;e3ed4' 4 1$#VSI'6' T't*159159* re METHOD OF ANGLE | MPLANT TO | MPROVE
-« TRANSI STOR REVERSE NARROW W DTH EFFECT BACKGROUND OF THE Ilmm‘mmmmm
Field of the Invention The invention relates to the fabric
dntegrated circuit devices, and nore particularly, to a nethod@fse«s educi ng
*vdopant out diffusion occurring in channel regions_ of PMOS/ N
el ect r oMfETHYR, (ig AN GFa B LAN 0t HP ofMRRDEE S{REQR %%YE%%%§$33%$%n of
the Prior Art Wth the continued advancenent of the sem conductor
t echnol ogy and the fabrication HIDTH SGfEE€H Circuit (1C) devices, the
conponents and conponent features that are part of these devices continue
to decrease in dinension. Sem conductor devices can essentially be broken
down into bipolar devices and Metal Oxi de Sem conductor Field Effect
Transi stor (MOSFET) devi ggsxcrbenebyrt heir attventaainegory forns an
i ncreasi ng percentage of the total nunber of devices that are used in
Integrated Circuit (1C) applications. It is projected that MOSFET devices

will constitute roughly 90% of the overall market whereas the bipolar
devi ces, wi Ll used fo he.rtemai ni ng 10% of the applications. Wth
reduc??)ons]l;ll%P%e(\)/?cgh%i 'rz[IéE’legtrlgaui red a 1 UNAG ~. reduction in device

ti whi ch i th t. of d .deyi
feature | ohGThAIVPELLaH BEISEAPelCalhs GaRENAT TiilFe That Halite Speed

varies_inversely proportional with device feature | en%t h whil e power
consufpFFhti AeVE5S8s appr BRERaPErY TR e Gudr @R AhE dARTE st ur e
| ength. Feature size currently being approached is in the mcron and sub
m cr oAopand-sutnfidfigeinhepecur rilagnén comgingdr & dimpos s BIQHAMAhe
feature size of 0.2 umw Il becone a reality in the near

gate electrodes having a channel width of 0.25 um or less.

(2) Description of the Prior Art

With the continued advancement of the semiconductor
technology and the fabrication of Integrated Circuit (IC)
devices, the components and component features that are part of
these devices continue to decrease in dimension. Semiconductor
devices can essentially be broken down into bipolar devices and
Metal Oxide Semiconductor Field Effect Transistor (MOSFET)
devices, whereby the latter category forms an increasing
percentage of the total number of devices that are used in
Integrated Circuit (IC) applications. It is projected that MOSFET
devices will constitute roughly 90% of the overall market whereas
the bipolar devices will be used for the remaining 10% of the

applications. With reductions in device size is required a

(S IV, VIV, VF
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future. Field Effect Transistors (FET) are at this tinme used extensively in
.Utra Large Scale Integration (ULSI) applications. FET are fornmed using
gate el ectrodes, usually nade of polysilicon, and adjacent source/drain
regions to which self aligned source/drain contact areas are established.
Inits basic ' form a Metal Oxide Sem conductor (MOS) transistor has a
gat e BB@ectbeRe iD dRVERCaPQBETr agenpumAppPRedVhTRE §BPESES EPEated on the
surface of a silicon substrate; the voltage that is applied to the gate
createsqairehect rof fieerdatbadt desiper peatical aengbhsheIktntenf dee shettwelen
the gate electrode and the substrate. The areas in the substrate

i mredi gt £l yeRdiateph1tothhe datecel spteadeadiesdopedrskher gRypvatyiong 1t heir
el ectric conductivity. These areas becone the source and drain regions. By
varyi h a [ | o] g .r.0d l.ectric
fieldﬂ?%ﬁtﬁ%ygéé ?%?E??%c%gggg§egﬁg% epéggg gﬁgsﬁhggéﬁgsgpgkg%F%Ferface can
be varied, an with that, the current that flo bet ween t he source and
Che GPRPROTHERORLY PhED BPECEAREEF: BdCREnEPE%t RESFISE GPoEGFrent ¢ hr ough
the device, the device is_therefore referred to as the Field Effect

TransF S8 BPTe TREZEyFBI6PNFeVi PEIPHaRPPECeFEE edSand the T5&E O8f & e & hat
are created in conjunction with the device are to a large extent determ ned
by theieype of Hopahl rRACS ¥hgsediind st hetprcessdsierg dc aANASSeRs urtdert

whi ch the dopants are applied. The creation of sem conductor devices starts
wi t h sheubsatuare, siaechfi §.dnymaitiddi dlecomat acaearléttai A nddpantneaons, and
the isolated conductivity regions brought about by those ions. Typically, a
subst fateres a silicon-based material, which receives p-type or n-type
ions. The device features that are created dictate the type of doping and
dopi ng conditions. For instance, boron or phosphorous can be used as a
dopant and can be doped into polysilicon |layers or into polycide gate

el ectrodesg; Ehanpel e4O0R rAARARLS rGAN FRE )PP & tOe - WiGie IJHYUANTS can
extensively in Ultra Large Scale Integration (ULSI) applications.
FET are formed using gate electrodes, usually made of
polysilicon, and adjacent source/drain regions to which self-
aligned source/drain contact areas are established. In its basic
form, a Metal Oxide Semiconductor (MOS) transistor has a gate
electrode to which a voltage is applied. The gate is created on
the surface of a silicon substrate; the voltage that is applied
to the gate creates an electric field that is perpendicular to
the interface between the gate electrode and the substrate. The
areas in the substrate immediately adjacent to the gate electrode
are doped, thereby varying their electric conductivity. These
areas become the source and drain regions. By varying the voltage

that is applied to the gate electrode, the electric field in the



contain a p-type dopant such as boron inplanted at a dose of 5x1013

-atons/cn2 at an energy of 35 keV. An n-type dopant is P31 inplanted at a

1

dose in the order of 2.8x1012 atons/cn2 at energy of 60 keV. 3 A typi cal
conductivity inparting dopant, used to create a . lightly doped source and

drain region, is phosphorous, ion inp]lanted at an ener bet ween about 5 to
100 KECLEACE dosle et welks %%B%taﬂﬁggh?osﬂﬁiﬁréfﬁn%?&ﬁg¥aﬁ9nﬁapuﬁﬁdoped

source and drain region can be created by using arsenic or phosphorous, ion
i npl ararkedtangy enktlyytbet webhe apourestt 6hgd Revwsabehwdese thét weEK C&bout
1E12 to 5E14 atons/cn2. A heavily doped source and drain region can be

cr eatadd byheisingiar segionsi ofhiapkhatediat fanldnepgyrbébweer dbhout oF to 150
KeV, at a dose between about 1E15 to 1E16 atons/cnR. Dual gate transistor

desi gfutsetherfieshgn vher aebotb, NVRS asdibBMObsdevieeesoake reffeatred @d t he
sane chip. Earlier designs of Metal Oxide Sem conductor (MOS) devices

primegs | yhaisede PYBr st gnrbgsaysgronly wi th p-channel devices using
n+- doped pol ysilicon gates and uniformlightly doped n-substrates could

acceptabl e values for Vt be attained. Inits early history, the CMOS
transi stor was considered to be only an extension of the design for MOS

IC s. Later, advancenents in fabrication technol og stly e to
inprovenenfgeiﬁyPﬁno'nﬁFXﬁFetggﬁﬁidﬁegfeﬁlFgwégdfﬁperﬁé §&\fi%es to be
replaced with NMOS devices. The larger drive current of NMOS devices
resul?%ﬂtiﬁr?agfﬁﬁt§5eé8 EPNUHBSELI@BY MdES, TRIRI SR VHESuIATEd T BNNBS Wevi ces
becom ng the dom nant device type in the IC industry. NMOS devi ces however
4  eRWEentedesevrineH Ryt &hrohyPen opoReraddndineyE drid Usederand dihssi pat i on,
causi ng CMOS devi ces to becone the dom nant technol ogy for |C device

manuf pcoaesagngWebhdtihe casr unglke roWh@MBS the dopants are applied. The

creation of semiconductor devices starts with a substrate, which
is any material that can retain dopant ions, and the isolated
conductivity regions brought about by those ions. Typically, a
substrate is a silicon-based material, which receives p-type or
n-type ions. The device features that are created dictate the
type of doping and doping conditions. For instance, boron or
phosphorous can be used as a dopant and can be doped into

polysilicon layers or into polycide gate electrodes.

Channel stop dopants can be p-type or n-type; implants can
contain a p-type dopant such as boron implanted at a dose of
510 atoms/cm?® at an energy of 35 keV. An n-type dopant is P31
implanted at a dose in the order of 2.8x10" atoms/cm’ at enerqgy

of 60 keV.



devices, a renewed interest in PMOS devices devel oped. CMOS enpl oys both

- NMOS and PMOS devices to formlogic el enents. The advantage of CMOS is that
its logic devices draw significant current only during the transition from
one logic state to the other while drawing very little current between this
transition, The scalin es.in cronet r deV|ce
range pres‘zénft%pjacarﬁj rg%%%‘ﬁ%ﬁ@% l%?r’fhrégfg‘ﬁpf‘egtl}%ﬁeg B Eh&AME %and
n-channel devices, n+ doped polysilicon gates are used resulting |n

£ uncthisiu L asioned rsouRCh mber A5 1P cERAL Glesl RalBOBBBATAYEd £6Nassure t hat
t he p-channel and n-channel devices are conpletely symmetrical in their

per f dirmelecet edhaatacierésergy satheas thpeshbl dovbPPage¥, d&viecdodenensi ons
and dopi ng while the p-channel device is, for ease of manufacturing, a

sur f aserwdanngbogevicel Tbeseldeyt6Rs/amneé. madee disin gaonedpecupotyshdi con
for the gate structures that are sinmultaneously doped at the tine that the
sour gl gl Pe§ £Gh 0@§n0if>eeé98a£¥aeb9f ugeﬁbcar%ﬁlbmlra@h%@phmo%sl ea@% to
speci al nanufacturlng pro | ens caused by, anong ot hers, di ffusi on of

i mpurj n h o] ipto t nnel. reg t her eby
changP%%l %Péghégs %aggggég?héb g&lgegoAﬁgtﬁgﬁ cgncer%q%% creating
dual - gat e ces vari ous dopants.may inter-diffuse

bet %tva%fac%%?UFeSﬁiﬁh e AHEAPT BEPTERER toh DORbNEY CHPPFHaFoHF i Ghanneal
and ot her processin nperatures, |Increased CMOS devi ce speed however
requuﬁi’é%lghﬁ??leﬂaﬁgﬁl bFeﬁQFﬁtthBYd&ll&ﬁ BF SERErande” dERieedSH it Hort
channel |ength presents uni que probl ens nostly centered on nethods of

dopi ngRakdY ppekeeennpPants of &P Eﬁ@ g&Vircé@tadd dore beFace kECUthedd et hods
have on PMOS device characteristics. A technique used for instance to

cr eat eodeBper aba@sAani ower inplants is to increase inplant energy and

i npl ant dosage. This approach however may negate the self-alignnment aspect
of the inplants where the gate el ectrode serves as a shield and the

i npl ants become in this way aligned around the gate el ectrode. The high

i npl ant enetugy 8Ade transistor design is the design where both NMOS

and PMOS devices are created on the same chip. Earlier designs of
Metal Oxide Semiconductor (MOS) devices primarily used PMOS
design because only with p-channel devices using n'-doped
polysilicon gates and uniform lightly doped n-substrates could
acceptable values for V¢ be attained. In its early history, the
CMOS transistor was considered to be only an extension of the
design for MOS IC’s. Later advancements in fabrication
technology, mostly due to improvements in ion implant techniques,
allowed for the PMOS devices to be replaced with NMOS devices.
The larger drive current of NMOS devices resulted in faster speed
of these devices, which resulted in NMOS devices becoming the

dominant device type in the IC industry. NMOS devices however



dosage may result in inplant penetration through the gate ' el ectrode
.Ihereby affecting the gate threshold voltage performance while the high

i npl ant energy and dosage may affect the thin | ayer of gate oxide
underlying the gate electrode. It is therefore critical to design an

-1 mpl ant nmet hod and sequence where gate penetration by inplant dopants is
not #£¥hidrbred \ERYRER tipksabionsplAnPevaredaBedtynafAePPH8tstry to create
sem conductor devices. Inplants can be a well inplant that provides a nore
uni f oitis bekytoundcadopi ng. CUOPudeii chsotghbecomgnphantiopiowvindes a channel
W th greater robustness to punch - through voltage. A thresh-hold inplant
set s téehiidlesh- hot digotitagecohaaudaevtaeifbi k@iah kGEE&)yriTiad wel ICMOgpl ant
can be provided by boron at a dose in the range of 1x1012 to 1x1013

at onsf &P and @”r@ﬂ@&:géi mt&besEamgepﬁbs19@v&eeé79el@'elle>p%ldecwm volts, a
punch- through i npl ant can be provided by boron at an dose in the range of

1x102, %;ﬁlé%%oﬁg’t tﬁﬂéﬁresﬁaﬁﬁpgndg'&ﬁg % LB ERen %gﬁgegl‘é%e%%slogf H 1 0

el ectr he t can € provi by boron "at” a dose
in the range 1x101 1x1 ns/ch and an_ener e of 2to
50 ki ROVET EREF oREVCHPS. 1R RS ABRaR: CEXa R A G B GG et r ati on on
the order of 1x101' atons/ch | npl.ants can al so use arsenic; this can form
an n- ﬁBﬁEﬁnFe@P6ﬁ dBFﬁﬁav§h805é6n?ﬁﬁP8ﬁtfF@P RSt dgd G $ TR PG o
arsenic at 50-80 keV. ' Fig. ives an overview of the self-aligned
sourc@thﬁFthléﬁddgéWén§aVﬁéVdél%@ﬂﬁa@ﬁéﬁ?”?hP@tﬁﬁ@@e§§¥ﬁa%%%ﬁ%ﬁﬁ%?ﬁhe
surface of a sem conductor substrate 10', Fig. la. Form ng insulation
regions 12' that bound the active region isolates the active region that is
to be used for the creation of, for instance, a gate electrode. Field Oxide

(FOX) i sol aheoncréghgnefl2heca@mose desedetso iel etia iscaddmi drsodeateer tdwevice
di screte devices, such as Field Effect Transistors (FET's) in ULSI circuits

on sephfgedpeteenthi pSmbhgoredhhna@ngid.i ¢ HRStAAE.cANecawant i onal

approach in 7
channel and n-channel devices, n' doped polysilicon gates are
used resulting in functional asymmetry. A number of techniques
have been used to assure that the p-channel and n-channel devices
are completely symmetrical in thelr performance characteristics
such as threshold voltages, device dimensions and doping while
the p-channel device is, for ease of manufacturing, a surface
channel device. These devices are made using undoped polysilicon
for the gate structures that are simultaneously doped at the time
that the source/drain regions of each type of device are
implanted. This leads to special manufacturing problems caused
by, among others, diffusion of impurity implants through the gate

oxide into the channel region thereby changing the threshold

voltage of the device. Another concern in creating dual-gate CMOS



the sem conductor industry for formng field isolation is by the - Local

.Oxidation of Silicon (LOCOS) method. LOCOS uses a patterned silicon nitride
(Si~Ng) as an oxidation barrier mask, the silicon substrate is selectively
oxidized to formthe sem -planar isolation. However, this nethod requires

-d4ong oxidation tinmes (thermal budget) and | ateral oxidation under the
barr i @ Vhesk 1§ nthatiReraPhRendaraphsei Rgybeénkesndadifasenteiecieve devi ce
areas, and therefore prevents further increase in device packagi ng density.
-One nedjocent reégtonvendnngffhetLEROS kim batbors canditca lf wtt herghr educe t he
field oxide (FOX) mninumfeatures size is to allow shallow trench

i sol aih@da{ Sdha - oNErMBLBEEs9f nFBKkEAGeBhkukest.0 first etch trenches having
essentially vertical sidewalls in the silicon substrate. The trenches are

then filled with a CVD of silicon oxide (SiGCa) and the SiCa is then plasm
et ched back or polished back using CWP, to formthe STI isolation region.
These regions_are indjcated as regions,12' in Fig. .la. Athin |layer 16" of
gat e oxide??gr?ﬂé?ﬁagk§§g§8Xﬁc8v§geFﬁeh?&FW&Eer %u&ﬁgﬁmﬂﬂﬁﬁEu%? ®in the
active device region, To create the _gate structure, a |ayer 14' of

pol yst #RebA i ENGr 8GA1+8VeP Tt RECPAPRC afEV 1E6S O WFatshiohd ddharmfd pPanR&Eil i con
| ayer 14' is nmasked and the exposed polysilicon and the thin |ayer of oxide
8 apPEcetBhedunbddereRCEPLRBSPBLYSILY €6Mtgars Pt mefdrodss afe et §rdbm
the substrate by the remaining thin | ayer of oxide 16'. The doping of the
sour cepdkatnimpgirobs $oar thewidelicee amidnd htehe nipiaght IbhaN thogeesd roh fHeks on
(LDD) regions 32'/34'". The sidewall spacers 22' for the gate structure are

f or redaaét en BMOchdeke ceodhee aamne rdrsaiiksr.e@i aredopidig wabndet ed by
dopi ng the source/drain regions 18 /20" to the desired |evel of

condughbvbhyeUsbngraalit deparlr andomaatiowddi Ninfp tah el S0 Celshkad de I egi ons
and the el ectrode
implant energy and implant dosage. This approach however may
negate the self-alignment aspect of the implants where the gate
electrode serves as a shield and the implants become in this way
aligned around the gate electrode. The high implant energy and
dosage may result in implant penetration through the gate
electrode thereby affecting the gate threshold voltage
performance while the high implant energy and dosage may affect
the thin layer of gate oxide underlying the gate electrode. It is

therefore critical to design an implant method and sequence where

gate penetration by implant dopants is not a factor.

Various types of implants are used in the industry to create

semiconductor devices. Implants can be a well implant that

provides a more uniform background doping. A punch-through



gate are then fornmed by first selectively depositing a |layer of titanium
.over the surface of the source/drain regions and the top surface of the
gate electrode. This titaniumis anneal ed causing the deposited titaniumto
react with the underlying silicon of the source/gain regions and the doped
-surface of the gate ' electrode. This anneal fornms |ayers of titanium
si | i ciwelaat / ppovidesha ShrPRBesWatDt AECESEIcEPRMERSSEYItONEURSE T ayer 28
on the top surface of the gate el ectrode. The nmetal contacts with the
sour celieipagln veytraas - afdthheshahelel éeprleas aeésf sheedhassihiodal step. A
dielectric 30" such as silicon oxide is blanket deposited over the surface
of theotteqtedfstrdetirce, (pakeernedGaRA)et Thed wied lciegtlentomtaac tbeopeni ngs
36' /37" over the source/drain regions and opening 38 9 over the top
sur f ageopfathepgabereheatr adaosthe nmehal irzaljeon d ayan'set@ctivel’y deposited
over the patterned dielectric _ establishes the electrical contacts 40'/42
with z i .QpS; an 4. _wiLh,kh 0p,S a Lot e
598m§9%§]1ee%r?<5%12 i@gfgg) i Andné rahbhoENgohoRo 47H2ge18 elaf%tgggrl

el ectrode. actors that cts the reliability o

devi ces., pf smal | onetr esults fromthe shrink of .the channel |ength
and cﬁ%ﬁﬁgr aAHPHg%TgEESéP ot PIPE & 5?%5353?é&%f5ﬁ'§ﬁ3¥¥15ﬁﬁEﬁhrrow
channel effects is therefore _an | nportap conc%rn2in t he desi%n of, FET
devi c885€GAPetB%i &Rt &dr ity YcahCal¥60be atetat/ ikl §R&f FBCEEETHY e
hot-carrier effect. If the carriers can acquire sufficient energy fromthe
| at er BheeFesgei €51 48 §o( tHE thidid PR IB YV the Praadd wishHwsdibstrat e

surface), these carriers nmay transfer across the substrate to the gate
oxi deimpientacent ber ey vifdest tivndparrn e de dwiuict itdre baambantk10™ to
uItirrateIX:j its function of form ng a gate oxide |ayer of electrical
separ akiLon. aftemsel @t rming farelehebany ijer fror wrepd roh 2 njecit onils snaller
than it is for hole injection. This problemis therefore nore promnent in
n- chaenektMoGFED 13 she pause relActimarisarftordan heawedhad geoxat re@icéme theidevi ce
channel . For device features below the 0.5 umrange (deep subm cron),

on the order of 1x10Y atoms/cm®. Implants can also use arsenic;

this can form an n-doped region. A heavy doped implant for

instance is 3—5x10m/cn3 of arsenic at 50-80 keV.

Fig. la gives an overview of the self-aligned source, drain
and gate salicide formation. This process starts with the surface
of a semiconductor substrate 10’, Fig. la. Forming insulation
regions 12’ that bound the active region isolates the active
region that is to be used for the creation of, for instance, a
gate electrode. Field Oxide (FOX) isolation regions 12’ can be
used to electrically isolate the discrete devices, such as Field
Effect Transistors (FET’s) in ULSI circuits on semiconductor

chips formed from silicon substrate. One conventional approach in



thinner polysilicon is required for the gate electrode. Arelatively thick
_layer of polysilicon when used for the el ectrode 10 gate structure
results in poly depletion and a |larger effective tine required for the

oxi dation process of the gate el ectrode, which results in | ower drain

. saturation current and a higher threshold voltage for the gate el ectrode.
By |ithe isrpidenditernessdestriefpaybproingofysifi ésplathencaér§Y th&t can
be used to performthe pocket inplants nmust be reduced, resulting in

-shal | Towea phaidst 1 BecafiseibicvhesBOPOBELemsihgdi. SE0E9S tkesappbiatakerordof
the various inplants requires considerabl e process devel opnment and in sone
i NSt ANCESC AW PF PLESSES1i AV e als0 abe duserht 1Us Nth raae d Dnalt HY agieisisd dy
techniques to create deep and wel | -defi ned pocket inplants, the inplant
ener i opl ant nat. . LACLea i gh-ener ocket i npl ant
R R LR e R T T s e o B Ehe ael ParT fon of the
gate elegtéode t erebéfafggctin% Rhﬁ thres@ogdlv%It% %d%%i%%etq%¥jce' Hi gh
dopan%s% AeERY tat PRy R T 1 éarg 5hp eraﬁgﬁiFy o th& TN l-ayer of gate
oxi de underlying the gate polysilicon. For the creation of gate el ectrodes
t hat h%@%r%aghgﬁﬁ%PtPeﬁﬁgh 8F 2522508 1P8s $1ARE &di5e OB HIEFUIMES Kspeci a
considerations. These two aspects are the reverse narrow width effect and
t he shoritehthfenieinest SPFRéNPs §EE WGP Ns REIE CEfdn FEIt igter eavimes AF&as -

di scussed above. The invention addresses the 11 reverse narrow w dth

ef f ecandf tberatong pubventsodugaher- iolcectrsedds. dRhviisecefrfagdtading
increasingly inportant for the creation of for instance | ow power Static
RandodeAstegs Menory (SRAM devices since these devices are required to
have good narrow channel w dth perfornmance. The reverse channel w dth
effect is the occurrence of

One method of circumventing the LOCOS limitations and to
further reduce the field oxide (FOX) minimum features size is to
allow shallow trench isolation (STI). One method of making STI is
to first etch trenches having essentially vertical sidewalls in
the silicon substrate. The trenches are then filled with a CVD of
silicon oxide (8i02) and the Si02 is then plasma etched back or
polished back using CMP, to form the STI isolation region. These

regions are indicated as regions 12’ in Fig. la.

A thin layer 16’ of gate oxide is thermally grown over the
surface of the substrate 10’ in the active device region. To
create the gate structure, a layer 14’ of polysilicon is grown
over the thin layer 16’ of gate oxide. The polysilicon layer 14‘

is masked and the exposed polysilicon and the thin layer of oxide



channel dopant diffusing fromthe channel region out to the STI oxide
_region causing rounding of the STl trench. The result is that the dopant
concentration at the edges of the channel region that interfaces with the
STl regions is reduced with respect to the center of the channel region of
.-the gate el ectrode. A nunmber of innovations have been provided, which are
ai mePER PrevAt FAgCTaREe chafnePludpahEoBus2BRf LASi bA2tsdhiEénS§R2pRERAi ng a
silicon nitride liner in the STl trenches or providing a |layer of nitride
-ar ountrermet ippevbetyet of byhehSTrenaénchesthAnot hgernmethod ibas libéen Tpeovi ded
whereby the | oss of channel dopant is conpensated by providing additional
channgbp thopi of). tidoweverceydeaeasragibhe dopant whah cseptawvigdetief or the
-channel region nost frequently results in increased out diffusion of the
dopant j §19t I Pen’s Wi di Ner &l of eLORS W] 6nd nes epased, doprat segeggnirati on
in the thannel region further degrades the interface junction between the
silic trate d e y a el r.ade. e} nt.i,.Qn

ot ovi BRRSe Eet hod< Phat "o R oe S ECE G eS| SoamsR 15 toigsnltl e
concentration grﬁund t he Qeriaeter of the channel regjion - where this
chann®PUT &gi 8R%i Af8F Pat&g QP ROPRBIsUrr GORBI G S8TPYy gié’up&ﬁ‘.g 8%, 121, 096
(Hopper) shows an angl e inqlant into a channel . However, this reference

di f f ePSUFFBATERED] REEAPPEN18US28] 240, 878 OrsBéeCs L eaitd 9 &WSRCHIT IR ang
et al.) show apgle inplant into corners to inprove reverse narrow w dth

ef f eceS1BYMVARY EFPAME- | NVENTI ON A princi pl e objective of the invention is
to elimnate the negative inpact on the channel region and the surroundi ng
Shal | ow Trench Isolation regions of Field Effect Transistor (FET) devices
that is incurred by out-diffusion of dopants fromthe channel region to
sur roundi ngofhaktkowoIhercho Toleatsiotnt deg@ireris, ArRGidiey 0l atid wa aftidue
invention is to elimnate undesirable dopant distribution in the Channel

regi 0gaet Ekel @hen formed by first selectively depositing a layer of
titanium over the surface of the source/drain regions and the top
surface of the gate electrode. This titanium is annealed causing
the deposited titanium to react with the underlying silicon of
the source/gain regions and the doped surface of the gate
electrode. This anneal forms layers of titanium silicide 24' /26’
on the surfaces of the source/drain regions and layer 28’ on the

top surface of the gate electrode.

The metal contacts with the source/drain regions and the
gate electrode are formed as a final step. A dielectric 30’ such
as silicon oxide is blanket deposited over the surface of the
created structure, patterned and etched to create contact

openings 36’ /37’ over the source/drain regions and opening 38’



Ef fect Transistors caused by out-diffusion of dopant fromthe channel
'region of the Field Effect Transistors. 13 Yet anot her objective of the
invention is to elimnate - corner rounding or undesirable inpurity
concentrations in the Shallow Trench Isolation (STI) regions of Field

"Ef fect Transistors due to dopant concentrations in these STI regions

i ncur castrashe reegulsudfacutofi ffaisiare of 1 doparde f r'Dne thetehanationegi on. In
accordance with the objectives of the invention a new angle inplant is
provi degdihale rerliGRSL rdedd 91t esvd he1ed f et Se pledad i Oveehanpel inpurity
di ffusion to surrounding regions of insulation. A layer of pad oxide is

creat Myl dfies SHd A Ofr el | GO SUDSI6 AL £2- awl@lb(eﬁhgf séhkb&?&r@hh“ de

I's dep05|ted and patterned such that the |ayer of pad oxide Is exposed

wher e h | ow Tren I atlon re ions.are Lo created, A layer of

phot orre%§ 5 & ep%{s}l t@l Ong ? e?c‘hedgﬁ% xg%sgl?ﬁgrgé?f ace of the
p-wel | that has been created |n t he surface of the substrate, p-type
impurity is then inplanted into the corners of the STI region that axe

adj acent to NMOS device that is to be created over the p-well. The Erocess
is then repdit &f i¢ iy sea¢hage thalera£6epes f bhth AehifppéiEMpPAnFETNt o
the corners of the STl region that are adjacent to the PMOS device that is
to be dgwatet] ol esmal h-gedmetreyi oasthas hasmbeka esheankdgenofhéhsurface of
the substrate. The p-type and n-type inplants are angle inplants that
penet radtannederen dieh patd ecineoné Ayeidoh. sTbi coarddme probildes thesciate
penetrating into the corners of the STl regions underlying the patterned

| ayer syofh S$hdLOMamd tid Beow TORa OBt E8Eect 8, i8f tRErbiierp- byipempbd tantype
angl e inmplants, processed in the conventional manner to create STI

trenchesncdid lid hend reoshes ¥kt Reexide;and.pkanar bzgqkhensui-aes ehint he

oxi de that has been
also be negatively affected by the hot-carrier effect. If the
carriers can acquire sufficient energy from the lateral electric
field (the field parallel to the plane of the substrate surface}),
these carriers may transfer across the substrate to the gate
oxide interface thereby affecting the oxide conduction band and,
ultimately, its function of forming a gate oxide layer of
electrical separation. The electric field barrier for electron
injection 1s smaller than it is for hole injection. This problem

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

electrons form the charge carrier in the device channel.

For device features below the 0.5 ym range (deep submicron),
thinner polysilicon is required for the gate electrode. A

relatively thick layer of polysilicon when used for the electrode
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deposited inside the STI trenches. The formation of the NNwell and the
.p-well use the sane mask as the nmask that is used for the angle inplant.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. la shows a cross section of a prior
art gate electrode and its supporting elenments. Figs. 1b and 1c show cross
-.sections for the identification ' _ of basic concepts that are gernmane to the
inven??%%.SFF@EFuﬁetﬁ?BHéﬁSSlﬁiBﬁﬂVgﬂFpiﬁélPﬁvéﬁgién,a§§eFoPI Liggy, 2
shows a cross section of a sem conductor substrate, a |ayer of pad oxide
.has bethe depasired &0&r thReozippidenobroressulst thee gagel glectafods| i con
nitride has been deposited over the |ayer of pad oxide. The |ayer of
silicenioht redelhasibeénwpat terned satndretdloed clueareintg aandpat thergheaf silicon
nitride in 15 pl ace over the surface regions of the substrate where CMOS

devi cepravpblieveleayed okl @hed galtenws 12 ceres® .Seet NamiafitRy thed i rst |ayer
of photoresi st has been deposited and patterned, exposing the surface of

the p@é&@_@ﬂsgsl exel%hgf 18kkhcon @ioggis%i%%r, WhiCh VS deViices, angk to be

Create e p-well mask’is use pattern the first | ayer of photoresist,
removi.n tPe ho%oresi t from above.the p-well  of the substrate. .The .
romai ARG F 8y BPEP Bnots: SSCAE orBBRE o Thdh i di= e Hng ST L HE S ace
of the sEbstrate. Fig. 4 shows a cross section during inplant of p-type
i npur PRBLEAY0 1T RE 3R Ehannel region. Fig. 5 shows a cross section after the
first patterned | ayer of photoresist has been renoved fromthe p-channel
region, a second |layer of photoresist has been deposited and patterned
wher eby the second | ayer of photoresist bl ocks the n-channel region on the
surf ace of Belkeusebsifr &the.seNpnawe sisny iitssese sar ¢ e anltieth i igo ahethe
p- channel region. Fig. 6 shows a cross section after the patterned second
| ayer vekiphet ampdiagit shas dreere s ermvsadie tdield gyercefs phaveodomeerandand in
some instances new processes have to be used. Using conventional
processing techniques to create deep and well-defined pocket
implants, the implant energy and implant dosage cannot be
increased. A high-energy pocket implant may result in penetration
of the implant through the polysilicon of the gate electrode
thereby affecting the threshold voltage of the device. High

dopant concentration will degrade the quality of the thin layer

of gate oxide underlying the gate polysilicon.

For the creation of gate electrodes that have a channel
length of 0.25 pm or less two aspects require special
considerations. These two aspects are the reverse narrow width
effect and the short channel effect. The issue of short channel

effect has been discussed above. The invention addresses the
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the surface of the substrate have been etched in accordance with 16 the
-pattern of the layer of silicon nitride, creating trenches for the STI
regions. Fig. 7 shows a cross section after the deposition of a | ayer of
di el ectric, fiIIing the trenches that have been created in the surface of
“the substrate. Fig. 8 shows a cross section after the |layer of silicon
n|tr|H%VﬁééebBéﬁrPgnﬁQQ&haﬁéfﬁﬁé Oy & <G idide SR TMHEIRES Idéh pol i shed down
to the surface of the |layer of pad oxide. DESCRI PTION OF THE PREFERRED
-EVBODEMENTSOREGs. Thih sard flectads dsed eee inglvhdmparfantgftohddie regi ons
that are created as part to the creation of CMOS devices. These basis
regi onseakeonf ofntfferedh sttaniclkee 1des praweid ataofid Rarndorerfdass 4 Mamaosy
provided in the balance of this specification. Highlighted in Fig. 1b are

the fokkaw)naefhie@@ntince thedd@SaMLONAUC LU SURS] rad e B tdsosur face of
whi ch CMOS devices are to be created - 11, a cross section of a NMOS

devi c t Lea n e of substrate 10 17 - 13, a cross
sectlgargpa b%ﬁé 3e&ﬁggg hath'tIfrra e

I's created on the surface of substrate 10 -
17, STI regions that are created between the CMOS devices that are created
on the surface of substrate 10 - 41, an n-channel region underlying NMOS

device 11 - 43, an p-channel region underlying PMOS device 13 - 15, a
p-wel | und@hey Ry eERke ﬂVﬂ?Wﬁ%ﬂWﬁ?%ﬁ.efﬁﬁFtaﬁﬁ[fW@ﬂ?CQHﬁﬁ?%ﬁepﬁ%toreS|st

that is used for the creation of p-well 15 - 47, channel dopant that, for

devi cE8aRPEl Sepamite o ftrdnve Er@ndite ehaTisks 9900 Lot chankes $B5i ons
41 and 43 to the
oxide region causing rounding of the STI trench. The result is

that the dopant concentration at the edges of the channel region
that interfaces with the STI regions is reduced with respect to
the center of the channel region of the gate electrode. A number
of innovations have been provided, which are aimed at preventing
this channel dopant out-diffusion, such as providing a silicon
nitride liner in the STI trenches or providing a layer of nitride
around the upper edge of the STI trenches. Another method has
been provided whereby the loss of channel dopant is compensated
by providing additional channel doping. However, increasing the
dopant that is provided for the channel region most frequently
results in increased out diffusion of the dopant to the
surrounding STI regions while increased dopant concentration in
the channel region further degrades the interface junction
between the silicon substrate and the body of the gate electrode.

The invention provides a method that compensates for the loss of

12



adj acent STl regions 17. The cross section that is shown in Fig. 1c

.essentially shows the sane el enents as have been highlighted for Fig. 1b.
Deleted fromFig. 1b are the p-well mask 45 and the p-well 15, these two
items are replaced in Fig. 1c with the n-well mask 45" of photoresist and

.t he n well 49 that has been created in the surface of substrate 10. Al

ot her 98P8RENFENERRL T &l O8hGRAUPH EiNG. P imekeh Ah&hmmbanaheredidrent s

t hat have been shown in Fig. 1b. It is of value to highlight the basic

-gr oundheukethos cbaoepils relgaonarietesdadns twheh mrentswumowsdfrof | IWE: 18
the p-well mask is used to block the p-channel regions, during this

bl ockisgieh.t he p-channel regions a p-type dopant is inplanted into the
n-channel, this relates to the cross section that is shown in Fig. |b, and
the n-well mask is used to bl ock the n-channel regions, during this

bl ocki ng of the n-channel regions a n-type dopant is inplanted into the

b channel . gbhiee 1641, 3688 Qe 0955, Seat f%‘afmﬁfaé A Figyodey The

met hod of creaf|ng i mpur rations preven reverse narrow
wi dt h_ef f ect now descri bed j.n det ai [ concentratlons are
creatgawﬁgﬁr Tdevi® &5%&9%14%§ﬁ%£ﬁmﬂr@%n %ﬁ ?P%Egmn1or | ess.
Referring nowto Fig. 2, a substrate 10, conposed of a single crystalline
silicon, with a <100> orientation, is used. A layer 12 of pad oxide is
created over the surface of substrate 10. Typically, a blanket pad oxide
can be for W&d 3t @48 Bidc ki 1ifs Jalsod WS 00 Anyst T 9 thiaughet #hel mahow

oxi dation nethod at a tenperature of about 900 degrees C. for a tinme period
of abanigli0 itrpl2Ghtmimitcesorvhday aro ldnmfosd | €osr s t nadeohasibern deposited
over the surface of the layer 12 of pad oxide. The layer 14 of silicon

nitri éeresitsN4) can be deposited using LPCVD or PECVD procedures at a
pressure between about 300 mflorr and 400 mforr,

SUMMARY OF THE INVENTION

A principle objective of the invention is to eliminate the
negative impact on the channel region and the surrounding Shallow
Trench Isolation regions of Field Effect Transistor (FET) devices
that is incurred by out-diffusion of dopants from the channel

region to surrounding Shallow Trench Isolation regions.

Another objective of the invention is to eliminate
undesirable dopant distribution in the channel region of Field
Effect Transistors caused by out-diffusion of dopant from the

channel region of the Field Effect Transistors.

13



19 at a tenperature between about 600 and 800 degrees C., to a -

. thickness of about 2500 Angstrom using NHs and SiH4. The silicon nitride
| ayerr 14 can al so be deposited using LPCVD or PECVD procedures using a
reactant gas m xture such as dichlorosilane (Si CaHa) and anonia (NHs).

- -Phot ol i t hogr aphi ¢ techni ques and Reactive lon Etching (RIE) are then used
to create Yhk @esihed phieerhvenofh&hrajevension il toorlaminage. The
silicon nitride layer 14 can be wet etched using a phosphoric acid

-sol utcomedheosndingnoni inddeieablal sopheietchedcesitmrg tdnsotimoppihe Rl E
using CHFs or SF6-QZ as an etchant. The silicon nitride |ayer 14 can al so
be di ppedlbnt orphesphebiatachd (6M3P0kgtionke ofenaead. FEFepattern of
'silicon nitride that has been highlighted ' with 14 in Fig. 2 aligns with

sur f aﬁfaﬁé £88oP5 éHQSEBaHQp%t%%c%k%@t%@% devic¢Rs Al 1t ¢ RE JiLat ed.
Anot her way of stating th Is to say that the surface regions of substrate

10 th cggﬁegxggsgdr Egof oﬁ@ddEQ%hs§ % B%C%t%h Qﬁ%%%§p§+F§cﬂé&}%hp 14

of siTrcon nrtrirde are he Surtace regi ons trenches are
to be etched. Fig. 3 shows a cross section of the silicon substrate after a
| ayer*$818F - phot or esi st has been deposited over the surface of 20 the
substrate. Layer 16 has been patterned and etched, using the p-well mask in
order to | eave the | ayer of photoresist in place overlying the p-channel
regions in the surface of substrate 10. Fromthis it follows that region
hi ghl i ght ednagct®ridangiegwidhi £hehelp-estfamesl afedilon igfvartel wubstret e, t hat
is the regions over which PMOS devices are to be created. Fromthis further
f ol | oamagllbatimphentedisoprivivghleidgthed: ase duveg ool kliisnidee o cttennet feegs on of
the substrate, that is the regions over which NMOS devices are to be
creat edf. narrow channel impurity diffusion to surrounding regions of

insulation. A layer of pad oxide is created over the surface of a

silicon substrate, a layer of silicon nitride is deposited and

patterned such that the layer of pad oxide is exposed where

Shallow Trench Isolation regions are to be created. A layer of

photoresist is deposited, patterned and etched to expose the

surface of the p-well that has been created in the surface of the

substrate, p-type impurity is then implanted into the corners of

the STI region that are adjacent to NMOS device that is to be

created over the p-well. The process is then repeated in reverse

image order to perform a n-type implant into the corners of the

STI region that are adjacent to the PMOS device that is to be

created over a n-well region that has been created in the surface

of the substrate. The p-type and n-type implants are angle

implants that penetrate under the patterned layer of silicon
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The deposition and patterning of the |layer 16 of photoresist uses

- conventional nethods of deposition and photolithography that are well known
in the art. Photoresist stripping frequently uses sulfuric acid (HaS09) and
m xtures of HzS09 with other oxidizing agents such as hydrogen peroxi de
".(HZOz), the sanme components are frequently used in cleaning a wafer surface
aftern%ﬁélﬁﬁotéhé§|§?nﬁ5§abééﬁ §0EPppeE. CPENRESt Ofhéhehy e feahamser ed t hat
the mask that is used for the patterning of |layer 16 of photoresist is the
-n- wel indaskyipgukthengachebhedkilagefshio€l diddgronhaiprdb@nndher egibatrafieg. 4
shows a cross section during the process of perform ng an angle inplant
into ibe sgtéacenef pthgpsubsatr ateypewWandilkl em@ntanitdy! pHozeddaand 4y e
'shown. | nplant 22 creates p 21 type inpurity concentration 23, inplant 24

for m5c§n§@ﬁ959n91t ¥Bfner E{BUEkEXt%OQ%?“tt&%Hc% 22 iMPh A & 1%h ATk 24
i npl ant p-type dopants into regions 23 and The "conventi onal  wel |

i npl nPUDE hr augh | ant d Vt _inpla re all i,n.a vertical
dlrec?ﬁon ?Q E eagér égggg Zguggfrgygffﬁe % %hﬁﬂa§ldmaqﬁhasgum%hé¥%1Iatter
npl ants are not part of the_invention and mn t herefore not be further

d| scu§§8831FFdnﬁ§F‘lH§ é’fﬁ’ﬁhégl 7 &0 SPREE Si- nﬁlhéntfé’r??t&r‘fﬁ‘ 2 dhe 6ot | ed

such that these inplants are shallow inplants, this to assure that the
i npl affg @BenBrvRave UGS EhPeSBMeo MK tarssarw@oﬁﬁ@d%émqu forugere faweike
narrow wi dth effect, on the p-well inpurity concentration. Inplants 22 and
24 caanbéepémpdemid by rotating the wafer to the surface of which these
inplants are perforned so that the inplant angle remains the sane, all
inplants 22 are first perfornmed after which wafer rotation allows inplants
24. The angled inplants 22 and 24 use boron or indiumions as a source, at

an energy in the rangespfsbaimeesr @boot dB0rike\Vbrawli RO KeV and a dose in
t he range between about 5E12 and 5E13 a tons / cn2 . Fig. 5 shows a cross
section after the patterned |ayer 16

Fig. la shows a cross section of a prior art gate electrode

and its supporting elements.

Figs. 1lb and lc show cross sections for the identification

of basic concepts that are germane to the invention.
Figs. 2 through 8 highlight the invention, as follows:

Fig. 2 shows a cross section of a semiconductor substrate, a
layer of pad oxide has been deposited over the surface of the
substrate, a layer of silicon nitride has been deposited over the
layer of pad oxide. The layer of silicon nitride has been

patterned and etched leaving a pattern of silicon nitride in
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(Fig. 4) of photoresist has been renoved fromthe surface of the 22
. Substrate. A second |ayer 26 of photoresist has been deposited and
patterned, this tine using the n-well nask for the patterning of |ayer 26
in order to shield the n-channel region 11. Inplants 28 and 30 are n-type
-Jdnpurity inplants that create inpurity concentrations 29 and 31. The angl ed
i npl aPt3C28OWAH BDeusBraRsenireIsPnEhesphdrodsPissis tes WaessulFt®S at an
energy in the range of between about 150 KeV and 200 KeV and a dose in the
r angedéel gesenmabbube5EL2aard .5E13 atonms/cnR. Fig. 6 shows a cross section
wherein the patterned |ayer 26 (Fig. 5) of photoresist has been renoved
fromthe surface of the substrate, trenches 32 and 34 have etched through
the layer 12 of pad oxide and into the surface of the substrate 10, inplant
27 is an i ppyri BY shppkant adisaceRlthient heneh 34 fhisth has begn shown in
order to be Conplete. Methods of photoresist renoval have previously been
hi ghl | ad. n efore _nqt be further essed at this point.
Layerbggkggegggtogggekggh g%pg)tsé%eeéibl?ﬁdun aft%(;ecrenl ng{'anecxé)orselanc,gt iq:vhee i on etching
using Ar/CF9 a et chant at t enperat ure of between about 120 and 160
degr o868 E2CRnTT 4 CHPeBENT & TR halsen o3 5 TSRS Patte L OF Se(E LS of
phot or esi st has been deposited and patterned, this tinme using the n-well
mask FBViERE BAEt &PniPfy FEAR/Fer TIE AT rideMask st e1sPd He Ratfitel thegi on
11. Inplants 28 and 30 are n-type inpurity inplants that create inpurity
concefitkati éageZ9 odn®hPLorEsd sdnglrahavipicarithe 2 30l Us ef A e v eor
phosphorous ions as a source, at an energy in the range of between about
150 KeéWeapdw20Q K&V tdred ssubdasmten thee rangel rhistoveleryveabouf Biedt2o et HE13
atons/cnR2. Fig. 6 shows a cross section wherein the patterned | ayer 26
blocks the p-channel regions in the surface of the substrate.

Fig. 4 shows a cross section during implant of p-type

impurity into the n~channel region.

Fig. 5 shows a cross section after the first patterned layer
of photoresist has been removed from the p-channel region, a
second layer of photoresist has been deposited and patterned
whereby the second layer of photoresist blocks the n-channel
region on the surface of the substrate. N-type impurities are

implanted into the p-channel region.

Fig. 6 shows a cross section after the patterned second
layer of photoresist has been removed, the layer of pad oxide and

the surface of the substrate have been etched in accordance with
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(Fig. 5) of photoresist has been renoved fromthe surface of the substrate,
. trenches 32 and 34 have etched through the layer 12 of pad oxide and into
the surface of the substrate 10, inplant 27 is an inpurity inplant adjacent
to trench 34 which has been shown in order to be conplete. Mthods of

. phot oresi st renoval have previously been highlighted and need therefore not
be fukhhepabigrassédthe thiverpeifnesiligper niX réfdepadupatdex direchetched
using for instance reactive ion etching using Ar/CF4 as an etchant at a
tenpefatrutkheobThetregennabout 120 and 160 degrees C. and a pressure of

bet ween 23 about 0.30 and 0.40 Torr for a tinme of between about 33 and 39
seconds using a dry etch process. Fig. 7 shows a cross section after
trenches 32 and 34 have been filled with a chem cal vapor deposition (CVD)

of silicon id 1.02) -l I, 36, r,.a fd he creati he
STl regqi ong?ér:i 3 %??Q’%afe?%%fso%esﬁq"loélor?frﬁg?!r i%’faeegin ‘%ilrﬁ‘%{ye‘?f o%)rhs%ezf are
t hen et.ched.back.or ani cally or chem call olished to yield a pl.anar
Sur {208, SFRACPERAR cRoed 100 a5 TG ER AR MBS SouE T3 P BERa ¢ o1
the layer 14 of silicon nitride has been renoved and the | ayer 36 of

di el e€PFEECRaSthédR FPiSSHéd Sdown to the surface of the |ayer of pad oxide
usi ng nmet hods of Chem cal Mechanical Polishing. To sumrarize the invention
and the results that are achieved ' with the invention: the p-well mask is
used to pattern a first layer of photoresist, the remaining | ayer of

phot or esi stFilgl.o8kshidwes @ charrelsaagians f e photlaest séfthaticsnr enoved
exposes the surface of the p-well region of the substrate and therewith

exposeas tirhder e@gisonedf ddewthsnatmhovieryahi eh NS devi cesaarieeén be
created. The surface of the regions of the substrate into which STl regions

arg tz%ohas@atefaw%drﬁ t SheExnasethe gl end NPd gt So2p a0 do2Aa@r e per f or ned,
an

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1lb and 1lc are used to further highlight basic regions
that are created as part to the creation of CMOS devices. These
basis regions are of interest to the description of the invention

that is provided in the balance of this specification.

Highlighted in Fig. 1lb are the following elements:
- 10, the semiconductor substrate on the surface of which CMOS
devices are to be created
- 11, a cross section of a NMOS devices that is created on the

surface of substrate 10
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the n-well mask is used to pattern a second |ayer of photoresist, the
- remai ning | ayer of photoresist blocks the n channel regions. The
"photoresist that is renoved exposes the surface of the n-well region of the
substrate and therewi th exposes the regions of the substrate over which
©.PMOS de?('éces are to be ¢greated. The surface of the regions of the substrate
i nto which 3TFLPEGi GRETAFPE €F Be F¥CChEFISea P adxposéd ek st tYpeopant i s
inplanted into the surface of the substrate that is adjacent to the
.n-chapnefacehgs cohp&msdei i§ for any p-type inpurity flow fromthe p-type
channel into the STI regions that are adjacent to the p-channel. Al though
the iAveémti 6Ihasgheas dascriared carctidd bsttvateed thid ICMET etenices 4 otlspeci fi c
‘illustrative enbodi nents thereof, it is not intended that the invention be
limtedet erthesa ohl wsir atirfe emMadigmiytsatkhose skilled in the art wll
recogni ze that variations and nodifications can be nade w t hout departing
from thegi$phhi h-@hahhe 1l PRAUPRnddr 18 dPaiPr&eddended to incl ude
within the invention all such variations and nodifications which fal
W t hin e ope of ed. ¢l ains. i ent s, t hereof. 25 What
is clai Erlngél ?lgl B c%ank@rsriet h rE’t%o(iilrrle‘:1 uclgplrngg%@éegjn%%lo% V\%%t h effect in CMOS

devi ces, _conpri Si t he steps of: praovidi a supstrate, said substrate
havi ng Béen‘E‘ppﬁ\‘i’i"ﬁgdU\fﬁdtenIC Hré%/etrhegfmf% ‘gﬁg‘fh‘ée r the surface of the

substrate; creating a pattern of ion inplant barrier material over the
surface4sfr &8 & skt GhderaHi st pataferhs dfs¢dnt Phptant Chag ki Pal
conprising a first pattern being aligned with a pattern of NMOS devi ces

bei ngoér pawed lovéer t he surface of said substrate and a second pattern being
aligned with a pattern of PMOS devi ces being created over the surface of
sai d sulgtr ahennel dopant that, for devices with sub-micron channel

length, diffuses from the channel regions 41 and 43 to the

adjacent STI regions 17.

The cross section that is shown in Fig. 1lc essentially shows
the same elements as have been highlighted for Fig. 1lb. Deleted
from Fig. 1lb are the p-well mask 45 and the p-well 15, these two
items are replaced in Fig. 1lc with the n-well mask 45’ of
photoresist and the n-well 49 that has been created in the
surface of substrate 10. All other elements that are shown in
Fig. lc remain the same as the elements that have been shown in

Fig. 1b.

It is of value to highlight the basic ground rules or concepts

that are used by the invention, as follows:
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creating an p-well mask over the surface of said substrate, exposing said
- first pattern of inplant barrier material; performng a first angle inplant
into the surface of said substrate; ' renoving said p-well mask fromthe
surface of said substrate; creating an n-well mask over the surface of said
*.substrate, exposing said second pattern of inplant barrier material;

per f orm e ao-seebhdnangl £s i apédntoilntockhehsupfabenoklsaedisubst datténg
renoving said n-well mask fromthe surface of said substrate; 26 '

creati ngcipi pasiecning ShathevpIerashel sekatbap &SPlrypeghepanitntie the
surface of said substrate, said pattern of STI regions being interspersed
with saithppitesd PhtboPntMlaninhalli eh;gateibaks E8MYkengreaisd pattern of
ion inplant barrier material fromover the surface of said substrate,

t her eby ggyféggtﬁa@eighghgansgﬁng eaﬁgd STh regions down to the surface
i n conére |

of said Tayer of 'pad oxide; a hg processing of said CMOS devi ces.
2. The nmethod of claim1l wherein said first angle inplant conprises a
p-typ® idperiptryel hphapk 48i AgeBoEdnPbéPCKnEhEn 6RSNAS 1a reEtHOES, &Urdmg
energy in the range of between about 150 KeV and 200 KeV and a dose in the
range betmeenbhbokingEd? ahd bEtBaaheirsrkgdnBs. a3n-~-Elypeneidpachtofiscl ai m 1
wherein said first angle inplant is perforned under an angle with the

surface phpsahtequbstpatrebptvraAnaboutn3@ akda6@sdeg ees ckosEie nmethod of
claiml1l wherein said second angle inplant conprises a n-type inpurity

i mpl ant ys&pPoAr SRALCQr sRBASPRAr @Ug .i @Bs as a source, at an energy in the
range of between about 150 27
The method of creating impurity concentrations that prevent
the reverse narrow width effect is now described in detail. These
impurity concentrations are created for CMOS devices with a

channel length of 0.25 pm or less.

Referring now to Fig. 2, a substrate 10, composed of a
single crystalline silicon, with a <100»> orientation, is used. A
layer 12 of pad oxide is created over the surface of substrate
10. Typically, a blanket pad oxide can be formed to a thickness
of about 150 Angstrom through a thermal oxidation method at a
temperature of about 900 degrees C. for a time period of about 10
to 20 minutes. A layer 14 of silicon nitride has been deposited
over the surface of the layer 12 of pad oxide. The layer 14 of
silicon nitride (Si3N4) can be deposited using LPCVD or PECVD

procedures at a pressure between about 300 mTorr and 400 mTorr,
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KeV and 200 KeV and a dose in the range between about 5E12 and 5E13
-atons/cn2. 5. The nethod of claim 1l wherein said second angle inplant is
performed under an angle with the surface of said substrate between about
30 and 60 degrees. 6. The nethod of claim 1l wherein said ion inplant

- .barrier material conprises silicon nitride. 7. The nethod of claim1,

furt hat eofphpeiradguacedetoresf afoutedN0 @med NNIOS dgarests |@asttome CMOS
device, said at | east one NMOS devi ces being created overlying surface

-ar eas taf ckaed ss WS tabatue. iI2H00 BNt read difiinstiNmnghe isaplanthbasibeedn
perfornmed, said at | east one PMOS devi ces being created overlying surface

ar eas n@k rsaled 154t nat @ amMt0 i Kk iseconds anglerdvipl antphasp been
performed. 8. The nethod of claim1l, said substrate conprising at |east one

P e Rl 51 DAY LT 0l et dPl e AL 6t T €11 Al bl 0y 24 gnec

wth t l'east 0 airm 1, sai

substrate.conprising at.le one n-well, said . second pattern of ion

ot are AT er A B AT DAY Al et WG S Gt LT et Gre el | 10. A

met hod for the creation of sem conductor surface regions over the surface

of WhFERENES de CeChimg cifldtle RT o SHTRF tHe Stedse ofhe pie%iBffg a

sem conduct or substrate; providing a pattern of ion inplant barrier

mat er PaIt tev@r ithdhayrifegtar of6 salff s ishibsanr ariet shie@l di ng surface areas in said

sem conduct or substrate over which CMOS devices are to be created agai nst

ion inmplantation; inplanting surface regions in the surface of the

substrate over which NMOS devices are to be created with a first angle

inmplantati ke silicon nitride layer 14 can be wet etched using a
phosphoric acid solution. The silicon nitride can also be etched
using anisotropic RIE using CHF3 or SFe—02 as an etchant. The

silicon nitride layer 14 can also be dipped into phosphoric acid

(H3PO4) to be removed.

The pattern of silicon nitride that has been highlighted
with 14 in Fig. 2 aligns with surface areas of substrate 10 over
which CMOS devices are to be created. Another way of stating this
is to say that the surface regions of substrate 10 that are
exposed in Fig. 2 and that are located between the pattern 14 of
silicon nitride are the surface regions into which the STI

trenches are to be etched.

Fig. 3 shows a cross section of the silicon substrate after

a layer 16 of photoresist has been deposited over the surface of
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i nplanting surface regions in the surface of the substrate over which PMOS

. devices are to be created wth a second angle inplant; etching the surface

‘of said semiconductor substrate in regions between said surface regi ons of
t he substrate over which NMOS and said PMOS devices are to be created,

- .Created ggenings in said substrate; and fiIIing sai d openings created in
sai d SihstiRt e 3k e h LA ¥rel 2ethee, PpranBRF EeREeEhandupfapedof UsARY the
di el ectric, renoving 29 "' said pattern of ion inplant barrier materi al

fromptreesumiagie i suddrstupsieare. the. lTnernefhpdobbrebasm 10 nilehet he
additional step of creating a |layer of pad oxide over the surface of the
substoed el v &g dtlsé ep-tloabhecperégi ord pni ohet eusdbhdesbEpsabspiravediing a
'pattern of ion inplant barrier material over the surface of said substrate.

12. Theomretios of £b2idwdOcnsfi depioMi HigH1agRaLHERR 08 hanpigpl gnt sbarri er
material over the surface of said substrate conprising the steps of:

deposjqt e | Ol ap Ler ri;al er. _th ur e of
the sobsrrar e aat et e g T BT RG C6al A Ty r “OF ISSLGAE BYPE: er
material . C ing a pattern_of inplan arcrjer teriial " overlyin
surfdﬁ%l$%g$%ﬁ% %gvéﬁgﬁ §ﬁﬁsF?aP8n§68P%ﬁﬁrchrﬂWCg%dévF8§§h§Fe P&Xﬁﬁg
created, further creating_a pattern of inplant barrier material overlying
surfaE@a?eb?%n%e%F08aPHggGBQBFSPeaSVéﬁg&ﬁPCHlPWEStH§vP€€§a§P€lt6eﬁé°n
created, partially exposing the surface of said substrate. 13. The nethod
of clafnthe, spaptaatengtBakf A6ethegir6Ad ong e r's whfighe NYOS: e vd@isst matee
over which NMOS devices are to be created with a first angle inplant
conprtsilng theatedps of: 30

The deposition and patterning of the layer 16 of photoresist
uses conventional methods of deposition and photolithography that
are well known in the art. Photoresist stripping frequently uses
sulfuric acid (H25804) and mixtures of H2S04 with other oxidizing
agents such as hydrogen peroxide (H202), the same components are
frequently used in cleaning a wafer surface after the photoresist
has been stripped. It must thereby be remembered that the mask
that is used for the patterning of layer 16 of photoresist is the
n-well mask resulting in blocking (shielding) the p-channel

region.

Fig. 4 shows a cross section during the process of
performing an angle implant into the surface of the substrate,

two different implants 22 and 24 are shown. Implant 22 creates p-
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" depositing a first layer of photoresist over said substrate; patterning

. and etching said first |ayer of photoresist, using an p-well mask for
“exposure of said | ayer of photoresist, renoving said |ayer of photoresist
from above p-well regions in the surface of said substrate; performng a
_first angle inplant into the surface of said substrate self-aligned with
sai d e eimpwiityncompéantabaeni 28, namptbak d¢efbyinagar egcond pntype
surface of said substrate over which NMOS devices are to be create; and
_renovimshsit @ ddisénpost eoneds| ayeplehtphpponrdi st impaehhepstybace of said
substrate. 14. The nethod of claim 10, said first angle inplantation using

bor oryQf 4 £1dli 1R L ORSo ASn @ SQULEE. 281 @HeCBBRY¥NtAChAE LaNnge iafikelveen
-about 150 KeV and 20% KeV and a dose in the range between about 5E12 and

SELS A\ IHEPRo S, T0g PeLNRdyof 16l el 10, 5319 LLest anal e dmicant ati on

bei n u an ang e surface of said substrate between

bout 30 and 60 _d ._16. Th hod of cl.aim 10, id inplanti
Sur T e T Bt RS P e P oS U RiEeSof SEA LSt Lt e SIS WCCITPROB-IA ces ar e

to be created with a second angle inplant conprising the steps of: 31
deposThe sy hateeBNEPAFBESORTBhBPEr B3 Et Ody ENCt REVEXFISEd fidde of said
substrate; patterning and etching said second | ayer of photoresist, using
an n-te¢tefras& hot brpbdsutbeof dgarcdslsager of photoresist, renoving said

| ayer of photoresist fromabove n-well regions in the surface of said
substrate; performng a second angle inplant into the surface of said
substrate self-aligned with said pattern of ion inplant barrier nmaterial

overlying reginges b thensehkace tohtSailsuist nat ey erd Wi v M¥D deyd ces
are to be created into the surface of the substrate; and renoving said
secongypat teLpednkaxeringh aphat aresisttaihicamitd@ ants, this to assure

that the implants do not have an effect, other than compensating

for the reverse narrow width effect, on the p-well impurity

concentration. Implants 22 and 24 can be performed by rotating

the wafer to the surface of which these implants are performed so

that the implant angle remains the same, all implants 22 are

first performed after which wafer rotation allows implants 24.

The angled implants 22 and 24 use boron or indium ions as a
source, at an energy in the range of between about 150 KeV and
200 KeV and a dose in the range between about 5E12 and 5E13

atoms/cm?.

Fig. 5 shows a cross section after the patterned layer 16

(Fig. 4) of photoresist has been removed from the surface of the
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surface of said substrate. 17. The nmethod of claim 10, said second angle

_inplantation using arsenic or phosphorous ions as a source, at an energy in

-the range of between about 150 KeV and 200 KeV and a dose in the range

bet ween about 5E12 and 5E13 atons/cn2. 18. The net hod of claim 10, said

. _second angle inplantation being performed under an angle with the surface
of saiuPshnte ate PRERGN AVDLL2 gwﬁnﬂh%ma@a%ééshasz eengdepRaifehod of

claim 10, said ion inplant barrier material conprising silicon nitride. 20.

~The metchauhtfeched m WOl swherree nu$ihgi hige sardebpemangsforedhedpphteandng

substrate with a dielectric is depositing a |layer of silicon dioxide

(S Cf Pyedhee net hotldef tbasnidld tnet heeheanpletkggoar eati anpotngai d

.CMOS devices by creating at | east one NMOS device and at | east one CMOS

devi cgy S B@tateasic GpE. £M§§&9€Y'Eﬁp@§hﬂg Ehgﬁt@QeQE%rhﬁbﬂgl% rface areas
of said substrate into which first angle inplants have been perfornmed, said

atle eyicC eg a e upfa anea fsald
substréﬁe ! At g%%ﬁhghygeggﬁdégng ég|%§§ ¥ %héigge§n5%e%§8r%§d%
.As9. A. A Af. A. A9. ﬁéép An. ACACA A A& A9 AL A A A AL AR AAFR. A f AFa AF. . A A3

. A3. A@ﬁﬁ%@%?p@r FQUS 1lons as a source, at an energy in the
N@§45 x{vql gb] X] ca]ca]ca]ca]ca%ca]ca]ca]cakc%]ca]ca ca]ca]ca]cak¥?]ca]ca]ca

] ca] cB3es c%f captufen] eapes] taPckeUvped] ed0xFed apg @ AopeQip [t

range between about 5E12 and bLHEL3 atoms/cm?.

Fig. 6 shows a cross section wherein the patterned layer 26
(Fig. 5) of photoresist has been removed from the surface of the
substrate, trenches 32 and 34 have etched through the layer 12 of
pad oxide and into the surface of the substrate 10, implant 27 is
an impurity implant adjacent to trench 34 which has been shown in

order to be complete.

Methods of photoresist removal have previously been
highlighted and need therefore not be further addressed at this

point.
Layer 12 of pad oxide can be etched using for instance

reactive ion etching using Ar/CFs as an etchant at a temperature

of between about 120 and 160 degrees C. and a pressure of between
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100@A¥%F% (§192)09 )@%5 10@&%5(3-?1%%@&%‘@?)95' §PozRr et EeRoRE169& ()-L
LxnbC

STI regions, Fig. 7, layer 14 of silicon nitride and the layer of

Si02 are then etched back or mechanically or chemically polished
to yield a planar surface. The final cross section of the
invention is shown in Fig. 8, after the layer 14 of silicon
nitride has been removed and the layer 36 of dielectric has been
polished down to the surface of the layer of pad oxide using

methods of Chemical Mechanical Polishing.

To summarize the invention and the results that are achieved

with the invention:

®¢ the p-well mask is used to pattern a first layer of
photoresist, the remaining layer of photoresist blocks the p-
channel regions. The photoresist that is removed exposes the
surface of the p-well region of the substrate and therewith
exposes the regions of the substrate over which NMOS devices
are to be created. The surface of the regions of the
substrate into which STI regions are to be etched is also

exposed, angle implants 22 and 24 are performed, and
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;}Ogégg () &%%g &f§)t%§#é%§%§%§}ﬁglgg(g% kﬁ%deﬁgt%%te and therewith

t $10%&' () -' 10%1&' () - Y: $10%m8: $*e** dEYNC 1
F$10%m& 8‘”‘%%%&‘?) rF@iB%&%) %}?)))(Hﬁs(t)ra fo%}l@r( YRS fosrQS 9991588+ aB
YNC 10.

10%m&' () -)210%R PP- CKBR2OSRR (Fhecsvsfonk Of- APFORMRONSSIFATRR ()-, S, , , --

---dYNC 10 10m 10m 10nt

1 S10%rR () s8Bs0yaRe( LnlktosvodsR ETISZ@LO R are- & hesek qhed Z-s -allsQ aBYNC
exposed. A n-type dopant is implanted into the surface of the
substrate that is adjacent to the n-channel, thus compensating

for any p-type impurity flow from the p-type channel into the

STI regions that are adjacent to the p-channel.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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-B“BﬁﬁﬁhQEC%JQAted over the surface of said substrate;
creating an p-well mask over the surface of said substrate,
exposing said first pattern of implant barrier material;
performing a first angle implant into the surface of said
substrate;
removing said p-well mask from the surface of said
substrate;
creating an n-well mask over the surface of said substrate,
exposing said second pattern of implant barrier material;
performing a second angle implant into the surface of said
substrate;

removing said n-well mask from the surface of said

substrate;
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said created STI regions down to the surface of said layer of pad

oxide; and

completing processing of said CMOS devices.

2. The method of claim 1 wherein said first angle implant
comprises a p-type impurity implant using boron or indium ions as
a source, at an energy in the range of between about 150 KeV and
200 KeV and a dose in the range between about 5E12 and 5E13

2
atoms/cm”.

3. The method of claim 1 wherein said first angle implant is
performed under an angle with the surface of said substrate

between about 30 and 60 degrees.
4. The method of claim 1 wherein said second angle implant

comprises a n-type impurity implant using arsenic or phosphorous

ions as a source, at an energy in the range of between about 150
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material comprises silicon nitride.

7. The method of claim 1, further completing creation of at least
one NMOS and at least one CMOS device, said at least one NMOS
devices being created overlying surface areas of said substrate
into which said first angle implant has been performed, said at
least one PMOS devices being created overlying surface areas of
salid substrate into which said second angle implant has been

performed.
8. The method of claim 1, said substrate comprising at least one

p-well, said first pattern of ion implant barrier material being

aligned with said at least one p-well.
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providing a pattern of ion implant barrier material over the
surface of said substrate shielding surface areas in said
semiconductor substrate over which CMOS devices are to be created
against ion implantation;
implanting surface regions in the surface of the substrate
over which NMOS devices are to be created with a first angle
implantation;
implanting surface regions in the surface of the substrate
over which PMOS devices are to be created with a second angle
implant;
etching the surface of said semiconductor substrate in
regions between said surface regions of the substrate over which
NMOS and said PMOS devices are to be created, created openings in
said substrate; and

filling said openings created in said substrate with a

dielectric, planarizing the surface of said dielectric, removing
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12. The method of claim 10, said providing a pattern of ion

implant barrier material over the surface of said substrate
comprising the steps of:

depositing the layer of ion implant barrier material over
the surface of the substrate; and

patterning and etching said layer of implant barrier
material, creating a pattern of implant barrier material
overlying surface regions of said substrate over which NMOS
devices are to be created, further creating a pattern of implant
barrier material overlying surface regions of said substrate over
which PMOS devices are to be created, partially exposing the

surface of said substrate.

13. The method of claim 10, implanting surface regions in the
surface of the substrate over which NMOS devices are to be

created with a first angle implant comprising the steps of:
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substrate self-aligned with said pattern of ion implant barrier
material overlying regions in the surface of said substrate over
which NMOS devices are to be create; and

removing said first patterned layer of photoresist from the

surface of said substrate.

14. The method of claim 10, said first angle implantation using
boron or indium ions as a source, at an energy in the range of
between about 150 KeV and 200 KeV and a dose in the range between

about 5E12 and 5E13 atoms/cm?®.

15. The method of claim 10, said first angle implantation being
performed under an angle with the surface of said substrate

between about 30 and 60 degrees.

16. The method of claim 10, said implanting surface regions in
the surface of the substrate over which PMOS devices are to be

created with a second angle implant comprising the steps of:
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'performing a second angle implant into the surface of said
substrate self-aligned with said pattern of ion implant barrier
material overlying regions in the surface of said substrate over
which PMOS devices are to be created into the surface of the
substrate; and

removing said second patterned layer of photoresist from the

surface of said substrate.

17. The method of claim 10, said second angle implantation using
arsenic or phosphorous ions as a source, at an energy in the
range of between about 150 KeV and 200 KeV and a dose in the

range between about 5E12 and 5E13 atoms/cm®.

18. The method of claim 10, said second angle implantation being
performed under an angle with the surface of said substrate

between about 30 and 60 degrees.
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20. The method of claim 10 wherein filling said openings created
in said substrate with a dielectric is depositing a layer of

silicon dioxide (SiQ2).

21. The method of claim 10, further completing creation of said
CMOS devices by creating at least one NMOS device and at least
one CMOS device, said at least one NMOS device being created
overlying surface areas of said substrate into which first angle
implants have been performed, said at least one PMOS device being
created overlying surface areas of said substrate into which

second angle implant have been performed.
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