SEM CONDUCTOR DEVI CE SUBSTRATE W TH EMBEDDED CAPACI TOR
FI ELD OF THE | NVENTI ON 001 This invention generally
relates to mcroelectronic integrated circuit (.1C).
sem conduct or device fabrication and nore
particularly to DRAM devi ces including a substrate
with an enbedded capacitor. BACKGROUND OF THE

I NVENTI ON , 002 Dynam ¢ random access nenory (DRAM is
a staple aspect of the main nenory of PC systens. DRAM
may be used as an enbedded portion of an integrated
circuit or be forned as an array of nenory cells. Fir
exanple, in nenory cell arrays an MOS transistor and
a CapasENIUONDUREORIDENIQENSUBSTRATE WI'EH IEMBRDBER GAPACITOR
word-1lines are used to switch a pass transistor
between an on and of state to connect the bit line to
the capacitor or to isolate the capacitor. The bit

line is used for bot ?1[5“2? fptne oper ati ons

to the storage node %thﬁe6%§%50| M 003 Cenerally,
three types of DRAM nenory cells _are in use including
pP8har L EYRNEIOMOEBETRL 1Y £ 52 RS FEC FE GO FREAWONLC
integrated circuit (IC) semiconductor device fabrication and

more particularly to DRAM devices including a substrate with an

embedded capacitor.

BACKGROUND OF THE INVENTION
002 Dynamic random access memory (DRAM) is a staple aspect of
the maiﬁ memory of PC systems. DRAM may be used as an embeddéd
portion of an integrated circuit or be formed as an array of
memory cells. Fir example, in memory cell arrays an MOS
transistor and a capacitor make up a memory unit (cell) whereby
word-lines are used to switch a pass transistqr between an on
and of state to connect the bit line to the capacitor or to
isolate the capacitor. The bit line is used for both the read

and write operations to the storage node of the capacitor.



cells and trench capacitor DRAM cells. A key el enent
of DRAM devices is the scaling down of feature sizes
to produce a snaller nenory cell and allow the
formati on of a higher density of menory cells. 004
One chal l enge for increasing DRAM density i s maintain
the sanme cell capacitance as nenory cell sizes are
scal ed down. Generally three approaches are avail abl e
for doing this including increasing the dielectric
constant.of the capacitor dielectric, reducing the
t hi ckness of the capacitor dielectric, and increasing
003t he &eraralflyt,heheepanipesr ofliBHMC emory GBA 1Br apé iay use
processes general use silicon on insulator (SOT)

inc}lﬁ&ﬂ'it? kG YiaF el iREr COTEM @511 07 NBdRN cREACATIEBRAP

orm~ the capacitor architecture together with the MOS

transi stors. and _ hit rd.Lines,that, nake u
celdBerit hranrh ARPoaerr Dt ¥k iy ELRerg; DB S
decrease, the formation of trenches and el ectrode
devigee it thej scalingedovn P fepture wizegubotprasvee| a
etching process w ndows and the. difficulty in
smalded|nemgprgduelic ethd el kot rahee fanthtciamact t orhidjhelredéngicy
materials. 2

of memory cells.

004 One challenge for increasing DRAM density is maintain the
same cell capacitance as meﬁory cell sizeshare scaled down.
Generaily three approaches are available for doing this
including increasing the dielectric constant of the capacitor
dielectric, reducing the thickness of the capacitor dielectric,

and increasing the area of the capacitor dielectric.

005 Prior art processes general use silicon on insulator
{SOI) teéhnblogy requiring complex formation processes to form
the capacitor architecture together Qith the MOS transistors énd_
bit and word lines that make uﬁ an operating memory cell. As
DRAM memory cell sizes decrease, the formation of trenches and
electrode materials is increasingly difficult due to small
etching process windows and the difficulty in handling advanced

electrode and capacitor dielectric materials.
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006 Another problemw th prior art approaches to
producing DRAM devices is the inefficient use of
active device area space, for exanple, in the
substrate underlying the MOS transistor source and
channel regions, frequently increasing the DRAM cel
area by form ng capacitors adjacent the bit and word
| ines and/or taking part of the drain area. 007 There
is therefore a continuing need in the sem conductor
manufacturing art including the I C nenory

manuf acturing art for inproved. DRAM cel
architectures including capacitor architectures and
nethod for formng the same to reliably increase a

fRaci t c t c L\,
ar ea spg%:leé‘ﬁ%ag\gfsk !L?rgq{]l%r E?gé}e%zi% é%#%é:a{&og eper oducing
| ntion to r cel,l a hltectures
R 0 B P e B P P e g e oo Sace,
formng the same to reliably increase a capaC|tor
afaxacypingle efifj chemubgtvatd undaylyiotld tbe MPR L rsipatstor
whi | e overcom ng ot her shortcom ngs and defi ciencies
odourbe gnid @haffiél rkgions, frequently increasing the DRAM cell
area by forming capacitors adjacent the bit and word lines

and/or taking part of the drain area.

007 There is therefore a continuingineed in the semiconductor
manufacturing art including the IC memory manufacturing art for
improved DRAM cell architectures including capacitor
architectures apd method for forming the same.to reliably
increase a capacitor area while efficiently utilizing active

area space.

008 It ie therefore an object of the invention to provide
improved bRAmrcell architectures including capacitor
architectures and method for forming the same to reliably
incréase a capacitor area while efficiently utilizing active
area space, while overcoming other shortcomings and deficiencies

of the prior art.



SUMVARY OF THE | NVENTI ON 009 To achi eve the foregoing
and other objects, and in accordance with the

pur poses of the present invention, as enbodied and
broadly described herein, the present invention

provi des an enbedded capacitor SO substrate

i ncluding a DRAM cell structure and nethod for
formng the same. 0010 In a first enbodi ment, the

met hod includes providing a substrate conprising an
overlying first electrically insulating |ayer;
formng a first electrically conductive |ayer on the
first electrically insulating layer to forma first

el ectrode; formng a capacitor dielectric |layer on
the first el ectr odeSUMMARY n"OJERE IRCENIIOM ectrically
conductive |layer on the capacitor dielectric layer to

bos M a ®eGeRGe e Btld Ff@%é?éﬁ[gﬁaﬁa 8tBecYMdects, and in
electrically insulating Tayer on the second el ect rode;

_ : : tal Li S . i
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a first. capacitor structure., 4 0011.These and ot her

ERERIEACARS  TR80aY: doaFT bRBaheF i ofbenBresent. invention

provides an embedded capacitor S0I substrate including a DRAM

cell structure and method for forming the same.

0010 In a first embodiment, the method includes providing a
substrate comprising an overlying first electrically insulating
layer; forming a first electrically conductive layer on the
first electrically insﬁlating layer to form a first electrode;
forming a capacitor dielectric layer on the first electrode;
forming a second electrically conductive layer on the capacitor~
dielgctric layer to form a second electrode; forming a second
electrically insulating layer on the second electrode; and,r
forming a monocrystalline silicon layer over the second
electrode to form an 8S0I substrate comprising a first capacitor

structure.



invention will be better understood froma detailed
description of the preferred enbodi nents of the

i nvention which are further described below in
conjunction with the acconpanying Figures. BRI EF
DESCRI PTI ON OF THE DRAW NGS 0012 Fi gures 1lA-1E are
cross sectional views of a portion of a .an enbedded
capacitor Sol substrate at manufacturing stages
according to an enbodi ment of the present invention.
0013 Figure 2A is a cross sectional view of a DRAM
menory cell structure according to an enbodi nent of
the present invention using an enbedded capacitor So
substrate. 0014 Figure 2B is a cross sectional view of -
@ 0DRAM Tiesey wndebthers tenmbbo8imientag cappeds tamdafieatures of the
enbodi ment of the present invention using an enbedded

il@@ﬁ&dlto?f woPl b%i%ftkekeuné&%oga Otk 2 Hét@lﬁcﬂo‘aﬁﬁérlpuoﬂ

agram i ncluding several enbodi nents of

vent DETAI L SCRI PTI. ON
B B B sy SRR G TPERG TSR SR A Jl LR fygther
shomn a substrate 10, for  exanple a sen1conductor
Weperikagc hedev sin icopaungiicy wath|thA PFcompanying Flgures

BRIEF DESCRIPTION OF THE DRAWINGS
0012 Figures 1A-1E are crossg sectional views of a portion of a
an embedded capacitor S0OI substrate at manufacturing stages

according to an embodiment of the present invention.

0013 Figure 2A is a cross sectional view of a DRAM memory cell
structure according to an embodiment of the present invention

using an embedded capacitor SOI substrate.

0014 Figure 2B is & cross sectional view of a DRAM memory cell
structure according to an embodiment of the present invention

using an embedded capacitor S0I substrate.

0015 Figure 3 is a process flow diagram including several

embodiments of the present invention.



i nsul ating |layer 12, for exanple an oxide such as
silicon oxide 1is grown and/or deposited over the
substrate 10 by conventional processes to a
predeterm ned thickness. 0017 Referring to Figure 1B,
an electrically conductive material layer 14 is the
formed over the electrically insulating |ayer 12 at a
desired thickness to forma first capacitor electrode
| ayer to a desired thickness. The first capacitor

el ectrode |layer may forned of any electrically
conductive material including netals, netal oxides,
netal nitrides, and netal oxynitrides as well as

sem conductor materials such as doped or undoped
pol ysi | iRFEGAILERDRSGRIPTEAD L (THFE BRERARREDe EMBORIMENTE

is then patterned by conventional nethods e.g.

dasor eReSérrimadtor Fagure niadeidatdwask, silstraeed: by far
wet or dry etching process to forma series of spaced

terx%ﬁnﬁtb PeRmISSnFuctor wabéy ldH-augh élltl*@oﬁkneﬁﬁ» e?%ﬁufg&uy

~of the electrically conductive materi

fair e trode I er trench
el S Taboh ot SR o RS e @@fel‘i”u? SIFESR oxide
surface of the first electrode to i ncrease a cont act
§§rggg%p.gnd/or deposited over the substrate 10 by conventional

processes to a predetermined thickness.

0017 Referring to Figure 1B, an electrically conductive
material layer 14 is the formed over the electrically insulating
layer 12 at a desired thickness to form a first capacitor
electrode layer to a desired thickness. The first caﬁacitor
electrode layer may formed of any electrically conductive
material including metals, metal oxides, metal nitrides, and
metal oxynitrides as well as semiconductor materials such as
doped or undoped pélysilicon. The first capacitor electrode
layer 14 is then patterned by conventional methods e.q.,
Photoresist and/or a nitride hardmask, followed by a wet or dry
etching process to form a series of spaced trench openings e.g.,
16A through a thickness portion of the electrically conductive
material 1;yer 14. The first capacitor electrode layer 14
f°11°Wing Erench formation may be etched to roughen or texture

th .
€ surfape of the first electrode to increase a contact surface

6



area with a subsequently deposited capacitor
dielectric, also referred to.as hem spherical grain
(HSG surface. The trench opening widths e.g., A and
spaces between trench openings e.g., B may have
di fferent or about the sane wdths with respect to
one anot her, including having various groups of
respective A and B widths at different portions of
the process wafer. 0018 Referring to Figure 1C
followng formng of the trench openings e.g., 16A
and renoving. resist and/or hardmask, a capacitor
dielectric layer 18 is formed on the first capacitor.
- electrode layer 14 by a conventional deposition
‘apraoouth. a Bubsequpricit clepabitast capect tatedigdpcel d 00480
any high-K dielectric, preferably greater than about
rdfhr¥ar o HLhenabpheriicaat gfaihaHsCpbowifa2@,. | Tied udiengh
oxi des, nitrides, high-K dielectric naterials,,or
qoTlg erepf_ .4 | :
_oér%{ﬂrgl glflasﬁ?ay nblezg endt %E rﬁmggn?%%‘% nagngs -9
bariym s t|u 1 titana BST ntiymtitanate
B (tvriigis o1 5aent | o dhark Hi iy Y "b respett to
conbi nati ons thereof The capacitor dielectric |ayer
ong nether necanding diviad YanickFegsouRs FoFrFBeHesier dgand
capaci tance depending on the naterial and
B widths at different portions of the process wafer.

0018 Referring to Figure 1C, following forming of the trench -
openings e.qg., 16A and removing~resis£ and/or hardmask, a
capacitor dielectric layer 18 is formed on the first capacitor .
electrode layer 14 by a conventional deposition process. The
capacitor dielectric layer may be formed any high-K dielectric,
preferably greater than about 10, more preferably greater than
about 20, including oxides, nitrides, high-K dielectric
materials, or combinations thereof. For example, the high-X
materials may include tantalum pentaoxide (Ta;0;), barium
strontium titanate (BST), strontium titanate ({(SrTi0;), lead
zirconate titanate (PZT), or combinations thereof. The
capacitor dielectric layer 18 is formed at a desired thickness
to form a desired capacitance depending on the material and

subsequent application of the capacitor, e.g., a DRAM structure.



subsequent application of the capacitor, e.g., a DRAM
structure. 7 0019 Referring to Figure 1D, follow ng
formati on of the capacitor dielectric layer 18, a
second capacitor electrode (e.g., bottom el ectrode)

| ayer 20 is formed on the capacitor dielectric |ayer
and may be forned of the sane or different material
as the first capacitor electrode (e.g., top el ectrode)
| ayer 14. Preferably, at |east the second capacitor

el ectrode includes a hem spherical grain (HSG .
surface, for exanple fornmed by selective deposition
of the second capacitor electrode |ayer 20, e.g.,

-polysilicon, in contact w_th capacitor .dielectric
Rl 1B Patelne Bt G P of I URPRotRRIR 56 TS
then planarized, e.g., by a CWP process. An .

alaperitenldigleatuiatiaygr 18y segond qapagiter rekecsiode
t‘he second capacitor electrode |ayer 20. For exanple,

t {8 gi. NS tAloN g1 L eeaIde? 2 1ge R 00X B dfotmayeon £loe neeghaly tor
a Feast one of a thermal growth, chem cal oxidation,

BHESURCP dRuerod b G de doposk o russa

fr&%{g%gg} :@gsyﬁ:é?ef :frrzéé'.s ctagggiégrr %ﬁ%c€¥§c§e t & g?l, etg:ct)pr ieﬁaelcl:%de)
layer 14. Preferably, at least the second capacitor electrode
includes a hemispherical grain (HSG) surface, for example foxmed'
by selective deposition of the second capacitor electrode layer
20, e.g., polysilicon, in contact with the capacitor dielectric
layer 18. The second capacitor electrode layer 20 is then

planarized, e.g., by a CMP process. An electrically insulating
layer 22 is then formed on the second capacitor electrode layer
20. For example, the insulating layer 22 is an oxide layer

formed by at least one of a thermal growth, chemical oxidation,

plasma oxidation, and/or CVD oxide deposition process.

0020 Referring to Figure 1E, a monocrystalline silicon layer
24 is then formed over the electriéally insulating layer 22.
For example, preferably, a second silicon wafer major surface
either bare or having an oxide layer (not shown) is bonded to
the electrically insulating layer 22. The second silicon wafer

is then processed to foxrm a relatively thin layer of

8



For exanple, preferably, a second silicon wafer mgjor
surface either bare or having an oxide |ayer (not
shown) is bonded to the electrically insulating |ayer
22. The second silicon wafer is then processed to
forma relatively thin layer of 8 nonocrystalline
silicon as an uppernost |ayer 24 sufficiently thick to
form FET transi stors thereon. For exanple, the second
silicon wafer nmay be inplanted with an ion such as
hydrogen followed by roomtenperature bonding to the
electrically insulating |ayer 22 foll owed by an
anneal i ng process at 400 C to 600 Cto cleave the

second siligcon wafer at an_the inplapt,_ de . eayi

T TREr 1 O eoR Heoth aBond HITBRC e 42 gRrtididntiy
uppernost nmonocrystalline silicon |ayer 24 thereby

f orimiakgta fom FEBntrangissorat dhexesn.) Fomserale, thfe second

monocrystalline” silicon layer 24 is then planarized

bys R chowss matrebé hianplaatsdtwivh ah ide sS@h as hydrogen
substrate including an enbedded capacitor structure.

00381#§%E8fﬁij¥b&m0t§%o Rugb E?n&ﬁﬂ@wﬁoatﬁ@*@ﬂé%@khcally

according t an e I ment of thé present invention

prgﬁgﬁ %,iHS'fﬁﬁéihSz Eg}lowed by an annealing process at 400 ° C

to 600 °C to cleave the second silicon wafer at an the implant
depth leaving a thin portion of the second silicon wafer as an
uppermost monocrystalline silicon layer 24 thereby forming a
silicon on insulator ({SOI) substrate. The monocrystalline
silicon layer 24 is then planarizéd by CMP to complefe thg
formation of the SOI substrate including an embedded capacitor

structure.

0021 Referring to Figure 2A is shown a DRAM cell according to
an embodiment of the present invention produced using the SOI
substrate with the embedded capacitor structure. For example
conventional processes are carried out to form shallow trench
isolation (STI) structures 322 and 32B to electrically isolate
the DRAM cell, followed by forming a conventional FET structure
34, e.g., a word line, including a gate dielectric 34A; a gate
electrode 34B, spacers 34C and 34D as well as doped source and

drain regions (not shown) formed in the silicon layer 24
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substrate with the enbedded capacitor structure. -For
exanpl e conventional processes are carried out to
formshallow trench isolation (STlI) structures 32A
and 32B to electrically isolate the DRAM cell
followed by form ng a conventional FET structure 34,
e.g., awrd line, including a gate dielectric 34A, a
gate electrode 34B, spacers 34C and 34D as wel |l as
doped source and drain regions (not shown) formed in
the silicon layer 24 9 adjacent the spacers.

El ectrically conductive interconnects e.g., a bit line
36 are forned e.g., by a danascene process i ncluding
formng a dielectric insulating |ayer (not shown) over
tady aEEnt dtheuspacers.ol Edaetrinaliyr apndndtiver toberasmnects
openi ngs and backfilling with a conductive materi al

to. 4.orawithilinki 76 a3@ fevmed \W.aY, abraidanaegesd priRédds
Conventional processes such as salicide formation over

B{Hl‘dﬁnggﬂdfo roc@ ?ﬂ]e‘él@été??%’ iﬁ%}ﬂgﬂ‘ﬁ% e '({ikf’c 'Shbwn) over

for nmat

cqnd t|ve ca electr de ,cont ct e.

OB B e ER g S YeBRtaeY apeRnt W&&gﬁé‘f {erings and
silicon Iayer 24 and through the second ‘
backfilling with a conductive material to form a bit line 36

overlying a drain region.

00622 Conventional processes such as salicide formation over
source and drain regions may be included in the FET formation
process. In addition, an electrically conductive capacitor
electrode contact e.g., 38 is formed by etching a contact
opening through the silicon layer 24 and through the second
electrically insulating layer 22 to contact the second cépacitor
electrode (e.g., bottom electrode) 20 on the source region side
of the FET structure followgd by backfilling with a conductive

material.

0023  Advantageously, according to the present invention,
conventional processes to form the FET structure and
intercomnect lines of the DRAM memory cell may be easily
implemented in a second separate process flow using previously

formed SOI substrates with the embedded capacitor structure,
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electrically insulating |ayer 22 to contact the second
capacitor electrode (e.g., bottomelectrode) 20 on
the source region side of the FET structure foll owed
by backfilling wth a conductive naterial. 0023
Advant ageously, according to the present invention,
conventional processes to formthe FET structure and

i nterconnect lines of the DRAM nenory cell may be
easily inplenmented in a second separate process flow
using previously formed SO substrates with the
enbedded capacitor structure, 10 thereby avoi di ng
process integration difficulties of formng the

' Yo g 1. ke e Singl
FREARY QioRih PEofcds S UELIER WEc O], P oRaany the
efficiently uses__space bel ow the DRAM cel |l actiyve
GRRAFHEAE, i) LREI BREraF TSRHFES 15t Rafl B9 OPTOERP &t 1Ren 1D
Dram cel | sizes. 0024 Referring to Figure 2B, i-s shown
additdiond ORAMMbefifled ceamadiihor tH-ractund i fsienbly tures
present invention produced using the SO substrate

Whade Hatowr ntird ORAMCEGEC iscali ve tdxteat Yhereby mllbiwsng ready
enbodi nent, a second capacitor structure, preferably a

formation of scaled down Dram cell sizes.

0024 Referring to Figure 2B, is shown a second DRAM cell
according to an embodiment of the present invention produced
using the SOI substrate with the embedded capacitor structure.
In this embodiment, a second capacitor structure, prefgrably a
stacked or trench capacitor structure is formed in electrical
contact, preferably wired in parallel, with the embedded
capacitor structure to form a stacked capacitor structure. For
example, a trench 42 is formed in insulating layer 40, followed
by forming a first capacitor dielectric layer 44A along the
trench bottom and sidewalls. A first conductive material layer
46 is then formed on the capacitor dielectric material layer 44A
to form a bottom capacitor electrode followed by forming a
second capacitor dielectric material layer 44B on the bottom
capacitor electrode 46, followed by fprming a second conductive
material layer 48 on the second capacit@r dielectric material

layer 44B to form a top electrode.
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stacked or trench capacitor structure is fornmed in

el ectrical contact, preferably wired in parallel,
with the enbedded capaC|tor structure to forma
stacked capacitor structure. For exanple, a trench 42
is formed in insulating |ayer 40, followed by formng
a first capacitor dielectric |ayer 44A along the
trench bottom and sidewalls. A first conductive
material layer 46 is then forned on the capacitor
dielectric material layer 44A to forma bottom
capacitor electrode followed by formng a second
capacitor dielectric material layer 44B on the bottom

gepaci tanse! eptsodeubbtrdtd WavRdamenlRulEAdcapazatond
conductlve mat er i al Iayer 48 on the second capacitor -

8#— %& ﬁg%ﬁ?:%b'al ﬁ?é%r €§§di%gugsﬁééhdﬂpEo{hformlng the

enbedded capaci tor structure has been presented
BARS udPRAM apeﬂét R5EUF I a0 PAY® PacRe PTEBFRE: CDRBINE cthe
structures have been presented using the enbedded

. emlpatietioca B@itosubeI rathet raty anttdyentaggqusdys oadkonfing to
t he present invention the enbedded trench capacitor

- Bt predbat ratwntheh ease emBbddMPithabtR 6aRaGitbanesr by

at Ieast about

substrate increases an available capacitance by at least about
twice compared to prior art processes, advantageously maximizing
capacitor surface area while efficiently using the substrate
gpace under éctive areas for bit line, word line, and electrical
contact formation. The embedded trench capacitor SOI substrate
may advantageously be formed in a separate process flow thereby
overcoming process integration issues in forming capacitors and
DRAM qell structures in a single process flow. In addition, the
quality of the performance of the embedded capacitor structure
may be separately tested and verified prior to the bit_line,
word line, and electrical contact formation process flow,
thereby improving DRAM cell yield, throughput, and device
reliability. Moreover, a variety of DRAM cell structures
including single and stacked capacitor structures with improved
substrate area utilization may then be easily formed in a second

Process flow over the embedded trench capacitor SOI substrate

thereby offering ready scalability.
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twi ce conpared to prior art processes, advantageously
maxi m zing capacitor surface area while efficiently

usi ng the substrate space under active areas for bit
line, word line, and electrical contact formation.

The enbedded trench capacitor SO substrate my

advant ageously be forned in a separate process fl ow

t hereby overcom ng process integration issues in

form ng capacitors and DRAMcell structures in a

single process flow In addition, the quality of the
performance of the enbedded capacitor structure may

be separately tested and verified prior to the bit

i ne rd |Iine, dele trlcal contac for tlon
pP%sess\%IfSWm‘-’t & EE@“}’ %ﬂ c-:{fam including
t hr oughput, and devi ce rellab|I|ty Nbreover

veever) embaiapnte et sheupresed inNenttithg 18 ﬁg%e%gnéOl a
stacked capacitor structures with inproved substrate
apeisstithte | zalg.Qnwakyr thieh be ®asillyingof imext iedeat skbeadiy
process flow over the enbedded trench capacitor SOT

- subshatfy fdereby ﬁ’%cfﬁ'ﬁ'eﬁg rﬁﬁq»fo%.egé aémd | Y top 28 tor

Re errlng to“Fl gure is a procéss f |agram
ﬁg%(#‘lrlog% 1Sqev o%?llgg oL O@)@rﬂ%g}é&t r[a‘le%(:rigglﬂ; %.%gﬂ&at;ng layer
according to preferred embodiments. In process 305, a capacitor
dielectric material layer is formed on the top qapacitor
electrode. In process 307, a bottom capacitor electrode is
formed.oh the capaéitor dielectric material layer. In process
309, a second electrically insulating layer is formed on the
bottom electrode. In process 311 a meonocrystalline silicon
layer is formed on the second electrical imsulating layer to
form an SOI substrate with an embedded capacitor. In process
313 a DRAM cell including a bit line, a word line and a bottom

electrode contact is formed over the SOI substrate.
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substrate, e.g., wafer with an overlying first
electricall y insulating layer is provided. In
process 303, a top capacitor electrode is forned on
the first electrically insulating |ayer according to
preferred enbodi nents. In process 305, a capacitor
dielectric material layer is forned on the top
capacitor electrode. In process 307, a bottom
capacitor electrode is forned on the capacitor
dielectric material layer. In process 309, a second
electrically insulating layer is formed on the bottom
el ectrode. In process 311 a nonocrystalline silicon

lv@@ﬁ%r i %‘h&_o%{%g%@gg}ﬁ: Su‘fn‘éﬂﬁsel %erd't‘é?l aﬁd‘%&%&%‘@g of the

| 'ayer tof strate wth an enbe

capacitor. In process 313 . a, DRAM cel |, incl udi a hit

[ FRERt hoh iy LB e G5 B e e tePet A ABRBREAT (Y Shose
formed over the SO substrate. 13 0027 The preferred
esitiddiedein $heaspedihnt auueteus (ieddabionthe mophfiratigns, and
- having been described, it will be apparent to those
sdiidstedut forshpaprie trade witksudepart ald drem the spirit of
modi fications, and substitutions may be nade w t hout

dapar hi- o {0 SRsElt afd £tk NV EiHeRN b@Bow .

t
di scl osed andg?urt er clai nmed bel ow.
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14 CLAIMS What is clainmed is: 1. A nethod for form ng
a sem conduct or device conprising a silicon on
insulator (SO) substrate with an enbedded capacitor
structure conprising the steps of: providing a
substrate conprising an overlying first electrically
insulating layer; formng a first electrically
conductive layer on the first electrically insulating
|l ayer to forma first electrode; formng a capacitor
dielectric layer on the first electrode; _ formng a
second el ectrically conductive |layer on the capacitor
dielectric layer to forma second el ectrode; form ng
a second electrically insulating |ayer on the second
el ectrode; and, formng a Hgﬁﬂggystalline silicon

| ayer over the second electrode to forman SO
Shbst imtcd acwedrissing a first capacitor structure.

1. A method for forming a semiconductor device comprising a
silicon on insulator (SOI) substrate with an embedded capacitor
structure comprising the steps of:

providing a substrate comprising an overlying first
electrically insulating layer;

Vforming a first eiectritally conductive layer on the first
electrically insulating layer to form a first electrode;

forming a capacitor dielectric layer on the first
electrode;

forming a second electrically conductive layer on the
capacitor dielectric layer to form a second electrode;

forming a second electrically insulating layer on the
second electrode; and,

forming.a monocrystalline silicon layer over the second
electrode to form an SOI substrate comprising a first capacitor

structure.
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15 2. The nmethod of claim 1, further conprising the
step of formng trenches through a thickness portion
of the first electrically conductive |layer prior to.
the step of formng a capacitor dielectric layer. 3.
The nethod of claim2, wherein the trenches conprise a
trench spaci ng about equal to or less than a trench
width. 4. The nethod of claim 2, wherein the trenches
conprise a trench spacing greater than a trench w dth.
5. The method of claim1, wherein the substrate
conprises a silicon wafer. 6. The nethod of claim1,
wherein at | east one of the first and second

e SBHoPERP T At § ncrEpel CHP st P 2R, Bt

capacitor dielectric layer. 16 The nethod_of clgim1,
Vieeméngn treaches ddynpyghl 2 i e ckapps ATt igsr of sthg fhEgt
conprising the steps of: bonding a major surface

cQepti gl yacshduictdrrenadper tpripheto the step of forming a

capacitor dielectric layer.

3. The method of claim 2, wherein the trenches comprise a

trench spacing about equal to or less than a trench width.

4. The method of claim 2, wherein the trenches compfise a

trench spacing greater than a trench width.

5. The method of claim 1, wherein the substrate comprises a

silicon wafer.

6. The method of claim 1, wherein at least one of the first
and second electrodes comprises one of a textured surface and a
hemispherical grain surface (HSG) in contact with the capacitor

dielectric layer.
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lcond electrically insulating |ayer surface; cleaving
the silicon wafer to formthe nonocrystalline ilicon
| ayer; and, planarizing the cleaved. surface. 3. The
met hod of claim11, wherein the capacitor dielectric

| ayer is selected fromthe group consisting of oxides,
nitrides, tantalum pentaoxide (Ta203), barium
strontiumtitanate (BST), strontiumtitanate
(SrTid), lead zirconate-titanate (PZT), and

conbi nations thereof. 9. The nethod of claim1,
wherein the first electrically insulating |ayer and
secortheehethod ol kyaimsiyl ahengid aher monorgysteédine silicon
silicon oxide. 10. The nmethod of claim1, further

Cop@f'ﬁs' RErhde c%?nﬁi?lging feRenkE s'?‘o‘flord l'ine, a bit
line on the .SO Substrate, an el ectrica

| nfer C%ﬁfjﬁ ty gq é? P§¥%C%SEP§§$ tggén%{ril’ls%%%&?%e R

of forn1ng | east a second capacitor structure over
t Reonds@lestbiaalaye inpekatingal #¥eLnSHEA2FH paral | el with

first capacitor
cleaving the silicon wafer to form the monocrystalline

ilicon layer; and,

planarizing the cleaved surface.

3. The method of claim 1, wherein the éapécitor dielectric
layer is selected from the gfoup consisting of oxides, nitrides,
tantalum pentacxide (Ta,0;), barium strontium titanate (BST),
strontium titanate (SrTiQ;), lead zirconate titanate (PZT), and

combinations thereof.

9. The method of claim 1, wherein the first electrically
insulating layer and second electrically insulating layer

comprises silicon oxide.

10. The method of claim 1, further comprising the step of
forming a word line, a bit line on the SOI substrate, and an

electrical interconnect with the first capacitor structure.
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structure. 12. The nmethod of claim1l, wherein the
second capacitor structure conprises one of a stacked
or trench capacitor structure. 13. A nethod for _
formng a DRAM cel |l conprising a silicon on insulator
(SAO) substrate with an enbedded capacitor structure
conprising the steps of: providing a substrate
conprising an overlying first electrically insulating
| ayer; formng a first electrically conductive |ayer
on the first .electrically insulating |layer to forma .
first electrode; formng trenches through a thickness
portion of the first electrically conductive |ayer;

formn capaci tor._di.el gct ki : t fdd st
gl olhe g‘lfgyoao?]ﬁﬁ}gal 'Eéc ¢ S%e‘é%%{:’"ﬁ%? gg%déutcr: i 08
| ayer on the capacitor dielectric |layer to fqrm
foymd 06 cBle L6aSE 0v SECPBY BRPATHGOE SBEMFTHTE ¥ET | |S§I
insul ating |ayer on the-
substrate electrically wired in parallel with first capacitor

structure,

12, The method of claim 11, wherein the second capacitor
structure comprises one of a stacked or trench capacitor

structure.

13. A method for forming a DRAM cell comprising a silicon on
insulator (SOI) substrate with an embedded capacitor structure
comprising the steps of:

providing a substrate comprising an overlying first
electrically insulating layer;

forming a first electrically conductive layer on the first
electrically insulating layer to form a first electrode;

forming trenches through a thickness portion of the first
electrically conductive layer;

forming a capacitor dielectric layer on the first
electrode;

forming a second electrically conductive layer on the

Capacitor dielectric layer to form a second electrode;

18



second el ectrode; formng a nonocrystalline silicon

| ayer over the second electrode to forman SOT
substrate conprising a first capacitor structure;

and, formng a word line and a bit Iine on the SO
substrate to forma DRAM cell. 14. The nethod of claim
13, wherein at |least one of the first. and second

el ectrodes conprises one of a textured surface and a
hem spherical grain surface (HSG in contact with the
capacitor dielectric layer. 15. The nethod of claim

13, wherein the DRAM cell further c rises. a

el ect F9HPY; At 8FCPIHhELECEE FHE ¥ PPﬁ?f%@ﬁcfi%?P on the
structure. 16. The nethod of claim 15, wherein the
BRadhd etllectuptider conprises a second capacitor
structure forned over the SOY substrate in electrica

COMUbHRNGOR ASKSEEidtall oné heildkeat Tawat dveretiworeeeond
wth the second el ectrode. 19 17. The method of claim

%9ea%@86§”ﬂ& FRemSSE At %ﬁBQ@f&ﬂE'comprising a first capacitor
structure; and,
forming a word line and a bit line on the SOI substrate to

form a DRAM cell.

14. The method of claim 13, wherein at least one of the first
and second electrodes comprises one of a textured surface and a
hemispherical grain surface (HSG) in contact with the capacitor

dielectric layer.

15. The method of claim 13, wherein the DRAM cell further
comprises an electrical interconnect to the first capacitor

structure.

i16. The method of claim 15, wherein the DRAM cell further
compriges a second capacitor structure formed over the SOI
substrate in electrical communication according to the

electrical interconnect with the second electrode.
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structure conprises one of a stacked and trench
capacitor structures forned in a dielectric
insulating |ayer overlying the SO substrate. 18. The
nmet hod of claim 16, wherein the second capacitor
structure conprises a trench. 19. The nethod of claim
18, wherein the trench conprises a bottom el ectrode
in communication with the second el ectrode, an
overlying second dielectric capacitor |ayer, and a top
el ectrode. 20. The nethod of claim 13, wherein the
substrate conprises a silicon wafer. 21. The nethod of
12} aiThe1methpRredi ¢lehB tapadEretn dtha SEEPRY CaPAGLTOY s
selected fromthe group consisting of oxides,
sttitatutes comprided omepehtactiadbed TRDIyrendardapacitor
strontiumtitanate (BST), strontiumtitanate

st AR, £beAck Zin GORAE Pedtrtianaheui(dt4 Ry, 14 overlying the
conbi nati ons thereof. 20 22. The nethod of claim 13,

erein._t first electrically insulating |ayer and
Sﬁgc‘ﬁﬁtgﬁggtrically i nsul ating |ayer

18. The method of claim 16, wherein the second capacitor

structure comprises a trench.

19. The method of claim 18, wherein the trench comprises a
bottom electrode in communication with the second electrode, an
overlying second dielectric capacitor layer, and a top

electrode.

20. The method of claim 13, wherein the substrate comprises a

silicon wafer.

21. The method of claim 13, wherein the capacitor Aielectric
layer is selected from the group consisting of oxides, nitrides,
tantalum pentaoxide (Ta,0;}, barium strontium titanate (BST),
strontium titanate (SrTiO;}, lead zirconate titanate {PZT}, and

combinations thereof.
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conprise silicon oxide. 23. The nethod of claim 13,
wherein the first and second electrodes are forned of
a material selected fromthe group consisting of
nmetals, nmetal nitrides, netal oxides, sem conductors,
and polysilicon. 24. A DRAM cell conprising: an SO
substrate conprising a substrate; an overlying first
electrically insulating layer. a first el ectrode on
the substrate conprising trenches fornmed through a

t hi ckness thereof; a capacitor dielectric |layer on the
first electrode; a second el ectrode on the capacitor
. Zhi-el Beg methpdyes : Ckﬂiﬁbﬂéct?h&ﬁﬂlpythﬁsﬁmnﬁmla;p¢Ux¢ealkﬂn
t he second el ectrode; a nonocrystalline silicon |ayer
iovwul el reg éaYErcamd)sedonduérédﬂnjchayﬁrln9ﬁh§£f&g11%y@it
line and a word |line are di sposed on the

mpel sls81i2dn oxide.

23. The method of claim 13, wherein the first and second
electrodes are formed of a material selected from the group
consisting of metals, metal nitrides, metal oxides,

semiconductors, and polysilicon.

24. A DRAM cell comprising:

an SOI substrate comprising

a substrate;

an overlying first electrically insulating layer.

a first electrode on the substrate comprising trenches
formed through a thickness thereof;

a capacitor dielectric layer on the first electrode;

‘a second electrode on the capacitor dielectric layer;

an electrically insulating layer on the second electrode:

a monocrystalline silicon layer on the electrically
ingulating layer;

wherein a bit line and a word line are disposed on the S0I

substrate.
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25. The DRAM cel | of claim 24, wherein the first

el ectrode conprises trenches extending through a

t hi ckness portion of the first electrode. 26. The
DRAM cel I of claim 24, wherein at |east one of the
first and second el ectrodes conpri ses one of a
textured surface and a hem spherical grain surface
(HSG in contact with the capacitor dielectric |ayer.
27. The DRAM cel |l of claim24, wherein the DRAM cel
further conprises an electrical interconnect to the
first capacitor structure. 28. The DRAM cell of claim
275. f MhehBRAN agddi of nglaims 8¢ pnehensdpathe of irnstr ateahrode
di sposed over the SO substrate in electrica

Copfpiiiseat t AdshHeeORt iy theowdiPel Eheédkness portion of the
|nterconnect Mﬁth t he second el ectrode. 29. The DRAM

c?i 4, wherein the second capacitor
%ure conprlses one of a stacked and trench

capacitor .structure disposed in a dielectric

i nsul ating Iayer overlying the SO substrate. 22

26. The DRAM cell of claim 24, wherein at least one of the
first and second electrodes comprises one of a textured surface
and a hemigpherical grain surface (HSG) in contact with the

capacitor dielectric layer.

27. The DRAM cell of claim 24, wherein the DRAM cell further
comprises an electrical interconnect to the first capacitor

structure.

28. The DRAM cell of claim 27, further comprising a second
capacitor structure disposed over the SOI substrate in
electrical communication according to the electrical

interconnect with the second electrode.

29, The DRAM cell of claim 24, wherein the second capacitor
structure comprises one of a stacked and trench capacitor
structure disposed in a dielectric insulating layer overlying

the S80I substrate.
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30. The DRAM cell of claim24, wherein the second
capaci tor structure conprises a trench. 31. The DRAM
cell of claim30, wherein the trench conprises a
bottom el ectrode in comunication wth the second

el ectrode, an overlying second dielectric capacitor

| ayer, and a top electrode. 32. The DRAM cell of claim
24, wherein the SDI substrate conprises. a silicon
wafer. 33. The DRAM cell of claim 24, wherein the
capacitor dielectric. layer is selected fromthe

group consisting of oxides, nitrides, tantalum .
péAt aoBuedsReMvae%dsp,f phrimmdst Fepreidmthet serand caRyyitor
strontiumtitanate (SrTi03), lead zirconate titanate

( BERMctuardconprthiesati onsndther eof . 34. The DRAM cel | of
‘claim 24, wherein the first electrically insulating

| ayer and second electrically insulating |ayer

conprise silicon oxide. 23 35. The DRAM cell of claim

2 rei he .fjirst and cop |.ec d e f
ogla eePF%{J %eellle fo eaf? m %eot,htéﬂ%feolﬁlpifﬁg £ e K coﬁl{)f%s a
bottom electrode in communication with the second electrode, an

overlying second dielectric capacitor layer, and a top

electrode.

32. The DRAM cell of claim 24, wherein the SOI substrate

comprises a silicon wafer.

33. The DRAM cell of claim 24, wherein the capacitor dielectric .
layer is selected from the group congisting of oxides, nitrides,
tantalum pentaoxide (Ta203), barium strontium titanate (BST},

strontium titanate (SrTi03), lead zirconate titanate (PZT), and

combinations thereof,
34. The DRAM cell of claim 24, wherein the first electrically

insulating layer and second electrically insulating layer

comprise silicon oxide.
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consisting of nmetals, netal nitrides, netal oxides,
sem conduct ors, and polysilicon. 36. An SO substrate
for formng a DRAM cell conprising: a substrate; an
overying first electrically insulating |layer. a first
el ectrode on the substrate conprising trenches forned
through a thickness thereof; a capacitor dielectric

| ayer on the first electrode; a second el ectrode on
the capacitor dielectric layer; an electrically
insulating |layer on the second electrode; and, a

nonocrystalline silicon layer o Ckrlgal

Bhou) shen SR GeIL $F CHAL G VBT AU ST AP Sieond
wherein at |east one of the first and se%ond h

allect rodtss arenfeimask ofne BiteripdxeehetedufraR & e ity
hem spherical grain surface (HSG in contact with the
ekt g dfehmeedld C meaydrnitd4das, metmlSoxidesibst r at e

of claim36, wherein the capacitor

semiconductors, and polysilicon.

36. An SOI substrate for forming a DRAM cell comprising:

a substrate;

an overying first electrically insulating layer.

a first electrode on the substrate comprising trenches
formed through a thickness thereof;

a capacitor dielectric layer on the first electrode;

a second electrode on the capacitor dielect;ic layer;

an electrically insulating layer oh the second
electrode; and,

a monocrystalline silicon layer on the electrically

insulating layer.

37. The SOI substrate of claim 36, wherein at least one of the
first and second electrodes comprises one of a textured surface
and a hemispherical grain surface (HSG) in contact with the

capacitor dielectric layer.
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dielectric layer is selected fromthe group consisting
of oxides, nitrides, tantalum pentaoxide (Ta203),
barium strontiumtitanate (BST), strontiumtitanate
(SrTiB), lead zirconate titanate (PZT), and

conbi nations thereof, 39. The SO substrate of claim
36, wherein the first electrically insulating |ayer
and second electrically insulating |ayer conprise
silicon oxide. 40. The SO substrate of claim 36,
wherein the first and second electrodes are forned of

a material selected fromthe _gro consi st | f

38et aThe Sﬁﬁtﬁubﬁﬁﬁqqedég,g%%&@ﬂ3%0xv ein géﬁiééﬁhﬁigfgrs,
and polysilicon. 25 _ L

dielectric layer is selected from the group consisting of
oxides, nitrides, tantalum pentaoxide {Ta203), barium strontium

titanate (BST), strontium titanaté (SrTiQ3), lead zirconate

titanate (PZT), and combinations thereof.

39. The 80T substrate of claim 36, wherein the first
electrically insulating layer and second electrically insulating

layer comprise silicon oxide.

40. The SOI substrate of claim 36, wherein the first and second
electrodes are formed of a material selected from the group
consisting of metals, metal nitrides, metal oxides,

semiconductors, and polysilicon.
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