MEMORY CELL STRUCTURE AND METHOD FOR FABRI CATI ON THEREOF HELD OPI NE

| NVENTION ; Nal | I nc' present invention relates generally to nenory cells.
More partientaily-, the invention telt:tea to stnietereit and nenmhcsis for
abrieation of nenory cent', conpnaing storage capacitors. BACKGROUND OF THE
| NVENTI ON 100021 Integrated circuits find application in many of today's
consuner electronics, such as cellul ar phones, video caneras, portable
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i nclude a conbi nati on of active devices, passive devices and their

i nterconnections. 10003] A common device found within an intetgated circuit
is sem conductor nenory devices. Sem conductor nenory devices are nmade up
of a plurality of nenory cel IEELDt@F doithect{edTi@Nf orm a menory array. Each
of the menory cells being able to store one or nore hits of information. in
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design. [00041 A known type of sem conductor nenory device is static random
access nenory (SRAM devices. A common form of SRAM devi ce conpri ses

i ndi vi dual nmenory cells e j i of one or nore

transi stors and storage cg%gggﬁg?%ﬂﬂ%?%ufgﬁ§ﬂ$ﬁﬁ§g¥ﬁgtes the schematic view
of an SRAM cell 1.00 known as a one transistor éLT) static .random access
menoi r $000Q2&MaRgrated| pircutin dindramgpispien [ mEY Aolopry s NSNS 8L §5a A4S 85 r
120 and a storage capacitor 140 for storing information, A first term nal
122 of ctlhdamgbesss, tvidersicameras porthlde consiecplerers.operspial ¢anpaItiBe dgWedsects:
second. term nal 124 of the access transistor is connected to a first

capaci teegptat eirdd? @hy tihdusd ar agebiaatpac bf actidetdevitte midvagevicepand ttiogir

al so conprises a conprises a gibe termnal 126 that is connected to a worn
line Wi ielcBnttisgcess or store infhnnation in the storage capacitor,s,
transi stor has to be switclied. on by aeiv- both the bit linel3/1: and the
word i it. Oifil Fi 2] ' i j:zation
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. a substrate such as a P.type dy.and a | ' T SRAM cel | . 220
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conpri ses an access transistor 240 and a storage capacitor 280. Shal] ow
t r ench forwolaamicoiery Smay. skzdicefithesmeoeracellp PeipE e o Sidhe OBGHE L PIR8H T { o
isolate the IT SRAM cell 220 fromantAM cells or other devices.

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
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19Q06-1 The access transistor 2.40 is made up of a gate stack conpO gate
dieiec& e 242 and a gate el ectrode 244 overlying the gate dielectric 242.
Si dewal i spacers 246 are provided, abutting the sidewalis of the gate

el ectrode 244, A P-type hit line region 250 is fornmed in the n- well 204

adj acent a first edge of the gate el ectrode 2.44rage capacit.or )
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the gate stack and the: storage capacitor 280, r00071 The storage capacitor
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first capacitor plate 284 overlying the capacitor dielectric 282. The first
capaci tifformh@dLin284 siFBYeCAPRitos thpakyss kagstor Mizetodapavittiod it dyectindir2s2
and the first capacitor plate overlie a. plate ie.g3on 2.86 of the n-well
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[0005] Figure 2 is a cross-sectional view showing a known realization of the 1T SRAM cell
shown in Figure 1. Figure 2 shows a semiconductor structure 200 comprising a substrate 202
such as a P-type body and a 1T SRAM cell 220 formed on an n-well 204 located within the
substrate. The 1T SRAM cell 220 comprises an access transistor 240 and a storage capacitor
280. Shallow trench isolation (STI) structures 206 are provided in the substrate 202 to isolate the
1T SRAM cell 220 from adjacent SRAM cells or other devices.

[0006] The access transistor 240 is made up of a gate stack comprising a gate dielectric 242 and
a gate electrode 244 overlying the gate dielectric 242. Sidewall spacers 246 are provided
abutting the sidewalls of the gate electrode 244. A P-type bit line region 250 is formed in the n-
well 204 adjacent a first edge of the gate electrode 244 distal from 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
ovetlie 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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s continue, there is a eorrespondng aced for reduction in electrical device
feature sizes. Accordininfacturers strive to shrink the size of nenory
cells such. as that shown in urea 1 and 2 so thatg densityc i nproved. be
Therefore. there is a demand for SUMVARY OF THE | NVENTI ON 100091 Thet he
structure of nenory cells SﬁﬁMK§$£§ﬂ§?&ﬁ§diﬁﬁﬁﬁf ion the 100101 In
accordance with a first as i X menory cell conprising
a. subs' an access transistor and a si.orage. capacitor is prt died. The
storage capacitor includes a first ir plate with a portion that is enbedded
in the substratefirst diffusion region of the access transi stoa capacitor

di el eco009) Sangviseitaavdaeibnedntet hethe nibedatedf pomtdrp neltf andheethodssor ttapadioor
plate and the first diffusion region of the access transistorleast a

portiop,Qf,the first diffusion region of the access transistor acts as a
second capacitor ate of the sto ge capacitor. By using a difinsion regiton
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foliating a first capacitor plate conprising a portion enbedded within the
subst r alteadcasstthesder iaoé arepidnr didlaapacntdeichdi bbecen it anbddad agdies 91 the
transistoralso fornmed in the de region. The access transistor conprising a
gate stagkafisResRet M thé8rs dlFaisiocatregiorbdtha dotdss tramdistors etidngt dipbifihusi drthe
regions |located on a first and second opposing shit..s of the gate stack
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another capacitor plate below it, the storage capacitor is folded or stacked under the access
transistor. This advantageously 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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capacito3 [0012i These and other objects, along with advantages and
features of the present invention herein disclosed, wll becone apparent
t hrough reference to the foll ow ng description and the acconpanyi ng
dray-Furthernore, it is understood that the features of the various

enmbodi nent s, descri bed herein are ot tually excglusive and.. can exi i
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in the drawings, like reference nunbers generally refer to the same parts
throug!a.ndlpertn‘lléatms- views. Al so, the drawi ngs are not necessarily to scale,
enphasi s instead generally being placed upon illustrating the principles of
the invention, hi Ow follow ng description, ernbodinmentt of th.e invention
wi Il now be described, by way of exanple with reference to the draw ngs of
whi ch; [0141 Figure | iBREESHSHRIPEIQGN QF KHEWRONENGansi stor (1 T) Static
Random Access Met (SRAM cell; 1.00151 Figure 2 is a crossscet3onal view of
a knowpogeqlih zat drelingRAM Cefdrede nunit@ty genkrally refer to the same parts throughout the

different views. Also, the 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 with reference to the
drawings of which:

[0014] Figure 1 is a schematic of a known one transistor (1T) Static Random Access Memory
(SRAM) cell;

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

[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



[00I 6 Figures 3 to 13 are cross-sectional vjews iliustratng the results of
progressive stag thhricatirg a IT SRAM cell in accordanceto an enbodhnent

of the invention; [00171 Figure-sectional view of a IT SRANaccordance with
anot her enbodi nent of the inv [0018] Figure 1.5 is a cross sectional vew of

alT SRAM cel |l in accordance with anot her enbo ment pag bnventi on; and
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manuf acturing a nmenory cell in accordance with an enbodi nent of_ the
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SRAM menory cell with a PITT access transistor for illustrative purposes
only. tembodimeheofferiecémioachrt Hedcribbein the avnteixnve febirioatingsa Aot SHAM meaons
such and 1S equally applicable the thanation of other nmenory devices such
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t han ons transi stor and/or storage capacitor as well as other typ s of
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di scl osure need not be limted to the initial sem conductor structure
depi ct qgoi Add@H6®1I; it is to be understood 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



[0023] Figure $ shows 9 schematic cross-sectiontv of a sem conduct or
structure 300 at an early stage of fabricationin accordance with. one
enbodi ment: of the invention. A sem conductor substrate 302 having a first
burled region 312 fornmed therein is provided. The region 312 is |ocated at

a distance di _fromthe principal _surface 30 f t sem conduct or-_su r at
302, witiom 17 pof R Mot SR aal e GO Biar it PG AP E BT REd
region 312 and the principal surface 303. A first oxide |ayer 304-and an
over | yilaygr 814 s lomek dvayée pgnoipak irfaee 30el the ssmicpedystar sebsyale Var f ace 303
of the sennco.n.ductor substrate. 302. illustrated in Figure 3,

t he fi reu24paskillsyerd 3d OFigates3 ateafiraskadotaysep ¢ tactsehs ai mpikafri sriectivelst
dopant ions 31 (depicted tistarrows 316) into the substrate to formthe
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first dopant inplant range that -id wthin the subsurface region of the
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win'hac : _ |eu? d;E a multitude of 1 nplantation paraneters
such as dose, _ inplant ener an i rst dopecan e ' d. te.mmdulate the
gept hzg’f S‘E‘F?ﬁ‘* Mg E’S Sc“%“f‘%?orﬁglgn ot the SHES?%%O%%WBT%?% H%il?sl s @eet wee{r)l@é out
to 25m. ternatively, other values of d; that, enhancesperfornmance of
the inregeatiéd ksine ﬁﬁ?lcefi ot gcpigfeemapeddsphpd (%%‘@d@he 1%?9’??@&6@3%&?8@%% n
t he succeedi ng paragraphs, the first hurled region 312 will he subsequently
r enovedubracs Hk €t artodrheddstodakittymaltitides{iplaniagan pRReEroiUEsh as HEDRIF st
dopant ions species and inplant conditions are selected so as to create a

first buedefpl80b@AgBadl iRatopit Spaidi oih Bé edjusel ecinbiiltty thé dépth e gechirst o
the substrate region adjacent to 1t. This is so that an etchant can be

used. tQ.5¢ |r§éi81|1 veby 181 6R R aiBLA! fil [StetRbsd S6buk 80053l Altewatively] bihat al

values of d; that enhances the performance of the integrated circuit structure may also be used.
[0025] As described in the succeeding paragraphs, the first buried region 312 will be
subsequently removed to create an embedded cavity at its location. Therefore, the first dopant
jons species and implant conditions are selected so as to create a first buried region 312 that has
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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etching of the surrounding substrate region, in one enbodi nent the first
buried. region 312 is a highly doped N--type region. in general, the higher
the N-type dopi ng concentration of the buried region 312, the better the
etch selectivity of the first buried region 312 with espect to the
sunouudt ng. substrate region. Further, the dinensions of the ep‘Bed d cavity
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the inplant conditions are also selected with the desired cavity ditritti
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fro:hutted dopant profile when the associated with a nore abrupt
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surroundi ng Substrateregionis that it leads to a greater etch rate
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substrate reg:i03. may al so he used. Additionally, the &mtt jons are also
sel ect dusttuodppasidugiacaregionsil 4 am dhepabistsle PeebrEP ot 31ed 182t%We’ 18- t over | yi ng
the first buried region 312. (00271 Each of the foregoing substrate, :first
oxi de I[ey2M 304 ofink: faregtingradictrh@ydr?, $t0 wide heneid dnd Gonvesk lowaBli ara he
sem conductor fabrication a [0OO28 in tl)described enbodi nent, the,

S_Ub_Str?Eﬁerﬁﬂﬁcé)@eﬁti&naﬂMptﬁe§édﬂcsﬁdho$&t1§5ﬁ@tian atlowever, the invention is not
limted as such but al so contenpl ates other sem conductor substrates that
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or 11 NERbURE CEREn Bl TR a1 rag e Ao ST AR T kP elmi it
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caused by inplant( On of the first. dopant ions 316. ,
structures. For example, the substrate 302 may comprise any semiconductor material such as

silicon-germanium, germanium, InAs, other II/V or II/VI compound semiconductors as well as
composite 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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O her materials that achieve this ftnction may | so he used. [0030j The
Ilrst flask layer 310 may o' e any nmasking material which 3°; suitable for
pre caging the inplantation antation of the first dopant ions 314 into the
subztr?te regions cggered by the | ayer. Included are hard mask. n
used alone or in conbination. 1083Figure 4 shows the results of renpvin h
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sem conductor structure 300 of Figure :3 and subsequently grow ng an
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| ayer 400 incorporates the fast :rqaon 312, The first mask | ayer 310 and

first %imylfaﬁﬁéd&mleﬁﬁyalpepdreﬁpo@ﬁbmsi ng nmet hods that are conventional in
t he sem conductor fabrication art while the epitaxial |ayer 400 is
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trst buried regqi fromthe surface of the substrate determ ned by the

t hi ckness, of, .t.he epjtaxial .layer 0. i j 1} d
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sem conductor. materials fromwhich |js conprised the.substrate,302, .
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sanme sem conductor material. As will he evident: fromthe subsequent

par agr dphsubstra2 W8t eHnivaes, hdwritar30Rhasiuths sgiieritl pysotferccdnmd Fa8@ 8045 on
of a first capacitor ate is spaced fromthe surface of theln one

enbodi RERE sehftendepirmedi2al. ofs willebe dviddnt froni td snlegijomt Babetanks n, dourind05
rim to 125nm Oher 'altos for d2 are al so unable and nmay vary based on

fact or §oaueh t12SsubBRuERY fRfhcll YRBEIQA SeRbM 0ok firlieapatXee flagitis| spadedrifed the
source region overlying the enbedded capacitoreffective resistance of the

first capagl bPmePldifate! TR @hbddiSient, the depth dy, of the first buried region 312 is

between about 105 nm to 125nm. Other values for d, are also suitable and may vary based on
factors such as the desired junction depth of the subsequently formed source region overlying the
embedded capacitor plate and effective resistance of the first capacitor plate. In general, the
deeper the first buried region and hence embedded 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



deeper the first buried region and hence enbedded portion of the first
capacitor plate, the higher the effective resistance of the first capacitor
plate. [00331 in a preferred enbodi ment, first undoped surface region 14 of
Figure 3 is re crystallized before the epitaxial |layer 400 is grown over

t he substrate 302. The purpose or the recrystalljzation processis,t

i mpr ov &R Y Fb ﬁ@?tﬁygbgﬁi‘v@ BiRsFssa0d 55t e]fyoPWEH.re"‘r‘P(thﬁlizgn%e@gﬁggs e
first undoped face region 314 may be anrorphiwhen iist donant ions 316 are
i npl aneksd shiatdet he substrate to formthe first buried region 312, Since the
characteristics of an cpitaxial |ayer such as crystalline orientation;

st ruct (i0634] éphaxinbddioeal oft the arveniilef, theegtnbiyortdnetol siyetured e maglalsgroviergp at he
characteristics the epitaxial |ayer portions formed. over the arnol phized

first undepedigiif ReRvE 8GifaR Shtnmintdeudl dsf @iedts, for@mid BatpehdotMehative
regi ons not exposed to the first dopant ion 1.. 1-nt, hi one enbodi nent,

the firsticYndepRete @tﬁ%‘f&gi@%xﬁ%l%’eﬁam ng step to renove surfacetits such as

particles organi c conpoun ative oxide mry to the gnwt h of epitaxial

| ayer, In.an alternati.ye .aspect of the invention, .the.above st of
o o nd0CE T Bef B Rie SRR e EPBEFb B b R B B e AR L B Flons
for the first &pant ions 316 is_selected so as to | ocate the%ifirst hur | ed

r egi oniBapitied. (hdeade enmplpt posit s dosife g dlopmtipes \Gys belerte! soasteleapts |

i nventors have di scovered that this approach may he | ess preferable for the
f ol | owithg firse dsioied .regpn t3d Rt @i the agpeth, 490ropr ohvd surfact od the gitbatrateh aHolwgygern the
been subjected to inpkint da a by the firstnit inns. In general, inplant

damage itweness hovdegiade:dd@vi ¢e perdehmnc e 1dsoprexabhl @ tiyyfollowing reasons.
i ncreasi ngFurthernore, omtttng the epitaxiai. |ayer 400 al so neans that

the fi 'OI‘E% Spﬁﬁ)}ﬁﬂlt lal@n®oWirbiidbay §L|1r|§°aQe l?ﬁgii)l?ﬂlaﬁﬁﬁseﬁ’ot%eﬁ sthjeher tOQH?ﬂIaﬁhY dBhage

ordert ried "regionat a simllepth. hi general, |acfeaigy of ancauses
transi £v o FRBRRNoaEn BLbv et oS ulls? FasS R PEEBE R DEF pefiBaRRt 8L
Dr of i | €<RERCHY BEEFAF A CGAE T YFORALOE G T NG U FPUPYE 6T PPLTSDEEEPS o
302. As aresult, it is nore difficult to control the profile of the tunnel
et ched thaitlou§tst dhpant iierst wiblulrave do e ginphangtizat apiglzdr|epergy ipjorder ¢ glagy thel Bist
tends to increase the extent of inplant danmage inflicted on the substrate
t hus | dadedgedien BEDatadechidedemh. pe geddnlranecasing the energy of an implant causes 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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100361 Figure 5 shows the results of formng a second nmask | ayer 410

onsem conductor structure 300 of Figure 4. The second mask |ayer 410 is
selectively |located to expose regi ons where trenches 500 are to be defined,
within the substrate 302. in the presently described enbodi nent, the second

mafirst pad dielectric 412 of silicon dioxide |ocated uppon thela 0 and
a secondgenysioag o %ﬁllozgr%ﬂhyrﬁnfiref‘?(]]‘em? Pﬁljﬁ-t& 118%?]1‘} W@Olpqﬁ?f‘ﬂ(ghﬁx%%}é)nﬁ?’gnal
phot ol i t hography and etch nmethods to formthe second., mask | ayer 410. It is
to be updensdesdod tat anphfionf ¢ epmbingderbphatirencxde ard nigdle. slcaaimgls that
nitride, other materials |la protect the substrate regi on underlyi ngbeing

et ched pratecttht eutfsontmredien sedoiythgnasknl baiey et¢idl mag dist bonsdd tp,fotnh éressecmnld
mask | ayer 410 may so be a single layer s conprise nore th n. two | ayers.

[ 0037] AsskilByer lah s tiaaftReally) (i @bl Basithgtr Atemh L gisOBS aRbigicayar Bdclye she
second. mask | ayer 410 are etched to formtrenches 500, At |east one of the

-et S%QH#?E&&%?&&QHW(?QXE@M a pration of the first buried region 312 is
after - 0

expose e reucu ratjon."s, the first buried region 312 is in

conununj ion w.th sidewal I of the tr.ench 500 0381 In

ovboa uiEh' ATsdliihalieSn Eaes, SioshBEatHERohuitrych Pl nPe R #
substrate 30.2. In one enbodi nent, the trenches are etched in, a plasma.
conpr i sirngiched lodabn Hariish oYt At begongnd torrgaes 04 Oé?tﬁgﬁv%tw, 4 s of
conbi nati ons of oases that substrate 302 to be selectively etched :thorn
subst arthé &tst puriedmgiong3 2he ekpassd afier rewh fegianaridaaissbe Sustthapkeé ref @031
figure 6 shows the results of substantially renoving the first buried

r egi on i3&2cdnimhigaticdd Wit Osidewal 6f diecayilt yohed. ded within the substrate 302.
The first buried region substantially renoved by using an etchant that

differ ﬁg?%%llééb@lefeﬁ@@ %m%gaxﬁeh%%tzregﬂﬁrv'e?&l E€h KIS prddeBd Risby toedtebirBAdhBe 500

surrou trate reglon

in the substrate 302. In one embodiment, the trenches are etched in a plasma comprising a
combination of HBr and O, gases. Alternatively, other combinations of gases that allow the
substrate 302 to be selectively etched without substantially removing the first buried region 312
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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[octal In a preferred enbodi nent,a. selective, isotropic reactive ion etch
(RIP.) process is used to substantially renove the first buried312 thus
providing a cavity 600 within the substrate 302hoc tient, the isfitrKLE

pi nprise the use of Cl2. and/or other chlcsnnebased gases. However, i.t is
to be understood that the gases chosen for etching the fé.rst buri ed region
312 i seisbtdoseiadetd EUEIPOBNIREIEWE UddNotthalgadRe FRRPIME i Y& ‘ﬁﬁ’?&‘l?ai? r st
egion 312 to be etched selectively while the surrounding substrate acts as
an et chichbtroprrgglsometubeal for eehingithé bt bedsdoiesios 322 ite fasmdhe saiitfHPn t he same
tool as the trench 500 etch described in conjuncton. wi- 5, In an

al t errag;milp e thedavneod ¢aforeiedha liha lnpy 62D smybe udecukoily ptovhiedgvehide
first buried region 312 tOformthe cavity 600, 10411 Once the cavity 600

is for H%ﬁjchf FaliNade BRerItTadL@BTLY 600 N defr exfised PBrtiohe RE MharalbsSate BOE as
interior of the cavity 600 and ot her exposed pOtlIO1S of the substrate 302

as sho in.Figure 6. e.lin I > d 1By

reacti \éfg(wl_})r]in e}tq r|eng [;r-rl;l%_clélléésre?ougl §13_9 tp gjeﬁa}]; }dﬁxgﬁ?«ﬁgh{isre gn h?%(c)%@é;ﬁgl/ 8treulcr:1§vi ty

pr of cc P G P aBna i st L AEeT el by EORDE edtnst FUFERE Y are

subsequent|ly deposited to fill the trenches 500. No iimting exanpl es. of
& gﬁyéw?a

the | i nbp achyes steBO1¢lied layge vend l@erotss the sppsgite 302 deom et Iqdyee Whows
the results of depositing an isolationfiller material 520 on the

seni comitlectrateratsrthatare eutdBgudntlyFepodited t6 fislibh trehetes the, Neehohiess SR0W&Se
filled. Excess isolation filler material .520 external of the trenches 500

are subseguent lyer @MMEdde bRidongli@nhaghimde.t he isolation filler material
520 external of "'the trenches 500 are renoved by chem cal nechani cal

i shi i gi6st - ic 4 o . |
P ® 0o %ﬁ’l{m"‘? shblistmpafhol Gt dosifih AP MeP Chitelll SSRP dnayS

The re renc W th i atfon tiller matenal 520 are known
as trench, structures 540 in_the present escrib [ t. ench
ot uct GBSO UG BN AT BWELEEn BT L Db SO S r i daeessypgides
preferred enbodi nent, the isolation tiller material 520‘“élfii‘|’lbs t h trenrﬁhes
500 wi thlsumaiaiiss 6 2hextamal, of the tranghesn00. g spRseaeritly TRMEKE!: el Yifi ‘i’?ﬁ?‘?@}m‘f is
is achieved by using a high-density plasnma (HDP) gapAill processdeposit the
i sol at itlenisbiatibe filleen eteriall 526520 termdl tod thrratréngbes)5 000t b esmansi @y rceemiceharch#stcAbds
of deposition are also suitable. Non-limting exanples of materials fO the
i sol at ipnstihg kempyatier il fitshphdidécl@xiidechiades; af a golisicenp lagrwdlle asilting
| am nat es
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
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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and conposites thereof kiternatively, other isolation filler material 1,
suitable and the isolation filler material 520 may al so conprise nore than
on R#0441 Figure 8 shows the results of renmoving the second pad dielectric
414 fromthe <cell will be fornmed within the well 700, In one enbodi nent,
the well 700 extends to a depth of abgut .380 to 430 a fromthhe pri nci pal
sur f ac®08@mbsfdadnwitiainihe peistaged?2. AsdeHADS BLBRFTSPeTiRe PHBEAP S AR Hent |
the Il 700 is funned by inplanting second dopant ions_ 720 (depicted by

ar r ows c#2®)illibatformddewsiibshe aeh 7602 n pooashodimenty ghepyels 40 pxicrfisde idsadr of
enbodi ment, since we are formng a SRAMcell with a PEEl access transistor
t he welabotORB( & am AnWEloin andptifeps eocae: dopafitthé enstrdR03@Y. e I the pyepently
inmpurity ions. Non-limting, exanplesNtype &pants include

Phos phokus:yAli $Rbb&in®nt, GRERRUNDS it RehRalby infladiRBREYor@eddpantiWohh 7NFEEpicted

acei sistors, the second dopant ions 720 areP-type inpurity ions,
Non-limgitin es of, P--type dopants include Boron, |Indium or conpounds
t her eo ylaﬁrogz 27)2 ggll(t)odl ﬁgﬁk’s,tm%%ée/&%cond dopant ions 720 are inplanted at a
dose of about 5el?* to lel' stenf, . Aternativel t he el be
f ot med (89438 ctoy Wpe pFesert ed§ﬁ‘B2‘fd£ %{glg’,d“?ﬂgr BBy ‘Bﬁiaf%ﬁoﬁramlgﬁm%eﬂd‘g{s@%i be

wel | rotation step. 100461 Referring now to Figure 9, the senkonduct or.

st r uct wcees30@no$Er {he welbj e iseen povell andttheseqeng lopeydorhitl #Fdat e W Ebcess
path 560 through the isolation filler material 520 to the eni ng of the
enbeddeen aWohylihilifg ckhepascesS-tppd Hoftis islwiecHanpedrus,obmted adjoagwnnds o
the corner of the trench structure 54.0 and in comunication with the

openi ngQtoft herrGRMhdry B09with NEIE afleeseitisiyordese sedvadtdopanmetnsel20hrp Pagps s
al so renoves portions of the it 670 overlying the principal surface 103,

on eXp?&i@ﬁ%ﬁ@%’SNoﬁﬁﬂ%@ %%a@&le& e Pt-tgﬁc? ;agp%ﬁg HEhide BoD Bt B &Jrhunual | s

of the'C e pres escri bed enbodi nent, the access

path 560 is.etched presence of a maski I r_for cti xposed
Por 1 oeerBtt. (Han cuBpazamtAnY Fesp R e a5h o SR EE! Gt P op bRt S RESE:
pp. si bl e because the Myere discovered that the_ corner po -lions of the
i sol at il@rllsb ABICBY. nAERFaYoIBote A Mo Coh T @S%é\‘?efrogn?‘hg’irsﬁg}’ PaRe SRRy
to the bulk portions if the density of the tiller nmaterial 5:20 at these
r egi onshémsbpbmitihgerabdendescyibedael! fdraatiof siehe hul k, . I n one ernhodi: nent,
a lower filler material density proximte the trench corners

[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 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 corer
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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502. is achieved by using an isolation filler deposition process that

i nvol ves a conbi nation of sputter and deposition nechanisns. in particular,
the filler deposition process is 3fized such that the sputtering effect is
greater at the corners 502 of the trench structure 540. Fin the inventons
have al so di scovered that once the wet etchant reaches the cavity 600, the
por t i 082 df aehevadsinl atinpan fisalatim Faereddapasition Prorajadentnvelyes heosrmatipn 4| |
be etched in all directions. As a result, the access path 560 has a greater
dept h cpmpared démsitive nkichatishy 0 Is 'panﬂicuhnebmﬁllexadepbdiéorcpnon@s iodptimieet fuch
structure w3th nocavity- extending front its sidcwall. In" new of the above,

it is pesshdiRitbons b8 e pRaRE eSS Bl 56001 Mk akghh tthenirs shat iFaRh&dRie,
mat erial 520 wi thout using, a masking |layer to protect the exposed portions

o e ASAValEk d0aisd AR £XE R tﬁgggmﬂgn A B QRN

results o ectric layer over the princi pal

t he sub rate e the.trench ctu 540

nter 1 OF U SOREOR SYRE okeet AL SRRt sEtq ‘fadgte/mﬂ%oe et ib@&égans g

par agr aphs, the dielectric |ayer 800 over th of the

subst r agsaltatie aeeass PR oD dis agreétegaipéthoﬁoan@&dr%hff @WOW%@@E%H@PP%{% dgtegr

while the dielectric ayer 800 in the interior of the cavity 600 can

f unct i ahtlesceangagacirtoh divetvee trifheng havity stterdage frompigcsitiowall. 1004&w Thie

dielectric layer 800 may conp.rise a dielectric material such as silicon

tilos sibbiarls p¥kiblé td deate Sh bi@eNpath 560 digough e GdoldfionEtirl noxdrthe 500 wathout

conbi nation therec., or the like. However, 1t: is to be understood that the

type o t he

above SR fél‘;@a% "ﬁﬁ Dol e gepbbEp! Byt S9RiP Bt o3 bl
interior of. the cavi ty 600 and is suitable fbr use as a capaciti".ectric.

The d|§Fg§PyF8xF%W3% 800 may be deposited using nethods such as therna

oxi dation, chem cal .  vapour de i on, d t hennd_ oxi dation .or. ke as
known iIP043h& e 10 shews Misprestl #efoamg}ge%ﬁﬁeetrr%&%?r Bt iy a
hi gh aspect ratio process (HARP) usi chem cal vapour deposition, The

di el ectB30? of Hayswbst8003 ¢ pxpenad gids waklshp fon drsscl stoeiapolf0 20 iETIGDOLING SEYIBiNS,

for exanple. However, the thickness of enhances the perform-re of the
menory 60el | Af iwidll bey iliustrmeé ihAEB Gubtgding Adraghphvy, thddicteesid tayeoB0depesitichg

an el ectrode | ayer 810 over the sem conductor structure 300 of Figure 10

The el %ﬁhEl?QPsu'xﬁh‘@B Ofﬁéiochg Vi@isth @33 0bNan Bindieh Rak fgﬁt@' | GectHOBranthiceds9 praddistbine
theh structure 540. It also fills the nt-ido of the cavity 600, the access

path 5 1f’énﬁ%e le]%[‘ith?lg;&r il @het Hfedd e&f bheSES xJﬁ?ft 6E Co%@mtl&? 15 I R&oacitor N

el ectrode | ay Ssi se con ive or “se. uctl ve. er

such as,
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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hut not limted to, doped or undoped pol ystheon. th one e.rnbocnnent the

el ectrode | ayer 810 conprises polysili on doped to a dopny
concentrationbout 1el5 to 5el5 / cnB. However, is to be understood that the
type of material chosen for the electrode layer 810 is not limted to the
above exit!nples and may include any material is suitable, for use as a
capaci therdipleettie laid icaet lisitgdotontiel Praseding crpnple; gid BrY ﬂIFFéu‘i?aﬁﬁytt?ngW.s ¥ one
enbodi ment, the electrode layer 8] 0 is deposited by chem cal vapour

deposi tileinc¢s0Bs parfdrirguceot tRe mMedmusy cet Bsaltynferrsethi conduct or structure 300 of'
Figure 11 after the electrode layer 8 0 of Figt. -r 11 has been

pat t er [(30Btikuee T1 EisdwLRpasdultebpigiRitddGnaiett@ddgddyer 8l @ovératle s@didondiker
first capacitor plate 003s an enbedded portion 820a that is |ocated within

the Su?{%&%&%Oé?}%g 4 #.S ‘gﬁg @%ctp&{etlg% Sﬁglgﬁﬁilaﬂhe%{'ﬁfclﬂg?%rfala@ 303 eREp of

stricture ectr ayer e patterned using conventiona

phot ol i.t hogr ap rd chj t hods, as_ a i er
Gor i ni 15 Fhet AR anad) 5k BB IReRuBd e Sart el BBy Stpe At
integrate structure $00 nmay be thither processed by additional conventronal
sps to>Tofrmed i hgdarh FEgilgRs 880 in the substrate bel ow the gate el ectrode
840, first spacers |ocated on opposed sides of the gate el ectrode 840

abut t i fP5ih@hsiclemadddazecididney sorg@Bresurondusitierny semeceidustvapaesnl B0 as,The
foregoing first and second spacer (880; 890) fbnnation are generally

€0: I . Veunhdtoliditédetd, abpéd babmdepat ipotysiiconana oparntiedshdnt tedelecttodsylayer 810
depositing one or nore dielectric layers on the sem conductor structure and

et chi ng,f) nsé;!g»%g%ﬁfcbh Qob@Y® Sdoping Sborkk@HHBRLIEEoIVRES 105380 RnAS Hovadvapad
spacers, disposdble spacers, multi space s, offset spacers arc al so

sui tabl e, ,Accoy di ngl di .of e I I 14l

di f f er &nt° ]%]eolblﬁ?ﬁst(bo?iot%ﬁ tglg? (é@@%tﬁg%n%&gp%nﬁé% ﬂ[é“g&;‘gl%égg%# gg? F%%Hgﬁ%‘%dzgat e
dielectric 800 and first and second spa ers.%ﬁ@%? 890 threﬂihe QriH§ st ack
000 108w42Poxe exsaplesiyl WaK M M 3y Jea ee Fo gt EHER B FAPAFHY LA A%y
region 860 the substrate is subsequently formed on opposed sides of the sa
e stackedoaned m thhdntsries ef theycayéy ti0ped e apo gMpafEment.Hae Teieﬁgt)df‘afi’defs gtbivd

di ffusion regions (920, 940) form source and drain regions thr an access

t ransi geprsited by udnmigalgapeursdepokiti®N0. As illustrated in. Figure 12, the
source region 920 is I1 re the enbedded portion 820a of the first :apacitor

pl ate B@Es2MHid e tinEillustrateL BHeORnBdshdustor @gatted IV LAFiQRPAS esfter hhe ehkirbdwe
gate stack renote fromthe first capacitor plate. It Is to be understood

that whil.eqb ??E%u%%fgf;h&g;ﬁfﬁ gﬁtiftérﬁeéfz)ufoﬁﬁ Y &gfi&?or%lé?é’ 854 aRPh BcleRirode

enbedded.” por Irst capacitor ate, an the | aenbodi nent

may ha partial overlap of the source region 920 w,th th .

porti oﬁ?o'l .e5@rft Fq?a?%@pﬂ?@s%ﬂr?eﬁég 8mb8§%ﬂ%eﬂ%§8?$€§% f ﬁa§ ?Srlgdggﬁgqgl&em the
formng a PFET" the source/drain re%ions 1920, 940) are dogﬁg ﬁ%thlP-t&ge

i mpur i rlestrat 307 andsa segonrOTHPRHPL Ay Thad PReR GRS tr ¥ge phér dOF C198P%n
NFE. T, the s-'drain regions (920, 940) are doped with inpurities such as
but noflayler BilDeday be Phtsphdrusg Arnsentiaabpheiohhogriaby tehéresdfing methode as are
enbodi nent, the source/drain regions (920, 940) can be formed by inplanting
sour celkeb@hfin 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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flit the first and econd spacers (880, 890) as a mask, 100561 In one aspect
of the present invention, the source region 920 has the added thnction of
as a second capacitor plate for a storageof a nmenory cell. Therefore, a
storage capacitor is fornmed by the conbination the first ¢ ¢ 820, source

:on 920 and the capacitor dielectric 800 sandw ched between the e .
por t i ownlygde outastel pdiacani posthe gaisseqcirage fﬂnéﬁsl’és- @@%ﬁgnttheespggqrp&ﬁﬁ é@'i%g%geggo
Meanwhi |l e., the gate stack 900,, source region 920 and drain region 940
fonn arn &igessl2 pdrsitgpor of Byacasi wugh as o fshapsil owagasgi GpPosble [FBacsES dgyltiple
transistor as a capacitor plate and. embeddi ng another capacitor plate
bel ow |s§)ace¥§) B1f5dt PR £aPR6 ktieibld. A fotdegyosmisddacketd ofitid@restitenemties snay
transistor. This |leads to a corresponding |lateral shrinkage in the size of

the menpiye Gftdrent hggﬁé iproﬁl@s.oﬁrﬁe aspsehti of e datt dlb@ddS U Ctdfi@didatric 800
ext ensi on regl ons O can al so be forned between the channel 860 and

e 0, 015 220, PR R A Myl 3o | P Lo aci 1] tate

t : _ ey E eqgr a’:]e circu ructure 300, The sou "'drain
exten. sian region ave .t he satj i ppui ity type.doping.as.-tiple.
sour ce/lB924l * 15y iaBﬁi§e°(°9§(§1}%@SA@) TeEjoR 632@1 éf@) e@i‘?ﬁé}%éi fhe “{ﬁﬂ%‘%% éerﬁj%%%(&:nt or
structure 300 further conprises halo region (not shown) of opposite

i npuri tiye hebssetgrie sebsquentlegiooned P 20poBAC)des THehp grisSEEX o101 dwtﬁﬁgf%mby
regions is to sunththrough', which occurs channel |ength of the device is

suf f i cidepdribed shwotlinientahb disitdne sdepidetiffosion egiioms(9a0, 1492 femdsowte aibdgour ce
andtensions to overlap, leading to a .breakdown condition. (W5 Additional

CO“Yemré%iBﬁé R LAGESSE BdnditePmcihebitdisaek 900 caplletetl abFigal ihnheotodrbe
sem conductor structureFor exanple" a nt.rce/drain anneal can be carried

o Lo B T TATRATOR 10 R 1o gy

Vi as arfgaiprﬁ:@'plgg%h és::]t%lgat%%fgg tea g}gpfols,%(ggdea %9 tﬁenéa% Ist% { re(rjﬁo?tj: ﬁ'&tnrtjhg ?ﬁrst(\cgﬂ&c"i]t((\)} S
plate. Itis to be understood that while Figure 12 shows the entire source region 920 overlapping
the embedded portion 820a of the first capacitor plate, an alternative embodiment may have
partial overlap of the source region 920 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

15



[0059] Figure 13 illustrates one exenplary way of connecting the

sem conduct or structure 300 in Figure 12 to forma 1-T SRAMcell. In this

enbodinent, the access transistor is a PFET, |Interconnections (not shown
.forned to connect the drain region 940 to a hit line, the gate electrode

840 to a wrd line and the first capacitor plate 820 to ground, y%gg

addi t i ompaciot Pale aodisodiddng andthersapaitetpiate tElgu ﬂteﬁleﬁm&%e apaCloR Jetv(dedieT aI S0

conter.npiates a storage capacitor where the first capacitor plate

conpr i s@skdulrddepthe aecdse daedstpor Thio eadet eoutiaspordat elatveal shtisktagatie thersdze of

stacked one above another. An enbodi nent of 1400 have in comon \vitt

menor y 46&hbm pf Figure 12-13 will be described with |ike reference

nunmeral s, 1.64)611 As shown in Figure 14, the access transistor conprises

a. gat ?mfs%ﬂcl\n ogg%s e%ﬁ ’F"Eﬂe legn F)%t g?tﬁ'tzgﬁltaf g8 R4 %l t—%l(ﬁﬂmeéanrﬁﬂj 98 (&8R4

f or med rate ectro 40 and first and second

di f brsion re xt endi romth 8

stor ag e@ﬁﬁﬁ ﬁm§6ﬁ898 GFPP§P88%$5%?WBtEBﬁa? &&ggb%p g%dugrgse
portion 1420a that overlies the trench structure 540 and. two enbeddgg
porti ompkamﬂwcfﬁcmm%'ilnlﬁmléml|fﬁ@qlalﬂ%foéffhe3ﬁ°ﬁ]é‘?gq°ftethé intpgraied sEFPE Iricturg s8%
into a well 700 forned within the substrate 302. In an aiteni auve _
enbodi fMemtsotite/dneh lexZOGonmeagioni Weuva it whe ionhetidete gopinigoshq 1uperldraia200
are 'brined directly within the substrate 342. The first enbedded portion

1420b igpibic@be b r 8Cidoyhdd eh®idiidns tthélidhiiusidontor sgiame320 fofthdrhematesss
transi stor and the second enbedded portion 1420e is located directly bel ow

the fi iﬁ{)e‘t%% gﬁtﬁshggﬁ bpgbéj%gl’te Bupuri éf‘dg}%lhggﬁa e tBOhd dRRcldt4 ebiohh@2subanr at e

ext end secon portlons (1420b, 1420c)
th b t t h Th t J
ernenobdt PPk ARAY bl EDainl WIFGh b i i gnae
d d | I h
mount RGO AR o{Jhe deato HEHH T PHEOR L AL ttteaa?sq?é ht e

di ffusion region 920 finctiens as a source region and the second di ffusion
r egi on se@e hudhdtaroegermpona tdpaértap, lcedingin 2 b Qe corddfiaim (not shown -e
formed to connect: the drain region 940 to a bit line, the gate el ectrode
840 t o [go3Mraldiiicrel avgvdnfiendli protessiapatépsanaplbatesed .td 20ntpdetg riguvdfioTloé thur ce
920 is counted to the substrate 302. 111.963l As shown in Figure 14, the

St Or ageeHaRAaLLoY s{r§ctﬁl%rr§0(') segoPlex@npRIM BalrbOfragf ahieul Capabe t@fded Git and
C.2, connected in parallel. Capacitor eludes the source region which acts

(i St e@iﬁ%@” Ao ﬁ‘%'tsts“i’frcefléfaj ?%%-ltmﬁ d¥9§‘¥’%edca€§§ ?teg‘?&%d We%‘i‘?%dﬁina‘ﬁg‘% hed
920
i ch REELOMIBEIEdrTrPapar el AL G20 et P Dechipaeol b TRATS Sl i afhea

portion 1420c which acts as a first capacttor Iate t he ngel 1440 of the
subst r anerlapirclelecties, aentegts seascind 1e8§aBTCET MY At frakgd a portion of the

capacitor di .cl sandw $neen.,
[0059] Flgure 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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[0064] Figure 1.5 shows a var'ctiothe Figure 14 enbodinent. In Figure 15,
the first capacitor plate I 520 conprises a firs portion 1520s that wellies
the trench structure 540 and two enbedded portions (1520n, 1450e) that
extend laterally fromthe first portion |1520a. flowever, unlike the storage
capacitor in Figure 14 where the first and second enbedded portions §,4206,
1420c) 1a0@ happimxommabekith ohempey sdind00 e dtitirand 2dal yilbberdeagibed eVt 1i&e
diffision region 920, the second enbedded portion | 520c in Figure 15 is of
a ar eatgerehen@idergied extends laterally to overla 1- second diffusion region
940 as well, Although not illustrated in the acconpanying figures, 11 is to

be apphgfd;at b B8 d 1 4 Sthe GaRaLIARstEH RhfHriTBya ¢OBRIE S0Mbictudilan gate
enbeddgﬂﬁg?§§§hggﬁ??o s? [606%] in 5neEznbogﬁﬁent,%lAnbedded pohe steps of

formn }e%frfg(iil/erei 048gﬁ%rglglrr%%g)iggég%%%igf\gitﬁglthémg@%h i{t%lo&r th? éat%%tr@(!rkh?ﬁnhyi ng

enitau a correspondin er of "times.

plurality of first buried regit A sly etched to create. of
cavi t | é8SteFsletrsar \ﬂi‘fg‘h‘i(?? éFgé‘?}l?s{bﬁﬁt glf‘&Ae’f@fcﬁ% ha (F)hatn(r)lgll h%lsogl géetgjgﬁhged
inrelation to Figure 6 may he used to selectively etch th ﬁ£ d,regi ons

whi | e nhirae dyad@djcanerisessu st capasitpegian 5 20Fvika) §rst peitign i (g‘d@é g@é\ﬁst i es
are filled with a capachor dielectric and el ectrode natenal [00661

Ref er r itRgtraiQly stractiiegineantifwot isteeiided pertisho(id28b,f 1480 )ehéandinpd @@ral lyrfrom the
manuf act uri ng sem conduct or devi ce accordance with preferred enbodi nent of

the pregut Poxiﬁ'aﬂemjo@ni-nwﬂea SULSt €00 16RR:d REtHItlese pioWEaE B2a Snbst nhteativey a
menory cell region defined thereon in bl ock 1602 ft nu* a capacitor

menory celt d there ! ) crior
ot T oottt P FE 180 Ziay Y el Gkl it BRI PY, @4NRY bRGoAned

n-the su e In a block. 1 formng an access
-transi stor conprj Si a e, st di,spesed on S 8ol Bel
1608 arUrePi KNG UF ERHO g 2o T o Gy e AR el Bk B
of the access transistor block 161.0, the firgt and sq&aﬁd dirfC]42§n.non
bei n? Ifostadidtisiagjragiento28ppodiediespsasangiptor Had ghe second berfed apHiog: 142854t a
ii(irtior, of -M.:, seconU (1-:+ios*-jn t-014-N3., -C(Nry,ts. is
sandwi abededéitevdg belohetherfiveidaieobdded pomiondf20he Af firger pedioadie P Pieatesteid
t he second capacitor plate, _
extends between the first and second embedded portions (1420b, 1420c) thereby separating them
vertically. In this embodiment, the first and second embedded portions (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
clectrode 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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00671 The preferred enbodi ment of the invention is illustrative of the
invention rather than limting Rt the ilnied-311031. Hs to I X :!
understood that revisions and nodifications may be made to nethods,

rrfl_t Ielrl aiti, d_st ructures ang di menki nds of a setanonductor structure while
sti providing a sem conductor structure that falls wthin the

t he i ndlergeendcdrabadged pprtiopd 2 ¥hikh PREPf 8 fléfétt capReliof philth dHeGiE Poéf?ﬁ%?*‘*ﬁfn
the acconpanying drawinicts are to be interpreted in an illustrative and
nor - | i of thengibstenis evhichWirat as s stdandsdpacgor plagMBidse peweR i dls ransgitorgtiplestig: a
substrat e; an access transistor conprising a gate stack di sposed on
t he su@ﬁ{dm@&dtm}gb@wéér{st and second diffusion regions |located on a first
and second opposing sides of the gate stria; and a storage capacitor

SO BT CopeL S L Lo ahsbyartastadopa e < e
capacitor plate 1520 comprises a first portion 1520a that overlies the trench structure 540 and
two embedded portions (1520b, 1450c) that extend laterally from the first portion 1520a.
However, unlike the storage capacitor in Figure 14 where the first and second embedded portions
(1420b, 1420c) are approximately of the same length and only overlap the first diffusion region
920, the second embedded portion 1520c in Figure 15 is of a greater length and extends 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 capacitor plate may comprise more than two
embedded plate portions.

[0065] In one embodiment, depending on the number of embedded portions desired the steps of
forming a first buried region 312 and subsequently 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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a capacitor dielectric sandwi ched between the tint enbedded portion of the
first capacitor plate and the second capacitor plate, the capacitor

di el ectric surrounds the first enbedded portion of the first capacitor

pl ate, and wherein at |east a portion of the first diffusion region forns
t he second _ capacitor. plate. 2. The nmenor ell qf, claiml, erein t
st apnadiBranarion esps L renmmrreims ot uib eiPsiThncihg
access transistor and the second diffusion region conprises the o(iiggr of
the sopptienef thr sscond Efueian afgieh Orae Aeeeond WRGIOE plate 1d the RREIEY LEFHTIE o
a substrate; an access transistor conprising ra tack di sposed on the

subst r &t @pdaitle@bdtiveat tharchteddanerdod 6 Uiki dinst cepgitonslalecod tledwedid eapasii
second opnx |JIg sides of the gate stack; and a storage capacitor

conpri §ja|&g a first capacitor plate including 3 first enbedded
portion wthin the substrate below the first diffusion region, a second

capaci r[(%ﬂ?"[‘ﬁ% %referred 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 structure while still providing
a semiconductor structure that falls within the scope of the included claims. All matters hitherto

set forth herein or shown in the accompanying drawings are to be interpreted in an illustrative

and non-limiting sense.
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a capacitor dielectric sandwi ched between the first enbedded portion of the
first capacitor plate and the second capacitor plate, the capacitor

di el ectric surrounds the first enbedded. portion of the first ia '"tor

pl ate, and wherein at least: a portion of the first diffusion region forns
t he second capacitor plate; and a first trench isolation structure

| ocated in the substrate adjacent to the Ent enbedded portion of the first
capaciyWf isRl.at& iwherein the first trench isolation structure isolates the
menory cell from other device regions. 4. The nenory cell of claim3
wherein the first capacitor plate fugifpgg conprises a second portion
overlying the Ent trench isolation structure, the second portion itblding
under it he mrﬁﬁorﬁbailfcuﬁbmgr egion to formthe first enbedded portion of the
first capacitor plate. 5. The nenory cell of claim4, wherein the first
enbedded paktds@sie;of the first capacitor plate conprises a cavity enbedded
within the substrate and filled with an electrode material, the capacitor
di el ectri c ah hdebRGadsher sirtieisiak b gatoftadklipasad bi Yie subbirate] el anfrsrand/seceld|ldifbiioh ai m
1, wherein the first enbedded portion of the first capacitor plate

conpr irggss docarad/ord d/firenbé dded opbdshighideshe tleghstadt endand filled with an,

el ectrode material, the capacitor dielectric lining the sidewalls of the
cavity. 7asiblege capmaoycooptibinpf cl aim 1, wherein the first enbedded portion
of the first capacitor plate substantially overlaps the first difihsion
regi on. S.The nenor ya &et dapaitonilag irrldding hxsf anbsdded apréion widhin (e aitbetratapetdver
conpri ses a second enbedded portion that is |ocated underneath the Ent
embedded porti othedind ddipsioedeioher ef rom 9. A method for fabricating a memory
cell comprising: providing a substrate with a device regi on defined
thereon; formng a fii?ﬁfx?ndcfam@ftpéﬂte pl ate conprising a portion enbedded

W thin the substrate in the device re formng a capacitor dielectric
in the device regi onacaé’m!torﬁlelﬁ?ﬁl?ﬁn‘hﬁgfﬁéé@‘é’%entﬂi“‘aﬁf e§tb5‘?dp?Pf§“‘ﬁ’é\fF Tedithe

access transi stor COITpI‘I sing a gate st ack
capacitor plate and the second capacitor plate, the capacitor dielectric surrounds the first

embedded portion of the first capacitor plate, and
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. A memory cell comprising:
a substrate;
an 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; and
a storage capacitor comprising
a first capacitor plate including a first embedded portion within the substrate below
the first diffusion region,

a second capacitor plate,
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di sposed on the substrate, and a first and second difthsion region |ocated
on a first and second opposi ng sides of the gate stack, wherei n at

| east a portion of the first diffitsion region acts as a second capacitor
pl ate and the capacitor dielectric is sandw ched between the enbedded
portion of the first capacitor plate and the second capacitor plate, and
wherein the capacitor dielectric surrounds the enbedded portion of the
first capacitor 10.  [he OB BOR.OL cGbfloBerntheh BN bAAD e el
capacitor plate conpri'ses fornlng RSO Bur e region in a subsurface

region of the s %sta&%?%ﬁ%el alld Ehg gecggdvcjaéa%iet(%r%gilctfg{ﬂe @%gctlﬁ?h@g{%ﬁé’ &hYurfl GPERY the

first buried regiont orma cavlt ed In the substrate.

The net hod of cl_ai s e RS Est CRTRGE SihiPgd OrmM ng a capacitor d .ciric
that lines the §?%§&é?‘x%%lthe %%J?Eyoaﬂd’tﬂereafter depositing an

el ectrode | ayer .gver, 4 R&s: de8tiGERHQRitrubiBEreBlo, € PUE sdca¥Rbpabidr iaRgaddne
cavity, 12. The nethod of claimii. further conprising patterning the

el ectrode | a%@fireh@ idekibN8rutdIR 18datcd in (ESRBGaleABjadthErd Bre @ emikdiia@iperth 6£the 0de
for the gate stack. 13. A nethod for fabricating a nenory cell conprising:

provi difiQGaghcitdt PRl HeRinthd frsBred@Vibafioh Sdicar: istefisirndniey @liffonbirg dévidi I st
capacitorconprising a portion enbedded within the substrate in the device
regi onegib@r m ng a capacitor dielectric in the device region; form ng
a first trench isolation structure in the substrate adjacent to the
enbedded porkinRmonfcell bfcldimBswherdapacist Gipaditad paté farthes obagrdestasecodéyorden r egi on
from ot her device regions; and formng an access transistor in the
devi ceoveghghe fifshieenacis@an btnansé, stececosdpyptidngoliige andgathefist dfisicdiregiarsed on
the substrate, and a first and second diffusion region |ocated on a first
and seoantie 6ppoasticddedpodies ofthe fileappaite pteack, wherein. at |east a
portion, of the first diffusion region acts as a second capacitor plate and
t he capaci tThe ngtivetyael pf daiing, whaneimihe ficsterbistidod eprtiphel teayelaagitor pBictcPBRISE t he

first capacitor plate and the second capacitor plate. o o
a cavity embedded within the substrate and filled with an electrode material, the capacitor dielectric lining the

sidewalls of the cavity.
6. The memory cell of claim 1, wherein the first embedded portion 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.
7. The memory cell of claim 1, wherein the first embedded portion of the first capacitor plate
substantially overlaps 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:

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
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14. The method of claim 13, wherein formng the first trench isol ation
structure conprises: formng a trench in the subsnate; and iii 1ng the
trench with an isolation. :filler material to formthe first trench
isolation structure. 15. The nethod of claim 14, wherein formng the first
capacitor plate conprises formng a first buried region in a subsurface
region of the substrate in the device region and selectively etching the

first buri ﬁﬂnfngglil Qest RadsRioMn3nCRVict ¥eBIRRALEds WintifbortotBasistbsitdate.  16.
The nethod of claim 15, wherein at |east a portion of the first buried

r egi 0Qishsedon TREGbMAIC! £1d6 IR bAGeIAE diFBBER bR 0bNG SUEStRAL Reond bfposihBsidéret hod
of claim 16, further conprising etching tﬁle first buried region to formthe

cavi t yr@é tgsstdc@r m ng the trench in the substrate. 18. The nethod of claim
14., wherein the isolation filer material has a | ower density at regions
proxi mate a COM@her&@h attiéd€t dgoatdahf the 1Bt difffs@onredifiodtsal a edcaidoahcitorpireaing thiche
first diffusion region conprises one of a source or drain region of the
access tr abph&ioddicladhtk is tdewsBaitRaveet tht gbededrpegion nf thofipr dagegortplvee: ot fier of
the source or drain region of the access transistor. 20. The method of
clai m9, whkeoeldpdchie plate; &id capaci tor plate further conprises a second
enbedded portion that s |ocated underneath the first enbedded portion and
spaced t her ef r owherei2 the cafhetondivipetyic geitohnds theeinbedied porfianrdf Herirg oappriiospleig a
first trench isolation structure located in the substrate adjacent to the
first lenbedbedetpardficoim 9,othetehnforfningsthe fraprapicitemlay @imeriseh &reing a tfiksebyried st
trench isolation structure isolates the nenory cells from other device

r egi omgion i®@subTunfacaregibroef tsf subdtraiern He dfviperdgéan apdsppretiwhriching e figf bariedi r st
trench isolation structure in the substrate adjacent to the enbedded

por t i eagicofto fore afavity pmbesidedcwithar thp pubsierte. 0 i sol ate the device region from

ot her device regions. . _ L . _ '
11. The method of claim 10, further comprising forming a capacitor dielectric that lines the sidewalls of

the cavity and thereafter depositing 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 define the first capacitor
plate and a gate electrode for the gate stack.
13. 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;

forming a first trench isolation structure in the substrate adjacent to the embedded portion of the first
capacitor plate to isolate the device region from other device regions; 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,
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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 portion of the first capacitor plate and the
second capacitor plate.
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.
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 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.
21. 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 cells from other device regions.
22. The method of claim 9, further comprising forming a first trench isolation structure in the substrate
adjacent to the embedded portion of the first capacitor plate to isolate the device region from other device

regions.
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