2 JUN 20 - METHOD: OF FORM NG A POCKET I'MPLANT REG ON AFTER FORMATI ON COF
COVPOS| TE . | NSULATOR SPACERS - BACKGROUND OF THE |'NVENTI'ON (1) Field of the
“Invention The present invention relates to methods used to fab;gp -
~sem conduct-or devices, and nore speC|f|caIIy to a met hod of uci ng the
ri.sk of punch through current for .a netal oxide sem conductor field effect
‘transistor (MOSFET), device, via formation of a pocket region forned after
conposite spacer formation. (2) Description of Prior Art The energence of.
MOSFET devi ceWBH@Dr@H@Og&M APQCKET IMPRANT REGION AHTER | ed to _
source/ drai n engi neering procedures such procedures used to form pocket, or

~ hal 0 -regi ons. ThEORMATHMN 0OF GORPOSIEE WRSULATORKEA ERSI N region,
experienced wi.th short channel lengths, can result in unwanted punch
‘through current generated by t he cl ose proximity of the source/drain

depl etion regions. A method used to reduce the risk. of punch through has

been the formation offgﬁgsgkﬁnﬁh)cﬁahgg Eggiapsurroundlng the-

~source/drain regions e regions conpris h the same conductivity

type as the sem conductor substrate or well region, ‘but featuring a higher

dopant |evel than the semniconductor substrate or well region, reduce the

ext ent g%kgﬁghg ion regi on when conpared to depletion regions forned at
fefi f

the jumetiohs VREIGon - - pocket structures, thus Z 4 JUtl 20 resulting in
| ess punch 't hrough current. However ‘the increased dopant concentration of
t he pocket region adversely influences MOSFET performance via the increased
junction cﬁheameseahmeentron relates to methods used to fabricate semlconductor devices, and
more spemﬁcally toa method of reducing the rtsk of punch through current for a metal ox1de
semiconductor field effect tran51stor (MOSFET), device, via formation of a pocket region formed

after composite spacer for_mati_on.

(2) Description of Prior Art

The'emergence of MOSFET devices featuring sub-0.18 um channel lengths, has led to
source/drain engineering procedures such procedures used to form: pocket or halo regions. The

narrowmg space between a source/draln reglon experienced with short channel lengths, can
result :

o .'in unWanted punch through current generated by the close proximit'y of the source/drain depletion
regions. A method used to reduce the rtsk of punch through has heen the forrnatlon of pocket or .
halo regions, surroundmg the source/dram reglons These reg1ons comprlsed with the same

' eonduct1v1ty type as the semlconductor substrate or well regton but featuring a higher dopant
- level than the sem:conductor substrate or well regton reduce the extent of depletion region when

' eornpared to depletlon regions formed. at the Junctlons of the non -pocket structures, thus




Ther ef.ore trade-of fs between yield, |ess: punch through current ~and
performance, increased  junction capacitance, arise when |nplenent|ng

- pocket or halo regions for short channel MOSFET devices. = Thi guwﬂﬂﬁon
will describe a novel process sequence for inplementation of a®punch

t hrough region for a short channel MOSFET device. This invention wll
feature the formation of a pocket or punch through region at a specific
poi-nt of the MOSFET fabrication sequence, after conposite insul ator spacer

~and heaxilkidg dORSDUBONITEAH cairtnt] PIoRRYéARe infRbRIROPER SSnceSBAE M e @l SO

featuring selective renoval of a conposite insulator spacer conponent,

- of ferspoaedused aareslsr,%ﬂs &ﬁ%ﬁ%t @ha M{}ngrea%ﬁﬁuﬂﬁl{@g%%) gafl ynction

capacr?ance Pri or t'a et a 732 B1,

d | U.S. Pat.
SV R N

al, in U S Pat. No. 5 786, 620 descrrbe met hods of fornin conposrte

i nsul al¥yFtiongsaacifance, aseyhen mplementipgpocket or Heleirpgonsiipr ﬁwﬁé‘ga@@é ket regions.
HoweveM of the prior art describe the novel process. sequence enployed
in the present invention in which a pocket inplant regionis formed in a
specrfd@ﬂﬁmgron of the MOSFET device, after conposite insulator and
“heavily doped source/drain formation, allow ng reduced punch though | eakage
to be obtained with less inpact on perfornance degr adi ng, junction

o R e g

through region for a short channel MOSFET dev1ce Th1s invention will feature the formation
| ofa pocket or punch through reg1on at a specific pornt of the MOSFET fabrication sequence,

- after composite 1nsulator spacer and heav11y doped source/dram formation. ThlS process
sequence, also featuring selective removal of a composite insulator spaeer component, offers
reduced risk of punch through current, with less impact on junction capacitance. Prior art such as
Gupta et al, in U.S. Pat. No. 6,391,732 B1, Pradeep et al, in U.S. Pat. No. 6,346,468 B1,
Rodder et al, in U.S. Pat, No. 6,306,712 B1, Eiten, in U.S.. Pat. No. 6,030,871, and
Richards, Jr, et al, in U.S. Pat. No. 5,786,620, describe methods of forming composite insulator
.spaeers, as well as metho_ds'of forming implanted _nocket regio_ns.' However none of the prior art

_ describe the novel process sequence employed in the present inlve.ntion in which a pocket implant

region is formed in a specific region of the MOSFET dev1ce after composite 1nsulator and.
- heavily :

doped source/drain formaﬁon allowmg reduced punch though leakage to be obtained with less
.impact on performance degradmg _]llI’lCthIl capac1tance

SUMMARY OF THE IN\_(ENTION

- It is an object of this invention' to form a pocket region for a MOSFET device, toreduce



punch-through current. It is another object of this invention to limit the

"~ formation of the pocket region of the MOSFET device to an area only

]surroundlng specific regions of a heaVIIy doped source/drain on

. minimze junction capacitance. It i's still another object of t#is invention

to selectively renmove a thick conponent of the conposite insulator spacer

".after heavi |y doped source/drain formation, prior to the pocket inplant

procedure, to l'inmit the formation of the pocket or halo region to specific
~areas surrounding.the heavily doped source/drain region. In accordance

W t h t henghrilesegit currevent i on a nmethod of formng a pocket region for a
MOSFET devi ce, |np|anted after formation of a heavily doped source/drain
regi-on, and after "renoval of a thick conponent of a conposite insulator

spacer, al kQuhitihd SYREET AUDEBAdN @490 16 WLRAL, bARD RGPl ZBd ML Teduced

i npact on junction capacitance, Is escrl f a gate
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“region are farned in an area of a sem conductor substrate not covered by
the gaf%"Ly'P QURITHES JURCOR FARASTIARES; nsul at or spacer, comprised of thin,
‘underlying silicon dioxide and silicon nitride conponents, and a thlcker,
overlying sili-con oxi de conponent, is fornmed on the sides of the gate
struct ur e.lt )5 sHdaupther cdmedftheowembmtoeserecm@y tmaivs anigit cdr@poRest dftheln ar ea
of the sem conductor substrate not .covered by the gate structure or by the

conpostdmpdsits insaloe spaayedfier Kdvity dsptld%@ﬁﬂc&/ﬂraﬁrﬁf&ﬁ%onofméﬂﬁ tld Pk’ - .
. over| yingami | i con oxi de conponent of the conposite i nsul at or spacer, an ion

i npl antation procedure is 3 _
procedure, to limit the formation of the pocket or halo region to specific areas sur_rounding the

' heaVily doped source/drain region.

In accordance with fhe present invention a method of forming a pocket region for a
MOSFET device, implanted after formation of a heavily doped source/drain region, and after
removal of a thick component of a composite insulator spacer, allowing reduced punch through
current to be realized with reduced impact on junction capacitance, is described. After d'eﬁnition
ofa gate structure on an underlymg gate 1nsu1ator Iayer a lightly doped source/drain (LDD),
region, and a completely surrounding LDD pocket region, are formed in an area of a

- semlconductor substrate not covered by the gate structure. A composne 1nsulator soacer ;
comprised of thm underlymg snhcon d10x1de and silicon nitride components; and a thlcker
_ oyerlymg silicon ox1de component, is formed on the sides of the gate structure. A heavily doped
- source/drain region is next formed in an area of 'tlde.semiconductor substrate not covered be the

gate structure or by the comp051te msulator layer After selcctlve removal of the thlcker
overlying : : :

- silicon oxide component of the composite insulator spacer, an ion implantation procedure is




24 JUN 200 perforned formning a pocket region underlying the thin, L .
shaped, silicon nitride conponent. of the <conposite insulator spacer, with
t he pocket region butting the sides of -only a top portion of tanghadﬂﬁly
doped source/drain region. An anneal procedure is performed to"activate the
ions i.n the -LDD, and in the heavily doped source/drain region, as well as
"to activate the inplanted dopants in the pocket regions. BRI EF DESCRI PTI ON
OF THE DRAW NGS The obj ect and ot her -advantages of this invention are best
described in the preferred enbodinment, with reference to the attached
- drawi ngsrforat formdhgia pockki @gion inderBingihe tin, Icdhapet, kiGadd Miride cempsRene8et | onal
style descri be key stages used to fabricate a pocket region, inplanted
after formation of a heavily doped source/drain region and after renoval

of a th ' : [ b at oty |l owl :
_ RbsEose AN spRkr, %vﬂﬁﬂpﬂédkhereglgﬁ ?Jfln@thg qutssgt?eg%f‘ onlg a t(\?a\f'ﬁ:ocr}ﬁo B

formation of the pocket regioh to b n ar résufts in a

reduct i -of r .current. with, -a.reduced, j ct gn.junction
capaci ;h g%(lzlg .d"E%%%ET%XPF%%E B4 %ﬁﬁﬂ@ﬁﬁﬁ@fé&%ﬁmr@ﬁ@%@?ﬁ et or i ng
- a pocke egion for a FET devi ce, |ocated in an area . q 24 JUN 2*
" surrou ‘rﬁ'ﬁ?ldl ﬁ‘g‘% f He g?f’é’%¥ ?{?@ Sgpreg/deaimregion; fsowelbas tp aetivaisdhe inyplarspddopants
sourceMrain region, thus offering reduced punch through current while.
. limting the inpact of junction capacitance, wll now be

the pocket regions. - ' ‘ '

BRIEF DESCRIPTION OF THE DRAWINGS

The ._objec_:t and other advantages of this invention are best described in the preferred
3 embddirﬁent, with reference to the attached drawings tHat include:
Figs. 1 - 6, which schematically in cross-sectional style describe key stages used to
fabricate
a pocket region, implanted after formation of a heavily doped source/drain region and after
| removal of a thick component of a composite insulator spacer, allowing the formation of the
pbcket region to be limited to an area whic_h results in a reductidn of punch through currént, with

. areduced impact on junction capacitance,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of forming a pocket region for a MOSFET device, located in an area




- described in detail. Thi's inventi on can be appl i ed to. bot h N channel _
- (NFET), and ‘P channel ( PFET), devices, -however in this i nvent| on onI y the
- NFET exanple will be described. - Sem conduct or . subst rate 1, m

single crystalline, P type sil i con, . featuring a <100> crystal IFogr aphl C
orientation, is used and schemati cal ly shown in Fig. 1. If desired a P well
region, as well asa threshold adjust region: (nelther region shown in the
- drawi ngs) -can be.formed in a top portion of sem conductor substrate 1,
for pusmedmefonbfd}l@sﬂw@ atthe pettipmnf the deaslily dbpsbmwurekiduin tapion, tubsfedte 1,
and therefore adjusting the threshold voltage of a subsequent MOSFET
devi ce redGad¢depunch dubiphanrkiyehiledimicogieiispskt of juatlidnc@padiianod, d@l ndv boext
thermally grown to a thickness between about 10 to 20 Angstrons, in an
oxygen descﬁh&ﬁiﬁlde&ﬂ | Thi@{hvent@R8n Bé@;b;ﬁiaﬁ to bdth ReiahRd, (s@ﬁa%? AnBPUhBRL 2, can

be. conprlsed of silicon nitride, or of a nitrided oxide. [ayer fornmed by
anneal ent. In
2adi t1 OhED? ﬁs?%?%e%gs# RS %ﬁésﬁzﬁex%ﬁ LU SEEPPELG of "a i gh

dielectric ¢ terial as, HEFOR ondullv | aye ch as a
doped §8‘P’§F§P$‘f"i nﬁ’%’? I, c%‘PpréseH’é’? é&P%PFX%?PH@ f&?&s ICP%%??&‘{H%QO?@B at a

't hi ckness between about 1000 to 2500 An strons, on gate insul ator |ayer 2.
~ The dofedt2Pesryrie PRSPt P gFed and sghesmiip alysthern Elgdbplfsiiemedr@ Royely |

- pol ysi F4&®¥h | ayer, via |ow pressure chem cal vapor deposition (LPCVD), or
pl asma enhanced chemnical ‘vapor deposition (PECVD), procedures, with the
pol ysi ks welh as atheeshold adjist regicn gedtheiueiog skkepoisithé dawitigs), thebefdehed iam of

~arsinetgr phosphine to a silane or disilane .anbient. The polysilicon |ayer
can al so be deposited |ntr|nS|caIIy t hen doped via inplantation of
portion of semlconductor substrate 1, for purposes of adjusting the dopant level of semiconductor
substrate 1, and therefore adjusting the threshold v_oltage of a subsequent MOSFET device. Gate
insulator layer 2, comprised of silicon dioxide, is next thermally grown to a thickness between

about 10t0 20 Angstroms in an oxygen - steam, Or in an oxygen ambient. If desired gate

- insulator 2, can be comprised of silicon nitride, or of a I’lltl‘lded ox1de layer formed by annealing
of :

a base silicon oxide layer in a NO or NO, ambient. In addition, if desired, gate insulator layer 2,

- can be comprised of a high dielectric constant material such as HFOy. A'cor__l_ductive layer, such
s _ _ o S

a doped polysﬂlcon layer or a metal 3111c1de layer is next formed ata thlckness between about,

1000 to 2500 Angstroms on gate 1nsulator layer 2 The doped polysﬂlcon optlon is
accomphshed _ : : '

- via deposition of a polysilicor layer, via low pressure chemical vapor deposi_tion (LPCVD), or
plasma enhanced chemical vapor deposiﬁdn (PECVD), procedures, with the polysilicon layer in

situ doped during deposition via the addition of arsine or phosphine to a silane or disilane
ambient. The polysilicon layer can also be deposited intrinsically then doped via implantation of

arsenic or phosphorous ions. The metal silicide option can be accomplished via deposition of a




.-arseni ¢ ot phosphorous ions. The netal silicide option can be acconplished
via deposition of a 5 2 k JUt4 290 |ayer such as tungsten silicide, via
chemi cal vapor deposition (CVvD), or physical ‘vapor deposition -quﬁhﬂﬁﬁ
~ procedures. Photolithographic and ani sotropic reactive.ion-etc% ng (RIE), :
" procedures are next enployed to define gate structure 3, in the conductive
| ayer. The RIE procedure, -perfornmed - using Cl2 or SF6 as a selective
etchant for the conductive layer, term nates at the appearance of the top
surface of gate insulator layer 2. Renoval of. the photoresist shape used
f or deldyen suclpas whgsgra sdlicide, viachemgaByapbsdapositop{CEhE dr phsicpl wpom oxygen:
ashi-ngdgnditiset cl ean procedures, with a buffered hydrofluoric acid
conponent -of the wet clean procedure renoving the portions of gate -

i nsul ateyp), Eﬁ)\é@dﬁr@s. PhetoliBRGRIHRR daY aﬁig&t?o felGivdligh échiﬂ‘@g@]zitp%b%&&i%@aréz E

defined with-a wi dth betweeén about .03 to 0.50 um A thermal oxidation
rocedyr.g .i i I.QX] he ed
Purt oo tof cirbIfdto Rl o PR3, I fiPlnfdh NIl ST R prifaplel RO O

~surface_.of ., segi.conduct ar ‘substrate 1. .Silicon dioxide |ayer 4, is grown to
St by CHBL S Eha R sstire SHRRh b g ik B P el ot P fhpedisotSof |

procedutres i s schematically shown in Fig. 1. Formation of source/drain
extension (SPE), or N type lightly doped source/drain (LDD), regions, and
t he eniepl syl gateiesulatordavent. Regovalof thephnwresisashipe sseddondrefingionefgatecal | y
shown . in Fig. 2. If the NFET device now being fabricated is a conponent of
‘a - conpktruvtnt &y iy acwingllisived e plaseard:ggean adigy and GMDEkan prevéduess, wWhiea Birfdred '
conponent. of the CMOS device is protected by a defined photoresist shape
- duri nghjdiefliNric helddanipoder? 0f R twdt BRhRPoBEduf reRI0OE dhe [R3tior JFighte insulator
' _. layer 2, not covered by gate structure 3. Gate structure 3, is defined with a width between about

0.03 to 0.50 um. A thermal oxidation procedure is next used to grow silicon diokide layer 4, on

the exposed surfaces of gate strucﬁxre 3, as well as on thé exposed portion of top surface of

semiconductor substrate 1. Silicon dioxide layer 4, is grown to a thickness between about 10

to 30 Angstroms. The result of these procedures is schematically shown in Fig. 1.

Formation of source/drdin extension (SPE), or N type lightly doped source/drain (LDD),

. regions, and the enveloping pocket implant regions, is next addressed and schematically shown
in o o : ' ' .

Fig. 2. If fhé NFET device ﬁow being fabricated is a comi:onen_t of a complimentary metal oxidé
: __Semiconduétor (CMOS), .dévice, fhe PFET compbnelit of _the CMOS device is prétected by a
: deﬁned photérésist shaiaé dur.ir_lg.the NF ET LDD and pockef implantation pfocedures._ A first
N implantation procedure is péfformed ];lacing ar.senic_or'pho.sphoréus ions 1n an area of .
semiconductofsubstrate 1, not covered by gate structure 3, formi;ig_ N type LDD regi;)_n 5 This
s accomplished at an implant energy betWeen about 1 to _ld KeV, for As ibﬁs, and at an implant

dose between abouf 3E13 to 3E1L5 atoms/cm?. To prevent encroachment of the SPE depletion




i npl antation procedure is performed placing arsenic or phosphorous ions in

' _an area of sem conductor substrate 1, not covered by gate structure 3,

formng N type LDD region 5. This is acconplished at an_ianaQ? gqamﬁﬁ
bet ween about 1 to 10 KeV, for As ions, ‘and at an inplant dos et ween

. about 3E13 to 3E15 atons/cn2. To prevent encroachnent of the SPE depletion

6 24 JUN 20 -regions, which can alter or reduce the designed channel |ength
underlying gate structure 3, ‘a shallow pocket inplant region, featuring the
sane conductivity type as semiconductor substrate 1, but featuring a
_ hi gher regomanwhitlevael aliehamnredeiticodedignedehaand) dnpdt enddrlyihg gitostimaure 3, gonpl et el y
- envel ope N type  -LDD region 5. This is acconplished via ion inplantation
pr oced s wiREkS itipEnt fogiof, fbaturig thb SimdEALQivit tyRldk Sémichil ek sis@eof N

. type LPD region 5. P type, pocket region 6, is  ‘Obtained via inplantation

- of boron or.  BF2 ions, at an energy between about 7 to 15 KeV, for boron

i naul Py P RERE, RO ARl e Rl O e Ko & RN e

- sides _of gate structure 3. First siljcon oxide layer 11, is deposited at a - »
thi cknggvfl(%gmgﬁié OV e {v R e li%‘ﬁ?"ﬂﬁhé}eaé’ﬁ’s‘,‘mWﬁlaiy_@@}’{prgpedpmgfomed

procedures,_usin%_tetraethylorthosilicate TEOS), as a - source., Next -
si | i coff iUt pifhgebstatpepr after jmplantatinn afdNtyne LBD tegioRk Fe Sypse porkshreglonif is150 to
- 300 Angstrons, via LPCVD or PECVD procedures. Silicon oxide |layer 8, is
"t hen debieinied ¥ implaatatio pEhorers er Bt ines at axmatgy HOBveen abdd 7Am ¢3S KeWngy agai n

o usi ng LPCVD or PECVD procedure, again enploying TECS as a source. A first

phase béroaiomnitsaiosoipitwedsl dbopr IBISd6ITEL 3 Somex® per formed sel ectively
- defining silicon oxide spacer conponent 8, with the selective RE
procedure, using CHF3 as an etchant for silicon oxide, term nating at the

' appeal’ ance a composite insulator spacer, shown schematically in Fig. 3, is next formed on the sides
of gate structufe 3. First _silicoﬁ oxide lﬁyer 11, is deposited at a thickness between about 80 to
150 Angstroms, via LPCVD or PECVD prOéedures, using tetraethylorthosilicaté (TEOS), as a
source. Next silicon ﬁitride Iayer 7, is deposited at a thickness between about 150 to 300
._Angstroms, via LPCVD or PECVD procedures. Silicon oxide layer 8, is then deposited to a

- thickness between é.bout’ 400 to 700 Angstroms, again using LPCVD or PECVD procedure,
again employing TEOS as é source. A first phase of an aﬁisotrc;pic RIE procedure is n_éxt
performed selectively defining silicon oxidé spacer component 8, with the selective RIE
procedure,_ using CHF; as an etchant for.silipon oxide, tenﬁinating a.t'the_ apbearémce |

- of silicon nitride. The_ISe'cond phase of the anisotropic RIE 'probedure is now performed using
P o T _ _ _ - _ _ -

as a selective etchant for silicon nitride, resulting in the deﬁnitidn of silicon nitride spacer
component 7, located on the sides of gate structure 3, undeﬂying silicon oxide spacer
' component 8. The second phase of the anisotropic RIE procedure selectiVély terminates at the

appearance of silicon dioxide 'Iayer 11, resulting in the composite insulator spacer formed on the -




_of silicon nitride. The second phase of the anfsotrdpiC_RPE proéedure i's

o now performed using Cl2-as a selective etchant for silicon nitride,

“resulting in the definition of silicon nitride spacer - C-onpone?tt, Jun2Wat ed
on the sides of gate structure 3, underlying silicon oxide spaCer - -
conponent 8. The second phase of the anisotropic Rl E procedure sel ectively
‘term nates at the . appearance of silicon dioxide |layer 11, resulting in the
conposite insulator spacer forned on the 7 2 4 JUN 200 sides of gate '
structure 3, conprised of. overlying silicon oxide spacer conponent 8, and
under | Mﬂ%t}ga&ﬁﬁ'ﬁ&dre 3 bhhfieRed B bidr A SPRGR ox FRIPARE N mpone i@ Y¥hd Y doped N
type source/drain region 9, is next formed in areas of sem Cconductor - -
substr g o] : : ' 3, or by the conposite insulator
spacerg&ﬁﬂ a EJL ﬁ%%gha%Eﬂﬁmggbﬁﬁg&%ﬁé%gﬁﬁgd'in this invention is a
conponent ' of a CMOS device, a photoresist shape would be used to protect

t he PFET- devi ¢ romthe procedure used to formthe heavily doped N type
source/ dra a‘flg’d{c’Bﬁ&&}’Petﬁém_ EER ErgiAnC is NesbiArmed Waisead oRsYRisendUsiaF ce/ dr ai n
region 9, schematically shown in Fig. 4, is forned via inplantation of '

- ar seni gubstratploagileayasesby gatsstrusturad or_gm dreppripesiiiciasnlatbospacds AgiTHthey, at a
dose between about 2E15 to 7E15 atoms/cnR. To reduce junction capacitance
a secohdEN deyipe dssoribakihdniainventiom ik ppbapornt ofn EMaSedhvice, 4 shotqresiftehaped '
enpl oyi ng phosphorous ions inplanted at -an energy between about 25 to 45
KeV, aivoald lased eiryea thelRRIt déviedrdn? drtptsceaire WBéCB ot thk hedviBuab&l Ret ween

‘about .0 to 7 degrees is used for the phosphorous inplantation procedure to

grade (e sHised7amel rLz%lng Rithe REET dbfice. -'I:Ea‘giﬁgd'bﬁ)g(g fr?!gtgpéaﬁﬁﬁ{eﬁ%iir‘l g‘%ﬁe}ﬂ%t hr ough

current” generated by the depletion regio ce of

Ee _a\.’i ! ¥ch9818§9m§ sﬁ(yvgr? msf%”af‘f ‘ias/icciuran"ilei:dﬂl vig irn[?lgr%at?oenrgfc a?sr(]e(rjlﬁl:cotr %ﬁos%ﬁgr%ﬁsr %tr156, at an a deep
enérgy between about 35 to 75 KeV_, ata ciose between about 2E15 to 7E15 atoms/cm’. To |
feducejunction capacitémce a second N type .sourc.e/drain ion implantation procedure is
performed erﬁploying phosi)horous ions implanted at an energy betw.eénrabout 25t045KeV, ata

dose between about 1E13 to 4E13 atoms/cm’. A tilt angie'between about 0 to 7 degrees is used

for the phosphorous implantation procedure to grade the N*/P well dopant profile.

._To reduce the level of punch through current generéted by the-depletion regions formed at -
the interfacé of heavily doped N type source/drain 9, and semiconductor substrate 1, a deep P
-__tyige pbcket'region, higher in P type dépant ébncentration .than the P type dopant level in
éemicondquor substrate 1, is fqrmed. Ho_wever to reduce the; impacf of increased junction
- capacij;ance.reéulting from the higher dopant cphcentration in the-de'ep P type pocket region in
semiconductor substrate 1, the formatiqn of the P type boci%ét region Will be reétricted to 6nly é
régibn _surro_unding atop porfion of the sides of heavily doped N @e source/drain regién 9. To

accomplish this a selective wet etch procedure performed usihg buffered hydroﬂuoric acidasan




 type .pocket region, higher in P type dopant concentration than the P type

. dopant level in semconductor substrate 1, is forned. However to reduce

- the-inpact of increased junction capacitance resulting from ft%g\ Qusmﬁ
‘dopant concentration in the deep P type pocket region in sem conductor
substrate 1, the formation of the P type pocket region will be restricted
~to only a region surrounding a top portion of the sides of heavily doped N
type source/drain region 9. To acconplish this a selective wet etch |

pr ocedetcRaeis baplipel tosmgvidufiédr eidpaee bbidreat 86k delSs R reove exposed ~~ ™~
Z4 JUN 20 etchant, is .enployed to renove silicon oxide sp?cer o gponegt ?,
-as wel : \ rfel ' < 151.LLCOR A 9X]. - and o
11 con S R R RER L) SR %Pd?ﬁ%éfb‘ﬁ?#%%ei%f‘“@ﬁ;af%?faﬁﬁf%rr% aci d
sol uti ol re to-termnate. at e appear an shape,
i1 corerl il LR R RO B iR SRt il t G oBRREREF 3 Libonr. e o.
Again if .the NFET devic ei,ng_described in this present invention is a
compon BHESE oG BT § o B e BRAB B SToat 1o b Asaing! HecWh deisie ¢ he

- PFET conponent of -the CMOS device, would protect the PFET device from the
sel ect Peiag desgribect iadhin pepsett insniien iaeicamporrsedis EMUSdqyide, thyphotpusiset i npl ant
regi onshape is now formed in an area of sem conductor substrate 1, not
covered by gate structure 3, and not occupi ed by heavily doped N type

sour celfrdpladertomegk dre FFETTdvirpohént @€ ¢RMNMOS e dicy,ivibul dplotiat &k iPeRTbviBOfER OF -
BF2 ions, at an energy between about 21 to 31 KeV for boron ions, at a

~dose beiewerRbiRDBEMer r&fﬁlo%lagid@%ﬂr‘éﬂﬁl enploying an inplant tilt angle
‘between about 10 to 30 degrees. The inplant energy chosen allows the P
type ions to penetrate the horizontal portion of L shaped silicon nitride

spacer Deep P type pocket implant region 10, is now formed in an area of semiconductor

substrate 1, not covered by gate structure 3, a:r_nd not occupied by heavily doped N type
'source/drain region 9. This s accomplished via implantétion of borbn or BF, ions, at an energy
between about 21 to 31 KeV for boron ions, at a dose between about 3E13 to 8E13 atoms/cm®,
employing an implant tilt angle between about 10 to 30 degrees. Tﬁe implant energy chosen
allows the P type ions to penetrate the horizontal portion of L shaped silicon nitride spacer
component 7, as well as the portions of the unde_irlying silicon dioxide layers 11, and 4. In
.a'_c.idition the implant dose is great enough fo form deep P type pocket implant region 10, in
exposed portidns _éf the lighte.r doped, shail(.).w_'Prtype po'cket region 6. Howe{fer the implant dose
'~ used for creation of déep_ P type pocket implaht region 10, is not great enough to completely

compensate heavily doped N typé source/drain region 9, thus resulting in P typé pocket implant
region 10, located surrounding the only the sides of heavily doped N type source/drain region 9.

Portions of N typé LDD region 5, still enveloped by shallow P type pocket implant region 6,
‘located underlying the vertical component of the L shaped silicon nitride spacer component,

- remain .undompensa‘ted and therefore still directly influence the channel length dimension of the




conpanent 7, as well as the portions of the underlying silicon dioxide
.l.ayers 11, and 4. In addition the |nplant dose i s great enough to form
deep P type pocket inplant region 10; exposed portions of Jbugmﬁbr
doped, shal low P type pocket.region-G.-Fbmever}the inplant_dos "~ used for
- creation of deep P type pocket.inplant region 10, is not great - enough to
conpl etely conpensate heavily doped N type source/drain region 9, thus
resulting in P type pocket -inplant region 10, |ocated surroundi ng the only

the si 8&ETofeviveaTht yesaopLHishrodtBere SOLURGRASIARY dvitih s, 3. Aﬁﬂftéﬂeft gs of N
an

type LBkRpeegion 5, still envel oped by shallow P type pocke regi on

6, - located underlying the vertical-- conponent of the L shaped S|I|con
nitrideg [ t n theref till

di rect | §eﬁﬁﬁ%ﬁﬁe‘£§§?§2‘ e R P RO SR IO | - e
'deVIceraJhmdres t of thls roc&dur is schematically shown in Fig. 6. A

phot or SETYFC iRmEma Qryee! 4t JEL cleAnrpepdisyi 4B ampqa %é@uﬁpaf@mﬁﬁonent

of a CMOS devi ce, woul d nom1be " renmoved via pl asma oxygen ashi ng ‘and wet
~ clean Ei’r"’d@)é‘gﬁteé@al %ﬁe%ﬁﬁéépeﬁraﬁﬁwmtétenmﬂmer@ﬁ%ev elout 45 Qtot 11080 1@l for
-ahneaIPng, is next applied at a tenperature between about 1050 to 1090 C,
for ‘atime between about O to 15 sec, in an inert anbient, to activate al
‘i npl antiexg bebyesn abdut § td 8 pecpivcdoainert agblem tosactioatb gl Uﬁlﬁiﬁhtf:@fonél PFET devi ce,
after formation.of an N well region in a P type sem conductor substrate; a
P type LDD region, and an envel opi ng, shallow,. N type -pocket region woul d

first be foramdp pbOéideeg foﬂrlﬁﬁtﬂe%e@fortalﬁ’?g?quﬁé'atftgr foﬂﬁaﬁcﬁltoqjaaﬁp@&ﬂe ign the

- sides of the gate structure, a heavil ope P type source/drairn région is

fornedy, épwﬁg‘éﬁglcgﬁuc{o? YR Ofg Ptggz% TS L chl) ngnd annsel“rltlve togzrng,c %r‘rﬁg‘{) e\r]]t of the

conposite i tor acer. e uen

pocket region would first be formed. After formation of the compos1te 1nsu1ator spacers on the
‘sides of the gate structure, a heavily doped P type source/dram reglon is formed, followed by
‘removal of the overlymg 1nsu1ator component of the comp031te msulator spacer. A subsequent N
: type implantation procedure results in formation of a deep N type pocket region, located
surroundmg the sides of only top porttons of the heavily doped P type source/drain region, with

the N type dopant level of the deep N type pocket region greater than the N type dopant level of

the N well region.

Whlle thls mventlon has been particularly shown and descrtbed w1th reference to, the -
: preferred embodlments thereof 1t will be: understood by those sktlled in the art that various -
_ changesl in fo_rm and details may be made without departlng ftom the sptrtt and scope of this

. invention.
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type inplantation procedure results in formation of a deep N type pocket
region, located surrounding the sides of only top portions of the heavily
doped P type source/drain region, with the N type dopant |evel ng Nglideep
N type pocket region greater than the N type dopant |evel of & wel |
region. While this invention has been particularly shown and described with
reference to, the preferred enbodinents thereof, it wll be understood by
those skilled in the art that various changes in formand details nay be
made wit hou notlpslr dfiforgninhg @ metahexidpsemitoraindtos Galdeffedt ttahsistor (MIOBRETHONn 210 24
JUN 210 A method of formng a netal oxide sem conductor field effect

transi stor dMi&ndldtor PBsteate, SQMrHRTOMAIOR of b BGhFiaktton Jfeab YbékRgimRantat i on of
a conbi nation of two pocket i npl ant regions, one conpletely surrounding a

lightly do%gxoﬁ@&lg@élﬂﬂ@ﬂe GG A0H mgﬁj gw&;ume?&al %&F’%ﬂ%ﬁ@&tb&ro the

sides of a héavily doped ource/draln r conpri si the steps of
providi ng nsul.ato conduct.or substr at e G

M oh a1 PRl G XEl v BREL PARE R s St e RS Gat o
insul ator |ayer; fornlng sald Ilghtly doped source/drain (LDD) region of a
second cond t|V|ty type, in portion of said sem conductor substrate not
covered by said gate structure; formng a first pocket region of a first
conduct i vi t roviging & gateingdater leyeron asamipondusiarcubrtiatecompsistsswitae &rsiot  cover ed
by said gate structure, with said first pocket region surroundlng said LDD.

regi on, and erei.n said.first ket ion.is co with a dopant
evel or oac P OTED R bRt BOEE oo el B BB Bt lbet r at .
forming said Jightly doped source/drain (LDD) region of a second conductivity

type, in portion of said semiconductor substrate not covered by said gate structure;

forming a first pocket region of a first conductivity type in a portion of said

semiconductor substrate not covered by said gate structure, with said first pocket region
surrounding said LDD region, and wherein said first pocket region is comprised with a
dopant level greater than the dopant level of said semiconductor substrate;

forming a composite insulator spacer on sides of said gate structure, with said
composite insulator spacer comprised of an underlying L shaped insulator component,
and comprised of an overlying insulator component;

forming said heavily doped source/drain region of a second conductivity type, in

a portion of said semiconductor substrate not covered by said gate structure or by said
composite insulator spacer;

removing said overlying insulator component of said composite insulator spacer;

and

forming a second pocket region of a first conductivity type in a portion of said

11




formng a conposite insulator spacer on sides of said gate structure, with
said conposite insulator spacer conprised of an underlying L shaped

i nsul ator conponent, and conprised of an overlying insul ator gﬁgﬁgﬂ@ﬂﬁ;

- formng said heavily doped source/drain region of a second con trvity
type, in a portion of said sem conductor substrate not covered by said gate
structure or. by said conposite insulator spacer; renoving said overlying

i nsul at or conponent of said conposite insulator spacer; and formng a
second pocksmicagiaor swbsteatd undstlying hdumxinial pbrgioh pp e shaped igpolatarenmednesti d 11
24 JUN 20 sem conductor substrate underlying horizontal portion of L
shaped i nsul at or conponent and adj acent to sides of said heavily doped

sour ce/ dr ai fhd QAR to ¥Ed b3 theSAE U Quk@idraih 88U G) WEAERIAIsS&fAd Wobilkt @
dopant |evel greater than the dopant |evel of said first pocket region. 2.

The net hod . ¢l alm. i i 1 C I type
sem conduct %Emﬁsc %ﬁ‘#&t‘\éﬁ%&"% H@g{zrrég tgﬁe g%} %%H g%aéo%glﬁgv\%i Eéf; %lgcﬁﬁllssg?ogkg{at e
insulator layer is a silicon dioxide gate insulator, obtained via thernal
oxi dati on pfet8dures to a thickness between about 10 to 20 Angstrons. 4.
The method of claim1, wherein said gate structure is conprised of doped
polysilicon or nmetal silicide. 5. The nmethod of claiml1l, wherein the width
of sai & gat €hemethed of dains 1, iydrerpie ppid semiconductor substrate is a P type semiconductor
substrate.

3. The method of claim 1, wherein said gate insulator layer is a silicon dioxide
gate insulator, obtained via thermal oxidation procedures to a thickness between about

10 to 20 Angstroms.

4, The method of claim 1, wherein said gate structure is comprised of doped

polysilicon or metal silicide.

5. The method of claim 1, wherein the width of said gate structure is between
about 0.03 to 0.50 um.
6. The method of claim 1, wherein said lightly doped source/drain region is an

- N type, lightly doped source/drain region, obtained via implantation of arsenic or
phosphorous tons, at an implant energy between about 1 to 10 KeV, and at an implant

dose between about 3E15 to 5E15 atoms/cm?®.

7. The method of claim 1, wherein said first pocket region is a P type pocket

region, obtained via implantation of boron or BF ions, at an implant energy between

12



about 0.03 to 0.50 um 6. The nethod of claim1, wherein said |ightly doped

source/drain region is an Ntype, lightly doped source/drain region
obtained via inplantati on of arsenic or phosphorous ions, mgg
energy between about | to 10 KeV, and at an inplant dose bet h about

3E15 to 5E15 atons/cnR. 7. The method of claim1l, wherein said first pocket
region is a P type pocket region, obtained via inplantation of boron or BF2
ions, at an inplant energy between 12 } JUN 200 about 7 to 15 KeV, and at
an i nplant dose between about 2E13 to 7E13 atons/cnR. 8. The nethod of
claim 1, wheateun? sal oK eMdad layamignplars hibpebetivas dbati0?E 16aopB e abmeferrd ai d
conposite insul ator spacer is conprised of silicon nitride, at a thickness
bet ween about 150 to 300 Angstrons. 9. The nmethod of claim1l, wherein said

conposig.e Iﬁrﬁwnaih@a oBDAReY, w&r@iﬁéala%ﬁdeﬂyﬁlgams@ﬁé@ama{ef ¢ RIE procedure
applied to an overlying silicon oxide |layer using CHF3 as an etchant, and

appl i ed to ag, g&ﬁbﬂgc'o\fkﬁgi%b\%%%sﬂié& il BUPHPHSIE b BT et chant

10. The metho l"ai' m ereln said over ng 1 nsu or cbnponent of
said conposjt ul at or rised of silicon oxide, at a

* thickness be ESQG?H Qﬁg?gﬁﬁﬁgﬁ nE@?%ns. 11. The nmethod of claim1,

wherein silicon OXIde of said overlylng i nsul ator conponent of said

conposi te insulator spacer, is obtained via LPCVD or PECVD procedures
usi ng t%t r adhtipethod kbelain &,afcd@rfélrrmyoma@sﬂa insylatar spacer is defined

via an anisotropic RIE procedure applied to an overlying silicon oxide layer using _
CHF; as an etchant, and applied to an underlying silicon nitride layer using Cl, as an

etchant.

10.  The method of claim 1, wherein said overlying insulator component of said
composite insulator spacer is comprised of silicon oxide, at a thickness between about

400 to 700 Angstroms.

11.  The method of claim 1, wherein silicon oxide of said overlying insulator
component of said composite insulator spacer, is obtained via LPCVD or PECVD

. procedures, using tetraethylorthosilicate (TEOS), as a source.

12. The method of claim 1, wherein said heavily doped source/drain region is a
heavily doped N type source/drain region, obtained via implantation of arsenic or
phosphorous ions, at an implant energy between about 35 to 75 KeV, and at an implant
dose between about 2E15 to 7E15 atoms/cm”, followed by an additional procedure
‘performed via implantation of phosphorous ions at an energy between about 25

to 45 KeV, at 4 dose between about 1E13 to 4E13, using an implant angle between
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12. The method of claim 1, wherein said heavily doped source/drain region
is a heavily doped N type source/drain region, obtained via inplantation
of arsenic or phosphorous ions, at an inplant energy between x’)g\mw&o
75 KeV, and at an inplant dose between about 2E15 to 7E15 ato cnR

foll owed by an additional procedure perforned via inplantation of
phosphorous ions at an energy between about 25 to 45 KeV, at a dose between
about 1E13 to 4E13, using an inplant angle between 13 'A4 JUN 2* about O
to 7. 13. The method of claim1l, wherein said overlying insulator conponent
i-s renoved vibauled ®él°ecti ve wet etch procedure, using a buffered

hydrof l uoric acid solution. 14. The nethod of claim1l, wherein said second
pocket region is a P type pocket region, obtained via inplantation of boron

or BF2 1i30ns ThaneftbdidRladit, RRGEM SaidRREMNRRY RN cadpdendd KeV, and at an
i npl ant dose between about 3E13 to 8El atons/cn®,” using an inplant or

tilt angle . : G . QX1 de
P e N T O R g e
substrate, featuring formation of a conbination of pocket inplant regions,

~ with a seco ocket _.regi on conpri.sed of a, deep P type pocket region
forned léfte?g?fgﬁ*glPﬂ??fﬂ@%égqué?@F%P B etcrﬁﬁlﬁﬁﬁat%g’pf’nsul ator spacer

formation, conprising the steps of: formng a silicon dioxide gate

i nsul at or | &peet gmgion, potpippdviganplapiation elororeuersBidens; at andgmplangengryonduct i ve

gate structure on said silicon dioxide gate insulator layer; formng an N

type, |i ght Ibgtvabopebbus litc®l Ked) and(ak BD)mpladidose henweaenpbouti3dn3 of SBE d P

atoms/cm?, using an implant or tilt angle between about 10 to 30°.

15. A method of forming a metal oxide semiconductor field effect
ﬁansistor (MOSFET), on a semiconductor subsirate, feéturing formation of a
combination of pocket implant regions, with a second pocket region comprised of a
.deep P type pocket region formed after heavily doped source/drain and cofnposite
insulator spacer formation, comprising the steps of:
forming a silicon dioxide gate insulator layer on a P type semiconductor substrate;
forming a conductive gate structure on said silicon dioxide gate insulator layer;
- forming an N type, lightly doped source/drain (LDD) region in a portion of said P
type semiconductor substrate not covered by said conductive gate structure;
forming a first pocket region, a shallow, P type pocket region formed iﬁ an area of
said P type semiconductor substrate not covered by said conductive gate structure, with
said shallow, P type pocket region surrounding said N type LDD region, and wherein
said shallow, P type pocket region is comprised with a P type dopant level greater than

the P type dopant level of said P type semiconductor substrate;
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type sem conductor substrate not covered by said conductive gate structure;
formng a first pocket region, a shallow, P type pocket region fornmed in an
. area of said P type sem conductor substrate not covered by SaiSHggndWﬂﬁ've

gate structure, with said shallow, P type pocket region surro ing said N
type LDD region, and wherein said shallow, P type pocket region is
~conprised with a P type dopant |evel greater than the P type dopant |eve
-of said P type sem conductor substrate; 14 2 4 JUN 200 forming a silicon
nitride layer; formng a silicon oxide |ayer; performng an ani sotropic
reactive i onfeemily gsildaadiiride taye, or m a conposite insulator spacer on sides
of said conductive gate structure, with said conposite insul ator spacer

conprised of famingwandon dxdellayehaped silicon nitride conponent, and
conprised of an overlying silicon oxide conponent; _ formng a heavily

doped N type{)é@dﬁrﬁﬁ‘é A RiiRirb i r &Rt ioR Bich PP eire $RHofn R Jt)}f%rﬁsibesiﬁml&%”dum or

substrate not covered by sald conductive gate structure y sail
conposite insulator.&%% er.; %Uovin Qver conmponent

r sai d .g i-:ng sili.con i de

of Said compirTeon SEPLE coRletie B Bty WickadSeRBRY‘ Iwp Pacit on,
sai d deep, P type pocket region, formed using, an inplantation angle
bet ween aboufOmBiseR ohen Undcringd; sipRsd S0l BB B <oBtRae Qirn
substrate underlying a horizontal portion of said L shaped silicon nitride
i nsul at or- coefsoriaasilispn gxideceoPAyesE t e i nsul at or spacer, wit-h said deep, P
type pocket region conprised with a P type dopant |evel greater than the P
type dopant Hewdhg Dhicasay doped N type source/drain region in an area of said P type

semiconductor substrate not covered by said conductive gate structure or by said

composite insulator spacer;

removing said o_vérlying silicon oxide component of said composite insulator spacer;

forming said second pocket region, said deep, P type pocket region, formed using;

an implantation angle between about 10 to 30 ° in a portion of said P type

semiconductor substrate underlying a horizontal portion of said L shaped silicon nitride

insulator component of said composite insulator spacer, with said deep, P type pocket

region comprised with a P type dopant level greater than the P type dopant level of said

shallow pocket region; and performing an anneal procedure.

16.  The method of claim 15, wherein said silicon dioxide gate insulator layer is obtained at a
thickness between about 10 to 20 Angstroms, via a thermal oxidation procedure

performed in an oxygen - steam ambient.

17.  The method of claim 15, wherein said conductive gate structure is comprised of doped

polysilicon, or metal silicide.
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- shal | ow pocket region; and perform ng an anneal procedure. 16. The nethod
of claim 15, wherein said silicon dioxide gate insulator |ayer is obtained
at a thickness between about 10 to 20 Angstrons, via a thernal

procedure perfornmed in an oxygen - steam anbient. 17. The netﬁbg

15, wherein said conductive gate structure is conprised of doped
polysilicon, or netal silicide. 15 4 JUN 18. The nethod of claim 15,
wherein said conductive gate structure is conprised with a width between
about 0.03 to 0.50 um 19. The method of claim 15, wherein said N type

i ghtly doped source/drain region is obtained via inplantation of arsenic
or phosphorous ions, at an inplant energy between about 1 to 10 KeV, and
at an inplant dose between about 3E13 to 3E15 atons/cnR. 20. The net hod of

claim kg, V‘"’[‘P&E%e’ihoﬁ%fglaﬁﬂ%lmrelﬁ) sﬁlﬁlagnd?l@ﬁ%‘ee%até SHicARe S obtai ned via
i mpl antation of boron or I ons at an | nplfant energy between about 7 to

15 KeV, and t E13 to 7EI3 atons/cnR. 21.

The net hod 6?&gﬁﬂai&?é%“&ﬁﬂﬂ&:n§§a ﬁ?@gﬁﬂﬁf?rlde | ayer is obtained via
LPCVD or PECVD procedures, at a thlckness bet ween about 150 to 300
Angstroms. _22. The nethod of claim wherein said sjilicon oxide |layer is
“obt ai né¥ vi B ped BFCIF’EdﬁD“@F%%WgéypeahghﬁyflﬂP@I@ﬁb@y Bét ween about 400 to
700 Angstroms, using tetraethylorthosilicate (TECS), as a source. 23. The
met hod .of clregien BBbtaited ves impiataion ot giseriopi phospleousiens, grandmpkant energy

clalm

between about 1 to 10 KeV, and at an implant dose between about 3E13

to 3E15 atoms/cm?.

20.  The method of claim 15, wherein said shallow, P type pocket region is
obtained via implantation of boron or BF; ions, at an implant energy between about 7

to 15 KeV, and at an implant dose between about 2E13 to 7E13 atoms/cm”.

21.  The method of claim 15, wherein said silicon nitride layer is obtained via

LPCVD or PECVD procedures, at a thickness between about 150 to 300 Angstroms.

22, The method of claim 15, wherein said silicon oxide layer is obtained via
LPCVD or PECVD procedures, at a thickness between about 400 to 700 Angstroms,

using tetracthylorthosilicate (TEOS), as a source.

23.  The method of claim 15, wherein said anisotropic reactive ion etch
procedure used to define said composite insulator spacer, is performed using CHF; as
an etchant for said silicon oxide layer, and using Cl, as an etchant for said silicon nitride

layer.
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procedure used to define said conposite insul ator spacer, is perforned
using CHF3 as an etchant for said silicon oxide layer, and using 2 as an
etchant for said silicon nitride layer. 16 Z4 JUN 20 24. The ghwwﬂﬂ
claim15, wherein said heavily doped N type source/drain regiomris obtained
via inplantation of arsenic or phosphorous ions, at an inplant energy

bet ween about 35 to 75 KeV, and at an inpl ant dose bet ween about 2E15 to 7E
15 atons/enk, followed by an additional procedure performed via
inplantation of phosphorous ions at an energy between about 25 to 45 KeV,
at a dose between about 1E13 to 4E13, using an inplant angle between about
0 to 7.2425. Thbeenatwidnddlaih 161\ahmxﬂﬁald\hhaﬁlgldap&a]ﬂdype\seﬁﬂcyfdr@l silicon oxide
conponent of said conposite insulator spacer, is renpved via a sel ective

wet etch pr Qggq&pfs%bweaglﬁmpmatﬁh%@ aﬁgyﬂé 6f PHERPHRORGHES, HUUMpRAt endfy The

met hod of claim 15, wherein'said deep, P type pocket region is obtained via
I t at bout 21
to 31 kev,  Sefres %A%, Fe XS@?%%V@M@EW@%" 3 ot om/ cre. 27
Th t hod 1 d th I
anear RTA) 1 gEb St g RipS bl et e pR P BI&%VW&U@%&% 0 to

1090 C, for_a tinme between about 0 to 15 sec, in an inert anbient. 17
phosphorous ions at an energy between about 25 to 45 KeV, at a dose between about

1E13 to 4E13, using an implant angle between about 0 to 7°.

25.  The method of claim 15, wherein said overlying silicon oxide component of
said composite insulator spacer, is removed via a selective wet etch procedure using a

buffered hydroﬂuoric acid solution.

26.  The method of claim 15, wherein said deep, P type pocket region
is obtained via implantation of boron or BF; ions, at an implant energy between about

21 1o 31 KeV, and at an implant dose between about 3E13 to 8E13 atoms/cm’.

27.  The method of claim 15, wherein said anneal procedure is a rapid thermal
-anneal RTA), procedure, performed at a temperature between about 1050 to 1090° C,

- for a time between about 0 to 15 sec, in an inert ambient.

17




