;‘yze?:eGOVGI $(6TVIP& A METHOD OF FABRI CATI NG THREE DI MENSI ONAL CMOSFET
DEVI CES FOR AN EMBEDDED DRAM APPLI CATI ON BACKGROUND OF THE | NVENTI ON (1)

Field of the Invention The present invention relates to method
fabricate sem conductor devices and nore specifically to a pr onmmlmwmwmua
al lowi ng fabrication of both high performance conplinentary netal oxide
sem conductor field effect transistor (CMOSFET) devices, and enbedded
dynam ¢ random access nenory E- DRAM devices, to be realized on the sane

sem condugtor chip. (2) Description of Prior Art In an effort to inprove
performance of specific CMOS devices used in the periphery of nenory cells,

fabrication of thas¥ETHODOEE FABRECAEING THRBRDIMBENSIONALICMOSBET | con | ayers
residing on insulator. The use of a thin silicon |ayer on insul ator,

referred to as silicoppeick9soRkahe EMBEPDED BRAMAPPERUCETORNS of performance
degradi ng capacitance to be realized thus reducing device delay tine for

the CMOS peripheral devices. Oher type CMOS devices used for nenory cells
benefit via formation directly on a sem conductor substrate, or on a non -

SO region. Thus sem condﬁkgk@@@@ﬁ%mmﬁ abri cated wherein CMOS
ned on

| ogi c type devices are for regi’ons on a Sem conductor substrate,
whil e CMOS nenory type devices used for either E 2

(1) Field of the Invention

The present invention relates to methods used to fabricate semiconductor devices and more
specifically to a process sequence allowing fabrication of both high performance complimentary
metal oxide semiconductor field effect transistor (CMOSFET) devices, and embedded dynamic

random access memory E-DRAM devices, to be realized on the same semiconductor chip.

(2) Description of Prior Art

i
In an effort to improve performance of specific CMOS devices used in the periphery of

memory cells, fabrication of these devices have been accomplished in thin silicon layers residing
on insulator. The use of a thin silicon layer on insulator, referred to as silicon on insulator (SOI),
allows reductions of performance degrading capacitance to be realized thus reducing device delay
time for the CMOS peripheral devices. Other type CMOS devices used for memory cells benefit
via formation directly on a semiconductor substrate, or on a non - SOI region. Thus
semiconductor chips are now being fabricated wherein CMOS logic type devices are formed on

SOl regions on a semiconductor substrate, while CMOS memory type devices used for either E-

T
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DRAM enbedded static random access nenory (E-SRAM, or enbedded fl ash
menory cells are formed on non-SO regions of the sanme sem conduct or
substrate. The formation of SO regi ons however can result in the

peri pheral devices being | ocated on higher topographical surfaces of the
sem conductor substrate, while the enbedded nenory devices are fornmed in
recess regions of the sane sem conductor substrate. This anonaly, the
differencp i n hei ght between the peripteral CMOS devices, and the enbedded
CMOS devices, can result in high aspect ratios for the definition procedure

dovi cos. DR YR safc ARG R il -8R AMD € el ¥ et Pl O, o

peri pheraf'redevi ces located on SO regions, and for enbedded devices | ocated

on recessed regi ons a semiconductor substrate, featuring a_ reduction of
the cont aE"t’mﬁ‘g&me%%g'\I:‘Fg‘?’éﬁqT@e@PmF Fmipudicy Wﬂ@aﬁ%é@w&gv ofR0Lfegionsas g
reduction of the aspect ratio of a capacitor plug opening in_ a recessed,
enbedded BTSSRy result inghe peripheral dayioss being lgated on highor topagraphipal sufages|of G2
Scott et al, in US. Pat. No. 4,754,314; Chen et al, in US. Pat. No.

6, 214, 653smriconduciorbiraty, whilgthe embeddedmemary deNges age formediase®ss regighesf et al |
in US. Pt No. 6,232,170 Bl; and Yanazaki et al, in US. Pat. No. 5,604,
137, all describe nethods of form ng devices on both SO and non-SQO

regi ons. kimwsemicondustor eibstrites Thip rnamaly thieslifferenceiibbeight beteeyn the ptripheml
supplied in this present invention allow ng the aspect ratio of specific
hol e openCMPS davices]aud the embedded CMOS bevides,Seh reguldindiighespécy radios foe @rssed
portions of a sem conductor substrate, to be reduced. 3

definition procedure used to form openings in composite insulator layers used with both type

devices.

-

This invention will describe a process sequence for fabrication of peripheral devices
located

on SOI regions, and for embedded devices located on recessed regions of a semiconductor
substrate, featuring a reduction of the contact hole aspect ratio of the peripheral CMOS device, as
well as a reduction of the aspect ratio of a capacitor plug opening in a recessed, embedded
CMOS device. Prior art such as: Wy, in U.S. Pat. No. 6,121,662; Scott et al, in

U.S. Pat. No. 4,754,314; Chen et al, in U.S. Pat. No. 6,214,653 B1; Leobanduag et a;l, in

U.S. Pat. No. 6,214,694 B1; Hakey et al, in U.S. Pat. No. 6,232,170 B1; and Yamazaki et al, in
U.S. Pat. No. 5,604, 137, all describe methods of forming devices on both SOI and non-SOI
regions. However none of these prior arts describe the key features supplied in this present
invention allowing the aspect ratio of specific hole openings for devices formed on both SOI and

directly on recessed portions of a semiconductor substrate, to be reduced.



SUMVARY OF THE INVENTION It is an object of this invention to fabricate
hi gh performance CMOS devices on a SO region of a sem conductor substrate,
used for peripheral circuitry, while fabricating additional CMOS devi ces on
recessed regions of a sem conductor substrate, used for enbedded nenory
cell applications. It is another object of this invention to reduce the
contact hole aspect ratio for the high performnce CMOS devi ces, and for

t he storage node plug opening of the CMOS devices in the enbedded nenory
cells, via chem cal mechanical polishing procedures, and the use of a
silicon oxide renoval procedure perforged in the enbedded nenory region. In
accordance with the present invention a process for fabricating high

per formance CMOS devices on SO regions in peripheral regions of a

sem conductor substrate, and for fabricating CMOS devices for enbedded
menory cells on recessed hﬂﬂéygkfﬂﬁﬁﬁvﬁﬁTﬁﬁyiconductor substrate,
featuring a reduction in the aspect ratio for contact hol e openings and
storage plug openings, is described. After formation of field oxide (FOX)

regi ons on pordi ons,.of sem canduct ot bstrate to d for e dded
memory cells, Igls 1 Phigg r??g’ﬁs lf“ﬁeéﬁf)%té’of[f‘g?cé%%}g PRYfRpmange eﬁﬁi‘g‘”’!&ﬁs olols gB ns of

t he sem conductor substrate not occupi ed, he FOX reglons, to, be used to
accommdatrég'f’%%toqﬂeﬁﬁmﬂé‘fcf%swmt@ ‘ﬁ@‘r P% ng}pg%ra 1%%@%@&%#%9(‘ uwahal of
the FOX 4 regjons the CMXS devices for enbedded nenory cell applications
i s formed GYOSiHevipesaasecsered efqns of d semieanduciorsubatiate; usgfh farembpdsded mepOrY or ni ng
cMos devi &Y are forned on the SO region. After deposition of a first
insulator layer, and a first planarization procedure, a top portion of the
pl anari zec®PPiigeens nsul at or | ayer is renoved in the enbedded nmenory region.
A storage node plug opening and storage node plug structure are fornmed in
the remai ning bottom portion of the first insulator |layer, with the aspect
rati o of the #tipsmtler olgee ofthisginvgnéon togeduee theedntedt holeragpectaatio foz thmldgh of t he
top portion of first insulator layer. A second insulator |ayer is deposited
and pl anarperforipanc€€MQOS deyices) aAd for Hrtstoeapamodd plag optalhgaf the GMOS devicssi theed of
thin, planarized second insulator |ayer on first insulator |ayer, overlying
the CMOS dgeie@®s mdindriEel®Fia biRgHiHd meatdichigoUbHingSrobddurds, 208 BRGsE NDHRdohe

i nsul ator |ayer conprised of a thicker second insulator |ayer conponent on
a bottom p&ide refod plocédite perdHh& i thd MRlided ienidifregipiedded menory region. A
capacitor structure is forned in an opening in the thicker second insul ator
| ayer of the second conposite insulator |ayer, overlying and contacting the

storage node pj Q&:o?&aﬁ%fﬂ{ ﬁng ;}és&'ﬁ ﬂ%v@ﬁﬁonrl%rgcegsqgmagﬁca%iﬁ% hlgﬁ gﬁ@nqﬁ& ¢itoshe

first conposite I nsulator er exposing a portion o

devices on SOI regions in peripheral regions of a semiconductor substrate, and for fabricating
CMOS devices for embedded memory cells on recessed portions of the same semiconductor
substrate, featuring a reduction in the aspect ratio for contact hole openings and storage plug
openings, is described. After formation of field oxide (FOX) regions on portions of a
semiconductor substrate to be used for embedded memory cells, a silicon on insulator (SOI) layer
is formed on portions of the semiconductor substrate not occupied by the FOX regions, to be

used to accommodate the high performance peripheral CMOS devices. After removal of the
FOX



source/drain region, in the SO region, with the aspect ratio of the
contact hol e opening reduced as a result of the second pl anari zation
procedure. 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

enbodi nents wth reference to the attached draw ngs that include: 5 Figs.
1 - 12, which schematically, in cross-sectional style, show key stages used
to fabricate first type CMOS devices on an SO |ayer, and to fabricate
second type CMOS devices on a recessed region of a sem conductor substrate,
featuring a reduction of the aspect rdtio for contact hole and storage node

openi ngs st CMOB ABvic&ifoldibeddedRfenidVi Gel Cipyiicafions iPEorinel b tHohbdelsed HE
PREFERRED EMBODI MENTS The net hod of fabricating first type CMOS devi ces on

an SO | aygftiondPsnfi@Rind! vhide BEEP Pttt @W@&ﬁ&sca?éfoﬁﬂe@oﬂtﬁsséﬁﬁgl 5eg| on
of a semiconductor substrate, featuring a reduction of the aspect tio for
contact hole and storage node openings defined in conposite insulator Iayer

to expose Agis Ror TR o8 58 Bt dor 19U RGeS RS o}
detail. - Seco t‘@"ﬁ{q%@@gsfa : %@ QL L 9’“ rog e Rl dqafrgge

SI|ICOI’1WI ograp C orlen
schemati cal | I on 1 em cond bstr wi ||
be used tJP 3%%?@%5%“?‘%%1ﬁ$%§&9 aépfo 55‘8’5‘3” glg.ﬁgon an
SA | ayer,, re wi | used to ommdate t he clvos devi ces of
The enboddutinssry ReBMhe sspetania it hspages d’? PR EyFedSEARTE AR or

substrate 3. Oxidation resistant shape conpr.i, sed of silicon nitride, or

silicon nitempbofthe torporion of st @S‘(‘llﬁéf laYeé Aersand insylstor layersis depgsitedgnd r e gi on

1, of sem conductor substrate 3, to allow field oxide (FOX) region 5, to be
f or med i n planarized, resulting in a first composue insulator layer comprised of thin, planarized second

g{ﬁ?l i ne

insulator layer on first insulator layer, overlying the CMOS devices in the SOI region, and
resulting in a second composite insulator layer comprised of a thicker second insulator layer
component on a bottom portion of first insulator layer, in the embedded memory region. A
capacitor structure is formed in an opening in the thicker second insulator layer of the second
composite insulator layer, overlying and contacting the storage node plug structure. A contact

hole opening is then formed in the first composite insulator layer exposing a portion of the
CMOS

source/drain region, in the SOI region, with the aspect ratio of the contact hole opening reduced

as a result of the second planarization procedure.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are best described in the preferred

embodiments with reference to the attached drawings that include:



region 2, of sem conductor substrate 3. The silicon nitride conponent of

oxi dation resistant shape 4, is obtained at a thickness between about 50 to
8000 Angstrons, via | ow pressure 6 chem cal vapor deposition (LPCVD), or
pl asma enhanced vapor deposition (PECVD) procedures, followed by definition
vi a photolithogrsphic and dry etching procedures, using Cl2 or CF4 as an
etchsnt for silicon nitride. A thernmal oxidation procedure perforned at a

t enperature between about 600 to 1100 C, in an oxygen - steam anbient, is
next enployed to form FOX region 5, at_.a thickness between about 200 to

20, 000 Angstrons, in enbedded nenory cell region 2, or in the portions of
sem conduct or substrate 3, not protected by oxidation resistant shape 4.
The growt h of HigXi t ef)iwhichischéxdiBdlHSinRedsVeQfomiP Qle, shO® Kef sthSbs QLY tAngst r ons

i nto sem gasddet or substrate 3. The result of these procedures is
schematically shown in Fig. 1. After renoval of oxidation resistant shape

4, via selggtd : r I : EI&F‘QE@ 1 I gen ions
6a, are in‘gﬁ#@ﬂ?ﬁf?ﬁ%&@%ﬂ‘%ﬁ%@ﬁ%& u%:%egr S S?Mg)tsz&ggesfﬁf(&rlegi on 1,
or the regi : he ' u he -hi

pert or mance e RSERESREL Ao lh T ok o tulfon (e Bl G £ Bl
cell regiqn,2. fromthe oxygen ipmplantation (o] erforned at an

ener gy beﬂ’v%eedﬁldﬁ{?&%ﬁ n%% %pgx'%ééﬁa%?/,mg}ﬁm 3%3@@"’%@%%‘%8%ut 1 E14tolE
16 atonmd/cnR2. This is schematically showmn in Fig. 2. If desired the pad
silicon oxide conponent of the oxidation resistant shape can remain on the
surface of region 1, during the_high ener i npl.antation procedure. An
anneal procedure is%&%gm%meﬁ;@#ﬁg&%men about 700 to
1100 C, in an inert anbient, to activate the inplanted oxygen ions, formng
buried oxide | ayer 6b, shown schematically in Fig. 3. The d%Pth of buried
oxi de | ayer 6prhejmethadpf Sabricatingffiref dype £IAQD de'does on B BPhlagergand fabricpting | n a
portion ofseeidi con, or a portion of seniconductor substrate 3, now
overlying buried oxide region 6b, resulting in a silicon on insulator (5017
| ayer 30, type CMOSrdegicenont arebmsadsegiorf afta seinicohdugtor pubstrate,feataring@eictionlef/i ces
in the peripheral circuitry. The thickness of SO |ayer 30, on underlying
buri ed oxiteaspe@iraiid fobcontast hté mdabraRavie idnings Gfied Angmipbsirtnsulesitajet of
FOX regi one5, and the pad silicon oxide conponent of oxidation resistant
shape 4, if used, is next addressed via use of a buffered hydrofluoric

( BHF) sol udxpedd reghbifs of 851 \tile CNIOR @vib&d i ilihons bel RSoibbdinl ddtadl. [SeMRDAdUc! €91 ON
2, of sem conductor substrate 3, to a depth between about 100 to 10, 000

Angst rons fela 3, Q&nﬁﬁéegioPP'typ'é,%ﬁ@&&yé@aﬁliﬁébﬂic%ﬁWitﬁ‘ifl%ﬁi stal gte, with
the difference in height between the top surface of SO [layer 30, in region

1) an dth eorFéB{aEQﬁI‘iéﬁ%ﬁ gtg(?scﬂ&g%t{&?l(lj)r %\3@8 S'gﬂ%ﬁ q-{élggbni N oﬁﬁ]ﬁ%ﬁﬁ]ctmﬁps@étecf I

region 2, now between about gstrons. S 1s schematically

o, L 0SB S Al ST AR O PRE FUB S S,
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located on recessed portions of semiconductor substrate 3. Oxidation resistant shape 4,

comprised of silicon nitride, or silicon nitride on pad silicon oxide, is defined on the surface of
region 1, of semiconductor substrate 3, to allow field oxide (FOX) region 5, to be formed in
region 2, of semiconductor substrate 3. The silicon nitride component of oxidation resistant

shape 4, is obtained at a thickness between about 50 to 8000 Angstroms, via low pressure



conpared to counterpart CMOS devices in region 2, is a result of severa
factors, one being | ower junction capacitance resulting from source/drain
regions butting an underlying insulator region. In addition the higher
performance CMOS devices are forned with shorter channel |engths, obtained
via design factors as well as via the use of lightly doped source/drain
regions, self -aligned to the gate structures, Briefly, gate insulator 8,
conprised of silicon dioxide, is thermally growmn to a 8 thickness between
about 40 to 200 Angstrons. If desired to further increase CMOS perfornmance
in peripheral region 1, the thickness of gate insulator |ayer 8, can be
reduced to a value bel ow t he thicknes§ of gate insulator |layer for CMOS

devices iny, %ﬁﬁgy nhiag aﬁﬂ{ t

conprised of elt hg(q. pec?\ll ys %g ﬁg}%ar?e a met %}0 o&ﬁgﬁ poly #{;%glprgs
conposi te

acconpl r[ slhde@('\?/errdg y?é%%@‘gf‘g hﬁgt&ﬁfeérgt? ﬂ’é‘%aaé‘ﬁ dl—;neﬁéfur@d)(?écedﬁ%ﬂxmﬁ%Clz{%Ir ?F‘hgﬁ ayer

or a neta co S

phot ol | ¢ nelPaPERAnBR 2 toere o st it AdpmheRins o he
desired conductjve structures n.if desir ti | per ornance
for the pabpiiap i1 BRLE iRat briesh o siren i 36 ewfwa«ﬁ@? PRiredion b4y ot b
di mensi on, thlirc]gnsul ti nge |g$§g86)%oe2r9rﬂ%5%geloa\ép dt hs. |EI ght | %&?ﬁg& nsgg)rrcrgégral n
region 10, efEhetweep @ rFﬁﬁ@P@1 GRS QN £, PT on 1,
vi a i npl arfogtiang af ssmicendugior substrals Bonqs mentestad by onidation tesigantshapad. dher egion 1,
not covered by conductive gate structures 9. Region 2, used for enbedded
menory cel growihef FOXiregion 5, extepduhetiees dbds 180 19HO109P depstomstintpsemiconstictohown i n
the drawi ngs), during formation of lightly doped source/drain region 10.

| nsul at or shsetrs Tht resalt ofithedei précedwss ib e¢hemeticallp showndf Fig. . 2000 Angstrons,
conprised of either silicon oxide or silicon nitride, are next fornmed on
the sides of all conductive gate structures 9. This is acconplished via
deposi tion of Afkdrfetioval dfioxidatieixiesiftatishapiel 4, &inselattiveiwike etdh progedubEing hotPECVD
procedures, followed by a blanket, anisotropic reactive ion etch (R E),

procedure, 2ph!d§phaﬁc 41l 3x pen (orrd @%r@ﬁh;ﬂ&:ﬁéﬂl&ﬁtb a potdtiof YerSloRRtsOdubamtely, & N

regions 1 are next fornmed in portions of region 1, and in portions of

region 2, @gbn <f%%{&églmomesetm&dnuect&%ssﬁte&u9& urea%ﬁhe Rkh Ptfdrmsbeat or
spacers 11 via i nplantation of arsenic or phosphorous ions. An anneal

§%8§gdg%3rﬁe gpﬁ reglor I%f) ;M&ﬁ é%@%?&ﬂg%%gﬁfggh? %?gppgﬁgéﬂ%%2y12

]clefn ggg th‘?c?eEag?reﬁmﬁp aﬁ?S{E n%e(g?ta% gﬁg:?wg%‘g ut% t(()aluse a%f Mblgfgﬁr neﬂ vrha
N

| Cgnel v ddgtea gt iRl ek, AR5 %ab%ﬂ%@& ilm i lﬁ-%grearecr Brrea

using Pty Ian ed ions I, rst |nsulator | ayer 13a, ri sed of
silicon ox‘?agélhc %’WB%‘}SHEQ‘FP?“@%‘P%’ rgfistant shagpegy rempin qpd @) i ted via
LPCVD of PECVD procedures to a thickness hetween about 100 to

10, 000ANgseEighs; duing fheiaheanergy implantatign nseAelERi g apesphprocqdprsdeaRKt Berfosmedx
used for planarization purposes, resulting in a snooth top surface

t opogr aphyatidemperature betiwsen ehour 70049 &£00? §ain aninest ambient e petiviatedhe implastadn i n
Fig. 6. To reduce the aspect ratio for a subsequent storage node pl ug

openi ng i noxygtieidals Gorménginyied etitle lagei6bysh2wn actgmitically nsEngsiad"lhedepthoirhmd hol e
opening in peripheral region 1, renoval of a top portion of first insulator

| ayer 13a, odidxdajeedb,ai figtoni 1)6f éeheco@wmmdewmesz teguleyth e goidn GPstidon, el |
region 2, is next perforned Phot or esi st shape 7, is used to protect first

insul ator | %f%@mlcb Rk sRRREES, m%eﬂyﬂ% blAIBRR reglslhamremmg fifa Used to
renove bet out 0 to 5000 Angstrons first insulator |ayer 13a,

5000 Zh”?#*lécr?é%ﬁ”‘*sﬁfaf’r%é%@é el i BE Rtk o (AR BR PRGSO ©

|IIustrated in Fig. 7. The etch procedure used to renove a top portion of
first insulator layer in region 2, can be a wet etch procedure using a HHF
solution, or a dry, reactive etching procedure, using CF4 as an etchant can
be enpl oyed. Photoresist shape 7, is then renoved via plasma oxygen ashing
pr ocedur es. 10 Storage node plug opening 14, is next forned in insulator
13b, via photolithographic and dry etching procedures. The aspect ratio of
this opening, conprised with a dianeter between about 0.01 to 1.5 um has
been greatly reduced via renoval of the top portion of first insulator

| ayer 13a. If thinning of first insulator |ayer 13a, were not perforned the
aspect ratio of narrow di aneter, storage node opening 14, defined in the
thicker, first insulator layer, would be |arge,




possi bly presenting processing difficulties. Storage node plug opening 14,
is defined in insulator layer 13b, via an anisotropic reactive ion etching
procedure using CF4 as a selective insulator etchant, resulting in exposure
of a portion of the top surface of heavily doped source/drain region 1 ~.
After renoval of the photoresist shape used for definition of storage node
pl ug opening 14, via plasnma oxygen ashing procedures, a conductive | ayer
such as in situ doped polysilicon, or tungsten, is deposited, via LPCVD
procedures to a thickness between about 100 to 5000 Angstrons, conpletely
filling storage node plug opening 14. Renoval of portions of the conductive
| ayer, fromthe top surface of insulatoy |ayer 13b, and fromthe top

ctching pr SCARE bR bel o UL Th Bk he BESONR: B0 HABRISRRN 480h o

st orage noge. nl ructur i t or age node plug opening 14. This is
schenmat i ca&gi?gs ’g\%ﬁ&f"ﬁeq'—al 8& 5@% gg@o%bgsﬁ?fgﬁl ator |ayer 16, again conprised
of either silicon oxide or BPSG is next deposited via LPCVD or PECVD
procedures, at_a thic s between, about. 1000, to 15, 000 Angstrons. Anot her
CVP procedure F@%"@\‘/\P@#@? GRR % 6‘?‘“}9? atsilicon oxide copppqpeRtaf oxidatignpsigtant n o
snooth top surface tqpography for second insulator | ayer 16. The CWP
procedure Shapad ‘gusﬁ@'r‘? gsged viayss of p byifered Iydroflygrie Jdplutier oFe

i nsul at or TPl 16, between about 500 to 5000 Angstroms, remaining on first
insulator layer 13a. This will limt the depth of, and the aspect ratio of
a subsequepfFQ® meiS, rashlés i paeressgn regiandg pHesmicondustorshipstriateds to adepthdtyredn

i nsul ator layer 16, in enbedded nenory cell region 2, is between about 100
to 10, 000 #beysiG0and),00RAngstioms helow theaqipinal snfacpefithagpnidndictorsebsmats, with

i nsul ator layer 16, is next addresses and schematically shown in Fig. 9.
Phot or esi sthesliffgpencd iy height btweenathe tap sertdce bHSAI layenv36,rin 2epical, ampthe botemct | ve
ion etching procedure, using CHF3 as an etchant for second insul ator |ayer
16, to def suifac€ofitheicbedbedapgion membRddedinidmdrineellogion 2 o twéen absiit 30 € node
plug structure 15, exposed at the bottom of capacitor opening 18.

Phot or esi s10,660PR&sdms.| Phib R REBIREhHRinFig R oxygen ashing procedures.
The formation of capacitor structuré 22, in capacitor opening 18, is next
addressed and illustrated schematically using Fig. 10. A polysilicon |ayer

is first depOSTﬁ@QnN&tﬁn‘oﬂf}Nﬂiq‘?{ %Hﬁ%@écﬁfos%&ﬁkﬁ%%%ﬁ%&ﬁké’%&,@P@bﬁ%@o to

5000 Angstrons, conplete I ng capaclitor openi procedure is

next used EdLaRyes PRl erod i @inbRly Shil £ YeBlon's HRek(ial8Ra Y | acC

of second insul ator ‘[ayer res rng”1n lower e ure

| yi [ h . f i f L ug. . 15.
11 ot r eabiemefeany B Adn EISy  BR i Ao S SO CIREE I bt v

| ayer with% el}oughened top surface to increase the surface area of the

| ower el ectrode structure, and t{hus the capacitance of the capacjt.or
struct ure. CM%WB?%%%QMQ%JW region Wﬁ‘gb‘tf SEYera){acirs@8e 89iPg con
nitride onloef de (ONO), is next formed on the top surface of |ower

el ectrode structure 19, at a thickness between about 30 to 200 Angstrons.
Fi nal | y animpiéon eepasiterseiresalting fiom souge/draitsrepions/itlingasrunderlyingsipsdatersegion.a
LPCVD procldures at a thickness between about 200 to 5000 Angstrons,

foll owed by photolithographic 12 and dry etch procedures, defining upper
el ectr ode sdditimatthe BigRd pedorthanesOMOSngvices araforaed with shorterthansge] BAgths,n

capaci tor omeimedg 18, with capacitor structure 22, conprised of upper

el ectrode structure 21, capacitor dielectric |ayer 20, and | ower el ectrode

structure IR .desifiefablofitadwRHlias viathoune ofBgilyldepeddeicdtitaiiiegiohs, viPAligRides theode
structure 21, is renoved via plasma oxygen achi ng procedures. Definition of

a cont act I RG: ' : kdeYis GRS rain
region, i nggg?‘f%ﬁgéyé:m}eg ’lgg%r%qg,ﬁﬁ}tg} gr’algﬁlﬁrgg%gfesé%gg%gw e}s/'ﬁown ?gﬁ%blrrgﬁ F{:agl |y

in Fig. 11. Prior to



fornlng the contact hole opening a thin silicon oxide Iayer (not shown in
the draw ngs), is used to protect capacitor structure 22, ftom subsequent
processi ng procedures. Photoresist shape 23, is then formed and used as an
etch mask to allow definition of contact hole opening 24, in second
insulator layer 16, and in first insulator layer 13a, to be perforned. This
is acconplished via anisotropic reactive ion etching procedures using CHF3
as an etchant far the insulator |ayers. Contact hole opening 24, is defined
with a dianeter between about 0.05 to 1.0 um If second insulator |ayer 16,
were not thinned via the previous CWP prgcedure t he additional thickness

of second daehsehod A6l 4b%0 260 ndslibmd 2 G Hulind InchiA @001 @ openi ng

24, woul d have resu arge% esired aspect ratio for the dry

etch proce tho ancé‘ma;flﬂ ﬁénﬁ@ ?}E’é thich}’esé&g% ?sluta)!or a e rﬁ@éx%}i&c%&) ol tor

opening 1 y In por second oca ed in
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ratio for contagc 24. After fi i 0 ont act I openi ng
24, phot oregﬁwg? CrisbunBR i o tomirth ?ﬁ}tﬁeﬁap%wbé SO i et sighde
procedures Fi nal I ont ct pl ug strugture ,. Shown hemati cal n Fig.
12, is forpaiyilican 8%’?\1?0&5? aes) & B AP Qﬂgat?\“‘é‘b‘ﬁtﬂbk‘?‘?f\ﬁe | m?we@e via

alunlnun1 al um num - copper, tungsten, or doped ponS|I|con i s deposited
via pl asnadepagition efsibarianiimsitu doped palysilisonisyers ercemetalsdlicider- palystlicendlayasavia

bet ween about 100 to 8000 Angstrons, conpletely filling contact hole

openi ng 24LPQVBgresedurese f(ﬂllpyleébytﬂlqwlth@mw'@ and drytetohingppdosgures used fognove
portions oflefinitonconducti ve | ayer fromthe top surface of second insul ator

| ayer 16, and fromthe top surface of the thin silicon oxide |ayer |ocated
on t he t opofste dzived ewhdactive gate structitres. Againdf @Rired elditionalipgrfommaoonfoathe pl ug
struct ure péiphéral CMOSaleticésalar be pralizedyia’decre¥¥es n dgabd widihrdimedsionnreldtingdimen
particularly shown and described with reference to, the preferred

enmbodi ment shotteeshasiel widthsWillightlp@opeddensé/aath Byioi h@senekkiokhedifor Bnly e art t hat
various changes in formand details nmay be made w thout departing fromthe
spirit andp&iRasl OO HePicks W 9&id1) via implafilalibh of arsenic or phosphorous fons into
portions of region 1, not covered by conductive gate structures 9. Region 2, used for embedded
memory cell applications is protected by a photoresist shape, (not shown in the drawings), during

formation of lightly doped source/drain region 10. Insulator spacers 11, at a thickness between

about 400 to 2000 Angstroms, comprised of either silicon oxide or silicon nitride, are next
formed

on the sides of all conductive gate structures 9. This is accomplished via deposition of either
silicon oxide or silicon nitride using LPCVD or PECVD procedures, followed by a blanket,
anisotropic reactive ion etch (RIE), procedere, using CHF; or CF; as an etchant. Heavily doped
source/drain regions 12, are next formed in portions of region 1, and in portions of region 2, not
covered by conductive gate structures 9, or by insulator spacers 11, via implantation of arsenic or

phosphorous ions. An anneal procedure is then employed to activate the implanted ions in



14 i 1. A nethod of formi ng openings in insulator |layers to expose regions
of conplinentary netal oxide sem conductor (CMOS) devices, forned on a
sem conductor substrate, conprising the steps of; formng a first group of
CMOS devices on a silicon on insulator (SO) layer, on a first region of
sai d sem conductor substrate; formng a second group of CMOS devices on a
second region of said sem conductor substrate, wherein the top surface of
sai d second region of said sem conductor substrate is recessed bel ow the
top surface of said SO layer; formng a planarized first insulator |ayer;
removing a top portion of said planari zed first insul ator | ayer in said
second redightlyof said sem conductor substrate; formng a capacitor plug
structure in an Qoening defined in a remaining bottom portion of said

pl anari ze i e JAS [ ' A | C ' I
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sem conduct ar subst r at.e: 15 form.ng a acitor.structure in an gpening
which in CERR PRy doge seRter . Suf FRA dped SiPinth st on

i nsul ator ¥¥fer, overlying and contacting top surface of said capacitor

pl ug structure; almd formng a contact structure in a contact hol e opening
whi ch in tUPRe PPIEedigRY in said thin portion of said planarized second

insulator layer and in said planarized first insulator layer, with said
contact structure overlying a region in said SO layer. 2. The nethod of
claim 1, wher diifst inaylefor fayes 33 comprissd ofmilionaidecarborrphogphediligase glass (BREGA

devi ces | ocated adjacent to an enbedded nenory cell. 3. The nethod of claim
1, wher ei nis setdepsitaitda FPGYD oo PECVDSro@dies do athickness detssen about 100

to 10,000Angstroms. A chemical mechanical polishing (CMP), procedure is next used for
planarization purposes, resulting in a smooth top surface topography for first insulator layer 13a.

This is schematically shown in Fig. 6. To reduce the aspect ratio for a subsequent storage node
plug opening in embedded memory cell region 2, and for a subsequent contact hole opening in
peripheral region 1, removal of a top portion of first insulator layer 13a, located overlying the
CMOS devices in embedded memory cell region 2, is next performed. Photoresist shape 7, is
used to protect first insulator layer 13a, in peripheral region 1, from an etch procedure used to
remove between about 100 to 5000 Angstroms of first insulator layer 13a, resulting in insulator
layer 13b, now at a thickness between about 100 to 5000 Angstroms, in emb(/:dded memory cell
region 2. This is scheniatically illustrated in Fig. 7. The etch procedure used to remove a top
portion of first insulator layer in region 2, can be a wet etch procedure using a BHF solution, or a
dry, reactive etching procedure, using CF, as an etchant can be employed. Photoresist shape 7, is

then removed via plasma oxygen ashing procedures.



conponents of enbedded nmenory cells, such as an enbedded dynam c random
access nenory (E- DRAM, cell, an enbedded static random access nenory (E -
SRAM) cell, or ate enbedded flash nmenory cell. 4. The nmethod of claiml,
wherein said top portion of said planarized first insulator |layer is
removed in said second region of said sem conductor substrate via wet etch
procedures, using buffered hydrofluoric acid as an etchant. 5. The net hod
of claim1, wherein said top portion of said planarized first insulator

| ayer is renoved in said second region of said sem conductor substrate via
dry etch procedures, such as a reactivelion etching procedure, perforned
using CF4 as an etchant. 16 6. The nethod of claim1l) wherein said
contact hol e opening, defined in said thin portion of said planarized

second i nsul akfage AV&S plagdSpenthg B8 hbM ifsithed irfiRadtAb! vik photdIifdbrahR and AV ET
IS acconpllshed via reactive ion procedures, using CHF3 as an etchant. 7. A
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peripheral r r.enovin OX regi on ulting in said ephedded
menory ce|PPSS§Ji§Pf5Wn R RIONSs %@‘F@wlﬂ%p Stctnes Heds mE pspile ki fiedined nigRulAtorg i n
sai d peripheral region; formng a first group of CMXS devices on said SO
layer, anda¥Fbl3b Vg 2n amentionis rgacgwoaﬁtctamrq& eusingdplsras @ selectiye ingulptgr
enbedded nenory ceI | region; depositing a first insulator |ayer; performng
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pl anarized first insulator |ayer; renoving a top portion of said planarized
first insukgomnl2. |Adies remavabefithe ﬁxmgmbmdlapemdforcdeﬁhitimgi storagemedeplugng in a

r emai ni ng opertingM, piarplason oayges astdngpracednies,acdofiductive lays whdhitas in ditnydeped

polysilicon, or tungsten, is deposited, via LPCVD procedures to a thickness between about 100 to
5000 Angstroms, completely filling storage node plug opening 14. Removal of portions of the
conductive layer, from the top surface of insulator l;yer 13b, and from the top surface of first
insulator layer 13a, is accomplished via selective dry etching procedures, using Cl, as an etchant,
resulting in the formation of storage node plug structure 15, in storage node plug opening 14.

This is schematically shown in Fig. 8.

Second insulator layer 16, again comprised of either silicon oxide or BPSG, is next
deposited via LPCVD or PECVD procedures, at a thickness between about 1000
to 15,000 Angstroms. Another CMP procedure is now employed for planarization purposes

resulting in a smooth top surface topography for second insulator layer 16. The CMP procedure



17 forming said storage node opening in said bottomportion of said
pl anarized first insulator |ayer, exposing an active device region of said
second group of CMOS devices; formng a storage node plug structure in said
storage node opening; depositing a second insulator |ayer; performng a
second CWP procedure resulting in a first conposite insulator layer in said
peri pheral region conprised of thinned, planarized second insulator |ayer
on said planarized first insulator layer, and resulting in a second
conposite insulator |ayer in said enbeddedinenory cell region conprised of
pl anari zed second insulator |layer on said bottom portion of said planarized
first insuspirformeday dave bty AHHigPpatiGafFeiond instlaRA e I6Nbetvadhabbiesdosecond
i nsul ator layer in said enbedded nenory cell region, exposing top surface
of said stQFEBANEIESInD bdhthirfing it iBsuldtH155eP a2 TRIS RAE liRtheSdeptidfidn@ thd) Sai d
capaci tor opening; formng said contact hole opening in said first
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met hod of claim7) erein saidt portion of said _plaparized first
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procedures using buffered hydrofluoric acid as an etchant. 11. The net hod
of cl ai m TaPARHArWPERING a&dehd%e tob surfasp obftorage nede phug strucserg 16, expesed akthe at or

| ayer is renoved in said enbedded nenory cell region via dry etch

pr ocedur edottemeficapaciter ppening MBe Photresisioshapegl 7pis deaademeved yis plasn@rokygen aghing

et chant .

procedures.
The formation of capacitor structure 22, in capacitor opening 18, is next addressed and

illustrated schematically using Fig. 10. A polysilicon layer is first deposited via LPCVD
procedures at a thickness between about 20 to 5000 Angstroms, completely filling capacitor
opening 18. A CMP procedure is next used to remove portions of the polysilicon layer from the
top surface of second insulator layer 16, resulting in lower electrode structure 19, overlying and
contacting the top surface if storage node plug structure 15. If desired lower electrode

structure 19, can be comprised of a conductive layer with a roughened top surface to increase the
surface area of the lower electrode structure, and thus the capacitance of the capacitor structure.
Capacitor dielectric layer 20, comprised of oxidized silicon nitride on oxide (ONO), is next ’
formed on the top surface of lower electrode structure 19, at a thickness between about 30 to
200 Angstroms. Finally another conductive layer, such as polysilicon, is deposited via LPCVD

procedures at a thickness between about 200 to 5000 Angstroms, followed by photolithographic



12. The method of claim7) wherein said contact hol e opening defined in
said first conposite insulator layer, is acconplished via reactive ion
procedures, using CliF3 as an etchant. .A9R AF . A3L2 .AA .A AA
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Definition of a contact hole opening to expose a portion of a heavily doped source/drain
region, in peripheral region 1, is next addressed and shown schematically in Fig. 11. Prior to

forming the contact hole opening a thin silicon oxide layer, (not shown in the drawings), is used
to

protect capacitor structure 22, from subsequent processing procedures. Photoresist shape 23, is
then formed and used as an etch mask to allow definition of contact hole opening 24, in second

insulator layer 16, and in first insulator layer 13a, to be performed. This is accomplished via
anisotropic reactive ion Ictching procedures using CHF; as an etchant for the insulator layers.
Contact hole opening 24, is defined with a diameter between about 0.05 to 1.0 um. If second
insulator layer 16, were not thinned via the previous CMP procedure, the additional thickness of
second insulator layer 16, and the narrow width of contact hole opening 24, would have resulted
in a larger than desired aspect ratio for the dry etch procedure. In addition the ability to totally
accommodate capacitor opening 18, only in the portion of second insulator layer 16, located in
the recessed region of second insulator layer 16, allowed second insulator layer 16, to be thinned

in peripheral region 1, thus reducing the aspect ratio for contact hole opening 24. After
definition

of contact hole opening 24, photoresist shape 23, is removed using plasma oxygen ashing
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hole opening 24. A conductive layer such as aluminum, aluminum - copper, tungsten, or doped
polysilicon is deposited via plasma vapor deposition, or via LPCVD procedures, at a thickness
between about 100 to 8000 Angstroms, completely filling contact hole opening 24. A selective
dry etch procedure is then employed to remove portions of the conductive layer from the top
surface of second insulator layer 16, and from the top surface of the thin silicon oxide layer
located on the top surface of capacitor structure 22, resulting in contact plug structure 25, in

contact hole opening 24.

While this invention has been particularly shown and described with reference to, the
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of this

invention,
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CLAIMS 14
I'1. A method of forming openings in insulator layers to expose regions of

complimentary metal oxide semiconductor (CMOS) devices, formed on a
semiconductor substrate, comprising the steps of;

forming a first group of CMOS devices on a silicon on insulator (SOI) layer, on a
first region of said semiconductor substrate;

forming a second group of CMOS devices on a second region of said
semiconductor substrate, wherein the top surface of said second region of said
semicond;lctor substrate is recessed below the top surface of said SOI layer;

forming a planarized first insulator layer;

removing a top portion of said planarized first insulator layer in said second region
of

said semiconductor substrate;
forming a capacitor plug structure in an opening defined in a remaining bottom
portion of said planarized first insulator layer;

forming a planarized second insulator layer resulting in a thick portion of said

planarized second insulator layer overlying said bottom portion of said planarized first

insulator layer in said second region of said semiconductor substrate, and resulting in
thin portion of said planarized second insulator layer overlying said planarized first

insulator layer, located in said first region of said semiconductor substrate;

a
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thick portion of said planarized second insulator layer, overlying and contacting top

surface of said capacitor plug structure; and

forming a contact structure in a contact hole opening which in turn is defined in said ,

" thin portion of said planarized second insulator layer and in said planarized first
insulator
layer, with said contact structure overlying a region in said SOI layer.

" 2. The method of claim 1, wherein said first group of CMOS devices are used as

peripheral devices located adjacent to an embedded memory cell.

3. The method of claim 1, wherein said second group of CMOS devices are used as
components of embedded memory cells, such as an embedded dynamic random access
memory (E- DRAM), cell, an embedded static random access memory (E - SRAM) cell, |

or ah embedded flash memory cell.

4, The method of claim 1, wherein said top portion of said planarized first insulator
layer is removed in said second region of said semiconductor substrate via wet etch

procedures, using buffered hydrofluoric acid as an etchant.

5. The method of claim 1, wherein said top portion of said planarized first insulator

layer
is removed in said second region of said semiconductor substrate via dry etch

procedures, such as a reactive ion etching procedure, performed using CF,4 as an

etchant.
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6. The method of claim 1, wherein said contact hole opening, defined in said thin

portion of said planarized second insulator layer and in underlying planarized first

insulator layer, is accomplished via reactive ion procedures, using CHFs; as an etchant.
7. A method of forming a storage node opening and a contact hole opening in

composite insulator layers, to expose a region of a recessed CMOS device used as a
component in a embedded memory cell, and to expose a region of a CMOS device
formed on a silicon on insulator (SOI) layer used as a peripheral device for said
embedded memory cell, comprising the steps of:

growing a field oxide (FOX) region in a first portion of a semiconductor substrate to
be used as an embedded memory cell region;

forming said SOI layer on a second portion of said semiconductor substrate to be

used as a peripheral region;

removing said FOX region resulting in said embedded memory cell region recessed .
below top surface of said SOI layer located in said peripheral region;

forming a first group of CMOS devices on said SOI layer, and forming a second
group of CMOS devices on recessed, said embedded memory cell region;

depositing a first insulator layer;

performing a first chemical mechanical polishing (CMP) procedure resulting ina
planarized first insulator layer;

removing a top portion of said planarized first insulator layer in said embedded
memory cell region, resulting in a remaining bottom portion of said planarized first

insulator layer;
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devices;

forming a storage node plug structure in said storage node opening;

depositing a second insulator layer;

performing a second CMP procedure resulting in a first composite insulator layer in
said peripheral region comprised of thinned, planarized second insulator layer on said
planarized first insulator layer, and resulting in a second composite insulator layer in
said
embedded memory cell region comprised of planarized second insulator layer on said
bottom portion of said planarized first insulator layer;

forming a capacitor opening in planarized second insulator layer in said embedded
memory cell region, exposing top surface of said storage node plug structure;

forming a capacitor structure in said capacitor opening;

forming said contact hole opening in said first composite insulator layer exposing an
active device region of said first group of CMOS devices; and

forming a contact structure in said contact hole opening.

8. The method of claim 7, wherein said embedded memory cell can be an embedded
dynamic random access memory (E- DRAM), cell, an embedded static random access

memory (E - SRAM) cell, or an embedded flash memory cell.
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hydrofluoric acid solution. i
10. The method of claim 7, wherein said top portion of said planarized first insulator

layer is removed in said embedded memory cell region via wet etch procedures using

buffered hydrofluoric acid as an etchant.

11. The method of claim 7, wherein said top portion of said planarized first insulator
layer is removed in said embedded memory cell region via dry etch procedures, such as

a reactive ion etching procedure, using CF, as an etchant.

i 12. The method of claim 7, wherein said contact hole opening defined in said first

composite insulator layer, is accomplished via reactive ion procedures, using CHF; as
an

etchant,



