layer, exposing top
surface of said dummy polysilicon structure;
removing said dummy structure, forming an opening,

in first insulator layer, with opening coated with said

insulator spacers;



sem conductor substrate, conprising the steps of: form ng shal | ow

trenc In said sem conductor substrate; | form ng
a dumql"ﬂmm I“" lmﬂmructure on said sem conductor substrate,

form ng | icghtl y*dopecr source and drain regions in an area of said

sem conduct or substrate, not covered by said dumy polysilicon structure;
form ng insulator spacers on the sides oft2zsaid dumy polysilicon
structure; form ng heavily doped source and drain regions in an

area of said sen1conducté?r@{EStﬁe&ﬁ§nW%étr@E&@PeHnb§al%eﬁQF%ﬁﬂﬁ%VCtor

pol ysilicon struct nd not_covered nsu

formng a first ﬁ@%&gkggFrc?ﬂe 3 1 5P ﬁglﬁoﬁeméﬁ??g% %ggﬁﬁrHESV|ly
doped source and g £¥§ i n faigr ayer
pl anarizing first |nsuﬁgtor 1ng'e§%ﬁ%?ﬁ% ih% gﬁ?¥%§%§%¥ésal %QEOL

pol ysilicon struqtapes; renovi ng said dumry structure, forn1ng an
opening, in first insulator |ayer, with opening coated with said
i nsul at or spacers; growing a gate insulator layer on d2region of said

semiconductor, exposed in said opening, in said first
insulator layer;
forming a polysilicon gate structure, on said gate
insulator layer, in said opening, in first insulator
layer, with said polysilicon gate structure self-aligned
to said channel region; and
forming a second metal silicide layer on the top

surface of said peolysilicon gate structure.

2. The method of claim 1, wherein said dummy polysilicon
structure is comprised of: a capping insulator layer of
either silicon oxide, silicon nitride, or silicon
oxynitride, deposited using LPCVD or PECVD procedures,
to a thicknesé betwéen about 200 to 1000 Angstroms; an
underlying polysilicon layer, deposited using LPCVD
procedures, to a thickness between about 2000 to 6000
Angstroms; and a pad insulator layer of silicon oxide, at
a thickness between about 20 to 400 Angstroms, residing

on said semiconductor substrate.



formng a channel region in said sem conductor substrate, in a region of

oo SRR = G7oh Yo a a & heuttor Tayer “on'a region

of said* ‘serric8ndlictbr, exposed in said opening, in said first i nsul at or
| ayer; formng a polysilicon gate structure, on said gate
insul ator layer, in said opening, in fingt_insulator | ayer, with said

pol ysilicon gate structure self-ali sai d channel _region;_ and
fornming a second et &heTITRAGOE| %&/%’rm&n f’h@r%ﬁ said,ipgesd Sgrs%ﬁ%ers

| I t t ty Th d
L L Al e
ei ther silicon OX' g'rlﬁ'el &,nlutsrlhg e:.t.oﬁ ROV bibE&ausepositt ed

usi ng LPCVD or procedures, 0 a t ness Bet ween about 200 to 1000

Angstrons; an urad%h)ekaasBOb&éwéén:cabdwqro,oode@osmedmgsmmd?md
procedures, to a thickness between about 2000 to 6000 Angstrons; and a
pad insul ator | ayehenfciddtiogn saiiddénsalaton sgaakmesa baiuetropbdRIE0 to
400 Angstrons, residing on sai d sem conductor substrate.

of the silicon nitride layer, using either CHF, - CF,

- Q0,, or SF, - HBr - Q,, as an etchant.

4. The method of claim 1, wherein said heavily doped

source and drain regions are created via ion implantation
of either arsenic or phosphorous, at an energy between
about 10 to 50 KeV, at a dose between about 1E1l5 to 5E1S5

atoms/cm®.

5. The method of claim 1, wherein said first metal
silicide layer is titanium disilicide, at a thickness

between about 300 to 800 Angstroms.

6. The method of claim 1, wherein said first insulator
layer is silicon oxide, deposited using either PECVD,
SACVD, or APCVD procedures, to a thickness between about

4000 to 10000 Angstroms.



3. The method of claim1, wherein said insulator spacers are silicon

nitr rst depositing a silicon nitride |ayer, using either
LPC,\/lZﬂ “”Hm:ﬂgf% !"ures, at a thickness between about 1000 to 3000

Angst kone creating said insulator spacer via anisotropic RIE of
the silicon nitride layer, using either CHF[err] - CF[err] - O[err], or

SFlerr] - HBr - O[err] as ‘an etchant 14 -4, The method of claim1, mhereln
d h ly d d_dr ted.v
Pl ant at | on of Tei TREMSHSENPE 1A Phdsphertee: SALhAPERAFgy YROHEER about
10 to 50 KeV, at f’i’xs V\EEEOPE’& &L ai‘%"%ri'n@éﬁv&& ?%&év dft a%[ Qhfdny - The
, I CI aye

met hod of claim erein sard first netal 'S tlyanlum

di-silicide, at agoiyeknessn skt&h\@eaﬁeahwtmae@amymx@gatrpmspnoxe_c The
met hod of claim wherein said first insulator layer is silicon oxide,

deposi ted using emhherfBECbIhhenyJéilynnnAEEhEh@eocedmr&xildnm a thlckness
bet ween about 4000 to 10000 Angstrons.
14 - oxynitride layer, or by initially using a buffered HF for
a silicon oxide layer, for the etchant for said capping
insulator layer, then using KOH, or KOH and isopropanol,
as an etchant for said first polysilicon

layer.

8. The method of claim 1, wherein said channel region is
comprised of a threshold adjust region, and a anti-
punchthrough region, with the threshold adjust region
formed via ion implantation of either boron or BF,, at an
energy between about 30 to 80 KeV, at a dose between
about 1E12 to 5E12 atoms/cm’, while the anti-punchthrough
region is formed via ion implantation of either boron or
BF,, at an energy between .about 30 to 70 KeV, at a dose

béﬁween about 4E12 to 1E13 atoms/cm’.

9. The method of claim 1, wherein said gate insulator
layer is silicon dioxide, thermally grown in an H, - O,
- N, ambient, at a temperature between about 850 to 900°C,

to a thickness between about 30 to 100 Angstroms.



7. The nethod of claim1l1, wherein said opening, in first i nsul ator |ayer,
is formed via rem;\‘!{)f sai d dummy polysilicon structure, by initially

usi ng\mm j acid, for either a silicon nitride or a silicon
oxyni t !

y initially using a buffered HF for a silicon oxide
| ayer, Tor the etchant for said capping insulator |ayer, then using KOH,
or KOH and isopropanol, as an etchant fﬁr said first polysilicon |ayer.
8. The method of claim1l, wherein said™ Anhel region is conprised of a

t hreshol d adj ust l0egTha,maetibdaciintlaim pynwhehetngdaidepodysihicdn gate
threshol d adjust region forned via ion inplantation of either boron or
BF[err], at an &f&RgEuEet e aemardged3of 2o segor@\polatsid igesel 3@ Nedt about

1E12 to 5E12 atons/cnjerr], while the anti-punchthrough region is forned
via ion inplantaf GH%}m@]F?hlé?t"b%‘%rb t BRP&r P, 43?0617?1“%?@%&7%8%%

about 30 to 70 K t d : .abo E o) . at lcnferr].
9. The method of %}:élpglgmv ,a. \%ﬁgr]é‘?ﬁf%%?%%g‘[ étfi %%‘éﬁg%o?}grgly%r%t silicon
di oxi de, ther maldnbhh@Wduksn 8P 4l frdrgy BEeRELn apderni] tands afdv, at a
t enper at ure bet Ween about 850 to 900[efr]C, to a thickness between about

30 to 100 Angstr@mdose between about 5El4 to 5E15 atoms/cm?.



10. The method of claim1l, wherein said polysilicon gate structure is
conprised of a second polysilicon |ayer, at a thickness between about 2000

to 400 i“ doped via ion inplantation of either arsenic or
phOSphﬁlmm"mI‘Emﬁﬂ gy between about 20 to 40 KeV, at a dose between
about 5E14¢td S5E155atbns/cnierr]. - 16 -
11. A nethod of fabricating a MOSFET device, on a sem conductor substrate,

wherein a source and drain region is-fosmed prior to formation of an ion

i mpl anted channei1 I eginithodne FWREh£1 dadidP|y MOSFEaN qaetieestonicd ure is
self-aligned to the ion inplanted channel region, conprising the steps of:

form ng shal | ow tsemidondatatd gnbsegaons wherssin a seoreendndtdrazubst r at e;
depositing a pad silicon oxide |ayer; depositing a first

pol ysilicon | ayerregion is fgepedipyinyr &ccippragisn| ¢t @n dendimplanted
patterning of said capping silicon oxide, layer, of_ said first polysilicon
layer, and of sai Sh3RREFEIEER. 3 HBeFajR(a POSYFALAFEn HARR SPERGERTS con

structure; is' S0 4 MLANENE AL T Sy CORING L Wb iR EL 0 n,
comprising the steps of:
forming shallow trench isolation regions in said
semiconductor substrate;
depositing a pad silicon oxide layer;
depositing a first polysilicon layer;
depositing a capping silicon oxide layer;
patterning of said capping siliccn oxide layer, of
said first polysilicon layer, and of said pad silicon
oxide layer, to form a dummy polysilicon structure;
ion implanting a first conductivity imparting
dopant into a region of said semiconductor substrate, not
covered by said dummy polysilicon structure, to a form a
lightly doped source and drain region;
depositing a first silicon nitride layer;
anisctropic etching of said first silicon nitride
layer, to form silicon nitride spacers, on the sides of

said dummy polysilicon structure;



dopant into a region of said sem conductor substrate, not covered by said

cearont | IR REBVBERANG = ¥ & SiTh Eon nicri e ayers o oo e AT

ani sotropi*c étchiny of gsaid first silicon nitride layer, to formsilicon
nitride spacers, on the sides of said dummy polysilicon structure;
- 17 - lon inplanting a second cqonductivity inparting dopant into a

region Qf sai d sem conductor substrate,”'not cov req hy  sai 24 .
pol ysi | i con structure,1?&u?@ﬂﬁant&8$efe8359?§a??P qq%ﬁﬁﬁyn%pglgeﬂg%acers, to
forma,, eavi|¥,98ed SAU €S0 ILa! ol #Yllconapenor dBIIRER KoES
O Sha | Sohe" orpren GBI My pOtveL DSRS0 B0E L
pol ysilicon strugtules py said 4i2R¢NA182ide CapRies Sidd cormoni de | ayer,
and said first po yS|I|%on | ayer, fromsaid dumry polysilicon structure,
form ng an openhadyilp &8pedfidsmicd rsudl dirain regeen; and with said opening
coated with said silicon nitride spacers;
forming a first metal silicide layer on the top
surface of said heavily doped source and drain region;
depositing a first insulator layer;
planarizing said first insulator layer, exposing
top surface of said dummy polysilicon structure;
removing said capping silicon oxide layer, and
said first polysilicon layer, from said dummy polysilicon
structure, forming an opening, in said first insulator
layer, and with said opening coated with said silicon
nitride spacers;
jon implanting a third conductivity imparting
dopant, and a fourth conductivity imparting dopant, into
a region of said semiconductor substrate, directly
underlying said opening, to form said ion implanted
channel region;
removing said pad silicon oxide layer, in said
opening;
growing a gate insulator layer on 2 region of said

semiconductor substrate, exposed in said opening;



ion inplanting a third conductivity inparting dopant, and a fourth

copet ot RMEMUMAUAE S nc"S o Gpeninar oo Form oraFon ol ant cd
~channel region; -+ * ° *renoving said pad silicon oxide layer, in said

openi ng; growing a gate insulator |ayer on a region of said

semi conductor substrate, exposed in-s&¥ d opening;

- 18 - deposi ti : 4 | | etpdd etbh Ll 1 NG
sai d openi ng; r%%&qﬁ%%eﬁﬁdbgo ?/Jé??/ﬁno%aﬁgg'er fr%ir% %Eg top

surface of said fEfsijhdpssd Al Updmwe:;, formng said polysilicon gate
structure, in said opening, with sard polysilicon gate structure

sel f-aligned to underlyifghovidsd Gaidn seaphdnpelly eibivwl laggrofirom the ion
inplanting a fifth conductivity inparting dopant into said polysilicon
gate structure; ahdp surfacd mfrvisagdafEeswridigvdagiorsiayer dEIFIES 6aldhe top
surface of said polxsilicon gate structure. 12. , The nmethod of claim 11,

wherei n sai d durmPolpsiliseon GRFS SEFUCERES) s1R PRt IREWMI e MERBr S81appi ng
polysilicon gate structure self-aligned to underlying,
said ion implanted channel region;
ion implanting a fifth conductivity imparting
dopant into said polysilicon gate structure; and
forming a second metal silicide layer on the top

surface of said polysilicon gate structure.

12. The method of claim 11, wherein said dummy
polysilicon structure is comprised of: either a capping
silicon oxide layer, or a silicon nitride or silicon
oxynitride layer, at a thickness between about 200 to
1000 Angstroms; a first polysilicon layer, at a thickness
between about 2000 to 6000 Angstroms; and an underlying
pad silicon oxide layer,.at a thickness between about 20

to 400 Angstroms.



“silicon oxide layer, or a silicon nitride or silicon oxynitride |ayer, at
a thi ckaﬂH t ween about 200 to 1000 Angstrons; a first polysilicon
|

| ayer, J’ﬂnﬂﬂ et ween about 2000 to 6000 Angstrons; ‘and an

under | yinge i m”foxi de layer, at a thickness between about 20 to
400 Angstrons. oo - 19 - 13. The nethod of
claim1l, wherein said silicon nitride spacers are formed via deposition
of said silicon nitride |I|ayer, at a tht dRness between about 1000 to 3000
Angstroms, folloigd Bheanetind ifr gpoEM AL pheredorsaid wiligon rheridHF] err]

- CFlerr] -[err] or SFerr]_ - HBr - %Ferr]_, as an etchant. 14. The
met hod of cl ai m BRAGHTS 8FR LS ¥ed Meruiidws phi 33id SidtePRPHIpER |

used to form sai d _heavil doped, source .and drain regiqgn, i i ther arsenic
or phosphor ous, '%ﬁﬁ'nﬁ*‘aﬁtg 1GFIgES &%ﬁﬁf%@%%&n%gﬁgulpl%ﬁ o 50 Kev, at
a dose between a el t eI L] 1D h Qg of claim
11, wherein said Ti 5t met’a?égla) ?%iagd}g%% egiitﬁoptlénf{a% §F5|%| cide, at a
thi ckness bet weajs o +309 tarB00 AMUSLS,08%: SF, - HBr - O,, as an

etchant.

14. The method of claim 11, wherein said second
conductivity imparting dopant, used to form said heavily
doped source and drain region, is either arsenic or
phosphorous, ion implanted at an energy between about 10
to 50 KeV, at a dose between about 1E15 to SE1S

atoms/cm?.

15. The method of claim 11, wherein said first metal
silicide layer is titanium disilicide, at a thickness

between about 300 to 800 Angstroms.

16. The method of claim 11, wherein said first insulator
layer is silicon oxide, deposited using either APCVD,
SACVD, or PECVD procedures, to a thickness between about
4000 to 10006 Angstroms.



16. The method of claim 11, wherein said first insulator layer is silicon
oxi de, deposited using either APCVD, SACVD, or PECVD procedures, to a

t hi ckness bet ween about 000 to 10000 Angstrons.
-20 - 17.‘““ mﬁ &“‘ain1ll, wherein said opening, in said first
i nsul at or}i® heq, «tnitially renoving said capping silicon oxide

| ayer, using buffered HF, or using hot phosphoric acid for a silicon
nitride, or silicon oxynitride Iayerf‘?gr1omed by renoval of said first
pol ysi licon | ayer 17usThg medodpfackaintlilonwher&h sidt openpngpainolsaid 18.
The method of claim 11, wherein said third conductivity inparting dopant,
used to create a tHFEShdRELLABPEStS (fQFmedl, VAasdpdtiahly perowiey shadnel

region, is boron gr Bg%err i on nghggted at .an energy between about 30
to 80 KeV, at a dCEEPRERwEt HPbTFITRIPYY  ¥ELRIPOHEFSH &Fr | OF USIRT The

met hod of clainll%ntw?ﬁgg'ﬂ spLd fourddy £ LVity impart] dopant,

used to create an antfl- %uﬁcﬁ%hrough regigggq%%nsg%%r+%%'fﬁ%%%%ﬁggnchanne
oxynitride layer, followed by removal of said first
polysilicon layer, using KOE, or a solution of KOH and

isopropanol.

18. The method of claim 11, wherein said third
conductivity imparting dopant, used to create a threshold
adjust region, in said ion implanted channel region, is
boron or BF,, ion implanted at an energy between about
30 to 80 KeV, at a dose between about 1El12 to

5E12 atoms/cm’.

13. The method of claim 11, wherein said fourth
conductivity imparting dopant,'used to create an anti-
punchthrough region, in said ion implanted channel
region, is either boron or BF,, ion implanted at an
energy between about 30 to 70 KeV, at a dose between

about 4E12 to 1E1l3 atoms/cm?.

20. The method of claim 11, wherein said gate insulator
layer is silicon dioxide, thermally grown in a H, -~ O, -N,
ambient, at a temperature between about 850 to

900°C. to a thickness between about 30 to 100 Angstroms.



region, is either boron or BF[err], ion inplanted at an energy between
about 30 ¢ KeV, at a dose between about 4E12 to 1E13 atons/cnjerr].
20. The maﬁmwuﬂm , Wherein said gate insulator layer is silicon
di oxi de, tel i uww naHerr] - Jerr] -Nerr] anbient, at a :
tenperat ure between about 850 to 900[err]C to a thickness between about
30 to 100 Angstrons. - 21 - 21. The
met hod of claim11l, wherein said second- 2qpalysilicon |layer is deposited

usi ng LPOVD pr 0opgin, ridnoa?of N ekiiess: bejian ahatly 2008,0 4000

Angstrons. 22. The ne alm 11, erein sard polysrlicon gate

structure, self-gdiyiad dod UBgEF |1 A8p&aiEed AU indPLAOVS brddeanres, regi on,
is formed in said opening by renoval of said second polysili-con |ayer,

fromthe top surd ageiddnessabetiveeat abost!| 2000 daywe00 AsigBgrEGMP. pr ocedur es.
22. The method of claim 11, wherein said polysilicon gate
structure, self-aligned to underlying said ion implanted
channel region, is formed in said opening by removal of
said second polysilicon layer, from the top surface of

said first insulator layer, using CMP procedures.



