USE OF A SELECTI VE HARD MASK FOR THE | NTEGRATI ON OF
DOUBLE DI FFUSED DRAIN 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 conductor
devices, and nore specifically to a nethod used to
integrate the fabrication of a high voltage doubl e
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Art High voltage transistors used for applications
bet ween abut 12 to 25 volts, have been fabricated
featuring double diffused drains (DDD). To obtain the
doubl ed di f f @K drAUMNIRDEMRHE INVERRIOEN | npl ant ati 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
.. be taken t protect the | ow voltage devices from

(1)Fmgfgk%%ﬁp%égpequired for the DDD conmponents, procedures
such as high energy ion inplantation steps. In
addition to requiring a high energy ion  inplantatjon
Hregwesany 8venHen Filgas Wonethess uged fodedicglessmicogiigter deyices, and
robust thermal cycles than the 1ow voltage

more speifitady paz tethod usahp évegrateghaliabiieagidn I@DDhigg pohageToable diffused
hi gh vol tage DDD devices also require a specific

drain (IDDIDg kned xk seakdhdictordiegbdifcsiransBta( RO Ede o/ ithahdiabdéation of
the high energy ion inplantation step, however if

low volteCde8 sPRREGT E0tSH1Rnears el b8 SeribRiudlos e dbakes,
narrower gate | ow vol tage devi ces patterning
difficulties can arise as a result of unacceptable
hi gh aspect ratios. Therefore a unique process

seguenc IS needed to integrate the fabrication of

(2) Deggription o trépéékrt

High voltage transistors used for applications between abut 12 to 25 voilts, 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 voltage devices from procedures required 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
low 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




devices featuring a double diffused drain, with the
fabrication of |ow voltage device. The present
invention will describe a novel process sequence in
whi ch the integration of high voltage and | ow vol tage
devi ces are successfully integrated featuring a
process which allows only the device double diffused
drai n high voltage devices to experience the high
energy ion inplanted drain procedure, a specific

obust . t her mal and to be comprised wth
low vo{wﬁecdxmg%p%lﬁrw&c%ﬁ%m S BRaAeE Fal tghbraceintable Rl aspect ratios.
needed to protect the channel region fromthe high
Therefem engigue processpraunes isoncdse ¢e starae tRrfplyicaden olsighveltnge
Wi in US. Pat. No. 6,570,214 B1, Liu in US. Pat.
deviceN@atufin @3 dod3ddiBuled Chiu, with Uhegablﬂﬁtion DOlowb;0R9TE dQ8eB |,
and Su et al in US. Pat. No. 6,133,096, describe
procedures for fabricating, and integrating DDD
ﬂﬁ?r&%ﬁw Jﬁ%\ﬂﬁ\f\@lrl dEWRHEe QBOJG'P Ero%pég\é Flée% V\?hriéh e ﬁﬁé&rgﬁ)n of
nove process sequence describ In the presen
vent

high V({}%E? g 1%gfef (a;%c! cp Ledrat :ﬁgcn &%fftﬁlﬁégp &k/?%lq%la %e{r r?g? dp gccsH which atlows

ct of this inventjon to fabricate a double
only tha ﬂﬁlﬁf‘s@wb@rdaffﬁseé@my f%gtvaltawea@es OSHPEHREUGE Gighrgopigy lon
effect transistor (MOSFET). It is another object of
implantedidgain preseduirors specibapibost therfrabeicteatidie bsequipriesd with a
allowing the integration of the DDD MOSFET with the
thicknds@bf 4 @atpadile edndatibeatr sonctoMIBedeMb esect ke dhamsd tdgion from the
anot her object of this invention to initially formthe

high en?i%ﬂoﬁj (b (Bnth@H RBcRfiret 18 oPRPsu MR iPlisOPait Qotd)€70,214 BI, Liu

ication of the sub-mcron CMOS devices, featuring
. C 0 e
s PR RSBS00 BSORSCUL S aA ekt
[ Pa'rt.elgcl)‘%j 133,096,describe procedures for fabricating, and integrating DDD devices,

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




In accordance with the present invention a nmethod 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 devices, and after
formation of a thicker second gate insulator |ayer to
be used for the DDD MOSFETs, a polysilicon |ayer and
an overlying insulator |ayer are deposited. .
blockingrsessHiieh bigd dp Fidecathe rigk 9F Bsidaitatipnppte deddPEMESEET channel
enpl oyed to define insulator shapes on a portion of
region.t he underlying polysilicon |layer |ocated in the DDD
MOSFET region, while renoving insulator fromthe
underlying polysilicon layer in the CMOS region. After
i %&oﬂdatnb@ﬂmmthe fﬁék‘éhpiﬁﬁéiu%h a%‘i@ Cfﬁ/ﬁ(%éx@ﬁn%& ‘i‘db@:@a&fn of DDD

pol yS|I|con ayer located in the region a dry

MOSFF Sy th %grgca{lglhms'%ddetv?ceg ?{Irl’nrclzg “Rigltsﬁg Ian ;;]r%ﬁ @ea%g %s described.

I‘UC ures I on usl

Aftcr fwlgggraa Sﬁ?sg gzgé gagulgg)% gréqm\,\%lgell gfoqt :{]pgpgqnge Gox gépgrate to be used for the
structures in the DDD MOSFET region using the

sub-migrpe (NP R gevinesubngt dier §hmpeen ¢lor thehber seberidatate insulator layer to be
Phot or esi st bl ock out masking of the CMOS regi on next

used foatHedWBDNWOKFETE agy lvisitiobahiyat dndran operhdedinsdstot byl aacdeposited.
ions only in areas of the DDD MOSFET regi on not

Photoli@RRIpRR AN dHN&cHiRS plodddikes a0@EHp BB Ko %Bﬁ;ﬁlﬁmsu lator shapes on a
polysili con gate structure. A first anneal procedure

i B, g5 S oL LA i
insulatw%ﬁ:-%s ruélaiggyﬁltlé) rcg%m lgcro'n ege(r:ﬁa Wékl 1 o/{%eﬁ'%eﬁm ion of
| antati on procedure to place desired ions in areas

photorcg?s.[t) sheees e p@@lpa Qf H@éﬁ@@pnfiéycz forated iy Be|CMgP region a dry etch
source/drain region. A second anneal procedure is next

procedurs égused taddfineabbysilinen gatp btartwds inithmEMGS tebion sihiak tmphotoresist
source/drain region of the sub-mcron CMOS devices. 3
shapes as an etch mask, while the same dry etch procedure is used to define polysilicon 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
procedures 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 decp DDD MOSFET source/drain regions.
Photoresist block out masking of the DDID MOSFET region then allows a lower energy ion
implantation procedure to place desired ions 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.




BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her
advantages of this invention are described in the
preferred enbodinments with reference to the attached
drawi ngs that include: Figs. | - 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 MOSFET
devices with the fabrication of sub-m cron CMOS

devi ces wi | | BRIENF DESOREUIODEF THEJeR AW INGSEM conduct or
substrate 3, conprised of P type single crystalline
silicon, featuring a <100> crystallographic

ﬂ{e BIHAL W nerla ?vaglg%gs lisSENS B %{%aﬂlcé&ib%‘ e :prkféb%lfég-

glon 1 uct or substrate3

&"ar 84 brlcatlon of
the DDD MOSFET devices. |nsul ator fllled shal | ow
trench isolation (STlI) regions 4, are fornmed in
Rigredi-Pi whish sehemstical b comariestional sivbsdaseante 1@y stages efiayfabrication
etch definition formng shallow trench shapes,

sequencdesgil taintogagpothe deposivt bORDIDNSWI ST Withyibe fdrmlaliomgf @¥OS
the shallow trench shapes, and insulator |ayer
deviceddcfiad WviBihmiQon fameal of unwanted insul ator |ayer
fromthe top surface of sem conductor substrate 3. To
subsequent |y accomodate either N channel or P
channel MOSFET devices, N well and P well|l regions are

3 P wel 1 PEg BTN @%&W%%ﬁ#@é’ﬁ 0
accormpdate a 4 subsequent sub-micron N channel MOSFET

device, while P well region 7, is forned in DDD
The method used to integrate the fabrication of DDD MOSFET devices with the

cmbodlrnéeé]]gs Wi re mer}cle t%ﬁtt %dsdramﬁ%s tg IeMige; deV| ces, while

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 vapor 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 accommodate either N .channel 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




MOSFET region 2, for accommodation of a subsequent N

channel DDD MOSFET device. In addition N well region

6, in CMOS region 1, is forned to acconmpdate a

subsequently formed sub-mcron P channel MOSFET

device, while N well region 8, is fornmed in DDD MOSFET

region 2, for accommodati on of a subsequent P channe

DDD MOSFET device. The well regions are obtained via

phot oresi st bl ock out masking and ion inplantation

Sub%qa%é%wggn Neghern e M ReE G devdaca. wdile Brvenll tegiger, @ forared in DDD

t hi cker DDD MOSFET gate insulator |ayer 10, are next
MOSFEdregoh andr schenmatdaical dfie stheapeitN Sagnd DITHINOFBET device. In

acconplished by thermally growing a silicon dioxide

additioh @y @Ell esgic@nd, il EMOSrdg BW foaGed Rfac8QMEANEN GhREquently formed
substrate 3, then renoving silicon dioxide only from

sub- mlt:l%% Ppc(]?l'éﬁ:‘l& RrQ§pt P Qeﬁcl:g (ﬁlﬁg I\D\Leigﬁglogl% gs%h?&& ﬁ%ﬁ NOSFET

3, located |n ion 1 uen erna

tlon ced erfor d i t eam
region QI’TLt)I ent f es u?r{ % j %’b?%e'& I%BH %Pﬁﬁ? W%%ﬁp]ag?}’i‘fedérh@é(fe@
|nsu&gtor er 9, at a thickness between about 20 to
regionsiasp olaiget v oforesisibIgh 8y iaes kingeing rom impdgidationgrocedures.
emer gence of thicker silicon dioxide gate insulator
| ayer 10, between about 250 to 800 Angstrons, in DDD
OISSEEvice ghtens2latorCayed Acdridubick @y B D IMOSFE A ghia et [asdt Ghyer 10,
as doped polysilicon, is next obtained via | ow

are nexPf@HSU BRI schbRBfieAl sSNAROM [KlePOTints 9 RecdbkREMI b thcrma[ rowing a
procedures, at a thickness between about 150 Oyé

silicon QSIS on Eﬁ‘t?re@%l gkuﬂf&g 3¢ Ecg%gancﬁl@t%l Slisf Bb&\eﬁl R qqng silicon

in situ durlng rtion vi adi t
.arsikne t ane r d|S|Ian

cioxia GR7 Rl Bt SR u? F s e Slspatil > BRI emos

intripsically then doped via inplantation of arsenic
region 6r E%Cﬁﬂ &?ém? dHddatipp gcaduse perferned in gnoxygen sipamn ambient
such as silicon oxide, is next deposited to a
results {ihihe Riswdl obgtiveehiodbogtc T60Btr faycS5N00a Arigstssdrsvachabout 20
LPCVD or via plasnma enhanced cheni cal vapor deposition

to 120 AREGB) in pMQS deniesregingi Inghd @Bt caetodidearftihieisd: kilieat Rioxide gate
(TEOCS) as a source. |f deS|red i nsul ator | ayer 12a,

insulaté3aer PG beRRA 5&H 28 tc§8(bd )5{9 5T ihdSHBMSEEEEE Pdion 2.

oxynitride. The resul e a ove procedures-is

Conductive ayer 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 implantation of arsenic or phosphorous ions. Insulator
layer 12a, a layer such as silicon oxide, is next deposited to a thickness between about 1000 to
5000 Angstroms via LPCVD or via plasma enhanced chemical vapor deposition (PECVD)
procedures, using tetracthylorthosilicate (FEOS) as a source. If desired insulator layer 12a, can

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




5 schematically shown in Fig. 2. Formation of
i nsul ator or silicon oxide hard mask shapes 12b, in
DDD MOSFET region 2, is next addressed and
schematically described in Fig. 3. Since narrow w dth
gate structures are needed for the desired high
performance of CMOS devices, narrow, thin gate
structures are required to mnimze aspect ratios for
the dry etch definition of the gate structures.
However if process integration is desired thin gate
schemaficaliy shovesindésded for CMOS devices will have
difficulty blocking the high energy ion inplantation
procedure enployed for the deep drain of the DDD

NS EToeMh &i8or $rREIBH OkRle hhldi rRAR sRaed €203k BORBOSFET
shapes 12b, .are formed on underlying polyslllcon

region %%%xtja]dﬂres%elﬁ PQE%HXEQF iy & %r%gd i1 FJIO% %chgﬁggo@%[dtth gate

it1ona ng nate uring uen
on, i n Thi s

Sfmcmaeé%am e e R P e S § s s g e

on under]ying insul ator Iayer 12a, foll owed by an
struciuég{f,aseoxteﬂ@:mddo MHAEHEG @s@e@téﬁl@tf@q{h% mygatcibc}e@@é@moé the gate structures,

performed using CHF3 as a sel ective etchant for
Howeer Hipcomsoxiegafion i dekir¢dhdirRide protedurceddddonC a1 dayias will have

t he appearance of polysilicon |ayer | la. The above

difficuly $locking thefigead ugdyaoﬁ aaplkhEtidhprobRiuetedh NbddaBr @E deep drain of the
silicon oxide hard mask shapes 12b, on underlying

DDD MORY I deGiREs, kf@}’c%re s; ic@ okide WA %@Fﬁa}eg ?ﬂ?] R I%rmm énderlying

COI’Tp| ete renoval ICOﬂ oxXi

surface, of 1.1la
po*yﬂ’a%éayaelvfclefp?ééf%@sfﬁqﬁﬁ%ﬁ%ret s B3edEd e
renmoved vi a pl asma oxygen ashi ng procedures
during ﬁ?wéﬁeée?lgéﬂ cgw&’egg tqiyImplangatinayarogtdpien ddiSghagcRBphgiedivim
of polysilicon layer | la, located only in CMOS
formatppeaf photpregisothages 19spi gn@l@trxgrle%fulaémr lsyrapes fallpweddyan anisotropic
etch mask for polysilicon layer | la, in CMOS device
reactive @gi @ch RIEWnot@iutspaafprmed idonCHE; gea sddcd varaskans epiizon oxide,
12b, as an etch
with the RIE procedure terminating at the appearance of polysilicon layer 11a. The above dry
etch procedure results in the definition 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 114, located only
in CMOS device region 1. Using photoresist shapes 14, as an etch mask for polysilicon
layer 11a, in CMOS device region 1, while using silicon oxide hard mask shapes 12b, as an etch
mask for polysilicon layer 11a, in DDD MOSFET region 2, another anisotropic RIE procedure

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




mask for polysilicon layer | la, in DDD MOSFET region
2, another anisotropic R E procedure featuring Cl2 as
a selective etchant is enployed to define polysilicon
gate structures | |Ib. The 6 selective RIE procedure
term nated at the appearance of the underlying silicon
di oxi de gate insulator |ayers, however of greater
i mportance is the selectivity of the gate structure
definition procedure allowed silicon dioxide hard
mask shapes 12h, to remain with a thickness needed for
selectivedl; mgceéﬁfettﬁ@l%%%d%mpeﬁﬁw of e gyielyng PilipradioRics epic
procedure enpl oyed for the deep drain of the DDD
insulatdvBFEST hdewiar ef grthier mgsuiabced$ thehickscyrigoddiur gatd Sructure definition
schematically shown in Fig. 4. Photoresist shapes 14,

proced@k@l1BRY §iBEMVEEKIAgRAE niSk Bighppd BETR RXMILRI1IRS BHiflGess needed for
procedures followed by final wet cl ean pr ocedur es.
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nmponent renoving portions of silicon dioxide
Photorg4i8 GheD - FERH MOXRRAEE RS R ayRa SRR BYHIN nﬁszqegéres followed
gate insulator layer 10, not covered by the
by finapettydéanipeenadigas. ellst abgee weedcanProwmduierieperfrsmdd faiuripgmbuffered
the deep diffused drain region for the high voltage
hydrofldent &&$ comgierhoasd desingne anyt itiopoxidt ehadiinay htea@BBed during
bet ween about 12 to 25 volts, are next addressed and

plasma%@:?@é?i%xb&@hxley wasE bREsel Bydrb ASoricomPBredtRA QS hStions of
shape 24, is formed to bl ock out deep sub- mcron

silicon ﬁﬁ)g( a%%jlge 1111&&%%9 1?3!&9 Pg%ae&%(ﬂﬁé gﬂzcb 1%%@2 2'&6%{1%1]21% r layer 10, not

re us rm-an anne nel
ﬁ%@ % V|ce in DDD MOSFET region 2, with
‘mvme% § 8@? ponpate dirusiires so used as a bl ock out shape
for the portion of DDD MOSFET region 2, to be used to
accommopdate a subsequent P channel hlgh vol t age
Faesrdutss usatltty fqyhiothe despi GffusHalpan pegjoni far ol digh voltage devices,
phosphorous ions
devices designed to operate 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 DDD 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 comprised
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




are inplanted into portions of P well region 7, not
covered by the conposite structure conprised of
silicon oxide hard mask shape 12b, and underlying
pol ysilicon gate structure | |Ib. The inplantation
procedure is perfornmed at an energy between about 130
to 300 KeV, at a dose between about 5E12 to 8E13
atons/cn2, using an inplantation angl e between about 7
7 to 45 degrees. Silicon dioxide hard mask shape 12b,
in conbjnatjon wth underlying, polysilicon gate .
10 45 dggiptio P UF @NAIPHIC ik atsps Sar OV HBR RO BiverHogn
underlying portion of sem conductor substrate 3, the
polysilipon ghtontraesiedrbopreentad ardeaicdmplap@ition araveindedygng portidn of
thicker polysilicon gate structure also would have
semicopt @M@ Bdrata R tenpa@tibodesight o td tethe Banaedhah@Pkddion. A thicker
however thicker polysilicon gate structures would be
polysilHDAGSE RE-a0h:e ais@rw&ﬁﬁﬁav%;ﬂ?évemeg FRPa SIS infleinE e%nel%gon,
thus the use of two different polysilicon thicknesses
nowev 3 e PoRlichn BE S S0P Fiwe S0 hals AR Rleron onvos
deviceR gt G 45,952 ALONP SEREHALT STy H R Ergs MSUIAT R more complex
renoval of photoresist shape 24, via plasm oxygen
and cogilyHntsgrapepscsaencesThoqasiloridbe ghove shplpeiati@ prieedgesf is thedbreation of
and used as a bl ock out shape to protect deep
N type SN2 nowrddralBMeGon é§j showh scheanucicdihein Nig. ¥pe hi gh vol t age
device in DDD MOSFET region 2, froma high energy
boron ion inplantation procedure used to formthe P

AfanBebvdloBphot@kliagdgasien ¢a giﬁnQ@nyﬂ;% ﬁf&%&%ﬁ)} Shotoresist

I mplantation is perfornmed using bofon at ener

t.. 50 1t 80 KeV, .at t. t .
tepe BELRRLHOMIPR | Aol Rt oy SRR TP et ;
t ween about .ta s. Again _silicon dioxjide . |
and ﬂ“’ﬁiﬂﬂ”ﬁ’&‘%k‘“’i‘lﬂ&%&"i@ﬂ‘? %ﬁ?ﬁ S nLteEER WO higle FrgiEnpron ion
pol ysilicon gate structure | |Ib, prevented boron ions |
implanfatighpisspdige pedde doririhe Pgbanniebhighpoltage device in DDD MOSFET

region 2. Implantation is performed using boron at an energy between about 50 to 180 KeV, at
a dose between about SE12 to 8513 atoms/cm?, using an implantation angle between about 7
to 45 degrees. Again silicon dioxide 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 1s the creation of P type DD source/drain region 17, in portions of N well region 8,
not covered by silicon oxide hard mask shape 12b - polysilicon 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

proced {5 T AR HE A AN B 1S 1 HE LS DI NERPEICe dain regions,
source/drain regions, as well as to drive in, or

as wellge &péniveNnt gplscreodY bef deureidrpgiepnn 15, and Rdyfe sopps/drain
source/drain region 17. The anneal cycle perfornmed in

region &7.rMikenogeihcale girfponedin @nbgatorargoanpdidait wrechetrarenbetween
about 700 to 10000 C, for a tinme between about 10 to

about 780 t11 600° US KHG (An ERMNER b8BT 0 h W0 RAE sy Acdn@Btnal furnace
thermal anneal tool, is performed prior to formation
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evices In device reg orna

. shal | ower, e/ drai.n Lons, needed for the CMOS
regionsgieet g DS Seliih BT ARG SERERa | ol 1 y
illustrated in Fig. 7 - 8. Photoresist block out
masking is again enployed to allow inplantation to be
hventiommddhoshiallower saudediairtzipor téwliad 6 IGMOB (redpvagss is next
whi |l e other portions of CMOS region 1, and the entire
addresdoDBnMIBEREL i ¢atig iilOrstrAted & Bigp? o8 ePha@drebiyt blbdkeoup haklang & $Shin
bl ock out shape. Photoresist shape 18, is defined to

employRH & 8%w TN MVERIES be h8GHRRA2n1yARY dRsiRMPBAMEITICNTOS region 1,
channel CMOS device, frominplantation of arsenic or
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. Inplantation was perforned at an energy between about
region Dang @ sgleseginyt P ghanpeghtOS device, from implaniation of arsenic or

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 8, 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 between about 4 to 12 KeV,
at a dose between about 1E13 to 2E15 atoms/em’, using an implantation angle between about 0

to 7 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 antation angl e between about 0 to 7 degrees.
After renoval of photoresist shape 18, via plasna
oxygen ashi 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 2E 15 atons/cn®,

usin an_' | ant at i angl e between about 0 to 7
ekpos%%@‘%‘g f@?@&@?%‘”’sfﬁgf Pav seheyisally shovegn Sig. 81 The shallower
t he IOM/voItage PMOS device, in 9 exposed portions of
sourcqlfirgi| pEipRSAT® FEagiredTfer ghej lgweictrdiape doadek yn ENEIddviceRegion 1, devices
8. The shal lower source/drain regions are required

operatfrgrat vblgagk bt vestodoage dey ivoles A flerCMES, A8Y hisRokggi sﬁﬂbclzo via
devi ces operating at voltages between about 1.2 to

plasm¥ Oke8n adNid Shrot@RR% ah aﬁﬁeapﬁgﬁ%ﬁﬁéa@}t at athld bew/c%g about 900 to

pl asma oxygen ashi ng procedures an anneal IS per

0 t ut , 900 t in an
100" & a%an“ g n‘?f?*é%g% RS AR o b bty bl o
converiDnata S g 1 1conventlonal or rapid therma

AHES" "%‘%Ql ‘3“1“8 B‘fﬁ JerteoprEvaise drplaeted ams i Wetsh@ow

ow source/draln regions |located in CMOS region
Soumeidfa"ifﬁ%“a@éﬂ@@dsle QP desadm ! Bl deepci soudBDDraiMEgRES in DDD
region 2, also experience the second anneal cycle
MOSFEd setipp agaismc:)qbeepxe:c tipoucorl anedl kycle 6GUIGIAS in ddped BURE/drain
regionspacers 22, are next formed on the sides of
polysilicon gate structures | Ib, in CMOS device
region 1, and on the sides of silicon dioxide hard

B S S el
CMO?&%@I(@?&? ?ea%? OSI tlltll\gglballolé%lg Qrd%]@ %hgpre 1S2Ib| nggfglilcon
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.
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to 1200 Angstrons, followed by a anisotropic R E
procedure perforned using CFF3 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 insulator
%ﬁ@?ﬁ%su If.dezired to further increase_ perfornmance of
t'he 19 1B 0B8R Basheeh padich ATy noregidessribeg vith referenes tlthe
silicide can be fornmed on the polysilicon gate
prefergadregiodinecndsthoisp!, itawilldie unhestohdby twssskillaeih direadrtithat various
regi on. The high voltage devices in DDD MOSFET regi on
chang@; indornnetd et mdyebehemifwithoat depatiale fRnh teisgRit aAEs@BB of this
be protected during the netal silicide formtion
inventyrocedure applied to the | ow voltage devices in CMOS
device region 3. 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 nade without departing from
the spirit and scope of this invention. 11 Wat is
claimed is : 1. A nethod of formng 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 conduct or
substrate; formng a conposite structure conprised of
an underlying polysilicon gate structure at a
t hi ckness between about 1500 to 3000 Angstrons, and
conprised of an overlying insulator hard mask shape at
a thickness between about

11



1000 to 5000 Angstrons, wherein said conposite
structure is defined via an anisotropic reactive ion
etch procedure using CHF3 as an etchant to define said

What i ¢fgigredtivi hard mask shape and using Cl2 as an etchant

to define said polysilicon gate structure; performng
dnAimethodqd fantiag iaometg vackdameobdicng fiahl é¢ffgpl ant angl e
bet ween about 7 to 45 degrees to place ions in top

Pardnkion (MOSFRINHdSe8 ONAHESRAHuGHRSb&ALE BBPrSAVEAE §lps of:
by said conposite structure, formng a source/drain

t ooy 4TS BELALMARF I SRS HBEEENER 2 i e
bet bout 10 to 60 mn, .in nitrogen or argon
arrbi SR & “HBPPY e Eueidomsed dlan saialpetertarai n
region and to increase depth of said source/drain

r 8F StHuGtyre bt Hhickogssibsbrrgn dbatt 18Qbiot3089 dngstronfhe net hod

of claim1, wherein said MOSFET device is an N

c kadpnehprisedadibh evetlyirfaisadatdr eirdmaBDBRpeeai thiekna3s bdiveen about
met hod of claim1l, wherein said MOSFET device is a P

chaoael 5008QuidseomeliviHerts e ghidl @hpLs(tORRICcuH#6 W &eBinedtvia A Bnisotropic
met hod of claim11, wherein said gate insulator |ayer

| $etiSé lon e HbQLA isin Q%—ﬁ? ha? g{z Aened v idink R %Ill{atqg&ard mask

oxi dati on procedures a ness between abou

Q . 12.5 T thod of. claim1, wherei
LB O e B Bt ™

pol ysilicon l.ayer, wherein the polysilicon |layer is
obtg./ﬁflﬁgﬂmg\?fl 01 G LO8 PR ede HF BB AN VaEH 2a8lp B8verBAbout 7
(LPCVD) procedures at a thickness between about 1500

t &0 4Ddeermsde plaesipns in top portions of said semiconductor substrate not covered

by said composite structure, forming a source/drain region; and

performing an anneal procedure at a temperature between about 700 to 1000° C, for
a time between about 10 to 60 min, in a nitrogen or argon ambient to activate said ions
in said source/drain region and to increase depth of said source/drain region in said

semiconductor substrate.

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 obtained via thermal oxidation procedures at a thickness between about 20

to 800 Angstroms.
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6. The nethod of claim1l1l, wherein said insulator hard
mask shape is a silicon oxide hard mask shape defined
froma silicon oxide |ayer, wherein the silicon oxide

i5s Thpmathed @f ¢l Lpdvrinsaid palyplieengatenhanced cheni ca
vapor deposition (PECVD) procedures at a thickness
betmetere ialdefiiicd 1RG0 polySHOM 14Ny st lida thelpolkliRonlBOd obfained
claim1, wherein said insulator hard mask shape is a

Sivlid RANprexsutanBAlE! TIRSKJSRSREn ﬁgfo\mﬁﬁpx%!é&mé@ abh Hl&&@%

oxi de | ayer obtained via LPCVD or via plasma enhance
chem.&al.hyana Ao ECVD) procedures, using
tetraetﬁyyortg%gﬁﬁﬁgéﬁl 0S) as a source. 8. The
met hod of claim 11, wherein said insulator hard mask

h d defi ned
P o ntdo Pi%fﬁ'mﬁ. t rf}%h%rr* 45 P he RR S SeP D o

Vi Iasna chem.cal . vapor,. depo ion (PECVD) ...
praoscl:lg Broééde SH? lf!%lggfé‘:l %%’?5’%&8%?0856 HE@’@’G re&b@é silicon
An H¥ . The nethod of claim1, wherein said

| edifledt B‘i’fawaﬁl AL SR e papa plagma e%hamp%c‘rhewhmor deponisied

nask shape defined froma silicon oxynitride |ayer
oWPEEMEY prdcadurpCyB ticknesabghivesimboein A ¢e B0Mvemdsoratns.
vapor deposition (PECVD) procedures, at a thickness
bet ween about 500 to 4000 Angstrons. 13 10. The net hod

of Tied rabtbd of BT Bivwhefedt Shid ARuli¥PhaQlRlsk 9RpRiocedure is

performed using phosphorous ions at an energy between

abagicop !

about b é%léik%gﬁg{é%sg %{%pg % 8 b Sﬂ[léh g%%? Ilf%g} 6’@3610? aim
’v1aVWé€bnor%%l pqaslm%nenhémzeg c e?rtnilca va or%%posmon (PECVD) procedures,

using tetraethylorthosilicate (TEOS) as a source.

8. The method of claim [, wherein said insulator hard mask shape is
a silicon nitride hard mask shape 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 1, wherein said insulator hard mask shape is
a silicon oxynitride hard mask shape defined 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.




Is performed using boron ions at an energy between
about 50 to 180 KeV, at an inplant dose between about
5E12 to 8E13 atons/cnR 12. A nethod of integrating the
formati on of a double diffused drain (DDD) MOSFET
device with the formation of conplinentary netal oxide
sem conduct or (CMOS) devices conprised with sub-m cron

fleariy @stho€ 6NQUikS1, Mhetdi® said I@AMpntatibe prochara@ first
gate i nsul at or Iayer on a first portion of a

r eg &%}Hllégg\gp%?h&?h&%hﬁohgat een%‘x%?@et@t%fe bog@djt%\ﬁ'()@?{e\f at an

secon I NSu ayer on

seco n _of. sai nduct,or; substrate to be
us gﬁgtE&wEff§qa5§gE$5gg%FW#ﬁ%z? P¥¥Mg a pol ysilicon
| ayer; formng an insulator |ayer; performng a
patterning procedure to forman insul ator hard mask
éﬁaﬁ@ raethed plotleimoh whefeis aidiiopamplinfatien procedres | ocat ed
in said DDD MOSFET region; formng a photoresist shape
onis perflomied osing borsaiichspo hiy aick dycmtwéanahb@d Oito 1 $aKdY M@ implant
14 device region; performng an ani sotropic reactive

| QRsEEAREAGHBLOSTEDUD BEl Dafoffsird.f i rst pol ysilicon
gate structure on said first gate insulator layer in

said CMOS device region, and to forn1 a second

A9, bGP, 8RRl NSO AR E5E Hgfuéeadc,d j;nsul at or

secon al e 1 nsu ralflor | ayer
B LR LS b e
f osrerl?liconductor (CMOS} devices comprised with sub-micron features, comprising the
steps of:
forming a first gate insulator fayer on a first portion of a semiconductor substrate to
be used as a CMOS device region, and forming a second gate 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;
performing a patterning procedure to form an insulator hard mask shape on a portion

of said polysilicon layer located in said DDD MOSFET region;

forming a photoresist shape on a portion of said polysilicon located in said CMOS

14




deep source/drain regions in areas of said second
portion of said sem conductor substrate not covered
by conposite structure conprised of said insulator
hard mask shape on said second polysilicon gate
structure; performng a first anneal procedure to
activate ions in said deep source/drain region and to
I Nk Ras@igept h of said deep source/drain regions in
said sem conductor substrate; perform ng second

i np mgﬂng An BhRGES: 1%§ctiv@ i&%t&ié@’ﬁ%cgﬁ\% l%efoxf'fn? g ial % pBR/silicon

for w source/dral n reglon n areas o

first rtion. ai.d. sen conduct or strate not
LlShnBRES gk Bl iR SR PRS2 CALS RS il apo form
perform ng a second anneal procedure to activate jions ,
i rft sapng pﬁ%ﬁriicawgéts Sy wdarlyipg g1i¢ isulatr handangsk shagg, on said
of claim 12, wherein said DDD MOSFET device is an N

c rapmmd| gaiisriarodaydr eresaid BDIUMOMFE Tmegihwd of cl ai m 12,
wherein said DDD MOSFET device is a P channel MOSFET

deviggomlg {iéomigigiothtoh pedcaturedid, salTBDBIMOSBET rédddSo form
devi ces are conprised of N channel or P channe

dedéb[? &sirrcekBain HR8oABH ARG 6f safd @Eéﬂdﬂ;%ﬁiéﬁﬁﬁ&ﬂd@glz\gjoﬁductor

first gate insulator layer is a silicon dioxi ayer,

o) ' Vi roal  oxidation procedures, at )
R A R R L R S T
met hod of,clain11%,.mherein sai d second gate insul ator
| abahe qngsaigd second polysilicon gate structure;
performing a first anneal procedure to activate ions in said deep source/drain region
and to increase depth of said deep source/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.

13. The method of claim 12, wherein said DDD MOSFET device isan N

channel MOSFET device.




silicon dioxide |ayer, obtained via thermal oxidation
procedures at a thickness between about 250 to 800
Angstroms. 18. The nethod of claim 12, wherein said
polysilicon layer is a doped polysilicon |ayer

dBt ahemwethed af AL, phecadiamed Dit MOSHhilodenis $s Rt ween
about 1500 to 3000 Angstrons, doped in situ during

dhepes MOSFETVdeidehe addition of arsine or phosphine to
a silane or to a disilane anbient. 19. The net hod of
claim 12, wherein said insulator layer is a silicon

%' ?ﬁe 1ln?t¥1§(§ 019351846 ht%}eﬂl 4&5{%% dé(/'lc%s B:leg: rl%afb%”ﬁed

th|c about 1000 to 5000 Amgstrons u5|ng
té?? q? m§§EVF@%te (TEOS) as a source. 20. The

nmet hod of claim 12, wherein said insulator layer is a
silicon nitride or silicon oxynitride |ayer obtained
vicaTheraxtbode! REOVEI, phesauiaidirst gate mstlhioe lkayesis a sibeemeen
about 500 to 4000 Angstrons. 16 21. The nmet hod of

c| dibxiid Ryernbiasiaedvia aictimblnsidasion prdeadudesm akhishepebatwednabout
defined via an anisotropic reactive ion etch procedure
usiong 18hia3eQfonfsF4 as an etchant. 22, The nmethod of
claim12, mhereln sai d ani sotropic reactive ion etch
procedure used to define said first polysilicon gate

ctur o_def ne
323& e 188@%%%3?% Re I et GO ki b
mhcon dioxide layer, obtained via thermal oxidation procedures at a thickness between

about 250 to 800 Angstroms.

18. The method of claim 12, 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.

19. The method of claim 12, 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

tetracthylorthosilicate (TEOS) as a source.

20. The method of claim 12, wherein said insulator layer is a silicon nitride or

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

between about 500 to 4000 Angstroms.
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region, is performed using Cl2 as an etchant. 23. The
met hod of claim 12, wherein said first ion
i npl antation procedures wused to form said deep
source/drain regions in said DDD MOSFET region are
gér Tlor metdod of ¢lginphb syhlsminsmd inpwlstonbardmaghneragy bet ween
about 130 to 300 KeV, at an inplant dose between
aliedéfirel2a dranfoldpiat @asive nlstctofidcddaien@ingdCHIPIralH, as an
angl e Dbetween about 7 to 45 degrees. 24. The nethod
Ofet@a@d. M 12, wherein said first ion inplantation
procedures used to form said deep source/drain region
in said DDD MOSFET regions are performed using boron
[ at _an.eper. etween about 50.to 180. KeV, at an
oo BRSPS RSO HR S SPs et Wb iR Cne
and usi ng an il ant angle bet ween about 7 to 45 .
devjpesdure used torsEngid et Belyelieanraatesirugeriaispid SHI@S device
first anneal procedure is perfornmed at a tenperature
betgier andioglefing §id sesoddpdydicohqratestructme ib stidéXID MOSEET
10 to 60 mn, in a nitrogen or argon anbient. |Cl
2Gegidhds patdrodd afing Chi anah4ichwhier ei n sai d second ion
i npl antation procedure 17 used to form shall ow
source/drain regions in said CMOS device region are

r Ne . |
ps! ffﬂg Hﬁ:fhod U 'cﬂgg "ﬁ, 6&? ggig g?%g@ﬁgfgfalﬁgaﬁmg ;B?%:?Elur

energy between about ant” dose

bet about 1E13 to,2E15 atons/e I.Ng .an

P o R 1 B s B0 (S (PR By P oSt 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 to 45 degrees.

24. The method of claim 12, 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 about SE12 to 8E13 atoms/cm?, and using an implant angle between about 7

to 45 degrees.

25. The method of claim 12, 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

£l

in a nitrogen or argon ambient.

26. The method of claim 14, wherein said second ion implantation procedure
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27. The nethod of claim 12, wherein said second ion

i npl antation procedure i used to form shallow
source/drain regions in said CMOS device region are

persed knfetn Bhallow sobveg/ diyin tngidne mssaad CMDedeigyrepien weagerformed
about 4 to 12 KeV, at an inplant dose between about

1kkthgt ars@fd br ghiospimt@ronsandn tisirfbanedngbbar M0 taglkeV, at an
bet ween about 0 to 7 degrees. 28. The method of claim

12mpihe it a5RE 0P RMTE3l ot 9GRY Hﬁ@uélﬁgcﬁm&érﬁﬁﬁigm
at a tenperature between about 900 to 1050 for a

tlg%&%r%g@emtg%%gweslo to 40 sec, in a nitrogen or

argon a

27. The method of claim [2, 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.

28. The method of claim 12, 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.




