METHOD FOR FORM NG PLDD STRUCTURE W TH M NI M ZED LATERAL DOPANT DI FFUSI ON
100 r e e et r o rrrr BACKGROUND
OF THE | NVENTI ON *159159* 11111121 ilk [ 11 1111 1112121112112 ill "1) Field
of the Invention *000002* The invention relates to the fabrication of
integrated circuit devices, and nore particularly, to a method of
performng A-type inplantation in the Lightly Doped Diffusion (PLDD) area
of a gate electrode, preventing diffusion of boron as the p-type

impurity. This nore specifically for gate electrodes with sub- mcron
channel viengt ro)roBasati pt.bonsofudRePriTes Ar k1iSent s andusier pbesknol ogy
has for many years made progress by a continued effort to decrease device
dimensions in order to inprove Imteg/satogd CGreuit (1 C) device performance.
Metal Oxide Sem conductor Field Effect Transistor (MOSFET) vi ces form an
i ncreasi ng percentage of the total nunber of devices that ar@ WW
Integrated Gircuit (1C) applications. MOSFET devices are II

continue to increase in BAPREREMES  of ITHES @¥RREEE8A that by the vwysegs. 2000

MOSFET devices will constitute roughly 90%
ORI

1) Field ¢f the Invention *G00002*

‘ The invention relates to the fabrication of integrated
¥ircuit devices, and more particularly, to a method of performing
p-type implantation in the Lightly Doped Diffusion (PLDD) area of
4 gate electrode, preventing diffusion of boron as the p-type
fmpurity. This more specifically for gate electrodes with sub-

micron channel length.

2) Description of the Prior Art

Semiconductor technology has for many years made progress by
a continued effort to decrease device dimensions in order to
improve Integrated Circuit (IC) device performance. Metal Oxide
Semiconductor Field Effect Transistor (MOSFET) devices form an
increasing percentage of the total number of devices that are
tsed in Integrated Circuit (FC) applications. MOSFET device; are
expected to continue to increase in importance, it is expected
that by the year 2000 MOSFET devices will constitute roughly 90%
of the overall market. Reduction in device dimensions results in

a reduction in device power consumption. It is an accepted rule

1



of the overall market. Reduction in device dinensions results in a
‘reduction in device power consunption. It is an accepted rule 1 in

sem conductor technol ogy that device speed varies in-~=rsely wth the

| engt h of device features, device pomer consunﬁion i ncreases approxi mately
wi th the square of the devj ce feature g th. Current senlconductor

t echnol ogy* 5&W8§8H8§CF%EIEﬁ%P%ﬁ%R9y|9?aﬁh8 MR oPPRFY @SR O ESPLY. 5 pm
range where a nur, oer of lications already use feature size of about
0.2 pm Fi'tid é@ﬁe&?“?FBn%Fs DI FER-Ere ugﬁﬁl%it%ﬁﬁﬁﬁuﬁonquFUPPPa Lar ge
Scal e Integration (ULSI) %Rgllcatlons FET devices are forned using gate
el ect r odest"UEFSIPy 2RRAR* OP bt Y ST e AYaradPackmt der¥cslfegiade
source/drain regions to which source/drain contact surfaces are

est abl i shelPPIH tCé‘rBﬁgFCS?Y&I"ﬁ?“%mmﬂralteCMPaégSeﬁP}&Bm%rfe(ﬂ%)e size
transistor, has a gate electrod’ to which a voltage is applied. The gate is
created ont? I‘Fé‘eslmtlf:é@é BPd FURTTICRT Qbdt-rPakB, rEhse vHlrEye tThESSs Cappl i ed
to the gate creates an electric field that is perpendicular to the

i nterface 2RRRtIESEH cPFeagatade| @ee rivituned stihe sfibaPeat - Ihenareas . n the
substrate i Mmedi ately adjacent to the gate el ectrode are doped, thereby
varying their electric conductivity. These areas becone the source and

drain regions. By varying the voltage tha: is
Field Effect Transistors (FET) are used extensively in Ultra

Large Scale Integration (ULSI) applications. FET devices are
formed using gate electrodes, usually made of polysilicca, and
adjacent self-aligned source/drain regions to which sour:ze/drain
contact surfaces are established. In its basic form, a M2tal
Oxide Semiconductor (MOS) transistor has a gate electrod= to
which a voltage is applied. The gate is created on the sirface of
a silicon substrate, the voltage that is applied to the jate
creates an electric field that is perpendicular to the iiterface
between the gate electrode and the substrate. The areas .n the
substrate immediately adjacent to the gate electrode are doped,
thereby varying their electric conductivity. These areas become
the source and drain regions. By varying the voltage tha: is
applied to the gate electrode, the electric field in the
interface between the gate and the substrate can be vari~ed and,
with that, the current that flows between the source and the

drain regions. This electric field controls the flow of ~urrent



applied to the gate electrode, the electric field in the interface between
the gate and the substrate can be varied and, wth that, the current that
fl ows between the source and the drain regions. This electric field
contrels the flow of current 2 through the device fromwhich the nane of
Field Effect Transistor nas been derived. The type of device that is

creat edhandghhend yperiafe dreaswhibat tigd endieatredieDdCODf &CtT M sAsttdrt he
device are to a large extent determ ned by the type of dopant that is used
and t hgasppesgssérgv&ondi tions under which the dopants are applied. The
:reation of sem conductor devices typically starts with a bare
nonocrystalline silicon substrate, which is any material that can retain
dopant ions. Isolated active regions are created in the Surface of the

substrate. Fhe §%§éQ9@c§H€§kr%BgtfHEt$%%a€éﬂ¥§d@e%he0t&M@?o?rafa%ype i ons
(tmpurity inplants) for the creation' of various conductivity regions in or

on the surface ofedhes ssubstrahe:;The deyi g fRativtes that areqeated in

or on the surface of the substrate dictate the type of doping and the

dopi N GMLt 908 mFly 15LAACE, R00L e G PhASPROTGUSCaN, e Ued  as

[
respectively p-type and n-type dopants and can be doped into Dolysilicon

layersog%ckgggngoégﬁéfgaékg(EE%E§CL599§Sthe dopants are applied. The

creation of semiconductor devices typically starts with a bare
nonocrystalline silicon substrate, which is any material that can
retain dopant ions. Isolated active regions are created in the
s;rface of the substrate. The silicon substrate further receives
o-type or n-type ions (impurity implants) for the creation of
various conductivity regions in or on the surface of the
substrate. The device features that are created in or on the
surface of the substrate dictate the type of doping and the
doping conditions. For instance, boron or phosphorous can be used
25 respectively p-type and n-type dopants and can be doped into

>olysilicon layers or into polycide gate electrodes.

MOS devices are typically created on the surface of a
substrate after either a p-type or a n-type impurity has been
umplanted in the surface of the substrate, creating wells in this
surface of either p-type or n-type conductivity. NMOS devices

(also referred tc as n-channel devices) are, after that, created



MOS devices are typically created on the surface of a ;ubstrate after
either a p-type or a n-type inpurity has been inplanted in the surface

of 'the substrate, creating wells in this surface of either p-type or
n-type conductivity. NMOS devices (also referred to as n-channel devices)
are, after that, created 3 on the surface of a p-type well, PMOS devices
(al so pefeneesiutbacash-aclpanget devl cemoarevireat édlon tdissurd aoce of an
n-type cell. The type of channel underlying a MOS gate el ectrode is

det er mhpeg-byathel typea afs )canductextéy ai e sur@anel of hat n-stypdevel oped
under the transverse electric field of the gate electrode. Therefore, in

an n-channel Tpé NMS dedreeselt BRde EDPDUELd Wdsy gatet Bee€hadelisunder | yi ng
the transverse electrical field of the gate electrode is of the

conducti¥ibMi h¥@ep Nate 1t5peas30ebaligd: Wity v ¥Pe kRRHAEL I @SaSUGh as
arseni c or phosphorous. Tor p-channel (PMOS) devices, these inmpurities

conpri s@vROkPBd Olindd N HEM: ARGE rEBee gat €r &) ecldi0de rhage bggie creat ed,
Lightly Doped Diffusions (LDD) are typically inplanted in the surface of

the suBstkabge.sehdratdaned Wabhnthgagd e & egiosodes 1 whs! ebye N-type
?npurities are use for the LDD regions of NMOS devices and p-type

I mpuri tiasukelvi P EPRHLANSQf LRNDS devd cax Ahheketbise1ddie; gate

el ectrode is isolated by the formati on of gate spacers on
iield of the gate electrode is of the conductivity type that is
;ssociated with n-type impurities such as arsenic or phosphorous.
Tor p-channel (PMOS) devices, these impurities comprise boron or
iﬁdium. After the gate electrode has been created, Lightly Doped
JDiffusions (LDD) are typically implanted in the surface of the
substrate, self aligned with the gate electrode, whereby n-type
impurities are use for the LDD regions of NMOS devices and p-type
impurities for the LDD regions of PMOS devices. After this, the
Jate electrode is isolated by the formation of gate spacers on
~he sidewalls of the gate electrode, this is followed by forming
the source and drain regions of the gate electrodes. For the
source/drain implants the same type impurities are used as have
c>een used for the LDD implants, the difference between the LDD
implants and the source/drain implants is that the source/drain
implants are typically performed at higher implant energy and

losage that the LDD implants. In this manner the p-type implants

{(for PMOS devices) of the source/drain regions (PS/D) and the n-



=he sidewalls of the gate electrode, this is followed by formng she
source and drain regions of the gate electrodes. For the source/drain

i npl ants the sanme type inpurities are used as have Deen used for the LDD

i npl ants, the difference between the LDD inplants and the source/drain
inplants is that the source/drain inplants are typically perforned at

hi gher tiyppl amnblenes gyt andimdsosiagectBat of hehd DR untel/artsn tagidis manner the
p-type inplants (for PMOS devices) of the source/drain regions (PS/ D) and
the n 4nbype paRberdse (dipdMIRtdevhees)rficd b T0ur cabEt ahfe ragHiONS

(NS/ D) penetrate deeper into the surface of the substrate than the

correspaadicBYrPs bR dPLPR)yprnd ppby Pend M-DR)pd MDY S kPl ant Hiecd DD
regions. Dual gate transistor design is the é%sign where both NMOS and

PMOS devikceppareqgcsgeat ed on the sane chip. Earlier designs of Metal Oxide
Sem conduct or (N%E» devices primarily used PMOS design because only with
p- channel devices using n+-doped ?olysilicon gates and uniformlightly
doped n-substrates could acceptable values for Vt be attained. Inits

early histobyga1t§ere Corpl enmnarsMehak s O degSencamndiet ghe k QMd

transistor was Cconsidered to be onl'y an extension of the design for M3S
IC's. hat efogdvapceren S idk Al 6at tRB L &6hN01i19AY £a¥BSELY a8YEGAS of

Metal Oxide Semiconductor (MOS) devices primarily used PMOS
;esign because only with p-channel devices using n'-doped
solysilicon gates and uniform lightly doped n-substrates could
acceptable values for V¢ be attained. In its early history, the
Zomplementary Metal Oxide Semiconductor (CMOS) transistor was
considered toc be only an extension of the design for MCS IC’'s.
Later advancements in fabrication technology, mostly due to
improvements in ion implant techniques, allowed for PMOS devices
~0 be replaced with NMOS devices. The larger drive current of
NMOS devices results in faster speed of these devices, which
results in NMOS devices becoming the dominant type of device in
che IC industry. NMOS devices however exhibited severe
limitations in power density and power dissipation, causing CMOS
devices to become the dominant technology for IC device
nanufacturing. With the arrival of CMOS devices, a renewed
interest in PMOS devices developed. CMOS employs both NMOS and

PMOS devices to form logic elements. The advantage of CMOS is



i nprovepents in ion inplant techniques, allowed for PMOS devices to be
repl aced with NMOS devices. The larger drive current of NMOS devices
results in faster speed of these devices, which results in NMOS devices
becom-ng the dom nant type of device in the IC industry. NMOS devices
however exhibited severe I|imtations in power density and power

di ssi patiaon,itcalsigng MO esalacesilgnilfécone ¢herdaomardit duechaotiogy for 1C
device mnufacturing. Wth the arrival of CMOS devices, a renewed

i nt er estransiRMO8 devincese devel opechteCOSteaAPD Dysr botil eNMDBwand vEMOS
devices to formlogic el enents. The advantage of CMOS is 5 that its logic
devi ceslidrtaw shugmriehitchatween rants amapsdutbng the transition fromone |ogic
state to the other while drawing very little current between this
transition. The scaling of the CMOS devices in the sub-m croneter device
range presents a mmjor challenge. For the fabrication of p- channel and

n-channel deMLezalitgdepeeh®atw |dsaregat @St RE esudseit faeidkli Bgvide
functional asymetry. A nunber of techniques nave been used to assure that

the p-channely@ndtsCRanaehr deyd LR geal @oeORRL et 8bYi SHTHL Idecal in their
performance characteristics such as threshold vol tages, device di nensions

and dopiighhi |84 hhenBngbangeli deyi ¢e hsped WoBpSa 1QnmegRYEaC LI NG, a

surface
ased resulting in functional asymmetry. A number of techniques
nave been used to assure that the p-channel and n-channel devices
are completely symmetrical in their performance characteristics
sﬁch as threshold voltages, device dimensions and doping while
the p-channel device is, for ease of manufacturing, a surface
channel device. These devices are made using undoped polysilicon
for the gate structures that are simultaneocusly doped at the time
that the source/drain regions of each type of device are
implanted. This leads to special manufacturing problems caused
oy, among others, diffusion of impurity implants through the gate
oxide into the channel region thereby changing the threshold
voltage of the device. Another concern in creating dual-gate CMOS
devices is that various dopants may inter-diffuse between

adjacent regions, an effect that can become critical at high

anneal and other processind temperatures.



channel . devi ce. These devi ces are nmade usi ng undoped polysilicon for the
gate structures that are sinultaneously doped at the tine chat the
source/drain regions of each type of device are inplanted. This leads to
speci al manufacturing problenms caused cy, anong others, diffusion of
inmpurity inplants through the gate oxide into the channel region thereby
changi ng t héntheeshdl MOV oldwige coeehehdesver. refnottesr sbontermanmeler eat i ng
dual -gate CMOS devices is that various dopants may inter-diffuse between
adj acentengedi,onse aesefdf ecf dhatancad begdoes cwitth cdlorat cheghel aleresih and
ot her processing tenperatures. 6 |Increased CMOS devi ce speed however
requi r exeshkartts channel proehgtd mdshe ydeshgared ¢ clesrmels dévidopsnagv 4rd shor t
channel |length presents unique problens nostly centered on nethods of
dopi ng mtketpaaketnt Apfant shd atedile dedi op ame rpaddte thapachesbat t hese
met hods have on PMOS devi ce characteristics. A technique used for instance
t 0 creatsndeepaavandn NEMODWEYvildyplchnatracksri Ot 1 Ol as@echiniphantseqaefgy and
i npl ant dosage. This approach however nay negate the self-alignnment aspect
of the idgaaries tohereatbedgader #lectaredecseimesarass d sShicelidcandsé he
i npl ants beconme in this way aligned around the gate el ectrode. The high
i npl antLgnengy castgydesageniPyntl @fldayel. NThirpl apb r penetveativer whyough the
gat e

negate the self-alignment aspect of the implants where the gate

electrode serves as a shield and the implants become in this way
aligned around the gate electrode. The high implant energy and
dgsage may result in implant penetration through the gate
electrode, thereby affecting the gate threshold voltage
nserformance while the high implant energy and dosage may further
affect the thin layer of gate oxide underlying the gate
electrode. It is therefore critical to design an implant method
and sequence where gate penetration by implant dopants is not a

factor.

Various types of implants are used in the industry to create
semiconductor devices. Implants can be a well implant, which is
performed to provide a more uniform background doping in the
surface of the substrate, A punch-through implant provides a

channel with greater robustness to punch-through voltage. A



el ectrode, thereby affecting the gate threshold voltage performance while
the high inplant energy and dosage nmay further affect the thin |ayer of
gate oxide underlying the gate electrode. It is therefore critical to
design an inplant method and sequence where gate penetration by inplant
dopants is not a factor. Various types of inplants are used in the
i ndust epreshchebt einlaritc eredgctoe Heveégresholdmpicdnegecah dedevived | i npl ant
which is performed to provide a nore uni form background doping in the
surfacdloket e TeBSIrate. A punch-through inplant provides a channel wth
greater robustness to punch-through voltage. A 7 thresh-hold inplant sets
the thresh-hold voltage of a device (like an IGFET). A p-well inplant can
be provided by boron at a dose in the range of 1x1012 to 1x1013 atons/cn®
and an ener gyprwetheim@irge ofen bOOptrovidad Kiy dagloackton ¢o$¢ sin ahe
punch-through inplant can be_ provided by boron at an dose in the range of
1x1012 rhogéx2018x 1 @t os/ txP0 Andt ams Amer gydi ant eer@nge ahed®ahge 100 kil o
el ectron volts, the thresh-hold inplant can be provided by boron at a dose
in theloange 1XA0421¢-eeleckitd abans) calpanch-arhenghgymphatbecaange of 1 to
30 kilo electron volts. A channel inplant can have a

provided by boron at an dose in the range of 1x10'% to 1x10%?

atoms/cm’ and an energy in the range of 40 to 100 kilo electron
yolts, the thresh-hold implant can be provided by boron at a dose
in the range 1x10* to 1x10™® atoms/cm® and an energy in the range
of 1 to 30 kilo electron volts. A channel implant can have a
poron concentration on the order of 1x10' atoms/cm®. Implants can
also use arsenic; this can form an n-doped region. A heavy doped

implant for instance is 3-5%x10"°/cm® of arsenic at 50-80 keV.

Decreasing device dimensions has resulted in decreasing the
channel length of gate electrodes, that is the lateral distance
between the source and drain regions of the gate electrode is
reduced to where this dimension approaches 0.2 pum or less. As the
channel length 1s reduced, the gate electrode must also be
reduced in the vertical direction, which further brings with it a
reduction in the distance that the source/drain regions can
penetrate into the surface of the substrate. This latter requires

precise control of the distribution of the impurity dopant of the



ooron concentration on the order of 1x1017 atons/cnR. |Inplants can also
use arsenic; this can forman n-doped region. A heavy doped inplant for

i nstance is 3-5x1015/cn? of arsenic at 50-80 keV. Decreasing device

di rensions has resulted in decreasing the channel Iength of gate

el ectrodes, that is the lateral distance between the source and drain

r egi onsoofct¢ hengatm iel eclgiode .i This eshtigdicent d swiiet-eht hi sg@ht dwetsicon
approaches 0.2 pmor less. As the channel length is reduced, the gate

el ect r ederausilad srdeegieducedei arédmse/ent ittal sdirfecéi on,thehi ch furt her
brings with it a reduction in the distance that the source/drain regions
can penpettcafeéraim arddionsurihacedot tdhersiihst raheacthissiatieirty equires
preci se control of the distribution of the inpurity dopant of the 8 source
and dr ahaseege@isns ThiTheprsehkenive §rswiterofaggravatedidahetie: siad i ci ded
regions are created on the surface of the source/drain regions in order to

reduceneedtdactor egdsd iadritaco rekhesenc€giidls .t hEhaesal eght vén draomdrh of the
salicide that is needed for good contact resistance with the netalization

layer -egQukéesa ard£aGldrOBRALVREENE helonasid adybayst b1 s@ldecide
naterial, for instance titanium and the underlying silicon. The titanium

that isatermed, ofod hehSuface iehnt Bg, COM adle (RWeRNSinhSOUT £&I AN AlR

regi ons) nust be w de enough to accommodate the
titanium that is formed on the surface of the contact regions
(source/drain regions) must be wide enough to accommodaie the
cohotolithographic limitations in forming contact openings to the
s;urce/drain regions. This results in a wider device. Also, since
silicon is consumed in this process, the junction depth of the
source/drain regions is difficult to control and dopant depletion
zan occur in these regions. Furthermore, formation of the deep,
1eavily doped junctions for the source/drain regions can result
in dopant diffusion under the gate region thereby reducing the

2ffective channel length of the MOSFET, leading to the so-called

“short channel effect”.

One of the key factors that affects the reliability of FET
devices of small geometry is caused by the shrinkage of the
channel length and channel width. To overcome problems associate
~#ith short and narrow channel effects is therefore an important

concern in the design of FET devices. Gate oxide integrity can



photolithographic limtations in formng contact openings to the
Source/drain regions. This results in a wi der device. Also, since silicon
is consunmed in this process, the Junction depth of the source/drain
regions is difficult to control and dopant depletion can occur in these
regions. Furthernore, formation of the deep, zeavily doped junctions for

t he souflee/ deanegateigiadns addrcrtesuby the opantcrdietf a§feot untiertitehe gat e
region thereby reducing the affective channel |ength of the MOSFET

| eadi ngatoithe sar caldwede "sstiditiehanaed ref ffoctd' théeneaodérshes ket fiact or s
that affects the reliability of FET ievices of small geonetry is caused by
t he shripkdgéetbé fiheld Charaidlell engthe apthrchaehewsdbbtrdite oserons |,

probl ens associate iith short and narrow channel effects is therefore an

i mport anksecoacetfdrs mahe rdesifgr atr&Ed deviestrGaketoxtide dadegrity can 9
al so be negatively affected by the hot-carrier effect. If the Carriers can
acqui r exsdef Lot enfaenergyrdyomrifhethayetlad @liert roaductiehdoditdearfd,el d
parallel to the plane of the substrate surface), these carriers my

transf entaceessyt het suhstatdion bd themgayea oddexinkerhace dhereby
affecting the oxide conduction band and, iltimately, its function of

form nglacgateadxseleatayiesn OfTthe: kgettical £ sepanatiroer he elestrdrc field
barrier for electron
injection is smaller than it is for hole injection. This problem

is therefore more prominent in n-channel MOSFET’s because

2lectrons form the charge carrier in the device channel.

Specifically addressed by the invention are concerns of gate
2lectrode design that arise as the physical geometry of the gate
2lectrode is reduced. With this reduction the channel length is
3lso reduced, creating the previously indicated short channel
2ffect. In particular, in creating PLDD structures for which
coron is used as an impurity implant, the tendency of high
diffusivity of boron into the surrounding silicon substrate
affects the threshold voltage and the device drive current, thus

affecting the PMOS device performance characteristics.

In a typical processing flow, PLDD implantation 1s performed
before S/D implantation and anneal of the implanted impurities.

C'his anneal step will further enhance the diffusion of the boron

10



injection is smaller than it is for hole injection. This problem is
therefore nore promnent in n-channel MOSFET's because electrons formthe
charge carrier in the device channel. Specifically addressed by the

i nvention are concerns of gate electrode design that arise as the physical
geonetry of the gate 3lectrode is reduced. Wth this reduction the channel
| engt h firem ahsorrLeducesh ooy dattionghthei pi evh ouslepnaadihcanedgstert channel
affect. In particular, in creating PLDD structures for which boron is used
as an isnpdticbyel nphaat intdre ittendedeyseés htighs ditffarsiavbbytodf bawan i nto the
surrounding silicon substrate affects the threshold voltage and the device
drive cguteedesighus affecting the PMOS device performance characteristics.
In a typical processing flow, PLDD inplantation is performed before S/D

i npl antation and anneal of the inplanted inpurities. Phis anneal step wll
further enhance the diffusion of the boron 10 fromthe PLDD regions into
the siliconugnderogasést tieuigate etebect r sdews Thigrdawssnivhene atis essmEs, t hi s

| atter aspect of CMOS gate design. US 6,103,563 (Lukanc et al.) shows a
processiswineradt be/bDLOR: tMNGidd and BbhBaaee, fedrecbiand iandeahed, $dhen PLDD

is formed. See Figs. 2a to 2h, also see col. 5, lines 7 to 43. In

conparim@gsUS2a to 2h, also see col. 5, lines 7 to 43. In comparing US
6,103,563 (Lukanc et al.) with the instant invention, it must be
oointed out that US 6,103,563 (Lukanc et al.) is not compatible
with the salicide process. In addition, US 6,103,563 (Lukanc et
al.) is aimed at reducing the mask count and not at reducing the
lateral diffusion of dopant. Even though the PS/D implant is
serformed prior to the PLDD implant, the photoresist mask is
still in place at the time of the PS/D implant, which is not
suitable for the S/D annealing process. Therefore, under US
5,103,563 (Lukanc et al.) the S/D anneal must be performed after

the PLDD implant and after the remcval of the photoresist. This

approach does not reduce lateral dopant diffusion.

US 5,998,272 {(Ishida et al.) discloses a "reverse LDD"
orocess where the LDD is formed after the S/D anneal. In
comparing this invention with the instant invention, it must be
coointed out that the process flow that is provided by US

5,998,272 (Ishida et al.) is not compatible with the creation of

11



6,103,563 (Lukanc et al.) with the instant invention, it nust be pointed
out that US 6,103,563 (Lukanc et al.) is not conpatible wth the salicide
process. In addition, US 6,103,563 (Lukanc et al.) is aimed at reducing

t he mask count and not at reducing the lateral diffusion of dopant. Even

t hough the PS/D inplant is 3erfornmed prior to the PLDD inplant, the

phot or esrdérbask ¢entastitid. Winhpkace akclieidn,mehef bbldePE2E: | apltantt, whi ch
is not suitable for the S/D annealing process. Therefore, under US

6, 103, 263, (Lukancuets aag), A7ze (Sshiaaneal anmust levdperfrot sty abi ethe t he PLDD
i npl ant and after the renoval of the photoresist. This approach does not
reduceshatecal otdopwntsmi fidisioan. THSs Sm&P8caAvs: (drehiodaueteate )ofli scl oses a
"reverse LDD'" process where the LDDis forned after the S/D anneal. In
conpar iiegkhbeScunvent i GyetMddn tthe tastast taverd isourcet/drast begiga nt ed
out that the process flow that is provided by US 5,998,272 (lIshida et al.)
i S not aganpati bheraed hof hhecrszat iregiohs Lloboriderd agssconhaet sceMitiv,zer o
excl usion, the borderless contact can, under US 5,998,272 (Ishida et al.),

l'and par thakkymep dbeur swdmeenofhtheoSTact egi ahe HYiDS rEBYosaused tde:
occurrence of |eakage current (between the contact to the source/drain
regi onsuraadet be ch& face iqildye) SThn 898005In Orthd HrRCWBESELERSEE aaEnari o,
5,998,272 (Ishida et al.) is not compatible with self-aligned
contacts (SAC). The process that is provided by US 5,998,272
(Ishida et al.) contains spacers or, even in the case where no
spacers are provided, this approach is not suitable for the SAC
orocess. Typically, the SAC process uses a hard mask for the gate

2lectrode and uses nitride as an etch stop layer for the etching

of the gate spacers.

UsS 6,074,906 (Cheek et al.) and US 5,399,506 (Tsukamoto)

show related processes.
SUMMARY OF THE INVENTION
A principle objective of the invention is to reduce lateral

iiffusion of boron impurities into adjacent channel regions for

application where a boron impurity is used as a p-type impurity
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a short may occur (between the contact to the S/D regions and the surface
of the STl regions). In addition, the process flow of US 5,998,272 (Ishida
et al.) is not conpatible with self-aligned contacts (SAC). The process
that i.s provided by US 5,998,272 (lshida et al.) contains spacers or, even
in the case where no spacers are provided, this approach is not suitable
for themBA@ntpfocess: chyppitdan pf LhehSAC Prmsess fifsesoa habd) mesiicher t he
gate electrode and uses nitride as an etch stop layer for the etching of
t he gatferspaeros.ddSids 074, 906 (Cheek et al.) and US 5,399,506 (Tsukanot o)
show rel ated processes. SUMVARY OF THE | NVENTI ON A princi pl e objective of
the invention is to reduce lateral diffusion of boron inpurities into

adj acent channel regions for application where a boron inpurity is used as
a p-type i npuothyr di2jeamlvantoff ahet hevenentn drs afo pirghtdy Dapechdd ff usi on
(LDD) regions for a PMOS device. Another objective of the inventionis to
provi degca methodeat oon tdie AMOSatdeoncot WS wewcesliitieseby &hep-tiyifeusi on of
p-type LDD inpurities that is caused by the anneal process of the LDD

i mpl antupips ihgaBYetes that is caused by the anneal process of the LDD

implant is removed.

Yet another objective of the invention 1s to provide a
nethod for the elimination of PLDD diffusion of boron into
adjacent silicon of the substrate that can be applied to the

creation of PMOS devices that have a sub-micron channel length.

In accordance with the objectives of the invention a new
nethod is provided for the creation of PLDD regions that is aimed
at reducing lateral p-type impurity diffusion. The process starts
vith a silicon substrate on the surface of which gate electrodes
1ave been created. An NLDD implantation is performed self-aligned
~ith the NMOS gate electrode, a layer of oxide (oxide liner) 1is
deposited over the structure over which a layer of nitride is
leposited over which a first layer of top oxide is deposited.
Tirst gate spacers are formed by etching the first layer of top
>xide, stopping on the nitride layer. NS/D and PS/D implants are

cerformed self-aligned with respectively the NMOS and the PMOS
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Yet anot her objective of the invention is to provide a nethod for the
elimnation of PLDD diffusion of boron into -adjacent silicon of the
substrate that can be applied to the :reation of PMOS devices that have a
sub-m cron channel length. In accordance with the objectives of the
invention a new TLethod is provided for the creation of PLDD regions that
is ai madviats) egiuci P liataralcapibypeatdpikridat odi.f frusi 6brsTheatpr esasie starts
gith a silicon substrate on the surface of which gate el ectrodes nave been
creat edpalfar NLOR: | Flandcat iz0mLD® pepiof teed selifs peirgpedledWsd hrt he NMOS gat e
el ectrode, a layer of oxide (oxide liner) is deposited over the structure
over whighnad! ayer ©fe niMod datieSelbeppsid eth aveondhiiahea &f risdp layere of top
oxide is deposited. First gate spacers are forned by etching the first

| ayer ok HeposoOkédleovet o RG rapttihe and réwadayer fon/ BhanseRSID i npl ant s
are Derformed self-aligned with respectively the NMOS and the PMOS 13

devi cegatthepSt&xs npl anfatdiorwaane annewd adiosThed iPMes gate oxide spacers
are renoved, a PLDD inplantation is performed self- aligned with the PMOS

gate eleettpdges A seconddiayelqabntopo OXp fe-edS ndepasptedaovieserd he
structure and etched to formthe second gate spacers on the sidewalls of

Lhe B'N@%mﬁfﬂgtgﬁ/m:lgélt@atee'&%tdt%aés Abh ee tdir 192Q@UERGE 1 861 R§ OCessi ng st eps
as een

conventional methods of gate electrode processing.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of a semiconductor surface, a
3TI region has been defined in the surface of the substrate. A
PMOS and a CMOS gate electrode have been created on the surface,
an NLDD implantation has been performed, an oxide liner has been
leposited over which a layer of nitride has been deposited. A
first layer of top oxide has been depositéd over the layer of

ritride.

Fig. 2 shows a cross section of the structure of Fig. 1
1fter the first layer of top oxide has been etched, stopping on
the nitride layer, creating first oxide spacers on the sidewalls
>f the gate electrodes. NS/D and PS/D implantations have been

>erformed, the S/D implants have been annealed.
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conpl eted, the gate el ectrodes can be conpleted follow ng conventional

nmet hods of gate el ectrode processi ng. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 shows a cross section of a sem conductor surface, a 3Tl region has
been defined in the surface of the substrate. A PMOS and a CMOS gate

el ectrode have been created on the surface, an NLDD inplantation has been
perfornmed, apngoxsdéndiN@&hehasobeeBectepsdt et pver avheehte | @yte of nitride
has been deposited. A "irst layer of top oxide has been deposited over the

layer @bacBkbrhee dddh r2n@RQWS okl 068 SE&WANN Ohrt Rgesyatigture of Fig. 1
after the first layer of top oxide has been etched, stopping on :he

nitridelkayebdes| eptdmainfd =9t a@Xbeenspacess U ddigesi.deval I's )f the gate
el ectrodes. NS/D and PS/ D i npl antati ons have been Derformed, the S/D

i npl ants have been anneal ed. 14 Fig..3 shows the cross section of Fig. 2

after the oxide spacers have been renoved fromthe sidewalls of the gate

el ectrodes, rPsDDy i sppdvantatd @rolRas sbeenopesf origed.3 kift@erdashovsnd he cross
section of Fig. 3 after a second |ayer of top oxide has been deposited.

Fig. 51sRewsckhessrossisastd ereaf dEpgside@fter the second

Fig. 5 shows the cross section of Fig. 4 after the second
layer of top oxide has been etched, stopping on the oxide liner
layer, creating second oxide spacers on the sidewalls of the gate
electrodes. The layer of nitride has been removed from the

surface of the substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 1, there is shown a cross
section of a semiconductor surface 10, further shown in cross
section in Fig. 1 are:

s 12, a STI region defined in the surface of the substrate 10,
this STI region electrically isolates the NMOS device 11 from
the PMOS device 13 that have been created on the surface of
substrate 10

@ 11, a NMOS device created on the surface of substrate 10

¢ 13, a PMOS device created on the surface of substrate 10
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| ayer of top oxide has been etched, stopping on the oxide liner |ayer,
creating second oxi de spacers on the sidewalls of the gate electrodes. The
| ayer of nitride has been renoved fromthe surface of the substrate.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now specifically to Fig.
1, there is shown a cross section of a sem conductor surface 10, further

shown ,n 7 0S%c $86LI B tRHe Fibhe ki1@I®roddZorard @Dy defhned in the
surface of the subsfrate 10, this STl region electrically isolates the

NMOS devi.c fro t he, PMOS devi.ce .13 t ha ve n, cr.eat on the
surfacg ofﬁ §%535¥§%e0?0t ij?aEfr&&5§9£89Fc8%c?§%t%%ﬁgﬁ“?ﬁgesESface of
substrate 10 13, a PMOS device created on the surface of substrate 10 15
14, th&. biotty 3% NP8 §3PE2RF eth 3 od¥ 0P ohe PRVERTERY t-FATNe FEITEHRE body of
the gate el ectrode of the PMOS device 13 15, an NLDD inplant that has been
per f or medPd MY SHE teurPactel b3 i@ atéh16PesBPS J3ghed with the NMOS

gate 11 0 18, a layer of pad oxide that has been formed over the surface
of substrie adyprEiroPtt Baghexidr ndtdtornast bere §areed| @y ddes surfaghd 13

of substrate 10 prior to the formation of the gate electrodes
11 and 13

» 20, a liner layer of oxide has been deposited over the surface
of the substrate, including the surface of the gate electrodes

' 11 and 13

¢ 21, a layer of nitride that has been deposited over the
surface of the layer 20 of oxide liner

# 22, a first layer of top oxide, deposited over the surface of

layer 21 of nitride.

STI regions 12 can be created using a number of methods. For
instance, one method is the method of creating Buried Cxide (BOX)
isolation used for shallow trenches. The method involves creating
trenches in the surface of substrate 10, filling the trenches
with a chemical wvapor deposition (CVD) of silicon oxide (S1i02)
and then etching or mechan%cally or chemically polishing ghe
surface of the deposited silicon oxide in order to create a

olanar surface. The shallow trenches that are etched for the BOX
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3 20, a liner layer of oxide has been deposited over the surface of the
substrate, including the surface of the gate electrodes 11 and 13 21, a
| ayer of nitride that has been deposited over the surface of the |ayer 20
of oxide liner 22, a first layer of top oxide, deposited over the surface
of layer 21 of nitride. STl regions 12 can be created using a nunber of
met hodgrokebs knst amis;t e dmtijod 1esma hetcretdhachtef tereat il hgoBuri ed Oxi de
(BOX) isolation used for shallow trenches. The method invol ves creating
trenchespisirbbe swdface wfpisidstr akewdOn §i2 ldmy d.lve phr aBepessTmi th a
chem cal vapor deposition (CVvD) of silicon oxide (SiQ2) and then etching

or nmechawiieak! ¥rert¢hesd ey | aoReld Shi Bget Hert £ face alivkbheadeposdded
silicon oxide in order to create a planar surface. The shall ow trenches

that argtetehadvieest fiea Bl ERREEss BF€oNisdtdiHael by phasma et ched
into the silicon substrate and are typically between 0.2 and 0.5 pm deep.

STl regibeRsadke tYphcCadpoh frdieen avbhe sowd ases afood smbsteake around
active devices that are forned in or on the surface of the substrate, to a
dept h bet ween about 2000 and 5000 Angstrom Anot her approach in form ng STI
regions 12 in the surface of

Another approach in forming STI regions 12 in the surface of
substrate 10 is to deposit silicon nitride on a layer of oxide
that has been thermally grown on the surface of substrate 10.
After deposition of the nitride, a shallow trench is etched into
the substrate 10 using a mask. A layer of oxide is then deposited
into the trench so that the trench forms an area of insulation
dielectric, which acts to isoclate the active devices. The excess
deposited oxide is polished off and the trench planarized to
porepare for the next level of metalization. The silicon nitride

serves as a stop layer for the CMP polishing.

Typically, a blanket layer 18 of pad oxide can be formed
over the surface of a silicon substrate through a thermal
oxidation method at a temperature of about 900 degrees C. for a
time period of about 10 to 20 minutes. A layer of pad oxide 1is

cypically formed to a thickness of about 150 Angstrom.
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substrate 10 is to deposit silicon nitride on a | ayer of oxide that has
been thermally grown on the surface of substrate 10. After deposition of
the nitride, a shallowtrench is etched into the substrate 10 using a
mask. "A |l ayer of oxide is then deposited into the trench so that the
trench forns an area of insulation dielectric, which acts to isolate the
active devi deg. tThecegegessn depodivicedadxipdeei slpotistredushf aagdtehe trench
pl anarized to prepare for the next |evel of netalization. The silicon
nitrideleaamvele a4 andt b sapwer ifrorcricke EMPrpohi Shifigy. Typiecakkyyr af bl anket
| ayer 18 of pad oxide can be formed over the surface of a silicon

subst r gid tdindugh ast heposltedxdwdat itor NMeyvhedlatof danpendder endf about 900
degrees C. for a :ime period of about 10 to 20 m nutes. A |layer of pad

oxi de ietcHepiueahly photakdtioymdihi donessedf babant sdiSbpAngpoignetd. For t he
creation of a typical gate electrode such a gate electrode 14 and 16 shown
i N CrosEheseaidiono Mokmgthd, bady ayerchef gapel ysebicote i endepesicthedlayer t he

| ayer 18 of gate oxide and etched using photolithography followed by

ani sot repigplgolayidetteb. laydheofigdtd @xdidlemtirba bbodye ofhd henrgatce efect r ode
removes the layer of poly and the |ayer of gate oxide from above the
surfaceswstsatestinatie d6condaccordancehs phtthenpaf tieran gftet he gate

electrodes 11 and 13.

After the gate electrodes 11 and 13 have been created,
comprising the layers 18/14 and 18/16, a self aligned NLDD

implant 15 is performed into the surface of the substrate 10.

The NLDD implant 15 is and NMOS implant, typically performed
using arsenic or phosphorous ions as a n-type impurity source
~whereby the 1ons are implanted with an implant energy of between
about 1 to 10 KeV and an ion concentration of between about 1E14

and 1E16 atoms/cm?’.

Layer 20 is an oxide liner, layer 21 is a layer of silicon
nitride. Combined, these two layer form a passivation layer
formed over the surface of_the substrate 10 and the gate
2lectrodes 11 and 13. Passivation layers typically contain an

oxide or nitride, they can also contain Si02 that is deposited by

o
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el ectrodes 11 and 13. After the gate electrodes 11 and 13 have been
created, conprising the layers 18/ 14 and 18/ 16, a self aligned NLDD
inmplant 15 is perforned into the surface of the substrate 10. The NLDD
inmplant 15 is and NMOS inplant, typically performed using arsenic or
phosphorous ions as a n-type inpurity source whereby the ions are

i npl antadh sdat A canoiwvmpéapd r £nerqy, of shetrpeeRidabragerd, ta0 pl@siKeV and an ion
concentration of between about 1E14 and 1E16 atons /CM2. Layer 20 is an

oxi de ldmemhcedanekr2dei Saget AyLrLrafvpsbkiaen sniidddenitzanpi neduséhese two
| ayer forma passivation |layer forned over the surface of the substrate 10

and the; galeivakeehr 0desr Iduand, 1i3:s Bassh¥at tOMptYRIS dnyRhpakhy¥ag0pat ain an
oxide or nitride, they can also contain SiQ2 that is deposited by 18 plasna

at - | ow g amperatll 8sisausAQR) axdida d awglriai phasdly . eyanaedonksride |ayer,
a LPCVD oxide. Silicon nitride is used as a passivation |layer due to its

abi | tys#10 Qyrovii@eiaB LPST FEAE & RAGH 8bat OngDEsd Mg ARG LRDBLI e .
inmpurities (e.g. sodiumions). Silicon nitride also fornms a tough coating

that pralRchs al iHRdgebylagedi M ear alednekr flkhaR0d NHaREhani cal danage.
Layer 20 of oxide liner is native oxide or thermally grown
Layer 20 of oxide liner is native oxide or thermally grown
oxide or CVD deposited oxide, to a thickness of between about 100

and 500 Angstrom, layer 21 of nitride is deposited next.

Layer 21 of silicon nitride is deposited over the surface of
the oxide liner layer 20. The layer 21 of silicon nitride (Si3Ng)
can be deposited hsing LPCVD or PECVD procedures at a pressure
between about 300 mTorr and 400 mTorr, at a tgmperature between
about 600 and 800 degrees C., to a thickness of bé£;éen abdu£
2000 and 3000 Angstrom using NHiz and SiH¢. The silicon nitriaé
layer 20 can also be deposited using LPCVD or PECVD procedures
using a reactant gas mixture such as dichlorosilane (SiClzHz2) and

amonia (NHs).

Layer 22 of tob oxide can be grown on the surface of the
deposited layer 21 of nitride in a low power furnace. This at a

temperature within the range between 750 and 800 degrees C. for a
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oxi de or CVD deposited oxide, to a thickness of between about 100 and 500
Angstrom |layer 21 of nitride is deposited next. Layer 21 of silicon
nitride is deposited over the surface of the oxide liner layer 20. The

| ayer- 21 of silicon nitride (Si3N4) can be deposited using LPCVD or PECVD
procedures at a pressure between about 300 niforr and 400 nmTorr, at a

t enper atitee phet veeni tabouthes5GR ngrd 800 cegt@emdC.60 manatkhi ekness of

bet ween about 2000 and 3000 Angstrom using NH3 and SiH4. The silicon

ni tri dehilayess2Petadernl s dre 1d@poshtedo UG Agy dtPCMD ok yPECYD psaeedur es
using a reactant gas m xture such as dichlorosilane (Si Cl2H2) and anonia

(NH3) leapenadd 0hyéoproxiwe: carakeodr ewnr ORst hesasnifracea0f §hee deposited
| ayer 21 of nitride in a |ow power furnace. This at a tenperature within

the ranggdegkwesn ¥B9 ek 80Q degruess1C. af@ria 19 time period within the
range between 30 and 60 mnutes to a thickness between about 1000 and 5000
Angstrom Layer 22 fornms the base |ayer for the creation of first
(sacrificial) gate spacers for the gate electrodes 11 and 13. Gate spacers

for gate el egikodgscare typigAld pieteabgds Usida: v danietyegfcauierial s

such as silicon oxide, BSG PSG other nmaterials preferably of a

di el ecty ivaatyr 8f LYE2OXdXE HINRE silicon oxide, BSG, PSG, other
materials preferably of a dielectric nature, CVD oxide formed
from a TEOS source. The preferred material of the invention for
layer 22 is silicon dioxide (S:02), deposited over the surface of
the layer 21 of silicon nitride using LPCVD procedures (for
better step coverage) at a pressure between about 200 mTorr and
800 mTorr, at a temperature between about 600 and 800 degrees C.,
deposited to a thickness between about 1000 and 5000 Angstrom
using TEOS. The silicon oxide layer 22 can also be deposited
asing LPCVD procedures using a reactant gas mixture such as

dichlorosilane (SiClz2H2) and Oa3.

Fig. 2 shows a cross section of the structure of Fig. 1
after the layer 22 of top oxide has been etched, stopping on the

nitride layer 21. Shown in Fig. 2 are:

o first oxide spacers 24 created on the sidewalls of the gate

electrodes 11 and 13

* NS/D implant 26 has been performed
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.froma TEGCS source. The preferred material of the invention for |ayer 22
is silrcon dioxide (S102), deposited over the surface of the |ayer 21 of
silicon nitride using LPCVD procedures (for better step coverage) at a
pressure between about 200 nmTorr and 800 niforr, at a tenperature between
about 600 and 800 degrees C., deposited to a thickness between about 1000

and 5000 Apgst I QM aSig hEECBeedhgeSEbik) Qtigde | ayer 22 can al so be
deposited wusing LPCVD procedures using a reactant gas m xture such as

R S R S

structure e hasS been etched,

SLoDPI 10 9 RS AT 0 dver 2 TN NS o Bhe gLl At e

spacers 2 d on e ‘si'déwa &l 6Ctr and I3 NS/ D

i npl ant 26 _h en rmed. 2 PS/ D i npl ant 28 has been perforned, and
t he sourcg?8?§f2 i TP 3%%@’6N§ﬂ6“gﬁb-PS/D> have been anneal ed (highlighted

in Fig. 2 only by the depth of the penetration of the NS/ D and PS/ D
inplants). First gate spacers 24 can be formed by etching first top oxide

layer 22 (FiEg_L'rsjE) gléll%iengpééég%é?sca%n beet %garrqua’gyaetching first top
oxide layer 22 (Fig. 1) using Ar/CFs4 as an etchant at a
temperature of between about 120 and 160 degrees C. and a
pressure of between about 0.30 and 0.40 Torr for a time of
between about 33 and 39 seconds using a dry etch process. Silicon

oxide spacers 24 can also be formed via anisotropic RIE of said

silicon oxide layer, using CHF3 or CF4~02-He as an etchant.

Source and drain region implants can be performed under
different processing conditions, dependent on device
requirements. For instance a first conductivity imparting dopant
using phosphorous can be implanted to create lightly doped n-type
source and drain regions for NMOS devices (NS/D), ion implanted
at an energy between about 5 to 60 KeV, at a dose between about
1E12 to 1E14 atoms/cm’. A second conductivity imparting dopant
can be used to create medium doped source and drain regions, such
as arsenic or phosphorous,.lon implanted at an energy between
about 5 to 60 KeV, at a dose between about 1E13 to 5E14

atoms/cm®. A third conductivity imparting dopant can be used to

21



tenperature of between about 120 and 160 degrees C. and a pressure of

bet ween about 0.30 and 0.40 Torr for a tinme of between about 33 and 39
seconds using a dry etch process. Silicon oxide spacers 24 can al so be
formed via anisotropic RIE of said silicon oxide |layer, using CHF3 or
CF4-02-He as an etchant. Source and drain region inplants can be perforned
under odichfcer aabkvpIr B NG Rnd bndndrade pensients o udeviacearsegls r enent s.
For instance a first conductivity inparting dopant wusing phosphorous can
be i npliaat edpllancegaie dn ghidngylopedednt ypeut ShWLs@B@vdr atnaregsons for
NMOS devices (NS/D), ion inplanted at an energy between about 5 to 60 KeV,
at a desewbehweBsuabouts &L 1150 atbh4 /akdns/ cnR2. A second conductivity

i nparting dopant can be used to create nedi um doped source and drain

regi ons, such as arsenic or phosphorous, ion inplanted at an energy
between about 5 to 60 KeV, at a dose between about 1E13 to 5E14

atons/ cnR. Agbhhhed eongueidNd tabd FRaLbeNIndOPY L0 Néiusedeborrd create
heavi |y doped source and drain regions, such as arsenic, ion inplanted at

an energysRetiwaena8bQuinpl 4 QO HEVicak acdoser yhetigannalout1E45 to 5E1S
atons/cn2. Inplant conditions for p-type inplants are simlar to the above
i ndi cataddrmhant pcopde tifns. {1y et ¥pe LAPEANES. iddidrS or boron) are

used to create source/drain regions that are self-aligned with

‘PMOS (p-channel) devices while n-type implants (of for instance

arsenic or phosphorous) are used to create source/drain regions

that are self-aligned with PMOS (n-channel) devices.

After implants 26 and 28 have been completed, the implants
are annealed to activate the dopants by rapid thermal annealing
in a temperature range of between about 600 and 800 degrees C.
for a time between about 20 and 40 seconds at a pressure below

about 10°® Torr.

Fig. 3 shows the cross section of the semiconductor surface
10 of Fig. 2 after the first oxide spacers 24 have been removed
from the sidewalls of the gate electrodes 11 and 13. In addition,
PLDD 30 implant has been pérformed. Implant 30 is a PMOS implant

using boron (BF2) with an implant energy within the range of
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clear that p-type inplants (of for instance indiumor boron) are wused to
create source/drain regions that are self-aligned with -PMOS (p-channel)
devices while n-type inplants (of for instance arsenic or phosphorous) are
used .to create source/drain regions that are self-aligned with PMOS
(n-channel ) devices. After inplants 26 and 28 have been conpl eted, the

i mpl anbstwad e adealiedot oartivvaie 4 hedopanhsnbyné apiiyd her mrlcwaeneal i ng
in a tenperature range of between about 600 and 800 degrees C. for a tine
bet weeppahpuic 20 @NEAG seecppdsmat a pressure bel ow about 10-6 Torr. Fig.
3 shows the cross section of the sem conductor surface 10 of Fig. 2 after
the first oxide spacers 24 have been renoved fromthe sidewalls of the
gate electrodes 11 and 13. In addition, PLDD 30 inplant has been

perforned. &apl affa3Qd 24acBNOSe i PRhAMG UG gPALE9Ag (BF20rMakhagn i npl ant
energy within the range of 22 cetween about 1 to 10 Eev and a dose within

the rangen9fii bet wean Aol rleld Lorpedy ARABLeELanGat £ sRafaSsS; 24 can be

renoved etching using Ar/CF4 as an atchant at a tenperature of between
about 120 ang-d60;deqyees tGeendBtode PS ESS W R @f sBebupensabouty 3Q sand 0. 40

Torr for a tinme of oetween about 33 and 39 seconds using a wet etch
processetdBen about 33 and 39 seconds using a wet etch process. The

removal of the gate spacers 24 uses the layer 21 of nitride as an

2tch stop layer, as can be seen in Fig. 3.

It must be emphasized in the cross section that is shown in
Tig. 3 that the oxide that is used to fill the STI trench 12 is

at this time protected by layer 21 of silicon nitride.

It must also be noted that the PLDD implantation is
cerformed as the last and final step in creating the source/drain
regions of the gate electrodes. It must further be noted in Fig.
3 that the PLDD implant 30 is made at a time where the layocer 21
>f silicon nitride is still in place, overlying layer 20 ol oxide
tiner. The significance of this is that the PLDD implant 30 is
self-aligned with the gate electrode 13 over the surface ot which
iayers 20 (of oxide liner) and 21 (of silicon nitride) are in
>lace. This results in a PLDD implant that is, although self-

1ligned with the gate electrode 13, symmetrically removed from
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renoval of the gate spacers 24 uses the layer 21 of nitride as an etch
stop layer, as can be seen in Fig. 3. It nust be enphasized in the cross
section that is shown in Fig. 3 that the oxide that is used to fill the
STl trench 12 is at this tinme protected by layer 21 of silicon nitride. It
must al so be noted that the PLDD inplantation is perforned as the |last and
final sgepeislareatdeng3t hg sbercefsiradd thrieginens of ldeegat?d® elneckiodes. |t
must further be noted iii Fig. 3 that the PLDD inplant 30 is made at a

ti me whetliest heodbiyerd 21 thDEhsi dhgenl nidy ivhe isgDstedlons yHiate,isoverl yi ng

| ayer 20 or oxide ,finer. The significance of this is that the PLDD

i mpl ant p@PfdmmeSeldfical itgnedewpLbp t 1ep Paite eldeicksede 4i3e oMefedheesurEf ace oL
which layers 20 (of oxide liner) and 21 (of silicon nitride) are in dace.
Thi s reshétsnvdhtdi SAL.DPhiaiphiant » thatedisce aldtheughdseffisied ignesdaint h the
gate el ectrode 13, symmetrically renoved from 23 gate el ectrode 13 by the
conbi negnmp it ckines sirafo hayaesn20caiwhll. reghting, fe@nhppetcat 1dh theranaeal for
the S/ID regions which is perforned prior to the PLDD inplant, addresses
the objpetbveimfuritdie iisnverbi 88. a Thatyps imdueitgdugplhat efed whid fusi on of -
boron inpurities into adjacent channel regions for application where a
boron i gpestion ist usewthtay dopelyperibPidd toL.O0DIPragtchor tdhen pmos

device” .

It is clear that both steps of creating LDD regions (NLDD
;nd PLDD) can be followed by an anneal step while it may be of
advantageous to create a PLDD region that penetrates the surface
of the substrate to a known and limited depth such as about 1500

Angstrom.

Fig. 4 shows the cross section of Fig. 3 after a second
layer 32 of top oxide has been deposited. Methods and processing
conditions that can be used for the deposition of the layer 32 as
a second layer of top oxide have previously been highlighted and
can be beneficially applied for the steps that is fepresented in
cross section in Fig. 4. These conditions therefore do not need

to be further highlighted at this time.
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creatign of Lightly Doped Diffusion (LDD) regions for a PMOS device". It
is clear that both steps of creating LDD regions (NLDD and PLDD) can be
foll owed by an anneal step while it nmay be of advantageous to create a
PLDD regi on that penetrates the surface of the substrate to a known and
limted depth such as about 1500 Angstrom Fig. 4 shows the cross section
of Fig. 3 afttiey. & seeenda Fayer 3D 06f skepioxi de tias fpeersdepdsitthed. Met hods
and processing conditions that can be used for the deposition of the |ayer
32 as inwaEcanre,| agebnaf ghop Oxdcer have harvevbess| Foheen du ghlei ght ed and
can be beneficially applied for the steps that is represented in cross
secti onsidewdids 4f thesaMoongitd orseddrecef aneafde tint merd gatte be furt her
highlighted at this tine. 24 Fig.5 shows a final cross section of the

processenfcidiRrie i1BVEBLhGNcosEEONTLEAL @nSPaeersod2l NayeyHiaemtiear med on the
sidewal I s of the NMOS gate el ectrode 11 and the PMOS gate el ectrode 13

usi ng CORYEIHd iGNAmedRddRr ek odshy: i gy | ghhted ccpr 6cessdig 21t frads and
conditions. The etch of layer 22, Fig. 4, the create the gate spacers 32,

St ops OophOXddedd Ree bayer sglcers EMVidtBpshensbki €om Mdy idg it am, above
this layer 20 where | ayer
removing the silicon nitride from above this layer 20 where layer
21 of nitride is note protected from the etch by the gate spacers
.32. Layer 21 of silicon nitride is also removed from the surface
of the gate electrodes 11 and 13 but remains in place underlying
gate spacers 32 and interfacing between the gate spacers 32 and

the body 14/18 of NMOS gate electrodes 11 and 16/18 of PMOS gate

electrode 13.

The advantages that are provided by the invention can be

summarized as follows:

® anneal of the source and gate implants of the NMOS and PMOS
device is performed prior to LDD implant of the PMOS device,
eliminating the effect of boron (p-type) impurity) to diffuse
into the surrounding silicon as a consequence of the anneal
temperatures of the S/C anneal

® the PLDD regions are fuither removed in a lateral direction
along the surface of the substrate from the PMOS gate

electrode, placing a distance between the surface of the
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21 of nitride is note protected fromthe etch by the gate spacers .32.

Layer 21 of silicon nitride is also renoved fromthe surface of the gate
el ectrodes 11 and 13 but renmmins in place underlying gate spacers 32 and

i nterfacing between the gate spacers 32 and the body 14/18 of NMOS gate

el ectrodes 11 and 16/18 of PMOS gate electrode 13. The advantages that are
provi ded Bybisheaktaventi omican e PEOSTHEEVZEes aiss faoldaows!: andnhieal PIGID t he
source and gate inplants of the NMOS and PMOS device is perforned prior to
LDD i npl antegabnshen PMUS sleviae, ofelthel sabsngatde Bfifeatakeb bobeon (p-type)
inmpurity) to diffuse into the surrounding silicon as a consequence of the
anneal tenmpenatuies of dher S Gramtealoot beplPtDD ¢£gimns taceshufdder
renoved in a lateral direction along the surface of the substrate fromthe

PMOS gat e re@f186t b@dehe phass twgh e dirsleanea:het neegh e 1suurf-ace ofat he 25
substrate over which the PMOS devices is created and the PLDD regions in

t he surfaeecof olte sHbskeaye. This nmakes the possibility of diffusion of
PLDD inmpurities into the surface region of the substrate underneath the

gate el ectdiude thab e HUSPe NDELEAHY iK@laY on the surface of the substrate

between the gate spacers of the PMOS and NMOS devices and the
surface of the STI region so that contacts to the S/D regions
can be established without causing a concern of such a contact
making contact with the surface of the STI region

e the steps of impurity implant of the invention are compatible
with self-aligned implants, using the gate electrode for
purposes of self-alignment

¢ S/D anneal is performed while no layers of photoresist are
present over the surface of the construct; this makes the
process of the invention compatible with the cbjective of
reducing lateral dopant diffusion in the surface of the

substrate.

Although the invention has been described and illustrated
with reference to specific 1llustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled 1in the art will recognize

that variations and modifications can be made without departing

26



there iss adequate surface area on the surface of the substrate between the
gate spacers of the PMOS and NMOS devices and the surface of the STI
region so that contacts to the S/D regions can be established w thout
causing a concern of such a contact rmaking contact with the surface of the
STI region the steps of inpurity inplant of the invention are conpatible
Wt h seltkoal tgaedpim atd $heusnRgnthbengate o aetieredertotnt oudepbses of
self-alignment S/ D anneal is perforned while no | ayers of photoresist are
present jg¢endbheiswid aos afhviehe ieanstrustch thirs avakas khe process of the

i nvention conpatible with the objective of reducing |ateral dopant

di ffusi eedimithei sws facenfrainewisHbst £@é escld hzughet Bppenyentdanmas been

described and illustrated wth reference to specific illustrative
enbodi mapbs ehliete0ént 4 tehd:%drt i ntended that the invention be limted to
those illustrative enbodi ments. Those skilled in the art will recognize

that variations and nodifications can be nade w thout departing 26 from
the spirit of the invention. It is therefore intended to include within
the invention all such variations and nodifications which fall within the
scope of the appended cl ai ns

-~
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and equi val ents thereof. 27 What is clainmed is: 1 A nethod of creating
Lightly doped Diffusion regions self- aligned with a PMOS devi ce,
conprising the steps of: providing a silicon substrate, said substrate
havi ng been provided with at | east one NMOS gate el ectrode and at | east
one PMOS gate electrode on the surface thereof, said at | east one NMOS
and at WeastioneldMX devi ce bei ng separated by a region of gate isolation
created in the surface of said substrate, a .Negative Lightly Doped
Di f fusi onA(NeDB)d | ovplarwteatiingn Ldght 1 gl dgpedl Diviifius ivai degioheastl one NMOS
gate el ectrode having been performed into the surface of said substrate,
successkhiéghayerstinfa EMade deviirer,, cetphi sirop tiet ertiegls and first | ayer of
top oxi de having been deposited over the surface of the substrate
i ncl udi ng t hprosldfares ofilsaicth gabvetebeet rodlies;suktsthrang baivdng ilvesdn | ayer of
top oxide, creating first gate spacers on sidewalls of said gate
el ectrodesyidsdngis@aiat |lspert ohe 8MOR gi0p dlaieErricale asdanteledsistop:
perform ng n-type Source/Drain (NS/ D) and p-type Source/Drain (PS/ D)
i mpl ant @aMbengatsat ted tgddntat itors shefage Sehdreed ,i grad witt hesat dod | east
one NMOS devices and said PMOS device
NMOS and at least one PMOS device being separated by a region of
gate isolation created in the surface of said substrate, a
.Negative Lightly Doped Diffusion (NLDD) implantation self-aligned
with said at least one NMOS gate electrode having been performed
into the surface of said substrate, successive layers of oxide
liner, etch stop material and first layer of top oxide having
been deposited over the surface of the substrate including the

surface of said gate electrodes;

etching said first layer of top oxide, creating first gate
spacers on sidewalls of said gate electrodes, using said layer of
etch stop material as an etch stop:

performing n-type Source/Drain (NS/D) and p-type
Source/Drain (PS/D) implantations, said implantations being self-
aligned with said at least one NMOS devices and said PMOS device
respectively:

removing said first gate spacers from sidewalls of said at

least one NMOS gate electrode and said at least one PMOS gate
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respectively; renoving said first gate spacers fromsidewalls of said at
| east one NMOS gate el ectrode and said at | east one PMOS gate 28
el ectrode, exposing the surface of said |ayer of etch stop material;
perform ng a Positive Lightly Doped Diffusion (PLDD) inplantation, said
PLDD i npl antation being self-aligned with said at |east one PM3S devi ces,
sai d PLOBdtpident axiPpoaingi bige boroircs ofa seddr tevef ¢ bretiamprtiopi es;
depositing a second | ayer of top oxide over the surface of. the substrate,
i ncl udimatatielsurface of said at | east one PMOS .gate el ectrode and said
at | east one PMOS gate el ectrode; etching said second | ayer of top oxide,
creating seqondqgateg spaceision Sideval IDopefl Baffugatre &M r odes, using
said |ayer of oxide liner as an etch stop |layer; and etching said | ayer of
et ch stiphatwertian, wsidgPsabdihplertatdfonrokiedegl sakf-alsiaredtwthhstepd| ayer.
2. The nethod of claim1 wherein said |ayer of oxide |liner is deposited to
a t hi ckaeskeaft eten@®@Saboulcd90 snidi SOMDANgeslromati@n uhisngrdiclmod ef cl aim
1 wherein said |ayer of etch stop material conprises silicon nitride,
deposi tedsdwree tdfi dlomesgspokibetseen
depositing a second layer of top oxide over the surface of .
the substrate, including the surface of said at least one PMGS
.gate electrode and said at least one PMOS gate electrode;
etching said second layer of top oxide, creating second gate
spacers on sidewalls of said gate electrodes, using said layer of
oxide liner as an etch stop layer:; and

etching sald layer of etch stop material, using said layer

of oxide liner as an etch stop layer.

2. The method of claim 1 wherein said layer of oxide liner is

deposited to a thickness of between about 100 and 500 Angstrom.

3. The method of claim 1 wherein said layer of etch stop material
comprises silicon nitride, deposited to a thickness of between

about 2000 and 3000 Angstrom.

4. The method of claim 1 wherein said first layer of top oxide is

deposited to a thickness between about 1000 and 5000 Angstrom.
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about 2000 and 3000 Angstrom 4. The nethod of claim 1l wherein said first
| ayer of top oxide is deposited to a thickness between about 1000 and 5000
Angstrom 29 5. The nmethod of claim 1l wherein said second | ayer of top
oxide 1is deposited to a thickness between about 1000 and 5000 Angstrom
6. The nethod of claim1l wherein said performng a PLDD inplantation using
boron a%. dsouwretdodf cfonlempuk i whese igomprdidsescongplayed mf Bororx(BF2) with
an inplantation energy within the range of between about 1 to 10 keV and a
dose withidendsd teange of thbekween iowenlebdutolGed 5art GEIcARISTrohe
method of claim1 with the additional step of annealing said NS/D and ND/ D
i npl antations, said annealing conprising a rapid thermal annealing in a
tenperature range of between about 600 and 800 degrees C. for a tine
bet weent abibut 123 hawad of0cdecontiswhearteian praésis pee fhehong abditPDLO- 6 Torr, said
annealing to be perfornmed after said NS/D and PS/ D i npl antati ons have been
per f or netbl@htafhemetshod bbreharmd spudrd loé addi thowal t stepagiPrasrmeal i ng
said Negative Lightly Doped Diffusion (NLDD) inplantation perforned into
t he surimgkafirganibdronbdBFat eyitSaiath ampéahtagi¢on elerqpemidhimedthenedi atel y
after said NLDD inplantation has-been

range of between about 1 to 10 keV and a dose within the range of

between about leld to 5el5 atoms/cm®.

7. The method of claim 1 with the additional step of annealing
gaid NS/D and ND/D implantations, said annealing comprising a
rapid thermal annealing in a temperature range of between about
600 and 800 degrees C. for a time between about 20 and 40 seconds
at a pressure below about 107° Torr, said annealing to be
performed after said NS/D and PS/D implantations have been

performed.

8. The method of claim 1 with the additional step of annealing
said Negative Lightly Doped Diffusion (NLDD) implantation
prerformed into the surface of said substrate, said annealing to
be performed immediately after said NLDD implantation has-been

provided.
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provided. 30 9. The nethod of claim1 with the additional step of annealing
said Positive Lightly Doped Diffusion (PLDD) inplantation into the surface
of said substrate, said step to be perforned prior to said step of
depositing a second | ayer of top oxide over the surface of said | ayer of
etch stop material. 10. The method of claim 1l wherein said step of

perforn® ndtre rRggiodi wé tighnl Yy Doped B kildstoand PLOBP iafplaantation i nto the
surface of said substrate conprises formng a lightly doped region of |ess
t han 15001 Arigstirtamet bitgkt 1l 1Dopedrdlifdadisgonc 8aPP hginp gintlag idopedt®i f f usi on
regions self- aligned wth a PMOS device, conprising the steps of:

provi di tige sswseiacorduchor substrate, ssdidd ssebsteoabe pmviampedbeencprovi ded
with a Negative Channel Metal Oxide Sem conductor (NMOS) gate el ectrode in
additi osaid $ed g beeprsprongdedseddrn daylospti vep Chaiwelovelt aheOxi de

Sem conductor (PMOS) gate el ectrode, said NMOS gate el ectrode and said
PMOS gaser®dectafode ibeilagersepasiatrecdstiop amagatéalnsul ati on | ayer created in
the surface of said substrate; perform ng a Negative Lightly Doped

D ffusion (NLDD)- inplantation into the surface of said substrate, said
NLDD bei ng

10. The method of claim 1 wherein said step of performing a
Positive Lightly Doped Diffusion (PLDD) implantation into the

surface of said substrate comprises forming a lightly doped

region of less than 1500 Angstrom thick.

11. A method of creating Lightly doped Diffusion regions self-
aligned with a PMOS device, comprising the steps of:

providing a semiconductor substrate, said substrate having
been provided with a Negative Channel Metal Oxide Semiconductor
(NMOS) gate electrode in addition to having been provided with a
Positive Channel Metal Oxide Semiconductor (PMOS) gate electrode,
said NMOS gate electrode and said PMOS gate electrode being
separated by a gate insulation layer created in the surface of
said substrate;

performing a Negative Lightly Doped Diffusion (NLDD)-
implantation into the surface of said substrate, said NLDD being

self-aligned with said NMOS gate electrode;
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self-aligned wth said NMOS gate el ectrode; 31 depositing a | ayer of oxide
| iner over the surface of said substrate, including the exposed surfaces
of said NMOS and said PMOS gate el ectrode; depositing a |layer of nitride
over ‘the surface of said |ayer of oxide liner; depositing a first |ayer of
top oxide over the surface of said layer of nitride; etching said first
| ayer of topiemdsdeingreatangr fof sixigat @ 1nespacer stion sidewal g ekidai d NMOS
and PMOS gate electrodes, using said layer of nitride as an etch stop
| ayer; pesftoratengirsclndénanchdreaipodenplsantateonst forisAMPSNMDIE andd said
PMOS gate el ectrodes, said source and drain inplantations being
sel f - al PP and lelsaicdoBMOS and said PMOS gate el ectrodes; annealing said
source and drain inplantations; renoving said first gate spacers from
si dewal | s ofdegaisd thiNBSa aadesadfl BMIS dqgatoecel eotr odeSzcasimgasal davayer of
nitride as an etch stop |layer, exposing the surface of said | ayer of
nitridest petfar mimgra Positive Lightly Doped Diffusion (PLDD) inplantation
into the surface of said substrate using boron as a source of ion
inmpurities, &aidbiPibh befngsseldyat ignedpwokhdsabder the surface of
salid layer of nitride;
etching said first layer of top oxide, creating first gate
_spacers on sidewalls of said NMOS and PMOS gate electrodes, using
said layer of nitride as an etch stop layer;
performing source and drain implantations for said NMOS and
said PMOS gate electrodes, said source and drain implantations
being self-aligned with said NMOS and said PMOS gate electrodes;
annealing said source and drain implantations;
removing said first gate spacers from sidewalls of said NMOS
and said PMOS gate electrodes, using said layer of nitride as an
etch stop layer, exposing the surface of said layer of nitride;
performing a Positive Lightly Doped Diffusion (PLDD)
implantation into the surface of said substrate using boron as a
source of ion impurities, said PLDD being self-aligned with said
PMOS gate electrode;

depositing a second layer of top oxide over the surface of

salid layer of nitride;
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PMOS gate el ectrode; depositing a second | ayer of top oxide over the
surface of said layer of nitride; 32 etching said first layer of top

oxi de, creating second gate spacers on sidewalls of said NMOS and PMOS
gate el ectrodes, using said layer of nitride as an etch stop |ayer; and
etching said layer of nitride, using said |ayer of oxide I|iner as an etch
stop | ayer, eeamimdigsial dilrayelagérnot rige dwick, aboweisai skddMOSgand PMOS
gate el ectrodes, further renoving said |ayer of nitride from above said

| ayer otpaxkde bdmnerdasare sdi daidenwnsd gat evsagers dbeaiotodnser aynsai d

| ayer of nitride. 12. The nethod of claim 11 wherein said | ayer of oxide

li ner i saidepasgét esff tro writdel akknesse oféh betyeamyaloutnd00 and 500 Angstrom
13. The method of claim 11 wherein said |layer of nitride is deposited to a
t hi ckness of ebetinegnsakbuta y2@00 fandt 3088, Angisty eamid 14yedhef metined of cl aim
11 wherein said first layer of top oxide is deposited to a thickness

bet ween 1aheut 23080 atth S0P Aaget; omemodbng Thadebliyed of clarimellfrwherein
said second | ayer of top oxide is deposited to a thickness between about
1000 andp5080sAngstMamandl®MoEhganet Bodcofodd B Muktheberendvsed dsaer f or mi ng
a Positive Lightly Doped Diffusion (PLDD) inplantation into the surface of

layer of nitride from above said layer of oxide liner where said

second gate spacers do not overlay said layer of nitride.

12. The method of claim 11 wherein said layer of oxide liner ais

deposited to a thickness of between about 100 and 500 Angstrom.

13. The method of claim 11 wherein said layer of nitride is

deposited to a thickness of between about 2000 and 3000 Angstrom.

14, The method of claim 11 wherein said first layer of top oxide

is deposited to a thickness between about 1000 and 5000 Angstrom.

15. The method of claim 11 wherein said second layer of top oxide

is depcsited to a thickness between about 1000 and 5000 Angstrom.

16. The method of claim 11 wherein said performing a Positive
Lightly Doped Diffusion (PLDD) implantation into the surface of

said substrate using boron as a source of ion impurities
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said substrate using boron as a source of ion inpurities 33 conprises
i npl anting boron (BF2) with an inplantation energy wthin the range of
bet ween about 1 to 10 keV and a dose within 2 the range of between about
leld to 5el5 atons/cm . 17. The nethod of claim 11 wherein said annealing
said source and drain inplantations conprises rapid thermal annealing in a
t enper atomer rsrgengflabet weehoabutBEBO0Owand 800igeigiraes 1Cn forray tine
bet ween about 20 and 40 seconds at a pressure bel ow about 10-6 Torr. 18.
The netihochiof Weairmngt: wit hethecrmddiditonaltosttépkel ambealdawy wiahdnNegati ve
Lightly Doped Diffusion (NLDD) inplantation performed into the surface of
sai d subis¢ riadrege i tbeamneal abhgut ole be perfcdrmadopsion”.t 0o sai d depositing a
| ayer of oxide liner. 19. The nethod of claim1l with the additional step
of annealing said Positive Lightly Doped Diffusion (PLDD) inplantation
into the surface of said substrate, said step to be performed prior to
sai d step. ofhdaeposidd g alseaohd wieymsirofsatiap caxedeinyesatdesowsuef acd of
said layer of nitride. 20. The method of claim 11 wherein said step of
perfor niagim imosdrtare ohisghbhyr Dogedr I fd usicamal PebR}al tgpd ant at i on into the
temperature range of between about 600 and 800 degrees C. for a
time between about 20 and 40 seconds at a pressure below about

107® Torr.

18. The method of claim 11 with the additional step of annealing
said Negative Lightly Doped Diffusion (NLDD) implantation
performed into the surface of said substrate, said annealing to

be performed prior to said depositing a layer of oxide liner.

19. The method of claim 11 with the additicnal step of annealing
said Positive Lightly Doped Diffusion (PLDD) implantation into
the surface of said substrate, said step to be performed prior to
sald step of depositing a second layer of top oxide over the

surface of said layer of nitride.

20. The method of claim 11 wherein said step of performing a

Positive Lightly Doped Diffusion (PLDD) implantation into the
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34 surface of said substrate conprises formng a lightly doped region of

| ess than 1500 Angstromthick. 21. A nethod of manufacturing a

sem conduct or device, conprising the steps of: providing a sem conductor
substrate, formng first and second conductive gates on the surface of
said substrate, said first and second conductive gates being separated by

a regi o 0fzcLl@chhigakubsotatd Ubndprikhe suthoce »f1ispid subptrate;
inplanting inpurities into the surface of the substrate, using the first

gate asr@%irgqlslgyf haral pgahi ghdd Yadoped dichfugion regions self-aligned with
said first gate; successively depositing a |ayer of oxide |liner followed by
a layer of nitride followed by a first |ayer of top oxide over the

surface of said substrate including exposed surfaces of said first and

second £ONRIGH YR 0BCRanh L NG Hd TSk RtdRagt dovwald v gl e SRgeessnon Side
surfaces of the first and second conductive gates and extending from said

first and o&0onductive gates over the surface of said substrate, by
etching said first layer of top oxide using said layer of nitride as an

et tcPI Zte op | 3y&fvi SAlgdal LERLcOX4HE JAlRILTRAEET SEOVRIAY I NG RAldal ayer of

;econd conductive gates on the surface of said substrate, said
first and second conductive gates being separated by a region of
electrical isolation in the surface of said substrate;

implanting impurities into the surface of the substrate,
using the first gate as a mask, forming lightly doped diffusion
regions self-aligned with said first gate;

successively depositing a layer of oxide liner followed by a
layer of nitride followed by a first layer of top oxide over the
surface of said substrate including exposed surfaces of said
first and second conductive gates;

forming first oxide sidewall gate spacers on side surfaces
of the first and second conductive gates and extending from said
first and second conductive gates over the surface of said
substrate, by etching said first layer of top oxide using said
layer of nitride as an etch stop layer, said first oxide dgate
spacers overlying said layér of nitride;

implanting impurities into the surface of the substrate,

using the first and second conductive gates and the sidewall
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inplanting inpurities into the surface of the substrate, wusing the first
and second conductive gates and the sidewall 35 spacers thereon as a nask,
to formsource and drain inplantations for said first and second
conductive gates; annealing said source and drain inplantations; renoving
said first oxide sidewall gate spacers from above said |ayer of nitride;

i npl ant $purd P utictrees aenprinssng Oorfurn pooartheasdrdecien dfmpltaheasubssr at e,
using the second gate as a nmask, fornming lightly doped diffusion regions
sel f - al fghethiw tfrsai dnaesoncngat@idudefjos yengsa second | ayer of top oxide
over the surface of said |layer of nitride; formng second oxide sidewall

gate spacer sameasiitg sditiagesrcofaddeiddimstimandnseensts conducti ve gates and
extending fromsaid first and second conductive gates over the surface of

sai d substratendwingt chiiagrsaktl serand iawen10batopspxidie; maidaseeend
oxi de gate spacers overlying said |ayer of nitride; and etching said | ayer
of nitriges udyng & dikayae;of oxide Iliner as an etch stop |ayer, said
| ayer of nitride remaining in place underlying said second oxi de sidewall
gat e spacer simpRantihg ARbhedt 0és cdahghizh nehebebn satd fhid Hurcdenrduelki ve gate
the substrate, using the second gate as a mask, forming lightly
doped diffusion regions self-aligned with said second gate;
depositing a second layer of top oxide over the surface of
said layer of nitraide;
forming second oxide sidewall gate spacers on side surfaces
of the first and second conductive gates and extending from said
first and second conductive gates over the surface of said
substrate by etching said second layer of top oxide, said second
oxide gate spacers overlying said layer of nitride; and
etching said layer of nitride using said layer of oxide

liner as an etch stop layer, said layer of nitride remaining in

place underlying said second oxide sidewall gate spacers.
22. The method of claim 21 wherein said first conductive gate

comprises a NMOS device and said second conductive gate comprises

a PMOS device.
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conprises a NMOS device and said second conductive gate conprises a PMOS
device. 36 23. The nethod of claim 21 wherein said inplanting inpurities
into the surface of the substrate, using the first gate as a nask, form ng
i ghtly doped diffusion regions self-aligned with said first gate
conprises inplanting n-type inpurities. 24. The nethod of claim 21 wherein
sai d i npb amtiengnddheudr bffi esainn?Dd diheresiin fsace oOfpldret subsSimpairé tigsi ng t he
second gate as a mnmask, formng lightly doped diffusion regions

sel f - al i ghed W tdurraaied cgeeRads @ad e LPrisS QS tAPl antdngydher ag as an
inmpurity source. 25. The method of claim21 wherein said inplanting

i npuri thesk, cRimlirsy NG gherondopé® dies scdhaeceqgobns hee sthstiigated, wiighng t he
second gate as a mask, formng lightly doped diffusion regions

sel f - al gneds W dth aled coRGONHe gal o LOHIMSBS thpeotmfBF2)iad .t h an

i npl antation energy within the range of between about 1 to 10 keV and a
dose within the range of between about |el4 to 5el5 atons /cn2 . 26. The
met hod of claim 21 wherein said inplanting inpurities into the surface of
the subsiratige musimi@ Wre clibift 2 anthsaciondaiconapgchhyengalgsuand elshe

si dewal | spacers thereon as a mask, to
into the surface of the substrate, using the second gate as a
mask, forming lightly doped diffusion regions self-aligned with

said second gate comprises implanting boron as an impurity

source.

25. The method of claim 21 wherein said implanting impurities
comprising boron into the surface of the substrate, using the
second gate as a mask, forming lightly doped diffusion regions
self-aligned with said second gate comprises boron (BFz) with an
implantation energy within the range of between about 1 to 10 keV
and a dose within the range of between about leld to 5el5

atoms/cm®.

26. The method of claim 21 wherein said implanting impurities
into the surface of the substrate, using the first and second
conductive gates and the sidewall spacers thereon as a mask, to
form source and drain implantations for said first and second

conductive gates comprises:
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form source and drain inplantations for said first and second conductive
gates conprises: 37 inplanting n-type inpurities using said first
conductive gates and the sidewall spacers thereon as a nask; and

i nplanting p-type inpurities using said second conductive gates and the

si dewal | spacers thereon as a mask. 27. The nmethod of claim?21 wherein said
| ayer of oXigdglddtahng s-tgeposhbesh t e dfNingkrasa ofrbetawenabewt 100 and
500 Angstrom 28. The nethod of claim 21 wherein said |ayer of nitride is

deposi t gt ¢ 9 sd Nineknresswal 1bepyeens abite 2008 anga3RPOaAngstrom  29. The
met hod of claim 21 wherein said first layer of top oxide is deposited to a

thi ckness betygem:aboub-1900 angh 5O0L AGSIHORL1a30ecThe dmidied b cl ai m 21

wherein said second layer of top oxide 1is deposited to a thickness between

about 1900. anch HAGQ ANGSLEOM spdderd hendmISOA 0l ghakm 21 with the

addi tional step of annealing said source and drain inplantations, said
additional step to be perforned before said step of renpbving said first
oxi de sidewall gate spacers from above said |ayer of nitride. 32. The

met hod of . ctigd Madhaheyeicn asal g1 amnead 1 NG Sl d yeur 68 eRfhe dridid: is
i npl antations conprises rapid thermal annealing in a 38

deposited to a thickness of between about 100 and 500 Angstrom.

28. The method of claim 21 wherein said layer of nitride is

_deposited to a thickness of between about 2000 and 3000 Angstrom.

29. The method of claim 21 wherein said first layer of top oxide

is deposited to a thickness between about 1000 and 5000 Angstrom.

30. The method of claim 21 wherein said second layer of top oxide

is deposited to a thickness between about 1000 and 5000 Angstrom.

31. The method of claim 21 with the additional step of annealing
said source and drain implantations, said additional step to be
performed before said step of removing said first oxide sidewall

gate spacers from above said layer of nitride.

32. The method of claim 31 wherein said annealing said source and

drain implantations comprises rapid thermal annealing in a
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tenperature range of between about 600 and 800 degrees C. for a tine

bet ween about 20 and 40 seconds at a pressure bel ow about 10-6 Torr. 33. A
nmet hod of creating a CMOS sem conductor device having at |east one NMOS
devi'ce and at |east one PMOS device, conprising the steps of: providing a
sem conductor substrate; formng at | east one NMOS gate el ectrode over the
surf acearfpersaudesubste at £ ehveatn labast 60 AMDS PYatdegekest CodEonwer t he
surface of said substrate, said | east one NMOS gate el ectrode being

separ attachef bemwsandabeast 2@nendPMOS sgabedel ecta qee=dyure beégiwombodt
electrical insulation in the surface of said substrate; selectively

i npl antio§ Boddrst n-type dopant into an NMOS device active region of the
substrate self aligned with the NMOS gate electrode to forma first
n-doped region in the NMOS active region; depositing a |layer of oxide
liner over the surface of the substrate including exposed surfaces of the
NMOS arshk PMOmegabe o€l ectsotes;a dppasisknigoadhayer fvielCchasting smateri al

over the surface of the |ayer of oxide liner; 39

least one NMOS device and at least one PMOS device, comprising
the steps of:

providing a semiconductor substrate;

forming at least one NMOS gate electrode over the surface of
-said substrate and at least one PMOS gate electrode over the
surface of said substrate, said least one NMOS gate electrode
being separated from said least one PMOS gate electrode by a
region of electrical insulation in the surface of said substrate;

selectively implanting a first n-type dopant into an NMOS
device active region of the substrate self aligned with the NMOS
gate electrode to form a first n-doped region in the NMOS active
region;

depositing a layer of oxide liner over the surface of the
substrate including exposed surfaces of the NMOS and PMOS gate
electrodes;

depositing a layer of etch stop material over the surface of

the layer of oxide liner;
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formng first spacers on sidewalls of the NMOS gate and first spacers on
sidewal I s of the PMOS gate, using said |layer of etch stop material as an
etch stop; selectively inplanting a second n-type dopant into the NMOS
active region using the first NMOS spacer as a nask, the second n-type
dopant inplantation formng, in the NMOS active region, a second n-doped
regi on deepefoiniary tfie sfti sphcarsoped fdagiain;s o€l eaki Nebdy gand amid ng a first
p-type dopant into the PMOS active region using the first PMOS spacer as a
mask, therdt rsdaderd yvpe sdapantls npt atiatiMoz hake ngsihg $dwed NMYB ractti ve
region, a first p-doped region; heating the substrate at a first

tenper at tEe; st HME NG 1Al dsf bhstrspasess; from sidewal I's of the NMOS gate
and first spacers fromsidewalls of the PMOS gate, using said |ayer of

nitride as agerIoh whep imdyehtisgl £cidusly H-¥9pantbpenasi Ses ot progpe
dopant into the PMOS active region using the first PMOS spacer as a nask,

the seceadivd-tapedepanly khpl antat i@fod PgARG, aisNat hes NME acddasdr egi on,
a second p-doped region, said second p-doped region being |l ess deep than

sai d figstype dopachd agicaRnthel Bhngosecand ispacer avon stdeval dsyiofn,t ke NMOS
gate' and ¥7rst spacers on sidewal | sof the PMOS gate, using said |ayer of
second n~doped region deeper than the first n-doped region;
selectively implanting a first p-type dopant into the PMOS
active region using the first PMOS spacer as a mask, the first p-
_type dopant implantation forming, in the NMOS active region, a
first p-doped region;
heating the substrate at a first temperature;
removing said first spacers from sidewalls of the NMOCS gate
and first spacers from sidewalls of the PMOS gate, using said
layer of nitride as an etch stop layer;
selectively implanting as second p-type dopant into the PMOS
active region using the first PMOS spacer as a mask, the second
p—~type dopant implantation forming, in the NMOS active region, a
second p-doped region, said second p-doped region being less deep
than said first p-doped region;
forming second spacers on sidewalls of the NMOS gate 'and
first spacers on sidewalls of the PMOS gate, using said layer of

nitride as an etch stop; and
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nitrigde as an etch stop; and 40 renoving said |ayer of nitride from above
the surface of the NMOS gate el ectrode and from above the surface of the
PMOS gate electrode, further renmoving the |layer of nitride from above the
surface of the substrate where said |layer of nitride is exposed, using
said layer of oxide liner as an etch stop. 34. The nethod of claim 33
wher ei n sai delmayehgofadXi Oeydd ref nisrideposot esbdwe ahehisokiess of dret ween
about 100 and 500 Angstrom 35. The nmethod of claim 33 wherein said | ayer

of et chiMgisOpateBEEELBlodOEHd SESmMiabbivderhdeposfdad dfo taet BMokngsise of
bet ween about 2000 and 3000 Angstrom 36. The nethod of claim 33 wherein

sai d selieGidrseky FaptRat | Aghévirseeord 1pykyper dopartdd Mremt BBoPMOG &ct i ve
region using the first PMOS spacer as a nmask conprises inplanting boron

(BF2) widdraar oiemphantabsoraenengyrawisthunibhher range «fi daetiweeppabout 1 to
10 keV and a dose within the range of between about 1leld4 to 5el5 atons /

cn2 . 3fsintheael hadeof ol @k 1833 iker aisnagabdcheatspg the substrate at  a
first tenperature conprises rapid thermal annealing in a tenperature range
of between about 600 and 800 degrees C. for a 41

34, The method of claim 33 wherein said layer of oxide liner is

deposited to a thickness of between about 100 and 500 Angstrom.

35. The method of claim 33 wherein said layer of etch stop

material comprises nitride, deposited to a thickness of between

about 2000 and 3000 Angstrom.

36. The method of claim 33 wherein said selectively implanting a
second p-type dopant into the PMOS active region using the first
PMOS spacer as a mask comprises implanting boron (BF2) with an
implantation energy within the range of between about 1 to 10 keV
and a dose within the range of between about leld4 to 5el5

atoms/cm?.
37. The method of claim 33 wherein said heating the substrate at

a first temperature compriées rapid thermal annealing in a

temperature range of between about 600 and 800 degrees C. for a
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time between about 20 and 40 seconds at a pressure bel ow about 10-6 Torr.
38. The nethod of claim33 with the additional step of annealing said
first n-type dopant selectively inplanted into an NMOS device active
regiron, said annealing to be performed prior to said depositing a | ayer of
oxide liner. 39. The nethod of claim33 with the additional step of

anneal itigne $aitdbeseconhdup- 2§ pendiciantceoetecti vel yreésplantoed owntbotthe PMOS
active region using the first PMOS spacer as a mask, said step to be
perfor medt®préef. to said step of form ng second spacers on sidewalls of the
NMOS gate and first spacers on sidewalls of the PMOS gate. 40. The net hod
of claim33 wherein said step of selectively inplanting as second p-type
dopant into the PMOS active region wusing the first PMOS spacer as a nask

conpr i ses. fofdMe@ndal bghtlyim doped dheghenaahit essat hanepl 230 aARgst i o t hi ck.
41. The nethod of claim 33 wherein said formng first spaders on sidewalls

of the NMB Gatse andybkr 8bpsPaca i aN velidewabl snodqa t hero RMOGVG8t e, using
said | ayer of etch stop material as an etch stop conprises the steps of

deposi tadigh & fddtStvel 3¥8EoR] $011 QAR I10WEN todBet fEr Sdface @brsabd | ayer of
etch stop material, etching said

sald depositing a layer of oxide liner.

38. The method of claim 33 with the additional step of annealing
-said second p-type dopant selectively implanted into the PMOS
active region using the first PMOS spacer as a mask, said step to
be performed prior to said step of forming second spacers on
sidewalls of the NMOS gate and first spacers on sidewalls of the

PMOS gate.

40. The method of claim 33 wherein sald step of selectively
implanting as second p-type dopant into the PMOS active region
using the first PMOS spacer as a mask comprises forming a lightly

doped regicn of less than 1500 Angstrom thaick.

41. The method of claim 33 wherein said forming first spacers on
sidewalls of the NMOS gate.and first spacers on sidewalls of the
PMOS gate, using said layer of etch stop material as an etch stop

comprises the steps of depositing a first layer of top oxide over
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first layer of top oxide using said |ayer of etch stop material as an etch
stop layer. 42. The nethod of claim4l wherein said first |ayer of top
oxide 1is deposited to a thickness between about 1000 and 5000 Angstrom
43. The nethod of claim 33 wherein said form ng second spacers on

sidewal I s of the NMOS gate and first spacers on sidewalls of the PMOS gate
conpri sgse the Riepefokadapdsytt ngf atsecendpl ayeerodl t ogrcaxigdeadder the
surface of said |ayer of etch stop material, etching said second |ayer of

top oxigerdtsing esicd kayebx0fie eisthg Hap MaveLi af a@scrantithastepal ayer.
44. The net hod of claim43 wherein said second | ayer of top oxide is

deposi ted 1,0 & dhistlepessybet ween about 1000 and 5000 Angstrom 43

42. The method of claim 41 wherein said first layer of top oxide

is deposited to a thickness between about 1000 and 5000 Angstrom.

43. The method of claim 33 wherein said forming second spacers on
sidewalls of the NMOS gate and first spacers on sidewalls of the
_PMOS gate comprises the steps of depositing a second layer of top
oxide over the surface of said layer of etch stop material,
etching said second layer of top oxide using said layer of etch

stop material as an etch stop layer.

44. The method of claim 43 wherein said second layer of top oxide

is deposited to a thickness between about 1000 and 5000 Angstrom.
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