;e3e\ YJOF 6] T @2 1 ~e9cri,~ation Menory el enent for a sem conduct or
menory device s The invention relates to a nenory elenent for a

sem conductor nenory device as clainmed in the preanble of claim1l. Menory
el ements are known for sem conductor menory 14 device in which a change is
made fromthe basic structure, conprisipng a storage capacitor and a
selection transistor that is physically isolated from. it ) . far

i nformati onPRemmxd@tiod 5 rn menory el ement such as these for semni coaductor
menory device:, a nunber of line device are provided which are essentially

electrically insulated fromone another in pairs ) are forned in a
seni conduct Hemayys@lanenss fon & femdarnductrer meprryrdeviee surface zo area
thereat and era at |east partially farmed sad arranged physically separated

from one, angther ,i s i,rs b ns of_an internedi ate_area_of _t he
seni conduct %&m vlsg\%é._on,:u e,5Qn 2soleTPBY aPLEMPRC, E0Fde® t here

su
whi ch is corgusedndiciore msmizynl deyics catsr iciaimad/5in nelie apregmbliser i al

whi ch nma3cegk g&gllg‘nilcal and eltctricai contact with the intexnmedi ate area,
and 3n each €a~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-1.Heh8ryNcelafbatuOnadl akA3wAS €LEC! hbABLORMOERLEA! nghskyl Duli on

in the_ i solation area, is dar~ce with an information unit is to
lie stdPed, é‘1’1"'81"?’pos‘"‘l?)I é"qgt%% e&st"géﬁ'ﬁ&r ai?l YA f ATt LRBaRABHE ~xrea
wi t h changestrzlcbtreaal cunpdiaing agaet istadwyenct enpatiesr 3and a
Cot wez~t ~. 0ggi « SENDLY Pf b is f£yp he, bl em
that the ispl a?lggn ar e‘? agﬁg%tm% on?{ll a~ti~‘y nggﬁég§€£%g~i%9e1%%°%2 J"'e%";ée?: ~tially
physi c~I 7.'nyoh§€?vE“€ﬂ§ﬂ§Ei?’B $herdgectrical and/ or magnetic
characteristics in the iso~. ation area, ao chat ~.t xs inpossible Go
sat ~. sfactarj L nsure strict physical. isylacivn_batwilez~ S Che stored
i nfvrm%?i ogf%oﬁ't'éejrﬁg ‘I“Hﬁ"mﬁza PSR c8F | £FBAPE B°Pe [HRPIUGHPFence
crosstal k ReweEy! davdremsat isarnwumenpd tHadi davaces areberdivdidedui shed,
for exampl qeadWmige Madidcialily TR1BkRMCANION 12eDASAN 022bRC did) €T Of
devel opi ng a. rpﬁ%: oré‘el engnt tar a sem conduCtor nenory da~rice of tii~
type meati GHERFFHT ti 4P| yP3AFIas 5% t ZSeFBeddedfat & didEHGFERMEEST be, Green
stored i nf GubgirmAteoatent stirsyt heonduetuneke e, di fnShMpurEate aer .
20 area thereof and are at least partially formed and
arranged physically separated from cne another in pairs
by means of an inctermediate area of the samiconductor
substrate. Furthermore, an isolation area is provided
there, which is composad of an essentially electrically
25 insulating material which wmakes mechanical and
electrical contact with the intermediate area, and in
each case with an overlap area of each line device. In
this case, by apolying to the 1line devices, in
particular to their ovarlap areas, and to the isolacion
30 waxea an electrical potential distributien in the
isolation area in accordance with an information umit
that is to bhe stored, it is possible at least
temporarily to form at least one area with changed
electrical and/or magnetic characteristics.
3s
Conventicnal memory elements of this type are subject
to the problem that the isolation area allows only an
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I5 zn the case of a nenory elenent for a sem conductor nenory device of the
type nentioned iliitially, the inveritiori is aChi~ved 6~CCarding tO the

i nvanti oa bar the distinguishing feaCZtrem of claim 1. ndvaatageou,s 2Q
devel opnments c~f the nenory el ement according to the inveritioa are the
Qubj sat matter of the dependent suba3.ains . The nenory el ement according
GO the invention for a ~5 sem conductor2 nenory device, i s part i cular a

glt telrl g: ta??ar%g\ﬁt%h §’r gr |F;A(¥sif%§f+¥ gﬁghlsﬁq#her Qg‘r e~pr OVI E?ed %féeff tQ

formthe at elegsirised arardleth er chaxgekebistetect ti.ncaltks&d/or 30
magneti c Ch"?;fs%‘i‘a%{"cﬁ I C h&e the i sggﬁttl oniar ea; 4 angﬂg;&% d he ‘Mat erial
a

areas have essent]| ree’charge L: xco oha~cgs
o~rri errs URSASRId Y] SRR ImPEFLaF Eh¥§§¢4351®°%é=l§8§| utg@LOf t he

~reseat § nvemxu onstartaaus incormmtibh andohOeres| st d:he i arfeRmae cof
changed e7. char ct er| st I CS I sol ation

?%I’IC apd/ ar _ma et| ttiz%b
area by pro SaucRber® of gﬁfefl al=r rt':rt"rfg 80728 W 6 ar ea.
whi ch have. ﬁ-né'@mh&riga ceontenssariibshi rn,eexhl ch foecedibadgaudabeder s can

be fozmed. ¥piSal g,sé%g ghﬁhmggg_. AL HPeg. cal characteristics 4x magnetic

characteristics tea“be fo~. corrparatlvely easily, that is to say with
relatively small electrical potentials is the physically isolated materi al
areas. 10 ~ rha MpeRRSod 0£3! baaud i 6at 'tQ{h resyééé i taaarerwﬁfg! gely
provi ded |nformat|giﬁconte t alev 10 re

A I n cﬁ% rreang g.n t he
i soLati oa aF8F°XFuPLABFREr &°% d tFRT-FH NB?F‘%ﬁG Yhee 90i B8P ~c~ of
croast al k atyper ovenieibdyd t hbrzitsmlhy; oasof dshe tavniensupveé nadeqiatear eas

ui th T eapccal geotnthom Ghe IANEE  Selirdy | thfolmaelad| QERcAARA0 pgovi ded

if IS appropriat separat1 ax~ I'S purpose, the
i nventive aﬁbaut“ef‘aﬁiuglﬁmﬁ’ﬂﬁw a8s 3 SiMple PRCEEYal areas to be enbedded in
the ~. g@latlotz area. ZO ~iarticularly highly localised wtructuras are

obt ai ned [ f na ot ol t Lik pr VI ded a the eX| a eas. The
expxossi oa.~ aﬁ’gev?u ”?e/m%‘?% g %’? ’r% n%‘%ﬁ" mat ri x
coct t pvsed ftl#mar}'ratiﬂ'ieﬂe ASR5 thieq etta'a:tq vmb;&tibneds tnEoiablyi bicker a

Local i zed amaeﬁtt@nbfsfaeﬂrevw RicR ot PR icHe 1/%,)“\9461%;4 bsf &H£a having
ei gniti caat chan qﬂ electrical rf:aracterjatica, for. exanplt as a result

of severe Frat SSRGS 300Fhe TP char aABFEARIATADHS { he
mat eri &6. a&easlapmntl:m ol ahsonmemeayl selém=ny ceaeneeddhgessentchen~. |y

free charge £ALZe{ &L Sia té}?e eg‘i'%'f) t&;lg%%e a&e“ Q f(g enlsdseg_rq]l ally

free charge cnmrriers in the nat are
i sol at ~. on S} ains s t hus parti cul arI y advaat agaous far the materi al
aroas is the isol ation area ro have a netal, ax eet ni coaduct or 4

material, i cuI ar | icon, ~. U or ,t he | ake, 055| bI y is an
appr opr| ate V d 81?’or7%%‘5 Rto F% thf'rn?;fe’ t"@f‘l

se.mlconductor memoxry devic:e, in particular a mult:.bi:
memory c¢ell or the like, 4is digtinguished in that a
number of material areas which are isolated from one
another are provided in order to form the at least cne
area with changed or changeable elactrical and/oxr

30 magnetic characteristics in the isclation arsa, and in
that the material areas have essentially frea charge
Carziers, and/or £xce eharga oavrisre ran ba Formed in
che material areas,

35 Ona basgic idea of the praesent invention is thus to
simpllfy and to assist the formation of changed

elactrical and/or magnetie c<¢haracteristics in the



5 1t i8 advar~tagaou~, but not essential, for the material areas in the

| so3. ation area each to be farned essentially ~. dezitically. This rel ates
both to the geonetric eharactexisties and to the electrical. and/or
magneti c characteristics of Che materiel areas, and of 10 the material on
whi ch these material arses ar$ based. The material areas is the isolation
area m-xy be formed in widely differifg ways. Far exanple, it is possible

for the mat e{éaiaezaﬁah%eaf %f‘%@oi&:&@a Hide ¥ &&éﬂﬁfga%as

deposited as, material areas are_deposited, bur not a3l the way
through, on ¥2fFpst dsadafion Areayervhsrht faves fivas Fhares CaREiaRsch are

t?ﬁn eﬂbegdeﬂ%a,noﬁt a.Q?OT&HibﬁSUf?é?F td#a@e Fé?ﬂﬂei@o'@éﬂ Obearﬁangaﬂ, Ont L he
(6] er and, e material. _areas xXaolatl.on ~eraa nay, al SO e 1n ey
Coreh ot maes o PERERe FARETT Al o SO sharrotEn A i "oty ')
i s possi Bl e nagmetiy characteXisaioencan benpfomnedel gotpagatvely at uxe
after form ng,d gﬁ%llf% FBL b 3ay?THAES del ﬂ%él?{"ﬁ-ﬁiﬁ' & &y Yo i Ch

mea: ~s the corresps mat.eri al “areng ran be further redquced In size by
means of ar PRI At dRoxs R PhYIisadly: cksplaved o MAERTARL; ALEARy (o

i nprove the Imf oth&t i Pot@sal i ZaAbicdli aphliikatdopcatradullvshavizor dhat her .
=a principle, it is,fcaaible~ fgr the matfxi.ag.areas 35 _axed, ia}

parti cul ar, %‘ﬁ?%‘éﬁ“ﬁb" X t oPBEYS d otR’r® R i r e °PEEPEEI on A%
However}0it remajrsing cin aal yladainteapmes, laccohei nhseobatiod uates.
greferred mRQHROdJRN! 2lrABRTBIDEN1 BLEEEOE AR HbRGe! Quiddaddugent i on,

for the materjal. areas to be farnmid ,n regions or areas, of the 3sclacion
area which &% FRPEsEaY AZs aP&'&"F-F]Ga aR¥ Bt nhelsirEion 95akReyl ar,
in the irrnmesiate efysiacalrialci areysofwithe vusgdep eveasr ofrdme aonaspect i ve
line devi ceqnolliie MV that dihe | S0LATLORLAT ChesdRH AEURAGY! 2! 43 cae OF
rlarrodots provided theré, are accesse _on?y in these Breas Th thé

i medi 2% pRPOTERTIANE niiTRYY (e RREFiIGA 9PRATARRLD - t he repeative |ine
devices, thus al.lawing 7.ocal formation, deletion and/or reading of

I nformation ntents iz= the i solativ.~.area., Th ch cterl stlos in
pri.~cip-~, a?%%ket%}qtgs [?o‘i@%?eé’ t%E'F oshmv¥ﬂ51PéoFgYPBﬁa§F8§gé‘?t hggbigﬁge nunber
of informat o ke staterial sxesgl fowheh embmdded —inother igolavabnol the
witing to, gelaeti on and/or reading fromthe nenory el ement according to
the inyention, a control line device is provfded which is ZO essentially
electr;cally isolated fromthe |ine devices) and control potenti al

di str~, but i @aztdeulaslypphighilyodaidal imed)| strhityutrest re sobualnedar ea by

mesas of thegc | Ngyd e i F OOl QUE S Ha~ ' nce of,
and/ or incregscei?:{cﬁigjo%sgfbﬁﬁf 1488 %ﬁaﬁﬁéﬁéﬂxén@ tg'ﬁeﬁ‘?%’r nhﬁa?ltgzzghangi ng

| of 25_1nf
a~. d/ or aschp®®fng ﬁﬁ%’eﬁﬁq\% JAnOdoLs JHeARR nEeFy Watl c18iarics of
the natexi a0 & ewacexfidheBi dal at i meteieacomposads ofase matderialnvRati . an

p~covi é@s ~ ' aqr t [ i 'y 4 C , the
over | a%%ar e%gtggp\%\'gggh? kémq'etag% t%fs}éorfn% | eﬂc?oeﬁpgc#ﬁg%%ast#%l enent
in pairs wiBhtPhde formaed withinecthat mageyialcRar wichhiHs f2ea dich case
provi ded bebkseeagt hem ThiyAIFEEAREDY T Urt heiclahged OVi desaldet Sarase for
this 3 S d ~atiyn, axe a fleld ef feet trensistor elenent, to in
each case bgﬂ%g%’fzg% ﬁgﬁ"é’xb ?ﬁg c%’ﬁ%"ﬁ%?‘l iHe evFEE‘@!' tﬁ% g%ﬁ%a%%nnection
and the ~. s9RE3FR te the material a.

30

The major characterlistic of the material areas in the
izolation area is the presence of essentlally frae
charge carriers, or the capability to be abla to form
essentially free charge carriers in the material of the
35 material areas in the isolation area. It is thus
particularly advantageous for the material areas in the
isolation arxea tvo have a metal, a semiconductor



6 area as the gate insulation_ It a particula.zly advantageQUJS for the
axeas whose electrical and/or magnetic caaracteriatics can be 5 varied to
its each case be forned by a cohesive group of material areas, a~ad~ in
particul ar by a cohesive group of nanodots . This further imXoves t3se

| ocalisation of the iaformaG on twits) sued hence the croeatalk. is zn this
cases. the ~,nventfon provides ~Ln pardticu~.ar for one area of the

I f f
0L o0, BERAE | St D e85 8o s, Ok, ™ "

wx. ~. ~. i ~c~like,.dpdagiky mamappmurtagebyt toped fQrmat oera tooeest s or
units is pahg,[,ﬁwdarg dantp J the erase csr, ~~ witten to, road
.iraen and/ or l ete y tnearrs o |gh energy or hoc charge carx~.ers

with z~ especc to the infermatzva unit. Z~ The invention will be expl ained
i n nore Sdet 3kl :.isnd&wﬁuﬂgdwﬁpgmtBMomséﬁseﬁhtﬂtOlEbQW't:hg magerdald Mre

bits per ceL_JF oGan tfnstgngd |ir§q§3[%tlol}{erm£¥e£el Eas e di Eﬁys t change

states axe stored or sinc i n each al |y
~seoar at e | gegenktiadly F@dwwlpbaGSlﬁstmslamnemh@hbl a50a~thez native

cell 30 congedmeksip @Wff&‘iﬁﬁﬁgﬁn&f cb\Mtlﬁr é‘Pé@:Pié&l aand/biercnt

| ocatiar~s 1S 0 at | as G Si bl storQ
two bxta is® ?Jﬂﬁ‘ﬁ'&s%qc‘:%*ﬁe‘rcsof Sthﬁgmél @'&i sﬁﬂ{g ‘feeﬁnol ogy
yr ~bX1ldsi mghanmatebdalaper which thesel miGerdaicazieas arastazddaf a
floating gate all Ghe gay through, silicon nanocrystals , w ~ch are
enbedded in a 9ilicvn dioac~.de maerix, are used fQ storing charge

accor di ng tBheheatardali dresmdn the hspharionpergsammt becfPTmedt ed by 5

direct tvs-ixel 9_1@@1?)/ &ff@ftﬁ@r dgt??]m tg&neé,gam fea gel |1§%§i§blbl S is
progr aemme i oz el ectrons e pe rogranmm n

achi eved a'(tjrcg%t ﬁﬁ‘gendglagg f‘"ﬁé‘ c%ﬁ"a‘ﬁt e%?r%?%f"ﬁ"t 31'?’10%803%? ble to
store 18y Hioxmedr ozl Ldeppaidead asast omahertmvl agmeaspt Whildh‘l deres used

as the rremaépé@y@éd, adelid | puel APDr el wapeadomun 0 k3 §
nancdots If t 5| ze of and the ,dots e sel ected agu pri atg | oss can
thus he ni aHTSHYEOF s Laiesh QF | thsn isplaiien praa, hwhighi &F%F t he

separation tiptnne camb drddedit eiml haggrond dinsulator layer of the
isclaticon area. ’
20
Onn the other hand, the material areas of thes isolaticn
araa may also be in the form of implantatiom ragions in
the isolation area.

25 1If required, ic is possible to carzry out heat-treatmenc
at comparatively high temperatures after forming the
actual material areas in the isolation area, by which
means the corresponding material areas can be further
reduced in aize by means of an appropriate oxidacion

30 process, in oxder in this way te improve the
information localization and the czuvsstalk behavior
fuzther.

In principle, it is feasaible for che material areas
35 and, in particular, the nanodots to be formed over the
ertire igolation area. HRowever, it is particularly
advantageous, according te a further preferred



A nunber of nethods are feasible far producing and 20 heri Ce fur selecting
the size and dmmsi.ty of the silicon nariodots. First of all, once a thin
oxi de has besn productd, a 9ilicoa |lays: which does not pass all the ray

t hrough can be deposited, and can then be co~r~:xed with a further silicaa
oxide |l ayer. ~5 The density and the size of the silicon data arc sel ected
by suitable choice of the deposition 2or~dizivns for the silicon

deposi tion. wel ento Si Il r

appl i ed, Sagﬁg}g‘”ﬁjﬁg&l& I |écfontéhleesl 21&%&(?? caéni éehngbe 'g&adﬁy b%cf é}% QOn

i mpl ant at i adnvesdamp| £oTat Fbe omagzegimler eﬁﬂagenf-@OrMct &chr Jakarrp~ e
df ger mani umeg*ﬁar@ 5%rf CaTdils ¥¥ AHY ZA APy Thi

orientation, den5|ty of siljcon dots art 35 se ect e:?&f or exarrpl e)
At V. L

by means of Pﬂﬂh' ri MG ReYy SENG v-BOEWS ur IpFe 1R
i mpl ant & i opartd dulalxhe mndhw cmﬁndd:iithe pubseaudntviiealidy egf ngle sn 8

bot h praduo Q,\ersions he . dots is reduc t hus
achi evi ng f%’lﬁrg uﬁ né, hz ?#\%?ﬁgy'%x ?at" 2% ow %g:"

t enper at ur emeBNShERAN evdsbd.a&i@nl @ren,tnadcm nedtexrdot axeash nenory
cells with gl HaQbdiamP ow&eahumeapr%&r@raeé&ﬂw i1y el eRedRt hOd
using h4t electro s or ot hy~.e silico dots can be
prvduGed onfy=&f 8‘6"@'%4&5“% ic?‘la ‘é#ﬂﬁ’snb?'ytﬂé &ﬁt%ﬁﬂ% hiER

del eti @® soatemsgm dme thied | reapdatdvies dihner ndetidvesy zhas padbovingby nmeans

of Fauler- NobdRe! GLLUgRaLs, AUIE JARL S abel ogi LhBodereizy and

size of the a O mni'm ze argeé Foss 15
and the none@Rtents dwartgheg Iaohdtd-%t sreari @mwmw&mud&n A9

has al readyﬂ@eq:srinafmé)r ke (D€ ﬂe%”tfoﬁﬁcehd' a?séPaEf@n
I nvention are gx nmeans hcﬁ% chax rriers, IS pareicuzar
el ectrons, "gfﬁl & ed®p e~n’%’é‘3’3‘5f t 3 tlon unled o

i nf or mabi om:i:amplhewx.tahpacbn.ua menory el enents is read in the opposite
direction to programmng ireverse read)) as ~x~e fallowb.ag tebie

i1 lustrates_by of exa tenti al ratlosfo tea-bit ce~,|Is to be
appl i ed durfhg dg &%ed/‘df iringi kP, <eleFirp, t9%n 19/ D
co~ usectlotre_iibmwrofrﬁnt eE’.‘negrl!m‘itenrlgy..tgliféih{bm:~ Ww&in@GtMappﬂm(. 9
YProgranm® {{iencion, a control line device is provided which is
20 essentially electrically isoclated from the line
devices, and control potential discribution can be
applied locally or glocbally to the isolation area by
means of tha contrxol line device. This measure improves
the influence of, and/or increagses the possibility of
25 influencing the formatlon, changing and/or asampling of
the electrical and/or magnetic characteristics of the
matexial areas of tha isolation area.

In this case, the invention provides in particular for
30 the line devices and, im particular, tha overlap areas
between them each to form a field effect tranaistor
element in pairs with that se¢tion of the intermediate
area which 1s in each case provided betwsen them. The
invention furthermors provides in this case for this
35 e¢lement combination, as a Field affect transistor
element, to in each case be controllable by tha control
line device as the gate connection and the isclacion



#2apnrr~x. ~-6 vo vapprax. 9 vQead bit #lapprox. 1l-a O 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

#l ~loatirigapprox. 5 V-5 V Delete bit #2approx. 5 Vfloaziag-5 V The
iavenG on wll be explained in nore détail in the foZlow ag tex~ with

ref cxence toaa scherrﬁgl C d awf.agé ) gn the bas i. s of pref erred

enbodi meAt ~s2 5Pt A3 WBfofBte| dPPRIATLCBr di ng to tha invention. Figures 1,
Z show) in the ~oz<n of a cross sectional view anC a plan, view, Owo

enbodi MenCs t; ording to i nvenr fon. uxe 1
shows, in a fs"f':he%t #grgﬁ F%gmgégf"uga é?rg% RAEPRPS W )%%gdl nment
of a nmenory @}estricak ccanch/ng' Gonagnetioe~rhavactdvidsibsr sica aeedgv ica
Somi et LK 3% L éécﬁaEEEQ ggMace are %yoéaac seconéﬁqfu)é ~e deV| ce

sen conduct or substrate 20 wt

BLZ, with adateriak ATeRs, wARds IR PAeslrelarcbyoar igohesime guaup SD1 of
the fi r;t |t ohengigadses SLThisi qwﬁnecfieih r@vébetﬂéaflwliiﬁﬁ%ﬁlﬁa bc&f t he
eem coaduc se I at e a| ca an exl a Yy neans
of an inter (r?r:refﬂitl%féc’ﬁ&&%f hea'%% 'éﬂr"i%/ cr‘lf)’%#?he first lice

devi ce 8L1. The actual isolation area GOX |s formed above the i nternedi ate

ar ea R):.aand:hht&moafséhez&ur TR %:c;@i)dég we 2SRy caPduciEy

substrate Zo. A aunbar .of materlg areas N are 1p each case pro- rléed in
this isol at POf %S RAXEhY 1eelatic Ared tq heeformed . in seaph
respecti vel gasef, tturfsteragad ofecmadidfbpratbyhcanisl| tHE?)idheo

el ectrical gpd/ G, JTRAR ngl g}ﬂe%(ife iatica of these material areas N can
be vari ed, an IS pax ey At'e in the formof sc ca® Zed nanodota

. A contraZz cotutectl oa line G which is itself enbodded in 1s an isol ation
area 36,5 i gTher pedcansiehe o oL g N ) SQLALL Q0 L8P L0XLa0LP TRy from

(e ez o Senae Srcathd S Sleadindy ! S andsegond | Lap R eorpt) arid

~L2 . Zo The arrangerre nt ich
areas 8171 aRvanppsecusnhdfithe avear destcbesmrifted ofo.t raebclrom| i ne

d~avi ce HLZanﬂMbeh d‘d]rdtéifpﬁ?atnfékﬂi 03!0%%{@3'11%‘ gyPNYS ~ HeR '&ﬂa@?g by

mat eri al mtermed ate ar f the serni coaduct
~r ubst r at ~r gg@g&rg ;Eﬁnﬁeﬁgﬁ Ee 8r 5P8 Qxmapion Yndfy as overl ap areas

f~ and®UZ with respect to the isol atlon area Gox, rahich is used as a gate

Gat e comi—cat| e SASRfy na, BYC SRPEaiAsd, £ Bl Mefat fodar e £ o

gate conx~ :‘ic%idf heentrr ar ea OO
can be (or 1"?% ﬁ%‘o‘dﬁ%ﬁgl\FhSnF?li‘-ﬁHi&EeagmBEnéad H- in the isolation
axes GoX are each provided W|th nanodocs 1J in the ernbadinerrt shows IS

fLS?L}X ﬁ‘;iéﬁi HRECcPLL Yah BE EEOEER Eh" T fmn HOBRELG SRIRLS 1
the ce ?ral gifferpnt |§é‘+=a=ts=bn=awéaseexe stored or since one
bit 1s in each case stored at physically ‘geparate

locations.

For the purposes of this invention, an altarnative cell
30 concept is proposed for storage of two or more bits at
different locations in one memory csll.

Until now, it has been possible to stors two bits in
one flash wcell either by using silicon spacer

35 technology or ‘by using an Si;N, layer in the NROM
concept.



11 The information contents is the xeol at~. on area Gox can be
a~ppropr3ate~ly programmed or wictea to, deleted andjor read from by
appropriate application of a 5 potential disxtributiaa to the |ine 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 Bl
and 8~ each act as a nenory arns for e bit, nanely gor a bit | and fox a
bit~2. The above 10 description of thé€ Witing, d4lat~.on aad/ar reading
processes r dregmasad of he ﬂl.oaugngegateh@m itsheFihgl;f eeHrdughy es Pl dows a

| [ d h
o0 v of i g pOOTLIRRY g SRERNG L] b 1R0CHE Al
connCCti on, M#Mttéuel ruﬁlefb ﬁpéw atqrﬂigucbazgequqw@ shsvvthme

oy four L ng‘%ﬁ‘tgﬁwnﬁé%%*  ProgtahAbloBadl @L1dREd mpclessed
y four Li Vi 1,
sour ee/ f ai HKEEL: tynpels or -@045‘?)‘( eh ?:F‘ﬁ)ée fﬁ 8L4 ere

represeazed by dashed- dotted 1inCS ors the edge of Che i sol ation arsa~ GOX

whi ch c~~rerlap wt er ondj ag od , h of a
z5 aanber o#fgar?odcﬁ%‘]i\l ﬁ?ﬁ 53%% gél n§9°§g§mg‘§dargass]'n§4 i@ﬁ: H4
whose el ect eﬂ.@eazm,ommnmti@mgtprpg:awmncga bar aehiavedahi ch
are thenmaei ygs ggthabéﬁdgorogt Qirage cafllif owhd, ndfafdl@[»_ @Iéi Hitz14go Hits.

3QIn p,.r incipl, ot her arran nts wwth a er of ir_e devices ~Li)
., siXf arE°§IB§'§’lPe§§ﬁ lﬂté’r%?g‘?‘?”ﬁ’ilfe‘f R h"?ﬁn‘unber of line devices or bit
linens. rri vCher words, the nost preferred exenplary enbvd3mont of the 35
i nvention. b a no, VU in e o] c~i ons.
However , iniﬁengégprggt gg dée%(/leaglgIL &ﬁé’&%l_ qéi"(rje ;%gl pésgggﬁﬁ) wher e
nie~z Bityader ismsealsmhménwae Yaysor et;l;«iayresy B¢ dAcafpla, or
a, zxy ot bera&&ﬁ&'ibﬁd@. degres LbED reeeeneralr e sy Ehal TnbiMy iy ehenent

1% silicon nanodots. If the glze of and separation between

the dots are selectad appropriately, the lateral charge

loss can thus be minimized.

A pumber of methods are feasible for producing and
20 hence for selecting tha size and density of the =ilicon
nanodots. First ¢f all, once a thin oxide has been
produced, a silicon layer which does not pass all the
way through can be deposited, and can then be covered
with a further silicon oxide layer.
25
The density and the size of the silicon dota are
selected by suitable cholce of the deposition
condictiong for the silicon deposition. Alternmatively,
tha entire silicon dioxide layer can be applied, and
30 the silicon islands can then be produced by silicon
implantation -~ the dimplantation of a different
semiconductor, £for example of germanium, is also
feagible as an alternative. The position and
orientation, siza and density of sllicon dotas are
35 selected for example, by means of the appropriate
energy, dome and ion flow for the implantation, and by
tha conditions 1n ths subsequent heat treatment. In



ZO Sem conduct or substrate ZQa 9urEace area 34 Isolation area Bl-4 Area
wth v~.riable eleczrical/m, gaetic charaCeri.szics BL1-4 Line device, bit
line G Gate coanect~.on, control line device GOX |Isolation area, gate Oxide
K Internedi ate area, channel path Al~-34 Channel path N Material area,

naaodot N1-4 G oup of material areas, Qanodrrt group 5D7.-4 Ead area,
sourCe/dz2lia area 1~? - 4 Overi ap are a Z Additional nanodota 14 5

Pat ent Cl ai nfsog¢h praduetyot eremidmy, aciienmsigrdwd crharegblicsevdees in

particul ar a; znyl td bj ts ne l; el i ke, haw ng C r of Line
devi ces (HLS‘,'S. %.e,dv%fg)’, %‘lg%hsg?éegéggtffjagﬁyt&ng%fi cb§f I %@ﬁ%ﬁ?ﬁ?‘éd f xom
.10 |5 zo 2stRer8slvexidadbihar aknapiowskemperadured i n a seni canduct or

Substrate (z0) of a first conductanea type or in a ~turfaCe axes (20a)
thereof and are at leant partial7.y forned aifd arranged physic317.
separ at e f rEAf odEvaRRIYS RHABS rg‘-%yineth.es CAMBARATAQ P8 AEAdhea | X)
of the sem aréfiviey osaliybalicat @itiChn, nahicdbts with the programming
and deletion method using hot electrong or using hot
holes. If the gilicon dots can be produced only at the
source ende and drain ends of the component, deletion
10 from the gilicon dots is altermatively also possible by
means of Fowler-Nordheim tunnels.

A further idea is to select the density and size of the
nanodots in order to wminimize the lateral charge loss

15 and the nonuniform charging of the dots during writing
and delecion.

Ag nas already been mentioned, the memoxy selements
accordirg to the invention are programmed by means of
20 hot charge carriers, in particular elactrons, and are
deleted by weans of hot holes. The atorad information
in the respective memory elemants I1s read 1in the
opposite direction to programming (reverse read).

25 The Z£ollowing table illustrates by way of example the
potential ratios for two-bit cells to be applied during

writing, deletleon and/or reading:



having an i.ealation area (GGX) conposed of as essertti.ally electrically
i nsvlatiag materiatl, which makes nechanical cad eleczrica.l Contact with
the internediate areas (FC) and wzth ire each easa one overlap area ($j,

...) U4) of each line device (~LI, . . . , HL4) , - in woa.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 isolatiofl area | GO~) in accordance with an
infoxrnation unit that is to be stored, it xs possible at |east tenporarily

to form at reest—eore—eare J 34 843 FZd/ or
magnetic charaateriatics, /iR corpectiom | /0 corneerion CongFeh LA whi ch

are isolated from one ancther are prowced in ogder to{formthe at | Fast

one araa t Thchapged—atqrricat e v
characteri 4ol ati oh ‘area | GORPP*%hq 4~ PERE- mht'er | al

areas (N hag free charge' carriers, andfor free charge c~, rrierg canfbe

] @E al, & 6as . e nenpr S
cl ai red ~. rel ‘@6% t%eekr (r?n?t erial oar eas ( é?g %Ern’t‘ied ed|in the
i sol ation a#é‘a |G~~C) . 3. The nenory Gt.enent as c~.ajned in one of]the
precedi ng ¢kal whel aj ] el gl a~t Gy (N af gphsot he S0kt ]| of
nanodot S o L@hg‘?i%%l_ﬁ_ ai 1o i, et mqj. e-ee Q.Pi’ novuf‘ (%hcu
precedi ng ¢(REPASPHRHA2 ej aChe Nt fjal al - Ba%eV vk e BPE S o 18d Vil om a
met al , a sefipepade @ nAt ¢ri alflbas it SCuJ.qsp;g;j;&,i gde. ger ma. 4 wm and/jort he

Li ke, possi VW1 ropri atez2o 5 ’ Wa~. med
. ir, pone g?,ﬁ ?_\M&%ﬂhh s E\l%vg XFQ ~R£Eg%: bl arcad (J\L\_-_ e

f or med eaaaa.ﬂ.i:arigu:idmim cally. 5. The nenory cl enent clainmed is dne of
t he praced Dggsgagi@s 1 Wh?iﬁ&@iz&&‘e m‘ Eéﬁj% sai I ) Er ?En@ the ‘forth

of materi af—e+eas~- H=-E—Br-—d ephsi-ed—u—rot Srlet—i-F0
t hxoug~., bRedete rl-'!#-tc #ashl m%vérv ahd. &leatimsn enbeddedSi% a edcoad
i nsul ator |ayer. 35 7 The menory el errent as claimad i ~x orie at =he

precedi z~, g Ialms t he er| .areas ( are in the form of
i mpl ant at i o ed‘ﬂyr?é""l 1"t %{fjsog ‘? m°§e9'3)“?11§' rFFR‘mFge
el e~ri en~t feldbwingd bexns aeivh tzhafqr&mmil bg al aekematic drawing,

S on the basis of preferrad embodiments of tha memory

elewent according to the invention.

Figures 1, 2 show, in the form of a cross-sectional
view and 2 plan view, two embodiments of the
10 memory element according to the invention.

Figure 1 ghows, in a schematic and side cross~sectional
view, a Zfirst embodiment of a memoxry element 1
according to the invention.
15
A fivst line device BL1 wich an end area SD1 is formed
in the area of a surface 20a in a semiconductor
substrate 20 with said surface area 20a. A second line
device BL2, with an end area SD2 which is opposite tha
20 first end area SD1 of the first line device BL1, is
provided in the surface area 20a of the semiconductor
substrate 20, geparated -physically and by material by
means of an intermediate area K from the end area SDL



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 i BO ated from one
arsother. in particular in the i medi ate physical vicinity of the over~. ap

are~~a (fits, . . . , n4) of the respective line device (BLS., . . ., BL4)
|5 9. The nmsma~r elLenmanc as clainmed in one of the pr'eCGCding clains, whey
ein - a oo~trol line device ~G is pro¥?de8 which is~ essentially

eleatYicaliy isolated fromtfhe %infS devices (8L1, (.., HL4), and - a
control pot et} Fag)i EiFeHLLivs Y2 6R BBpried 100a. 7.1y or globally to the
a.svlation area 1 @Q7C) by neans of Che control line dav~, G (G . 25 Z0.

The nmenory el enent_its clgined..s dne_of t recedipng_ckai wher.a3n t he'
| ane devi acsRBLASEuRL i,’%ﬁf")"nanaf:qah %§?‘E~.§8u| g?gm?‘he @%‘ﬁ as: eas
ice.. ..., ffintadmadianeaskenar®n aagd fthie abbret thmasurface axasent in

pai rs with thgSeel Opfia( | demPcandilraRl dubdPi B34 Of Al Nummdl erg@di at a
ar ea !K) whi ch are i.n each case provi,ded bejween therér% \ﬁla%ﬁh field effect
transistor eMAFAFHAL ATEASeNh etfe BRGPr A3 PIYY au™ ar= B t he

ooatrol |ineidmliad oS 4fpa aGORhe phixcsinmneot tha ayl tdmweds oBDat iagd axes

(Gc7X) as th te J | k~ . 3 a :aled s
one of the p%e éd%#g%ggwﬁi%e?%i%& hglgrg‘éggﬂﬁf‘%"s#‘%q%’ %?O@é?e@
electrical aRdfdor 5 Mighetic Wh@ar acebersriealcan BBA/AKri ed BRGNEEER f or ned
by ? tcohﬂgl ~e&&q&)e&ritﬂe1a1qs . of ,I;mesl)eo maskeLisl afea?s &N gah tb%O "

i solation area (. atd. jin pa~:ti ar, a_nunber of panodots. :
They net hod X?r(&la?'(rr&i‘qqn %Qpﬁﬁt’t#ﬁedéggﬁgaﬁ?a %Fhfa28m~9 fRe areda
((BL, ..., E¢pldfed mancsidta. or~ axca | GOx) ~xre each designed to store one
information unit, in 13 pa,rt~.cular one hit . 13. The nethod as clainmed in

Caim12, whexeia theieareas f81, ..., n~) of the iselat34n are& éw) can
ZO be writteft COREFALeCRPNARTIRD ERE 1§ oRRbFR nbanditelhi gRPederSyiBr hot

charge a@rian~ {ddlatbspecirdan 8be iﬁwZE&trhfeﬁi omi iche Ayid® AfAythe. A
vaaer Nocve) w LEaTDELER RSy Tadk C SRRLET. Aty B o KB S0 AT 81 caut ca
U] cal] caU] ca®¥péa§iFa UpE a Oh@a fxn) c atfc Agaand chune apfexices ALY | apdd” XRga[
UP] U] cal] calpeagl)] caU] cal] cal] caU] cal] caU] cal] cal] cal] ca] cal] cal] cal] caU] caU
] caU] caU] cal] cat) caU] cal] caU] cal] cal] cal] caFST@ U
20 The axrangement which is shown in Figure 1 results in
the end areas SD1 and SD2 of tha first line device BL1
and of the second line device BL2, which are geparated
from cona anather physically and by material by means of
the intermediate axea K of the semiconductor aubstrata
25 20, forming source/drain areas SD1 and SD2 as overlap
arsas U1 and U2 with respect to the isolation area GOX,
which is used as a gate isolation areas or gate oxide.
The control 1line device 6 thus acta as a gate
connection.

30
Although, in principle, the entire isolation area GOX
can be formed using nanodots N, only two areas Bl and
B2 in the isolation area GOX ar= each provided with
nanodots N in the embodiment skown in Figure 1, and ara

35  used to form coxresponding, cohesive nanodot regions or
groups N1l and N2. Further nanodots N are: indicated by
dots in the central area Z of the isolatien area GOX.
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In principle, other arrangements with a number of line
devices BL1, ..., BL4 are also feasible, with n being
the number of line devices or bit lines. In ocher
words, the most preferrad exemplary embodiment of the
35 dinvention is based on a memory cell with two line
devices or connections. However, in general, n line
devices BLl1l, ..., Rln are alsoc possible, where n ig = 2
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and n may assume the value 4, PurelY by way of example,

or any other magnitude.
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List of reference symbols

1 Memory element

20 Semiconductor substrate

20a Surface araa

30 Igolation area

Bl-4 Area with variable electrical/magnetic
characteristics

BLl1-4 Line device, bit line

G Gate connection, control line device

GOX Isolation area, gate oxide

K Intermediate area, channel path

Kl2~34 Channel patn

N Material area, nanodot

N1l-4 Group of material areas, nanodot group

§Dl-4 End area, sour¢e/drain area

Ui.4 Overlap area

Z Additional nanodots
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Patent Claims

1. A memory element for a semiconductor memory
device, in particular a wultibit memory cell or the

5 1like,
- having a number of line devices (BLl, ..., BL4).
which are essentially electrically insulated from
one ancother Iin pairs, are formed in a
semiconductor substrate (20} of a first
10 conductance type or in a gurface axea (20a)

thereof and are at least partially formed aid
arranged physically separated from one ancther in
pairas by means of an intermediate area (K) of the
semiconductor. substrate (20), and

15 - having an isolation area (GOX) composed of an
essentially eleccrically insulating material,
which makes mechanical and electrical c¢ontact with
the intermediate arsas (X) and with in each case

one overlap area (Ui, ..., U4) of each line device
20 (L1, ..., BL4&),

- in which, by applying to the line davices
(BLl, ..., BL4) in pazrticular to their overlap
areas (U1, ..., 04), and to the isolation area
(GOX) an electrical potential disgribution in the

25 isolation area (GOX) 1in accordance with an

information unit that is to be storad, it is
possible at least temporarily to form at least one
area (Bl, ..., B4) with changed slectrical and/or
magnetic characteristics,
30 wherein
- a number of material areas (N) which are isclated
from one another are provided in orxder to form the
at least one area (Bl, ..., B4) with changed
electrical and/or magmetic characteristics in the
35 isclation area (GOX), and
- each of the material areas (N) has free charge
carriera, and/or £res charge carriers can be
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as

formed in each of the material areas (N).

2. The memory element as claimed in Claim 1,

wherein
the mataearial areas (N) are embedded in the isclation

area (GOX).

3. The memory element as claimed in one of the
preaceding claime,

wherein
the material areas (N) are in the form of nanodots ar

the like.

4. The memory element as c¢laimed in one of cthe
preceding claims,
wherain

the material areas (N) have or are formed from a metal,
a pamiconductor material, in particular silicen,
germanium and/or the like, possibly with appropriata
doping.

5. The memory element as claimed . in one of the
pPreceding claims,

wherein

the material areas (N) arxe formed «easentially

identically.

6. The memory element as claimed 1in ona of the
praceding c¢lalms,

wherein

tha material areas (N) are in the form of material
areas (N) which are deposited, but not all the way
through, on a first insulator layer, and are then
ambedded in a second insulator layer.

7. The mamory element as claimed in one orf cthe
preceding claims,
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the material areas (N) are in the form of implantation
regions in the isolation area (GOX).

5 8. The memory element as claimed in one of the

preceding claims,

whexein
the material areas (N) are formed in regions or areas

(8%, ..., B4a) of the isolation area (GOX) which are
10 physically isclated from one another, in particular in
the immediate physical vicinity of the overlap areas

(1, ..., O4a) of che respectlve line device (BLL, ...,
BL4) .
15 5. The memory elemant ag claimed in one of the
preceding claims,
wherein
- a control line device (G) is provided which is
essantially electrically isclatad from the linae
29 devices (BL1, ..., BL4), and

- a control potencial distriburion can be applied
locally or glebally to the isolation area (GOX) by
means of the control line device (G).

25 10. The memory alement as claimed in one of thae
preceding claims,
wherein
the line devices (BLL, ..., BL4) and, in parciculax,
the overlap areas (U1, ..., U4) of them each form a
30 field affect ctransistor elaement in pairs with cthe
sections (K12, X13, Kl4, K23, Ki4) of the intermediata
area (K) which are in each case provided between them,
which field sffect transistor element can in each case
ba controlled in particulaxr by the ecntrol line device
35 (G) as the gate connection and the isolation area (GOX)
ag the gate insuvlation.
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