
MEMORY CELL STRUCTURE AND METHOD FOR FABRICATION THEREOF HELD OPINE
INVENTION ;Nall Inc'present invention relates generally to memory cells.
More partientaily-, the invention telt:tea to stnietereit and memhcsis for
abrieation of memory cent', compnaing storage capacitors. BACKGROUND OF THE
INVENTION 100021 Integrated circuits find application in many of today's
consumer electronics, such as cellular phones, video cameras, portable
music players, personal computing devices etc. Integrated circuits may
include a combination of active devices, passive devices and their
interconnections. 10003] A common device found within an intetgated circuit
is semiconductor memory devices. 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 hits of information. in
general, one basic memory cell design is duplicated numerous times to tem)
the memory array. While the basic cell design may be modified slightly from
cell to cell, tor example, one cell may be a complement of an adjacent
cell, the memory array is typically described according to the basic cell
design. [00041 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 1.00 known as a one transistor (IT) static random access
memoirs, (SRAM) cell. The IT 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  comprises a gibe terminal 126 that is connected to a worn
line WI. in ov access or store infhnnation in the storage capacitor,s,
transistor has to be switclied. on by aeiv- both the bit line13/1: and the
word line Wit. 0ifill5l Figure 2 is a crossview showing a known realization
of the IT SRAM shown in Figure 1, Figure 2 shows a semiconductor structure
2.00 comprising a substrate such as a P-type body and a l'T SRAM cell 220
formed oxeli 2.04 located within the substrate. The IT SRAM cell 220
comprises an access transistor 240 and a storage capacitor 280. Shallow
trench isolation (ST1) structures 206 are provided in the substrate 202 to
isolate the IT SRAM cell 220 from antAM cells or other devices. 



19O06-1 The access transistor 2.40 is made up of a gate stack comp0 gate
dieiec& e 242 and a gate electrode 244 overlying the gate dielectric 242.
Sidewali spacers 246 are provided, abutting the sidewalis of the gate
electrode 244, A P-type hit line region 250 is formed in the n- well 204
adjacent a first edge of the gate electrode 2.44rage capacitor 280. Nleanwh
aII node region -d on the opposed side of the gate electrode 244 between
the gate stack and the: storage capacitor 280, r00071 The storage capacitor
2.80 comprises a capacitor dielectric 282 formed over the'ell 204 and a.
first capacitor plate 284 overlying the capacitor dielectric 282. The first
capacitor plate 284 may comprise polysilieon. The capacitor dteiectnc 282
and the first capacitor plate  overlie a. plate ie.g3on 2.86 of the n-well
204 which to capacitor 280. 00081 As the demand for smaller electronic d
3nd capacitor plate of the storage cell-phones, cameras, ,raputing  



s continue, there is a eorrespondmg aced for reduction in electrical device
feature sizes. Accordininfacturers strive to shrink the size of memory
cells such. as that shown in urea 1 and 2 so thatg densityc`improved.be
Therefore. there is a demand for  SUMMARY OF THE INVENTION 100091 Thethe
structure of memory cells and methods for fabrication the l00101 In
accordance with a first aspect of the invention, a memory cell comprising
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 embedded
in the substratefirst diffusion region of the access transistoa capacitor
dielectric sandwiched between the embedded portion of the first capactor
plate and the first diffusion region of the access transistorleast a
portion of the first diffusion region of the access transistor acts as a
second capacitor ate of the sto ge capacitor. By using a difinsion regiton
of the access transistor as a capacitor plate and embed another capacitor
plate below it, the storage capacitorfolded or stacked under the access
This advantageously leads to a corresponding lateral shrinkage in the size
of the memory cell. [410111 hi accordance with another aspect of the
invention, the method for fabricating a memory ccprovided. The method
includes providing a substrate with a device. region defined thereon and
foliating a first capacitor plate comprising a portion embedded within the
substrate in the device region. A capacitor dielectric and an access
transistoralso formed in the de region. The access transistor comprising a
gate stack disposed on the substrate, and a first and second ditThsion
regions located on a first and second opposing shit..s of the gate stack
herein at least a potion of the first diffusion region acts as a second
capacitor piai:e and the capacitor ilielecttie is sandwiched between the
embedded potion of the first capacitorand the second 



capacito3  [0012i 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
dray-Furthermore, it is understood that the features of the various
embodiments described herein are ot mutually exclusive and. can exist in
various combmatrons and permotati BRIEF DESCRIPTION OF THE DRAWINGS 0013i
in the drawings, like reference numbers generally refer to the same parts
throughout the ent views. Also, the drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating the principles of
the invention, hi Ow following description, ernbodimentt of th.e invention
will now be described, by way of example with reference to the drawings of
which; [0141 Figure I is a schematic of a known one transistor (IT) Static
Random Access Met (SRAM) cell; 1.00151 Figure 2 is a crossscet3onal view of
a known realizaticT SRAM cell crf Figure I; 



[00l6 Figures 3 to 13 are cross-sectional vjews iliustratmg the results of
progressive stag thhricatirg a IT SRAM cell in accordanceto an embodhnent
of the invention; [00171 Figure-sectional view of a IT SRANaccordance with
another embodiment of the inv [0018] Figure 1.5 is a cross-sectional vew of
a IT SRAM cell in accordance with another embodiment of the invention; and
100191 Figure i6 is a flow chart of an integrated circuit system for
manufacturing a memory cell in accordance with an embodiment of the
'invention. DESCRIFF1ON OF THE INVENTION P00201 Tide presr'e.ntjon relates
enerally to memory cells and n particular, to the size  capacitor is
provided. The storage capacitor comprising a first capacitor plate having;
a portion. that is embedded within, a substrate with a fast diffusion
region of the access transistor located over the first capacitor plate, A
capacitor dielectric is sandwiched between the embedded portion of the
first capacitor plate and the first diffusion region of the access
transistor. The fast diffusion region of the access transistor forms a
second capacitor plate of the storage Ca [00211 Figures 3-13 are
----iss-sectional views illustrating an embodiment for fabricating a 1T
SRAM memory cell with a WEI access transistor. it should be noted,1
embodiments of the invri are described in the context of fabricating a '"'
SRAM memory cell with a PITT access transistor for illustrative purposes
only. t '- to be appreciated that the     mt invention is not limited as
such and IS equally applicable the thanation of other memory devices such
as memory cells having an. NTET access transistor, memory cells haying more
than ons transistor and/or storage capacitor as well as other typ s of
memory devices such as d.yiramIc random access memory (DRAM) devices.
Additionally, it is to e understood that a plurality of convennonal
processes that are well known in the art and not repeated herein, may
precede or follow Figures 343 Moreover, it is to be understood that many
modifications additionsand/or omissions may be made to the processes
deserthed without departing from the scope or spirit of la ed subject
natter, Per example, the process described, below may include fewer, or
additional. steps. Also, it is to he appreciated that the present
disclosure need not be limited to the initial semiconductor structure
depicted by Figure 3. 



[0023] Figure $ shows 9 schematic cross-sectiontv of a semiconductor
structure 300 at an early stage of fabricationin accordance with. one
embodiment: of the invention. A semiconductor substrate 302 having a first
burled region 312 formed therein is provided. The region 312 is located at
a distance di from the principal surface 303 of the semiconductor substrate
302. with a first u'ndoped surface region 14 separating the first buried
region 312 and the principal surface 303. A first oxide layer 304-and an
overlying first mask layer 310 are located over the principal surface 303
of the sennco.n.ductor substrate. 302.           illustrated in Figure 3,
the first mask layer 310 acts as a mask for selectively implanting first
dopant ions 31 (depicted tistarrows 316) into the substrate to form the
first buried region 312. The iruplart conditions are selected to cruste n
first dopant implant range that -id within the subsurface region of the
subsaate 302. This results in the first t a. pm:tetanal:a:lcpth di from the
win'ace 303 of the understood that a multitude of implantation parameters
such as dose, implant energy and first dopecan. be adjusted to modulate the
depth of the first bu t1 region 3 2, h one embodiment, d1 is between about
5 to 25mn. Alternatively, other values of d: that. enhancesperformance of
the integrated circuit structure may also be used. 100251 As described in
the succeeding paragraphs, the first hurled region 312 will he subsequently
removed to create an embedded cavity at its location. Therefore, the first
dopant ions species and implant conditions are selected so as to create a
first buried region 3:2 that ha.s 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 materfirst buried region 31.2. will ntninial 



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 buried region 312, the better the
etch selectivity of the first buried region 312 with espect to the
sunouudtng 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 ditritti
[O26 In a preferred embodiment the first dopant ions are slow diffusingype
dopant species such Antimony (Sb), Arsenicor compounds thereof Slow
diffusing dopant species have a low tendency to diffuse or spread outwards
fro:hutted dopant profile when the  associated with a more abrupt
transition in doping concentration between theburied region    and th-
surrounding substrateregion is that it leads to a greater etch rate
differencebetween the two regions and hence a better defined cavity ill t.
it is to be appreciated that the preceding examples of first dopant ions
are not restrictive and other dopants that permit the )..yto the ad, eo
formation of a first buried region WI:11017i is selectively tellable
substrate reg:io3. may also he used. Additionally, the &matt ions are also
selected to provide a first undoped surface region 314 in the b toverlying
the first buried region 312. (00271 Each of the foregoing substrate, :first
oxide layer 304 and first mask layer 310 are generally conventional in the
semiconductor fabrication a [0O28 in tl)described embodiment, the,
substrate 302 is a P-type silicon substrate. However, the invention is not
limited as such but also contemplates other semiconductor substrates that
physically and electrically enables the formation of active mdlor passive
dLvice structures. For example, the substrate 302 may comprise any
semiconductor material such as sheongermaiitum, germanium, InAs, other WV
or 1INI compound semiconductors as well as composite substrates on Oh
insulator eonfigurau.ons. '[lie first. oxide layer 304 which is optional
serves1$se of reducing damage to the surface of the semiconductor at$02
caused by implant( On of the first. dopant ions 316. 



Other materials that achieve this ftnction may lso he used. [0030j The
llrst flask layer 310 may o'e any masking material which 3`; suitable for
pre caging the implantation antation of the first dopant ions 314 into the
substrate regions covered by the          layer. Included are hard mask. ni
used alone or in combination. 1083Figure 4 shows the results of removing th
photaresist mask.jell can be ayer _ 10 and the first cyst(  304 from the
semiconductor structure 300 of Figure :3 and subsequently growing an
epitaxial layer 400 over the surfke of the substrate 30:2. The enitaxial
layer 400 incorporates the fast  :rqaon 312, The first mask layer 310 and
first oxide layer 304 may be removed using methods that are conventional in
the semiconductor fabrication art while the epitaxial layer 400 is
typically hsrmed by chemical vapor deposition. 100321 The depth, d3 or the
trst buried region 312. from the surface of the substrate determined by the
thickness of the epitaxial layer 400 incorporating the first undoped
surface region. The epitaxiai layer 400 may comprise any of the
semiconductor materials from which is comprised the substrate 302.
fiowtiver, substrate 302 and the eriitaxial layer 400 need not comprise the
same semiconductor material. As will he evident: from the subsequent
paragraphs., d2 determines how far thesubsequently formed embedded portion
of a first capacitor ate is spaced from the surface of theIn one
embodiment, the depth e12, of the first buried region 3 between about 105
rim. to 125nm, Other !altos for d2 are also unable and may vary based on
factors such as the denired junction depth of the subsequently formed
source region overlying the embedded capacitoreffective resistance of the
first capacitor plate. In gen al 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. [00331 in a preferred embodiment,first undoped surface region 14 of
Figure 3 is re crystallized before the epitaxial layer 400 is grown over
the substrate 302. The purpose or the recrystallization processis to
improve the homogeneity ofal layer 400 being formed. This is because the
first undoped face region 314 may be anrorphiwhen iist donant ions 316 are
implanted into the substrate to form the first buried region 312, Since the
characteristics of an cpitaxial layer such as crystalline orientation;
structure, epitaxiat quality are defined by the layer over wcl grown.; the
characteristics the epitaxial layer portions formed. over the arnolphized
first undoped surface region 314 may be different from that of other
regions not exposed to the first dopant ion 1.. 1-nt, hi one embodiment,
the first undoped surface :314  cleaning step to remove surfacetits such as
particles organic compounds and native oxide miry to the gnwth of epitaxial
layer, 10035] In an alternative aspect of the invention, the above step of
growing the cptsxiai layer 400 is omitted. instead, the implant conditions
for the first &pant ions 316 is selected so as to locate the first hurled
region 312 at the depth, d2 from the surface of the substrate. 1-Towever,
inventors have discovered that this approach may he less preferable for the
following reasons. epitaxtai layer 400 provirrfitce region thai has not
been subjected to impkint da a by the firstnit inns. In general, implant
damage tends to degrade device performance, for example, by
increasingFurthermore, omitttng the epitaxiai. layer 400 also means that
the first dopant ions will have to be implanted at a higher energy hi
orderto buried 'regionat a simillepth. hi general, lacreaigy of ancauses
the first ion dopan.t profile to have a wider spread and nce less abrupt
transition in doping concentration between the first buried region 312 and
the surrounding substrate reaion, in some cases, the first ion Clop=
profile can have a tail end that extends to the surf.atte 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 hi t energy also
tends to increase the extent of implant damage inflicted on the substrate
thus leading to degraded device pe.rfhrmanc 



100361 Figure 5 shows the results of forming a second mask layer 410
onsemiconductor 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
mafirst pad dielectric 412 of silicon dioxide located upon thelayt1 400 and
a second pad dielectric 414 of nitride formed over the  using conventional
photolithography and etch methods to form the second. mask layer 410. It is
to be understood that apart from a combination of silicon oxide and
nitride, other materials la protect the substrate region underlyingbeing
etched na.c1 to form the second mask layer 410. Additionally, the second
mask layer 410 may so be a single layer s comprise more th n. two layers.
[0037] As is illustrated in Figure S substrate regions not covered by the
second. mask layer 410 are etched to form trenches 500, At least one of the
-e t 500 is located such that a pration of the first buried region 312 is
exposed after -treucu toniatjon."s, the first buried region 312 is in
conununication with a sidewall of the trench 500, [00381 In a preferred
embodiment, a reactietch (RIP) process is usedViz trenches 50 in the
substrate 30.2. In one embodiment, the trenches are etched in a plasma.
comprising, a combination of --113r and 02 gases. Alternatively, other
combinations of oases that substrate 302 to be selectively etched :thorn
substantially removing the first buried region are also suitable, [00391
figure 6 shows the results of substantially removing the first buried
region 312 in Figure 5 to create a cavitymhed.ded within the substrate 302.
The first buried region  substantially removed by using an etchant that
differentially el:ehes the first buried re wFle :Minimally etchim the
surrounding substrate region 302. 



[octal In a preferred embodiment,a. selective, isotropic reactive ion etch
(RIP.) process is used to substantially remove the first buried312 thus
providing a cavity 600 within the substrate 302hoc tient, the isfitrKLE
pimprise the use of C12. and/or other ch1csnnebased gases. However, i.t is
to be understood that the gases chosen for etching the first buried region
312 is not limited to Cl2 and ma include othergases that permits the first
egion 312 to be etched selectively while the surrounding substrate acts as
an etch stop region,the first buried region :312 is etched within the same
tool as the trench 500  etch described in conjuncton. wi- 5, In an
altemaodrinent. wet chemical etch its may also be used for etching the
first buried region 312 tO form the cavity 600, 10411 Once the cavity 600
is formed, a Inay he subsequently provided over the trench walls, the
interior of the cavity 600 and other exposed pOrtlOflS of the substrate 302
as shown in Figure 6. The liner 62.0 helps to repair damage caused by
reactive ion etching processes used. to define the trench 500 and/or cavity
600. Additionally, the liner mat also act as a stress-relief layerto
protect the substrate 302 from stress induced by is Mier materials that are
subsequently deposited to fill the trenches 500. No iimiting examples of
the liner layer 620 include oxide, silicon or, ride. 100421 Figure 7 shows
the results of depositing an isolationfiller material 520 on the
semiconductor structure 30' in Fie:ure 6 such that the, trenches 500 are
filled. Excess isolation filler material .520 external of the trenches 500
are subsequently removed. In one embodimet the isolation filler material
520 external of the trenches 500 are removed by chemical mechanical
polishing (CM?) wi first pad 'electric 414 toting as a polish stop layer.
The resulting trenches filled with isolation tiller matenal 520 are known
as trench structures 540. in the presently described embodiment, the trench
structures 640 serve shallow trench isolation (STI) structures.  M431 in a
preferred embodiment, the isolation tiller material 520 fills the trenches
500 without substantially filling the -avity 600, In one embodiment, this
is achieved by using a high-density plasma (HDP) gapAill processdeposit the
isolation filler material 520. Alternatively, other unidirectional methods
of deposition are also suitable. Non-limiting examples of materials fOr the
isolation filler material include oxidechides of silicon, as well as
laminates 



and composites thereof kiternatively, other isolation filler material1,
suitable and the isolation filler material 520 may also comprise more than
on R#0441 Figure 8 shows the results of removing the second pad dielectric
414 from the  cell will be formed within the well 700, In one embodiment,
the well 700 extends to a depth of about 380 to 430 am from the principal
surface 303 of the substrate 302.. In the presently described. embodiment,
the II 700 is funned by implanting second dopant ions 720 (depicted by
arrows 720) into the substrate $02, [00451 In the presently described
embodim.ent, since we are forming a SRAM cell with a PEEl access transistor
the well 700 is an n-well and the second dopant ions 720 are Itl-type
impurity ions. Non-limiting, examplesN-type &pants include
Phosphorus,Arsenic or compounds thereof. For memory cells with NFET
aceisistors, the second dopant ions 720 areP-type impurity ions,
Non-limiting examples of P--type dopants include Boron, Indium or compounds
thereof In one embodiment, the second dopant ions 720 are implanted at a
dose of about 5e1?* to lel' stem?, Alternatively, the SEAM cell may also be
fotmed directly on. the substrate, thereby omitting the above described
well rotation step. 100461 Referring now to Figure 9, the semkonductor
structure 300 of8 is subjected to a wet etch process that creates an access
path 560 through the isolation filler material 520 to the   ening of the
embedded cavity 600. The access path 560 is a channel located adjacent to
the corner of the trench structure 54.0 and in communication with the
opening of the cavity 600. In the presently describedthe wet etch process
also removes portions of the lit 670 overlying the principal surface 103,
on exposed sidewall portions of the trench structure 540 and Interior walls
of the cavity 600, 100471 In the presently described embodiment, the access
path 560 is etched presence of a masking layer for protecting other exposed
portions of the i,soiazon filler material 520 from the wet etchant, This is
pp.sible because the Myere discovered that the corner po -lions of the
isolation filler material 520 can be made to have a thster1 rate relative
to the bulk portions if the density of the tiller material 5:20 at these
regions is of a lower density than that of the hulk,. In one ernhodi:ment,
a lower filler material density proximate the trench corners 



502. is achieved by using an isolation filler deposition process that
involves a combination of sputter and deposition mechanisms. 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 also discovered that once the wet etchant reaches the cavity 600, the
portions of the isolation filler material 520 adjacent to the cavity will
be etched in all directions. As a result, the access path 560 has a greater
depth compared to the divot 570 simultaneousi at the corner of trench
structure w3th nocavity- extending front its sidcwall. In'new of the above,
it is possible to create an access path 560 through the isolation Eder
material 520 without using, a masking layer to protect the exposed portions
of the Isolaial .20 "10311 excessive recessing. 90,481 Figureshows 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            e 303 of the
substrate 302 can function as a gate dielectric for an access transistor
while the dielectric ayer 800 in the interior of the cavity 600 can
function as a capacitor dielectric thr a storage capacitor. 100491 The
dielectric layer 800 may comp.rise a dielectric material such as silicon
tilos silicon oxvnitride, silicon nitride, a bigh-K metal oxide or a
combination therec., 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 fbr use as a capaciti".ectric.
The dielectric layer 800 may be deposited using methods such as thermal
oxidation, chemical vapour deposition, rapid thenmd oxidation or he like as
known in the art. Preferably, the dielectric layer 800 s deposited using a
high aspect ratio process (HARP) using chemical vapour deposition, The
dielectric layer 800 may rangu in thickness from about 20 to 30 angstroms,
for example. However, the thickness of  enhances the perform -re of the
memory cell finally form-4 19O50 Figure 11 show- the results of deposithg
an electrode layer 810 over the semiconductor structure 300 of Figure 10
The electrode layer 810 overlies the principal swine- $03 and. top of the
theh structure 540. It also fills the nt-ido of the cavity 600, the access
path 5o0 and divot 570 brmcd in the trench structures 540. 1511 The
electrode layer 810 may  -ssise a conductive or se.mhconductive. material
such as, 



hut not limited to, doped or undoped polystheon. th one e.rnbocnment the
electrode layer 810 comprises polysili on doped to a dopmg
concentrationbout 1e15 to 5e15 / cm3. However, is to be understood that the
type of material chosen for the electrode layer 810 is not limited to the
above exit!mples and may include any material is suitable. for use as a
capacitor plate and can be formed in the interior of the cavity 000. in one
embodiment, the electrode layer 8] 0 is deposited by chemical vapour
deposition [00521 Figure :2 illustrates the semiconductor structure 300 of'
Figure 11 after the electrode layer 8! 0 of Figt. -r 11 has been
patter[037311 a first capacitorplate 820 and a gate electrode 840. The
first capacitor plate 003s an embedded portion 820a that is located within
the substrate 302 and a second portion 820b that overlies the trench
stricture 540. The electrode layer 810 may he patterned using conventional
photolithography rd etching methods as are known in the art.        After
defining the first capacitor plate 820 and gate electrode 840, the
integrate structure $00 may be thither processed by additional conventronal
sps to font. a channel region 860 in the substrate below the gate electrode
840, first spacers located on opposed sides of the gate electrode 840
abutting the sidewalk second e.s 890 surrounding the first spacer 880. The
foregoing first and second spacer (880; 890) fbnnation are generally
eo:r.ve.ntloiu te rotor fabrication art and can be stirred out by
depositing one or more dielectric layers on the semiconductor structure and
etching the dielectric iaye sr.  in Figureother types ofsuch as L.shaped
spacers, disposable spacers, multi space s, offset spacers arc also
suitable. Accordingly, embodiments of the present invention may utilize
different doping profiles. The combination of the gate electrode 840, gate
dielectric 800 and first and second spacers (880, 890) thre the (rite stack
000 100541 A first and second diffusion regionextending from the channel
region 860 the substrate is subsequently formed on opposed sides of the sa
e stack 900. In the presently described embodiment, the first and second
diffusion regions (920, 940) form source and drain regions thr an access
transistor including gate stack 900. As illustrated in. Figure 12, the
source region 920 is I1 re the embedded portion 820a of the first :apacitor
plate 820 while the      egion 940 is located on the opposed -hie of the
gate stack remote from the first capacitor plate. It is to be understood
that while Figure sows the entire source region 92.0 overlapping the
embedded. portion 820a of the first capacitor plate, an the laembodiment
may have partial overlap of the source region 920 with the embedded
portion, 100:551 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 toIndium or compounds thereof, For an
NFE.T, the s-'drain regions (920, 940) are doped with 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 



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 memory cell. Therefore, a
storage capacitor is formed by the combination the first c c 820, source
:on 920 and the capacitor dielectric 800 sandwiched between the embedded.
portion. 82.0a of the first capacitor plate 820 and the source region 920.
Meanwhile., the gate stack 900,, source region 920 and drain region 940
fonn an access transistor. By using a diffusion region of the access
transistor as a  capacitor plate and. embedding another capacitor plate
below it, the storage capacitor is folded or stacked under the access
transistor. This leads to a corresponding lateral shrinkage in the size of
the memory cell. [00571. In one aspect of the in tion,source/drain
extension regions 960 can also be formed between the channel 860 and
theregions (920, 940) by a low to methu. isclose implant to facilitate
dimethe scaling of the integrated circuit structure 300, The sou "'drain
exten. sian regions 960 have the satire impui ity type doping as -tile
source/drain regions (920, 940), In another enabodiment, the semiconductor
structure 300 further comprises halo region (not shown) of opposite
impuritythe source? d a regions (920, 940), The purpose of fowling halo
regions is to sumththrough', which occurs channel length of the device is
sufficiently short to allow the depletion regions at the ends of the source
andtensions to overlap, leading to a .breakdown condition. (WS] Additional
conventaonal processing steps may be used to complete fabrication of the
semiconductor structureFor example" a mt.rce/drain anneal can be carried
out to anneal/activate the sonicegions (120, 940). The gate electrode 840,
source/drain regions (820, 9401 and first capacitor plate 820 can also be
shielded to romasilicide contacts 980 and interlayr 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
z..forned to connect the drain region 940 to a hit line, the gate electrode
840 to a word line and the first capacitor plate 820 to ground, 10060] In
addition to tb.e embodiment illustrated in Figures 12-13 tb- invention also
conter.npiates a storage capacitor where the first capacitor plate
comprises multiple embedded portions extending laterhe substrate and
stacked one above another. An embodiment of  1400 have in common \vitt
memory cell 300 of Figure 12-13 will be described with like reference
numerals, 1.64)611 As shown in Figure 14, the access transistor comprises
a. gate stack 900 including a gate electrode 840, a channel region 860
formed within the substrate below the e electrode 840 and first and second
difbrsion regions (920 940) extending from the channel egion 860. The
storage capacitor comprises a first capacitor plate 142.0 with a first
portion 1420a that overlies the trench structure 540 and. two embedded
portions (1420b 420c) extending laterally horn the first porlioli 1420a
into a well 700 formed within the substrate 302. In an aiteniauve
embodiment the well 700 may omitted and the embedded portions (14201 14200
are 'brined directly within the substrate 342. The first embedded portion
1420b is located directly below first diffusion region 920 of the access
transistor and the second embedded portion 1420e is located directly below
the first embedded portion 14,,0 . .A..finger portion 1440 of the substrate
extends between the first and second embedded portions (1420b, 1420c)
thereby separating them verucaiiv. Th thisb iment the first and second
embedded. portions (1420h, I 420e) overlap the entire first diffusion
region 920 and extend laterally into the well 700 by approximately the same
amount. [9062i In one embodiment, the access transistorwhere the first.
diffusion region 920 fimctiens as a source region and the second diffusion
region 940 functions as a drain. region. Interco -medium (not shown -e
formed to connect: the drain region 940 to a bit line, the gate electrode
840 to a word line and the first capacitor plate 1.420 to ground, The murce
920 is counted to the substrate 302. 111.963l As shown in Figure 14, the
storage capacitor is comprised of a combination of two capacitors, Ci and
C.2, connected in parallel. Capacitor eludes the source region which acts
as the second capacitor plate, the first embedded portion 142Gb of the.
first capacitor plate and a portion of the capacitor dielectric, sandwiched
between the source 920 altd the first embedded portion 14201a. Capacitor C2
which is connected in parallel with C1 is composed of  the second embedded
portion 1420c which acts as a first capacttor plate, the ngel1440 of the
substrate which acts as a, second capacitor jiate and a portion of the
capacitor di .c1 sandwi$neen., 



[0064] Figure 1.5 shows a var'ctiothe Figure 14 embodiment. In Figure 15,
the first capacitor plate I 520 comprises a firs portion 1520s that wellies
the trench structure 540 and two embedded portions (1520n, 1450e) that
extend laterally from the first portion I520a. flowever, unlike the storage
capacitor in Figure 14 where the first and second embedded portions (14206,
1420c) are approxin.ately of the same length and only overlap the first
diffision region 920, the second embedded portion I 520c in Figure 15 is of
a areater length and extends laterally to overla 1- second diffusion region
940 as well, Although not illustrated in the accompanying figures, 11 is to
be appreciated tim, the first capaeitoi plate may comprise more than
embedded plate portions. [0065] in one embodiment,11Anbedded pohe steps of
forming a first burled region 312 and sul,sequeniiv k.,." wing an overlying
enitaual layer 400 is repeated a corresponding number of times. The
plurality of first buried regithen Min A;sly etched to create a number of
cavities embedded within a substrate, A method       r to those described
in relation to Figure 6 may he used to selectively etch the bud regions
while mnimai1y eadjacent substrate regions. Finally, th.e embedded cavities
are filled with a capachor dielectric and electrode matenal [00661
Referring now to Figure 16, therein is shown a flow chart 1600 thr
manufacturing semiconductor device accordance with preferred embodiment of
the presutt invention.The system 1600 includes providing a substrate ,ig a
memory cell region defined thereon in   block 1602 ft nu* a capacitor
dielectric in a Hoek 1604; Thirmin.g a first capacitor plate having a
portion embedded in the substrate in a block. 1 forming an access
-transistor comprising a gate stack disposed on the substrate in a block
1608 and limning within the substrate a first and second diffusion region.
of the access transistor block 161.0, the first and  second diffC' ion non
beim? located adjacent opposed sides of the gate stack, wherein at least a
ii(irtior, of -Mi.:, seconU (1-:+ios*-'n t-o14-N3., -C(Nry,ts. is
sandwiched between the embedded portion of the first capacitor plate and
the second capacitor plate, 



00671 The preferred embodiment of the invention is illustrative of the
invention rather than limiting Rt the ilnied-311031. His to IX::!
understood that revisions and modifications may be made to methods,
materiaiti, structures and dimenkinds of a setamonductor structure while
still providing a semiconductor structure that falls within the scope of
the included claims. All matters hitherto set fi-irth herein or shown in
the accompanying drawinicts are to be interpreted in an illustrative and
nor-limiting sense,  What is Uaimed is: CLAMS A memory cell co 'prising: 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 stria; and a storage capacitor
comprising a lint capacitor plate including a first embedded portionInn the
substrate below the first diffusion region, a second capacitor plate, 



a capacitor dielectric sandwiched between the tint embedded portion of the
first 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 I, 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 comp
a substrate; an access transistor comprising ra tack disposed on the
substrate, and a first and second diffusion  regions locateda first and
second opmx IJIg sides of the gate stack; and a storage capacitor
comprising        a first capacitor plate including 3 first embedded
portion within the substrate below the first diffusion region, a second
capacitor plate,  



a capacitor dielectric sandwiched between the first embedded portion of the
first capacitor plate and the second capacitor plate, the capacitor
dielectric surrounds the first embedded. portion of the first ia 'tor
plate, and wherein at least: a portion of the first diffusion region forms
the second capacitor plate; and       a first trench isolation structure
located in the substrate adjacent to the Ent 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 Ent trench isolation structure, the second portion itblding
under the first diffusion region to form the first embedded portion of the
first capacitor plate.  5. The memory cell of claim 4, 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.  6. The memory cell of laim
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 difihsion
region. S.The memory cell of claim 1, the first capacitor plate further
comprises a second embedded portion that is located underneath the Ent
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 the deviceihe
access transistor comprising a gate stack 



disposed on the substrate, and a first and second difthsion region located
on a first and second opposing sides of the gate stack,        wherein at
least a portion of the first diffitsion 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, and
wherein the capacitor dielectric surrounds the embedded portion of the
first capacitor 10.'The method of claim 9, 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.
The method of claim 10, -thither comprising forming a capacitor d .ciric
that lines the sidewalk of the cavity and thereafter depositing an
electrode layer over the device region, the electrode layer filling the
cavity,  12. The method of claim ii. further comprising patterning the
electrode layer to define the first capacitor plate and. a iate electrode
for the gate stack.  13. A method for fabricating a memory cell comprising:
providing a substrate with a device region defined there forming a first
capacitorcomprising 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 late 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,         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 subsnate; and iii 1mg 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 x msed while conning 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 filer material has a lower density at regions
proximate a comer 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 s 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. 




