MEMORY CELL STRUCTURE AND METHOD FOR FABRICATION
THEREOF FIELD OF THE INVENTION [0001] The present invention relates
generally to memory cells. More patrticularly, the invention relates to
structures and methods for fabrication of memory cells comprising storage
capacitors. BACKGROUND OF THE INVENTION [0002] Integrated circuits
fIMIEMORAOR I IS ERY OIRORA AND M EABOIEO Bzl REICA FHODNENHEREOF
phones, video cameras, portable music players, personal computing devices
etc. Integrated circuits may include a combination of active devices, passive

devices and their interconrﬁgﬂwéﬂqgﬁ]\@m%% device found within an

integrated circuit is semiconductor memory devices. Semiconductor memory
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memory array. Each of the memory cells being able to store one or more bits

rePftelfOLmatiaRs I osRess enadasicitnanaeate) desieshipHunlicatast capacitors.
numerous times to form the memory array. While the basic cell design may
be modified slightly from cell to cell, for example, one cell may be a
complement of an adjacent cell, the memor%arra isatjé&iﬁally described

according to the basic E@IF&?&%UTBB@@ fA semiconductor
ry device is static randqm access memory (SRAM) devices. A |
O SR B o B e A . such o
de up of a co&nbination of one.ef.mare. transistors and s}ora e cialpa%'tors.
ce:ﬂu ar pf() €S, VIAdE€O cameras ortaoie utl

igure 1 illustrates the schématic View of a %&EM%%?IO%O Xnown s a one. <<

I RRISIOL kL fk ST FRRERM aG5aERMEMANUIRRAMIGE! phOGLT RRAM 28N their
100 comprises an access transistor 120 and a storage capacitor 140 for
inséerdngerfermation. A first terminal 122 of the access transistor 120 is
connected to a bit line B/L while a second terminal 124 of the access
[opeBsistasnsoanietie doima wisincapacHanlhterddliotthacsiniage aapaaifafevices.
140. The storage capacitor also comprises a 1
Semiconductor memory devices are made up of a plurality of memory cells interconnected to
form a memory array. Each of the memory cells being able to store one or more bits of
information. In general, one basic memory cell design is duplicated numerous times to form the
memory array. While the basic cell design may be modified slightly from cell to cell, for
example, one cell may be a complement of an adjacent cell, the memory array is typically
described according to the basic cell design.
[0004] A known type of semiconductor memory device is static random access memory
(SRAM) devices. A common form of SRAM device comprises individual memory cells each
made up of a combination of one or more transistors and storage capacitors. Figure 1 illustrates
the schematic view of an SRAM cell 100 known as a one transistor (1T) static random access
memory (SRAM) cell. The 1T SRAM cell 100 comprises an access transistor 120 and a storage
capacitor 140 for storing information. A first terminal 122 of the access transistor 120 is

connected to a bit line B/L while a second terminal 124 of the access transistor is connected to a

first capacitor plate 142 of the storage capacitor 140. The storage capacitor also comprises a
1



second capacitor plate 144 which is connected to ground. The access

transistor 120 further comprises a gate terminal 126 that is connected to a

word line W/L. In order to access or store information in the storage

capacitor, the access transistor has to be "switched on' by activating both the
saspNtheaBItighd e Widravhisd W/eonoesiest Egtiralis Therdscesebfbiisiryiés) further

showing a known realijzation of the IT SRAM cell, shown, in Figure 1. Figure 2
C%HBWSSaasgé‘FﬁiE:%ﬂ’&lfgtb% stPAL FEBSE CO MY Wreultirata DUsT é%&ﬁ%%% gr store

. P-t body aniqﬁa IT SRAM ceh220 formed on an n-well 204 located within. .
B R AR R T SR B T YT M i

bGSIRIRAS; £2RACHL B8 onl@low french isolation (STI) structures 206 are
provided in the substrate 202 to isolate the IT SRAM cell 220 from adjacent
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a gate stack comprising a gate dielectric 242 and a gate electrode 244
stovarliim dhe gateidieteziiinr4 2. Sitevmihapaseistddo2a0ecphoptiding ahtiinge 202
the sidewalls of the gate electrode 244. A P-type bit line region 250 is formed
suphthe nPvigik 20dadidcerlaSksMdgh 22@hemae aleotrodeR204Histakddowithin the
the storage capacitor 280. Meanwhile a P-type cell node region 260 is
sifeiiaed oiehElopRodEdadidaGbremepyste Blacaesddr2amstpiedtie andiqesgaee capacitor

stack and the storage capacitor 280. [0007] The storage capacitor 280
2800 Al HeRsp Ol SN T A A O e TR Sk i3 fripolate the

itor pl 84 overlyin apacitor dielectric 282. The first capacitor
R G e R R BBACROF Tielectric 285 ang the fire
itor plate . overlie ate region 286 of the n-well 204 which forms the
T e A s B B AR 2 ne
a 'RLSTRRIBHLAIESIORIL HRHICGRSUER AfRIARNONES, GANRIRSpRURPHN e provided
evices continue, there is a corresponding need for reduction in electrical
alRiicaealure 5128 thdceRrainalyddnanuiagtUEersHHIive Fofti MB0thasa8sh the n-

memory cells such as that shown in Figures 1 and 2 so that their packing

weRsHyadadde infipsovast dihekefare clbareds 2ddemandréor the storage capacitor 280.
Meanwhile a P-type cell node region 260 is formed on the opposed side of the gate electrode 244
between the gate stack and the storage capacitor 280.

[0007] The storage capacitor 280 comprises a capacitor dielectric 282 formed over the n-well
204 and a first capacitor plate 284 overlying the capacitor dielectric 282. The first capacitor
plate 284 may comprise polysilicon. The capacitor dielectric 282 and the first capacitor plate
overlie a plate region 286 of the n-well 204 which forms the second capacitor plate of the storage
capacitor 280.

[0008] As the demand for smaller electronic devices such as cell-phones, cameras, computing
devices continue, there is a corresponding need for reduction in electrical device feature sizes.
Accordingly, manufacturers strive to shrink the size of memory cells such as that shown in

Figures 1 and 2 so that their packing density can be improved. Therefore, there is a demand for

memory cell designs with reduced footprint and methods for fabrication of such designs.
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memory cell designs with reduced footprint and methods for fabrication of
such designs. 2 SUMMARY OF THE INVENTION [0009] The present
invention relates to the structure of memory cells and methods for fabrication
thereof. [0010] In accordance with a first aspect of the invention, a memory

cell comprising a substrat® VA HRELLE THRINSOENAE Nstorage capacitor is

provided. The storage capacitor includes a first capacitor plate with a portion
that is embedded in the substrate below a first diffusion region of the access

[Jﬁﬁﬁ‘[f‘ﬁﬁ‘e’ ﬁ‘@é’nﬁiﬁa&%ﬁ% gislastic ?%&‘ﬁﬂ%f?@ﬁ%e%%}’.v egf theembedded ¢ brcation
ortion of the first capacitor plate and the first di usion region of the access
iransistor. At least a portion of the first diffusion region of the access

transistor acts as a second capacitor plate of the storage capacitor. By using

[odiffusiRodieaien Rithe AeceswiransisiohRad caPacirplate anshanmbesddingate,
another capacitor plate below it, the storage capacitor is folded or stacked

anpclesdheacassaniransisige. chbigidaviairgerdsyrieadsrigacapitaspondiags a first
lateral shrinkage in the size of the memory cell. [0011] In accordance with
camoitephaspedhaf pegimyentiongitivedaret o théontabrcabrigraantesndiffugetl isgion of
provided. The method includes providing a substrate with a device region
thgefiersd tHapistnr add: fepattigralivlse Eigpasihaichratdatvrepribingsdadopprtion of the
‘embedded within the substrate in the device region. A capacitor dielectric
Ticgh pPRRF UeicRlake otk st R nEsieeiiin acevitantiiibni irigashi eagion of the
transistor comprisi gate stack disposed on the sulystrate, and afirsg nd
ﬁlﬁestorage
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cag)%é?tc%t.a‘ék’u"é’irﬂeraeH?Iff{"i‘Ei'o%afﬁEﬁl]%l?%'ﬁe”a%etshs rf'ESs}sg'c'ﬂHsshoé‘aégc‘ﬂ%‘ j%saﬁﬁ &nbedding
econd cgpam r plate an € capacitor dielectric is sandwic etween

aiBR & RSAASH #%%WW? fiFst GBRRETQL RGN ANELIAGISECONEPRARI e access
plate. [0012] These and other objects, along with advantages and features of

iR ReESetiiny@ntieeously leads to a corresponding lateral shrinkage in the size of the
memory cell.

[0011] In accordance with another aspect of the invention, the method for fabricating a memory
cell is provided. The method includes providing a substrate with a device region defined thereon
and forming a first capacitor plate comprising a portion embedded within the substrate in the
device region. A capacitor dielectric and an access transistor are also formed in the device
region. The access transistor comprising a gate stack disposed on the substrate, and a first and
second diffusion regions located on a first and second opposing sides of the gate stack, wherein
at least a portion of the first diffusion region acts as a second capacitor plate and the capacitor
dielectric is sandwiched between the embedded potion of the first capacitor plate and the second
capacitor plate.

[0012] These and other objects, along with advantages and features of the present invention

herein disclosed, will become apparent through reference to the following description and the

accompanying drawings. Furthermore, it is understood that the features of the various
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herein disclosed, will become apparent through reference to the following
description and the accompanying drawings. Furthermore, it is understood
that the features of the various 3 embodiments described herein are not
mutually exclusive and can exist in various combinations and permutations.
eipprpepiE deRiber BRE B RIT AR DR S0 £51 IF e gt Vit sutikembinations
reference numbers generally refer to the same parts throughout the different
a‘ﬁm%‘i‘%’ﬁhe drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention. In the
following description, embodiments of the invention will now be described, by
way of example witrBRIEFEDESCRIPEIGNaOHNgSHDRAMINIOS14] Figure 1 is a
schematic of a known one transistor (1T) Static Random Access Memory
[0BRAM)eedla[0dE5] IFigurieRiscansndssssertionbl ndtewtofilz kaowpaealinatigiout the
of the IT SRAM cell of Figure 1;[0016] Figures 3 to 13 are cross-sectional
dijfesgas iNigstratindsthelre st ngs Ao ies specstaigstin ssalsrieathgss (TsBRA ppnerally
cell in accordance with an embodiment of the invention; Lg)017] Figure 14isa
beiRgsBlagschinh VikWWarRe thsRAMIRIER Bf dbedrisritd with difofRlpwing description,
of the invention; [0018] Figure %5 IS a cross-sectional view of a

embodimen
e‘f‘lg?’é‘ﬁ%ﬂfsc%%ltﬁ? ARBRE e SotRsr SRR AL SR ihVERtBHC SR © the

dl[QO.lQ% F,[i%lre 16 is a flow chart of an integrated circuit system for
Wlné 0 1¢h: . . .
mantfacturing a memory cell in accordance with an embodiment of the

[0 QR PESCRIFRIQN &% TR NYENIIQALIQPEPELAE REGESAL YEMIRR mory
relates generally to memory cells and in particular, to the size

(SRAM) cell;

[0015] Figure 2 is a cross-sectional view of a known realization of the 1T SRAM cell of Figure

1;

[0016] Figures 3 to 13 are cross-sectional views illustrating the results of progressive stages in

fabricating a 1T SRAM cell in accordance with an embodiment of the invention;

[0017] Figure 14 is a cross-sectional view of a 1T SRAM cell in accordance with another

embodiment of the invention;

[0018] Figure 15 is a cross-sectional view of a 1T SRAM cell in accordance with another

embodiment of the invention; and

[0019] Figure 16 is a flow chart of an integrated circuit system for manufacturing a memory cell

in accordance with an embodiment of the invention.

DESCRIPTION OF THE INVENTION

[0020] The present invention relates generally to memory cells and in particular, to the size

reduction of memory cells. A memory cell comprising an access transistor and a storage



reduction of memory cells. A memory cell comprising an access transistor

and a storage 4 capacitor is provided. The storage capacitor comprising a

first capacitor plate having a portion that is embedded within a substrate with

a first diffusion region of the access transistor located over the first capacitor
CapROTASRIpHIEr dibfetifiess @&ﬁﬂ@@k?@ﬂ%@ﬁ@e@ﬁrﬁﬁé%ﬁ@aa@& pofagr rortion

the first c C|tor late &%nd the first djffusis ion of the access transistor.

th?‘h‘é fipde é’thH Pedy IR the M de Es‘tr% élﬁé? s EHESEApaR Ly located
fthe st itqr. [0021] Fj 3-13 t
Taeoflrs APAAIEDE igp hact %r act d%iéﬁetﬁ iy &fﬂr Wiched Bott '°”1L‘e/'%"n‘{§edded

strating an em ment rica |ng a memaory ceI wit
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of the invention are descrlbed in the context of fabricating a IT SRAM

difeRansotslloril acbkETa6cRs$dra0ai s o ClHdSHAYEPH RRSKS A YaphiStor.
to be appreciated that the present invention is not limited as such and is

[0equRleapplablertodibesfasmaiianiathierstmengaly davickssuddasirhenagya 1T
cells having an NFET access transistor, memory cells having more than one

SRANsistamanydiel stothge RIdpRcitoesastwetisas . ot e sitypldshef moadhonywewicedat the
such as dynamic random access memory (DRAM) devices. [0022]

embisitiaes\f ithe tovbetionder sterstedimtpturanisrbPEdveatiagal brode4dégnemory
that are well known in the art and not repeated herein, may precede or follow

CqﬂldUFEs" PHET MG?é%VéPSiitfg for b‘é‘lﬁfl‘ﬂig&ﬂﬁ%"fﬁ%ﬂ]\&r@ nbuhfcappspdated that the
additions, and/or om % de to the oce es d(@fﬁfbedt £ oth
PWFH&&‘EY%‘BSPU%‘% H% s?:%ﬁé aé‘é? rit Sﬂﬂﬁ‘gyc %B?e S EoPt omer

exarrnypégV tChe process desc:nbeﬁzlS %?L%\{v may ude fewer, o(g addltlonal st

X it
O itis to e apapsrrenmateét at the p%esent isc %Cseﬁsrer%résés not BE?%Ite av1ng

m%}@ m&ﬂ%&%&%%%%ﬁ&ﬁg‘é%a%‘?@%g QXIIFAQ Uffr‘e?’ t &%%]Iﬁéﬁw& §ev1ces such

shows a schematic cross-sectional view of a semiconductor structure 300 at
aAyraahly el At falrisation rtagijnagseqrdance with one embodiment of

the invention. A semiconductor substrate 302 having a first buried region 312
[OR2) echthesean ysipron e dinddistood that a plurality of conventional processes that are well
known in the art and not repeated herein, may precede or follow Figures 3-13. Moreover, it is to
be understood that many modifications, additions, and/or omissions may be made to the
processes described without departing from the scope or spirit of the claimed subject matter. For
example, the process described below may include fewer, or additional steps. Also, it is to be
appreciated that the present disclosure need not be limited to the initial semiconductor structure
depicted by Figure 3.

[0023] Figure 3 shows a schematic cross-sectional view of a semiconductor structure 300 at an
early stage of fabrication thereof in accordance with one embodiment of the invention. A
semiconductor substrate 302 having a first buried region 312 formed therein is provided. The

first buried region 312 is located at a distance d; from the principal surface 303 of the

semiconductor substrate 302 with a first undoped surface region 314 separating the first buried



first buried region 312 is located at a distance di from the principal surface
303 of the semiconductor substrate 302 with a first undoped surface region
314 separating the first buried 5 region 312 and the principal surface 303. A
first oxide layer 304 and an overlying first mask layer 310 are located over

regHenpritcisel dsrrit B0l Brtce dbinitoiLietdisinsirdfe 302 foozerfying first mask

illustrated jn Figure 3, the first mask layer 310 acts as a mask far selectively
la%ﬁrp?’éﬂﬁﬁ%iﬂ?&e 6’58’&1&“?0%%%?&1(%]16%%%?830? AFORRSEres S[Wés%ffﬁg?gte to

[J&Eﬁjt}\hse t’ﬁlséttrétggélen? Iiﬁ]%%?en §1%tieTHt1$_slti nPIPaI&mla? Ong;tliBnasctasr%ssgleg({églg %8r selectively

create a first dopan anf fange that Is sitated within the Subsurface

i RIRM OIS EYRSY AR 30% éﬁ'@bﬁc‘i@&%? ARJBE §18) uasl. re@on 3 L3 BGiRGne first

spaced at a predetermined depth di from the principal surface 303 of the
baistEaien32. rig iprdiegisiondhthatiacdey iivraeh implaniatitmplant range that

parameters such as implant dose, implant energy and first dopant species,
iscatuhedadjuste chéosonoatidaterta alepthofstivetfitst 3oRrierhiegiont312.the GRg buried
embodiment, di is between about 5 to 25nm. Alternatively, other values of di
reffiab eYlHabwes thecpérdormandgaiihedintgghate domculesprirctiped soap@lsbef the
used. [0025] As described in the succeeding paragraphs, the first buried
silesginn 3022 Wil e bsubderipedtiateriovstde efdamaainiern hedemictayiah as jgplant
location. Therefore, the first dopant ions species and implant conditions are
dasteatBIY e ALY L A A APaR hinGEiasr SGIbRe EH test RaBod g hstdapth of the first

selectivity with respect to the substrate region adjacent to it. This js so that an
e AP A b Lt o CABRIER) Sk BROPTRBICHRR i o 1Ay Ut ETBH - ther

9112 thtg minimﬁtl etching of the surr dinlg substrate region. In one
va uef)o 1 that erh ar}ces e%er ormaince %L@e n %{at cIrcuit S ture may also be used.
embodiment, the Tirst buried region is a highly doped N-type region. In

esprl. thehighesiheN-tipe dering conashiraiion @Lihe st RIISH 539100 be

312, the better the etch selectivity of the Tirst buried region 312 with respect

suBst Bt IeHRANOS URSKALE FadiomicGWineY, AR dBRRRBIONSQELHR, the first dopant
embedded cavity are also determined by the range of the first dopant profile,

idieneiciee aiticimpplanicednditions askalsbssaectadawithfie eridedet@yiy? that has
dimensions in mind.

a high etch selectivity with respect to the substrate region adjacent to it. This is so that an
etchant can be used to selectively etch the material in the first buried region 312 with minimal
etching of the surrounding substrate region. In one embodiment, the first buried region 312 is a
highly doped N-type region. In general, the higher the N-type doping concentration of the first
buried region 312, the better the etch selectivity of the first buried region 312 with respect to the
surrounding substrate region. Further, the dimensions of the embedded cavity are also
determined by the range of the first dopant profile, therefore, the implant conditions are also
selected with the desired cavity dimensions in mind.

[0026] In a preferred embodiment, the first dopant ions are slow diffusing N-type dopant species
such Antimony (Sb), Arsenic (As) or compounds thereof. Slow diffusing dopant species have a

low tendency to diffuse or spread outwards from the as-implanted dopant profile when the

semiconductor structure 300 is subjected to thermal treatment in subsequent steps. The benefit
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[0026] In a preferred embodiment, the first dopant ions are slow diffusing

N-type dopant species such Antimony (Sb), Arsenic (As) or compounds

thereof. Slow diffusing dopant species have a low tendency to diffuse or

spread outwards from the as-implanted dopant profile when the _ .
assantcInuliR o ST RRER: 3R0SIE S Bjcting s rrsiiali o behtant teslissdytiehtesion

steps. The benefit 6 associated with a more abrupt transition in doping
3 LoreHir R Bt %Hat?ﬁg%lsﬂﬁ%ﬁ%@i{?ﬁgﬁnga%ﬁ%ak‘F{eeth%tﬁﬁ&%&me between

agubsirate. region,is that it 'Eaﬁjesr té’efan%e%%{t.et%ﬁ?t? ‘#ff%r fies hetwaen &zt%at the
er defined Cavity protile. aBB

10 a C
WO reglgns angdhence a be is to be reciate

pRARHRE REGHRAING BXaNBIRSOLHLSLAARANE LANSi AP IESL IRING QRELO Bt the

dopants that permit the formation of a first buried region which is selectively

fRtehrlowitiraspestdortbR Adiagents sUkstAE raginpnanalRQ e Usedle adjacent
Additionally, the dopant ions are also selected to provide a first undoped

susldtfaeadggiom3ldido tbasudbsiataiongrlying thedirsidavriadalegiendd@ to provide a
[0027] Each of the foregoing substrate 302, first oxide layer 304 and first
firstasiddpye s B1Q aregige Abtat yheonbentio natilyithetsefimit bndedtegifabdication
art. [0028] In the presently described embodiment, the substrate 302 is a
[002eashiobrths flosteatas HbweieOthdinveridorasenatfiranddins Baghlayar 310 are
also contemplates other semiconductor substrates that physically and

eRIhCEIR e RSTHSRIS S PHiRhvS24RB Bt passive device structures.
For.example, the substrate 302 may comprise any semjconductor material
10028 T thE s ARSI, SORRIETH, DIAUONTS AL INARSOMISEO s rate

Hsemicontguctors s well as comp site Sth%trgtels suchtas |I{cont%n ins.ulatord ¢
contigurations. [0029] The fﬁrs‘%loﬁof‘é |layer 304 Which is of E%%%Pseer{/esg%%"“ uetor

sUBUIRRSERL T9ANRING, daMAgE A0 e  SIIRGAOT IR S ARAUCINRIHGRNAIR device

302 caused by implantation of the first dopant ions 316. Other materials that

staigme this taatinn mayalse.Reznsada A3 HERe fifskmaskdayer Fh@MABYuch as

comprise any masking material which is suitable for preventing the
silivplagdiaiiionuaf, the finstdopanisiansed 14/\nta MY Bubspaied egittsaomeredsbyell as
ccfgliosite substrates such as silicon on insulator configurations.
[0029] The first oxide layer 304 which is optional serves the purpose of reducing damage to the
surface of the semiconductor substrate 302 caused by implantation of the first dopant ions 316.
Other materials that achieve this function may also be used.
[0030] The first mask layer 310 may comprise any masking material which is suitable for
preventing the implantation of the first dopant ions 314 into the substrate regions covered by the
first mask layer. Included are hard mask materials and photoresist mask materials which can be
used alone or in combination.
[0031] Figure 4 shows the results of removing the first mask layer 310 and the first oxide layer
304 from the semiconductor structure 300 of Figure 3 and subsequently growing an epitaxial

layer 400 over the surface of the substrate 302. The epitaxial layer 400 incorporates the first

undoped surface region 314 (as shown in Figure 3) which was located above the first buried
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first mask layer. Included are hard mask materials and photoresist mask

materials which can be used alone or in combination. [0031] Figure 4 shows

the results of removing the first mask layer 310 and the first oxide layer 304

from the semiconductor structure 300 of F{grlére 3 and subsequently growing
regiplpitaxidhadiet Motk st thd sarkdie oriffelaviistdtaanbe Terospiiaxiag methods

layer 400 incqrporates the first undoped surface region 314 (as shaown in _
et tiFe SV Y | SarS P SOBU IR RIS BUPR AT YaYfon"s 12 FHEsildyer 400 is

mask layer 310 and first oxide,layer.304 may be removed using methods
tymgﬁglrgéé%%%éﬁt%%%ﬁ% t\ﬁlgosrélrerﬁégﬁaﬂ'ctor fabrication art while the epitaxial

(08 ARUS Y BIGH I Jenned Ry Fesis?h YRRe hAcRASINA Q36 LE &R mined

d2 of the first buried region 312 from the surface of the substrate is
bylaieiminacksty e tRieknasa Rt e sRiaysiahiayand0RINGRIRAING.HRGdISh. The
undoped surface region. The epitaxial layer 400 may comprise any of the
effaiangiicion majesiaiprite mnwbiChissennopiinrebrthrstbistraie 30dch is comprised
However, substrate 302 and the epitaxial layer 400 need not comprise the
thsaywiles s@m it BN dotee veraterstrates 37| dvd ehvadamtafiohlaye d0Bsegdert comprise the
paragraphs, d2 determines how far the subsequently formed embedded
sapesrtiemief il fiest capeidior plardliSspuder from tseubsrfaieat pritm aphibodpaigicrmines
In one embodiment, the depth d2, of the first buried region 312 is between
howdtf hes s d8e19% ﬁ?l‘f?@?ﬁé}beé@ﬁéé’?&‘%@ér%fgﬁé&%ﬁ%‘ié’%ﬁd‘ﬁ&%@i(’m the

ob SBETEYon B GH 0 L G LA Lnfiacol1ALe M iR 312 s
resistance acitqgr plate..In I, the dee

of the first nera r the, first burie
between eﬁ)o t Hg' nm §0 ?Elgnéleld%tgﬁro }/]alcljlfe'%g)r%l; ate a so.sultgﬁle an(g}]llelaﬁ/i dfﬁr& gased on

region and hence embe por e first capacitor plate,

r6-eHraEre siRiACcR RLtRlRH RRRVIBLRIARI0RR N ARIGEASE D verlying the

embodiment, the first undoped surface region 314 of Figure 3 is re-
cabkatRlizegRriprpitheapitanailayetidails grawmreyefagignstiate ;30&neral, the

The purpose of the recrystallization process is to improve the homogeneity
depthehe pitexiakiay esed0being dom®edded portion of the first capacitor plate, the higher
the effective resistance of the first capacitor plate.

[0033] In a preferred embodiment, the first undoped surface region 314 of Figure 3 is re-
crystallized before the epitaxial layer 400 is grown over the substrate 302. The purpose of the
recrystallization process is to improve the homogeneity of the epitaxial layer 400 being formed.
This is because the first undoped surface region 314 may be amorphized when first dopant ions
316 are implanted into the substrate to form the first buried region 312. Since the characteristics
of an epitaxial layer such as crystalline orientation, structure, epitaxial quality are defined by the
layer over which it is grown, the characteristics of the epitaxial layer portions formed over the
amorphized first undoped surface region 314 may be different from that of other regions not

exposed to the first dopant ion implant. In one embodiment, the first undoped surface region 314

may be re-crystallized by subjecting the substrate 304 to a thermal treatment incorporated as an



This is because the first undoped surface region 314 may be amorphized
when first dopant ions 316 are implanted into the substrate to form the first
buried region 312. Since the characteristics of an epitaxial layer such as
_crystalline orientation, structure, epitaxial quality are defined by the layer
lna%fér%ﬁﬂiéhtﬁq§@FWﬁ4,&Wﬁhﬁ?‘%ﬁﬁ“‘érist&e&f%@]@pi‘fgiﬁ’aﬁfeﬁ?éi‘tﬁ@?ﬁ&ﬂg methods are
formi% ver the amorphized first undoped surface region 314 may be
algeeu fef'rom that of other regions not exposed to the first dopant ion

(638 31?11%}}% an B%%%%E’é?‘%@%?%%%t{gﬁ; %Hé‘?é’;ggcg?%@tac%tﬁ?&{l‘%é‘ ﬁ?o“mé:‘?{aﬁsg%ndergo a

re-crys zed by subjecting S rate 0 a thermal treatme

cIGHPARISH RSB0 Sl FHERHMIRG: %Hlﬁ%k:éf%&‘ﬁég‘ W%ﬁ%?é%oéggﬁﬂé’sti\iﬁéynaﬁve

other re-crystallization methods are also suitable. [0034] Tn one embodiment

oRfithrile mionothe sespiennsusier. structure 300 may also undergo a
cleaning step to remove surface contaminants such as particles, organic

[0o381aund&angtinativiecoxitRenasigot engidoih 0f e pitapiaigyre. O30 Iayer 400
an alternative aspect of the invention, the above step of growing the epitaxial

islayeitetOdnigeadnitte dnphsteaehdibiensiptaht Gonditioms ifors this fisst Bopdnbian® locate
316 is selected so as to locate the first buried region 312 at the depth, d2

thirdirstHwdedferasonf ihe substrégpthHaweoar tieuitirentbrih avesupseovdpag ver, the

that this approach may be less preferable for the foIIowin? reasons. The
b

inéﬁ‘i‘f&fﬁa*l%?é?ﬂ@@ﬁf’o(ﬂﬁ‘e@é Pprad l‘é‘@YoPFtll‘Féf wadsiehlp dentag 5?@8@@@%6635(’“5'
implant damage hy the first dopant ions. | neral, implant.damage tepds to

TR P b DA B SR damage
Furthermore, omitting the epitaxial layer 400 also, means_that, the first dopant

b T SR S A% AR IE AR IR EORARL. o

eRiriRd K5aiRRAd At A SINIALHR AR SRRE FhiliGIEAS IO HRE AACLOY0BT AL means

implant causes the firstion dopant profile to have a wider spread’and hence
thRSEARFURIJFANSIIRNNIARRING KOREFAHBEQD DRiMeLEntheyfiisbRIsied SREIONe first

312 and the surrounding substrate region. In some cases, the first ion
bapianrtiarofiie aan fiavaradtpihend Heatakxtands ioihaestitasedfaihapldistcaliees the
first ion dopant profile to have a wider spread and hence less abrupt transition in doping
concentration between the first buried region 312 and the surrounding substrate region. In some
cases, the first ion dopant profile can have a tail end that extends to the surface of the substrate
302. As a result, it is more difficult to control the profile of the tunnel etched through the first
buried region 312. Finally, a higher implant energy also tends to increase the extent of implant
damage inflicted on the substrate thus leading to degraded device performance.

[0036] Figure 5 shows the results of forming a second mask layer 410 on the semiconductor
structure 300 of Figure 4. The second mask layer 410 is selectively located to expose regions
where trenches 500 are to be defined within the substrate 302. In the presently described
embodiment, the second mask layer comprises a first pad dielectric 412 of silicon dioxide

located upon the epitaxial layer 400 and a second pad dielectric 414 of nitride formed over the

first pad dielectric 412. The first and second pad dielectric layers (412, 414) may be patterned
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302. As a result, it is more difficult to control the profile of the tunnel etched
through the first buried region 312. Finally, a higher implant energy also
tends to increase the extent of implant damage inflicted on the substrate
thus leading to degraded device performance. [0036] Figure 5 shows the

usiag fea vnisial g et BesaPhaad slrBrmetbodh thEuB e st raudBrskiinard0- Itis
300 of Figure 4. Th d mask layer 41Q is selectively located t

B R e 00 S8R e A D HGHE GO 62 R gl o

p%g%%gﬁ“¥u‘%§§§’éb§§9§{ﬁ‘3%%ﬂ' AR f}g é‘rg%c :et?é%”é%c'ﬁ‘e%sﬁ layer Gom El’er ' %Sgr%%rgq% second

Ielectric 41 on aloxi upon t éyepltamalll ayer

n@:R9500d Rd AHGIEGHIR A 1k AL UHIAGIR TGS Qe al@%%e%ﬁr%ﬁ'?ﬂ&%&&&ure or

The first and second pad dielectric layers {412, 414) may be patterned

cHsngcBMemtianebrietglithography and etch methods to form the second
mask layer 410. It is to be understood that apart from a combination of

[BBTPA OXideuandediindegother smatefials dhat protectthicbsubsvatente@ian layer 410
underlying it from being etched may also be used to form the second mask

atayehedl . fAiditiorally Stite sedondomacskitayemdid Ay disatbe audingledgperon of
structure or comprise more than two layers. [0037] As is illustrated in Figure

ths frshatriad reaginrd histepvsrediby trracieloomatiomsithaler dedirsrbusiehesginn 312
form trenches 500. At least one of the trenches 500 is located such that a

is 3B ARFRTENIRRE A S DA derel oh e d5edai¥sed after trench formation. That

i first buried region 312 is in communication with a sidewall of the
AR s B T Bt e G i o PR B SR i renches 500
inPIRCEE Ssgrsatlél:s to %tCh trencpoecﬁ 591? %Hetpr% %HQSS ta{‘lraet(é:':tc Oezd' {rrl] 2 r[])?asm% com%rising a
g . . i

. n (}[lle cm 1’1
embodiment, the trenches are etched in a plasma comprising a” combinati

ShEREBRDPABATRS- AGINRUVEN. AIRCL CORMPABAMQfSRSES Shat alliiow the

the substrate 302 to be selectively etched without substantially removing the

sfiystRuties tegiapidiR predise suitalleutoR3RliIGigue & showsitheiasulisdn 312

substantially removing the first buried region 312 in Figure
are also suitable.

[0039] Figure 6 shows the results of substantially removing the first buried region 312 in Figure
5 to create a cavity 600 embedded within the substrate 302. The first buried region 312 is
substantially removed by using an etchant that differentially etches the first buried region 312,
while minimally etching the surrounding substrate region 302.

[0040] In a preferred embodiment, a selective, isotropic reactive ion etch (RIE) process is used
to substantially remove the first buried region 312 thus providing a cavity 600 within the
substrate 302. In one embodiment, the isotropic RIE process may comprise the use of Cl, and/or
other chlorine-based gases. However, it is to be understood that the gases chosen for etching the
first buried region 312 is not limited to Cl, and may include other gases that permits the first
buried region 312 to be etched selectively while the surrounding substrate acts as an etch stop

region. Preferably, the first buried region 312 is etched within the same tool as the trench 500
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5 to create a cavity 600 embedded within the substrate 302. The first buried
region 312 is substantially removed by using an etchant that differentially
etches the first buried region 312, while minimally etching the surrounding
substrate region 302. [0040] In a preferred embodiment, a selective, isotropic

etrBatERFEIRSH McFPIIEYiBRoRdds Féetted- tolR s ISt FefRAdiREfirgYet chemical
buried region 312 th roviding a cavity 600 within the substrate 302, In
OGRS PO R YO RSPTE P e RO R AR o7 BT

other chlorine-based gases. However, it is tq be understood that the
e S I B By he

S8y Naludg OergaseminakRS BYSINE Jifst BWiedTsthS L2 4R RESIERED02 as

selectively while the surrounding substrate acts as an etch stop region.
sRueferathsaedirsthuindregipRH2 (s RICHEUMItD thesame 10RkAS R ciching

trench 500 10 etch described in conjunction with Figure 5. In an alternative
pieobedinentowetithemicalcemitunia/onayvalgole usklidergichirgite firgérial may

buried region 312 to form the cavity 600. [0041] Once the cavity 600 is
alfornceds a dires-alief B2 mray tvepsetbaaticentlyrproiddooverdsreinthardby isolation

walls, the interior of the cavity 600 and other exposed portions of the
fileipereriasohan srestithwag iantiy deaositathie e 20 idRss) re Phin-daHimgee xamples

caused by reactive ion etching processes used to define the trench 500
olha/ee ity BYYNANdR R IisenemnHiderial may also act as a

t -relief layer used to protect the substrate 302 from stress induced

RSP NSRS (et e e ey B 6 i (RB ot on the

500. Non-limjting examples.. of the liner Jayer 620 include, oxide, sjlicon . :
S S o L e PR U HEn B fotation

filRAIGHRKRPSO INEnSCIPIRCRLHCHRL SHYGHIG RO FIGUFR Ot IRt MG odiment,

trenches 500 are filled. Excess isolation filler material 520 external of the

i ethes PORarasHAsLaUS M AN@a b h QE @ P Ry BEIaRIAt AR hanical
filler material 520 external of the trenches 500 are removed by chemical

ponigdhancsiPpelishing (cMpPdwiidicha dinsupaddieleaticldhd@ptiageas @he resulting
polish stop layer. The resulting

trenches filled with isolation filler material 520 are known as trench structures 540. In the
presently described embodiment, the trench structures 540 serve as shallow trench isolation
(STTI) structures.

[0043] In a preferred embodiment, the isolation filler material 520 fills the trenches 500 without
substantially filling the cavity 600. In one embodiment, this is achieved by using a high-density
plasma (HDP) gap-fill process to deposit the isolation filler material 520. Alternatively, other
uni-directional methods of deposition are also suitable. Non-limiting examples of materials for
the isolation filler material include oxides, nitrides, oxynitrides of silicon, as well as laminates
and composites thereof. Alternatively, other isolation filler materials are also suitable and the
isolation filler material 520 may also comprise more than one material.

[0044] Figure 8 shows the results of removing the second pad dielectric 414 from the

semiconductor structure 300 of Figure 7 and in turn forming a well 700 that surrounds the cavity
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trenches filled with isolation filler material 520 are known as trench structures
540. In the presently described embodiment, the trench structures 540 serve
as shallow trench isolation (STI) structures. [0043] In a preferred
embodiment, the isolation filler material 520 fills the trenches 500 without

6 petztaty ity bR Lt 698: 1t aiBbilitiert arfietisnemiesaphpy? memory
ing a high-density pl HDP) fill tod it the isolati

e b MR e e That Lol Seatarters o

555 ARP ultablg,, g!}ﬁ'"tﬂg'” &%&W?&?ﬁa%f %?t%f!%% Qg 2tlof]nf¥l|}%er§)resently

material include oxides, nitrides, oxyni es of silicon, as well as Tamina

dARARATORBSHES: EiROL M RIN AN PIES ﬁ?iﬁ‘ﬁﬁ?g‘s@ugﬁmﬁ&?ﬁ@ﬁ%&rzﬂiﬁepmed

suitable and the isolation filler material 520 may alSo comprise more than

bPRSNaRNRlN 044l Bigdte B shows the results of removing the second pad
dielectric 414 from the semiconductor structure 300 of Figure 7 and in turn

[Olossning danelséRD, that fusmemblsithe easitye ik 6RO@MbRAdSRANLRIFIthéth a PFET
substrate 302. As described in the succeeding paragraphs, a memory cell
acuwsbeaforsnedhwithed 190 welh 700 ¢linaod ¢he rvisodindepintheny/@R070© dixteredsnpurity
to a depth of about 380 to 430 nm from the principal surface 303 of the
iogghshrateiznangnegsapiesseh i treséeitrad dnebisigirReetphpiaisyAFseoE jgr compounds
formed by implanting second dopant ions 720 (depicted by arrows 720) into
theveody bstratemsey Cpo 51 A, presehiyastiBe S dirant i ddfee P-type
. are forming a S AM.ceIIwithf\PFli?T access tran?#sft rlﬁhew | 700 is an d
TRHLN S tHE S UBHE SRR Y 728Rs- A WARIHL ,s% V" oS RGh ARy "

thETeor. I‘?Sn%fe'\df%ﬁl‘?n‘é’r?@ﬂ%téeﬁod § EH?%H!‘%H%&%O%'&%%a?%rﬁg’sog”cé}da%out 5¢2 to
thereof. For memory célls wit access transistors, the secon opant

1405,/ 90,316 Ry Jerpuiily QOSvNQir IMIFNg & RMBIGR @ drdRe JOBR Gbstrate,

include Boron, Indium or compounds thereof. In one embodiment, the

(SRIANSHAARERIIARS E20RFRMRIANtshakhdrge of about 5el2 to lel3

ions/cm2. Alternatively, the SRAM cell may also be formed directly on the
[®dbFRatesring now to Figure 9, the semiconductor structure 300 of Figure 8 is subjected to a

wet etch process that creates an access path 560 through the isolation filler material 520 to the
opening of the embedded cavity 600. The access path 560 is a channel located adjacent to the
corner of the trench structure 540 and in communication with the opening of the cavity 600. In
the presently described embodiment, the wet etch process also removes portions of the liner layer
620 overlying the principal surface 303, on exposed sidewall portions of the trench structure 540
and interior walls of the cavity 600.

[0047] In the presently described embodiment, the access path 560 is etched without the
presence of a masking layer for protecting other exposed portions of the isolation filler material
520 from the wet etchant. This is possible because the inventors have discovered that the corner
portions of the isolation filler material 520 can be made to have a faster etch rate relative to the
bulk portions if the density of the filler material 520 at these regions is of a lower density than

that of the bulk. In one embodiment, a lower filler material density proximate the trench corners
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thereby omitting the above described well formation step. [0046] Referring

now to Figure 9, the semiconductor structure 300 of Figure 8 is subjected to a

wet etch process that creates an access path 560 through the isolation filler

material 520 to the opening of the embedded cavity 600. The access path
W5 igchigrranhe it sRliicentiisTiderediine st thahéhshraturemhigation of

and in communication with the opening of the cavity 600. In the presently.
SRYLIEABS eBﬂ%B%S’&iH%%ﬂE‘H%B‘%e%P&FPﬁ%@&e% B@% EROSVES BEYtfoRE SP{Hélzed such

bl f{%%éﬁg?%%g a e%ﬂ}’si;‘%%%@er bl iE% RalAEEe 398, ﬁfgn%ﬁ%%%g%r%i %%tgggurthermore,

po rench structure 540 and interior walls 0 avity

R Lh G Rrase aHy ARReBeO HrRRdime . ih ACchsS tHé‘UM@%?O?@H@ G&ktions

without the presence of a masking layer for protecting other expose
oP@EiRRR s thaisolalian.fiken malesal (> AR tamyihaives slakank TMigiisctions. As a

possible because the inventors have discovered that the corner portions of
rethi® i selaton fijeih rhederiakhSné cardpehroadpatodavteadfaster e iehiaia ol afvermed
to the bulk portions if the density of the filler material 520 at these regions is
atothe tovwer déngignthastruiateof teroutkyilly eremeimpddiment saldowidr filleriew of the
material density proximate the trench corners 12 502 is achieved by using an
ahgutation Fks R iSoR RN JTracseess Rpa PN dveizh e mblrzaibhllst Bpigtial Bgwithout
deposition mechanisms. In particular, the filler deposition process is
upptithiPatkdigchy e e tretsputte ftgostbeprd GreatdPaitla s fidrs BYEdtiRéy from
trench structure 540. Furthermore, the inventors have also discovered that
“Bhiee the W Btchant reaches the cavity 600, the portions of the isolation

[Jﬂlﬁalf{%ﬁ]‘%i%@%&% ! gg%%&% t&efg%‘{fﬁé ‘é"igigg%ﬁ%']%ge}% inrer%iéél\r}fﬁn@%a} surface

result, the access pat as a greater depth compared to the

3EBHIRNGBUSN: I edh AL NELRHIR PR BERGNFUUGHLS W UL AMEAIPO the cavity

extending from its sidewall. In view of the above, it is possible to create an
c@Lcess RathrecOiibrakahithedsalationitilepmatapial 2RO Wikewi: YUSIBY S0 over the

masking layer to protect the exposed portions of the isolation filler material

P2 OpEIosf eXCEEB dfeHeassiitg 302 can function as a gate dielectric for an access transistor
while the dielectric layer 800 in the interior of the cavity 600 can function as a capacitor
dielectric for a storage capacitor.

[0049] The dielectric layer 800 may comprise a dielectric material such as silicon dioxide,
silicon oxynitride, silicon nitride, a high-K metal oxide or a combination thereof or the like.
However, it is to be understood that the type of material chosen for the dielectric layer 800 is not
limited to the above examples and may include any material that can be formed in the interior of
the cavity 600 and is suitable for use as a capacitor dielectric. The dielectric layer 800 may be
deposited using methods such as thermal oxidation, chemical vapour deposition, rapid thermal
oxidation or the like as known in the art. Preferably, the dielectric layer 800 is deposited using a

high aspect ratio process (HARP) using chemical vapour deposition. The dielectric layer 800

may range in thickness from about 20 to 30 angstroms, for example. However, the thickness of
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[0048] Figure 10 shows the results of forming a dielectric layer 800 over the
principal surface 303 of the substrate 302, exposed sidewalls of the trench
structures 540 and interior of the cavity 600. As will be illustrated in the
succeeding paragraphs, the dielectric layer 800 over the principal surface
thgshelsetrie %@!B‘ét?aﬁ@ doptedierthcrisredia gaiBRife Rt Raioinglidecas ghickness that

nsistor while the dielectric la g interior of the cavity 600 can

‘tfha ﬁler 8@(% in ‘;Ih
CHUMSTONS8A CHPAKitoH GRlBenitsr A S8l Je s Bacitor. [0049] The dielectric

r 800 may comprise a dielectric material such as silic ioxide, silicon
[d&%ﬁw ﬁ%lé’e i SﬁOWS.t resu%slg%_ﬁ%lr)%glhg an ?ec(%roge lﬁ%t%](stV%ht (S S?mlCﬁl_’llguCtOI‘

OoXy , silicon nitride, a etal"oxiae or a co Ination thereot or

stﬂ!&%ur?‘%%‘f‘%‘i’ggﬂé 19, by @E‘E{ﬁ}&’@ﬂr\{% SRR ShIRHEERLLARERA 05 WR top of

dielectric layer 800 is not limited to the above examples and may include any

thaiatRkihrhFaR4e 1PHREdIR theiiiteipboihdRaeavibo oA andsisyatitabiefrdivort

use as a capacitor dielectric. The dielectric layer 800 may be deposited
sTsigrnethagdsusuch sasdhespmiooxidation, chemical vapour deposition, rapid
thermal oxidation or the like as known in the art. Preferably, the dielectric
[068Hr BRC:lscdeposijed &isimgpga chighrias pechdatiovprocess {(tdARB)vasimgerial such as,
chemical vapour deposition. The dielectric layer 800 may range in thickness

bitaipt dseind20.td Podapigendapes rotsiiaeiplelnHow evkodinecthdlenelsetitie] Byer 810

the dielectric layer is not limited to the preceding example, and may include

COURF i RASE ERAIBITAAN ASORHE SBRRSPHTE IO Ph‘?@trﬁ‘éltﬁ&)?%]eﬁl/fﬁ%ﬂﬁowever’ it

. formed. [0050].Fjgure 11 shows the results of depositin elecirode layer .

SO A L AN IS S0 o E DR L0 S b i
810 overlies the principal surface 303 and top of. the trench structure 540. It

th&%%"ﬁﬁse’t‘ﬁ%l t%lf}tse‘r%i 0 %’hlé“i%%?&“%dﬁ?% “ea‘qé%f‘éfs?%béeaf | 550 and ¢ ﬁ%&“’%ﬁéte and can

pdARRGIThibR YRPAE: SIUGIEES§4I005H JheflestanalakerRLA 0@ ayer 810 is

comprise a conductive or semi-Conductive material such as, but not limited
ddpesienes SteunearRaprebiilicann/n one embodiment the electrode layer 810

comprises polysilicon doped to a doping concentration of about lel5 to 5e15 /

[0032BFHomeMe]lifstrates the semiconductor structure 300 of Figure 11 after the electrode
layer 810 of Figure 11 has been patterned to form a first capacitor plate 820 and a gate electrode
840. The first capacitor plate comprises an embedded portion 820a that is located within the
substrate 302 and a second portion 820b that overlies the trench structure 540. The electrode
layer 810 may be patterned using conventional photolithography and etching methods as are
known in the art.

[0053] After defining the first capacitor plate 820 and gate electrode 840, the integrated circuit
structure 300 may be further processed by additional conventional steps to form a channel region
860 in the substrate below the gate electrode 840, first spacers 880 located on opposed sides of
the gate electrode 840 abutting the sidewalls thereof and second spacers 890 surrounding the first
spacer 880. The foregoing first and second spacer (880, 890) formation are generally

conventional in the semiconductor fabrication art and can be carried out by depositing one or

more dielectric layers on the semiconductor structure and etching the dielectric layer such that
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is to be understood that the type of material chosen for the electrode layer
810 is not limited to the above examples and may include any material is
suitable for use as a capacitor plate and can be formed in the interior of the
cavity 600. In one embodiment, the electrode layer 810 is deposited by
0@%&%&&@&6@&@8@}56@%&3{99@2}@5a?@T28f||lﬁ?&tsglfh@%éﬁﬁff&bﬁ@féfd}lustrated
. sg,ucture 300 of Fi%ure 1 after the elec r;%éea layer 810 of Figure 11 has .
N S Balte RO O RSh THE S SP ;ta[r RALD oA BT BBy gnultiple

Spal %sﬁ'lﬁ‘]fs%?é’ﬁ%ié‘r’sr r{f%'eat§ U dﬁﬂée %&%ﬁ%ﬁgg@ Or%%% Seha égé"gﬁirﬁ '%é"‘ﬁﬁgn may

1
within the  substrate and a secon at overlii etrenc

uSiRCiHTE St o NE BlEEIRdeHRYERBTADRYPRPHE @?&%&@%&%&Y@Hi&?&%‘m 800
photolithography and etching methods as are known in the art. [0053] After

aflefiRing dhe iRt GRPasitesmgye)§3nand gaterlecisode 840, the integrated
circuit structure 300 may be further processed by additional conventional

[RsAaifarmasebanneiffegiane 300 (pahesupstitaieifefownthie ghiarlaetiods60 in
840, first spacers 880 located on opposed sides of the gate electrode 840

thabutistgtthe sidewatstihéveotdnd spoond sgecefsi8odsustalndifig thelfergtresently
spacer 880. The foregoing first and second spacer (880, 890) formation are

degeribralpymkashmenti dhrafiitthedseasied ddlicion fesiivati8laf@hdosarspigce and drain

carried out by depositing one or more dielectric layers on the semiconductor

reginstifrea idoste AR tHer disledipg salferadict that st HRh & higaRdi2: the source
adjacent tq the gate electrode r ins.. A from the spacer profile .
e Ll R gH 1o B UEL TSP AR AE0E SHAR S CARAASH WA A while the
disposabl ers, multiple spacers, offset spacers are also suitable,. .
O B S Sue U BRI R AR AR st copacicr

pIQ%p i ng;p fQ El?&n&%?&o%ﬁ%ﬁkﬂ%ﬁ?é‘l@%&&el ) @B%\gﬁﬁg%@&%’r féﬁ? %ggerlappin g
800 and first and second spacers (880, 890) form the gate stack 900. [0054]

thé firstcancisss@nd dilflsipnHesinn (929i84 Rk extendingdian hevehanifimay have
region 860 in the substrate is subsequently formed on opposed sides of the

paate tatkp P hd Rditedresa@ndy0 with the embedded portion.

[0055] In the presently described embodiment, since we are forming a PFET, the source/drain
regions (920, 940) are doped with P-type impurities such as but not limited to Boron, Indium or
compounds thereof. For an NFET, the source/drain regions (920, 940) are doped with N-type
impurities such as but not limited to Phosphorus, Arsenic or compounds thereof. In one
embodiment, the source/drain regions (920, 940) can be formed by implanting source/drain
dopant ions into the substrate using the first and second spacers (880, 890) as a mask.

[0056] In one aspect of the present invention, the source region 920 has the added function of
acting as a second capacitor plate for a storage capacitor of a memory cell. Therefore, a storage
capacitor is formed by the combination of the first capacitor plate 820, source region 920 and the
capacitor dielectric 800 sandwiched between the embedded portion 820a of the first capacitor
plate 820 and the source region 920. Meanwhile, the gate stack 900, source region 920 and drain
region 940 form an access transistor. By using a diffusion region of the access transistor as a
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described embodiment, the first and second diffusion regions (920, 940) form
source and drain regions for an access transistor including gate stack 900.
As illustrated in Figure 12, the source region 920 is located above the
embedded portion 820a of the first capacitor plate 820 while the drain region

capagy i et adcnrd Bpp aRRbesicRP T i i @ et r i S aRB FRBRE AFdt folded or
capacitor plate. It is to be understood that while Figure 12 shows the entire |

SENTLLHSG R §58°5 aRding ﬁﬁi@éﬂ%ﬁgé&gafeﬁsﬂ?@%%d%{%fsm@fﬁ%? in the size of

thce:a}gacitor Cpehtlate, an alternative embodiment may have partial overlap of the

souergle()%gloh 920 with the embedded portion. [0055] In the presently

[0985£ PG HermhRdinpent. sinca e Ae9imine aRERT 1IPSROMEYN . be formed
regions (920, 940) are doped with P-type impurities such as but not limited to

b&BRECR. MR sQMpRUNESsthereaf ok d N0, thesyraerskald HBeIans-dose
(920, 940) are doped with N-type impurities such as but not limited to

infaspbh oitisiAs SR Q6o mApottRas theneofcdnngng tedmbeginiaenditig structure 300.
source/drain regions (920, 940) can be formed by implanting source/drain

Thiopantéahsintstthe sutssirate98ihgvthidisstrendpecynyspdaeng (880 890Ye/drain
as a mask. [0056] In one aspect of the present invention, the source region

regPOHES a0 dech g embpdaeity the eIBise8Ad- wapHERoF PP fothar comprises a
storage capacitor of a memory cell. Therefore, a storage capacitor is formed

ha9 FrE ORI of AREIHLT CapEENslopiatd s g0 dBuPerTediaH geoan Rk 940)-
capacitor digléectri,c 82{015and.wich.ed between the em@gdd d mi n 820a oé 0
BRePHFRE Ka b HOP Siate BEEEIAY the sBIREE FediBRc82s° filk Ctifegataen the

RRAH 1%91%39# Geuegion 350 andidraln 189iRn, 40 38{85‘&%31 ACESRSAARSIRR o the
Yy using-a dirrusion region o the JCCGSS transistor as'a capacitor plate

s GRIRRLAIDE ARINEE CRRAGNAL RIE D GIAW.ILa e Si@Ags.capacitor is

folded or stacked under the access transistor. This leads to a corresponding

[0648TaA dNtibKAcR I dhoR i SHRIcAenIERIANYaSIIbd Qe d |t QRS REDEMREHM of the

invention, source/drain extension regions 960 can also be formed between
sdinecchannel 86Q-anrd #00.sodceddnaipléegionsi(Q2aaR4aniniladaw e carried out to

medium-dose

anneal/activate the source/drain regions (920, 940). The gate electrode 840, source/drain regions
(820, 940) and first capacitor plate 820 can also be silicided to form silicide contacts 980 and
interlayer dielectrics, contacts, vias and interconnects may be formed.

[0059] Figure 13 illustrates one exemplary way of connecting the semiconductor structure 300 in
Figure 12 to form a 1-T SRAM cell. In this embodiment, the access transistor is a PFET.
Interconnections (not shown) are formed to connect the drain region 940 to a bit line, the gate
electrode 840 to a word line and the first capacitor plate 820 to ground.

[0060] In addition to the embodiment illustrated in Figures 12-13, the invention also
contemplates a storage capacitor where the first capacitor plate comprises multiple embedded
portions extending laterally into the substrate and stacked one above another. An embodiment of

this concept is illustrated in Figure 14 where a memory cell 1400 comprising an access transistor

and a storage capacitor is shown. Unless otherwise indicated, features that the memory cell
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implant to facilitate dimensional reductions for the scaling of the integrated
circuit structure 300. The source/drain extension regions 960 have the same
impurity type doping as the source/drain regions (920, 940). In another
embodiment, the semiconductor structure 300 further comprisesa halo
148QiBRVEntt SHBWAY of Epprssne intstrit)Uspiktg e ke tRedBbe lenciifed with like
re ionsﬂﬁago, 940). The purpose of forming halo regions is to suppress
red %ﬁgﬁ E§H which occurs when the channel length of the device is

‘réé‘f'c}xes“%%ﬁqrrlt 15%;9}!:0% y %gg%sﬁsti%gnéesg&@iﬁérﬁ‘e% %“%%.%&%*I%@?#%‘iﬁﬂ‘gda gate

extensions t overlép, Ing rea wn conaiton.

el@tqgﬂ.y@ §§6,Ca0£h‘é‘?1ﬁ£ﬂ@2foﬁr9&? ﬁﬁ%@ﬁ&%?n‘ﬁ%%t&‘i@%JB&QH&@EEQelectmde_ 840 and

fabrication of the semiconductor structure 300. For example, a source/drain

fiRAnaal G_DHCEAILRH eLllitas apPeayaptivaia dhe; seurceldrainifaionsd9380. The
940). The gate electrode 840, source/drain regions (820, 940) and first
stoaacihphditate rprcan afaet kepsticidthio form siticidacoptacsta 98L0anbht overlies
interlayer dielectrics, contacts, vial and interconnects may be formed. [0059]
theigemeh IBrilbustr atdsaod evexemipiisdwantioficOAAeetivg thesemdbantiugtdly from the
structure 300 in Figure 12 to form a 1-T SRAM cell. In this embodiment, the
figgecewsioparditioriya PPEH. 1PRefennebclihia (Rst sHuwae af6Zorriedioalternative

connect the drain region 940 to a bit line, the gate electrode 840 to a word

CpREAEP P 2O RIS 5018 Bt (OB A AR 4 ) are formed
embodiment illustrated jn Figures 12-13, the inventi SO contemplates. a

O B P T e e T SR LB A ety 1o the
.em ded portio xtending laterally. into the substrate and stacked one ]

i IES BATPOS UL K BTN INO I BUAIE SRRCRIRG ORI 1420c i

10MREN QAL RO HAOQERMBLIEG RN APSRSS AT ANSISIRE RN ARFOFAAE substrate

capacitor is shown. Unless otherwise indicated, features that the memory cell

exkbndd 0 havane GRMMORWIED srameisn¢RY A9 Qlibigurasot 2ildadillsBfarating them
described with like reference numerals. [0061] As shown in Figure 14, the

vatcads tiansistoncatipiseta fjatasiackof0@inelddtingatiate(1420b, 1420c) overlap
the entire first diffusion region 920 and extend laterally into the well 700 by approximately the
same amount.

[0062] In one embodiment, the access transistor is a PFET where the first diffusion region 920
functions as a source region and the second diffusion region 940 functions as a drain region.
Interconnections (not shown) are formed to connect the drain region 940 to a bit line, the gate
electrode 840 to a word line and the first capacitor plate 1420 to ground. The source 920 is
coupled to the substrate 302.

[0063] As shown in Figure 14, the storage capacitor is comprised of a combination of two
capacitors, C; and C,, connected in parallel. Capacitor C; includes the source region 920 which
acts as the second capacitor plate, the first embedded portion 1420b of the first capacitor plate

and a portion of the capacitor dielectric sandwiched between the source 920 and the first

embedded portion 1420b. Capacitor C, which is connected in parallel with C; is composed of
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electrode 840, a channel region 860 formed within the substrate below the
gate electrode 840 and first and second diffusion regions (920, 940)
extending from the channel region 860. The storage capacitor comprises a
first capacitor plate 1420 with a first portion 1420a that overlies the trench
thetpeieqnfer SReldr RHTE Wi bEaBigbifisms pirsbirPrabtid) ekidhfifgtarainp 1440
ﬁfr%m the first portion 1420a into a well 700 formed within the_substrate 30
SR b

ot RO AT DB Mg oe’ STty Arttcrhapacitor fetectri

q eglblglgﬁdde% gqggtorése 1420b, 1420c) are formed directly within the substrate
02 The first embedded portion 1420b is located directly below the first

(006N LE AN Of 1 AcGeST HRNRSINL and s eGend emiggddedis. me first
portion 1420c is located directly below the first embedded portion 1420b. A

cdpaersionsbA4Q abthesstipsir s sxtentim hetwerniihedir skt Seeemd 540 and
embedded portions (1420b, 1420c) thereby separating them vertically. In this

tvemaabtairat phiadirst esrbiseconet e nibe ddeddaridans (f420bhel 42Qchav@rdaps20a.
the entire first diffusion region 920 and extend laterally into the well 700 by

Happreximétel yhihe osamepaniount. f06 | 4rmdre ¢ biodiandstctind ambedded portions
transistor is a PFET where the first diffusion region 920 functions as a

(180bcd ¥ ibArampPthtivabn af diftusion legibrrodomyrislas s Aigralifusion region

region. Interconnections (not showng are formed to connect the drain region

O e SRR RS RO ASR A TABS APl e AR AR G dperally
plate 1420 to grqund. The squrce 920 is. coupled to the substrate 302. [0063] .
S T B T 10 Eopet ey SRR o7 A LB ckgppanyine:

.of two. capacitars, C an conpnegted in parallel, Capacitor Ci includes the
e e A OTRCRISC L BAIEY Dol A RS R o

eﬁﬁéﬁ&&ﬂﬁ%@?&@&h#mb of the first capacitor plate and a portion of the
capacitor dielectric sandwiched between the source 920 and the first

(0965 U6l 8HRATHOM hdA O feRRAE EAT e 2 WYNEh dB GRHIREIESh I RRIRIGLWIHRE Gibps of
is composed of 17 the second embedded portion 1420c which acts as a first

forapaciairp die;dh ecfilvges RortioRubddddently growing an overlying epitaxial layer 400 is
repeated a corresponding number of times. The plurality of first buried regions is then
simultaneously etched to create a number of cavities embedded within a substrate. A method
similar to those described in relation to Figure 6 may be used to selectively etch the buried
regions while minimally etching adjacent substrate regions. Finally, the embedded cavities are
filled with a capacitor dielectric and electrode material.

[0066] Referring now to Figure 16, therein is shown a flow chart 1600 for manufacturing a
semiconductor device in accordance with preferred embodiment of the present invention. The
system 1600 includes providing a substrate comprising a memory cell region defined thereon in
a block 1602; forming a capacitor dielectric in a block 1604; forming a first capacitor plate
having a portion embedded in the substrate in a block 1606; forming an access transistor

comprising a gate stack disposed on the substrate in a block 1608 and forming within the

substrate a first and second diffusion region of the access transistor in a block 1610, the first and
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of the substrate which acts as a second capacitor plate and a portion of the
capacitor dielectric sandwiched therebetween. [0064] Figure 15 shows a
variation of the Figure 14 embodiment. In Figure 15, the first capacitor plate
1520 comprises a first portion 1520a that overlies the trench structure 540
sesptd i eRbEaadHoRIGAYTd 8206: 1t ABBRYCthE el Hif Brisrsing rafkripia at leasta
first portion 1520a, However, unlike the storage capacitor in Figure 14 wher )
P?Héoﬁ)r%{ t&ﬁd%%‘&%ﬂﬁ%?h%&é@& %06%%6“(‘1“4;%6’?&12?2@&3‘%@% r8’3‘8ﬁ‘f&f’él§1§F°m°
. the same length and only overlap the first diffusion region 920,.the second .
e it Dispie e PR e PR 08 SEF8 Sapaco
laterally to overlap the second diffusion region 940 as well. Although not
illustrated in the accompanying figures, it is to be appreciated that the first
[0DRPRGHer RlatedaantempHRe Jnate thandwio iembedeed pfaie: NATHARS: rather than
[0065] In one embodiment, depending on the number of embedded portions
lislasikesk the isteps@f. foiminpeaufistdasiat stagiononl Arand slibseuently be made to
growing an overlying epitaxial layer 400 is repeated a corresponding number
mefhtadie sadfdralp] sralityef first duresl regidnssésnibenl whmuitaneoe stiietshi ghtaviding
create a number of cavities embedded within a substrate. A method similar
a feTheul daeicsibistiin redafidl witkiake Bonapivduseidedsdiintval) exethbitherto
buried regions while minimally etching adjacent substrate regions. Finally _
sehodmstac eanteindhe W@@WHW‘%C‘%&(&?@aa?e@éi‘?i@éﬁ%“é@d?o‘ﬂ’eﬂi““ame
aterial. [0066] Referring now to Figure 16, therein is shown a flow chart
a“igGWT@?l aniifatturing a semiconductor device in accordance with preferred
embodiment of the present invention. The system 1600 includes providing a
substrate comprising a memory cell region defined thereon in a block 1602;
forming a capacitor dielectric in a block 1604; forming a first capacitor plate
having a portion embedded in the substrate in a block 1606; forming an
access transistor comprising a gate stack disposed on the substrate in a
block 1608 and forming within the substrate a first and second diffusion
region of the access transistor in a block 1610, the first and
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18 second diffusion region being located adjacent opposed sides of the gate
stack, wherein at least a portion of the second diffusion region forms a
second capacitor plate and the capacitor dielectric is sandwiched between
the embedded portion of the first capacitor plate and the second capacitor
Whaitss 48089 Phe preferred embodiment of the invention is illustrative of the
invention rather than limiting of the invention. It is to be understood that
revisions and modifications may be made to methods, materials, structures
and dimensions of a semiconductor(?I Wge while still providing a
semiconductor structure that falls within the scope of the included claims. All
1 mattqg(sh{% Qe1$6L H§1 herein or shown in the accompanying drawings are
to be interpreted in an |Ilus rative and non-limiting sense. 19 What is claimed
is: CLAIM®atk; A memory cell comprising: a substrate; an access transistor
comprising a gate stack disposed on the substrate, and a first and second
diffusien¢egiondedaied-ommifiist andsetanddpposinghsieesudkiae gate a first and
stack; and a storage capacitor comprising a first capacitor plate including a
sefixstdatitbedoed gortiorataditiiia fhet substratel bpiowthedirsbliffugionstagiomda
second capacitor plate and a capacitor dielectric sandwiched between the
first emibsaeikteehprstion GiRasistechisachprcpitelaidntlsdwscofissiceiphedind portion
plate, wherein at least a portion of the first diffusion region forms the second

WH&ﬁ‘aﬁ}Fo?%’Eéte?ﬁ% e ASyIERIFGR IFIAN ARETRICARACHIUt RiffEiih a capacitor
ion c ises qne of a source or drajn re on of t € gecess transistor and
d‘Fjg ?@%WR‘F&%%&% ?%? é{ﬁ}.g‘é@f‘t ‘L ROy phgne first capacitor plate and the
second capacitor plate, wherein at least a portion of the first diffusion region forms the second

capacitor plate.

2. The memory cell of claim 1, wherein the first diffusion region comprises one of a source
or drain region of the access transistor and the second diffusion region comprises the other of the

source or drain region of the access transistor.

3. The memory cell of claim 1, further comprising a first trench isolation structure located
in the substrate adjacent to the first embedded portion of the first capacitor plate wherein the first

trench isolation structure isolates the memory cell from other device regions.
4. The memory cell of claim 3, wherein the first capacitor plate further comprises a second

portion overlying the first trench isolation structure, the second portion folding under the first

diffusion region to form the first embedded potion of the first capacitor plate.
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source or drain region of the access transistor. 3. The memory cell of claim 1,

further comprising a first trench isolation structure located in the substrate

adjacent to the first embedded portion of the first capacitor plate wherein the

first trench isolation structure isolates the memory cell from other device .
SregiohBS AnePrnfEHh Sfyckdm of YaRFFD, Wb dvisirPirRedried RopiRmoF pratlirst capacitor

further comprises a se%olé\% qu?%'r ion overlying the fi isojation

In St trench _
PRIFEHIRS e SBEOREDY GRS AP TR I Fesiiedcrapieras e

C;}h;%ifti(@td% (t:)t%glcliiednggglieosqd%f t:ﬁ? fi%ggggva}tcitor plate. 20 5. The memory cell of
dam 4w erein the first embedde portloﬁ' of the first capacitor plate
comprises a cavity embedded within the substrate and filled with an electrode

material, the capacitor dielectric lining the sidewalls of the cavity. 6. The

6.memeny eelhefr¢laém Js wheraindherdirstirmbaddesaartigaabherfirst first capacitor
capacitor plate comprises a cavity embedded within the substrate and filled

pltth@npelestiadeinatebialddbevigapasitandigiecind finsagvie sidewswdscahikgial, the
cavity. 7. The memory cell of claim 1, wherein the first embedded portion of

ctpeeifivsticipacittnipdate substalstidlieonsriaps the first diffusion region. 8. The
memory cell of claim 1, the first capacitor plate further comprises a second
embedded portion that is located underneath the first embedded portion and
spaced therefrom. 9. A method for fabricating a memory cell comprising:

7 providitigracatpetrate ahith adbvideraigidly détinea by fifkst capacitor

capacitor plate comprising.a portion embedded within the substrate in the
plag\%%s?ertﬁ e é@%&%&#ﬁ?&‘?&%&?ﬁc in the device region; and forming

an access transistor in the device region, the access transistor comprising a
gate stack disposed on the substrate, and a first and second diffusion region

8.|Ocat%eo'ﬂlgrﬁi5§§ ac@ﬁ of claim 1, the first capacitor plate further comprises a second

embedded portion that is located underneath the first embedded portion and spaced therefrom.

9. A method for fabricating a memory cell comprising:

providing a substrate with a device region defined thereon;

forming a first capacitor plate comprising a portion embedded within the substrate in the
device region ;

forming a capacitor dielectric in the device region; and

forming an access transistor in the device region, the access transistor comprising a gate
stack disposed on the substrate, and a first and second diffusion region located on a first and
second opposing sides of the gate stack, wherein at least a portion of the first diffusion region
acts as a second capacitor plate and the capacitor dielectric is sandwiched between the embedded

potion of the first capacitor plate and the second capacitor plate.
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second opposing sides of the gate stack, wherein at least a portion of the first
diffusion region acts as a second capacitor plate and the capacitor dielectric

is sandwiched between the embedded potion of the first capacitor plate and

the second capacitor plate. 21 10. The method of claim 9, wherein forming _
18he firdtecasOtoPipttEc8nipifees f9FMIRg e st ranRdiredigis ifeaprises forming a
.subsurface region of the substrate in the device region and selectivel _
ﬁ]@fc%lfﬁlﬁiﬁfégh t Bt Eih "t%?’f%‘i‘rﬁfiaﬂ%eaﬁh‘fviftéﬁf‘ba’d%&Wiﬁ?ﬁ?ﬁ@%gB%ﬁ%éFéFwely

o(hing 1% Fethod of claim 1Q, furiner comprising, forming, a capagitor dielectric
thatdines the SidewAlls of the caviqty nd thereafter dnep05| Ing an electrode
layer over the device region, the electrode layer filling the cavity. 12. The

method of claim 11, further comprising patterning the electrode layer to

1 gefingbendifrsh cragiton @l atenand shipatenglestiade feupaei@atgtiacte 4k lines the
The method of claim 9, further comprising forming a first trench isolation

sigtiuguref ihdhavayhsiaterasiecaspisiting finsélernbesd dgdporionoii¢thrdiestion, the
capacitor plate to isolate the device region from other device regions. 14.
elftiedadtiyodididahn ch8itwherein forming the first trench isolation structure
comprises: forming a trench in the substrate; and filling the trench with an
isolation filler material to form the first trench isolation structure. 15. The
method of claim 14, wherein forming the first capacitor plate comprises _
HormihBeamfitdtbarield redibd YRS stiBprke: RebiBHnst Hieckisstatays frelefine the
f.device r,e%i% and selectiveriy %tc inﬁ?ﬁthe first buried region to form a cavity
TS BB RAHR AT b8l fiAtRI T FIREARIRSE of claim 15, wherein at least

a portion of the first buried region is exposed while forming the trench in the
substrate. 22

13. The method of claim 9, further comprising forming a first trench isolation structure in the
substrate adjacent to the first embedded portion of the first capacitor plate to isolate the device

region from other device regions.

14.  The method of claim 13, wherein forming the first trench isolation structure comprises:
forming a trench in the substrate; and
filling the trench with an isolation filler material to form the first trench isolation

structure.

15.  The method of claim 14, wherein forming the first capacitor plate comprises forming a
first buried region in a subsurface region of the substrate in the device region and selectively

etching the first buried region to form a cavity embedded within the substrate.

16. The method of claim 15, wherein at least a portion of the first buried region is exposed

while forming the trench in the substrate.
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17. The method of claim 16, further comprising etching the first buried region

to form the cavity after forming the trench in the substrate. 18. The method of
claim 14, wherein the isolation filler material has a lower density at regions
proximate a corner of the trench. 19. The method of claim 9, wherein the first
diffusion region comprises one of a source or drain region of the access

ransjstor and the _second diffusion region. comprises the, other of the source
%r drfi‘hera’ﬁ%ﬂ o?ﬁl‘fi”é’%é@sﬁ”ﬁ Hs .%?grﬁghfﬂ%t% B CiiRgeaRR giform the
li}%Iate {#th?% Scoorsgi;)rtlses a second embedded portion that is

t{ﬁnec irst embedded portion and spaced therefrom. 23

th fll’t%t alcl{to

4ty dtor FeRimath

18. The method of claim 14, wherein the isolation filler material has a lower density at

regions proximate a corner of the trench.

19. The method of claim 9, wherein the first diffusion region comprises one of a source or
drain region of the access transistor and the second diffusion region comprises the other of the

source or drain region of the access transistor.

20. The method of claim 9, wherein the first capacitor plate further comprises a second

embedded portion that is located underneath the first embedded portion and spaced therefrom.

23



