;e3e-&& \**t X-6-T-h METHOD FOR FORM NG PLDD STRUCTURE W TH M:NI:M ZED

LATERAL DOPANT DI FFUSI ON BACKGROUND OF THE I NVENTION 1) Field of the .- N
I nvention The invention relates to the fabrication of integrated Circuit
devices, and nore particularly, to a nmethod of perform ng p-type

impl antation in-the Lightly Doped Diffusion (PLDD) area of d gate

el ectrode, preventing diffusion of boron as the p-type inpurity. This nore
specifically for -gate el ectrodes with subM cron channel |ength. Description
- of the. Prier Art Sem conductor technology has for many years nade progress
by-a continued effort to decrease device dinensions in order to inprove ‘
| Nt egr AETH@ rEAR trORMCNGdeuboesrRIdTIRIAMGE: Metiakt 220 deyr=8aRi sePpgyet or

Field Effect Transistor (MOSFET) devices forman increasing percentage of
the total nunber of devices that musrusses in Integrated Circuit (1C)
applications. MOSFET devices are expected to continue to increase in
inportance, it is expected that by the year 2000 MOSFET devices w ||
constitute roughly 900 of the overall market. Reduction in device

di nensi ons results in a BROKCROWND idF deyi eQVREWESy consunption. It is an
raccepted rule in sem conduct or technol ogy -t hat devi ce speed varies
inversely with the I ength of device features, device power consunption

i ncreases approximately with the square of the device feature |ength. .
Cur r entl)semieanduct ore t 2Ol iagy approaches feature size in the mcron and
sub-nmicron or 0.5 umrange where a nunber of applications already use .
feature si zéeofinabotiod. 2 1Beditel @nbf ko6t Jy@ans stons FEN) are used
extensively in Utra Large Scale Integration (ULSI) applications. FET :
devi cesiane of deredessi agl gd R Qlagelicdesiy usuld ysmde gf polysiligon, and
adj acent self-aligned source/drain regions to which sourcejdrain cgnt_ act
sur f agesvaee iepllabteshed. id rerd s.:bash ¢ hopdn & Nztal, Osigs, Sem conduct or
(MOS) transistor has a gate electrode to which a voltage 1s" applied. The
gat e i gareakedconolibe stifane nof darsibi 60N sukstHate, thgepyfplgeage that is
applied to the date creates an electric field that is per_pend¥cu| ar .to the
Ji-nter haparbeyweenis heogatgpalietichode apd {he suhstnales Jhe,argas _n the
substrate i medi ately adj acent to the gate el ectrode are doped, thereby
varyi mg-ctdeei cheheelriengonducti vity. These areas becone the source and .
drain regions. By varying the voltage tho'=is applied to the gate

el ectrode, the electric field in the interface between the gate and the

- substrate can be varied and, :

' 2) Description of the Prier Art

] Semiconductor technology has for many years maderprogress_ﬁy
3 cgntinued effort to decrease device dimensions in order to
improve Integrated Circuit (IC) device performance. Metal Oxidgi
Semiconductor Field Effect Transistor (MCSFET) devices form aﬁ
increasing percentage of the total.number of devices that are
used in Integ;ated Circuit (FC) applicatioﬁé. MOSFET device;'are

‘expected to continue to increzse in importance, it is expected
that by the yea£ ZOdG#MOSEET devices will constitute roughly 90%

cf the overall market. Redhction in device dimensions results in

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

1



with that, the current that flows between the source and the drain regions:
This electric field controls the flow of current 2 t hrough the- device

* fromwhich the nane of Field Effect Transistor has been derived:. The type
of device that is created and the type of areas shat are created in
conjunction wth the device are to a | arge extent determ ned by the type of
dopant that is used and the gr ocessi ng conditions under which the dopants
are appl i &8: STREELEStEGn E6F §8FTPE¥5nEI‘u‘?:“i S dEF CesfyprEARPFYIRIIIGE M th a
- bare nonocr stalllne silicon substrate, which is any material that can

etai n dop¥hthi os. lel‘%hatoéddﬁt‘fﬁf:%f?%b‘i‘% éjreéflEreeQPiéﬂrl RORRESHFace of
the substrate- The silicon substrate further receives type or n-type ions
(i npuri t ylPRPF2TRS )RR RIAE el gatt bR Bihe v3FIGiEs Oéoﬁ&ﬁchViLF? Feyiwits in or
on the surface of the substrate. The device features that are created in or
on the sutfAgeE of CHHESUISSIY&PE8HFEP AL &= THP t9FYe 26PT@8FNAG ARAC t1Re SdESi ng
condi-tions. For ‘instance, boron or phosphorous can be used a respectively
p-type and"nth§ P RS SNP-BARTBR dBped iWR ¢ 3PCEy SFPFEOR MEYRESB X i nt o
pol ycide gate el ectrodes. MOS devices are typically created on the surface
of a subsBPatecatiers ailineadya uset Ypetere asied Wie aoepdr Ot ¢ 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 devi 'c_e;édare, after that, created 3 on the surface of a p-type
wel |, PMOS devftesd (st ransédtros asFpr chaimelsedeexgespiae by chediladaon
the surface of an n-type cell. The type of channel underlying a MOS gate

el ectrode 598 et et} GSF AHENt fPESH Fomdiinsy SETt RevéRannete that s
‘devel oped under the transverse electric field of the gate =l ectrode.

Ther ef or e ZoFRednU it thafiel BfcMesedeviteeal 1t madeorduerilvpiyiet 2t rdthannel
underlying the transverse electrical field of the gate electrode is of the
conduct i vPEYaEGPe thbl-dkl apedosirarea/wr i nragimasi purhiiclsssue ke Adraimseni ¢
or phosphorous. ,or p-channel (PMOS) devices; these inpurities conprise
boron or FREFART A% cqhe Lfateé tebéecrode Hasltl’ﬁeé?fﬁséﬂeépéé:,au"g‘mlly Doped
Di ffusions (LDD) are typically inplanted in the surface of the substrate,
sel f al i gRE&dIRI PATT PGt rel (OB odeanahetahyhas oy ge tepedriescart use for

- the LDD regl ons of NMOS devices and p-type inpurities for the LDD regions
~of PMOS d&Vvi€d8s2 Wietr9q Hiss apphéeSat Ehel eete dde dosated aredhbysthiace of
formati on of .gate spacers on the sidewalls of the gate electrode, this is
fol | owed BySteétfPhgSHdrRtBviR-cadhgndodradn veafi ors arltied gat bhel exte odes.

For the source/drain inplants the sane type inpurities are used as have
open usedcFErRtEhealk BB ¢ ¢l iantid e idhshdi f f erpdneebBtiondenr thethPDinterface

between the gate electrode and the substrate. The areas 'n the
substrate immediately adjacent to the gate electrode are doped,
thereby varying theif electric conductivity. These areés become
the source and drain regions. By varying the voltage tha: is
‘applied to the gate electrode, tﬁe eiectric field in the
_.interface between the gate and the substrate can be variad and,
with that, the curreﬁt that flows between the source and the

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



'_'doped pol ysilicon gates are us

inplants and the source/drain inplants is that the source/drain inplants
are typically perforned at higher inplant energy and dosage that the LDD
inplants. In this nmanner the p-type inplants (for PMOS devices) of the
source/drain regions (PS/D) and the n 4 type inplants (for NMOS devi ces)
of the source/drain regions (NS/ D) penetrate deeper into the surface of the
substrate than the corresponding p-type (PLDD) and n-type (NLDD) inplants
for thentDyH egiontevibuak rgat éh 1daNsS k088! Qf'eicis ddie degi-gnsyhes e both
NMOS and PMOS devices are created on the same chip. Earlier designs of
Met al £X& de-Herdcanduct or (MOS) devices primarily used PMOS desi gn because
only wth p-channel devices using n'-doped polysilicon gates and uniform
l'ightly doped n-substrates could acceptable values for Vt be attained. In
its early history, the Conplenentary Metal Oxi de Sem conductor (CMOS)
transistor was CnsicdenediLo be,only an.exkension, of. the design for MOS

|C s. Later advancenents in fabrication technol ogy stly dte“to

| P OVeRRAt Sed 0k iRk aBbn § GENN HIES 2l .Loved, for Pl PO (e cese 0 be

replaced with NMOS devi ces arger drivé current Vfces

resul t s, i 8. { a8l @ 3ReAd9f  f e%§v$§§§%ﬁiﬁﬁ F%Q results, in NNE% devi ces

becom ng the dom nant type o dﬁ§Ped evi ces

homevegrggég§Hﬁ§“¥d%@%%wgg kel i ans. Qh%°§%%ﬁ9€gsé§ qﬁ&@ éF%gy for IC

di ssi pati on, causing eV|ces 0 becone the dom nant

devi ce.paouf actdy ing; M I devi ces, renewed interest
in PMOS devi ces débelgpegﬂc E%?sgﬁégﬁgikmf$ar?f > devifiEes to form
logic elgsents..1ihe A e chat its i.c_devices draw

si gni ficant cuf}eg?eogggggggl?égiﬁ1 fanhlflohsf??ﬁnqﬁ$eﬁ %&l&géfa?%nto t he

ot her m@t$fhcgéagﬂy; §ggy kitile.eurent between this tran5|t|on The

scaling of the evices 1n the suve i EPORT eF - UeVi Ce “Faride “PFesent s a

er
maj or ¢h r i an -of ch el _and .n-channel .devices, n+
ugﬂ@@% Y stiectand gﬂ.}ér esrs}u tcioﬁ u% ?ﬁan%‘? a he&syr“rﬁ%ﬂ"?

i ‘o
nunber ;0f y ﬁ@QQQHﬂ%%§en§¥ﬁsb?f%?&%%%ytl asguLe t ?Itﬁg‘cé%A%ha””el and
et ' hei

n-channel” devi ces are conpl y symmetrica r erfornance

char actg¢istd C@oxﬁi&fh%%t&hE I@fw ol tra%%sthgeé{ £, di mensions and dopi ng

whil e thé p-channel deviCe IS or ease of nanu a6?u ring, 3 surface channe

devi cesyJhese: devintes 9f e @g&ﬁﬁlségjg:h%r%dgp:gd{: ga éscli lirfﬁ%t fot%[]é%he gate

structures that are simultaneou oped Sour ce/ drain

regi ong, pf, gach: type Sof sdevic %azftea %mhaen%ﬁgﬁsTPd??éfﬁqd%{ltdgf gpeci al

- manufacturing problens caused Frpurity

i mpl an at xide into the channel i on thereby changi ng
t he th?gs%g§d VO f§§€gofg?ﬁ e%ﬁ%ﬁ? ﬁgfﬁePICBE%%fﬁ WS Eat PRgUARAl - gat e

CMOS deyi 4 a s_dopant s er-di ffuse bet ween adj acent
rogi oner SRR Tal e LR RO B e R o e e e <R

2olysilicon layers or into polycide gate electrodes.

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

3urface of either p-type or n-type conductivity. NMOS devices

{also referred to as n-channel devices) are, after that, created



anneal and ot her processing tenperatures. 6 | ncreased CMOS devi ce speed

- however requires short channel |ength, the design of p-channel devices with
short channel |ength presents unique problens nostly centered on net hods of
dopi ng.and pocket inplants for the device and on the inpact that these

met hods have on PMOS devi ce characteristics. A technique used for instance
to create deeper and narrower inplants is to increase inplant energy and

i mpl antn dosage:r fHhies o@ppr pacfpdawaver pey Begates t ha sselbrakiganent aspect
of the inplants where the gate el ectrode serves as a shield and the

i npl anis heanmedin debiscwayasd i gredcar eundnthgugaie @Jeahr adeypdhe high
i nmplant energy and dosage nmay result in inplant penetration t%rough t he

gate elextrade dhperebycabhest ingdhei16at 8 Lbseshal divwelt-age performance
~while the high inplant energy and dosage may further affect the thin | ayer

of gat e oxthe, e knkngybhe gatdhfleetiedeqs! tnd sohgraf erg-critical to
desi gn an inpl ant net hod and sequence wheie gate penetration by inplant

dopant ge+s1 d}d afRct ehe y@éh%s@’%@%c@hh”ﬂ@m So@rt%euﬁgqe' n the industry
to create sem conductor devices. Inplants can be a well i'mpl'ant, which is

‘per f or fRgk 4,0 dy OMinde e@oRBY eluruJ HBRAGKET ex«amﬁlméi@m&&ae@ thgsurface of the
~-substrate. A punch- through i mpl ant provi des a channel W th ‘greater

r obust fess: 40 AUAC R+t RheUGRa Y 1 a0Rie AL the
t hresh-hol d voltgge of a deilce (Ilfé gnng%E%e§£%?§k%EkngF%g%aﬁggﬁan be

provi detkhy dvoror abra dosetidud he 1ANgR 0t 1x1012, 1, Jt?{;@lz?hﬂogﬁ/ cn? and
an energy in the range of 100 to 170 kil o-electron volt a punch-t hrough

s dgd eb i s a
i mpl ang s £ad: he Provihdad: bye baran at: An sdeseakns the, fa %%&EF%%&Q&@ to

| xI O 3 atons/cn2 and an energy in the range of 40 to ectron

volts, zdhetdneshahqbtobhantc£an B ser oubded: bys hongn al a.99se,

indium. After the gate electrode has been created, nghtly Doped
Qlffu51ons (LDD) are typlcally 1mp1anted in the surface of the
sﬁbstrate, self aligned wlth the gate electrode, whereby n—type
‘mpurities are use for the LDD regionslof NMOS devices énd"p~type
impurities for the LDD regions of PMOS devices. After this; the
jate electrode is isclated by the formation of gate spacers on
~he sidewalls of the gate electrode, this is followed by forming
—he source and arain regions cf the gate eléctrodes. For the

- source/drain implants thé same type impurities are uéed és have
neen used for the LDD implants, the diffegence between the LDD
implants and the sdurce/drain implants is that the source/drain
.implants are typically performed at higher implant eneﬁgy and
iosage that fhe LDD implants. In this manner the p-type implants

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



in the range 1x1012 to 1x1013 atons/cn2 and an energy in the range of 1 to
3C kilo electron volts. A channel inplant can have a boron concentration on

the order of 1x101' atons/cnR. Inplants can al so use arsenic; this can form o

an n-doped region. A heavy doped inplant for instance is 3-Sx1015/cnz of
arsenic at 50-80 keV. Decreasing device dinmensions has resulted in

- decreasing the channel length of gate electrodes, that is the |ateral

di st anegpdetmEemishe sseuURAEs ansk dfad 1N Jre@hanso@fcd he-Daf e ghegtrode is
reduced to where this dinmension approaches 0.2 (err)mor less. As the

- channelws emgtderes raeduaedpet hen gt Llckerodes fuste al gn g Ledyged in the
vertical direction, which further brings with it a reduction in the

di st angge that r 4R reQUECEL dyaE NS HEH 0NSCAN L peBetiEd® | MiA e syrface of
the substrate. This latter requires precise control of the distribution of
the i mpwg i1yp dapanhsef the 8 source and_drain regions. This problemis
further aggravated where salicided regions are created on the surface of
“the source/drain regions in order to reduce contact resistivity to These
regions. The selective growth of the salicide that is needed for good
contact respsiiangce Wicthnthe: sRtald At 1.0 +hayaLsi SAUES 3 JiGaGHbEN bet ween
the deposited | ayer of salicide naterial, for instance titanium and the
under | yi@0pigdd icON.ceThgrdi Ladhtim thate s sEaemed: on ghe syrface of §he
contact regions (source/drain regions) nust be w de enough to dccormodat e

t he ph@é@éit@%@@%ﬁ%cbhﬁh&%iomé)ﬂ d-Q1mL00,£0nt ACt, W Bids! 0 the

source/drain regions. This resu in a w der device. , Since silicon

i's congugedh idkddiiss BhOGeSent Ne 4G e depth, of 8 p_agyLge/ drai n r egions

is difficult to control “and dopant depl etion pan octur iIn ese regions.

Furt hes gpy s 1 { QImati-Qn QBdtﬂﬁigﬁﬁPq:gggﬁkl§?§§869—£&H¥§#%¥¥% ., 4he

‘~source/drain regions can result In usi on under the ga?e.region

ther ebé’c&@r?t@!ﬁ;l@g daN@eaf ESEtjjé/%eSQ%QQ?he%.enﬁﬁ rﬁl(g et_af}fimgﬁgr lleading to the
so-cal l ed "short channel effect”. One of the key factors't at’ aftects the
reliabpdhg Verdn 2B Metal oxide Semiconductor (CMOS) transistor was
| considered to be only an extension of the design for.MOS ICrs,
Later adyancements in fabrication technology, mostly due to
improvements in ion implant techniques, allowed for PMOS devices
-0 be replaced with NMOS devices. The larger drive gurrenf of
NMCS devices results in faster speed of these dévices,_which
results in NMOS.devices becoming the dominant type of device in
the IC industry. NMOS devices however exhibited severe
limitations in power density and power dissipation, causing CMOS
deviCES Lo become.the dominant technology for IC device
manufacturing. With the arrival of CMOS devices, a renewed

-;nterest in PMCS devices developed. CMOS emplcys both NMOS and

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



devices of small geonetry is caused by the shrinkage of the channel |ength
and channel width. To overcone probl ens associate with short and narrow
channel effects is therefore an inportant concern in the design of FET
devices. Gate oxide integrity can 9 =1so be negatively affected by the
hot-carrier effect. If the carriers can acquire sufficient energy fromthe
| ateral electric field (the field parallel to the plane of the substrate
sur f ace&)at tiHesd.cgarcr derscany g arfsifoe facressce e Sulbstvate ci-pJt Hee gat e

oxi de interface thereby affecting the oxide conduction band and,

=l ti metedysitiap fAnedt PBA BPIFTOrIRATGE acgahe Bkiele Y& BRvepecteital
"separation. The electric field barrier for electron injection is snaller
than ilitsld grudysing cejteeeh o isTHimnFAghlrem is therefore nore promnent in
n- channel MOSFET' s because el ectrons formthe charge carrier in the device
channel . Specifically addressed by the invention are concerns of gate

el ectrode design that arise as the physical geonetry of the gate el ectrode
i s reduced.Ti tdradlting rédabei oMol heewdlrasneh Ehagsibisl @loye teeddeetce
creating the previously indicated short channel effect. In particular, in

- creatingndd DBrsigruct ur esber el tdndBor glvd shasédbascariampur pty | npl ant,

the tendency of high diffusivity of boron into the surrounding silicon
subst rahena¢ f ents rt-hahheesherdecaol trdgaopad pdkey devicoe driwe emerent, thus
affecting the PMOS devi ce perfornmance characteristics. In a typica
processsag fdow tiRIDRn fphant at: bressuperfor Aedubeé oref S/dhiniplant ati on and
anneal of the inplanted inpurities. This anneal step will further enhance

- the di husiloemenfuddie thomenutd thdt orhd he dPhbbeleghons-¢idrmetlhelesiikeson
underneath the gate electrode. This invention addresses this |atter aspect
of CMOSrSatemglesigy sybmer103ab63n (Liukianpeett cathahcs howsr actprrdcessswhere t he
NLDD, VS/D and. PS/D are forned and anneal ed, then PLDD is fornmed. See digs.
2a to 2hghstksotlseesicdld vblthipnes JeticddIlimensconpaanagddds ) «whA@3e563
~(Lukanc et al.) with the instant invention, it nust be pointed out that US
6,1 03, 588 fptrukamoeletdeavice iis,nbbr compatdblrenufacturing, a surface

‘channel device; These devices are made using undoped polysilicén
for the gate structures that are simultaneocusly doped at the time
That the source/drain fegions of each type of device are
impianted. fhis leads to speclal manufacturing problems caused
oy, among others, diffusicn of impurity implants through the gate
. oxide into the éhannel 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 processing temperatures.



ained at reducing the mask count and not at reducing the lateral diffusion
of dopant. Even though the PS/D inplant is perforned prior to the PLDD

i npl ant, the photoresist mask is still in place at the tinme of the PS/D
inplant, which is not suitable for the S/ D annealing process. Therefore,
under US k 103,563 (Lukanc et al.) the S/ D anneal nust be perforned after
the PLDD i nptardasznd cabtetiethee r gpmualh ofevilber phot 0 €Simsir: Fhiasnappr oach
does -not reduce |lateral dopant diffusion. US 5,998,272 (Ishida et al.)

di scl osesgah; reverdss ibbDo fppecessnatheteritdee kDB i sndof nednafktenehhen S/ D

anneal . In conparing this invention with the instant invention, it nust be
poi nt edresknthatnidre propesssfhownIhaderterproyhdestiyns U 2089892484 (| shi da
et al.) is not conpatible with the creation of 11 w bor derl ess

- cont actsck t imziera sexekushenget hiee hatden ess copiacttican,cnsrder US 5, 998;
272 (lshida et al.), land partially on the surface of the STl region. This

ey catisenddie Oalchepeesotiel eakages fllidantscl bel weenedhg fRNtaek kgt he
source/drain regions and the surface of the STl regions) or, in a worst

case SgRpaih®z ﬁt'&h@b&e”&¥e@§ﬁuén&tﬁﬁﬁMﬁﬂ%rtﬁﬁo@@ﬂﬁ@cistﬁbtﬂ%%r%égéreg|Ons
and the surface of the STl regions). In addition, the process flow of US

5. 998, 27@1 {h Shirdar Bt saki. Lnbsanot deemmat ifyie %&Po&@ﬂmﬁ&lé%%a‘}om acts
(SAC). The process that is provided by US 5,998,272 (Ishida et "al.)

cont ai ASgSPACELS QLE-QUERnnBntesEase Ihame ARpSRRCE AL dH0Vhded, this
approach is not suitable for the SAC process. Typically, the SAC process

uses ashattrsmsks ot he gaﬁﬂlél@C&ﬁ@C@leaﬁﬂiplI%ﬁﬁs b Ebgle 1as t@&risetﬂﬁp stop
| ayer for the etching of the gate spacers. US 6,074;906 (Cheek et al.) and

US 5, 329i506d (dsdikaimete) gshewer etat &gk Proeesses. 1 r@.lé lénBNVENTI ON A
principle objective of the invention is to reduce ateral | fusion of

boron kepugE thes ddHQ tadhacapl ashapaed t FRGIcaNS nEOh g APk Cgaateeon where a
-boron inpurity is used as a p-type inpurity 12

slectrode, thereby affecting the gate threshocld voltage

performance while the high implant energy and dosage may further
affect the thin layer of gate oxide underlying the gate

glectrode. It is therefore critical to design an implant method

 and sequence where gate penetraticn by implant dopants is not a

factor.

‘Various types of implants are used in the industry to create
semiconductor devices. Implants caﬁ be a Qell implant, which is ’
perfoﬁmed to provide a more-uniforﬁ background doping in the |
.surface of the substrate. A punch-through implant provides a

channel with greater robustness to punch-through voltage. A -

with the salicide process. In addition, US 6,103,563 (Lukanc et al.) is \_



i npl ant for-the creation of Lightly Doped Diffusion (LDD) regions for a
PMOS devi ce. Another objective of the invention is to provide a nethod for
the creation of CMOS devices whereby the diffusion of p-type_ LDD
inmpurities that is caused by the anneal process of the LDD inplant is
renoved. Yet another objective of the invention is to provide a nethod for
the elimnation of PLDD diffusion of boron into adjacent silicon of the
substrﬁpﬁe?ﬁé{lmc%nmffélaéﬁplsieéd £8et her t3dtalen vl tPVES Blevidses cehat  have a
sub-m (%%OQ chanpel_length. In accordance with the objectives of the

i nvent i'oh*8 #ew Wethod i s provided for the creation of PLDD regions that is
aimed at reducing lateral p-type inpurity diffusion. The process starts
with a silicon substrate on the surface of which gate el ectrodes | ave been
created. An_NLDD jnplantation is perfornmed self-aligned with the NMOS gate
el ectrode, A Payer ofFoide CEBxPULTIHEI by BepeBi ek olase tihetser uct ure
over which a |ayer ;of nitride is deposited over which a first layer of top
oxi de F8@BpdsitEd 177 st*1fat A <Paders ape Foraned dby 1at ehe neartdve offi rst
l-ayetr of top oxide, stopping on the nitride layer. NS/D and PS/D inplants
..are petfBrihed: &IFLla-iedred TRt Kot eSper tiunsihy thheusivosmirh it lenPVES 13
devices, the S/ D inplantations are anneal ed. The first gate oxi de spacers
are refboBdEied P Y5 WpPaneat fene | 5 pérd cemee o6l Lxu0 i ghedlxia'h the PMOS
gate electrode. A second |ayer of top oxide is deposited over the structure
and et SheBS{ U °fh BReBREDND ydthe spacer sfoflthe WiWevdbl siefttdie NMOS and
PMOS gate el ectrodes. After this sequence of processing steps has been.
conpl eV 8455+t heh g dtte sslhepr-8déspant ke diepbabeddeal bpwarprcanventbenal

net hods of gate el ectrode processing. BRI FF DESCRI PTION OF THE DRAW NGS
Fig. 1*Shohe Zerngvssiidecticvod x3f a afemsdonduntdornsentage, im DR d=egion has
been defined in the surface of the substrate. A PMOS and a CMOS gate

el ect rotiel ha¥e3bden crdgesgonnvehes sy fazesneaning Db npdrantaati an has been
perfornmed, an oxide |iner has been deposited over which a |ayer of nitride
- has beBnN~HepoEtI¥trakiPPr 60 Fayerrdir todp lotidle ahtamsbeeh depashtedcover the
~layer, of nitride. Fig. 2 shows a cross section of the structure of Fig. 1
aft er’ #he FHT31295876C: of hispcaXi Brhas bednpetichedost dppieagyodophe nitri de
layer, creating first oxide spacers.on the sidewal k of the gate electrodes.
NS/ D atfPBED §HpIi&FtaPrenss haver Yeefcm” of arsenic at 50-80 kev,

Decreasing device dimensions has resulted in decreasing the
chgnnel length of gate electrodes, thaﬁ 15 the lateral distance
between the soﬁrce and drain regions of the gate electrode is
reduced to where this dimension apprcaches 0.2 pm or less. As the
_channg}ﬂlength is reduced, the gate electrode must also be

““;gduced 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



section of Fig. 2 after the oxide spacers have been renoved fromthe
sidewal I s of the gate el ectrodes, PLDD inplantation has been perforned.
‘Fig. 4 shows the cross section of Fig. 3 after a second | ayer of top oxide
has been deposited. Fig. 5 shows the cross section of Fig. 4 after the
second | ayer of top oxide has been etched, stopping on the oxide |iner

| ayer ;s £r@at kRE_ 885Nt QX ffs SRager greglérbeissiﬂ@%@&%g%ﬁ@&&@t e
el ectrodes. The layer of nitride has been renoved fromfhe surface of the.

subst rale. DESORLEI4 QN O, IHE RREFERRED EMBGDI MENES -Befer ing now

specifically to Fig. |, there is shown a cross section of a sem conduct or

SUfTa%%dﬁ@e/&@éEHGEeéfgwg‘ﬂd‘d%&%%stéeEéﬁﬁ%biébdﬁébt %e@&@hiv%@Y1ﬁ>ST| regi on
defined in the surface of the substrate 10, this STl region electrically

-1 sol atgg sthe AV device sjé]-lé(crﬁ?]e_zt Bgoﬁ%geﬁﬂe‘:%éﬁ%c&@@t thave; been created

on the surface of substrate 10 , evi ce created on the surface of

Subst rtiel0cor 13008 EMB devidse rgatedion dle aurhace.of, subtrate 10 15

14, t he body of fhe gate electro _ vi ce e body of
the ga:te%uq_lr%%t ':aoggagéi&rb%é%@nd%\élecgeg'gsited layer of salicide

matefial, for instance titanium, and the underlying silicon. The
titanium that is formed on the surface of thé contact regions
{source/drain regions) must bs widé enough to éccommodake the
;hbtolithographic limitations in forming contact openings to the
source/drain regions. This results in a wider device. Also, since
siliceon is consumed in this preocess, the junction depth of the
" source/drain regions is difficulﬁ to conltrolr and dopant dél_pleti.on
zan occur in these regions. Furthermore, formation of the deep,
‘1eavily doped junctions fof the scurce/drain regions can result
in depant diffusion under the gate region thereby reducing the
zffective 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 smal; geometfy is caused by the shrinkage cof the
channel length and channel width. To overcome problems asscciate

~ith short and narrow cﬁannel effects 1s therefore an important

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




15, an NLDD i npl ant that has been perforned into the surface of substrate
10, self-aligned with the NMOS gate 11 18, a layer of pad oxide that has
been formed over the surface of substrate 10 prior to the formation of the
gate electrodes Il and 13 20, a liner layer of oxide has been deposited
over the surface of the substrate, including the surface of the gate
el ectrodes 11 and 13 a 21, a layer of nitride that has been deposited over
t he surisceomneggheilvayera2fecofedXidehe ReE-22rrdef igFed-ayer ohet Op oOXi de,
deposited over the surface of layer 21 of nitride. STl regions 12 can be
creat etkusiany ganuabgnioé sef hods:nEenhernggt anee, tiona axei-aodei st - met hod
of creating Buried Oxide (BOX) isolation used for shallow trenches. The
met hodZiewm| \wés drledtli pgrétbathes the thansusf ace: ofursuksteatersef,il1ing
the trenches with a chenical vapor deposition (CVD) of silicon OXIde (Si Oz)
and themest chimgeos meghanacatdy arroeherheablyspolishiongnthgassrface of the
deposited silicon oxide in order to create a planar surface. The shall ow
t r enchesiddatntareaeechedréoy 4 hteBAglGhe PrOCESSorAIE taBhSBLAQPLLR) | Y
pl asma etched into the silicon substrate and are typically between 0.2 and
0.5 umbeepmtsSH, regi Enscatentypitaldingf ar grek i dkidie 19yiage of a substrate
around active devices that are forned in or on the surface of the
subst ratestticad deptiabebmeenhaboyct2Q00 ragdd 3000- ANgFihom «Appther
approach in formng STI regions 12 in the surface of substrate 10 is to
depOSIIn}Rdtxnm1lmlBdeEeﬁntﬁaﬁaMﬁthEoQthEetfﬁﬁe&ﬁ%%nbEQﬂlghgfggi&y gr own
on the surface of substrate 10. :after deposition of the nitride, a shallow
trench:s stietoiiede Abeet PeosUDSHE aire O hdshBY BodMSk.s Ackayer of oxide is
then deposited into the.trench so that the trench forns an area of
i nsul atlerc e eetrti ehewbhehg@ctésriied sal ahe dbeiActdnugrdevi ces. The
.excess. deposited oxide is polished off and the trench planarized to
prepare for the next |evel of netalization. The silicon nitride serves as a
stop layer for the CWP polishing. Typically, a. blanket |ayer 18 of pad
OElde fanlﬁ@ddﬂﬁﬂ@dlmyeadﬁh@s§&ﬂhﬁﬁ&w@f1av§h£iéﬁﬁhﬁyb§%kﬁkﬁstBEO&QQEa
t her ma

ﬁlectrode design that arise as the physical gecmetry of the gate

zlectrode is reduced. With this reduction the channel length is
also reduced, creating the previously indicated short channel
zffect. In particular, in creating PLDD structures for which
soron is used as an impurity impiant, the tendency of high
diffusivity of Eoron into the surrounding silicon substrate
affects the_threshoid vdltage and the device drive current, thus

affecting the PMOS device performance characteristics.

In a typical processing flow, PLDD implantation is performed
cefore S/D implantation and anneal of the implanted impurities.

This anneal step will further enhance the diffusion of the boron

10



oxi dation nethod at a tenperature of about 900 degrees C. for a rime period
of about 10 to-20 mnutes. A layer of pad oxide is Typically formed to a

t hi ckness of about 150 Angstrom 17 For the creation of a typical gate

el ectrode such a gate electrode 14 and 16 shown in cross section in Fig. 1,
a layer of polysilicon is deposited over the |ayer 18 of gate oxide and

et ched usi ng photolithography foll owed by anisotropic poly etch.. The etch
. to forir¢hectbod®Liof reheogat ened edia ada irenbvedetheatayma gaf:epol y and t he
layer of gate oxide from above the surface of substrate 10 in accordance
Wit h taeepatddy.n fist hevgat toel edrades thianda(B8ar Afdercd e gmrbe

el ectrodes 11 and 13 have been created, conprising the |ayers 18/ 14 and

| 8/ 16, zacseddsiajri.gned NLDD inplant |15 is performed into the surface of the
substrate 10. The NLDD inplant 15 is and NMOS i npl ant, typically perforned
usi ng arsenic or phosphorous ions as a n-type inpurity source whereby the
ions are inplanted with an inplant energy of between about 1 to | O KeV and
an ion concenhtd atdxomesf (hekaseneabaut) Bhbdsandpi&iés atwredCcrbe hayes 20 is
an oxide liher, layer 21 is a layer of silicon nitride. Combined, these two
| ayer fi®rm anassivatreotiokayer afdraretnver,  thensprfmces dortdee .sghstrate 10
and the gate electrodes 11 and 13. Passivation |ayers typically contain an
‘oxi de. pig#fi tzd dey Ahewieansakseoromg,ainndsOz that3i sidlepogiar-edgbys 18

plasma at _| ow tenperatures, .a SACVD oxide |ayer, a plasma enhanced nitride
| ayer, s a1 0 POAS oxid@ncSieki 600 Niiti dehd S n4sedrasnAePasSi vatd aiskayer due to
its ability to provide an inperneable barrier to noisture and nobile
Cinpuribbescd®. o SR YR 60ns}, s& | o b de. al 59 {of M akeyah coating
that protects an underlying integrated circuit agai nst nmechani cal damage.
Layer 20coftoxige ildiker pkschabi ven axddde ioh,t ber gpi by, g5 oW, axindecor CVD
deposited oxide, to a thickness of between about 100 and 500 Angstrom

layer 21.pfisnidingde des rdapeshyethdiadsx Rayerk 33d0hosi A camudiihgi dgei S
deposited over the surface of the oxide liner layer 20. The l|ayer 21 of -
siliconatktsl de {SisSNa) cgalopendeposdd athaghngnkPEYD ofnAEGEYDiRr ocedures at .
a pressure between about 300 mflorr and 400 niforr, at a tenperature between
about - 60Pranee BAL-idRgRRESHE. PLDO Budhiikness phobet¥eesr abauwt is 2000 and
3000 ‘Angstromusing NH3 and SiHa. The silicon nitride |ayer-20 can al so be
deposi sedl usimgp 1REVR oL nBPECYR: ps OCaNey susnBdaat | e@ei@nti Jasem xture such
as dichlorosilane (SidzHZ) and anonia (NHs). Layer 22 of top oxide can be
grown eaitiel sufdace<ofs /bhandeposhd askdayer. 2heobepidyfigaid g | ow power
furnace. This at a tenperature within the range between 750 and 800 degrees
C. forsa1d9, s63i mipeid @d wilhi fnd he/ i angr hetweenn30panth AR dMafkes to a
-t hi ckness between about 1000 and 5000 Angstrom  Layer 22 forns the base

| ayer tpe thepcigatdan 0k birest {sacrdddwiialy gatespesess f:or thhg gate

el ectrodes 1' and 13.

approach does not reduce lateral dopant diffusion.

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

5,998,272 (Ishida et al.) is not compatible with the creation of
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Gate spacers for gate electrodes are typically created using a variety of
materials such as silicon oxide, BSG PSG other materials preferably of a
dielectric nature, CVD oxide forned froma TECS source. The preferred
material of the invention for layer 22 is silicon dioxide (S OQz), deposited
over the surface of the layer 21 of silicon nitride using LPCVD procedures
(for- better step coverage) at a pressure between about 200 mfOr and BOO
mror r, “2F S5 L 8fperat t - hetiicdn zabouex6D0s and, 808 degriceses ,catepesited to
a thickness between about 1000 and SO00 Angstrom using TECS. The silicon
oxi de [F&ffer U29°Ear® at s b depdshied esiag. LPQMDdppecedal g arsing a
reactant gas m xture such as dichlorosilane (SiCzHz) and Oz. Fig. 2 shows
a crosSUSEBFFoRL of e el St e ThE s PRgy dausfa ethet bechayenc@2mf top oxi de
has been etched, stopping on the nitride |layer 21. Shown in Fig. 2 are: .~
first OXPABIEPACEFL 24 RGteead tha Ehetattdewaltile sburhe/dgatin etedionedes 11
and | 3 NS/D i npl ant 26 has been perfornmed 20 PS/D i np-l ant 28 has been
per f or ABH, CRAMSUEFRC duir dévediBEiin rEarbbant ©(,NShDaand ~BS/ B)shauerhees,
- ‘anneal ed (highlighted in Fig. 2 only by the depth of the penetration of the
NS/ D aﬁdSPSF%‘Pﬁbl%ﬁﬁ%ﬁ.(HﬁﬁW§ﬁngahe spaEverts 24 thanske feqimes ywekehi ng
first top oxide layer 22 (Fig. 1) using Ar/CFa as an etchant at a
t enper RGFECBf O et iR e Tabewtion20 - afd 460. degr,eedeCprandsa Pr&s st esof
bet ween about 0.30 and 0.90 Torr for a tinme of between about 33 and 39
seconds’ ds¥ng’4a Hrshictxietprdeesss St | comwamibde spasessl 24 cagheal SO be
formed via anisotropic RIE of said silicon oxide |ayer, using CHFs or
CEa- Oz¢PRtastan{@eharthe Sowreesandadriai muegiden bplians sseape perfor med
under different processing conditions, dependent on device requirenents.
For ins$tahtdaactighst) comdadnisvebyceé npart,i Rgedopanthystage phasreherous can be
inplanted to create |lightly doped n-type source and drain regions for NMOS
devi ceSPENSF D) are drrdvipleant ¢diat apprensr gy betweantabout 5 110, 6@KeV, at a
dose between about 1E12 to 1E14 atonms/cnR. A second conductivity inparting
“dopant *Eafebe- UBEd g laneshe ABAI ppcopedis2@UECRa2A0NESAI fbF 88ic0R e SUCh as
arseni c_or phosphorous, ion inplanted at an energy between about 5 to 60
KeV, aflactedée btdwearsabostidElSs tan 5ELS: atepsiepBr Aot hind LoRdHGtivity
i mparting dopant caw be used to 21 create heavily doped source and drain
regi on3t SRR Ioaz @P@sire- ion inplanted at an energy between about 5 to 60
KeV, at a dose between about 1E15 to 5E15 atons/cne. |nplant conditions for
p-type inplants are simlar to the above indicated inplant conditions for
n-type inplants. It is clear that p-type inplants (of for instance indium
or boron) &% UsEd 199 6cri€arekseurek/ draia usegi 08s, that (g8 sekbyal i gned
with PMOS (p-channel) devices while n-type inplants (of for instance
~ ar seni ERYF PHosHItbrewsEsaee. 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 inplants are annealed to activate the dopants by rapid
thermal annealing in a tenperature range of between about 600 and 800
degrees C. for a tine betws@shour 26capgvdi@rsmeconds at 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 el ectrodes 11 and 13. In addition, PLDD 30
i npl ant has® Fedmcpeitorhedct 1 vl @tch30 inseat PMOS & Ny ardqesi Rg+heson ( BFz)
with an inplant energy within the range of -
: : diffusion of boron impurities into adjacent channel regions for

application where a boron impurity is used as a p~-type impurity
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22 oetween about 1 to 10 keV and a dose within the range of between about
leld to 5el5 atons/cm . Gate spacers 24 can be renoved etching using Ar/CFa
as an etchant at a tenperature of between about 120 and 160 degrees C. and
a pressure of between about 0.30 and 0.40 Torr for a time of oetween about
33 and 39 seconds using a wet etch process. The renoval of the gate spacers
24 uses the layer 21 of nitride as an etch stop layer, as can be seen in
Fig. 3imglamusiorbehenphastied ¢h HithtdiyossoeechiDiudikat (LODsShosmidns Fig. 3
‘that the oxide that is used to fill the STI trench 12 is at this time

pr ot ecied dyMayelevZkeof silicon nitride: It nust also be noted that the
PLDD i npl antation is perforned as the last and final step in creating the
sourcel drain regions of. the gate electrodes. It nust further be noted in
Fig. 3 that the PLDD inplant 30 is nmade at a tine where the laye.r 21 of .
si.licon nitariakheirs optiektiva of ades xmmynhypnglbay@rpﬂﬁ}uma exmdehod ner. The
significance of this is that the PLDD inplant 30 is ;elf-aligned with the
gat e efectrioderkEdtdver of heMssirdace: il whieirehy' t@gedsfﬁububnfodxpdEyﬁener) and
21 (of silicon nitride) are in place. This results in a PLDD inplant that

i s, altibougipweltfizglsi ghed wsthatdwed gat ehel echeoteptBsessymrfet-necabdby renoved
from23 gate electrode |3 by the conbi ned thickness of |ayers 20 and-21.
Thi s, combimed svidemotrhe.anneal for the S/ D regions which is perforned prior
to the PLDD inplant, addresses the objective of the invention. That is: "to
reduce lateral diffusion of boron inpurities into adjacent channel regions
for application where a boron inpurity is used as a p-type inpurity inplant
for the crentti amaafeki gbt byt Dopest Qirfd uSﬂvantﬁhDDJ)s regigs itber aa PMOS
-deV|ce"

method for the elimination of PLDD diffusion of boron into

adjacent silicon of the substrate that can be applied to the

creation of PMCS devices that have a sub-micron channel leagth.

In accordance with the objectives of the invention a new
nethod is provided for the creation of PLDD regions that is aimed
at_reduciné lateral p-type impurity diffusicn. The ptocesé starts
with a silicon substrate on tﬁe éﬂrfaceﬂof whiéh gate electrodes
lave been creatéd. An NLDD implantation is performe@ self-aligned
ni;h'the NMOS gate electrode, a layer.of oxide (oxide liner) is’
deposited ovef the structure over which a layer of niﬁride'is

. Jdeposited over which a first laver of top oxide is erosited.
?irst gate spacers are formed by.etching the first layer of top
oxide, stopping oﬁ the nitride layer. NS/D and PS/D implants are

_jerformed self-aligned with respectively the NMOS and the PMOS

13



It is clear that both steps of creating LDD regions (NLDD and 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 limted
dept h- such as about 1500 Angstrom Fig. 4 shows the cross section of Fig. 3
after - a second | ayer 32 of top oxide has been deposited. Methods and
processi ng conditions that can be used for the deposition of the |ayer 32
as a seeonded Ayate of/ ot GRpOXhde: have Jreviaush¥qabeen highld ghted.ang. can be
~beneficially applied for the steps that is represented in cross section in
Fig. 4spdbese Landidders,t hepehor anda naC:baedst 9o be, fyd hen hi ghlighted at
this tine. 24 Fig. 5 shows a final cross section of the process of the

i nvent & DNgns@cANch Galee PHPACEEBe 32 haveeen Lorgrd on dhe sidevall g, of the
NMOS gate el ectrode 11 and the PMOS,gate el ectrode 13-using conventi onal

and pr evi @usdyi figilveghtad ptocessiqgiethedsqand £ohdidiconsc fhe etch of
| ayer 22, Fig. 4, the create the gate spacers 32, stops on oxide |iner

layer 28cerepmydig drhehnsi kigenanid raide v ampaboye bds J.ayer 20 where |ayer
21 of nitride is note protected fromthe etch by the gate spacers 32. Layer

21 of siétensudd t MR shabsoegeimved f er:the: syriags ofd hegate
el ectrodes 11 and 13 but remains tn place underlying gate spacers 32 and

i nt er f asikpge bed Weele e gal BcEPEES a32 aNd ohPee POdY: JA/ 18 of NMOS gate
el ectrodes 11 and 16/18 of PMOS gate el ectrode 13. The advantages that are

- provi deéhbynt fnd NVRRLLEE 6aNghe. summiized as-follows: anneal of the
source and gate inplants of t%e NMOS and PNEB device is perforned prior to

LDD i npl ant of the PMOS device, elimnating the effect of boron (p-type)
iFmpurity) to diffuse into the surrounding silicon as a consequence of the

anneal temperatures ofpdine SECeRnpeaby (e MlsDBsnaglons are further renoved

in a lateral direction along the surface of the substrate fromthe PMOS
gate el ectrode, placing a distance between the surface of the 25

Fig. 1 shows a cross section of a semiconductor surfate; a
3TI region has been defined in the surface of the substrate., A
2MOS and a CMOS géte electrode have been created on the surface,
an NLDD-ileantation has been performed, an éxide liner has been
_ ieppsiﬁed over which a layer of nitride has been deposited. A
Iirst laver of top oxide has_been deposit;d over the layer of

1itride.

Fig. 2 shows a cross section of the structure of Fig. 1
after the first layer of top oxide has been etched, stopping on
zhe nitride layer, creating first oxide spacers on the sidewalls
5f the gate electrodes. NS/D and PS/D implantations have been

performed, the S/D implants have been annealed.
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substrate over which the PMOS devices is created and the PLDD regions in
the surface of the substrate. This nakes the possibility of diffusion of
PLDD i npurities into the surface region of the substrate underneath the
gate el ectrode that nuch nore unlikely there is adequate surface area on
the surface of the substrate between the gate spacers of the PMOS and NMOS
devices and the surface of the STl region so that contacts to the S/D

regions canche. estabhished wkbboulscatts| e 3,6ongercof sl gont act

maki-ng contact with the surface of t ion steps of Inpurity

| Pl ankpgkethen LN 600 ALGEORPAL | BIL sicenitl) 861 L "a%/ed | npl ant's,

using the gate el ectrode for purposes of i gnnen D anneal is

per for e vhikes Ny eks 10k RBRLET o8| sgeeqlhg) SREEsepy over the surface of

the construct; this makes the process of invenfion conpatible with the
obj ective of - redu0|ng | at eral dbpant diffusion in the surface of the
substrate. Although the invention has been described and illustrated with

reference tp;gpecididus khuStratl ve. erhodiJe he ot _intended
t hat the |nve%t|on beS l[imted to t%ose |Ilugﬁéat|v%§g%%odfﬁ%%?§ ‘Those

skill edajarthe agd Wilde Eggoggégedégggl\gaw ations and nodifications can be
made w thout departing 26 fromthe spirit of the invention. Ir_is

therefore intended to include within the invention all such variati ons and
nodi fications which fall within the scope of the appended clains and

equi val ent spiher£afnows the cross section of Fig. 4 after the second
layer of top oxide has been etched, stopping on the oxide 1ine£
- layer, creating second ox#de spacers on the sidewalls ¢f the gate
electrodes. The layer of nitride has been removed ffom 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:

* 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
2 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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27 What is clainmed is: 1 A nethod of creating Lightly doped D ffusion
regions self aligned with a PMOS device, conprising the steps of: providing
a silicon substrate, said substrate having been provided with at |east one
NMOS gate el ectrode and at | east one PMOS gate el ectrode on the surface

t hereof, said at | east one NMOS and at | east one PMOS devi ce being
separated by a region of gate isolation created in the surface of said

substrat a4, arNegab iy e A iaht ks -Doped Dk duisi on CNGBB) Laplant &t i on
self-aligned with said at | east one NMOS gate el ectrode havi ng been

perforjredqin t f .sald substrate, .su si,ve. | ayers of oxide
li ner, e'?gﬁ rst?%p}gﬁ%fgﬁ gl%%a%(it?i (reg CF%?/%EF 0 hoepgggfs’d%eﬁ]a\:ﬁn been
deposi { ed .over &P‘g sur f.ace o%‘ the substrate including the surface of said
gate el ectr odds BT cHify Yaitdefi P&F PRTRrPHF-AGIE 0knEE., Fof eI FFF i rst gate
spacers qn giugggal | s of sai cétt_gglte el ectrodes, usi ng said | ayer of etch stop
mat eri al “4s “HR" 6t &h° stop;°SPger ForRPRY 1t tY o soliPSe FRFai nl (NS/ D) and p-type
Source/Drain (PS/D) inplantations, said inplantations being self aligned
with sai d®at 3 828" dife NIMOS*dE¢i EBRT apds kel AvESedevies Fespustiagsl y; |,
~renoving said first gate spacers fromsidewalls of said at | east one NMOS
gate el eftfr GHBSHRAUTSatH BRI e sst thAet PMEE it ®2ghe gate electrodes ' :

11 'and 13

» 20, a liner layer of oxide has been deposited over the surface
¢f the substrate, including the surface of the gate electrodes
11 and 13

* 21, a layer of nitride that has been deposited ovef 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 crea;ed using a number of methoas. For
instance, one method is tﬁe method of creating Buried Oxide (BOX)
isolaticn used for shallow trenches. The method invelves creating
trenches in the surface of substrate 10, filling the trenchés

f_with a chemical vapor deposition (CVD) of silicon oxide (SiO2)
.and then etching or mechan;cally or chemicélly polishing ghe
surface of the deposite& silicon oxide in order tc create a.

olanar surface. The shallow trenches that are etched for the BOX
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el ectrode, _exposiwg the surface of said |ayer of etch stop material;
performng a Positive Lightly Doped Diffusion (PLDD) inplantation, said
PLDD i npl antation being self-aligned with said at |east one PMOS devi ces,
said PLDD i nplantation using boron as a source of ion inmpurities;
depositing a second layer of top oxide over the surface of . the substrate,
including the surface of said at | east one PMOS gate el ectrode and said at
| east Qﬁgcﬁﬁ/ﬁﬁaﬁ%t@ﬁw;ll&@h?ﬁ@a sdidhesedohd Lhyesibfcdrop oxi de,
creating second gate spacers on sidewalls of said gate el ectrodes, using
sai d | ég‘@PtBFt%x?féfé JihévPasadnvebewstop 2ayed; Oahduetadimg syai d | ayer of
etch stop material, using said |ayer of oxide liner as an etch stop |ayer.
2. The*fEtABA &= chéifial whépsimadsan dtkaymrr fekeorifde sumerrdse depaskted to
a thickness of between about |00 and 500 Angstrom 3. The nmethod of claiml
wher ei ASS&VE FayefedftieticRrst Sprmatets abr conphiesesr§ité con v ri de,
deposited to a thickness of between about 2000 and 3000 Angstrom 4. The
met hod SBPSEFaF#n | tWfer it is RRrEWEER sebewly 40 06f andpS5o8d dendscenosi ted to a

- thickness between about 1000 and 5000 Angstrom 29 5. The nethod of claim
1 wherein said second | ayer of top oxide '

Ancther 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 depos;tiod of the nitride, a shallow trench is etched into
the substrate 10 using a mask. A layer of oxide is thén deposited
into the trench so that the trench forms an area of insulation
dielectric, which acts to isolate the active devices. The e#cess.
 deposited oxide is polished off and the trench planarized to
prepare for the next level of metalization. The silicon nitride

serves. as & stop layer for the CMP polishing.

Typically,Aa blanket layer 18 cf pad oxide can be formed
over the surface of a silicon substrate through a thermal
oxidation method at a temperature cof about 500 degrees C. for a
time period of about 10 to 20 minutes. A layer bf pad oxide is

-.:ypically formed to a thickness of about 150 Angstrém.
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is deposited to a thickness between about 1000 and 5000 Angstrom 6. The
met hod of claim 1 wherein said performng a PLDD inplantation using boron
as a source of ion inmpurities conprises inplanting boron (BFz) with an

i npl antation energy within the range of between about 1 to 10 ke'v and a
dose within the range of between about 1el4 to 5el5 atons/cne. 7. The
nmethod of claim1 with the additional step of annealing said NS/ D and ND/ D
i mpl ant ati ong; &l draapeahi df £aiciingader ape ek tdey rmilchagngakeng in a
tenperature range of between about 600 and 800 degrees C. for a tine

bet wees: @boric20 saRd 1406 Secohdsi ratcrd pf 88Ul enbeh o @bayt al@abefost, said
annealing to be perfornmed after said NS/D and PS/ D i npl antati ons have been
per f or s@dy s 8.1 ckie ietheds ot &l @idr koW il heiaddi téonalosidepaati anneal i ng
said Negative Lightly DopedD ffusion (NLDD) inplantation perfornmed into the
sur f ace: &e$aidrauRsbral echsad ghranneal idgqt 8yben pestaigird doryediahel y after
sai d NLDD i npl antation has~been provided. 30 9. The nethod of claim1l

Wi th thiee agght itonade rat €peoboapnenl iy Gsaled cPesttbye tdrghitdsy chepedy®rf f usi on
(PLDD) inplantation into the surface of said substrate, said step to be
perforgedery oind ansaindystepr ofatiepasidd Fgom speoadthayarRiet 0@ oxi de over -
the surface of said |layer of etch stop material. 10. The nmethod of claiml
-wher ei gusat thisd e ain pecboashdg @i ROsiHd vetlieght by Dopeghdd f fusi on (PLDD)
implantation..into the surface of said substrate conprises formng a

| i ght | y1dopeshgegiionnaf 18ess than 1500 Angstromthick. 11. A nethod of
creating Lightly doped Diffusion regions self aligned with a PMOS devi ce,
conprising the steps of: providing a sem conductor substrate, said
substrate having been provided with a Negative Channel Metal Oxide

Sem conduct of+ {NMR) gatecebectsase in Addilti aavhopbayi hw:deen provided
with a Positive Channel Metal Oxide Sem conductor (PMOS) gate el ectrode,
-said %Eﬁﬁﬁn@ﬁﬁ&%@%r@n%%@h da PMOS; gt e elseckr gdeghel negeparated by a
gate insulation |ayer created in the surface of said substrate; performng
a Negatiyeaht ohd | ys riehf ust One K NLDD) == dmpl-ant at s @xs 4 0§ tike surface of
said substrate, said NLDD being self-aligned with said NMOS gate el ectrode;
31 depositing a | ayer of oxide liner over the surface of said

The NLDD implant 15 is and NMOS implant, typically performed
using arsenic or phosphorous ions as a n-type impurity source
whereby the ions 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, laver 21 is a layer of silicon
nitride. Combined, these two layer fqrm a passivation laver
formed over the surface of-the suﬁstrate 10 and the date
2lectrodes 11 arnd 13; Passiﬁation layers typically contain qn

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

L.
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substrate, including the exposed surfaces of said NMOS and said PMOS gate
el ectrode; depositing a layer ef nitride over the surface of said | ayer of
oxide 1iner; depositing a first |ayer of top oxide over the surface of said
| ayer of nltrlde etching said first layer of top oxide, creating first
‘'gate spacers on sidewal k of said NMOS and PMOS gate el ectrodes, using said
| ayer of nitride as an etch stop | ayer; perform ng source and draln

i npl antdiEisors atokosat empMIS: g, sai IAPMYS: gaie 19hect r gdgs,ssai d source and
drain inplantations being self-aligned with said NMXS and said PM3S gate

el ect r ed¢sncanneat khde sbd ekisow cecandodrad N 4:inpl-anpt ati-ong. {gr[%velcpgssal d
first gate spacers fromsidewalls of said NMOS and said PMOS gate

‘el ectr edesssishngosal gydaydle oo Rickrhger as, an 6LCR15LOR, | Ay grmg%ggSIng t he
surface of said layer of nitride; performng a Positive Light T ped

Di ffusicerr{RrDBp nophantatdn robhoet hgpstiface @f g Sa'sgd§§4?%f<§r?§e using
‘boron as a source of ion inpurities, said PLDD belng sel igned with said

PMOS gatie iebechtodede depasidd-R@ a s$66oRNA-dAY:8ly thattogrg,gé 5 ayer the
~surface of said |ayer of nitride; 32 etching said first ayer of top

oxi de, ugrealynggsecoagt gaie ci&@@@l&sa@sml&w@e{@dﬂa%ﬁfalséhﬂa&\M’S and PM3S gate
.electrodes ‘using

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 depositea over the surféce‘of
the oxide liner layer 20. The layer 21 of silicon nitride (Si3Ns)
can be deposited ﬁéing LéCVD or PECVD‘ﬁrocedurés at a pressure

- between about 300 mTorr and 490 mTorr,.atra ﬁemperature between
about 600 and 800 degrees C to a thickness of be£;een aboﬁ£7"
2000 and 3000 Angstrom using NH; and SiHs. The silicon nitride

‘layer 20 can also be dep051ted using LPCVD or PECVD procedures

using a reactant gas mixture such as dichloresilane {SiClzH2} and

amonia (NHj3).

Layer 22 of top 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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sai-d layer of nitride as an etch stop layer; and etching said | ayer of
nitride, using said |ayer of oxide liner as an etch stop |ayer, renoving
said layer of nitride fromabove said NMOS and PMOS gate el ectrodes,
further renoving said layer of nitride fromabove said | ayer of oxide liner
where said second gate spacers do net overlay said |layer of nitride. 12.
The nmethod of claim 11 wherein said |ayer of oxide liner is deposited to a
t hi cknessecpebetaveernrdbotthel@8naadeS00: Mt AR 63 3mi Jhedrathed-OF ' ' claim

"'11 wherein said |layer of nitride is deposited to a thickness of between

about 2008kanss 3D eARgSbEAM 1044, addies omet hadsef okl aimdd mhergin said
first layer of top oxide is deposited to a thickness between about 1000 and

5000 Anpstsese UbserTHRdmehBodr-efc cdaidn L herebn.-sai di second | ayer of top
oxide is deposited to a thickness between about 1000 and 5000 Angstrom 16.

- The netpadepf £daidRel hawheeeibprsaids per f/yn;Ag a Positive Lightly Doped
~Diffusion (PLDD) inplantation into the surface of said substrate using
"boron as a source of ion inpurities 33 conpri ses.inpianting boron (BFz)
with an inplantation energy within the range of between about 1 to 10 keV

and a dose @ktdidpddeesr avgeqatebetavenahout1eld; Lo bels At/ cug, 17.
The nmethod of claim 11l wherein said annealins s%?é soﬁfceegﬁgﬁﬁﬁggﬁg

i pl antataonst € anpriasesibapi guthesdnad: angabikige i Npd; ! esmer afyre range of
bet ween about 600 and 800 degrees C. for a time between about 50 and 40

secondsa gt rfa s gesifee abelowsahoste 106 ;TOME £y rd8: cdhe, pethad of 4cl ai m 11
with the additional step of annealing said Negative Lightly Doped D ffusion

( NLDD) fiom| ant=s aoupest. orredpkator tdie rsukhage 9fF sal d substrat ¢, said
annealing to be perfornmed prior to said depositing a |ayer of oxide liner.
-layer 22 is silicon dioxide (SiQ2), 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:SOO degrees C.,
deposited to a thickness between about 1000 and 5000 Angstrom

using TEOCS. The silicon oxide layer 22 can also be deposited

using LBPCVD Procedures using a reactant gas mixture such as

dichlorosilane (SiCl:H») and Os.

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:

® first oxide spacers 24 created cn the sidewalls of the gate

electrodes 11 and 13

* NS/D implant 26 has been performed
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~19. The nethod of claim1l1 with the additional step of annealing said

Posi tiveLightly Doped Diffusion (PLDD) inplantation into the surface of
said substrate, said step to be perfornmed prior to said step of depositing
a second | ayer of top oxide over the surface of said layer of nitride. 20.
The method of claiml|~wherein said step of perform ng-a Positive Lightly
Doped Diffusion (PLDD) inplantation into the 34 surface of _said substrate

conpri sescd o Nid Acl hght Ly gg&@%énef%ir%gdofahgss t han 1500 Angstrom t hi ck.
21. A method of manufacturing a seniconduétor device, conprising the steps

of : prqviding a sem caonductor_ subs e, formng first and second
~conduct i v%{eggstoélgcgﬁdtrﬁénsﬁrﬁ%%%tSof (t[\{sggith 2B{pEE A 2 &idgen papeakre second

conduct i ve gates . being separated by a region of electrical isolation in the

surface o?”*g‘%F gs"?rﬁ& ?‘Bt E,Egr n%l%ﬂﬁy?/r‘i’g itﬁgufi??%soﬁ e tvacstrfbee ©F the

_Substrate %'ﬁn/%the first gate as a nmask, formng lightly doped diffusion
a

u
regi ons s%kTef- igr?éiﬂl \IKAS{R FB st 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 gggsgecgnéj Sconducti ve gat es; _formng first oxide sidewal|l gate
spacers on SFH3° s TAcEE G St R FIPsPe drtf e GHd=E6hdRgt Fistyares and
ext endin Lr m'saiéjzf' nd secon /conductive gates over the surface of

. Q 99 aye E&?p % L1 . .
sai d sibsfrate’ “by” et thi%ig “aid FErST ty&F 8F Top ¥k d& d@sing said | ayer

of nitci as, an_et top | ayer id first oxide gate spacers overlying
said | a?ggeg?tﬁf? r?%&esﬁwﬁe%lnaﬁ PRy ?%Lﬁ’? i®0 dRpEeEReCsutthde of the

substrales .Ul nge 1N [IL5L,20d §o59nd. Sondetive gates and the sidevall 35

u
sd
detween about 33 and 35 seconds using a dry etch process. Silicon

‘oXide spacers 24 can also be formed via anisotropic EIE of said

siliceon oxide layer, using CHE3 or CF3-0Oz2-He as an etchant.

Scurce aﬁd drain region implants can be performed under

- different processing conditions, dependent on device
requirements. For instance a first conductivity imparting dépant
using phosphorogs can be implanted tc 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 betweén about
1E12 to 1E14 atoms/cm’. A second conductivity imparting dopant
can be used.to c;eate medium doped scurce and drain regionms, such
©4s8 arsenic or phosphorous,.ion implanted at an energy between
about - 5 to 60 KeV, at a dose between about 1E13 to 3E1l4

2 . . . - .
atoms/cm”. A thlrd conductivity imparting dopant can-be used to
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spacers thereon as a mask, to formsource and drain inplantations for said
first and second conductive gates; annealing said source and drain

i npl antations; renoving said first oxide sidewall gate spacers from above
said layer of nitride; inplanting inpurities conprising boron into the
surface of the substrate, using the second gate as a mask, formng lightly
doped diffusion regions self-aligned with said second gate; depositing a

second. Jayer nah i 0p xbde Vercd haasurkagerafisai,d Juayersokrobiid de;
form ng second oxi de sidewall gate spacers on side surfaces of the first

-and second (canduchi ¥e Q@t%eﬁ%\}j gxt.erdi Agoht oMisAiah fderst 2and second
conductive gates over the surface of said substrate by etching said second

|ayer ofc.Jd Qxide 188k : segons fixilgcgat e spacers overlying said |ayer of
nitride; and etching said |layer of nitride using said | ayer of oxide liner
as an etch stop layer, said layer of nitride remaining in place underlying
sai d second oxi de si-dewal| gate spacers. 22. The nmethod of claim 21 wherein

sai d first duGt i-u6q92t 8, 5ORPE isas, 2 NPB. deyi £& andhisai-dcseerad
conductive gate conprises a PMOS device. 36 23. The nethod of claim2l

wher ei 0 sai d Jyml.anti 9goE RN ELAES 1O shbe, supfacenofarithe substrate, using
the first gate as a nasﬁ, formng lightly doped diffusion regions
'Self_aéi£g¥ﬂkﬂgéiﬁ—type implants (of for instance indium or boron) are

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

PMOS {p—channél) devices while n-type implants (of for instance

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

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

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

about 107° Torr.

Fig. 3 shows the cross section of the semiconductor surface
10 of Fig. 2 after the first oxide spécers_24 have been removed
£from the sidewalls.of the gate electrodes 11 and 13. In addition,
PLCD 30 implant has been perfeormed. Implant 30 is a PMOS implant

using boron (BFz) with an implant energy within the range of
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~said first gate conprises inplanting n-type inpurities. 24. The nethod of
‘claim21 wherein said inplanting inpurities into the surface of the
substrate, using the second gate as a mask,, formng lightly doped

di ffusion regions self-aligned with said second gate conprises inplanting
boron as an inpurity source. 25. The nmethod of claim?21 wherein said '
inplanting inpurities conprising boron into the surface of the substrate,

usi ng ddiesacapdugat ecas @ w@skndl ar 009 |4 ghtd ¥rdopgd,di éf%%er egi ons
self-aligned with said second gate conprises boron (BFz) with an

[ npla@k@hhoqeqqeggy5¥qgrggbﬂgy%ﬂrange of between about 1 to 10 keV and a
“dose within the range of between about 1el4 to Sel S atons/cnR. 26. The

met hod of claim 21 wherein said inplanting inpurities into the surface of
the substrate, using the first and second conductive gates and the sidewal |

spacers therean.as.a. Mesk, 40 fOoraLSQULCeL ALY dylgﬁpgg/@pt%tlggs for said

first and second conductive gates conprises: nting n-type

impuritd s ysiy @9asegﬂpéfgéirecmd%%wgsnggg@@t81% e %ee&@gé spacers

thereon as a mask; and inplanting p-type inpurities usin second

conductiye %ggéuégdok%é&&%\ﬂ%kﬁ%%ésawe&%na%praf@?% ffs e met hod

of claim 21 wherein said layer of oxide |iner osited to a thickness

of betyren abaut,,109;angd; 500 s%r&%%fdmﬂgégghl Cﬁef&%ogr%egéal ﬂlb@l wher ein

-said layer of nitride Is deposited to ss of “between about 2000 and

3000 AQQ&R%QbeZ%heTEE%émgﬂHgéfy:2Q|ﬁbgkzgh¥wﬁgﬁgﬂ12§a hkg?%%éa¥§nmmf top

oxide is deposited to a thickness between about 1000 an Angstrom 30.

The nethed Qb chgygyZlagnggﬂgg sai.gd §gcggg | payer of top oxide is deposited
to a thickness befween about 1000 and 5000 Angstrom 31.-The nethod of

~claim21 with the additional step of annealing said source and drain
i npl ahtaticns, said additional step to be perfornmed before said step of

removi ng saidfiiskste 0xhoe, Sidemall t C fro 0 er of
nitride. 32. %%g ne?ho of clalnFBFg%hgfggﬁ %%?ﬁ‘%hﬁ?gQuzg gg# sgﬁrce and

__drainfﬁﬂpl%PQ%EEO@ﬁecggpéésﬁﬁﬂ!qglQSEBeEgH%lfﬁugﬁgIg%& ELe§c§812 is

2t this time protected by layer 21 of silicon nitride.

It must also be noted that the PLDD implantation is
.performed as the last and final step in créating_the source/drain
regions of. the gate electrodes. It must fuither be noted in Fig.

3 that the PLbDrimplant 30 is made at a time where the layer 21

of silicon nitride is still in place, overlying layer 20 of o#ide'
liner. The significance of this is that the PLDD implant 30 is
jelf-aligned with the géte electréde 13 over the surface ol which
1;ayers 20 (of oxide liner) and 21 {of silicon nitride) -are in
2lace. This results iq”§ PLDD imp%ant that is, although self-

1ligned with the gate electrode 13, symmetrically removed from
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tenperature range of between about SO0 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
met hod of creating a CMOS sem conductor device having at | east one NMOS
device 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
surface of said substrate and at | east one PMOS gate el ectrode over the
sur f aceIdt® HiFLIHSt FatBY She FIddsedons iNMISS gatfe lelvectr 8deabei hg.
separated fromsaid | east one PMOS gate el ectrode by a region of electrical
i nsul atTihe 4 (Faeé nedr Fate bie sinkadufsrr she; 5S4l wdtiiorel whilnpl aating a first
n-type dopant into an NMOS device active region of the substrate self -

al i gned® % tH H%e PNMCS  §at ehe| Riedd dawleat) orfinefsastthe dopedtiegionh in the
NMOS active region; depositing a |ayer of oxide |liner over the surface of

t he sub%t¥ atTSiélndi ifaExpds etk s refcaces Loferhe NVIS sdvg BFOSogat e
el-ectrodes; depositing a |ayer of etch stop material over the surface of

t he | ayetPWwitt@gEsdéntPnediagent dhemmiedig reoions spac e ldrasidewaheése of t he
NMOS gate and first spacers on sidewal ls of the PMOS gate, using said |ayer
of et chPIVp Imvericyl tasuard el stoppeséheuti vel ynplmpltafbirngha second .
n-type dopant into the NMOS active region using the first NMOS spacer as a
mask, tReESeEM@Iniigpeloperad ihiplfastiani 6hDPormgigns fotche RMOS acti ve
~region, a second n-doped region deeper than the first n-doped region;.

sel ecti%‘P;Fﬁ'rrpl anting a first p-type dopant into the PMOS active region
using the first PMOS spacer as a mask, the first ptype dopant inplantation
forming, in the NMOS active region, a first p-doped region; heating the
substrate at_a first tenperature; renoving said first spacers from si dewal
"k of the NVOS gétglgar that both steps of creating LDD regions (NLDD

and 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
ilayer 32 of top oxide has.béen deposited. Methods and processing
conditions thaﬁ 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 represented in
cross section in Fig. 4. These conditions therefore do not need

to be further highlighted &t this time.
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and first spacers fromsidewalls of the PMOS gate, using said |ayer of
nitride as an etch stop |ayer; selectively inplanting as second p-type
dopant into the PMOS active region using the first PMOS spacer as a mask,

t he second p-type dopant inplantation formng, in the NMOS active region, a
second p-doped region, said second p-doped region being | ess deep than said
first p-doped region; form ng second spacers on sidewalls of the NMOS

gate' and fi risg.spackesson simewaldossobetheoPMIB 1gat @rouskBgosatkk | ayer of
nitride as an etch stop; and 90 removing said |ayer of nitride from above
t he surifracetofont heeNMDS gate sleeirisode andefieoim akovwedt ba syseface of the
PMOS gate el ectrode, further renoving the |ayer of nitride from above the
sur f acesidgwatiie sibsheatwoshere sdiedth-ayer 1 0fami toricdevos gxpesed, using
said |ayer of oxide liner as an etch stop. 34. The nethod of claim 33

wher ei relsgitdodayeB obinxi dentdmeronas daposiéerbdd a nilhhakgresqof bet ween
about 100 and 500 Angstrom 35. The nethod of claim 33 wherein said |ayer
of et chpstassiagenkahogonptd semdiitibinge, THEpOSiH et i@ vart hbckpess of

bet ween about 2000 and 3000 Angstrom 36. The method of claim 33 wherein

- sai d selrectdreelty ihpl aaté ngpacsecond prbypeoslopante iinhert he,PMI active
region using the first PMOS spacer as a mask conprises inplanting boron
(BFI') wdrvvamg mpkaptaiton enerigye wWebhi anbhe i@@@@ﬁerbﬁbmﬁﬂr@merl to 10

keV and a dose within the range of between about 1leld4 to 5el5 atons/cni.
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 imﬁlants of the NMOS and PMOS

device is performed prior to LDD iméiant of the PMOS device,
eliminating the efféct of koron (p-type) impurity)'to diffuse
into the surrdundin§ silicon as a consequence of the anneal
temperatures of the.S/C anneal
~the PiDD.regidns 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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37. The nethod of claim 33 mhereln said heatlng the substrate at 3 first
tenperature conprises rapid thernal annealing in a tenperature range of

bet ween about 600 and 800 degrees C. for a 41- tinme between about 20. and
40~seconds at a pressure bel ow about 10 6 Torr. 38. The nethod of claim 33
with the additional step of annealing said first n-type dopant selectively
inplanted into an NL~I OS device active region, said annealing to be

per f-or medsss 0ra 40 csairdwdeppsitd geE ldayereof i oxideaddanaend 89e Theo met hod
of claim33 with the additional step of annealing said second p-type dopant
sel ecti vetygidrd ant edei stocibe PAMBSachibéerhegl orhusinyketshenki rst PMOS
spacer as a nmask, said step to be performed prior to said step of form ng

- second spaees oiantsi dewakk rofishe NMIDgatkeuandiés rsdcspacersr@acsi dewal | s
- of the PMOS gate. 40, The nethod of claim 33 wherein said step of

sel ecti vetygidmplamttnRg sassses o8 dufidAHee tdopant gh td o= 1de RMStagti ve regi on
using the first PMOS spacer as a mask conprises formng a |ightly doped
regi on of mhessndtannt3@@14Angstrom thick. 41. The nmethod of claim33 wherein
said formng first spacers on sidewalls of the NMOS gate~and first spacers

on sidawalkepf {hed t@ak@r ks N SAIS lkaketypka sl ChestRp simkerkal as an
~etch stop conprises the steps of depositing .a first |ayer of top oxide over

y  the syrface, ofnsaldel aygk-0f &f chStHRsMBhEr kdbs @éme@a%él ghlirst
| ayer of top oxide using said |ayer of etch stop material as an etch stop

layer. 424,lhe.drefhag Olsrel abgidd whengld Sakdctirsl {aye, »f eE;@BnQX' de i's
deposited to a thickness between about 1000 and 5000 Angstron1 43

met hod of ¢} al i 33: mhereien %étféo&@ré@mr@egoeenéeﬁﬁew Qs d%\@@%@tof the
NMOS gate and first spacers on sidewalls of the PMOS gate conprises the

steps of HQQO§¢tééKké%tS%&QﬂdthQY§urfﬁcé‘H% Qxiedgrover ihie surface of said
| ayer. of etch Stop material, etching said second Iayer of top oxi de usi ng

said | gyer, 9 sférg.@ éﬁq&ggg%gg %gg%tfanofett%@ %598n£§xgrar L@%ﬁghod of

claim43 mﬁere ald's oxide'rs thi'ckness

between aQQEB g&E¥L§Hy%5%%Qq Eg§££9 using the gate electrode for

purposes of self-alignment
* 35/D anneal is performed while no layers of photoreéist are
present over the surface of .the construct; this makes the
_ process_of the invention compatible with the objeétive of
reducing la;eral dopant diffusion in the surface of the

substrate.

Although the invention has beeﬁ.described and illustrated
with reference to specific illﬁstrative embodiments thereof, it
is not intended that the invention be limited tc those
itlustrative embodiments. Those skilled in the art wili recognize

that variations and modifications can be made without departing
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. 93 ABSTRACT METHOD FOR FORM NG PLDD STRUCTUREW TH M NI M ZED LATERAL
DOPANT- DI FFUSI ON A new nethod is provided for the creation of PLDD regions
that is lined at reducing l|ateral p-type inpurity diffusion. The process
starts with a silicon substrate on the surface of which gate el ectrodes
have been created. An NLDD inplantation is perforned self-aligned with the
NMOS gate el ectrode, a | ayer of oxide (oxide liner) is deposited over the
struct ufemOwae Whiightack ayes ofvdlidicinde 1k Sideposidfedeoverenhiiechta first
| ayer of top oxide is deposited. First gate spacers are formed by etching
the firsticlayeriehihopnoXigesnStaPRiNg sasnt her ndtirdrde anayer . NS/ D and PS/ D
i npl antations are perfornmed self-alighed with respectively the NMOS and t he
PMOS deyd&es,cdhend bnispl ant atdons rarecasoesd esk the sfpipestiegatpaxd de
spacers are renoved, a PLDD inplantation is perforned self-aligned with the
PMOS gaigq elfgtv-adersArseeead. | ayer of top oxide is deposited over the
" structure and etched to formthe second gate spacers on the sidewal |l s of
. the NMOS and PMOS gate el ectrodes. After -this sequence of processing steps
~has been conpl eted, the gate el ectrodes can be conpleted follow ng
conventional nethods of gate el ectrode processing. FIGURE 2
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L A(. AP. AQuP. A(/ . A3, A Au. A9(. A3. A(P. A"/ . A A93. AC3. A. A</ . A . AVl . Af . A9( AN A
A A9(.A(. A [.Ae. AcX/ . A A9, /. A & KgpqDEj $e

}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] cal ca] caj ca] ca] cal ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca]ca]ca]jca]jca! P _ ,
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least one NMOS gate electrode and said at least one PMOS gate
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implantaticn, said PLDD implantaticon being self-aligned with said
.at least one PMOS devices, said PLDD implantation using boron as
a source df ion impurities;
depositing a second layer of top oxide over the surface of .
" the substrate, including the surface of said at ieast one PMOS
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 laver:; and
eﬁching said 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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& ()-C("10WE& ()-,y& 10% & ()-=s$10% & ()-=,,,,,,,6-p-bC 10! "1 1 VI0%&' ()-|
109 (159depOoREEY -td B HO,cki@sEVROUW &L )atRAULOZO& bhe POOO *Arfgst2ba?bC
101 1) #1098 ()-y!Y: $109&' () - pl0%& ()-LO! 10%& ()-F 10%& ()-\0! 10%& () -
?1z11172v2x2y2z2dE:/ 10 _
~10\8t 10%&' ()-15! 10%&' ()-12! 10%&' ()-, 1P"10%&' () -, #/ T#L10%&' ()-9- 10%&' ()-2z2{23
3t444$§XYThe1®eg@©@ﬁb()Glaim 1 wherein said performing a PLDD
, 1098& ()-,}10%& ()-, 4" 109%&& ()-& 10%& ()-Z"10%& ()- 10$5e567L777aB:/
101 43" LOPUENEREL 0N 109G (JorOnl BSUE £durde IOPMEIN finpurities comprises
4" 109K ()-! &H#=Y40%A& ()- 77777282999~ @
lOI!lO%@P&E@}ihg1©@@¢ﬁi(QEQD|&lﬂﬁﬂ#dﬁ%@pﬂdﬁh@%ﬂb&f@her@@@@ﬂiﬁbn the
 10%8109& ()-9:;;;r<<z[<~_@101 2P" 109%4& ()-1.!10%2& ()-!H&6, ! 10% | & ()-!
CVS10%HpHRE' €¥-between about 1 to 10 keV and a dose within the range of

between about leld to 5el5 atoms/cm-.

7. The method Qf claim 1 with the additional step of annealing
said NS/D and ND/D implantations, said annealing comprising a
rapid thermal annealing in a temperature rahge of between about
60C and 800 deérees C. for a time getween about 20 and 40 seconds
at a pressure below about 107° Torr, said annealing to be
performed after said NS/D and P5/D implantations have been

perfoermed.

8. The method of claim 1 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 immediately after said NLDD impiantation has:peen

provided.
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10B8109B&' ()-1, P"109B& ()-1""1098& ()- 109B& ()-!,!10%& ()-!& &10% B

B&' () - FFKEEEFRESS ¢ | @ 10taim 1 with the additional step of anneéllnq
-1OBfglO@b&f()-!}!10@®,a,&f()-'I#"lO@b&f()-IVlO@b&f()- , =. 109 ()-6 10B
10B, HNHIHIE) PPEEF @4 0lightly Doped Diffusion (PLDD) implantation into

10B\ %#10%&' ()-1"3"10% & ()-1!1110% & ()-10! 10% & () - #10% & () -
310%)&t@F_py@ggggJgégy@@qipubstrate, said step to be performed prior to

sald step of'depositing a second layer of top oxide over the

surface of said layer of etch stop material.

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 metﬁod of creating Lightly doped Diffusion.regidns self-
aligned with a PMOS device, comprising the steps of:
providing a semiconductor substrate, said substrate haviﬂg
been provided with a Negative Channel Metal Oxide Semiccnductor
(NMOS) gate electrode in addition to having been providéd with a
Positive Channel Metal Oxide Semiconductof (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 surféce_of said substrate, said NLDD being

self-aligned with said NMOS gate electrode;
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PMOS gate electrode;
depositing a layer of nitride over the surface of said layer
of oxide liner;
depositing a first laver of top oxide over the surface of
said 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 laver 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 Qith séid NMOS and said PMOS gate electrodes;
annealing said source and drain implantations;

.removing said first gate spacers from sidewalls of said NMOS
and sald PMOS gate electrodes, usiﬁg 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—alignéd with said
PMOS gate electrode;

depositing a second layer of top oxide over the surface of

sald layer of nitride;
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. spacers on sidewalls of said NMOS and PMOS gate electrodes, using

sald layer of nitriae as an etch steop layer; and

etching said layer of nitride, using éaid layer of oxide
liner as an etch stop layer, removing said layer of nitride from
abqve said NMOS and PMOS gate eiect:odes, further removing said
layer of nitride from above said layer of oxide liner where said

second gate spacers do not overlay saild layer of nitride.

12. The method of c¢laim 11l wherein said layer of oxide liner is

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

13. TQermgthodfafﬁblaim 11 wherein said layer of nitride is -

'erosited to a thickness of between about 2000 and 30C0 Angstrom. .

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

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

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

is deposited 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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the range of between about leld4 to 5el5 atoms/cm-.

17. The method of claim 11 wherein said anpealing sald source and
drain implantations comprises rapid thermal annéalihg 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. - ..

18: The method of claim 11 with the additional step of annealing
sald Negative Lightly Doped Diffusion (NLDD) implantation
performed into the surfacé 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 additional step of annealing
. saild Positive Lightly Doped Diffusion (PLDD) implantation into
the surface of.said substréte, said step to be performed prior to
said step of depositing a second layer of top oxide over the

surface of said-layer of nitride.

20. The methcd of claim 11 wherein said step of performing -a

Positive Lightly Doped Diffusion (PLDD) implantation into the
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217 A method of manufacturing a semiconductor device, comprising
the steps of:

'providing a semiconductor substrate; forming f£irst and
second conductive gates cn 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 thé:surfaCe of.the substfaté,
using the first gate aé & mask, forming lightly doped diffusiocon
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 £he
surface of said substraté including exposed surfaces of said
first and second conductive gates;

forming first oxide sidewall gate spacers on side ‘surfaces
of the first aﬁd second conduétive 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 gate
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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10%&f()-@E;O%&f()-!hVB#lp@G/&f()-g p!l?%&i()él- a??ﬁzloégf()}swﬁlo%&f()-{\Q
g;c(loggggaégé}{95!2%%OZ§ g)$géL}Q£?1§meLoﬁ2§§.g%d dgain implantations
" for said first and sécond.canductive gates;
annealing said source and drain implantations;
removing said first oxide sidewall gate spacers from above
said layer of nitride;
implanting impurities comprising boron into the surface of
the substrate, using the secénd;gate as a mask, forming lightly
doped diffusion regions self-aligned with said second gate;
depositing 2 second layer of top oxide o%er.the surface of
said‘layer of nitride;
forming second oxide sidewall gate s?acers on side surfaces
of the first and second conductive gates and e#tending from said
first and second conductive gates over the surface of said |
substrate by_etching said éecond layer cf top oxidé, said second
oxide gate spacers overlying said layer of nitride; and
| etching said layer of nitride usiﬁg 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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The method of claim 21 wherein said implanting impurities
into the surface of the substrate, using the first gate as a
mask, forming lightly doped diffusion regions self-aligned with

sald first gate cbmprises implanting n-type impurities.

24, The method of claim 21 wherein sald implanting impurities-
into the surface bf 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

30ource.

25. The method of ciaim 21 wherein said implanting impurities
comprising bofon into the surface of the substrate, using the
second gate as a mask, forming lightly doped diffusion regions
self-aiigned with said second gate cemprises boron (BF:) with an
implantaﬁion energy wifhin the range of betﬁeen about 1 to 10 keV

and a dose within the range of betwéen about leld to 5el15

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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implanting p-type impurities using said second conductive

gates and the sidewall spacers thereon as a mask.

27. The method of claim 21 wherein said layer of oxide liner is

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 additiocnal step to be
‘performed before said step of removing said first oxide sidewall

gate spacers from above said laver of nitride.

32. The method of c¢laim 31 wherein said annealing said source and

drain implantations comprises rapid thermal annealing in a
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33. A method of creating a CMOS semiconductor device having at
- least one NMOS device and at least one PMOS device, comprising
the steps of:
providing a semiconductor substrate;
forming at least one NMOS gaﬁe electrode over the surface of
sald substrate and at least one PMOS gate electrode over the
surface of said substrate, said least one NMCS gate electrode.
being separated from said least one PMOS gate electrode by a
region of electrical insulation in thé surface of said substrate;_
.selectively implahting a first n-type dopant intoc an NMOS
device active region of the substrate self aligned with the NMOS
gate electrode to form a first n-doped region in the NMQS active
regicn;
depositing a layer of oxide liner over the surface of the

subs%rate including exposed surfaces of the NMOS and PMOS gate

a2lectrodes;

depositing a Iayer of etch stop material over the surface of

the layer of oxide liner:;
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. active region using the first NMOS spacer as a mask, the second
n—typeAdopant implantation forming, in the NMOS active region, a
second n~doped regiohfdeeper 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 depant 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 NMOS gate
and first spacers frcom sideWalis‘of the PMOS gate, using said
layer of nitxide as an etch stop lavyer;
selectively implanting as second p-type dopant int& the PMQS
active region using the first PMOS spacer as a mask, the‘secoﬁd
p-type dopant implantation fbrming, in the NMOS active region, a-
second p-doped region, said second p—dcped'region being less deep
than said first p-doped region;
forming second spacers on sidewalls of the NMCS géte‘andh.

first spacers on sidewalls of the PMOS . gate, using said layer of

nitride as an etch stop; and
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ectrode, urther removing 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 method of clzaim 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 imﬁlaﬁting'a
second p-type dopant into the.Pﬂds_active regilion using the first
éMOS spacer as a maék comprises imélanting borén {BF2) with an
iﬁplantation energy within the range of between_about 1 to 10 kev
and & docse witﬁin the range of between about leld to 5el5

atoms/cm’.
37. The method of claim 33 wherein said heéting'the substrate at

1 first temperature comprises rapid thermal annealing in a

temperature range of between -about 600 and 800 degrees C. for a
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38. The method of claim 33 with the additional step of annealing
said first n-type dopant selectively implanted into an NMOS
device active region, said annealing tec be performed prior to

said depositing a layer of oxide liner.

39. The méthod of-claim 33 with the additional Step of annealing
said seccond p-type dopant selectively implanted inte 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

.EMOS gate.

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

doped region of less than 1500 Angstrom thick.

- 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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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 bf claim 33 whefeiﬁ said forming second spacers on
sidewalls of the NMOS gaﬁe and first spacers on sidewalls of the
PMOS gate comprises the steps of depositing a.secdnd layer of top
oxide over the surface of said layer of etch stop material,
etching éaid second layer of top ¢xide using said layer of etch

B stop materxial 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 3000 Angstrom.
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ABSTRACT
METHOD FOR FORMING PLDD STRUCTURE WITH MINIMIZED LATERAL DOPANT DIFFUSION
A new methed is provided for the creation of PLDD regions

that is aimed at reducing lateral p-type impurity diﬁfﬁsion. The
process starts with a silicon substrate on the surface of which
gate.electrodes have been created. An NLDD implantation is
perforﬁed self-aligned with the NMOS gate electrode, a layer of
'oXide {oxide liner) is deposited over the structure over which a
iayer of nitride is deposifed over which a first iayer of top
oxlde is deposited. First gate spacers afe formed by etching the
first layer of top oxide, stopping_on the nitride laver. NS/D and
PS/D implantations are performed self-aligned with respectively
the NMOS and the PMOS devices, the S/D implantations are
annealed. The first gate oxide spacers are removed,_a PLDD
implantatioh is performed self-aligned with the PMOS gate
electrode. A sacond layer of top oxide is deposited over the
stfucture and étched.to form the second gate spacers on the
sidewalls of the NMOS and PMOS gate electrodes. After this
éequence of proceséing.steps has been completed, the gate
electrodes can be completed.following conventicnal methods of

gate electrode processing.’

FIGURE 2



