
;e3e\ Yj0F 6| T @Q2 1 ~e9cri,~ation Memory element for a semiconductor
memory device s The invention relates to a memory element for a
semiconductor memory device as claimed in the preamble of claim 1. Memory
elements are known for semiconductor memory 14 device in which a change is
made from the basic structure, comprising a storage capacitor and a
selection transistor that is physically isolated from . it ) . far
information storage . l5 rn memory element such as these for semicoaductor
memory device:, a number of line device are provided which are essentially
electrically insulated from one another in pairs ) are formed in a
semiconductor substrate of a first conductance type or in a surface zo area
thereat and era at least partially farmed sad arranged physically separated
from one another is pairs by means of an intermediate area of the
semiconductor substrate. Furthermore, an isolation area is provided there
which is composed of an erssatial~.y electrically Z5 insulating material
which ma3cesr mechanical and eltctricai contact with the intexmediate area,
and 3n each ea~ae~ w~.th as overlap xrea of each line de~rice. Zn this
case, by apnlyiag to the line devices, in particular to their overlap
areas, a~r.d to the isolation 30 a=ea as electrical pvCeatial distribution
in the isolation area is aCCOrdar~ce with an information unit Chat is to
lie stored, it is posible at least temporarily to form at lease one ~xrea
with changed eleetriaal a:Ld/or rtagaetic characteristics. 35
Cotwez~t~.ongl memory elemeata of this type are subs act to the problem
that the isolation area allows only a~t~ n~~~~e~~ ne~~m~ea   2 esse:~tially
physic~l7.y cohesive change to the electrical and/or magnetic
characteristics in the iso~.ation area, ao chat ~.t xs impossible Go
sat~.sfactoriLy unsure strict physical. isvlacivn batw4ez~ S Che stored
infvrmatioa contents, or information corl,tents Co be stored, and hence
crosstalk between inforrnatian contents t~.rhich aced to be distinguished,
for example a number of bits. 10 Th.n invention is baead oa the c~bjeGt of
developing a. me~:ory element far a semiconductor memory da~rice of tii~
type meationad initially, av as to ttzsure adequate discrimination be,Gween
stored information contents in the memory element, in a simp~.a maraer. 



I5 zn the case of a memory element for a semiconductor memory device of the
type mentioned iliitially, the inveritiori is aChi~ved 6~CCarding t0 the
invantioa bar the distinguishing feaCZtrem of claim 1. ndvaatageou,s 2Q
developments c~f the memory element according to the inveritioa are the
9ubjsat matter of the dependent suba3.aims . The memory element according
GO the invention for a ~5 semiconductor memory device, is particular a
multi.bit memory ce7.1 or the like. is d3stiagui.ehed iu that a cumber of
material area9 which are isolated from one another are provided in order tQ
form the at least one area with changed or chaagextble electrical s~d/or 3o
magnetic characteristics ire. the isv3ation area, and in that the Material
areas have essentially free charge L:dL L 3a. a , aad/o: f xco oha~cgs
o~rri errs nun be formed is the material areas. 35 Orxe basic idea of the
~reseat invention is thus to s~mplttr and to assist the formation of
changed e7.ecerical and/or magnetic characteristics in the   3 isolation
area by provid~g a aucnber of r~azerial areas ~.rt the ~.so7.ation area.,
which have free charge carriers and/or iri which free charge carriers can
be fozmed. This maaw.s that the eZectx-~.cal characteristics 4x magnetic
characteristics tea be fo~.^mod comparatively easily, that is to say with
relatively small electrical potentials is the physically isolated material
areas. I:~ the process, local. application results is the respectively
provided information content alev 10 remaining in a local meaner in the
isoLatioa area. Furthermore, further localization and hence avoidar~c~ of
croastalk are provided by the isol.atioa of the avmbar of material areas
with reapcc to or from one anothar,~ with this i,~olatioz~ b4ing provided,
if iS appropriate) simply by physical separatiax~. pox this purpose, the
inventive advaut~tgeously prouides fox the material areas to be embedded in
the ~.solatlotz area. ZO ~iarticularly highly localised wtructuras are
obtained if naaodots or the like are provided as the matexia~l areas. The
expxossioa. nanadots means vai^y small islands of a material 8 in a matrix
cocttpvsed of a material A. 25 Alteraativ~ly, ft is also feasibi for a
Localized area 8 to be formed within the material. A) with this area having
eigniticaat7.y changed electrical rf:aracteriatica, for examplt as a result
of severe damage to the material A. 30 The major charaCGeristiv of the
material. areas i~a the isolation area is the presence of essent~.a~.ly
free charge carz~iers, or the. capability to be able to form essentially
free charge cmrriers in the material of Che 35 material areas in the
isolat~.on axes. It is thus particularly advaatagaous far the material
aroas is the isolation area ro have a metal, ax eetnicoaductor   4
material, in particular silicon, germaa~.um and/or the lake, possibly is an
appropriately doped form, or to be formed From such a material_ 



5 It i8 advar~tagaou~, but not essential, for the material areas in the
iso3.ation area each to be farmed essentially ~.dezitically. This relates
both to the geometric eharactexisties and to the electrical. and/or
magnetic characteristics of Che materiel areas, and of 10 the material on
which these material arses ar$ based. The material areas is the isolation
area m~xy be formed in widely differing ways. Far example, it is possible
for the material az~eats of the iaola~tiQn area Go He 15 formed or
deposited as material areas which are deposited, bur not a31 the way
through, on a first i.nsu~.ator layer of the isolation area, and which are
then embedded in a second insulator layer of the isolation area. 20 on the
other hand, the material. areas of the xaolation ~eraa may also be in they
torch of implantation regions in tre isole~tioa area. 25 If rcqu~.red, it
is possible Go carry out heat-Creazmenc at comparatively high temperatuxe9
after forming the actual material a~caas is the isolation area, by which
mea:~s the corresponding material arena ran be further reduced in size by
means of ari appropriate oxidation 3a prvcesa, in. order is this way to
improve the information localizati4ri and the croeataik behavior further.
=a principle, it is fcaaible~ for the matexi.al areas 35 axed, is
particular, the uanodota to be farmed over the entire isolation area.
However, it ~.s psrticu7.arly advantageous, according to a, further
greferred   5 embodiment of the memory element according to the invention,
for the material. areas to be farmtd in regions or areas of the 3sclacion
area which are physically isolatdd from ane another and, in S pax~icular,
in the irrnnediate physical vicinity of the overlap area9 of the respective
line devices. This mews that the isolation area, and the material areae or
rlarrodots provided there, are accessed only in these areas in the
immediate physical vicinity eg the overlap Io areas of the re9peative line
devices, thus al.lawing 7.oca1 formation, deletion and/or reading of
information contents iz~ the i.solativ:~ area. These characteristios in
pri.~cip~,a make it possible to form the isolation area with a large number
of information units, for I5 exempla wzth n bits. =a order to control the
writing to, deletion and/or reading from the memory element according to
the invention, a control line device is provfded which is ZO essentially
electr;cally isolated from the line devices) and control potential
distr~,bution can. be applsed locally or globally to the isolation area by
mesas of the control line device. This measure improves t~hc influence of,
and/or increases the possibility of 25 influGacing the formation, changing
a~.d/or ascnp~,ing of the electrical, and/or magnecia characteristics of
the matexia.Z areas of the isolation area. =a this case, the ~,nveati.an
p~covides ~.n particular gor 30 the lire devices and, in particular, the
overlap areas between them each to form a field effect transistor element
in pairs with that se~'tion of the intermediate area which is in each case
provided between them. The invention furthermore provides iu this case for
this 3 S Clement cvmb~ativn, axe a field ef feet trensistor element, to in
each case be controllable by the control line device as the gate connection
and the ~.solaziea  



6 area as the gate insulation_ It a particula.zly advantageQUS for the
axeas whose electrical and/or magnetic caaracteriatics can be 5 varied to
its each case be formed by a cohesive group of material areas, a~ad~ in
particular by a cohesive group of nanodots . This further imQroves t3se
localisation of the iaformaCion twits) sued hence the croeatalk. is zn this
cases. the ~,nventfon provides ~Ln particu~.ar for one area of the
isolation area to be formed, in eaG~t case, for atoragn of one information
unit, that is to say fur example of one bit. 15 ThC prcraess~a os
wx.~.~.i~c~ t4, d~rlstior~ ar~d/er rnadissg o the ixifQrmatioa contests or
units is particularly ad~rantageous if the erase csr, ~~ written to, road
.iraen and/or deleted by tnearrs of high-energy or hoc charge carx~.ers
with z~especc to the infermatzva unit. Z~ The invention will be explained
in more detail in Che fo7.low3ng text using th~r following comments: More
bits per cell Can be stored in dash Memory cells z5 sir~ee diifcrent change
states axe stored or since one bit is in each case stored aC physically
~seoarate Iocat:tans . Fur the purpoaGS of this invention) as a~.tdz-native
cell 3o concept is proposed for storage of two or more bits at ditfercnt
locatiar~s is one memory cell. Batil now, iz h.as beGri pQSSible to storQ
two bxta is one flash cell. either by u3~.ng silicon spacer 35 technology
yr ~bX using an 9i,N4 layer ~.~1 the ~1'RGM eoacept.   Instead of a
floating gate all Ghe gay through, silicon nanocrystals , wl~ch are
embedded in a 9ilicvn dioac~.de maerix, are used fQr storing charge
according to uhe invention. These are normally prograMmed axed deleted by 5
direct tvs~nels or by Fowler-Nordheim tunnels. If a cell such as this is
prograemmed ue.ing hoz electrons, then independent programming can be
achieved at both ends of the cell at~d, for example, it is 1o possible to
store twv bits per eelL. Ia contrast to the NROM concept, nitride is used
as the memory layer. additional degree of greedom du to 13 silicon
nancdots_ If the size of and the dots axe selected appropriata~ly, loss can
thus he miaimiznd. is which silicon this results in as the choice Qf the
separation between the lateral charge 



A number of methods are feasible far producing and 20 heriCe fur selecting
the size and dmnsi.ty of the silicon nariodots. First of all, once a thin
oxide has besn productd, a 9ilicoa lays: which does not pass a11 the ray
through can be deposited, and can then be co~r~:xed with a further silicaa
oxide layer. ~5 The density and the size of the silicon data arc selected
by suitable choice of the deposition cor~dizivns for the silicon
deposition. Alternatively, the ent~.re silicon dioxide layer can be
applied, sad 3o the silicon ,isla~rids can then be pzoducad by si7.i.QOn
implantatiaa - the implantation of a different semiCOnductor) far axamp~.e
df germanium, is also feasible as an alzernac3ve. The pesitivn and
orientation, size sad density of silicon dots art 35 selected for example)
by means of the appropriate onergy, dose sad iv~n flow fur the
implantation, ~d by the conditions is the subsequent heat treatment. sn   8
both praduotian versions, the size of the silicon dots is reduced, thus
achieving fine tuning, by subsaqucnz thermal oxidation at a low
temperature. 5 the inventive fdaa.a lie in the cvmbinatian of f~.ash memory
cells with ailfcon nanodvts w~,th the programming and de7.et~.on method
using h4t electrons or ugil~g hot hv~.es . If the silicor~ dots can be
prvduGed only at the source ends and dra.ia ands of the CO~tponent~
deletion so f~rvm the ailicoa data is aiterns~tiveZy also possible by means
of Fawler-Nordheim tunnels. A further idea is to select the density and
size of the a~ttsodota ~.t~ order to minimize the lateral Charge loss 15
and the nonuniforrn charging of the dots during writing and deletion. A9
has already bees r~entioried, the memoxy elements accordiaa to the
invention are programmed by means o 20 hot chaxge carriers, is pareicuZar
electrons, and are deleted by ~neaaa of hot holes . 'the . atore~d
information iri the respective memory elements is read in the opposite
direction to programming ireverse read)) as ~x~e fallow5.ag tebie
illustrates by way of example Che potential ratios fox tea-bit ce~,ls to be
applied during waiting) deletion axid/vz reading:   9 S/D connection 19/D
co~usectiot~ ZControl GateProgramme b:.t #10 v~ agprox. 4~6 Vapprox. 9
YProgramme bit 



#2apnrr~x. ~-6 vo vapprax. 9 vQead bit #1approx. 1-a Q0 vappzox. 2-3 VRead
bit #20 ~Tappsox. 1-~ Vappreuc. 2~3 vDel~eze bit #lf3.oatiugappxox. 9 PO
VneZece bit #2approx. 9 V ~floating0 V -Alternatively~eleta bit
#I~Ioatirigapprox. 5 V-5 V'Delete bit #2approx. 5 Vfloaziag-5 V The
iavenGion will be explained in more detail in the foZlowiag tex~ with
refcxence to a schematic dzawfag) 5 on the bas i. s of pref erred
embodimeAt~s of tha memory cletrcat according to tha invention. Figures 1,
Z show) in the ~oz<n of a cross-sectional view anC a plan, view, Cwo
embodiMenCs of tha 10 memory element according to Ghe invenrfon. Figuxe 1
shows, in a schematic and side crQsa.-seCt.ioaa.l view, a first embodiment
of a memory eleme~at according Go she xrwe~,tion. Z5 A~ first li~ae dgv~ica
8L1 with as end axes SD1 is farmed in the area of a surface boa ixl a
semiconductor substrate 2o with said Mace area ~Oa, A second lfx~e device
BLZ, with as r_nd area sn2 which is opposite the 2o first sad area. SD1 of
the first l~.ne device 8L1.. is provided i~a the surface axes 2aa of the
eemicoaductor substrate 20, separated.phyaically and by matexial by means
of an intermediate arse. x from the end area Sni   10 of the first lice
device 8L1. The actual isolation area GOX is formed above the intermediate
area R) and thus above the suri~ace area 5 Zoo of the semiconductor
substrate Zo. A aumbar of material areas N are in each case pro~rided in
this isolation area C~4X) adj scent to the errd areas SD1 cad SD2)
respectively, of the first and secc~ad 7.ine devices sLl, gL2) the
electrical and/or magnetic 10 characte=iatica of these material areas N can
be varied, and, is paxticular, they are in the form of sc ca' Zed nanodota
. A contraZ cotutectioa line G which is itself embodded in 1s an isolation
area 30, ig formed an the s~.de of the isolation arena GoX facing away from
the ez~.d areas SDi arid SDZ of the first and second line devices HLl arid
~L2 . Zo The arrangement which is shown in Figure Z resulCs in the end
areas 8171 and SD2 0~ the fi=st linQ device 8LX axed of the second line
d~avice HL2, which ~rre separated from one another phys~,ca,lly and by
material by means of the intermediate area R of the sernicoaductor
~rubstrat~r a5 2o, forming aou:ce/drain areas SD1 and SD2 as overlap areas
f~. and UZ with respect to the isolation area Gpx, rahich is used as a gate
isolation area ox gate oxide_ 'the control line devioe G thus acts ae a
gate conx~ectic~n. 30 Although, is principle, the entire isolation area GOx
can be (orated using nar~odota N, only two areas 81 cad H~ in the isolation
axes GoX are each provided with nanodocs 1J in the ernbadimerrt shows is
Figure x, and are 35 used Gv form ~ cva^re5poriding, cohesive uxnodwt
regions or groups NZ and N2. Further nauodots N arm indicated by dots in
the central area Z of the isolation area GOX. 



11 The information contents is the xeolat~.on area Gox can be
a~ppropr3ate~ly programmed or wrictea to, deleted andjor read from by
appropriate application of a 5 potential disxtributiaa to the line devices
8L1, BLZ and Gs respectively as the fixet and second aource/drain
Cot~.uaet~,ons arid as the gate conneCtioa. ~n this case, the ragiona B1
and 8~ each act as a memory arms for one bit, namely gor a bit l and fox a
bit~2. The above 10 description of the Writing, d4lat~.on aad/ar reading
processes relates to the arrangement shown is Figure 1 Figure 2 shows a
play view of another embodiment of a memory element 1 according to the
invGntien_ 15 T'hn control line device G, that is to say the gate
connCCtion, is omitted in the view ~.n Figure 2_ The figure shows the
outline of a square isolation area GoX. This isolation area GOX is accessed
by four Line 20 devicGS 8h1, .,., HL4. The everJ.ap areas U1, ..., TJ4 ar
souree/drai aze2~e SIJI, ..., SD4 of the line dev3cee HL1, ..., 8L4 ere
represeazed by dashed-dotted linCS ors the edge of Ghe isolation arsa~ GOX
which c~~rerlap with t:errespondiag naaodvt regions Nl, ,.., N4 each of a
z5 aamber of aanodots N, with the latter being used as areas 83,,~ ..., H4
whose electrical and/ox magnetic chaxacterist3CS can be varied and which
are themaeives suitable for storage of four individual bits, Hiz1 to Hits.
3Q In p,r inciple, other arrangements with a number of 7,ir_e devices ~Li)
..., 8L4 are also feasible, with n being th,C number of line devices or bit
linens. rri vCher words, the most preferred exemplary embvd3mont of the 35
invention. as based on a memory cell with two line devices or cosmec~ions.
However, in genexal, n line deviae9 eL~, ..., 8Ln are also possible) where
n ie ~ Z   12 and r~ may aseuma the value 4, purely by ~~y of eacaMpla, or
a,zxy otber magnitude .   13 Lisp of ~e~erence symbols 1 Memory element 



ZO Semiconductor substrate ZQa 9urEace area 34 Isolation area B1-4 Area
with v~.riable eleczrical/ma,gaetic charaCteri.szics BL1-4 Line device, bit
Iine G Gate coanect~.on, control line device GOX Isolation area, gate Oxide
K Intermediate area, channel path A1~-34 Channel path N Material area,
naaodot N1-4 Group of material areas, nanodrrt group 5D7.-4 Ead area,
sourCe/dz2lia area 1~? - 4 Overi ap are a Z Additional nanodota   14 5
Patent Claims 1. A memory element for a semiconductor memory device, in
particular a ~nultibit memory cell or Che like, hawing a cumber of Line
devices (HLS, ..., 8L4), which aze essentia.hy electrically insulated fxom
.lo I5 zo 2s 30 35 vue anoCher in pairs, are formed in a semicanductor
Substrate (z0) of a first conductanea type or in a ~turfaCe axes (20a)
thereof and are at leant partial7.y formed aifd arranged physic317.y
separated from one another in pairs by ~ear~.s of an intermediate area IX)
of the semiconductor. substrate (ZC) , atr,d 



having an i.ealation area (GGX) composed of as essertti.ally electrically
insvlatiag materiatl, which makes mechanical cad eleczrica.l Contact with
the intermediate areas (FC) and wzth ire each easa one overlap area ($j,
...) U4) of each line device (~Ll, . . . , HL4) , - in wba.ch, by applying
to the line davices IHL1, ..., BLS) in particular to theix overlap areas
(~., - . . , $~) , and to the isolatf.cn area (pox) an. electrical,
patential distribution is the isolation area IGO~) in accordance with an
infoxrnation unit that is to be stored, it xs possible at least temporarily
to form at least one area (B1, . . . , 84) with chaagcd electrical aszd/or
magnetic charaateriatics, wherein - a number of material. areas (N) which
are isolated from one another are provided in order to form the at least
one araa tHl, ..., H4) with changed Gltctrical and/or magnetic
characteristics in the isolation area IGOX), and - eaCh of the material
areas (N) has free charge carriers, and/or free charge c~,rrierg can be
15 i~ormed in each of the material areas (N) . The memory element as
claimed ~.n Claim 1, wherein , 5 the material areas (N) are embedded in the
isolation area iG~~C) . 3. The memory G~.ement as c~.aimed in one of the
preceding claims, 10 wherain the material a~tQaa (N) are is the fort of
nanodotS or tha like. 4. ~'he memoryelement asclaimed in one of Che15
preceding claims.wher eiaChe material areas (N) have vx are formed from a
metal,a semiconducZOrmaterial,is part3cuJ.ar giliada.germa.Zium and/orthe
Like,possibly With appropriate20 dop~.ng.5 . The memorye? emeat ascla~.med
. ir, one of thepreceding cla~.ms,wherein~5 thG material areas (N)are
formed eaaeatiallyidentically. 5. The memory clement ae claimed is one of
the praced:.ng Claims, 30 wherein the material areas (N) are in the forth
of material areas ~ (fit) which are deposited, but not all the way
thxoug~., on a first insulator layer. and. are then embedded in a eecoad
insulator layer. 35 '7. The memory element as claimad i~x orie at =he
precediz~,g claims   16 where~.n the material areas (N) are in the form of
implantation tegivns is the isolxtion area (GOX). S 9 , The memory
ele~rien~t as claimed in vac of the preceding claims, 



whe= a in the m~.terixl areas (N) are formed in regions ox areas (87., ...)
84) of the zsolativn area (GOX) which are 10 physioa~lly iBOlated from one
arsother. in particular in the immediate physical vicinity of the over~.ap
are~~a (fits, . . . , n4) of the respective line device (BLS., . . ., BL4 )
. l5 9. The msma~r eLemanc as claimed in one of the pr'eGCding claims, whey
ein - a oo~trol line device ~G) is provide8 which is~ essentially
eleatYicaliy isolated from the line 3Q devices (8L1, (.., HL4), and - a
control potential distribution can be applied looa.7.ly or globally to the
a.svlation area IG07C) by means of Che control line dav~,Ge (G) . 25 Z0.
The memory element its claimed is dne of the preceding claims, whera3n the'
lane devi acs (8L1, . . . , BL4 ) and, in parc~.cular. the overlap areas
ice.. ..., ff4) of them each farm a 3o field effect traassi9tor element in
pairs with the sections (IC~.Z ) K13, R14, IG23, K34) of the ~,ntermediata
area IK) which are in each case provided between them) which field effect
transistor elen~eat can in each case be eoatralled is partiau7.ar by the
ooatrol line device 3S (G) as the gate Goanectioa and the iso7.ation axes
(Gc7X) as the gate insulation.   i~ 11. The memos~y elmmeat as claimed is
one of the preceding clazm9) wherein the areas (~i) ...) B4) whose
electrical and/or 5 magnetic ek~aracteristics can be varied era each formed
by a cohegi~e group (r11, . . . , N4 ) o ~saterial axe~.s (N) of the
isolation area (GOX) atd. in pa~:ticular, by a number of nanodots. 10 12.
They method as claimed in one of the preceding claims, tahere~.n the areda
((BL, ..., E4) of the isvlatior~ axca IGOx) ~xre each designed to store one
information unit, in 13 pa,rt~.cular one hit . 13. The method as claimed in
Claim 12, whexeia the areas f81, ..., n~) of the iselat34n area (GOx) can
ZO be written to, deleted and/or read from by means of high-caergy or hot
charge carriar~ with respect to the inozmatitri unit. .Ay.AR.A.Ay.Ae.A
.A.ASE.A;.A.A@aY.Afy5.A .A&y.Aya.A9.Af,
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