USE OF A SELECTI VE HARD MASK FOR THE | NTEGRATI ON OF
DOUBLE DI FFUSED DRAI N MOS DEVI CES | N DEEP SUB- M CRON
FABRI CATI ON TECHNOLOG ES BACKGROUND OF THE | NVENTI ON
(1) Field of the Invention The present invention
relates to nethods used to fabricate sem conduct or
devices, and nore specifically to a nethod used to
integrate the fabrication of a high voltage doubl e
USE OHiAf SEisedl TVl HARD(IDBEK FeRAHDORN TeGR AN @ (ROUBLE RIFFUSED
- effect transistor (MOSFET) with the fabrication of
DRABVYMOY DBYECEREPDEER-SUB-MICRONBABREOATION TECHNOXOAEES
. sem conductor (CMOS) devices. (2). Description of Prior
Art High voltage transistors used for applications
bet ween abut 12 to 25 volts, have been fabricated

featuring do | ' . To obtain the
doubl ed di ff%ggﬁéﬁﬁﬁgmmég 1"on i npl antati on
energies are required. However if the fabrication of
hi gh voltage devices are to be integrated wth the
fabrication of |ow voltage devices special care nust

(1) Fieldof thgldyention protect the | ow vol tage devices from
procedures required for the DDD conponents, procedures
such as high energy ion inplantation steps. In
e Qirdskitindentiterplités t0 ghethdds gledan &b ate @Emicbiigucan datitedNand
procedure the high voltage devices al so require nore

more speRTiéally {oeh8Mbd 63608 id hap tﬂenﬁbrlclaﬁé% yel ltng eoltage double diffused
counterparts to achieve the desired

drain ([?Plﬂ@ Eq\égil {)%gg seicoriul {o‘f %§1daeiff%9t t{a[h?g%& hﬁO@FEﬁ; \&lt{t ltﬂ%: berlﬁ%tlon of

ness o Ive gate ruc neéd

low vol i R LG U g P BP L DD SR s 08 e

narrower gate 1 | ow vol tage devices patterning
difficulties can arise as a result of unacceptable
hi gh aspect rati os.

(2) Description of Prior Art

High voltage transistors used for applications between abut 12 to 25 volts, have been
fabricated featuring double diffused drains (DDD). To obtain the doubled diffused drain element
high ion implantation energies are required. However if the fabrication of high voltage devices
are to be integrated with the fabrication of low voltage devices special care must be taken to
protect the low voItagg de\_/iceé from procedures rgq_uired for the DDD components, procedures
such as high energy ion implantation steps. In addition to requiring a high energy ion

implantation procedure the high voltage devices also require more robust thermal cycles than the

- Jow voltage counterparts to achieve the desired DDD depth. The high voltage DDD devices also

require a specific thickness of conductive gate structure needed to block the high energy ion

implantation step, however if thicker conductive gate structures were also used for narrower gate



Therefore a uni que process sequence is needed to
integrate the fabrication of high voltage devices
- featuring a double diffused drain, with the .
fabrication of |ow voltage device. The present
invention will describe a novel process sequence in
which the integration of high voltage and | ow voltage
devi ces are successfully integrated featuring a
process which allows only the device double diffused
low voltizaidavibésghitteirgatjiculeivs casrisoasxpseli enoecdepablrilgih aspect ratios.
energy ion inplanted drain procedure, a specific

- Therefdr@Busiqué PRt e lseibhidesis nédddd tinf@ra€OMmB Fibsiostio difhigh voltage
t hi ckness of a conposite conductive gate structure

devicesTERAGIh 4 QoudiOdifGleddiin SHRDDE PRI bII6Q ThillR deb!ﬁg h

energy ion I npl antation procedure. Prior art  suc
Wi in US. Pat. No. 6, 570 214 131, L|u |n U S. Pat.
gre%ﬁt%sl%ei 1on W]1U1§cr aﬂ HOVﬁEpI‘O%eSi g@u% na gzgéplﬂgeemtegratlon of
procedures for fapricating, and integrating DDD
high voifags wdow vRlsgasdsyicave sercetshly dnegratep (sadringraprasse whish allows
the novel process sequence described in the present
only th¢ deraget douhlefdbifused dedyr lgh onltagk davigds tv ekpeaigeceahelhigbwnergy ion
vol tage devices. SUMVARY OF THE INVENTION It is an
implanebjdett pobeduid, 3 shevidiobod thedmbleditlecaidao be dopliRd with a
di ffused drain (DDD) netal oxide sem conductor filed

| thlckne§sf 5%11{}{0@1%%0%?19&1\7@ Ig%':{ﬁﬁ)ture|nt¢:c;3dc=§ 18 PR Ihe RRABET re@fon from the

hi s I nventi on tO errp oy a fabrication sequence

high enﬁggr oL It 151{1!&1 ﬁr%t ﬁ)ﬂgr %R/E%ng RQPm'Y%F%-E 1\\% té']57t0|'2914 B1, Liu

|on -m cron i's st

in U5 FAENE, %é?%ﬁ%%ﬂnﬁﬁht PSP it )y i & o e mine

fabrication of the sub-mcron CMOS devices, featuring
U.S. Pa ey onled31096.dptceibr pragedinesdeniiapeieating candtigiegratnglaDDndevices,
risk of inplantation into the DDD MOSFET channe
however none of the above prior art describe the novel process sequence described in the present

invention for integration of high voltage and low voltage devices.

SUMMARY OF THE INVENTION

It is an object of this invention to faBricate a double diffused drain (DDD) metal oxide -

~ semiconductor filed effect transistor (MOSFET).

It is another object of this invention to employ a fabrication sequence allowing the
integration of the DDD MOSFET with the fabrication of sub-micron CMOS devices.

It is still another object of this invention to initially form the deep drain region of the DDD

MOSFET prior to the fabrication of the sub-micron CMOS devices,. featuring hard mask




region. In accordance with the.present invention a
nmet hod of integrating the fabrication of DDD -MOSFETs
with the fabrication of CMOS devices forned with .
sub-m cron features, is described. After formation of
a first gate insulator in an area of a sem conductor
substrate to be used for the sub-mcron CMOS devi ces,
and after formation of a thicker second gate insul ator
| ayer to-be used for the DDD MOSFETs, a polysilicon

blockink @yedderusad toneideythddsk st mipBhtkioh &€ thedV 8D d@OSBET efhnnel
Phot ol i t hographi ¢ and dry etching procedures are

region. €Mpl.oyed to define insulator shapes on a portion of
the underlying polysilicon |ayer |ocated in the DDD
MOSFET region, while renoving insulator fromthe

under n con er in.the regron. Aft :
fabeatolit Vﬁlﬂﬁﬁw‘f)ﬁ?s%we&%* thgssorf’ BieHaD gﬁ@?#ageﬁatlafl ofbpD
ysilicaon layer_ |aocated, in CMCS region_a dry

MOSFI‘ET%: ith fedeisisanen ?@M@é&%e%ﬁp%‘vﬁb P%qu%f?a@lafﬁels described.
structures in the CMOS regi on using the photoresi st

After f(gmap@gofaogﬁrghgaéq ivhulatas o, aningdl of atshimicondueta sybstatstio be used for the
procedure is used to define polysilicon gate

sub-mi&bs CMOS ésvited, dndefiBDDrivRiGHET artkigk@sedisitd gatetil@lator layer to be
overlying insulator shapes for definition.

used foP’ﬂ'@M]?M@SF}E’TsOQ ksowhcémﬁ irREd 8f ol IR iR 14610 aﬂfd@bosued

| ows hlgh energy inplantation procedures to place

Photoh{h%gﬁpﬂg %gd H{}'héz(fh%?%% ?éaetdg}r& a%mﬁgd%ﬂ' 185@115{%}tshapes ona
poiont o ke P g 8ﬁte‘18’ftt*1?@[? ﬁ%ﬁg%a% LB hlfmovine

t he deS|red depth of dee MOSFET ‘sour ce/ dr.ai n
msulafcrré@nbﬁ@ undgslyaegrads ligon Mys&w tb@fll\%% ¥aeivg- dxfter defipiign of
MOSFET region then allows a |ower energy ion
photordsispshapesean thapprtion efipelpsilicongdiysc bcaed inr thd GMAS ragiores draistch
of the CMOS regi on needed for the shall ower
procedie i wsed dy ddfine pelykititon gitsanrndesdn teatMarSaegidh ising thepbistoresist
used to activate the inplanted ions in the shall ower

 shapes 8OM Q81 AR, W/hi18 HeQBmO Tyt diéh SreBedCik Aty HEM 1 Ffifoon gate

structures in the DDD MOSFET region using the overlying insulator shapes for definition.
Photoresist block out masking of the CMOS region next allows high energy implantation
procedureé to place ions only in areas of the DDD MOSFET region not covered by the insulator
“hard mask shape - polysilicon gate structure. A first anneal procedure then results in activation
of the implanted ions and in the desired depth of deep DDD MOSFET source/drain regions.
Photoresist block out masking of the DDD MOSFET region then allows a lower energy ion
implantation procedure to place desired jons in areas of the CMOS region needed for the
shallower source/drain region. A second anneal procedure is next used to activate the. implanted

ions in the shallower source/drain region of the sub-micron CMOS devices.



3 BRI EF DESCRI PTI ON OF THE DRAW NGS The object and
ot her advantages of this invention are described in
“the preferred enmbodiments with reference to the
attached drawi ngs that include: Figs. 1 - 9, which
schematically in cross-sectional style describe key
stages -of a fabrication sequence used to integrate
the formati on of DDD MOSFETs with the formation of
CMOS devices defined with sub-mcron features.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The net hod
used to integrate the fabrication of DDD NCSFET

devi ces W t e IEGERIPIROUSTT PESHOA RN
devices w || nomﬂ% escrl etail. entconductor

substrate 3, conprlsed of P type single crystalline

ilic t 0> cr aIIo
13%'9- bire i s pyaiafh TS GREtR PEAPRYOSHBIE PReRed,
. Region 1, of sem conductor substrate3, wll be
embodt}?@tf With rfEoRinthe attaohed diapingschasnclides devi ces, while

region 2, will be the area used for fabrication of the

DDD MOSFET devices. Insulator filled shallow trench

Higoll abj which §&Gtmpticadlyiio oo shsectiomal figlerdestribo kepstagdsiof a fabrication
areas of sem conductor substrate 3, via dry etch

sequenétised td in@BratOthB¥dHhafibiabf OMDINVIOIERTS RRR e foFARIBNGAICMOS
vapor deposition insulator layer filling of the

dev1ce FhbOWith LeRsRosRARESR, and insulator |ayer

anarization or renoval of unwanted insul ator |ayer
frontthe top surface of sem conductor substrate 3. To
subsequent|ly accommodate either N channel or

hannel FET, d d P wel |
Formoa. i n Bpecki oo R b e ﬁmﬁé&ﬁit e 3

Pwell region 5, in CMXS region 1, is fornmed to
acconmodate a 4
The method used to integrate the fabrlcatlon of DDD MOSFET devices with the

fabrication of sub-micron CMOS devices will now be described in detail. Semiconductor
substrate 3, comprised of P type single crystalline silicon, featuring a <100> crystallographic
orientation, is used and schematically shown in Fig. 1. Region 1, of semiconductor substrate3,
will be used to accommodate the sub-micron CMOS devices, while region 2, will be the area

used for fabrication of the DDD MOSFET devices. Insulator filled shallow trench isolation
(STI) regions 4, are formed in specific areas of semiconductor substrate 3, via dry etch definition

- forming shallow trench shapes, chemical \tapor deposition insulator .layer filling of the shallow.
trench shapes, and insulator layer planarization or removal of unwanted insulator layer from the
~ top surface of semiconductor substrate 3. To subsequently ac‘coinmodate either Nlchannel orP
channel MOSFET devices, N well and P well regions are formed in specific areas of

semiconductor substrate 3. P well region 5, in CMOS region 1, is formed to accommodate a |




subsequent sub-m cron. N channel MOSFET device, while P
well region 7, is formed in DDD MOSFET region 2, for

- accommpdation of a subsequent N channel DDD MOSFET
device. In addition Nwell region 6, in CMOS region
1, is forned to acconmmpdate a subsequent!|y forned
sub-m cron P channel MOSFET device, while N well
region 8, is forned in DDD MOSFET region 2, for

subseqaa sutvmitadr NehafneBMOSIHURRE, WhildhRREE redddDy, MIBREdd in DDD
' device. The well regions are obtained via photoresist

MOSFEY @6or0 o RedhMedAE df QRubLRlANNAhh AR Bb?fﬁ@srﬁ% device. In
ngg&éevige gat e inSUIatoﬁsggier 9, and thic erdESvae
‘o T, [ - | gyer re next for a
wditof R RRAR, W MO bich 3 oo o B T PR formec
.t he I ' a. siJicaon dioxide |layer on_entire
sub-mipig bRy USRS g bl et lsoiot Bt R DERLMSPET
. _repoving silicon dioxide only fromthe portion of top
region 3, [PF ske@MBOIIR o arstberetnt B ebainelBIBMOS Etdayich n Tioves
' region 1. A-subsequent thernmal oxidation procedure
regiongpee plgpinediviaphotaresisybjeck sitesmskiaghndivh impatatibs piogedunes.
growth of silicon dioxide gate insulator [ayer 9, at a
t hi ckness between about 20 to 120 Angstroms in CMOS
CMOSeRvIe gite tshlator M ef §ane MEEIEGE DD MOSTHTCLRS inSilkiof Rier 10,
di oxi de gate insulator |ayer 10, between about 250 to
. . i . LAY, .
are nexlg ﬁ)@m@@gﬁﬁ% %;ﬁ&gatféaﬂy Q%n'\@g%g dgglg éso%gﬁx?glllﬁ%@ g)z ermaeihf Spwing a

ayer | ayer suc Fcon, 1S

. j ' ) ' d sition, .

sitcon BH Bty ¥4 BuE e 06 SHEC or iRl iemdifidion SB6% rggie iicon

.., to 3000 strong. The polysilicon |ayer can either be

ledeeo%%gomﬁ@&gqraora%ﬂ RS S5 P ERPVFIEr sfeirata dedhingIMOS

hosphi ne or arsine to a silane or disilane anbient,

region br Arshlasegigny Sieral ewridatige procedurdperfompd i dnerkygen steam ambient
intrinsically then doped via inplantation of arsenic

_ results orthp Brosyin of Blisoni dimdde gansinkatior laybedy af a thdknesd be@eeh about 20

' such as silicon oxide, is next deposited to a

to 120 Ahiselons s CREDIBSIcABEIBh 11AI0NE SnerBRY ARFSEF QMo Hdbxide gate

_ LPCVD or via plasma enhanced chem'cal vapor deposition
insulat((r?%@l @, between about 250 to 800 Angstroms, in DDD MOSFET region' 2.

Conductive layer 11a, a layer such as doped polysilicon, is next obtained via low pressure
chemical vapor deposition (LPCVD) procedures, at a thickness between about 1500

to 3000 Angstroms. The polysilicon layer can either be doped in situ during deposition via the
addition of phosphine or arsine to a silane or disilane ambient, or the polysilicon layer can be

| deposited intrinsically then doped via implaﬁtation of arsenic or phosphorous ions. Insulator
iayer 12a, a layer such as silicon oxide, is next deposited to a thickness betWeen about 1000 to
5000 Angstroms via LPCVD or via plasma enthanced chemical vapor deposition (PECVD)
‘procedures, using tetraethylorthosilicate (TEOS) as a source. If desired insulator layer 12a, can

be comprised of silicon nitride or silicon oxynitride. The result of the above procedures is




procedures, using tetraethylorthosilicate (TECS) as a

source. If desired insulator |ayer 12a, can be

conprised of silicon nitride or.silicon oxynitride.

The result of the above procedures is schematically

shown in Fig. 2. Formation of insulator or silicon

oxi de hard mask shapes 12b, in DDD MOSFET region 2,

i s next addressed and schematically described in Fig.

3. Since narrow width gate structures are needed for
“schemdtibsllyodsivhégiFfal gh performance of CMOS devi ces, narrow,

thin gate structures are required to mnim ze aspect

ratios for the dry etch definition of the gate

" o iE . i . 2 od
?ﬁ)ﬁ“ﬁo‘ﬂ oF Snsulat@WE %G Eod (gxug% lga‘fg g‘%s%&r @tb ﬁrbf)ﬁlﬁﬁéhgse

In gate structures nee devi ces w
. gi.fficul bl ocki t he. hi.gh .ener 1,00, i npl ant at j on

region i Pt P sty ig e B e 1 S Resoop ot e
MOSFET gevic s, therefore silicon oxide hard mask

structuigs, grsaicedestfor T§F desiisH gl reroTmIes PLENYS drotispsinarrewnthin gate
layer | la, in DDD MOSFET region 2, to be used as

structuggd dictrie@nred thindokiizegspest wtioafor thiudry agh dh@nitabsEthe gatt structures.
hi gh energy ion inplantation procedure. This is

Howevacit pripbdsihtegrativmis desiradahin @ateGirugiiet accisd $ir VOB vit& will have
on underlying insulator |ayer 12a, followed by an

difficulPbis QA O high' RBGY i Meir fihtRichprédikk RIpRFEH B 8he deep drain of the
per formed using F3 as a sel éctive etchant for

s L d Nl . : ¢ .

DD pSHER Kl Oy e PESCUAGrd AN i

- dr etch pr sulL.ts.in the defipniti of. .

polysitp feyfi 3 RIDRAP S ERebionta, 804 5 o5 el Py ge maveia
. polysilicon layer 11 a, in DDD MOSFET region 2, while

during E*t?r?ﬁb@ﬂ!éem BigB\waerep fondmplangiop pragedure.o hhis iypecemplished via
surface of polysilicon layer | la, was acconplished in

formatigivoSphisvicsist shegyis da, dn undetiying irsslatt layhajias folldwed by amavisotropic
renmoved via plasma oxygen ashi ng procedures.

reactiv®otethgRIBY proded pepelfdrmal eingeOH I Oefal soretiwretdhast fopsitibd@oxide,
of polysilicon layer 1la, located only in CMOS device

with tht RIE Bfbcddurbihi aBROAARE R phrat R BalydificotBydN 18 ¢he 22K dry

‘etch prb@iufdLaiHik b 0 Befinition of silicon oxide hard mask shapes 12b, on underlying
polysilicon layer 11a, in DDD MOSFET region 2, while complete removal of silicon oxide from
the top surface of polysilicon layer 11a, was accomplished in CMOS device region 1.

Photoresist shapes 13, are now removed via plasma oxygen ashing procedures.

Photoresist shapes 14, are next defined on the portion of polysilicon layer 11a, located only
in CMOS device region 1. Using photoresist shapes 14, as an etch mask for pdlysilicoﬁ
layer 11a, in CMOS device region 1, while using silicon oxide hard mask shapes 12b, as an etch
mask for polysilicon léyer Ila, in DDD MOSFET region 2, another anisotropic RIE procedure

featuring Cl; as a selective etchant is employed to define polysilicon gate structures 11b. The



| ayer 1l1a, in CMOS device region 1, while using
silicon oxide hard mask shapes 12b, as an etch nmask
~for polysilicon layer | la, in DDD MOSFET region 2,
anot her ani sotropic RIE procedure featuring Cl2 as a
sel ective etchant is enployed to define polysilicon
gate structures | Ib. The 6 selective R E procedure
term nated at the appearance of the underlying silicon
_ di oxi de gate insulator |ayers, however of greater
selectivierRIB pr @ dre itgmiinaeedsee Hiecippatiringe of thchadghig SkhidouclioNide gate
definition procedure allowed silicon dioxide hard

insulatérBgferss RoR@er d2&eatbOinpBFEidR iWhE Reldeiivity %kﬂl%sgﬁterbﬁﬁ&ﬁfi: deBhition
: maski ng of the subsequent hi gh energy ioninplantation

proced%ﬁ@@é{f d:gllmi éghefr@ fna%lbﬁqa ]I%ﬁbd{oé}hﬂalng;ltﬁ 'Pt%w%s needed for

Vi ce resu 5 procedure
. [ .. _Phot { .
masking LB F Rt b 55%{%10&§P1§&nﬁ1ﬂgg RS %%hglsﬁ%f e accp arain

I%Rocedures faol | owe by final wet clean procedures
of the iR Mg \%YIC%|Ewewfdﬁé'aﬁlp@w@r%rssmﬁé@aprwmlmalga‘l

buffered hydrofluoric acid conmponent used to renpve ,
Photoresisy shaaesd 1A asxioskeremiozed again Usingepldsoraneggchuashing prgpedigemfollowed
oxygen procedures, with the buffered hydrofluoric

by finaCwequdsaa prockéures i Tig abovd werttead fprocsifirt ¢Operinfd fterugiag @ buffered
: i nsul ator layer 9, and portions of silicon dioxide

hydroﬂg@ﬂi@adldﬂ Sthineht s8Y @ rerhBve A nati¢O¥BEE thal¥ial R formed during
polysilicon gate structures. Procedures used to form

plasmat?glggéﬂljﬁgcegg(re L 4580nd B@fﬁg}e& e Hégm{l]xlt I?l?c):(f(i?ljlgthpaogtlons of

Vlces deS|gne 0 opera
en volts, xt. address

s1hconE eglg% g] ﬁ@dm%wnﬁo&%‘ icen c?loyél de g,ﬂsfrtﬂ,l ia(yer 10, not

share 24, is forned to block out deep sub- mcron
covered pyy hﬁll?ob’smf’?lb&ﬁt%s‘?ﬁ}c@ﬁesener gy ion inplantation

procedure used to forman N channel channel high

vol tage device in DDD MOSFET region 2, wth

Rrixetlores sieditto Sdrayppbe dekp dffised dsddregiondor the hipk volthgesdrajes,

for the portion of DDD MOSFET region 2, to be used to
devicePdeBRAEP@ApBrate at voltages between about 12 to 25 volts, are next addressed and
schematically described in Figs. 5 - 6. Photoresist shape 24, is formed to block out deep sub-
micron region 1, from a high energy ion implantation procedure used to form an N channel
channel high voltage device in DD MOSFET region 2, with photoresist shape 24, also used as a
block out shape for the portion of DDD MOSFET region 2, to be used to accommodate a
subsequent P channel high voltage device. With photoresist shape 24, in place phosphorous ions
are implanted into portions of P well region 7, not covered by the composite structure compris'ed-
.of silicon oxide hard mask shape 12b, and underlying polysilicon gate structure 11b. The

implantation procedure is performed at an energy between about 130 to 300 KeV, at a dose

between about SE12 to 8E13 atoms/cm?, using an implantation angle between about 7



subsequent P channel high voltage device. Wth
phot or esi st shape 24, in place phosphorous ions are
implanted into portions of P well region 7, .not
covered by the conposite structure conprised of
silicon oxide hard mask shape 12b, and underlying
polysilicon gate structure | Ib. The inplantation
procedure is performed at an energy between about 130
to 300 KeV, at a dose between about 5E12 to 8E13

to 45 dedresss Sdiedn ditsidethaambgkzhagy @bl dreodibilatiob atthedterahgut 7
to 45 degrees. Silicon dioxide hard mask shape 12b, in

polysilieBitO FhichRe M B, hretBAted hxbmeg imPhiGid ihGRMn8&1yehg portion of
structure | |b, prevented arsenic inplantation in an

' semico%&(}i}tﬁfrlsﬁ{l;s PO {Heg)%ﬁioﬂfdesigﬁ%g tg ¥ %‘ec&eQr ce%H%ﬁxte{% 1|%8 ﬁ ’A thﬁﬁer

I on desi gne to be evi ce cnann

.t hicker olysilic ate structyre al so ul.d have.
potysiisp G R iR e G R P e i Serine i e reon,
however thjicker polysilicon gate structures would be
howeves dyekes polypiligor giie ﬁ@@ﬁﬂwulﬁg‘é Pesceiabls fos dedpoely; migsen CMOS
thus the use of two different polysilicon thicknesses
devicesyend Hunthe ese of twordiffgentpobyxsilicamthicknstskywoult effeiad inore complex
sequence. The result of the above inplantation '

and cogtly deteghtti¢h dequdniae. Thiceedult @ tHefaboN: iyt prevetee/idihdicRation of
region 15, shown schematically in Fig. 5. After

N type DEIPVcddraRREioN €5 ishéws RARRadhily b RigP5 asma oxygen

ashi ng procedures, photoresist 3Shape 16, is defined
and used as a bl ock out shape to protect deep

- 1. cr.on region,}, . and the N type high voltage .’
A3 TS D et 24 vin PBSmb Pyeen RS ot poesis
' boron_i o i np] ant ati on procedure used to formthe P
shape @hﬁﬁ%‘%@?e%n&ﬁ@oﬁaﬂ@w shape (hProfse drepsebrmirag CyfPSregion 1,
| npl antation is perforned using boron at an energy
and thegb type bighatebage Guice on DBD MEOBFESt regian dpfemadiigheensrmyiomn ion
5E12 to 8E13 atons/cnR, using an inplantation angle

implantagompencdubouded To fona tAEP degneldsigh Agaic dsiitd ia @DI MRS HET
hard mask shape 12b, in conbination with underlying

region DOty ShnthteNs Féﬂfcﬁm%ﬁ iubiGE WbRn bt APeneRIyDEBMAAbARON0 19MNR eV, at
from being placed in a portion of

a dose between about 5E12 to 8E13 atoms/cm?, using an implantation angle between about 7

to 45 degrees. Again silicon dioxjde hard mask shape 12b, in combination with underlying

polysilicon gate structure 11b, prevented boron ions from being placed in a portion of

semiconductor designed to be a subsequent channel region. The result of this implantation

procedure is the creation of P type DDD source/drain region 17, in portions of N well region 8,

not covered by silicon oxide hard mask shape 12b - polyéilicon gate structure 11b. This is

schematically shown in Fig. 6.

After removal of photoresist shape 16, via plasma oxygen ashing procedures an anneal



sem conduct or designed to be a subsequent channe
region. The result of this inplantation procedure is-
the creation -of P type DDD source/drain region 17,.in
portions of N well region 8,- not covered by silicon
oxi de hard mask shape 12b - polysilicon gate structure
| I'b. This is schematically showmn in Fig. 6. After
renoval of photoresist shape 16, via plasma oxygen

procedurs i engplpyedde detivats thainaplaced i08s prtbe BN O SFEhywumgkltait eegions,
activate the inplanted ions in the DDD MOSFET

as wella® wr dréved adr et NORBe sourSe/Binlredlon 15 a8 P\igpel SBurc@kirain
deepen N type source/drain region 15, and P type

region $RUTHE @ALHaREVRId &gﬁoﬁﬁedlirzr% a nkSeeR MR 8on GHBlcBt B%rtgrgggﬁﬂré Bitween

a nitrogen ‘or argon anbient” at a tenperature between
0 _ far f] bet ween about. 1Q .t o
sbout 73U 000°F, e i ibueen BEuho' B pE AR AR ignd fiflace
thermal anneal tool . is perforned pri to formation
or a rapi TEfTRELRATH Dol S5 FSd Bcrth TG b RCR Sodon et B Hgein
. CMOS devices in CMOS device region 1. Formation of the
regionsgiegdqddithe SHEPE Epvieesiin CMQP dpgcqwesigad - for the CMOS
devices is next addressed and schematically
illustrated in Fig. 7 - S. Photoresist block out

Roas ktiiomgpfitlse shghdwer senfot/dystrtreppnahécdad forpha@MEs dvidoishext
performed only in a desired portion of CMOS region 1

 addresdl izh@scBbhgtican9ilhistaRd &f FigMISs I PRAtORsids biGdkbut RRSIGRS {sTa8ain
DDD MOSFET region 2, are protected by the photoresi st

: employ}%!:l %ﬁlo%%nﬁ%%éggg Fgg(?rgﬂ.ﬁ:ﬁ %Tlﬁgﬁg%gs’k%t} EB&ioﬂ%ffitC'ﬂ/gaS 'i‘e%ion 1,

pr ot ect sequen
. hannel vice, fr i mpl a | arsenic or

while (B BRSpHCYEReE8 4- 1 Tos ERrEBLRAMURHT 5582 i Blotected by
sour.ce/drain region 19, (the LDD region for the | ow

the phojespsigt blockporisshars; uoyoresisi shapsdSels dstingd temeotest DRIMPSFET

.. region 5. This is schematically shown in Fig. 7.

region Praad arstbsenemmt Rabammel €MQfedevide, fromdmelagiatibe o iveemiadrout

20 to 80 KeV, as a dose

phosphorous ions used to create shallow N type source/drain region 19, (the LDD region for the

low voltage NMOS device), in exposed portions of P well region 5. This is schematically shown

in Fig. 7. Implantation was performed at an energy between about 20 to 80 KeV, as a dose

between about 1E13 to 1E15 atoms/cm®, using an implantation angle between about 0 to 7

degrees.

After removal of photoresist shape 18, via plasma oxygen ashing procedures, photoresist
shape 20, is defined to cover DDD MOSFET region 2, and the N channel CMOS device.
Implantation of boron ions is next accomplished at an energy betwe;en about 4 to 12 KeV,

. at a dose between about 1E13 to 2E135 atoms/cmz, using an implantation angle between about 0

107 degrees, creating shallow P type LLD region 21, for the low voltage PMOS device, in




bet ween about 1E13 to 1E15 atons/cnR, using an
i npl ant ati on angle between about 0 to 7 degrees.

"~ After renoval of photoresist shape 18, via plasm
oxygen aski ng procedures, photoresist shape 20, is
defined - to cover DDD MOSFET region 2, and the N
channel CMOS device. Inplantation of boron ions is
next acconplished at an energy between about 4 to 12
KeV, at a dose between about 1E13 to 2E15 at ons/cn?

exposed pomignsaol W mell asgiat 6.0Thiangickerbaticalbeshoalbdn Fid) 8. e ¢hallower
degrees, creating shallow P type LLD region 21, for

source/dfh ﬂe?iWnS/ e r@ @ ePMABh B LE Roltab® dS/i &% ROERID S’@J\ﬁéeq@'zﬁoﬁ’fl , devices
N well region 6. This is schematically shown in Fig.

: rGe/ [ i :
operatifl s WoRaS B o E163 1S AL IPRRRT o b B bt 2p. v
plasma ] B4 R B b g B s LA TS RagE g hyfea Boit 200 o

. Ppl.asma oxygen ashing procedures an anneal is perforned
1050° Gyin g fR8AR GF BH1E BRTGHCHT AHBGHOS 8bPt 16 §pATReC] Yt
' argon or nitrogen anbient, for a time between about 10
conventignal §r gpid thergiahgnngal teelntosastivae tie implantegiichsti thershillow
anneal tool, to activate the inplanted ions in the
source/gdhail degions Boated Y CMEISTegiegil 0 Mhe Hogat tirderdr&NVeEgis8gh DD
1. The deeper source/drain regions in DDD MOSFET

MOSFEE@gith 2 als8legferRt et 80584 LR SEERMbuRMIGA Ue¥bF i dRirce/drain
regionst €sul ting in deeper source/drain regions. Insulator

spacers 22, are next fornmed on the sides of .
polysilicon gate structures | Ib, in CMOS device

region 1 qgg on tg si$es of.silicon.dioxide hard .
IOt S i At e oy SLOR S Poi i isoR &1E Sirigtiyes § 1. in
DDD MOSFET region 2. This is acconplished via: LPCVD or
CMOS geyicpyesiinge Pt giigs el liseg dioxidelmd meslaghape 12h 4 padslicon
' nitride at a thickness between about 500
gate structure 11b, in DDD MOSFET region 2. This is accomplished via LPCVD or PECVD
procedures depositing silicon oxide or silicon nitride at a thickness between about 500
to 1200 Angstroms, followed by a anisotropic RIE procedure performed using CHF; or CF4 as an
etchant. This is schematically shown in Fig. 9. Photoresist masking and ion implantation
procedures similar to procedures previously employed for the LDD regions, are again employed
to form heavily doped source/drain regions in areas of well regions not covered by the conductive
gate structures or by the insulator spacers. If desired to further increase performance of the
low voltage devices in CMOS device region 2, metal silicide can be formed on the polysilicon
gate structure as well as on the shallow source/drain region. The high voltage devices in DDD

MOSFET region 3, do not need the benefit of metal silicide and can be protected during the

metal silicide formation procedure applied to the low voltage devices in CMOS device region 3.

10




to 1200 Angstrons, followed by a anisotropic RIE

"~ procedure performed using CHF3 or CF4 as an etchant.
This is schematically shown in Fig. 9. Photoresist
maski ng and ion inplantation procedures simlar to
procedures previously enployed for the LDD regions,

~are again enployed to formheavily doped source/drain
regions in areas of well regions not covered by the
conductive gate structures or by the insul ator
Vpiactbissnvenfion basi beexd particdlany $hemni and deasibedeith asferaneao die
the | ow voltage devices in CMOS device region 2, netal

preferré dniloidtergothelRf, (MDY ualerttBed PRINGS dKilG@Nn (133k-Ehat various
structure as well as on the shall ow source/drain

i The.:hi j = ) I an.
B T
nventiQ€ protected during the netal silicide formation
procedure applied to the | ow voltage devices in CMOS
device region 3. 10 Wiile this invention has been
particularly shown and described with reference to the
preferred enbodi nents thereof, it will be understood
by those skilled in the art that various changes in
formand details may be made wi thout departing from
the spirit and scope of this invention. 11 Wat is
clainmed is: 1. A nmethod of forming a netal oxide
sem conductor field effect transistor (MOSFET) device
on a sem conductor substrate, conprising the steps of:
~providing a gate insulator [ayer on said sem conductor
substrate; form ng a conductive gate structure
conprised with an overlying insulator shape; 5
performng an ion inplantation procedure to place ions
in top portions of said

11 -




- semi conduct or substrate not covered by the insulator
shape - conductive gate structure conposite, form ng
a source/drain region; and perform ng an anneal
procedure to activate said ions in said source/drain
region and to increase depth of said source/drain
region in said sem conductor substrate. 10 2. The
met hod of claim11l, wherein said MOSFET device is an N
channel , doubl e diffused drain (DDD) device. 3. The

What isreluinad iof cl ai m 1, wherein said MOSFET device is a P
channel , doubl e dlffused drain (DDD) device. 4. The
met hod of claim 1, wherein said gate insulator |ayer

i s, a Bkhbe eﬁfoﬂh%'a%e@%?&e se ﬁgﬁ%&éﬂ’fﬁ‘e‘i’d Vet &%ﬁﬁsg&'é%{xOSFET)

oxi dati on pr-oced ures at th| C ness bet ween a

to he of claim1, wherein
de%gg ﬁg %n[cgg&ct subsll_trate rr}péls n,:‘g B%ftfqﬁsogl from a

ponS|I|con | aye erein the ilicon layer is
obt drREHINg |a£aTedW“Eﬂt€rg§X?F an s3jd ﬁ?‘E‘QPndSL\‘FH’ﬁ 8¥bsHaigosi t i on
(LPCVD). procedures, at a thickness between about 1500
to ff@U@lnﬁﬁ@@@(ﬁ@H’Sﬁ Hite Sristure cdopiissd withainovérlyingimsdatoer shape;
said insulator shape is defined froma silicon oxide

5 | ay grerfomhiag @i fort imgplaitdtion procodird @ placcobhinngsipotiiand HREMR
or via plasma enhanced chenical vapor deposition

( Refidohd it GeBYHaeSnot Bbvered B (BK HRBRIOP Shape € BoretiNe dhB0Qrcture
to 5000 Angstroms. 7. The nmethod of claim 1, wherein

S Alophpb SRl kg SOBRL/drsin SQERH: bagd froma silicon

performing an anneal procedure to activate said ions in said source/drain region and

to increase depth of said source/drain region in said semiconductor substrate.

10 2. The method of claim 1, wherein said MOSFET device is an N channel, double

diffused drain (DDD) device.

3. The method of claim 1, wherein said MOSFET device is a P channel, double diffused

drain (DDD) device.

4. The method of claim 1, wherein said gate insulator layer is a silicon dioxide layer
15 obtained via thermal oxidation procedures at a thickness between about 20

to 800 Angstroms.

12
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:'10 oxi de | ayer obtained via LPCVD or via plasnma
- enhanced chemcal vapor deposition (PECVD)
procedures, using tetraethylorthosilicate (TECS) as a

source. 8. The nethod of claim1, wherein said

i nsul ator shape is defined froma silicon nitride

| ayer obtained via LPCVD or via plasma enhanced

chem cal vapor deposition (PECVD) procedures, at a

t Hi. Choesthodef wewn 1 abluartin 5380 condw00Ozngatcnoas.defibedfrom a
The method of claim11l, wherein said insulator shape is

C pop/siiRenl [yt Wharehi the 6ONsilieotBYdrid Siaih@yah |RPpRENMAhemical
via LPCVD or via plasnma enhanced chem cal vapor

d I ol Q4 SYRID ti en
R O S R P S

1, ' i.d i nsul ator shape - conductive gate
sﬁ?&@@%gég%%ﬁ%osite is defined via an ani sotropic
reactive ion etch procedure using CHF3 as an 13

etchant to defipe sajd insulator shape and using C 2

ad: Jﬁe Beted of clen deyhgigin said dnsaltenshene i defiped from a silicon
structure. 5 11. The nmethod of claim1, wherein said

i oidenpyearwheréin thepiloos duide is ebtpiped win IBE Vs omga plasma enhanced
phosphorous ions at an energy between about 130 to 300
Keemivk! wapot dapbositibn (FREEVDbgloveresph auhichiziZbdr@edBabdut 1000 to
atons/cn2, and using an inplant angl e between about 7

t ohb Ade8r&es. 12. The nethod of claim 1, wherein said
ion i-nmpllantation procedure is perfornmed using 10

boron ions at an energy between about 50 to 180 KeV,

at ' ose between .about 5E12 to 8E13 .
ool BB HRTT g R R MR er e b Sl gy sieon
oxide layer obtained via LPCVD or via plasma enhanced chemical vapor deposition

(PECVD) procedures, using tetracthylorthosilicate (TEOS) as a source.

8. The method of claim I, wherein said insulator shape is defined from a silicon
nitride layer obtained via LPCVD or via plasma enhanced chemical vapor deposition

(PECVD) procedures, at a thickness between about 500 to 4000 Angstroms.

9. The method of claim I, wherein said insulator shape is comprised from a silicon
oxynitride layer obtained via LPCVD or via plasma enhanced chemical vapor
deposition (PECVD) procedures, at a thickness between about 500 to

4000 Angstroms.

10. The method of claim 1, wherein said insulator shape - conductive gate structure

composite is defined via an anisotropic reactive ion etch procedure using CHF; as an

13
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to 45 degrees. 13. The nethod of claim1, wherein said
anneal procedure is perforned at a tenperature

bet ween -about 700 to 10000 C, for a time between about
10 to 60 min, in a nitrogen 15 or argon anbient. 14. A
met hod of integrating the formation of a double

di ffused drain (DDD) MOSFET device with the formation
of conplinentary netal oxide sem conductor (CMOXS)

devi ces conprised with sub-mcron features, conprising
t hechabtap defide safdoinndlagr shapd Arktusfat@, hngdtataar tol dRYRE sM

a first portion of a sem conductor substrate to 5 be

usRdativesheRigeyi ce region, and form ng a second
gat e insuFator | ayer on a second portion of said

senm conductor substrate to be used as a DDD MOSFET

regi on. siLi

0 retnBE e V%lee’rf st R i BiElariop Rkt Bhsafppued using
to forman, |nsulator ape 0 rtion of said 10

PP SIPIEIET et criise Repbeen 010 SIS N kSeeT o5 froplat dose
form ng a photoresi st shape on a portjion of said

pdielgen |ab@ﬁ SEd2 t &l 3 atoms(p’, @Mbesinglav ingdant egglo hetween about 7
perform ng an ani sotropic reactive ion etching
prtoédédegrecst 0 forma first polysilicon gate structure

on said first gate insulator layer in said CMOS device
region, and to form 15 a second polysilicon gate

SURUTh&mBthod Bﬁlﬁﬁﬂrﬁ/l Wéhe?élh dhily 'Ib%l'ih@ia‘i’x’fatﬁ %Rﬁedlﬂ‘g isyRrfrmed using

second gate insulator layer in said MOSFET

F 83k M Yons at an energy between about 50 to 180 KeV, at an implant dose between
about 5E12 to 8E13 atoms/cm?, and using an implant angle between about 7

to 45 degrees.

13. The method of claim 1, wherein said anneal procedure is performed at a temperature
between about 700 to 1000° C, for a time between about 10 t_o 60 min, in a nitrogen
or argon ambient.
14. A method of integrating the formation of a double diffused drain (DDD) MOSFET
device with the formation of complirhentary metal oxide semiconductor (CMOS)
devices comprised with sub-micron features, comprising the steps of:
forming a first gate insulator layer on a first portion of a semiconductor substrate to
be used as a CMOS deviée region, and forming a second gaté insulator layer on a
second portion of said semiconductor substrate to be used as a DDD MOSFET region;
forming a polysilicon layer;

forming an insulator layer;

14




10

15

20

perforn1ng first ion inplantation procedures in said

DDD MOSFET region to form deep source/drain regions

in areas of sai-d second portion of said seni conductor
substrate not covered by conposite structure conprised
of said insulator shape on said 20 second polysilicon
gate structure; performng a first anneal procedure to
activate ions in said deep source/drain region and to

i ncrease depth of said deep source/drain regions in

sai (hesfemiiag A guietroing roesduratceform PR ifs0latr RBaps @B AKdrtion of said
i mpl antation procedures in said CMOS device region to

f orpsHiaah |94 16QIGRSTID MOSPNS rdetbndr €as of said
first portion of said sen1conductor Substrate not

Cov%(?lgr %X Rﬁ&bl%SIgﬂ sha n]éF ann a 1!)}1 5P%; Igsﬂ?ctoﬁlfg a%rdei? &4 %MOS

5 per g a Sseco proce
nggs i n sald shal | ow source/drain region. 15. The

HEW " E1°"1 ai m 14, wherein said DDD MOSFET device is
an N channel MOSFET. device. 15 16. The nethod of claim

4, DRHETENE a8 aRispUOPFS At Etongéshirgprogedireto dprama Erst pelysilicon
NCSFET device. .17. The nethod of claim 14, wherein
s @it sevOSredensaitidE stagate ineriggor lepad ip$ailNCHOIRR dedicearegiPn, and to form
channel devices. 18. The nethod of claim 14, wherein

S ai slednidrpelysiiabe gate stdodire runkdadeing :5d tssladol SiRe,Hn%idd€cond gate
| ayer, obtained via thernmal oxidation procedures at a

t S SSyeP #f WREDDRDAWSFED rtBon; 15 120 Angstroms.

performing first ion implantation procedures in said DDD MOSFET region to form
deep source/drain regions in areas of said second portion of said semiconductor
substrate not covered by composite structure comprised of said insulator shape on said
second pblysilicon gate structure;

- performing a first anneal procedure to activate ions in said deep source/drain region
and to increase depth of said deep soﬁrce/drain regions in said semiconductor substrate;
performing second implantation procedures in said CMOS device region to form

shallow source/drain regions in areas of said first portion of said semiconductor
substrate not covered by said first polysilicon gate structure; and
performing a second anneal procedure to activate ions in said shallow source/drain

region.

15. The method of claim 14, wherein said DDD MOSFET device is an N channel

MOSFET device.

15
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19. The nmethod of claim 14, wherein said second gate

i nsul ator |ayer is a silicon dioxide |ayer, obtalned
via thermal -oxidation procedures at a thickness

bet ween about 250 to 800 Angstrons. 20. The nethod of
claim 14, wherein said polysilicon layer is a doped
polysilicon | ayer obtained via LPCVD procedures at a
t hi ckness bet ween about 1500 to 3000 Angstrons, doped
i A6sThametbed ofcldapls wheem s2dDDRMAOSHET denicots @l shanecl
or phosphine to a silane or to a disilane anbient. 5
2MOTRET detibod of claim 14, wherein said insulator

| ayer is a silicon oxide |layer obtained via LPCVD or
vi a plasma enhanced chem cal vapor deposition (PECVD)

priec

RaCPitihfiod Bfcift {1, R R MR AR hrc LD 2O hanncl
F The net hod of cIa|n114 wherei n said

iﬁ§EI§P3F ?am?F is asilicon nitride or silicon 10

oxynitride Iayer obt ai ned via LPCVD or PECVD

procedures, at a thickness between 16 about 500 to
4d@oT11ml§§f@l%ﬁ%clalzsl4 Theropresairbirsbgate ingilaion layenip e sidicen dioxide

said insul ator shape is defined via an anisotropic

r d@et.iob@inedrvietheimab opidetihnr mocesliureg aCHAER koess GEdveas aout 20 to
etchant. 24. The nmethod of claim 14, wherein said

ane Mnxepdres.r eacti ve ion etch procedure used 15 to
define said first polysilicon gate structure in said
CMCS device region and to define said second

oakysil i : : o
i g9p‘£fr1 ‘lé}%g% gﬁéslfﬁrrlrg M, %%%fégrgsdéﬁsez?%ﬂ%%DBSMF Eg;exr i€ 58 0on
dioxide layer, obtained via thermal oxidation procedures at a thickness between about

250 to 800 Angstroms.

20. The method of claim 14, wherein said polysilicon layer is a doped polysilicon layer
obtained via LPCVD procedures at a thickness between about 1500
to 3000 Angstroms, doped in situ during deposition via the addition of arsine or

phosphine to a silane or to a disilane ambient.

21. The method of claim 14, wherein said insulator layer is a silicon oxide layer
obtained via LPCVD or via plasma enhanced chemical vapor deposition (PECVD)
procedures, at a thickness between about 1000 to 5000 Angstroms, using

tetraethylorthosilicate (TEOS) as a source.

22. The method of claim 14, wherein said insulator layer is a silicon nitride or silicon

oxynitride layer obtained via LPCVD or PECVD procedures, at a thickness between

16
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25. The nethod of claim 14, wherein said first ion

i npl ant ati on procedures used to form said deep
source/drain regions in said DDD MOSFET region are’
performed using phosphorous ions at an energy between
about 130 to 300 KeV, at an inplant dose between
about 5E12 to 8EL13 atons/cnR, and using an inplant
angl e between about 7 5 to 45 degrees. 26. The nethod
of claim 14, wherein said first ion inplantation

praboe b es4¥etihgsoomt.or m sai d deep source/ drai n region
in said DDD MOSFET regions are perforned using boron
ions at an energy between about 50 to 180 KeV, at an

| Bl aRd mERSE oPARINE &f) wHeRMEai P A1k sBEpLds ALrRIRE A/i%lr%%anisotropic

and using an inplant angl e between about 7 10 to

d ; cl ai 4 ein said
f Fr%tﬁ 9%%%%@ pg?%éé%&?@glcg% er ?j g?]arr%%f‘ ?}mgl{' tenperature
bet ween about 700 to 10000 C, for a tine between about

10 tg 60 mn,  in a nitrogen or. argon anbient. 17 28.

TRE: Nt Wetod P! i yorershiid s ToPt rediyh ipnj i procedure used

i npl antation procedure used to 15 form shall ow

s dodeferecheisl first radiysdivon igpte sk duieNMDSid M @% devder rogion prd to define
performed using arsenic or phosphorous ions at an
enerigycdadipobeilicabgatt stAittire iB&iKBUD WO SFR Tiragibaris paesed using
bativweesh afiput. 1E13 to 2E15 atons/cnR, and using an

i npl ant angle between about 0 to 7 degrees. 29. The

met hod of claim 14, wherein said second ion

|l gpd lg‘tefhgﬁ oPLSRE U NheHSE gaé& m%g%ﬁaﬂﬁhl)g g{'ocedures used to

sour ce/ raln_reg|0n§ I N Ssal evice regl on are

pef{nfrg LAIg gee%ssloﬂt%e/drain regions in said DDD MOSFET region are performed using
phosphorous ions at an energy between about 130 to 300 KeV, at an implant dose

between about SE12 to 8E13 atoms/cm?, and using an implant angle between about 7

10 45 degrees.

26. The method of claim 14, wherein said first ion implantation procedures used to
form said deep source/drain region in said DDD MOSFET regions are performed using
boron ions at an energy between about 50 to 180 KeV, at an implant dose between
alxbléut SE12 to 8E13 atoms/cm?, and using an implant anglle between about 7

to 45 degrees.

27. The method of claim 14, wherein said first anneal procedure is performed at a
temperature between about 700 to 1000° C, for a time between about 10 to 60 min,

in a nitrogen or argon ambient.

17
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boron ions at an energy between about 4 to 12 KeV, at
an i npl ant dose between about 1E13 to 2E15 atons/cng,
and using an inplant angle between about 0 5 to 7
degrees. 30. The nethod of claim 14, wherein said
second anneal procedure is perfornmed at a tenperature
bet ween about 900 to 1050 C, for a tinme between about
10 to 40 sec, in a nitrogen or argon anbient. 18

28. The method of claim 14, wherein said second ion implantation procedure used to

form shallow source/drain regions in said CMOS device region are performed using

arsenic or phosphorous ions at an energy between about 20 to 80 KeV, at an
“implant dose between about 1E13 to 2E15 atoms/cm?, and using an implant angle

between about 0 to 7 degrees.

29. The method of claim 14, Wherein said second ion implantation procedure used to
form shallow source/drain regions in said CMOS device region are performed using
boron ions at an energy between about 4 to 12 KeV, at an implant dose between
about 1E13 to 2E15 atoms/cm?, and using an implant angle; between about 0

to 7 degrees.

30. The method of claim 14, wherein said second anneal procedure is performed at a
temperature between about 900 to 1050° C, for a time between about 10 to 40 sec,

in a nitrogen or argon ambient.
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