SEM CONDUCTOR DEVI CE SUBSTRATE W TH EMBEDDED CAPACI TOR
FI ELD OF THE I NVENTI ON 001 This invention generally
relates to mcroelectronic integrated circuit (,10
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 (DR4) is a
stapl e aspect of the main nmenory 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 capacitor make Lip a nenory unit (cell) whereby

wor d- | | SiRMICaNRUQROBIDEH CEWRYRATRATE A6 Hr EMPIEIDEDo FAPACITOR
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 wite operations

to the storage node ofrsibeoeapactignrtidn003 CGeneral |y,
three types of DRAM nenory cells are in use including

Pl 392" capagi {RlenPRAV 8kL-S11yS tatk £ARBCHE HoePBAMonic

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 main 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 transistor between an on
and of state to connect the kit Iine 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 nmenory cells. 004
One chal l enge for increasing DRAM density is maintain
the sane 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
the area of the capacitor dielectric. 005 Prior art
0% oceSererajdiier Hiragsbyped iof GPRAYhmemeyt sebis Ar8oiy) use
technol ogy requiring conplex formati on processes to
iddnding peanapacphof tar CRAN erllEsp stegRt d@yacwibh DRAR MOS
transistors and bit and word lines that nake up an

cONG Atd RYeABIREYabfldr DR JRAY MREY CiRkbnSi &€ ERAM
decrease, the formati on of trenches and el ectrode

oThgE ' IO ATy B

Nng process ows an ! _ICU _ n
sttt gffn%gngrye lé:ee(itlr gg& a qngtaI‘Eea%Io}Tn?arti%Ineéf Cat Exligher density

of memory cells.

004 One challenge for increasing DRAM density is maintain the
same cell capacitance as memory cell mizes are scaled down.
Generally 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
{S0I) teéhnﬁlogy requiring complex formation processes to form
the capacitor architecture together with 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
produci ng DRAM devi ces Ls 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
lines and/or taking part of the drain area. 007 There
is therefore a continuing need in the sem conduct or
manufacturing art including the I C nenory

manuf acturing art for inproved DRAM cel
architectures including capacitor architectures and
met hod for formng the sanme to reliably increase a
capacitor area while efficiently utilizing active

ar efs SpagfotH¥dBptébliew WheH o096 ARt 8PpRRlched HBroducing
invention to provide inproved DRAM cell archiiectures

| NEARO 0 RAPAS T Hrar ingg]ﬁgg%lg&mrﬁ& and; Bt 499 Urea space,

formng the same to r I ncrease a capacitor
area While efficgientl.y utilizing,acti ea_spac
whi 9 SEUIB St h P i, RUSCZREF (e hgen e dlti Eriiaeber
of the prior art. 3 | . .
source and channel regions, freguently increasing the DRAM cell

area by forming capacitors adjacent the bit and word lines

and/or taking part of the drain area.

807 | There is therefore a continuing meed in the semiconductor
manufacturing art including the IC memory manufacturing art for
improved DRAM cell architectures including capacitor
architectures apd methed for forming the same-to reliably
increage a capacitor area while efficiently utilizing active

area space.

008 It ig therefore an object of the invention to provide
improved bRAM_cell 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 ot her 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 |nclud|ng
a DRAM cell structure and nethod for formng the
same. 0010 In a first enbodi ment, the nethod includes
providing a substrate conprising an overlying first
electrically insulating l|ayer; formng a first

el ectrically conductive |layer on the first
electrically insulating layer to forma first

el ectrode; formng a capacitor dielectric |layer on
the first electrode; formng a second electrically
conductive | ayer on&@ﬁ@ﬂgdﬁégﬁﬁolNW@ﬂgpﬁctr|c | ayer to
forma second el ectrode; form ng a second

ebe2tri dal hghlaueuthelﬁq;egaymg'aod dithers ebiratsel aud dode;
and, forming a nonocrystalline silicon |ayer over the
seectidaned aEthotle: tarposds af €d peubsit dneesiny,i &4 ng
a first capacitor structure. 4 0011 These and ot her

CERHIER ks bRSRSG] BedBrieahi¥dn, Ofnd WResent invention
provides an embedded capacitor S0I substrate including a DRAM

cell structure and method for forming the same.

ooic 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

dielectric layer toc 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.



invention will be better understood froma detail ed
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 1A-1E are
cross sectional views of a portion of a an enbedded
capaci tor S01 substrate at nanufacturing 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 us$ing an enbedded capacitor SO
substrate. 0014 Figure 2B is a cross sectional view of

a DRAM nmenory cell structure according to an

e®fddi nefhesef anchetpeesambodimards: | aspealsi avf deatwira@ddthe
capacitor SO substrate. 0015 Figure 3 is a process

f liawentiisgreihl bellbelivey smicrsabod dirbmda nk=tedled delseription
present invention. 5 DETAILED DESCRI PTI ON OF:THE
PREFERRED: BRI MBS me Rl GrRehEinvagt 1 Fhodl &reAfutther

shown a substrate 10, for exanple a sem conductor

Vwﬁggérfﬂéﬁhbé¥bﬁ $h! 4B UncAibe beA thedhddompanying Figures.

BRIEF DESCRIPTION OF THE DRAWINGS
012 Figures 1A-1E are crosg sectional views of a portion of a
an embedded capacitor S80I substrate at wanufacturing 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 S80I substrate.

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

uging an embedded capacitor SO0I 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
predet erm ned thickness. 0017 Referring to Figure 13,
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 4ds

sem conductor materials such as doped or undoped

o LIS SRR S St

photore3|st and/or a nitride hardmask, followed by a
w01er drsfersingiteg Fpgeeeds, i fs&apwmaa sabiexatef 18 pdioed
trench openings e.g., 16A through - a thickness portion
ofexainglee heetmicoatihgt@omdfiet isveh amtsdliodn aprrelbbtrihaly
first capacitor electrode |layer 14 follow ng trench

f dnealdtang NRyeke12f ahedekamgleugh kige #@H WECsilib8n oxide
surface of the first electrode to i ncrease a cont act
sykf g¢e®mband/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 Ffirst capacitor
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.g.,
photoresist and/or a nitride hardmask, followed by a wet or dry
etching process to form a series of spaced trench openings e.q.,
16A through a thickness portion of the electrically conductive
material layer 14, The first capacitor electrode layer 14

£ i ,
ollowing trench formation may be etched to roughen or texture

. . ,
he Surfa;e 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 ,
different or about the same widths 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., 1GA
and renovi ng. resist and/or hardmask, a capacitor
dielectric layer 18 is formed on the first capacitor.
el ectrode | ayer 14 by a conventional deposition
process. The_ capacitor dielectric layer.n?y be forned
2892 HIGH- K sebsp@ntily, deposdfed AFPFCHrFaterledtdi CariiP
10, nore preferably greater than about 20, includin
oxfeosd botas tewispheghead gireimciictt sunfegei alThe brenc
conbi nati ons. thereof. For exanple, the high-K .

ekl sdtmy el dic) Wdand aipeeks rbepentn ddeteh(d208ys e.g.,
barium strontiumtitanate (BST), strontiumtitanate

EShdy Bre d8Fdredd gOoBGE thi antakew{ AR wih respect to

conbil nati'ons thereof. The capacitor dielectric |ayer

18e! shdtBEFE ggiu@i ngﬁ{rﬁ% tﬁrgirfﬂﬁ%eéfm]\ﬁsgﬁsofégp%cgﬁé ednd

capacltance pendi on~the materi a

B widths at different portions of the process wafer.

0018 Referring to Figure 1C, following forming of the trench -

openings e.g., 163 and removing resist 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 {SrTiQ;), 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
formation of the capacitor dielectric |ayer 18, a
second capacitor electrode (e.g., bottom el ectrode)

| ayer 20 is forned on the capacitor dielectric |ayer
and may be forned of the sanme 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.,

pol ysilicon, in contact wwth the capacitor dielectric

LR o B C S SRR, FocRihG HE GG ofOche

pro
el ectrically insuLatin | ayer 22 is then, for
Qﬁé@c

. d.on,

t REPEEIATY S apretintier tBodk SESORY C2PeCites, SExEre,

the insulating layer 22 is an oxide layer forned b

at (d.gastbastiemoflestrade Imdiayey Rl s ENERECRR thRi erpacdgor

pl asma oxi dati on, and/ or CHI D oxi de .deposition

prdiedsst ri028yde fandr mayg beoféingdr of [the asme or different

nonocrystal line silicon layer 24 is then forned over

t hatekest rHsCohé VEirds Ubaiacigol aylett?ie {e.g., top electrode)
layer 14. Preferably, at least the second capacitor electrode
includes a hemispherical grain {HSG) surface, for example formed
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. BAn 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 Pigure 1E, é monocrystalline silicon layer
24 is then formed over the electri&ally insulating layer 22.
For example, preferably, a second silicen 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 transistors thereon. For exanple; the
second silicon wafer may be inplanted with an ion
such as hydrogen followed by room tenperature bondi ng
to the electrically insulating |ayer 22 foll owed by
an anneal ing process at 400 C to 600 Cto cleave the
second silicon wafer at an the inplant depth | eaving

a tALn, BOLE160, of A ffFficient]

upp@?ﬁb S%%ﬁ%%?f%?&??ﬁﬁgpgglﬁ@%%£@§§2$&%% ?ﬁereby Y

formn il on_insulator (:SO) .substrat.e.. g e

o BTk Fa e FEE T ReB P g e (i Sy | 0 second

by CMP to conplete the formation of the SQ substrate

i nchubiicey eafexnBexded 1eRlameRe of i ths R JET sECh i fiydrogen

Referring to Figure 2A is shown a DRAM cel| according

to fallcemBdnli meor tEmpehatymecbendingnbe iicoslertodgady

usi ng the SO
insulating layer 22 followed by amn 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 (S0I) substrate. The monocrystalline
silicon layer 24 is then planarized by CMP to complete the

formation of the S80I substrate including an embedded capacitor

structure.

0021 Referring to Figure 2A i shown a DRAM cell according to
an embodiment of the present invention produced using the SOI
substrate with the embedded capacitor structure. For example
convenﬁional 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 fornmed e.g., by a damascene process
dncluding formng a dielectric insulating | ayer (not
shown) over the PET structure foll owed b¥ form ng

i RAEIFEERNEEE BRRGH Hgs BSETTRGRINY] PPRIRG T rgqgerconnects

conductive material to forma bit line 36 overlying a
draigh,radiénlign3s @om\f@me@rmlg prbt@s%@am process
salicide formation over- source and drain regi ons my =
beindlabifrtedornincha Sidldotriatimnlapimcaager | mct shown) over
addition, an electrically conductive capacitor

el ged redateaptaad f@lIbwedS%Klﬁbﬂhih gethteycehsdditnBpénings and
contact ‘opening through the silicon |layer 24 and
thﬁé&ﬁi@lﬁﬂhﬁ §H%%P%pconducp1ve material to form a bit line 36

overlying a drain region.

0022 Conventional procesges 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
interconnect lines of the DRAM memory cell may be easily
implemented in a second separate process flow using previocusly

formed 501 substrates with the embedded capacitor structure,

i



electrically insulating |ayer 22 to contact the second
capacitor electrode (e.g., bottomelectrode) 20 on
the source region side of the PET structure foll owed
by backfilling with a conductive material. 0023
Advant ageousl y, 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 forned Soi substrates with the
enbedded capacitor structure, 10 thereby avoi di ng
process integration difficulties of formng the
capacitor. and-the FET structures-in a single process

T oy Sl %Be'rﬁd@gﬁgm QEPAGIT1 0F e S IJTUEb MG the
effi c?%tmlry us%slﬁ(njscgace:L bellow t he DRAM cel | active g

. . ; .

DR CaPr i, e WD §ehEMes O AR CpraRRC 0167
nd DRAM cel di t nmbadi, tof th

D PRREER rlenEOrAI5rD S EohsT T CPHEE G UBLRF et

wi th the enbedded capacitor structure. In_this

eNBRER PEREY thesRRBhFeLaRRiYE axsr keenphy, ablriag HtaiYa

formation of scaled down Dram cell sizes.

0024 Referring to ¥igure 2B, is shown a second DRAM cell
according to an embodiment of the present invention preduced
using the SOI substrate with the embedded capacitor structure.
In this embodiment, a second capacitor structure, preferably a
gtacked 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 laver 40, followed
by forming a first capacitor dielectric layer 44A along the
trench bottom and sidewalls. A first conductive material layer
46 ig 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 ?orming a second conductive
material layer 48 on the second capacitﬁr 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 capacitor 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 |ayer 44B on the bottom
‘capacitor electrode 46, followed by form ng a second

cooglsict iMtRs, nad @oTakuhayeate 48 thnar rbaedah dapagiirt or
dielectric material layer 44B to forma top

elsﬁfﬁét%e hakl b@&@%;rzgaﬁtecprinégdﬁgbastr&@h@dwﬁl faemmg the
nbedded capacitor -:structure has™been presented

gllnéldl B Jg4 0 c%réﬂl%g eteﬁegré%!?‘?ed Q%Ma'd%

ruct ures have Deéen resente

ﬁﬁgﬁd‘@ﬁevﬁpacaééﬁf OI}ﬁt %ﬁ%‘@é@%ﬁ%%@ﬂa Epaerrars o

$OI substrate. increases_an_avail abl e capacitance by

atthe repenihdgvention rhe embedded trench capacitor SOI
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
space undexr éctive areas fpr 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
guality 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 way then be easily foxrmed in a second

Process flow over the embedded trench capacitor SOI substrate

thereby offering ready scalability.
12



twi ce conpared to prior art processes, advantageously
maxi m zi ng capacitor surface area while efficiently
using the substrate space under active areas for bit
line, word line; and electrical contact formation.
The enbedded trench capacitor SO substrate may
advant ageously be fornmed 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
Iine wor d Iine and el ectrical contact formation

5 f {&%%'Xk/b & ludi

P BB P Rk O A0 AN Bl WiBkthm tnctusios
varlet of cell _structures |nclud|ng Si _
st SEVRIG %IHE’EA SPERCR of IS PEESSRY ATV RSP f figsepdcthn 2
area utilization a%;hen be easily fornmed in a second
pr Bekgate ok -Gvervalifs BhPbaneVal¥aed daphcriastrseplly
substrate thereby offering ready scalability. 12 0026
Refipsuliating dafFegurse p8ovided . pr br @xocesnwidi agyrtaom capacitor
including several enbodinents :f the present
S nededtrofe s Fprmarsa OB fidst electrically insulating layer
according to preferred embodiments. In process 305, a capacitor
dielectric material layer is formed on the top qapacitor
electrode. 1In process 307, a bottoﬁ capacitor electrode is
formed on the capaéitor dielectric waterial layer. In process
309, a second electrically imsulating layer is formed on the
bottom electrode. 1In process 311 a monocrystalline silicon
layer is formed on the second electrical insulating 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 S0I substrate.
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substrate, e.g., wafer with an overlying first
electrically insulating |ayer is provided. In process
303, a top capacitor electrode is forned on the first
electrically insulating |layer according to preferred
enbodi nents. in process 305, a capacitor dielectric
material layer is fornmed on the top capacitor

el ectrode. In process 307, a bottom capacitor

el ectrode is formed on the capacitor dielectric
material |ayer. In process 309, a second electrically
insulating layer is fornmed on the bottom el ectrode.
In process 311 a nonocrystalline silicon |ayer is
formed on the second electrical insulating |ayer to

f oggpan % 3&;@?%&@& Ruivbd it 5o mstded, G ebhfires! Bf the

process DRAM cel | including a bi t line, a word
t he S *ﬁ‘%l%??%é’@eeﬁﬁ#&’f?g%é‘%s i P%ﬁ%%b Fren 2oee
. f f thi
coBEgn o Phe vt EBR: Fipkrare EEteRLE . TRAT %aﬁ’%?fls' and

the art that nunerous variations, nDdIfIEatIO S,
SUBRSTE LR IONS Y DEemafR @ iiRoHo SEPRELIS FAYP f n?PH’e‘t of

spirit of the invention as disclosed and further
c| therddventiion as disclosed and further claimed below.
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14 CLAIM5 What is clained is: 1. A sem conductor
devi ce conprising: a first sem conductor silicon wafer
as a substrate; a first electrically insulating |ayer
overlying the substrate; a first capacitor structure
conprising a first electrode with trenches forned
through a thickness thereof, overlying the first
electrically insulating |ayer; a second electrically
insulating |ayer overlying the first capacitor
structure; a second sem conductor silicon wafer,

whi ch has undergone a thinning process, as a
nonocrystalline silicon | ayer bonded to the second
electrically insulating®lAMS a word Iine conprising
a gate el ectrode overlying the nonocrystalline

Wihatiig olairhed/ier ; and a second capacitor structure

nei ghboring the word line, overlying the
nonocrystalline silicon |ayer; wherein the second
capacitor structure is entirely above the
Tronoévrsestiedridustr slevice combagieg: and is in el ectrical
communi cation to the first capacitor structure
undealfiydt sgmidoadotioosiliomstwafer a€asubsieas, | ayer by a
single contact plug passing through the
nonoafystiedctricaty Bisliia@ag lay8y&Verlying the substrate;

a first capacitor structure comprising a first electrode with trenches formed
through a thickness thereof, overlying the first electrically insulating layer;

a second electrically insulating layer overlying the first capacitor structure;

a second semiconductor silicon wafer, which has undergone a thinning
process, as a monocrystalline silicon layer bonded to the second electrically
insulating layer;

a word line comprising a gate electrode overlying the monocrystalline
silicon layer; and

a second capacitor structure neighboring the word line, overlying the
monocrystalline silicon layer; wherein the second capacitor structure is entirely
above the monocrystalline silicon layer and is in electrical communication to the
first capacitor structure underlying the monocrystalline silicon layer by a single

contact plug passing through the monocrystalline silicon layer.
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15 2. The sem conductor device of claim1l, further
conprising: a nenory cell; and shallow isolation
structures, passing through the second electrically
insul ating |layer and the nonocrystalline silicon |ayer
to the trenches of the first electrode for isolation
of the nenory cell. 3. The sem conductor device of
claim1, further conprising: a bit |line, overlying

t he nmonocrystalline silicon layer; and a third
electrically insulating |layer, overlying the bit Iine,
the word line and the nonocrystalline silicon |ayer;
wherein the second capacitor structure is entirely

di sposed in the third electrically insulating |ayer
above the word line. 4. The sem conductor device of

2| ai hé semfvendigtot davida ofslaimalp aitteo comprisiog:ur e

further conprises: a capacitor dielectric |layer on the
fir st nereaycelfeandand a second el ectrode on the
capacitor dielectric layer. 5. The sem conductor

devi sieallofv isdlafion struchines, giassihf¢hrsegotid ssapad eleotricalho
structure conprises a stacked or trench capacitor
irsdufdtieg Wayer and the monocrystalline silicon layer to the trenches of the first

electrode for isolation of the memory cell.

3. The semiconductor device of claim 1, further comprising:
a bit line, overlying the monocrystalline silicon layer; and
a third electrically insulating layer, overlying the bit ling, the word line and

the monocrystalline silicon layer,;

wherein the second capacitor structure is entirely disposed in the third

electrically insulating layer above the word line.

4. The semiconductor device of claim 1, wherein the first capacitor structure
further comprises:
a capacitor dielectric layer on the first electrode; and

a second electrode on the capacitor dielectric layer.

5. The semiconducter device of claim 1, wherein the second capacitor
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6. The sem conductor device of claim2, wherein the
menory cell is a DRAM cell conprising the first
capacitor structure and the second capacitor structure
in parallel therewith. 7. The sem conductor device of
claim 3, wherein the single contact plug passes
through the third electrically insulating |ayer on the
nonocrystalline silicon |ayer, the second
electrically insulating |ayer under the
nmonocrystalline silicon |layer, and the
nmonocrystalline silicon |ayer for electrica

connection of the first capacitor structure and the
strucloralcanpiasstacstaciedint tiieneh c8pacithestamtireonduct or

device of claim3, wherein the first electrically
insulating layer, the second electrically insulating

| ayer and the third electrically insulating |ayer

6c onpiThs eemiidondoctondevike ofTiaimtiz whenio tredmetory chis adDRAM
claim4, wherein at |east one of the first and second
cell ectnprisieg thedirpt dapasitar strazfucy acd therdegaord oaparitor structure in
hem spherical grain surface (HSG in contact with the
paeiecthemwithi el ectric layer. 17 10. The semni conduct or
device of claim4, wherein the capacitor dielectric

| ayer is selected fromthe group consisting of oxides,
nitrides, tantalum pentaoxide (Ta203), barium

75t 1 0IThé @BinidohatetbeddViaof. cliin D RiHekdTh thd SRak @ohBETHIGS) |
| ead zirconate titanate (PZT), and conbi nations

pfagﬁisetﬂf‘ough the third electrically insulating layer on the monocrystalline silicon
layer, the second electrically insulating layer under the monocrystalline silicon

layer, and the monocrystalliine silicon layer for electrical connection of the first

capacitor structure and the second capacitor structure.

8. The semiconductor device of claim 3, wherein the first electrically
insulating layer, the second electrically insulating layer and the third electrically

insulating layer comprise silicon oxide.
9. The semiconductor device of claim 4, wherein at least one of the first and

second electrodes comprises a textured surface or a hemispherical grain surface

(HSG) in contact with the capacitor dielectric layer.

17



11. The sem conductor device of claim4, wherein the
first and second electrodes are forned of a nateri al
selected fromthe group consisting of netals, netal
nitrides, nmetal oxides, sem conductors, and

pol ysilicon. 18

10.  The semiconductor device of claim 4, wherein the capacitor dieleciric
layer is selected from the group consisting of oxides, nitrides, tantalum
pentaoxide (Ta203), barium strontium fitanate (BST), strontium titanate (SrTi03),

lead zirconate titanate (PZT), and combinations thereof.

1. The semiconductor device of claim 4, 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.

18



