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' LATERAL BCPAI\FI' Dl FFUSI ON BACKGROUND m'mﬁ “ ION (1) Field of the
| nvenfGSaR0—#38 i nvention rel ates to” ” ml ion of integrated circuit

devices, and nore particularly, to a net, ,,of formng an LDD structure
with mnimal |ateral dopant diffusion in't e fabrication of integrated

Cer oondHETHOPGETHLADRANG proty #ﬁrf{%ﬁémﬁ{ﬁ il B BB ) 7

reduced as well. This |l ea E‘Hﬁ;ﬁ%f)rt channel t effects. S| nce boron
has a high diffusivity i n%ﬁ%&m ﬁlﬂcon strate, lateral dopant diffusion

is quite prom nent when boron is used as the dopant for a PLDD structure.
This lateral dopant diffusion will affect the threshold voltage and

transistor current dEptcHdUND al¥ eGie NAyjEerdayi ce performance. In the

traditional process flow, PLDD inplantation is perforrred
source/drain inplantation and anneal i ng. The anneal i ng pr @%@ﬁmwm “m hance
boron diffusion fromthe PLDD area into the channel under

el ect r(dde Ficdubsiofy tthe Jovabiteion nenti oned above. 1 2 5] ‘L“‘QGOOB
CS-00-158 U. S. Patent 5,969,398 to Murakam teaches plasma doping of the
gate and source/ drai IThedginmntions réates stG, 18966, ZEor berlt Bo9S8E 274, bot h

to Akramet al teach a nmethod to form source and drain subregions each
havi ng‘%%ﬂ?@%rﬁl%b‘atntd%‘b’lﬁ%‘w ra3ftd grP TS RepelSel el Hr okRs3. U S. Patent

5,913, 1 zakj et al scl oses fornption o egi ons after the
gat e H‘}f‘s %Q‘?ﬁ%&? al‘he“ﬂiﬂ’f’i‘é‘at‘b’b‘?t‘?’bw&l?’rf%a Jf%t‘g’é as a mask for
the L |on RY THE INVENT N Ci pal bject of the
presen |nven |on 516 g¥§§| & ?ﬁ%ﬁ?%% iV é%%%ﬁg 8u ﬁrable met hod

of form ng a MOSFET having an LDD structure. A further Ob] ect of the
invention is to provide a nethod of form ng a MOSFET having an LDD

structw e Meddr i o of at10é abr flopapt+ di f fusi on.

As the physical geometry of semiconductor
devices shrinks, the channel length of the transistor is
reduced as well. This leads to serious short channel 4
effects. Since boron has a high diffusivity in the silicon
substrate, lateral dopant diffusion is quite prominent when
boron is used as the dopant for a PLDD structure. This
leteral dopant diffusion will affect the threshold voltage
and transistor cufrent drive, thus affecting the device
performance. In the traditional process flow, PLDD
implantation is performed prior to source/drain implantation
and annealing. The annealing process will enhance boron
diffusion from the PLDD area into the channel underlying the

gate electrode, causing the problems mentioned above.
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Yet another object is to provide a nethod of form ng a MOSFET having a PLDD
- structure with mninmal |ateral dopant diffusion. Yet another object is to
provi §8-#0mdtdi¥od of fornming a MOSFET having a PLDD structure w th ninimal

| ateral 2 CS- 00- 158 boron dopant diffusion. A still further object of
the invention is to provide a nethod of form ng a MOSFET having an LDD
structure with mniml |ateral dopant diffusion wherein the LDD structure

is formed after S/ D i%hpd-aftaks™n Bty o JunHAHe (£ RAGHES £ ur t her
e R T
Vet aniihaley R 484 Hng 0 4R AP 2 B NERN e ) Sea08 4 n
wher oe tod k@t dzy SEHES Hefs Mool Ao TRl PR g 1o "

| Pl ary it # Fen AHEHHA ) Gorfdh Std ¢ Loglaih %%&@m@rﬁ%&@sm thytée objects

of this invention a nmethod for formng a T having an LDD structure
with materd 9,363 dlldopaitafbid/Ei OO 45 ALt PySss FoPadeichest rope i s
provi ded overlying a gate dielectric |layer on a sem conductor substrate.
D el ectegiorspactrer drlee fgatedhan seaewskidindédt heTlgatexedesed ode. Sour ce
and drain 3 2 5J UL 2003 CS-00-158 regions are forned associated with
t he gartiatiobhddie Urteyacte| asta oteshntios oure cLRPdimp banmtavgdons are
silicided. Thereafter, the spacers are renoved to expose the sem conduct or
substrate. LDD regions axe fornmed by plasnma doping in the exposed

sem conduct or substrate between the source_and drain regions and the gate

el ectrode to conpl et SYGHRRY | O THE oFNYBI LN uct ure in the fabrication of
an integrated circuit device. BRI EF DESCRI PTION OF THE DRAWNGS In the
acconpanying drawings formng a material part of this description, there is

shown: Figs. 1 throug i cal iLku i r - jopal
representation a pr ef%rlr?%%ﬁgf O&Sﬂgﬁ]{%gf&%hgflé%?eg&ﬁ PRYAEEb 8
to provide an effective and very manufacturable method of

forming a MOSFET having an LDD structure.

A further object of the invention is to
provide a method of forming a MOSFET having an LDD structure

with minimal lateral dopant diffusion.

Yet another object is to provide a method of
forming a MOSFET having a PLDD structure with minimal lateral

dopant diffusion.

Yet another object is to provide a method of

forming a MOSFET having a PLDD structure with minimal lateral



present invention. Fig. 6 schematically illustrates in cross-sectienahyL 2003
"representation a conpleted integrated circuit device fabricated according
t()th?%ﬁQRi%é@(ﬁ the present invention. 4 25J UL 200 Cs-00-158
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS It will be understood by those
skilled in the art that while Figs. 1 through 5 illustrate a P channel

MOSFET_ integrated cirguit. device, an N channel FET integrated circuit

devi c-eli)%o(m %?Peal}d‘br%e%y%%’rﬁﬁy by substituting opposite polarities to those
given for the P channel enbodinent. Also, in a simlar way, a CMOSFET coul d
be fornmed by making both N channel and P channel devices upon the sane

substrate. The procesg Qiiifefﬁf€ﬁ§9toﬁ?éegtb?ntﬁé gﬁpgﬁfgghyigrgéical in

form ng a P channel MOSFET device because boron, typically used to form
PLDD SiFdreidd €8 méBhSEPSE! AOLNIRG Oalenlaégrt@t ﬁaai?eoaﬁn%nﬁl stpscedre The

process of the present invention w |l mnimze [ateral dopant diffusion
even iwithentebRaDf 19060811 dppant adi PPuskehewhepginovhaoLepparticularly to
Fig. 1, there is shown an illustration of a portion of a partially

conpl edetucetnd bxi ferfiee| dfeéfesyDt impIantatioMOSRETannéb2ingm conduct or
substrate 10 is preferably conposed of silicon having a (100)

crystall ographic orientation and has been doped to be a p-type substrate.
In an effort to sinplify the description and the draw ngs the dielectric

i sol ati on between devheelhagsstillpfgrgher| objegtcefoghesgnyertsion y
partially shown agd wi || noé bg gesctibed in detajl, because_they are
convent? ohQI PreBtdexanPethog af g Lermargr agMBRE*EcRayingaA™&PPor med in and

on the_sem conduct substrate. A gate dielectric l.ayer.14 i.s own or
deposi PEAUEEURS Hf- ERnBEETBP LR TEER La SRR 500 4G IS8T ABEEF GRS TR 1 he
sem copgyc rage n LV a po L L i's
deposi?gg %gé?é?ﬁgggg%efafgggc9??%Ea§ébpéﬁké§ﬂg§t?§nfo%ﬁ?&gggggrectrode 16,
as sho¥yRa SpPa§eLgatSoare forned on the sidewalls of gate electrode 16. The
spacers may conprise silicon nitride, silicon dioxide, or silicon
oxynitride, for exanple. The spacers are fornmed by depositing the
dielectric layer overlying the substrate and the gate el ectrode and

ani sotropi cal ly etchi Hgtbaabthee dbgleedt vifc theyenveatlieavdst e spacers 18
on the sidewalls of the gate el ectrode. The spacers may have a w dth of

bet weeprapdde B00eshdd1660 famgdngorms MONERT hevdng mg LOHDFisFruzturens are
inplanted into the surface of the substrate to form source and drain

r egi on¥ikh. mEpimatafdplterapnvderpady dif fysion sberednatdedddDh regi ons 20 may
be formed by inplanting boron or BFZ ions into the substrate at an energy
of 2 tﬁtﬁécééveaﬁ& dosnge by plpsmy dopdng 4 tewofe/Pc AP IS tH&Vi |y doped

source_and 6. s .
annealing, and silicidation.

In'accordance with the objects of this
invention a method for forming a MOSFET having an LDD
structure with minimal lateral dopant diffusion is achieved.
A gate electrode is provided overlying a gate dielectric
layer on a semiconductor substrate. Dielectric spacers are

formed on sidewalls of the gate electrode. Source and drain
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CS- 00- 158 drain regions 20 may be forned by inplanting arsenic or antinony

‘ions into the substrate at an energy of 20 to 60 KeV and dosage of 1 E 15
to 6 ESrP0atldE/ cn2. The source/drain regions may be formed by pl asma
dopi ng instead of by ion inplantation as described. The ions are driven in,
for exanple, by a rapid thermal annealing (RTA) at between about 800 to
1050 C for 15 to 35 seconds. Now, the gate and source/drain regions are to
be si H&IIRRE qq3|@94@ﬁﬁﬂ§%ﬁﬂ°%%¢?%€”b cele %ﬁt?h%lﬁ?EE%ﬂ? i n"¥8%tion that
both the so rce/d in inplantation apd anneal j ng and si iCId eéon be

per f o G AL ONG ST M FO PR %’F%‘F T8IHPHR LR Fatiriedopant

diff whi d b h t | f I dat i

er e RS apfe%rér T AR B To HERPERG The %éﬁ?%%fﬁfa?. on of the LDD
t fy.ih dat i

YR R Y LI

from tdig, 0ad &5 iﬁbsé? S5&i Eof a@e%e&'§?Mgekgtélﬁetaseﬁlthélded

resultlng I'n a | eakage pat ron1t e source/drain to the gate. Referring
now t Gsdifee dand @r&ﬁteréélaﬁlﬂ SRET €Rédgata &28LOP63L0tar Bophbekded 24 by
any of the conventional nethods. For exanple, a netal |ayer such as 7 25
J U L 20flnat{Zm O0Ff 1&8 LDD agtaroareobal thaayabeidapasnt ed amer the
substrate and the gate el ectrode. The wafer is subjected to an annealing
processntadreaved atitayet deeitging the polysilicon gate el ectrode and
overlying the silicon substrate in the source and drain regions 20 is
transforned to a netal silicide 24. The netal overlying t he spacers 18 and
FOX regions 11 is unreacted The_un is. renoved to conplete the
silicidation process.BRORF Pﬁﬁcgﬁggépg 95 Eﬁg PBﬁU@@ﬁS For exanple, if the
spacers conprise silicon nitride, they may be renoved using hot phosphoric
acid. The wafer after spacer renoval is illustrated in Fig. 4. Now, the LDD

regions wll be fornegnTEﬁEeFEEegpéggghg d§awE§§ %g&&gﬁgzg are fornmed by a

pl asma dopi ng process asma roce does not” affect the
silici datbpaef phbe S§t€h§8ddEQHEQ?E§6§'”th%Qboﬂé shyical plasma dopi ng
(PLAD) processes use a voltage in the range of 1000 to 5000 volts to pul se
t he waf er and draw t he dopants out of the plasma above the wafer. Low
energy PLAD uses voltages on the order of 100 volts to draw t he dopant out
of the plasma with nughgkess a&ageughabi gahematudlchilng iin 1Msah s @énshal | ow
i nplants. Low energy PLAD is preferred in the process of the present

i nvent conssPkastiodapi rgppesentatid®n a pired eadeidt iembald iaendn toefg aheof

shal l ow junctions and a flatter plateau region in the depth profile after
anneal Pngsastconpansdone a standard ion inplantation process. Confornal
doping is also achieved in the plasm doping process. Fig. 5 illustrates
LDD regi ons 26 forned by the |ow energy plasnma doping process of the

t t | I.yst tob d t ood
Phat NLDD 1 egi ons. couPdhe S GRRERARAEaIding N AER@ SEod Dr ocess of |t he
Pr esent aKeRLLeY oatEYeL o dopant i ¢f "%'m%’le't%da ST U Td G 1 obl em

for e process of present ion mnimzes

| at er ajedgRants a8irfi icdtiedn s\ dih ﬁ] ssﬂHis R Rk he
formati on of the LDD structure. e |ntegrated circuit device is conpleted
as i s gaRpeamtibanal in the art. For exanple, as illustrated in Fig. 6,
insulating layer 30 is deposited over the surface of the substrate. Contact
openi ngs are nmade through the insulating |layer to the underlying

sem conduct or devices, such as to silicided source region 20. A netal |ayer
32 is deposited and patterned to formelectrical connections between the

el enents of the integrated circuit. A passivation |layer 34 conpletes the
fabrication of the integrated circuit.



9 The process of the invention provides a MOSFET device with an |_2D=D‘JUL 2003
"structure with mininized |ateral dopant diffusion. The process of the

i nvenf€SoR0rdP8s the LDD structure after the source/drain inplantation and
annealing and after silicidation, thus mnimzing |lateral dopant diffusion.

Pl asma doping is used to formthe LDD regi ons. The process of the present

i nvention is sui Qr th NV PMOS devi ces ut is especially
useful in form h&g%tr&&#jg)gs L %ﬁ%% aﬁ%%@m ffusion is nore
critical in PMOS devices than in NMOS devices. Wile the invention has been
particularly shown and described with reference to the preferred

enbodi nents thereof, it w4l ;he e Skiqll i e art that
vari ous changes in foIrtmv)a%nl& (?le%t éﬁr%errnsglo%bc&g brb%d:te}{b\%ﬁset hou 11&?&’{]{%}% fromthe
spiri HS%O0R% i9fe t j nyenty ts 4 ' i CS-00-158 1. A
met hoﬁlrﬁz?qﬁ‘ or mmﬁld'qaen ﬁl}% 's;/lr trj%:}{%}egw&lelafbﬁgﬁ oP:\ corgé}glne% nt egr at ed

Ci r cuiMosHeMi G& tERFRIted RAr AV IdHviEke?, G & iREdoder v eidddfhedgat e
dielectric layer on a sem conductor substrate; 5 form ng dielectric spacers
on si ddwahlit efevGididd @allRl dectamtal <imiply s auteet Ak digi N regi ons
associated wth said gate electrode; siliciding said gate el ectrode and
sai d spposE EngdlGadrEies reyitdnsse tdieregafficer thean®icigprseed spacers to
expose said seni conductor substrate; and formng LDD regions in said

ex pos @nbadiinenicu c tidrssubigt ratsimbetdraragai dl ST grhlt e regi ons and
15 said gate electrode to conplete formati on of said LDD structure in said

f abri EREMAE Y Makinhikeftuibchanned tand P channel devices upon

the same substrate. The process of the present invention is

especially critical in forming a P channel MOSFET device
because boron, typically used to form PLDD structures, is
especially prone to lateral dopant diffusion. The process of
the present invention will minimize lateral dopant diffusion

even in the case of boron implantation.

Referring now more particularly to Fig. 1,
there is shown an illustration of a portion of a partially
completed metal oxide field effect transistor (MOSFET). The
semiconductor subétrate 10 is preferably composed of silicon
having a (100) crystallographic orientation and has been

doped to be a p-type substrate.

In an effort to simplify the description and

the drawings the dielectric isolation between devices has



device. 2. The nethod 'according to Claim1 wherein said dielectric2spager2i3
are cgﬁg%@_f%§p1the group containing silicon nitride, silicon dioxide, and
silic oxy ri de and have a wi dth of between about 500 and 1500
Angstrons. 2 5 J UL 2009 11 CS-00-158 3. The nethod according to Caim1l
wherein said step of form ng said source and drain regions conprises ion

i a@eiégﬂ o%ng, 314 11\ s%o&heaéi@rm RSO Nbd &Gl il Wherein said
orm ng sal (0] ra

step of source and in regions conprises plasm doping. 5.

The MdiaQ 18C G ke tthdeg HrB leirdifl ibrsdl d $oP Sl SI®Yifgefdi d spacers

uses hot phdsphorlp acl 6. The nethod according to Claim1 wherein said
step @fxifqy Adificia drdxP I P NSe CRYRdS etn MRS 'Bh deid ng at an energy of

| ess than 500 volts. 7. The method according to Claim1 wherein said LDD
r egi onsentirébriinser fduysttecdr oup contai ning: PLDD regi ons and NLDD
regions. 8. A nethod of formng an LDD structure in the fabrication of an
Integrated circuit device conprising: providing a gate el ectrode overlying
a gate dielectric layer on a sem conductor substrate; 5 formng dielectric
spacers on si dewal | s bfgaté dielecetict layer 142is grown or

deposited to a thickness of between about 20 and 200

Angstroms on the semiconductor substrate. A conductive layer

such as polysilicon is deposited over the gate dielectric and

patterned to form gate electrode 16, as shown. Spacers 18

are formed on the sidewalls of gate electrode 16. The

spacers may comprise silicon nitride, silicon dioxide, or

silicon oxynitride, for example. The spacers are formed by

depositing the dielectric layer overlying the substrate and

the gate electrode and anisotropically etching back the

dielectric layer to leave the spacers 18 on the sidewalls of

the gate electrode. The spacers may have a width of between

about 500 and 1500 Angstroms.

Noﬁ, referring to Fig. 2, ions are implanted
into the surface of the substrate to form source and drain
regions 20. For example, PMOS heavily doped source and drain
regions 20 may be formed by implanting boron or BF= ions into
the substrate at an energy of 2 to 60 KeV and dosage of

1 E 15 to 6 E 15 atoms/cm?. NMOS heavily doped source and



CS-00-158 form ng source and drain regions associated with said gaﬁ%sJULsz’
'electrgd%; giliciding said gate el ectrode and said source and 10 drain
regioﬁ a Oreréat t er renovi ng sai d spacers to expose said sem conduct or
substrate; and formng LDD regions in said exposed senm conductor substrate
bet ween said source and drain regions and said 15 gate el ectrode using

| : : ‘ : : . d
Pagfin?é%ﬁ'glln 0 %él%grﬂlamﬁeag’r e?tqz're CLJI rcuici{y (Silgﬁ\f?lce. éd rIHe (#{eﬁl) Zglcordi ng to
d ai . . ol . ¢

al Mo WIS 1 Gl ‘hﬁfoe & ;éllﬁ:)lsé‘%ﬁé:% g%(tf‘[]ag} Cég%}f‘ds]{ d£4d N HPUky

containing srlicon nitri I'i'con oxynitride and

h ' . hod
v 3 Sl S S 850 Sy e S s o

accor aim orm ng said" source and drain

regi O HUHY kRS HOEd MY o Hith adeald Nthstddaa The vt according to

Claim8 wherein said step of formng said source and drain regions

conpr iisgsl gl tasdiford g "esdr ibeld U LTRO0BodS are @ DPerd 58n 1 2fodhe net hod
according to Claim8 wherein said step of renoving said spacers uses hot
phosplexamplac, chy a rapid thermal annealing (RTA) at between about

800 to 1050 <C for 15 to 35 seconds.

Now, the gate and source/drain regions are to
be silicided. It is important to the process of the present
invention that both the source/drain implantation and
annealing and silicidation be performed prior to LDD
formation in order to minimize lateral dopant diffusion which
is caused by high temperature processing. If silicidation
were to be performed after LDD formation, the silicidation
of the LDD regions would increase leakage current. In
addition, if the silicidation were to be performed after LDD
formation when the spacers have been removed from the gate
sidewalls, the gate sidewalls would also be silicided

resulting in a leékage path from the source/drain to the

gate.

Referring now to Fig. 3, the gate 16 and
source/drain regions 20 are silicided 24 by any of the

conventional methods. For example, a metal layer such as



13. The nethod according to Caim8 wherein said step of formng sa2 b Jubp0d

‘regio comprises plasma doping at an energy of |ess than 500 volts. 14.
LRt

The nettho rding to Claim8 wherein said LDD regions are chosen from

the group containing: PLDD regions and NLDD regions. 15. A nethod of
formng an LDD structure in the fabrication of an integrated circuit device

COMPY 1610654 Aol P GAE L CBLEOLELOUCEL UL "o Gabecrheboghalc Laver on

a sem conduct or substrate; orm ectric spacers on si ewal | s of

sai d gae SALSEDECErd@E M NBMEAWEEEraDd JiB) BctEd! 095aRSERREAL EgW th said
gate electrode; siliciding said gate electrode and said source and 10 drain

regi onsro¢ées caftge MELRYI DAy8&RI GvePRGEHS tﬁee§89§§i§@bensga£éonductor
substrate; and formng LDD regions in said exposed semnm conductor substrate

bet weegl setfog@uUate GWerUyang tREI 8N3iand sabdtidte ifStR6- $68rdk gate
el ectrode using plasma doping at an energy of |less than 500 volts to

conpl edwd f drahh i pagbbnsad iHDtsanscdbumedi nosai sletabr statcadeo4sai d
integrated circuit deviice. 16. The method according to Caim 15 wherein
sai d dTeéemsetalt epecrtysnarthehspanefrsoiBt bedgFO¥preghtasnilagisi|licon
nitride, silicon dioxide, and silicon oxynitride and have a w dth of
bet wee@nEBdGEed00 Fhe wBpDeapkgdt mefal is removed to complete the

silicidation process.

Now, the spacers 18 are removed. For example,
if the spacers comprise silicon nitride, they may be removed
using hot phosphoric acid. The wafer after spacer removal is

illustrated in Fig. 4.

Now, the LDD regions will be formed.
Referring to Fig. 5, LDD regions 26 are formed by a plasma
doping process. The plasma doping process does not affect
the silicidation of the gate and source/drain regions.
Typical plasma doping (PLAD) processes use a voltage in the
range of 1000 to 5000 volts to pulse the wafer and draw the
dopants out of the plasma above the wafer. Low energy PLAD
uses voltages on the order of 100 volts to draw the dopant
out of the plasma with much less acceleration, resulting in
much more shallow implants. Low energy PLAD is preferred in

the process of the present invention. Plasma doping provides



17. The nethod according to Caim 15 wherein said step of forning saiab JUL 2003
sour ¢ Sgag_gggin regions conprises ion inplanting and annealing. 18. The
nmet hod according to Caim15 wherein said step of form ng said source and
drain regions conprises plasm doping. 19. The nethod according to Caim 15
wherein said step of renmoving said spacers uses hot phosphoric acid. 20.
The nghBoddase2bdhndatifafkaylslervaaadilbws JudckPBnseanana anateesen from
t he group containing: PLDD regions and NL regions. 15 . A A AF. A Al . AA

, - A Aplétgad ALGid3. Ah%AZ. AbpOi# proYWliikuaEter annealing as

[ "}xsnid_Z] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]lca]ca]calcalc
a] ca] campaked]| tsapcskaaijaafcdpaldmpdlantkton prodes@u>l Conformal

} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cafioplivg] ds] edoapchliexpdaliva'ltheu@l@Rfm@ doping process.

ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca! #$- $| &&&&h' ' ) 9) GrL+M-N+v +
u--..... [DIsll1]].0@p00}xsni_d Z] c]ca] ca] ca] ca]ca]ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] €aPcaPcdldaEtdedE T e icns E’cﬁ%‘!%é’,ylelrrﬁHZV\B] 29
22220/%§3d§334; 4744444444 :

5B5n55585) XSH §RPEEYC RSP ORI PHRES S a Y 5588 ] ca] ca] ca] ca] ca] ca
] cal calcaltaksal cahod) Galakenlsal calalGAlaaBS! 66514 GaPG7 077 78889999999

9999
LY ek ol GalGa NI Al %%Jl](@lﬂéadl&xgﬂé‘@]é‘&]&xﬂii% ca caleal caj cal

éa] ca] ca] ca] ca] ca]ca] ca]ca]calca]ca]ca]cal:;1;

1 &<Geg prece@y v the Presste Ih@d@osni dicilddan)] arjgealal ca] ca] ca] ca]

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]cal
L COoBEAEF s otk <dss= @ yrore= s SAGA? @l @ sfod A0 citjara] e cal ca] ca] ca
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca>Ok @LDID% (i )proces) B &HY -Baeseniy’ {vention minimizes lateral

YO 0%uu&' () - YSMB10% & () -0' 10% u& (3_ -# fD y#3%40% - & () -

- 910%AaRant. \ddi s inen (gven gog (e )ELRA 088 ()-F' 10% u&' ()-;

VWIE! @&10% u& () - M5s310% u& ()-S1!'10% u& ()-,+ "10% u& ()-#3%40% & () -
#3940% u& ()- WYZ[\ku; bC'10% h& ()-1 10% h& ()-10% h& ()-&10% h& ()- 10-u

10-
0-u This completes the formation of the LDD

structure. The integrated circuit device is completed as is
conventional in the art. For example, as illustrated in Fig.
6, insulating layer 30 is deposited over the surface of the
substrate. Contact openings are made through the insulating
layer to the undeflying semiconductor devices, such as to
silicided source region 20. A metal layer 32 is deposited
and patterned to form electrical connections between the
elements of the integrated circuit. A passivation layer 34

completes the fabrication of the integrated circuit.



10-ul 9t 10% u& ()-;T s dEDC & 10% h& ()-, $!10% h& ()- " 10% h& ()-, @ 18%JUL 20
h& () Cssmels® ()- 10% h& ()- []7~_ axnmbC& F@O¥B& ()- 10 h 10 h 10
h&9s10% h& ()-f3m' 10% h& ()- 110% h& ()-S, n'10% h& () - ak™N
dEmbC@A.! 109B&' ()-M nmLlOYB& ()- !'109B& ()- mOoYB& ()-109B& ()-109B& ()- N X
El dYNC 10B 10B 10B9s109B& ()-f+ "109B& ()-S * 109B& ()-@! 109B& () -
@OoYB& ()-<WdEYNC "Hi®process of the invention provides a

MOSFET device with an LDD structure with minimized lateral

dopant diffusion. The process of the invention forms the LDD

structure after the source/drain implantation and annealing

and after silicidation, thus minimizing lateral dopant

diffusion. Plasma doping is used to form the LDD regions.

The process of the present invention is suitable for both

NMOS and PMOS devices, but is especially useful in forming

PMOS devices because lateral dopant diffusion is more

critical in PMOS devices than in NMOS devices.

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.

What is claimed is:
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ZIO%ﬂl&f()i. A method of forming an LDD structure in the
fabrication of an integrated circuit device comprising:
providing a gate electrode overlying a gate
dielectric layer on a semiconductor substrate;
5 forming dielectric spacers on sidewalls of said
gate electrode;
forming source and drain regions associated with
said gate electrode;
siliciding said gate electrode and said source and

10 drain regions;

thereafter removing said spacers to expose said
semiconductor substrate; and
forming LDD regions in said exposed semiconductor
substrate between said source and drain regions and
15 said gate electrode to complete formation of said LDD

structure in said fabrication of said integrated circuit

device.

2. The method according to Claim 1 wherein said
dielectric spacers are chosen from the group

containing silicon nitride, silicon dioxide, and silicon
oxynitride and have a width of between about 500 and

1500 Angstroms.
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4. The method according to Claim 1 wherein said step of
forming said source and drain regions comprises plasma

doping.

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

removing said spacers uses hot phosphoric acid.

6. The method according to Claim 1 wherein said step of
forming said LDD regions comprises plasma doping at an

energy of less than 500 volts.

7. The method according to Claim 1 wherein said LDD
regions are chosen from the group containing: PLDD

regions and NLDD regions.

8. A method of forming an LDD structure in the
fabrication of an integrated circuit device comprising:
providing a gate electrode overlying a gate
dielectric layer on a semiconductor substrate;
5 forming dielectric spacers on sidewalls of said

gate electrode;
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said gate electrode;

siliciding said gate electrode and said source and
10 drain regions;
thereafter removing said spacers to expose said
semiconductor substrate; and
forming LDD regions in said exposed semiconductor
substrate between said source and drain regions and said
15 gate electrode using plasma doping to complete formation
of said LDD structure in said fabrication of said

integrated circuit device.

9. The method according to Claim 8 wherein said
dielectric spacers are chosen from the group containing
silicon nitride, silicon dioxide, and silicon oxynitride
and have a width of between about 500 and 1500

Angstroms.

10. The method according to Claim 8 wherein said step of
forming said source and drain regions comprises ion

implanting and annealing.

11. The method according to Claim 8 wherein said step of

forming said source and drain regions comprises plasma

doping.
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13. The method according to Claim 8 wherein said step of
forming said LDD regions comprises plasma doping at an

energy of less than 500 volts.

14. The method according to Claim 8 wherein said LDD
regions are chosen from the group containing: PLDD

regions and NLDD regions.

15. A method of forming an LDD structure in the
fabrication of an integrated circuit device comprising:
providing a gate electrode overlying a gate
dielectric layer on a semiconductor substrate;
5 forming dielectric spacers on sidewalls of said
gate electrode;
forming source and drain regions associated with
said gate electrode;

siliciding said gate electrode and said source and

10 drain regions;

thereafter removing said spacers to expose said

semiconductor substrate; and
forming LDD regions in said exposed semiconductor

substrate between said source and drain regions and said
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silicon nitride, silicon dioxide, and silicon oxynitride
and have a width of between about 500 and 1500

Angstroms.

17. The method according to Claim 15 wherein said step
of forming said source and drain regions comprises ion

implanting and annealing.

18. The method according to Claim 15 wherein said step
of forming said source and drain regions comprises

plasma doping.

19. The method according to Claim 15 wherein said step

of removing said spacers uses hot phosphoric acid.
20. The method according to Claim 15 wherein said LDD

regions are chosen from the group containing: PLDD

regions and NLDD regions.
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