3 MAY 2004 Met hod For Form ng A Raised Source And Drain Wthout Using

Sel ective Epitaxial G owth Background of Invention |) Field of the

I nvention This invention relates generally to fabrication of a ' _

sem conductor device and nore particularly to a nmethod for for mﬁg MAY; iy
source and drain structures without using 5 selective epitaxial 'silicon
growh (SEG. 2) Description of the Prior Art As sem-conductor di‘mensions
continue to shrink and device densities increase, 10 contact resistance and
junction depth becone increasingly critical to device performance. 1 3 MAY
2004 Rai sed source and drain structures can provide shallow junctions with
| ow series resistance, enhancing perfornmance. However, raised source and
drain structures are typically fabricated using a selective epitaxial
silicon growth (SEG which has several drawbacks. SEG is an expensive
process, and it is difficult to control. SEG generally 5 suffers from
spurious gromh (on isolation structures and |layers), inconplete growth
(particularly on contam nated surfaces) and faceting. S

Method For Forming A Raised Source And Drain

Without Using Selective Epitaxial Growth

S
-

Backgrbun'd of Invention
1) Field of the Invention
This invention relates generally to fabrication of a semiconductor device and more
particularly to a method for forming raised source and drain structures without using
( -5 selective epitaxial silicon growth (SEG).

2) Description of the Prior Art

As semiconductor dimensions continue to shrink and device densities increase,

10 contact resistance and junction depth become increasingly critical to device performance.




Jhe i.nportance of overcom ng the various deficiencies noted above is

evi denced -by the extensive technol ogi cal devel opnent "directed to,.the

subj ect, as docunented by the 10 rel evant patent and techni cal Iiﬂ@ruﬁﬂﬁm
The cl osest and apparently nore rel evant technical developnents in the
patent literature can be gl eaned by considering the follow ng patents. U S.
5,899, 719 (Hong) shows a nethod for formng a raised source and drain

wi t hout SEG by patterning a gate opening in a polysilicon |ayer doped wth
impurity ions I5 of as first type, form ng source and drain junctions under
the polysilicon layer by diffusion, formng dielectric spacers at the
edges of the gate opening, and depositing a second polysilicon |ayer to

forma gat elé%i'f;&f:stohﬂzg%nd Mﬁ%ﬁ&&m@?%&ﬁ@ﬁ% &?poﬁgﬁn%gg %ﬁﬁ% %ﬁ% h( LDD's) are

formed by i anting rnpurity 1ons rou e gate
opening prigr..1o for.mng the spacets, then.counter- iLng the channel

regi on afte?‘:=S iig ﬁ‘a’a?ﬂ%%%%&@%r?%ﬁfgmfs Wﬁef“ggﬁ? sg‘?m.“éf’sg‘éecond type
opposite the firs tygee. I n one enbodi nent of 2 MAY 2004 this invention,
the di el ect PPicalbpiabrsated gsiag p sslestingienimriasilicorstgathb(SEQ othichdas seyembr ned, and

a halo-inplant is gerf.or'rred having a conductivity opposite fromthe source
and drain §awbackas SEG iy akupensivi rosesseandfit is Aifficuls te cantrok , SEgenerallyspacer s
are reformed by a second dielectric deposition. However, this invention
doesS not sh®ifersifronyspyeices growthi (o isslatiorcarutusescindl lagérs), exoreplete@newth DD) by

i npl anting through an opening created by renoving dielectric spacers

a{dj acent t hipagrulerlyebecimtaasated\urfackspadifiteting. nvent i on show or suggest

The importance of overcoming the various deficiencies noted above is evidenced
by the extensive technological development directed to the subject, as documented by the
10 relevant patent and technical fiterature. The closest and apparently more relevant technical

developments in the batent literature can be gleaned By considering the following patents.

U.8. 5,899,719 (Hong) shows a method for forming a raised source and drain
without SEG by patterning a gate opening in a polysilicon layer doped with impurity jons
of as first type, forming source and drain junctions under the polysilicon layer by diffusion,
forming dielectric spacers at the edges of the gate opening, and depositing a second
polysilicon layer to form a gate electrode. Lightly doped source and drain regions

'(LDD's) are formed by implanting impurity ions of the first type through the gate opening
prior to forming the spacers, then counter-doping the channel region after forming the

20 spacers using impurity ions of a second type opposite the first type. In one embodiment of




Lghat.it can be used with a self-aligned suicide process, whose rapid

~ thermal anneal step would further difuse the source and drain extensions.
Al so, this invention does not show or suggest the use of a Iinerﬁﬁéhﬁg o
| ayer. 10 U.S. 5,915,183 (Ganbino et al.) shows a raised source a i fPohH
junction process using CVP and a recess etch of a bl anket polysilicon

| ayer. U.S. 5,471,738 (Krivokapic) shows a polysilicon LDD and a
self-aligned channel . 15 transistor. U S. 5,082,794 (Hester et al.)
teaches sel ective polysilicon deposition for a transistor. 20 U.S.
5,827,768 (Lin et al.) shows a planarized and raised source and drain 3 MAY
2004 structure. Summary of the Invention 5 It is an object of the present

i nvention rovi de,a method for formng raised our ce.and dr ai

St uct ur o ip PiHoR 0F AFRLER spaerh ateemolih b OF pree BRAE ISR RERS | 1
anot her obj,ect. of the present_invention to provide a nmethod fqr form ng

rai sed sodPOdmBRE HpaFasmed hayine oadygtivity anpasitediomsihe seucey dmi n -

extensions with easily to controllable depths.
Jjuctions to reduce the size of the junctions, and the spacers are reformed by a second

dielectric deposition. However, this invention does not show or suggest forming source
5 and drain extensions (LDD) by implanting through an opening created by removing

dielectric spacers adjacent the gate electrode. Nor does this invention show or suggest

P

that it can be used with a self-aligned silicide process, whose rapid thermal anneal step
- would further difuse the source and drain extensions. Also, this invention does not éhow
or suggest the use of a liner oxide layer.
10
U.S. 5,915,183 (Gambino et al.) shc_)ws a raised source and drain junction process

using CMP and a recess etch of a blanket polysilicon layer.

U.S. 5,471,738 (Krivokapic) shows a polysilicon LDD and a self-aligned channel

transistor.

U.S. 5,082,794 (Pfiester et al.) teaches selective polysilicon deposition for a

transistor.

20 U.S. 5,827,768 (Lin et al.) shows a planarized and raised source and drain




It, is another object of the present invention to provide a nethod for
form ng raised source and drain structures with good co-planarity of the
source and drain structures with the adjacent gate. It is anot her g E\é
of the present invention to provide a nethod for form ng raised c@ FEp
drain structures with L-shaped spacers at the sidewalls of the‘ralsed
source and drain. 20 It is yet another object of the present invention to
provi de a nethod for formng 4 MAY 2004 raised source and drain junctions
with very | ow series resistance, using a self aligned silicide process. To
acconplish the above objectives, the present invention provides a nethod
for 5 forning rai sed source and drain structures by inplanting inpurity

i ons for &F& nd drai n extensions (LDDs) through an opening created by
removi ng die I'ic spacers adjacent to the gate el ectrode, conbined with
a self-aligned silicide process. The process begins by providing a

sem conductor substrate having one or nore 10 gate areas covered by -
dielectric structures. Doped polysilicon structures are adjacent to the
dielectric structures on each stwemarypfghelnyentittanar with the dielectric
structures froma CM process. The first dielectric structures are renoved

to formgate openings and a |iner oxide |ayer is forrred on the bottom and
sidewal I's of the gate openings.
‘5 It is an object of the present invention to provide a method for formmg raised
{' ' source and drain structures without using selective epitaxial s:hcon growth (SEG).

It is another object of the present invention to provide a method for forming raised
source and drain structures with shallow source and drain extensions with easily

10 controllable depths.

It is another obj ect of the present invention to provide a method for forming raised
source and drain structures with good co-planarity of the source and drain structures with

the adjacent gate.
It is another object of the present invention to provide a method for forming raised
source and drain structures with L-shaped spacers at the sidewalls of the raised source and

drain,

20 It is yet another object of the present invention to provide a method for forming




Dielectric spacers are forned on the |iner oxide |layer over the sidewalls
of the gate _ 15 openings, and the liner oxide |layer is renoved fromthe
bottom of the gate openings and fromover the doped polysilicon §8MAY 204 .
structures. Source and drain regions are formed in the sem conductor
substrate by diffusing inpurity ions fromthe doped polysilicon |layer. A
gate oxide layer and a gate polysilicon |layer are formed over the

sem conductor structure and the gate polysilicon layer is planarized to
forma gate electrode. In a key step, the 20 dielectric spacers are renoved
to form spacer openings, and inpurity ions are inplanted 5 'LIS MAY 2004

t hrough t he spacer openings and annealed to formsource and drain '

ext ensi ons. j y er. re refor d se i gned

Sl o et ajREselthunii fnBRAS G B o st FRaR vl The gt
el ectrode. %Lﬁ?r natively, the self-aligned silicide |layer can be forned
prior to reftVFRICtHE dielectric spacers and inplanting ions to form source
5 and drain extensions. The present invention provides considerable

i nprovenent over the prior art. One key advantage of the present invention
are that raised source and drain structures can be forned without using a
SEG process, pr ol aficogplishtinr abowe chjentivesathe prasent snyentithepravides nesthod fonvent i on
provi des good control of the junction depth by inplanting source and drain
ext efisi ons fohming glisctiseurspaiadraia pemitingsby indplansing irputityriars foododee hayer reduces
impurity diffusion fromthe doped polysilicon structures. Al so, the raised
S{)ur ce and dtniaieRtensions (LDDs) through an opening created by removing dielectric spacers

adjacent to the gate electrode, combined with a self-aligned silicide proceés_

The process begins by providing a semiconductor substrate having one or more
10 gate areas covered by dielectric structures. Doped polysilicon structures are adjacent to
the dielectric structures on each side and .are .co-planar with the dielectric structures from a
CMP process. The first dielectric structures are removed to form gate openingé-aqd a
liner oxide layer is formed on the bottom an& sidewalls of the gate openings.
Dielectric spacers are formed on the liner oxide layer over the sidewalls of the gate
{ 15 openings, and the liner oxide layer is removed from the bottom of the gate openings and
from over the doped polysilicon structures. Source and drain regions are formed in the
semiconductor substrate by diffusing impurity ions from the doped polysilicon layer. A
gate oxide layer and a gate polysilicon layer are formed over the semiconductor structure
and the gate polysilicon layer is planarized to form a gate electrode. In a key step, the

20 dielectric spacers are removed to form spacer openings, and impurity ions are implanted




structures of the present invention are conpatible with a self-aligned
silicide, process providing |ow contact resistance, and the use of CW
provi des good co-planarity of the 15 raised source and drai n safBudAucms
with the gate el ectrodes. The present invention achieves these benefits in
t he context of known process technol ogy. However, a further understanding
of the nature and advantages of the present invention may be realized by
reference to the latter portions of the specification and 20 attached
drawings. 6 | MAY 2004 Brief Description of the Drawi ngs The features and
advant ages of a sem conductor device according to the present invention
and further details of a process of fabricating such a sem conductor device
in accordange wi.ith the present invention will be nore clearly understood
fromthe f o?ﬁf@ﬁhﬁge SRAEX OPFrRgsand anpeeled torfompsquigecnd dringxtaasione Theconpanyi ng
drawi ngs in which |ike reference nunerals designate simlar or

cor r espondi Figlesiriespasess arg wfpirvedandracselfaligried siticideldyariis farmedon the depeds |
through 9 illustrate sequential sectional views of a process for formng
10 rai sed spelysilivonstuduaiand tieguetlecwsdeni Allemativelis itegelfaliged siicidelydraxi al
silicon gromh according to the inventors' current process. Figure 10
through 12 tdd befompdderidetpienbiig the AfeldcRRapacktsang imdflanfiflg Rink &Y fofth SolREOCESS

'5 and drain extensions.

The present invenﬁon provides considerable improvement .over the prior art.
One key advantage_ of the present invention are that raised source and drain structures can
be formed without using a SEG process, providing a more economical process. The
10 present invention provides good control of the junction depfh by implanting source and
drain extensions through the spacer openings, while tﬁe liner oxide léyer reduces impurity -
diffusion from the doped polysilicon structures. Also, the raised source and drain |
structures of the present invention are.compatible with a self-aligned silicide process

providing low contact resistance, and the use of CMP provides good co-planarity of the

o~

- 15 raised source and drain structures with the gate electrodes.

The present invention achieves these benefits in the context of known process
technology. However, a further understanding of the nature and advantages of the present
invention may be realized by reference to the latter portions of the specification and

20 attached drawings.




for formng raised source and drain structures w thout using selective
~epitaxial silicon 15 growh according to the inventors' current %Wﬁ%ﬁﬂ#
Det ai | ed Description of the Invention The present invention wll
described in detail with reference to the 20 acconpanyi ng draw ngs. The
present invention provides a nethod for formng raised 7 3 MAY 2004 source
and drain structures without using SEG First Preferred Enbodi ment of the
Present Invention - Figs. 1-9-5 The first preferred enbodi ment of the
present invention begins by providing a sem conductor substrate (11).
Sem conductor substrate (11) is understood to include any of a nunber of
substrate structures known in the art, including but not limterd to: a
waf er of sem conducting mater) such as crystalline silicon or
germani um a polysilicon st %ﬁ'&%f’sé’,“pb‘?“ af&%ﬂ?"@ ®n-i nsul ator (SA)
structure. 10 Referring to Fig.. 1, the sem conductor substrate (11) has a
first area (1) wherein either the sem conductor substrate (11) or a well
formed therein has a first carrier type (e.g. N-type or P-type). The first
area (1) incl udeShedegiareantraduantagsy ofsheméiconduataerrisyies eeorgimgdo theipréseite f or med.
The gate in the first area will be for a second type (e.g. either an N-type
15 or a P- tigyssjion and@itheraletailswiarproteseoffataivaiing sypiea semiaipgasortdevickm f i r st
type- Optionally, the _

5 accordance with the present invention wil be more clearly understood from the following

description taken in conjunction with the accompanying drawings in which like reference

Faa

nume_ra.ls designate similar or corresponding elements, regions and portions and in which;

Figures 1 through 9 illustrate sequential sectional views of a process for forming
10 raised source and drain structures without using selective epitaxial silicon growth

according to the inventors' current procesé.
Figure 10 through 12 illustrate sequential sectional views of an alternate process
for forming raised source and drain structures without using selective epitaxial silicon
15 growth according to the inventors' current process.

Detailed Description of the Invention

The present invention will be described in detail with reference to the

20 accompanying drawings. The present invention provides a method for forming raised




sem ¢onductor substrate (11) can further include a second area (2) having a
substrate or well of the second type with a gate area (13) where a gate
for a first type transistor is formed, as in a CMOS device. 20 3 MAY 2004
referring to Fig, 1, a dielectric layer (14) is forned over the first area
(1) and 8 MAY 2004.the second area (2). The dielectric layer (14) is
preferably conposed of silicon dioxide having a thickness of between about
1500 Angstrons and 3000 Angstrons. The first area (1) and the second area
(2) are preferably defined and separated by an isolation structure (12)
whose top surface is co-planer with the top surface of the dielectric

| ayer. 5 Stsdurcerand drain sigctuceshiithoutlusing$EGIi el ectric |layer (14) is patterned
to formdielectric structures (14A) which only overlie the gate areas (13)
of said sem conductor substrate (11). The dielectric layer (14) can be
patterned using photolithography (e.g. deposit photoresist, expose

phot or esi st gl Preft HIAY, Qntﬁgl\(ﬂ'&?en‘? e&[igﬁi- géch, and rermove 10
?- Ig. 2, aftIrs '

phot or esi st eferring to oped polysilicon layer (30) is
formed over the dielectric structures (14A) and the sem conductor
substrate (11) in the first area (1). For a device having a second area (2)

Forrbd over 1 he BeCERaTares PG deprrismimRg eSS PL P ©

polysilico nsemiconductor substrate (11). Semiconductor substrate (11) is understood td include any

( | of a number of substrate structures known in the art, including but not fimiterd to: a wafer
of semiconducting material such as monocrystalline silicon or germanium, a polysilicon
structure, or a silicon-on-insulator (SOI) structure.

10 |
Referring to Fig. 1, the semiconductor substrate (11) has a first area (1)} wherein
cither the semiconductor substrate (11) or a well formed therein has a first carrier type
(e. g N-type or P-type). The ﬁfst area (1) includes a gate area (13) where a transistor gate
will be formed. The gate in the first area will be for a second type {e.g. either an N-type
15 or a P-type) transistor, where the second type is opposite the first type. Optionally, the

semiconductor substrate (11) can further include a second area (2) having a substrate or

well of the second type with a gate area (13) where a gate for a first type transistor is

formed, as in a CMOS device.

20 Still referring to Fig. 1, a dielectric layer (14) is formed over the first area (1) and




| ayer (30). For exanple, the first doped polysilicon |ayer (30) can be an
N- doped , pol ysilicon layer, as showmn in Fig. 2, forned to a thickﬁ ss of
bet ween about 3000 Angstrons and 5000 Angstrons, and doped in-si MaY mepi
phosphine (PH) to provide a concentration of P ions of between about 1E15
atm cnB and 5E15 atm cnB, or arsine 20 (AsH3) to provide a concentration of
As ions of between about 1E 15 atmcnB and 5E 15 9 1 3 MAY 2004 . atnf cnB.
The first doped polysilicon |ayer (30) is then planarized using a chem cal -
mechani cal polishing (CMP) process to formfirst doped polysilicon
structures (30A). The 5 dielectric structures (14A) in the first area (1)
are preferably used as a CWP stop, resulting in first doped polysilicon .
structures (30A) whose top surfaces are co-planer with the top surfaces of
the di el ecttht secand ares (2).cEhe digjggtric mﬁrémim@-e@@bwicgmpgs,edpﬁﬁhmwcmb having a
first area (1) and a second area (2) of 10 opposite carrier types, the
first nitrihewinggdhicknpss of hetWieen ab@ht 1500rAngstvants and 30G0 Augstrouns.nThe firskarearas k
(22) is forned over the first area (1). The first nitride mask is
pr ef er abl y (i pandtixdisecorsi angn (@nare ipedferalsty @efined gndt sepdrited by &1 isslitionGiraétarect ur es
(14A). For exanple, the nitride mask could be renoved using a reactive ion
etch with @Hﬁ&b@etc?!ﬂﬁ?cei@éo—ﬁ&i%?v@ﬂhth@tbﬁguﬂh%oftﬂl@ﬁi%réblﬁbil@e@d din a wet

[

etch or strip, for el ectric structures conposed of silicon 15 dioxide.
s .

o

Still referring to Fig. 1, the dielectric layer (14) is patterned to form dielectric
structures (14A) which only overlie the gate areas (13) of said semicondu&or substrate |
(11). The dielectric layer (14) can be patterned using photolithography (e.g. deposit
photoresist, expose photoresist through a pattern, develop photoresist, etch, and remove

10 photoresist).

Referring to Fig. 2, a first doped polysilicon layer (30) is formed over the dielectric
 structures (14A) and the semiconductor subétrate (11) in the first area (1).
For a device having a second area (2) of opposite type from the first area, a first nitride
15  mask (21) is formed over the second area (2) prior to forming the first doped polysilicon
layer (30). For example, the first doped polysilicon layer (30) can be an N-doped
polysilicon layer, as shown in Fig. 2, formed to a thickness of between about 3000
Angstroms and 5000 Angstroms, and doped in-situ using phosphine (PH,) to provide a
concentration of P ions of between about 1E15 atm/cm® and SE15 atm/cm®, or arsine

20 (AsH;) to provide a concentration of As ions of between about 1E15 atm/cm® and 5E15




Still referring to Fig. 3, a second doped polysilicon layer (40) is forned
over the dielectric structures (14A) and the sem conductor substrate (11).
For exanple, the second doped polysilicon |layer (40) is conposed @b MAY 2004
P- doped pol ysilicon when the first doped 20 polysilicon layer (30)“rs
conposed. of N-doped polysilicon. The second doped polysilicon 10 j 3 MAY
2004 | ayer (40) can be fornmed to a thickness of between about 3000
Angstronms and 5000 Angstrons, and doped in-situ using diboroane (B2) to
provi de a concentration of B ions of between about 1E15 atm cnB and 5E15
atmcnB. 5 The second doped polysilicon layer (40) is then planarized using
a chem cal - nechani cal polishing (CW) process to form second doped
polysilicon structures (40A). The dielectric structures (14A) in the
second are 9 .are preferably used as a CWP stop, resulting in second
doped polysilicon structures (40A) whose top surfaces are co-planer wth
the top surfaces of the dielectric structures (14A). The second nitride
mask (22) is 10 renoved, as shown in Fig. 4. Referring to Fig. 5, a third
nitride mask (23he fist depedpolysilicon 14yee(3050 kifeh ipRfarided udiigd c¢hemichR) , and the
dielectric structures (14A) are renoved to form gate openings (45) having a
bot t om conpiecEdnitdl JdlishiSEONPY b6k lo Pt Sd?él}s\lic@ﬁﬁn&!tﬂ@%bhi TRITPr i Si ng
the first 15 doped polysilicon structures (30A) in the first area (1) and

t he ssecond gelnpefl sQQétbﬁ%% hfil%\?ﬁh the Hs?%{li%{eip‘}&@abﬁ Rsdds aCMP WpAefifide?) - The

dielectric structures are pr
{\ in first doped polysilicon structures (30A) whose top surfaces are co-planer with the top

surfaces of the dielectric structures (14A).

Referring to Fig. 3, for devices having a first area (1) and a second area (2) of
10 opposite carrier types, thfa first nitride mask (21 in Fig. 2) is removed and a second nitride
mask (22) is formed over the first area (1). The first xﬁtn'de mask is preferably removed
using an etch selective to the dielectric structures (14A). For example, the nitride masic
could be removed using a reactive ion etch with CHF,/O,, CH,F,, or CH;F or using hot
phosphoric acid in a wet etch or strip, for dielectric structures composed of silicon

=15 dioxdde.

Still referring to Fig. 3, a second doped polysilicon layer (40) is formed over the
dielectric structures (14A) and the semiconductor substrate (11). For example, the second
doped polysilicon layer (40) is composed of P-doped polysilicon when the first doped

20 polysilicon layer (30) is composed of N-doped polysilicon. The second doped polysilicon

10




renmoved using an etch selective to polysilicon. For exanple, dielectric
structures conposed of silicon dioxide can be etched using a reqﬁéive i on
etch with a CHF3/ CHF4 chemistry. 20 11 X118 MAY 2004 Referring tdbé MAY. 208
a liner oxide layer (50) is formed on the bottomand sidewalls of the gate
openings (45). The liner oxide |layer (50) can be thermally growmn to a

t hi ckness of between about 100 Angstroms and 500 Angstrons, preferably
about 200 "Angstroms. 5 Still referring to Fig. 6, dielectric spacers (60)
are formed on the liner oxide layer (50) over the sidewalls of the gate
openings (45). The dielectric spacers (60) are preferably conposed of
silicon nitride or silicon oxynitride. They can be fornmed by depositing a
dielectric |layer over the liner oxide |layer (50) and anisotropically.

et chi ng t he la®r (403 parche foundday e thitknassiof etuieen ahout 3090 Angsteams ahd 6000her e st eps -
occur in the topography of the |liner oxide |layer (50) (e.g. the sidewalls
of the gate Angstioms) agdByped iRdfvarsingrifbotcant(ByH,)Ao pidvideaxqoassadaton dfiBoiogs of t he
| i ner oxide layer (50) are renoved fromthe bottom of the gate openings

(45) and fr efbeween iboat [ErsHtmaaP est s0Isa$mlick@on 15 structure (30A) and the
second doped polysilicon structure (40A). The exposed portions
5 ' The second doped polysilicon layer (40) is then planarized using a chemical-
& mechanical polishing (CMP) process to form second doped polysilicon structures (404).
The dielectric structures (14A) in the second area (2) are preferably used as a CMP stop,i
resulting in second doped polysilicon structures (40A) whose top surfaces are co-planer
with the top surfaces of the dielectric structures (14A). The second nitride mask (22) is

16 removed, as shown in Fig. 4.

Referring to Fig. 5, a third nitride mask (23) is formed over the isolatio;l structure
(12), and the dielectric structures (14A) are removed to form gate openings (45) having a
bottom comprising the semiconductor substrate (11) and sidewalls comprising the first

15 doped polysilicon structures (30A) in the first area (1) and the second doped polysilicon

structures (40A) in the second area (2). The dielectric structures (14A) are preferably
removed using an etch selective to polysilicon. For example, dielectric structures
composed of Silicon dioxide can be etched using a reactive ion etch witﬁ a CHF,/CHF,
chemistry.

20

Il




of. the liner oxide |layer are preferably renoved using an etch selective to
‘the dielectric spacers (60). For exanple, for dielectric spacers (.60)
conmposed of silicon nitride, the liner oxide |ayer can be etched d3&¢ &Y 200:
to the dielectric spacers (60) using a wet etch with HF. The remai ning
portions of the liner oxide |ayer formL-shaped spacers (50A) on the 20
sidewal I s of the first and second doped polysilicon structures (30A, 40A).
12 1, 3 MAY 2004 5 Still referring to Fig. 7, gate oxide |layers (38, 48)

are formed on the sem conductor substrate (11) in the gate openings (45).
The gate oxide |layers (38,48) are preferably thermally grown to a

t hi ckness of between about 10 Angstrons and 200 Angstrons, preferably

about 30 Angstrons.. A polysilicon |ayer is forned over the gate oxide

| ayers and pl anaﬁef%r&ngg’%&%;"erﬂ”%fay&aé@ ‘éf‘é‘ﬁ’@ﬁi%lg"e(b%?miaﬂd siewalls st
area (1) andfa second gate electrode (46) in the second area (2). The

pol ysi | i con 9tdlkegate apsyings (45anThe linr ewide layer £503 gars becthermally gropmitess t o
completely fijll the gate openings (45), and planarized using a CMP process
with the di hiskness ef hasaeanabout 100 ABgsfroms nd 50MANgtrONME pseferpbly 2BouA20Ghown in
Fig. 7, source and drain regions (70) are fornmed in the first area (1) by
di f fusi ng i rgsiroms.i ons fromthe first doped polysilicon structure (30A)

and source and :
5 ,

Still referring to Fig. 6, dielectric spacers (60) are formed on the linef oxide layer
(50) over the sidewalls of the gate openings (45). The dielectric spacersl (60) are
preferably composed of silicon nitride or silicon oxynitride. They can be formed by
depositing a dielectric layer over the liner oxide layer (50) and anisotropically etching the
1(5' dielectric layer leaving dielectric spacers (60) where steps occur in the topography of the |

liner oxide layer (50) (e.g. the sidewalls of the gate opening (43)).

Refem'ng to Fig. 7, the exposed portions of the liner oxide layer (50) are removed
from the bottom of the gate openings (45) and from over the first doped polysilicon
( - 15 structure (30A) and the second doped polysilicon structure (40A). The exposed portions
of the liner oxide layer are preferably removed using an etch selective to the dielectric
spacers (60). For example, for dielectric spacers (60) composed of silicon nitride, the liner
oxide layer can be etched selective to the dielectric spacers (60) using a wet etch with HF .
The remaining portions of the liner oxide layer form L-shaped spacers (50A) on the

20 sidewalls of the first and second doped polysilicon structures (30A, 40A).

12



drain regions (74) are formed in the second area (2) by diffusing inpurity
ions fromthe second doped polysilicon structure (40A) into the Y onlk
sem conductor substrate (11). The source and drain regions (70, 7“4?%
preferably fornmed by annealing the sem conductor substrate (11) at a
tenperature of between about 800 C and 1150 C for a tinme of between
about 5 seconds and 60 seconds. 20 Referring to Fig. 8, the dielectric
spacers (60) in the first area (1) are renoved to 13 LI 3 MAY 2004 form
spacer openings (37). For devices such as CMOS, having a first area (1) and
a second area (2) with opposite carrier types, a first inplant mask (24)
can be fornmed over the second area (2) prior to renoving the dielectric
spacers (60). The dlelectrlc spacers (60) are preferably renoved using an
etch sel ective t &till pelergeg o Fig.de ateg@dqlmqrsmd%)weefom@rorﬂh@sanu@nﬂw@r (50).
For exanple, dielectric spacers conposed of silicon nitride can be renoved
using a rea@ubsvetel(bﬂ in thelgatei apbnifEdR835)0 The GriRfeRide tayerCHIBEAS) are prsfenably hot
phosphoric acid to strip away the silicon nitride. In a key step, ions of
a second cotituaillydréyn to/PRickfieds bffebviéth@Boit 0 ArighteonkGng 200 AAFEHAREOT
substrate (11) in the first area (1) through the spacer openings (37) to

form sourcgmﬁaﬁblﬁmﬁmm@gh%mgns (76). For a P-type transistor, the source
and drain extensions (76) can be formed by inplanting B or BF2 ions at an

energy of between about 3 KeV and 150 KeV and at a dose of between about
5E13 atmcn? and 1E15 atm cnR. The inpurity

{ A polysilicon layer is formed over the gate oxide layers and planarized to form a
first gate electrode (36) in the first area (1) and a second gate eledrode (46) in the second
area (2). The polysilicon layer is preferably formed to a sufficient thickness to completely
fill the gate openings (45), and planarized using a CMP process with the dielectric spacers

10 (60) acting as a CMP stop.

As shown in Fig. 7, source and drain regions (70) are formed in the first area (1)
by diffusing impurity ions from the first doped polysilicon structure (30A) and s'ource and
drain regions (74) are formed in the second area (2) by diffusing impurity ions from the

15 second doped polysilicon structure (40A) into the semiconductor substrate (11). The
source and drain regions (70, 74) are preferably formed by annealing the semiconductor
substrate (11} at a temperature of between about 800°C and 1150°C for a time of

between about 5 seconds and 60 seconds.

20 Referring to Fig. 8, the dielectric spacers (60) in the first area (1) are removed to

13




ions.are then driven in at a tenperature of between about 800C and 1150C.
15 Referring to fig. 9, dielectric spacers (60) are refornmed in the spacer
openings (37) in the first area (1) by fornming a second spacer di @&MAYiz0i
| ayer over the sem conductor substrate (11), and planarizing the second
spacer dielectric layer using a CMP process stopping on the first doped
polysilicon structure (30A) and on the first gate electrode (36). 20 The
first inplant mask (not shown) is then renoved. 14 3 MAY 2004 For devices
having a first area (1) and a second area (2) with opposite carrier types,
a second inplant mask (not shown) can be formed over the first area (1) and
the dielectric spacers (60) can be renoved in the second area (2) using .
t he net hod scri bed hereaghove. Source_and drain extensions (72) can be
formed in t 8"‘38@8?{001’3’?1%%?(?%) oy devicessuchiss CHMPS hvangwirgtareand) andani ¢ i ons.
Phosphorous ions are inplanted at an energy of between about 3 KeV and 150
KeV and at aSeeRfseresr(Zhwitihernesitsrsmier ypes adirstiroptant arsk (248 betformd@verThe
impurity ions in the second area (2) can be driven in by annealing at a
t enper at ur e thé sssendarea(2hprortto 8GfovitigatheldidldGne acddi GOk CThe diclepacagersan be
reformed in the spacer openings in the second area by depositing a
dielectric |(a9eure prefradlyereMmbied udlig bR etéh séléetive f\He PitOGIBGFode B16)lahd IIRMiREY 1 NG tO
Fig. 9, a self-aligned silicide layer (80) is forned on the first

5 ~oxide layer (30). For example, dielectric spacers composed of silicon nitride can be

P
'
H

removed using a reactive ion etch with CHF,/0,, CH,F,, or CH/F, or using hot phosphoric

acid to strip away the silicon nitride.

In a key step, ions of a second conductivity type are implanted into the
10 semiconductor substrate (11) in the first area (1) through the spacer openings (37) to form
- source and drain extensions (76). Fora P-t_ype transistof, the source and drain extensions
(76) can be formed'by implanting B or BF, ions at an energy of between abouf 3 KeV and
150 KeV and at a dose of between about 5513 atm/cm?® and 1E15 atm/em?. The impurity

ions are then driven in at a temperature of between about 800°C and 1150°C.

Referring to fig. 9, dielectric spacers (60) are reformed in the spacer openings (37)
in the first area (1) by forming a second spacer dielectric layer over the semiconductor
substrate (11), and planarizing the second spacer dieiectric layer using a CMP process
stopping on the first doped polysilicon structure (30A) and on the first gate electrode (36).

20 The first implant mask (not shown) is then removed.
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doped polysilicon structure (30A), the second doped polysilicon structure
(40A), and the gate electrodes (36, 46). In the first enbodi nent, ge sel f
aligned silicide layer (80) is 15 conposed of cobalt silicide (Cos_iél MAY 2004
that the source and drain extensions (72,76) are not damaged by the anneal
step. A layer of cobalt is deposited over the sem conductor substrate
(11). The cobalt is then caused to react with the first doped pol ysilicon
structure (30A), the second doped polysilicon structure (40A), and the
gate el ectrodes (36, 46), by annealing at a tenperature of between about
700 C and 1150C, and the unreacted cobalt 20 is renoved. 15 13 MAY 20p.
second preferred enbodinent - Figs 1- 7, 10 & 11 The second preferred
enbodi ment proceeds the same as the first preferred enbodinent through
formation of theFeidfvises havingarfustaready) ands secpod area (2)agthgippasteicarries Fig. 7.
Referring to Fig. 10, a self aligned silicide layer (80) is forned on the
first doped typsslapssednd doplastmask (aot slown} 04) be folmeed eerahelfidbpea (1) ahd/tiel i con
structures (40A) and the gate electrodes (36, 46). For the second

enbodi nent , dieketridepdcenl (6@ b6 tdmovtdlR theyeesndad (RPusidy thomMpAsE destiibedar i ous
silicide layers including, but not limted to titaniumsilicide, tungsten

silicide, cebalfovel bhsbdfnd &M&@ﬁ&i&h@é&ﬂ HeGbiifed i fhe Sedofid RRE@IBG the

source and drain extensions (72, 76) e not exposed to the anneal step of

the gelf-al irﬂﬂﬁﬁiing bhdsphstEuPE U EER fons. Phosphorous jons are implanted at an energy of

{ ﬁ between about 3 KeV and 150 KeV and at a. dose of between about SE13 atm/cm’ and
1E15 atm/cm®. The impurity ions in the second area (2) can be dﬂven in by annealing at a
temperature of between about 800°C and 1150°C. Dielectric spacers can be reformed in

the spacer openings in the second area by depositing a dielectric layer and planarizing

10 using a CMP process.

Still referring to Fig. 9, a self-aligned silicide layer (80) is formed on the first
doped polysilicon structure (30A), the second doped polysilicon structure (40A), and the
gate electrodes (36, 46). In the first embodiment, the self aligned silicide layer (80) is

T 15 composed of cobalt silicide (CoSi) so that the source and drain extensions (72,76) are not
damaged by the anneal step. A layer of cobalt is deposited over the semiconductor
substrate (11). The cobalt is then caused to react with the first doped polysilicon structure
(30A), the second doped polysilicon structure (40A), and the gate electrodes (36, 46), by
annealing at a temperature of between about 700°C and 1150°C, and the unreacted cobalt

20 is_removed.
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The self aligned silicide |layer (90) can be fornmed by depositing a netal

| ayer, such as titaniumover the sem conductor substrate (11) and causing
the metal layer to react with 15 the first doped polysilicon strud§8ngsy 2004
(30A), the second doped polysilicon structures (40A), and the gate '
el ectrodes (36, 46) by annealing at a tenperature of between about 700C
and 1150C. Referring to Fig. 11, the dielectric spacers (60) in the first
area (1) are renoved to 20 form spacer openings (37). For devices such as
CMOS, having a first area (1) and a 16 018 MAY 2004 second area (2) with
opposite carrier types, a first inplant mask (24) can be fornmed over the
second area (2) prior to renoving the dielectric spacers (60). The

di el ectric spacers 60) are, preferably renoved using an etch selective to
the gate el E?Wewmdiwttmgﬁaﬂeéo%hkers (50A) formed fromthe

| i ner oxide layer (50). For exanple, dielectric 5 spacers conposed of
silicon nitride can be renoved using a reactive ion etch wwth CHF3/Q2,
CH2F2, or CH3F . In a key step, ions of a second conductivity type are

i mpl ant ed into tHée seond prefled embodimbs (praveels (Helsame @s thedirdt iprefdrredr ea (1)

t hrough the spacer openings (37) to form 10 source and drain extensions

(76). For a chbbyiprent thevlgh Sdrdktior! dFeheS@UfcE BnPfdinFEabn (X 1780& AB%n i 76) can be
formed by inplanting B or BF2 ions at an energy of between about 3 KeV and
150 keV andrg 7a dose of between about 5E13 atmfcnR and 1E15 atmicnR. The

impurity
(.

Referring to Fig. 10, a self-aligned silicide layer (80) is formed oﬁ, the first doped |
polysilicon structures (30A), the second doped polysilicon structures (40A) and the gate
electrodes (36, 46). For the second embodiment, the self-aligned silicide layer <':an be

1@ composed of various silicide layers including, but not limited to titanium silicide, tungsten
silicide, cobalt silicide, and tantalum silicid_e. This is because the source and drain
extensions (72, 76) are not exposed to the anneal step of the self-aligned s;ilicide process.
Thg self aligned silicide layer (80) can be férmed by depositing a metal layer, such as

 titanium over the semiconductor substrate (11) and causing the metal layer to react with
15 the first doped polysilicon structures (30A), the second doped polysilicon structures

(40A), and the gate electrodes (36, 46) by annealing at a temperature of between about

700°C and 1150°C.

Referring to Fig. 11, the dielectric spacers (60) in the first area (1) are removed to

20 form spacer openings (37). For devices such as CMOS, having a first area (1) and a
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Jions are then driven in at a tenperature of between about 800C and 1150C.
i5 Referring to fig. 12, a first interlevel dielectric layer (90) i$3f

over the first area (1) and in the spacer openings (37) in the first area
(1). The first inplant mask (not shown) is then renoved. For devices
having a first area (1) and a second area (2) with opposite carrier 20
types, a second inplant mask (not shown) can be fornmed over- the first area
(1) and the 17 1.8 MAY 2004 di'electric spacers (60) can be renoved in the
second area (2) using the method described hereabove. Source and drain
extensions (72) can be fornmed in the second area (2) by inplanting As or P
ions for NMOS and B or BF2 ions for PMOS devices. The inpurity ions are

i npl anted at aqiene .of between about 3 KeV and 150 KeV and at a dose of
5 between aBEiP gﬁ‘i@é‘f‘ OPRYSIE SRTiSEYBesat Fiystimplantmask; (Rhsen bgformeoven t he
second areag%Z) gan be driven in by annealing at a tenperature of between
about 800C dceendaese (2)prios krismgvipg therdiespiric sppesrs(60) i The (diglesiricspacprscan be
formed over the second area (2) and in the spacer openings in the second
area. 10 St {40} ajegrefenabiy genayed-inging dostcheselettinetto theegatendestrodmn(3bparkiched i n t he
first interlevel dielectric layer and the second interlevel dielectric

| ayer over shapedsspacere(SaAdfaimed fom el limesoxidaldyd (30). Bovdxhhipla, didaalict i ve
material to. formcontact plugs (90). The contact openings are prefereably
forned by pspates comgsetbomgican pififdeRhh bORALIRINNINR QAT iof BRh &AL act pl ugs
can

¢ CHF,/0,, CHLF,, or CH,F .

E\
In a key step, ions of a second conductivity type are implanted into the
semiconductor substrate (11) in the first area (1) through the spacer openings (37) to form
10 source and drain extensions (76). For a P-type transistor, the source and drain extensions
(76) can be formed by implanting B or BF, ions at an energy of between about 3 KeV and
150 KeV and at a dose of between about 5E13 atm/cm? and 1E15 atm/cm?. The impurity

ions are then driven in at a temperature of between about 800°C and 1150°C.

{ - 15 Referring to fig. 12, a first interlevel dielectric layer (90) is formed over the first
area (1) and in the spacer openings (37) in the first area (1). The first implant mask (not
shown) is then removed.

For devices having a first area (1) and a second area (2) with opposite carrier
20 types, a second implant mask (not shown) can be formed over the first area (1) and the
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be formed as part of a first netal layer. 15 The key advantages of the
present invention are that raised source and drain structures can EQJWM’ﬂm
formed wi thout using a SEG process, providing a nore econom cal process.
The present invention provides good control of the junction depth by

i npl anting source and drain extensions through the spacer openings, while
the liner oxide |layer 20 reduces inpurity diffusion fromthe doped

pol ysilicon structures. Al so, the raised source 18 11-3 MAY 2004 and drain
structures of the present invention are conpatable with a self aligned
silicide process providing | ow contact resistance, and the use of CW
provi des good co-planarity of the raised source and drain structures with

th t | eg hl.e the i ' has b .particul sh d
dosor bed withenny et i) i dolEmpRIeE e Stpontsn sanPe e Atgidelarbed || - e
der st ood t Kill in the art _that el h in f d

otai 1 ray GEOHRTG TR A0E BRI (50 bribrapd ik i SadaLbo! | ne

invention. ..10 19 MAY 2004 CLAI MBS
implanting As or P ions for NMOS and B or BF, ions for PMOS devices. The impurity

ions are implanted at an energy of between about 3 KeV and 150 KeV and at a dose of

5 ‘between about SE13 atm/cm” and 1E15 atm/cm®. The impurity ions in the second area (2)
{ can be driven in by annealing at a temperature of between about 800°C and | 1150°C. A
second intertevel dielectric layér (91) can be formed over the second areﬁ (2) and in thé

spacer openings in the second area.

lé Still referring to Fig. 12, contact openings can be formed in the first interlevel
dielectric layer and the second interlevel dielectric layer 6ver the source and drain regions
and filled with a conductive material to form contact plugs (90). The contact openings are
prefereably formed_by patterning using a photolithography process. The contact plugs can

be formed as part of a first metal layer.

s,

.- 18
The key advantages of the present invention are that raised source and drain
structures can be formed without using a SEG process, providing a more economical
process. The present invention provides good control of the junction depth by implanting
source and drain extensions through the spacer openings, while the liner oxide layer
20 reduces impurity diffusion from the doped polysilicon structures. Also, the raised source

13



1 1. -Arnethod for formng a raised source and drain structure w thout using
‘selective 2 epitaxial silicon growth, conprising the steps of. 3 a.
provi ding a seni conductor substrate having one or nore dielectric ilah#h’am4
structures 4 thereon covering gate areas on said sem conductor substrate;
said dielectric structures 5 having first doped polysilicon structures
adj acent thereto -on each side; 6 b. renoving said first dielectric
structures to formgate openings having a bottom 7 and sidewalls, and
forming a liner oxide |layer on said bottomand sidewalls of said gate 8
openings; 9 c. formng dielectric spacers on said |liner oxide |layer over
sai d sidewal|s g%,said 10 gate openings; and renoving said |iner oxide -
| ayer from saftf BHP siEvRteres eltheiprgsanbinygntinn agsompatable with o sel-aligaed siligide i r st
doped polysilicon structures; 12 d. form ng source and drain regions in
sai d seni condPfOERsp PEYisking lawsonigctdedistance, ngd the s¢ ofCVIP pyovides godd eorplamrity f i r st
doped polysilicon layer; 14 e. formng a gate oxide |ayer and a gate
pol ysi | i con | efithe raived souser abd dledin storvtimestvwith thd Bate tleetnddes.e and pl anari zi ng
said gate polysilicon layer to forma gate electrode; 16 f renoving said
di el ectric spacers to form spacer openings, inplanting inpurity 17 ions of
the sanme type as in the first doped polysilicon structures through said
spacers 18 openi ngSyhik/ e AREfRRN hAdhedR paliaRHyCROH S desSibRE Withrerbieltg! M
source and drain extensions; 19 g. reformng said dielectric spacers by
formng a di j [ [ '
%@g&gﬁg%m&ﬁqeﬁt@mwf@t@iﬂ;bg gg%ﬁsggmtﬁ&gggg&g@ rtlze{‘a‘iit ohat

pl anari zi ng sal ectric spacer ‘laye
5
various changes in form and details may be made without departing from the spirit and

scope of the invention.

10
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20 J3.MAY 2004 21 polysilicon structure and on said gate el ectrode; and 22
‘h. formng a self-aligned silicide |layer on said first doped pol ysil, con
structure and 23 said gate polysilicon |ayer, said self-aligned s@ﬁd%@éHM4
| ayer bei ng conposed of cobalt silicide. 2. The nethod of claiml| wherein
said source and drain extensions are fornmed by inplanting B or BF2 ions

t hrough sai d spacer openings at an energy of between about 3 KeV and 150
KeV and at a dose of between about 5E13 atm cn? and 1E15 atnicn®, and
driving in said B or BF2 ions at a tenperature of between about 800' C and
1150' C.. 3. The nethod of claim1 wherein said source and drain extensions
are formed by iﬁﬁﬁgﬁiing As or P ions through said spacer openings at an

ener gy of betineenAahethéd Br fdf@idgartaiseditBuite nddrainadtruen@artodf ushplsie@Reabout
5E13 atm cn? and 1E15 atm cnR, and driving in said As or Pions at a

t enperat ure itﬁﬂ%%ﬂ%@??c&%ﬁn@%sﬂe}?@@ 4. The nethod of claim1l

wherein said liner oxi yer 'has a thickness of between about 100

Angst gons and 500 0 T8erf | | ' 'Jﬁ@q¥ l.ckness of
be?megn about 10 % ggﬁgggs an%ggﬁgbﬂ%gg%@%%éﬁﬁgwk?ﬁ@sﬁ%f 0 (%PEQP%#n11 :
wher ei,n sai dd| | er Le Cco sed o LI .nitride and have a
thi ckitess. of "BEnsereit AR Eh SARE FORROLR Sbudten Bk Y15y 2004

5 having first doped polysilicon structures adjacent thereto.on each side;
. 6 b. removing said first dielectric structures to form gate openings having a bottom
; 7 and sidewalls, and forming a liner oxide layer on said bottom énd sidewalls of said gate
8 openings;
9 c. forming dielectric spacers on said liner oxide layer over said sidewalls of said
‘10 gate openings, and removing said liner oxide layer from said bottom of said gate operrxings‘
11 and from over said first doped polysilicon structures;
12 d. forming source and drain regions in said semiconductor substrate by diffusing
13 impurity ions from said first doped polysilicon layer;
14 e. forming a gate oxide layer and a gate poljsi]icon layer over said semiconductor
g: 15 structure and planarizing said gate polysilicon layer to form a gate electrode;
16 f. removing said dielectric spacers to form spacer openings, implanting impurity
17 ions of the same type as in the first doped polysilicon structures through said spacer
18 openings, and annealing said semiconductor substrate to form source and drain extensions;
19 g. reforming said dielectric spacers by forming a dielectric spacer layer in said
20 spacer openings and planarizing said dielectric spacer layer stopping on said first doped

20




6.. The nmethod of claim2 wherein said first doped polysilicon structures
have'a concentration of B or BF2 ions of between about 1E14 atm cif3 afa¢ %@?
15 atmcnB and said source and drain regions are forned by annealing sai
first doped polysilicon |layer at a tenperature of between about 800C and
1100' C for-a time of between about 5 seconds and 60 seconds. 7. The net hod
of claim3 wherein said first doped polysilicon structures have a
concentration of As or P ions of between about 1E14 atnicnB and 8E15

atnm cnB and said source and drain regions are forned by annealing said
first doped polysilicon |layer at a tenperature of between about 800C and
1100C for a tinme of between about 5 seconds and 60 seconds. The nethod of

cl ai nz1  wher gilysiliesrstivo@reaiddnlshid Pate@ldciédd; aper from sai d bottom of said
gate openings and fromover said first doped polysilicon structures in step -

c | eawes an L-shapRimbisiaQelf-aRae@ iliGde i@ ofi 4@ Bt dopRl psikeohistridudaned
polysilicon structure. 1 9. A nethod for formng a raised source and drain

Strucure wi tsiaihrelpdlyiticabRE LM SelfAligHed ki e%ibbahg sV b bobROHREdeST NI
the steps of 3 a. providing a sem conductor substrate having one or nore
dielectric structures 4 thereon covering gate areas on said sem conduct or

substrate;. said dielectric structures 22 1$ MAY 2004 5 having first doped
pol ysilicon it ' UCtI‘ﬂtra gl%th%gjo? &g'ur};[l %vpgraigtsgd ggurgeagng d%z}.md g&tensions are formed by
implanting B or BF, ions through said spacer openings at an energy of between about 3

KeV and 150 KeV and at a dose of between about SE13 atm/cm” and 1E15 atm/cm?, and

driving in said B or BF, ions at a temperature of between about 800°C and 1150°C.

3. The method of claim 1 wherein said source and drain extensions are formed by
implanting As or P ions through said spacer openings at an energy of between about 3
KeV and 150 KeV and at a dose of between about 5E13 atm/cm” and 1E15 atm/cm?, and

driving in said As or P ions at a temperature of between about 800°C and 1150°C.

{ 4. The method of claim 1 wherein said liner oxide layer has a thickness of between
about 100 Angstroms and 500 Angstroms and said gate oxide layers have a thickness of

between about 10 Angstroms and 200 Angstroms.

5. The method of claim 1 wherein said dielectric spacers are composed of silicon

nitride and have a thickness of between about 400 Angstroms and 2000 Angstroms.
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6 b.,renoving said first dielectric structures to form gate openings having
a bottom 7 and sidewalls, and formng a |iner oxide |ayer on saidgg%@hpn1
and sidewalls of said gate 8 openings; 9 c. formng dielectric spd@ Ao 04
said liner. oxide |ayer over said sidewalls of said 10 gate openings, and
renoving said |iner oxide |ayer fromsaid bottomof said gate openings 11
and from over said doped polysilicon.structures; 12 d. form ng source and
drain regions in said sem conductor substrate by diffusing 13 inpurity
ions fromsaid first doped polysilicon |layer; 14 e. formng a gate oxide
| ayer and a gate polysilicon |ayer over said sem conductor. 15 structure
and planarizing said gate polysilicon layer to forma gate el ectrode; 16
formng a seld-ali LSl JeGad ' [ s i J CON

(- 3 IR O hfaf2 kel o) 15 bl pORMLEARAoRR KPled

structure and 17 said gate el ectro tric

t f - - | t - - - 3 - - t h .
hme type as ARG REIE Ta BB 0R DTRMRAR: wiirgR bR e 20
rai ' oxt enoi BROPIRs PHERR sticr B PR Gl il coPrd SRR Byt

depositing a dielectric, spacer layer in said 23 spacer openings and
pl anari zi ng mp%fﬁ%‘r%%ﬁbﬁ‘g’@egﬁmgoq Syee 1390 ffrrey i o '%_ﬁtﬂgfi“iapglf Ydoped 24
pol ysilicon structure and on said gate electrode. 23

seconds and 60 seconds.

7. The method of claim 3 wherein said first doped ﬁolysﬂiéon structures have a
concentration of As or P ions of between about 1E14 atm/cm® and 8E15 atm/cm’ and said
source and drain regions are formed by annealing said first doped polysilicon layer at a
temperature of between about 800°C and 1100°C for a time of between about 5 seconds

and 60 seconds.

8. The method of claim 1 wherein removing said liner oxide layer from said bottom of
said gate openings and from over said first doped polysilicon structures in step ¢ leaves an

L-shaped oxide spacer on the sidewall of said first doped polysilicon structure.

-

1 9. A method for forming a raised source and drain structure without using selective
2 epitaxial silicon growth, comprising the steps of

3 a. providing a semiconductor substrate‘having one or more dielectric structures
4 thereon covering gate areas on said semiconductor substrate; said dielectric structures
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13 MaY. 2004 10. The nmethod of claim9 wherein said source and drain
extensions are formed by inplanting B or BF2 ions through said saiﬁer

openi ngs at an energy of between about 3 KeV and 150 KeV and at & WAY B
bet ween about 5E 13 atm cnR and 1E15 atm cn2, and driving in said B or BF2
ions. at a tenperature of between about 800C and 1150C. 11. The net hod of
claim9 wherein said source and drain extensions are forned by inplanting
As or P ions through said spacer openings at an energy of between about 3
KeV and 150 KeV and at a dose of between about 5E13 atmicn? and | E15
atmcn2 and driving in said B or BF2 ions at a tenperature of between
about 800C and 1150C. 12. The nethod of claim9 wherein said |iner oxide .

| ayer Bas a t hivirgrfirstslopéd putysiteemstnebipes adjeoéht Mepssd bpemhdidet 500 Angstrons and
said gate wi de |ayers have a thickness of between about 10 Angstrons - and

200 Angstrons. 13.b_Taﬁoﬁ@gmafmmﬁu%am@wﬂm%aiedm&;@bs%ﬁﬁéQb&aﬁﬁerS

are conposed of silicon nitride and have a thickness of between about 600
Angst roms  andandQRRwAll) akd ﬁﬁﬁin% 2 4iner iftle rl‘aértemaﬁfbo@tbﬁ’:' LI ol saL d first
doped polysilicon structures have a concentration of B or BF2 1ons of

bet weeg about of -gsatnfcnﬁ and BE 15 atmcnB and said source and drain
regions are forned by annealing said first doped polysilicon |ayer at 24 13

NAY 20p4 c. forming dielectric spacers on said liner oxide layer over said sidewalls of said
p 10 gate openings, and removing said liner oxide layer from said bottom of said gate op}enings
) 11 and from over said doped polysilicon structures;
12 d. forming source and drain regions in said semiconductor substrate by diffusing
13 impurity ions from said first doped polysﬂicon'layer;
14 e. forming a gate oxide layer and a gate polysilicon layer over said semiconductor.
15 structure and planarizing said gate polysilicon layer to form a gate electrode;
i6 f. forming a self-aligned silicide lafer on said first doped polysilicon structure and
17 said gate electrode;
18 g. removing said dielectric spacers to form spacer openings, implanting impurity
{ 19 ions having thé same type as said first doped polysilicon structure through said spacer
20 openings, and annealing said semiconductor substrate to form source and drain extensions;
21 and
) h. reforming said dielectric spacers by depositing a dielectric spacer layer in said
23 spacer openings and planarizing said dielectric spacer layer stopping on .said first doped
24 polysilicon structure and on said gate electrode.
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a temperature of between about 800 C and 1100 C for a tinme of between
about- 5 seconds and 60 seconds. 15. The nethod of clairm 11 wherein said
first doped polysilicon structures have a concentration of As or riﬂﬁfﬁﬁﬁ
bet ween about 1E14 atmcnB and 8E15 atm cnB and said source and dFdi’ a
regions are formed by annealing said first doped polysilicon |layer at a

t enperature of between about 800C and 1100C for a tine of between about 5
seconds and 60 seconds. 16. The nmethod of claim9 wherein renoving said
her oxide |layer fromsaid bottomof said gate openings and from over said
first doped polysilicon structures in step c | eaves an L-shaped oxide
spacer on the sidewall of said first doped polysilicon structure. 1 IT A

met hod for foren nori hahist chfh 0 GherifsalllBiifde &id i Ck@nibrs BRUDrAILYT
selective 2 epitaxial silicon growth, conprising the steps of a. providing.

a_sem conduct ifplAHRSBIABE, 33 Ao ofil iitborpRfingdld m@%&?@}ﬁd}%emésﬁﬁb&wef ein

said first area has"a welf or ubstrate afirs pe and sai d Second

h 5 | f d,: i i d fi
202 125, 0 Y bAoA SRR 5

therein; said,sem.conductar. substrate havi an isolatiqn 7 .structure
t her eon defi n‘?rhvbugéﬂéalgﬁpoé%gﬂ for‘f@afsaaﬁeﬁp?rﬁ?‘ﬁ&%Fﬁ‘é?eﬁﬁ@uégé%%s@eéﬁ ea; said
first 25 13 MAY 2004 8 area and said second area having a dielectric |ayer

t her eover;

11.  The method of claim 9 wherein said source and drain extensions are formed by

e

implanting As or P ions through said spacer openings at an energy of between about 3
KeV and 150 KeV and at a dose of between about SE13 atm/cm? and 1E15 atm/cm’®, and

driving in said B or BF, ions at a temperature of between about 800°C and 1150°C.

12. The method of claim 9 wherein said liner oxide layer has a thickness of between _
about 100 Angstroms and 500 Angstroms and said gate oxide layers have a thickness of

between about 10 Angstroms and 200 Angstroms.

( . 13.  The method of claim 9 wherein said dielectric spacers are composed of silicon

nitride and have a thickness of between about 600 Angstroms and 2000 Angstroms.

14.  The method of claim 10 wherein said first doped polysilicon structures have a
-concentration of B or BF, ions of between about 1E14 atm/cm® and 8E15 atm/cm® and

said source and drain regions are formed by annealing said first doped polysilicon layer at
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9 b. ,patterning said dielectric layer to formdielectric structures which
only overlie 10 said gate areas of said sem conductor substrate; )
forming a first nitride mask over said second area; 12 d. depositi @g‘w 200%
first doped polysilicon |ayer over said dielectric structures and said 13
sem conductor substrate in said first area, and planarizing said first
doped. polysilicon layer 14 to formfirst doped polysilicon structures,
stopping on said dielectric structures; said first 15 doped polysilicon.

| ayer being doped in situ with ions of said second type; 16 e. renoving
said first nitride mask and formng a second nitride mask over said 17
first area; 18 f depositing a second doped polysilicon | ayer over said _
di el ectric st atatperasreafitiethSerabott SIBTCRAN ¥ LIUPCos4 R6d 6fFeBveca ABbrRlsaNAri i ng
sai d second doped polysilicon layer to form 20 second doped polysilicon
structures, StRBRISHAAGD s&dhg di el ectric structures; said second 21 doped
polysilicon | ayer being doped in-situ with ions having said first type; 22
g. renoving said second nitride nmask and formng a third nitride nask over
said 23 isolation structure; 24 h. renoving said dielectric structures to.-

Chiraoni ri denakr oot ] R ek BT eg BieSleR e s anc
Tl ey s o | EfHethfiBhs o€ R ariubenablin g atmen e BESs S mnd > ¢

| i ner oxide.layer

oo

source and drain regions are formed by annealing said first doped polysilicon layer at a
§ .

temperature of between about 800°C and 1100°C for a time of between about 5 seconds

and 60 seconds.

16.  The method of claim 9 wherein removing said liner oxide layer from said bottom of
said gate openings and from over said first doped polysilicon structures in step c leaves an

L-shaped oxide spacer on the sidewall of said first doped polysilicon structure.

1 17. A method for forming a raised source and drain structure without using selective
( 2 epitaxial silicon growth, comprising the steps of:
3 a. providing a semiconductor substrate having a first area and a second area
4 wherein said first area has a well or a substrate of a first type and said second area has a
5 well or a substrate of a second type, opposite said first type; said first area and said second
6 area each having a gate area therein; said semiconductor substrate having an isolation
7 structure thereon defining and separating said first area and said second area; said first
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.3 MAY. 28 gate openings; 29 k. renoving said liner oxide |ayer from over

t he bottom of said gate openings and 30 fromover said first doped

pol ysilicon structure and said second doped polysilicon 31 struct ur@l;a ﬁKY jZB
form ng gate oxide layers in said gate openings on said sem conduct 0é
substrate, 33 formng a polysilicon |layer over said gate oxide |layer, and
pl anari zing said gate polysilicon 34 layer to forma first gate el ectrode
in said first area and a second gate el ectrode in said 35 second area; 36
m formng source and drain regions by diffusing inmpurity ions fromsaid
first 37 doped polysilicon structure into said sem conductor substrate in
said first area and 38 diffusing inpurity ions fromsaid second doped

pol ysi$i con sareaandsasl seevnd assaihavifia dielettdohgerahaeoverybst rate in said second
area; 40 n. formng a first inplant nmask over said second area, and
renovisg sai d di eliephtidraing $ld SiPB&AE Rayérlo Sotndlididctrit strabiifes Which@niP ovB@e e

openi ngs; 42 o. inplanting ions of said second conductivity type through -

sai d gpacer %ﬁ?awﬁe*%fsﬁﬁséﬁédﬁﬁwwﬁ&tﬁ&d drai n extensions; 44 p.

reformng said dielectric spacers in said first area by depositing a

di el ic 45 LN Sal : [ . and pl i zi id
ielegiric spaccefor}ﬂg%%rﬁrhgmﬁgéIgz%g%rg{esrmd%g&ﬁdgg and pl anari zi ng sai

‘dielectric spacer layer “stoppin sal doped pol ysilicon
strucjure and on sphgGiih sl 4P 8Spe lpgﬁrgific%g?dyer over said dielectric structures and said

{. 13 semiconductor substrate‘in_ said first area, and planarizing said first doped polysilicon layer
14 to form first doped polysilicon structures, stopping on said dielectric structures; said first

15 doped polysilicon layer being doped in-situ with jons of said second type;
16 e. removing said first nitride mask and forming a second nitride mask over said
17 first area;
18 f. depositing a second doped polysiticon layer over said dielectric structures and
19 said semiconductor substrate, and planarizing said second doped polysili.con layér to form
20 second doped polysilicon structures, stopping on said dielectric structures; said second
21 doped polysilicon layer being doped in-situ with ions having said first type;

( Y : g. removing said second nitride mask and forming a third nitride mask over said
23 isolation structure;
24 h. removiné said dielectric structures to form gate openings having a bottom and
25 stdewalls, and removing said third nitride mask;
26 1. forming a liner oxide layer on said bottom and sidewalls of said gate openings;
27 j. forming dielectric spacers on said liner oxide layer over said siciewalls of said
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47 q. .renoving said first inplant mask and form ng a second inplant nask
~over said 2M 27 o MAY 48 first area; 49 r. renoving said dielectriaéfﬁacers
in said second area to form second spacer 50 openings; 51 s. inpl AY 2004
inpurity ions of said first type through said second spacer openings 52 to
form source and drain extensions; 53 t. reformng said dielectric spacers
in said second area by depositing a dielectric 54 spacer layer in said .
spacer openi ngs and planarizing said dielectric spacer |ayer stopping 55
on said second doped polysilicon structure and on said second gate
el ectrode; 56 u. annealing said senm conductor substrate to drive in said
inpurity ions in said 57 source and drain extensions; and 58 v. formng a
sel f-2d i gned gateldpenifigs; | ayer on sai d doped polysilicon |ayer and said gate
59 polysilicon layer. -18. The nethod of claim 17 wherein said source and

dr ai mgext ensi ons kf‘reﬁx%i/ﬁ% bdid Eﬁer%hﬁé‘laxéifﬁ?mﬁ N%ﬁﬁ%ﬁﬁ%%t@gpﬁg@ﬁ afd 2 10Nns

t hrough sai d spacer openfngs at an ehergy of and 150

driviRg in AR EeE iR B coR b eihd B foia dBR P illBH 000

31 structure;
32 1. forming gate oxide layers in said gate openings on said semiconductor substrate,
; 3 forming a polysilicon layer over said gate oxide layer, and planarizing said gate polysilicon
34 layer to form a first gate electrode in said first area and a second gate electrode in said
35 second area;
| 36 m. forming source and drain .regions by diffusing impurity ions from said first
37 doped polysilicon structure into said semiconductor substrate in said first area and
38 diffusing impurity ions from said second doped polysilicon structure into said |
39 semiconductor substrate in said second afea;
40 n. forming a first implant mask over said second area, and removing said dielectric
41 - spacers in said first area to form spacer openings;
{- VE 42 0. implanting ions of said second conductivity type through said spacer openings to
43 form source and drain extensions;
a4 | p. reforming said dielectric spacers in said first area by depositing a dielectric
45 spacer layer in said spacer openings and pla.narizing said dielectric spacer layer stopping
46 on said first doped polysilicon structure and on said first gate electrode;
47 q. removing said first implant mask and forming a second implant mask over said
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and 1150C and said source and drain extensions in said second area are
formed by inplanting As or P ions through said spacer openings at an
energy of between about 3 KeV and 150 KeV and at a dose of betweeif gt 2004
5E13 atnm cn? and 1E15 atm cnR, and 28 13 MAY 2004 driving in said As or P
ions at a tenperature of between about 800C and 1150C. 19. The net hod of
claim 17 wherein said source and drain extensions in said first area are
formed by inplanting As or P ions through said spacer openings at an energy -
of between about 3 KeV and 150 KeV and at a dose- of between about 5E13
atmcn2 and 1E15 atmcn®, and driving in said As or p ions at a
tenperature of between about 800C and 1150C and said source and drain
ext engiBons i nfishamasecond area are formed by inplanting B or BF2 ions

t hrough sai d spacer openings at an energy of between about 3 KeV.and 150
KeV and at a dose piredi@fivoail BlQuic sphced id kil StBnPateh thiFdin HeBiEdBeer and
driving in said B or BF2 1ons at a tenperature of between about 800C and

1150C.5420. Thgpéﬁﬁfg}god of claim 17 wherein said |iner oxide |ayer has a
t hi ckness of between about 100 Angstrons and 500 Angstrons and said gate

i de sha h 1 hi f. b bout 1Q Angst d 200
Angst Pom 21, The HERRARBERR Ry jony EAR IR oareh SRR orbRe o
d of sjj itride.and h t hi ck f between about 600
gt Pams. andUBE8 ARG AT S RAE " et hod of ol ai m 18 wherin said first

doped .pol ysi l i con structures have, a . . .
P pedpoly t. reforming said cﬂe?ectnc spacers in said second area by depositing a dielectric

!

54 spacer layer in said spacer openings and planarizing said dielectric spacer layer stopping
55 on said second doped polysilicon structure and on said second gate electrode;

56 u. annealing said semiconductor substrate to drive in said impurity ions in said

57 source and drain extensions; and

58 v. forming a sélf-aligned silicide layer on said doped polysilicon layer and said gate
59 polysilicon layer.

18.  The method of claim 17 wherein said source and drain extensions in said first area
( :7 are formed by implanting B or BF, ions through said spacer openings at an energy ;af
between about 3 KeV and 150 KeV and at a dose of Between about 5E13 atm/cm? and
1E135 atm/cm?, and_ driving in said B or BF, ions at a temperature of between about 800°C
and 1150°C and said source and drain extensions in said second area are formed by
implanting As or P ions through said spacer openings at an energy of between about 3

KeV and 150 KeV and at a dose of between about SE13 atm/em? and 1E15 atm/cm?, and

28




concentration of B or BF2 ions of between about 1E14 atmicnB and 8EL5

atm énB, said 29 1 3 MAY 2004 second doped polysilicon structures have a
concentration of As or P ions of between about 1E 14 atnicnB and 8E1l5

atm cnB, and said source and drain regions are formed by anneal i ngilshMAY 2004
first doped polysilicon |layer and said second doped polysilicon |ayer at a
tenperature of between about 800C and 1150C for a tine of between about 5
seconds and 60 seconds. 23. The nethod of claim19 wherein said first
doped polysilicon structures have a concentration of As or P ions of

bet ween about 1 E 14 atmcnB and 8E 15 atm cnB, said second doped
polysilicon structures have a concentration of B or BF2 ions of between
about 1E14 atdrivingdn aaidl ASBAB ik af £rethpantirsof tveeen ripmt 800f Chndi1hSG°€gi ons are
formed by annealing said first doped polysilicon |ayer and said second
doped polysilicon layer at a - tenperature of between about 800C and 1150C
for a time of between about 5 seconds and 60 seconds. 1 1 24. A nethod for

forning a raifged s ol PALENSLYSS.N Qo USLRANSREE b red

epi taxi al silicon grow conprising the steps of a. providing a

Frrst area s BRed ﬁ‘)‘ et s B & oS S “a%%%?‘ag?a%?s%e R AR BeIoNG or oa
has a 5 wel| b%rgwe(fﬁ GbQ t?:&géf *H’(Slr}é% Iée%mg%t g nge of gg gesnl zl:bout gﬂlg a{mlrc dype’

said first ar
P 1E15 atm/cm?®, and driving in said As or p ions at a temperature of between about 800°C
“.
and 1150°C and said source and drain extensions in said second area are formed by
implanting Bor BF, ions through said spacer openings at an energy of between about 3

KeV and 150 KeV and at a dose of between about 5E13 atm/cm? and 1E15 atm/cm?, and

driving in said B or BF, ions at a temperature of between about 800°C and 1150°C.

20.  The method of claim 17 wherein said liner oxide layer has a thickness of between
about 100 Angstroms and 500 Angstroms and said gate oxide layers have a thickness of

between about 10 Angstroms and 200 Angstroms.

21.  The method of claim 17 wherein said dielectric spacers are composed of silicon

nitride and have a thickness of between about 600 Angstroms and 2000 Angstroms.

22.  The method of claim 18 wherein said first doped polysilicon structures have a

concentration of B or BF, ions of between about 1E14 atm/cm® and 8E135 atm/cm’, said
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6 arga each having a gate area therein; said sem conductor substrate having
an isolation 30 MAY 2004 7 structure thereon defining and separating said
first area and said second area; said first a area and sai d'secoig ar ea
having a dielectric |ayer thereover; 9 b. patterning said diel ectits dMAYagle¢
to formdielectric structures which only overlie 10 said gate areas of

sai d sem conductor -substrate; 11 c. form.ng a first nitride nmask over- said
second area; 12 d. depositing a first doped polysilicon | ayer over said
dielectric structures and said 13 sem conductor substrate in said first
area, and planarizing said first doped polysilicon layer 14 to formfirst
doped pol ysi | sesond daped polysilimn ssoayops mye acoantehtioh of A or P ns bf bevesnes; sai d
first 15 doped polysilicon | ayer being doped in-situ with ions of said
second type; d®uelEteamvintgnssET ftinfcaf aid satd sd»arceaﬁ&dramdeéi@{sr&mnﬁecﬁgcond
nitride mask over said 17 first area; is depositing a second dope

pol ysilicon |ayedlingéad L i i ; sal

sem conduct or substgrat g,&@ gﬂpde@gﬁgﬁgﬁn}%ﬁgﬂgﬁlﬂléé‘%?gﬁg&gg%@gﬁ %d&qa St t|acon

| ayer to for i) uct.ures, st oppi on said
di el ectric stnere it %ﬁﬁgwﬁgﬁ %Hgg%‘gggd%mgggg%ﬁ%fﬁ ioigeﬁwf PUlseief Saﬁloped
in-situ with j iLhg said first type; 22 g. renoving said second
ni.tride mask délﬁ%%fsg%\r{ﬁd?‘lg athird nitride nmask over said 23 isolation

structure;

- 23, The méthod of claim 19 wherein said first doped polysilicon structﬁres have a
concentration of As or P ions of between about 1E14 atm/cm® and 8E15 atm/em?, said
second doped polysilicon structures have a concentration of B or BF, ions of between
about 1E14 atm/cm’ and 8E15 atm/cm’,and said source and drain regions are formed by
annealing said first doped polysilicon layer and said second doped polysilicon layer at a
temperature of between about 800°C and 1150°C for a time of between about 5 seconds’
and 60 seconds. |

é: -1 24. A method for forming a raised source and drain structure without using selective

2 epitaxial silicon growth, comprising the steps of

3 a. providing a semiconductor substrate having a first areaand a second area

4 wherein said first area has a well or a substrate of a first type and said second area has a

5 well or a substrate of a second type, opposite said first type; said first area and said second
6 area each having a gate area therein; said semiconductor substrate having an isolation
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24 h, renpving said dielectric structures to form gate openings having a
bottomand 25 sidewalls, and renoving said third nitride nask; 26 qrja MAY 2004
forming a liner oxide |layer on said bottomand sidewalls of said gate
openings; 31 ,3 MAY 200, 27 j. forming dielectric spacers on said |liner

oxi de | ayer over said sidewalls of said 28 gate openings; 29 k. renoving
said liner oxide:layer fromover the bottom of said gate openings and 30
fromover said first doped polysilicon structure and said second doped
polysilicon 31 structure;- 32 1. formng gate oxide layers in said gate
openi ngs on said sem conductor substrate, 33 formng a polysilicon |ayer
over said gate oxide |ayer, and planarizing said gate polysilicon 34 |ayer
to forma fi rsbuctysntherspiedsfining end separating; seidrfirst aspaend sabiseeorsioren shidfitse

el ectrode in said 35 second area; 36 m form ng source and drain regi ons by
di ffudsd ng i mpaed ang shid mecohd amee Bavimg # dieledtric 13yer depsaderpol ysi | i con structure
into said sem conductor substrate in said first area and 38 diffusing

inpurigty ions froin paethifpeaidficicaRaayeP e fosh dekOific StricdabiWRich Bﬁl?? i 39

sem conductor substrate in said second area; 40 n. formng a selt aligned
silicigde | ayeQhidQBtesfdad of QREEmRBhYRIrsGRRafedyer and said gate 41
pol ysilicon |layer; ’
11 c. forming a first nitride mask over said second area; |
( : 1; d. depositing a first doped polysilicon layer over said dielectric structures and said
‘ 13 semiconductor substrate in said first area, and planarizing said first doped polysilicon layer
14 to form first doped polysilicon structures, stopping on said dielectric structures; said first
15 doped polysilicon layer being doped in-situ with ions of said second type;
16 e. removing said first nitride mask and forming a second nitride mask over said
17 first area;
18 f. depositing a second doped polysilicon layer over said dielectric structlilfes and
19 said semiconductor substrate, and pianarizing said second doped polysilicon layer to form
20 second doped polysilicon strucmrés, stopping on said dielectric structures; said second
{_ 21 doped polysilicon layer being doped in-situ with ions having said first type;
22 g. removing said second nitride mask and forming a third nitride mask over said
23 isolation structure;
24 h. removing said dielectric structures to form gate openings having a bottom ‘it
25 sidewalls, and remdving said third nitride mask;
26 i. forming a liner oxide layer on said bottom and sidewq.lls of said gate openings;
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42 o. formng a first inplant nmask over said second area, and renoving said
dielectric 43 spacers in said first area to form spacer openings; 44 p.

i mpl anting ions of said second conductivity type through said spacer
openings to 45 formsource and drain extensions; 46 g. formng nd
dielectric spacer layer in said first area filling said spacer SSQQF@&NEmQQ
2004 47 openings; 48 r. renoving said first inplant nmask and formng a
second i nplant mask over said 49 first area; 50 s. renoving said
dielectric spacers in said second area to form second spacer 51 openi ngs;
52 t. inmplanting inpurity ions of said first type through said second
spacer openings 53 to formsource and drain extensions; 54 u. formng a

t hi r ®7di el ectric $pjomarg diglpetric spacegapulsaidiingn dxide layer oivérishid gidewdlls of prder 55
openi ngs; 56 v. annealing said sem conductor substrate to drive in said

i mpurdst y i ongateropsmings; 57 source and drain extensions. 62 w. planarizing
sai d second dielectric spacer layer and said third dielectric spacer 63

| ayerag and patt er Ri fgosiag Gaid B Ofide 1a9brSFint ber BRSRO6moRYAEd AN SpeniigSlatdi 1 d

di el ectric spacer

30 from over said first doped polysilicon structure and said second doped polysilicon
31 structure;
- 32 1. forming gate oxide layers in said gate openings on said semiconductor substrate,
33 forming a polysilicon layer over said gate oxide layer, and planarizing said gate polysilicon
34 layer to form a first gate electrode in said first area and a second gate electrode in said
35 second area,
36 m. forming source and drain regions by diffusing impurity ions from said first
37 doped polysilicon structure into said semiconductor substrate in said first area and
38 diffusing impurity ions from said second doped polysilicon structure into said
39 semiconductor substrate in said second area;
“ 40 n. forming a self-aligned silicide layer on said doped polysilicon layer and said gate
Lo 41 - polysilicon layer;
42 o. forming a first implant mask over said second area, and removing said dielectric
43 spacers in said first area to form spacer openings;
44 p. implanting ions of said second conductivity type through said spacer openings to
45 form source and drain extensions;
46 q. forming a second dielectric spacer layer in said first area filling said spacer
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64 layer to formcontact openings over said first doped polysilicon
structure and said second 65 doped polysilicon structure; and 66 x.
depositing a conductive material into said contact openings to form contact
67 plugs. 25. The nethod of claim 24 wherein said source and drain
extensions in said first area are fornmed by inplanting B or BF2 ®R@NgAY 2004
t hrough said spacer openings at an energy of 33 18 MAY between about 3 KeV
and 150 KeV and at a dose of between about 5E13 atmcn2 and 1E15 at m cn®,
and driving in said B or BF2 ions at a tenperature of between about 800 C
and 1150C and said source and drain extensions in said second area are
formed by inplanting As or P ions through said spacer openings at an

ener g§7 of betoRsBMgHbout 3 KeV and 150 KeV and at a dose of between about
5E13 atm cn? and 1E15 atm cnR2, and driving in said As or Pions at a
tenpefdature of betrweswviapecaid SRONGIM thadkld Cormefy a sEdTRPBAIRE ofdraki 24
wherein said source and drain extensions in said first area are forned by
i npl a#t i ng Adirstrardd; i ons t hrough sai d spacer openings at an energy of

bet ween about 3 KeV and 150 KeV and at a dose of between about 5E13 atnicn®
and #&E15 atnm cn®, koM j J r ;0N tenper at ure of

bet ween about 800&lagﬁgg%%%%gggﬁgc§aF%s?%ﬁgégggﬁg“%ﬁ%%ﬁﬁ%&?%ﬁgﬁﬁﬁé in said
secong area q;gﬁ%%rned by inmplanting B or BF2 ions through said spacer
openi ngs at aﬁ enefgy of between about 3 _ '

( 52 t. implanting impurity ions of said first type through said second spacer openings

53 to form source and drain éxtensions; |

54 u. forming a third dielectric spacer layer in said second area filling said spacer

55 openings;

56 v. annealing said semiconductor substrate to drive in said impurity ions in said

57 | source and drain extensions. |

62 w. planarizing said second dielectric spacer layer and said third dielectric spacer

63 layer, and patterning said second dielectric spacer layer and said third dielectric spacer
N 64 layer to form contact openings over said first doped polysilicon structure and said second
é- © 65 doped polysilicon structure; and

66 %. depositing a conductive material into said contact openings to form contact

67 plugs.

25, The method of claim 24 wherein said source and drain extensions in said first area

are formed by implanting B or BF, ions through said spacer openings at an energy of
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.KeV.gnd 150 KeV and at a dose of between about 5E13 atnicnR and 1E15
atmcn2, and driving in said B or BF2 ions at a tenperature of between
about 800' C and 1150'C. 27. The nethod of claim 24 wherein said finer oxide
l'layer has a thickness of between about 100 Angstroms and 500 Angstrons and
said gate oxide |layers have a thickness of between about 10 Angg@rigas 2ikd -
200 Angstrons. 34 13 MAY 2004 28. The nethod of claim 24 whereifi said

di el ectric spacers are conposed of silicon nitride and have a thickness of
bet ween about 600 Angstronms and 2000 Angstrons. 29. The nethod of claim 25
wherein said first doped polysilicon structures have a concentration of B
or, BF2 ions of between about 1E14 atm cnB and 8E15 atm cn8, said second
doped pol ysi bpiewan shquy 8 KeVewd h5¥ Ke¥ andataatvse ofttietyecn fibos SBI3 femiconiandf

bet ween about 1E14 atm cnB and 8E15 atm cnB, and said source and drain

regi ons are flEifraav/by’, anhdrbag ingeid Bicd BF;, ioss atdagepkryrade\of bétiveamabbangso°and

sai d second doped polysilicon layer at a tenperature of between about 800
C and | | 506 1150°@ ahd said sfurdecinivdRih exbedEibnsin ST @06k aréd e fildmedponds. 30.
The net hod of claim 26 wherein said first doped polysilicon structures have

a concent r aimglihtf MA%or PriorR thidfgh @id H ﬁée%ﬁmd@b&% eherBy dfbeftldbh @bhitand 8ELS

atm cnB, said second doped polysilicon s tures have a concentration of
B or BF2 i 0ngeQfanf5§'REV and at a dose of between about SE13 atm/em? and 1E15 atm/cr?, and

A,

driving in said As or P ions at a temperature of between about 800°C and 1150°C.

26.  The method of claim 24 wherein said source and drain extensiofls in said first area
are formed by implanting As or P ions through said spacer openings at an energy of
between about 3 KeV and 150 KeV and at a dose of between about 5E13 atm/cm? and
1E15 atm/cm?, and Idriving in said As or p ions at a temperature of between about 800°C
and 1150°C and said source and drain extensions in said second area are formed by |
implanting B or BF, ions through said spacer openings at an energy of between about 3
KeV and 150 KeV and at a dose of between about 5E13 atm/ecm? and 1E15 atm/cm?, and

L driving in said B or BF, ions at a temperature of between about 800°C and 1150°C.
27.  The method of claim 24 wherein said liner oxide layer has a thickness of between

about 100 Angstroms and 500 Angstroms and said gate oxide layers have a thickness of

between about 10 Angstroms and 200 Angstroms.
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about, 1 E14 atm cnB and 8E15 atm cnB, and said source and drain regions are

formed by

annealing said first doped polysilicon |ayer and said second

doped polysilicon layer at a tenperature of between about 800' C and 1150C
for a time of between about 5 seconds and 60 seconds. 35 B3 May 2004

o~

28, The method of claim 24 wherein said dielectric spacers are-composed of silicon

nitride and have a thickness of between about 600 Angstroms and 2000 Angstroms.

29.  The method of claim 25 wherein said first doped polysilicon structures have a
concentration of B or BF, jons of between about 1E14 atm/cm® and 8E15 atm/cm®, said
second doped polysilicon structures have a concentration of As or P ions of between
about 1E14 atm/cm® and 8E15 atm/cm®,and said source and drain regions are formed by
annealing said first doped polysilicon layer and said second doped polysﬂiqon layer at a
temperature of between about 800 °‘C and 1150°C for a time of between about 5 seconds

and 60 seconds.

30.  The method of claim 26 wherein said first doped polysilicon structures have a
concentration of As or P ions of between about 1E14 atm/cm® and 8E15 atm/cm?, said
second doped polysilicon structures have a concentration of B or BF, ions of between
about 1E14 atm/cm® and 8E15 atm/cm®,and said source and drain regions are formed by
annealing said first doped polysilicon layer and said second doped polysilicon layer at a
temperature of between about 800°C and 1150°C for a time of between about 5 seconds

and 60 seconds.
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