‘0 7 FEB 2067—Description Nonvol atile seni conductor storage el ement and

associ ated pro ' ontrol nmethod 5 The. present invention rel ates
.to a nonvol ati mﬁmwﬂw\mﬂ NE
rol me

ctor storage el enent and an associ-at dd FEB 2007
production and .method and, in particular, to a nonvolatile
dual -bi t split-gat&%t%rage cell in which 10 information is witten in by
nmeans of charggeg@f{h€ioni Niection at the source. Nonvolatile sem conductor
menori es which are known, for exanple, as FLASH nenory, EPROM EEPROV
FPGAs and the 15 like, are becom ng nore and nore successful in many

fields such asmoﬁvgla@lﬂ@promd&dué@ilecom@r%@té O”Selgﬂéﬁ'&? ai npeat ,
el ectronics and_ _securi si_nce thei can_store data in a very
g

t echnol
smal | space ovae?s%cjr%%%é%%?S‘gﬂggﬁggz\f"f‘ﬂoﬁimﬁgf’ mgthog supply voltage. In

this connebtion, there is a nmultiplicity of different storage el enent

types, the pr t i on I to, rticular, a so-call
s%l’oi t-gate ngﬁg?prlgg'}\eé%c%gitlo. tﬁgggtgl%gsho%/\%i%tg?npﬁ% i ed se%?ri“(’)g?t?'gf%w of
such a converi$HEPRAHFFOT gatE@fagage dlemantt . 30dAccandi msseciatede 1,

Fegion S and o e n pg A B B L B R T And &

_region S an rajn regiaqn s split.into a first part- i _

segond part-serg?r?‘(’)??i?trl,le% glb‘ﬁ'?r'&ﬂltl a%il%‘%%'i:%gscp&aﬁ@q GPtectry Wb the

channel r&§i onimferiet ign 35 ssepat ated finorby hineaby aof i Ehbriges Watin@r | ayer

2Ain the fi rﬁ{j@@tg{ééeﬁiggev@?ﬁggé it is located only indirectly above
) r&e,

t he channel region or sem conducto Substrate 1, respectively, in a second
part-section Il. To achieve the desired charge-storing characteristics,

Nonvolatile semiconductor memories which are known, for

example, as FLASH memory, EPROM, EEPROM, FPGAs and the
15 like, are becoming more and more suécessful in many

fields such - as, e.qg. dataprocessing,

telecommunications, entertainment, electronics and

security technology since they can store data in a very

small space over a long period and without using a
20 supply voltage. '

In this connection, there is a multiplicity of

different storage element types, the present invention

- relating to, in particular, a so-called split—gaté
25 storage cell. ‘

Figure 1 shows a simplified sectional view of such a
conventional split-gate storage element.

30 According to Figure 1, a channel region located in a
semiconductor substrate 1 between a source region S and
a drain region D is split into a first part-section T
and a second part-section II, a control layer 5 being
formed directly above the channel region and being
35 separated from this by a first insulating layer 2A in
the first part-section whereas it 1is located only
indirectly above the channel region or semiconductor
substrate 1, respectively, in a second part-section ITI.
To achieve the desired charge-storing characteristics,
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~ 0 7 FEB 2007 2 instead, a charge storage layer 3 is formed above the
channel region or sem conductor substrate 1, respectively, and insul ated
sfromthe latter by a second insulating |ayer or tunnel |ayer 287; hiBt A&y
second part- 5 section Il. To inplenent a_so-called source side charge
carrier injection (SSI - source side inj gt on), the split-gate storage

el enment accor dj Fi gur, S ogy amm | ayer .6 which is
essentially fo%ﬁ%%é%%' t %e &s%ﬁ%acgtg?égﬁe%gﬁ’%%ggj stor gggmﬁéy&boé'ean ©
separated or ¢hRaurated FEFACThe @t er shpigonfiictor nsulsalishgatayer 14. 15

For programi ngeped i €61y NJashat d8utakkiee T otedd Ne r &iange Storagsq! ayer
3, a programm nxg%‘gi ectraod connect eg h_t%rthe programm ng 'l ayer 6, a
0

PG
control electt %ﬁ%%nfe‘i%¥?5dofotPﬁ€e YET 128y e S8mand PRThe SL
connected o téecsoomcEIregion S and a bit line 20 BL connected to the
drain region D are connected in such a manner that at the transition
between the first and second part-section | and Il, an electrical field
is built up i nf® heWHANRIL aReaSHhFfehlpd ofowtred sndeanphiargde ¢dwariexue to

the high poteninpbcoriadi 95125 BbESRR! s i¥LGLIINS Y NG Hd AP 1he sou ce
region S are $§CE| erate nner that_they are injected Tn to

in such a
‘the charge sto %]éagﬁ%ye‘?fe%l% pFOgPartidg tRdefiEare (SoRtePsirRs 2
i nj ecti on}lOcommifegoammengehdgerhé IwHirclofis sbeeageatlemEdtmeduerd ochide

reduced stress iknsul at I o] dwi_th the excessive
electrical fi eS,I; S ér(}j(;%u|§rge?;ﬂ%oréiiltaa&%rqaai %&g}iﬁ%%gcgg}?%g 30 _r:rl i esreplérﬁagtc ol In
addi tion, progtaiddeedndspmsyihe chatiteroby ix Fhihdndneudettiicicentayémn a

drain-side charge carrier injection as a result of which, in

15 For programming or injecting charge carriers into the
charge storage layer 3, a programming electrode PG
connected to the programming layer '6, a control
electrode CG connected to the control layer 5, a source
line SL connected to the source region S and a bit line

20 BL connected to the drain region D are connected in

' such a manner that at the transition between the first
and ‘second part-section I and II, an electrical field
is built up in the channel area which is of such an
amplitude that; due to the high potential gradient

25 present, electrons coming from the source region S are
accelerated in such a manner that they are injécted in
to the charge storage layer. Such programming under SSI
(source side injection) conditions extends the life of
storage elements due to the reduced stress on the

30 insulating layers compared with  the excéssive
electrical fields required for a drain-side charge

~carrier injection. In addition, programming under SSI
conditions is much more efficient than a drain-side
charge carrier injection as a result of which, in

35 particular, the time required for such programming is
reduced or, with the same programming time, the channel
current and thus the power consumption can be reduced.
In particular, however, the operating voltages can be



35 pa'rticul ar, the tinme required for such progranmng is
the same programm ng. tinme, the channel current and thus

reduced or, with

th

p

sconsunption can be reduced. In particular, however, the opeﬁgtﬁﬁgﬂwkltages
can be 0 7 FEB 2007 = - 3 significantly reduced in the case of storage
elements wth source side charge carrier finjection. A disadvantageous
factor in such ] . rce side_charge carrijer

f&ﬁif%aﬁ%%{)‘f%ﬁi@g&r&;a@r%gfé .cease 8£n(§%‘t ura er e%u?rtn??lté? in
particul ar, fr8athh8ovhAFeesidpaFrhpsgeontralielrayaiectionarge storage | ayer
3, programm ng layer 6 and control layer 5. It is particularly due to the

injection is, ﬁomever,'t esign ex

hi gh

additional 10 pragranm ng |l ayer 6_and a |ack of self-adjustnent that

i ntegration -de sggﬁgggéggagﬁ%VSbJQQRﬁ%nbﬂtEHcgo%quq SRR Rt WEBR such
split-gate3stosagecel ereiet schaFfyguicarz ishovsn fect igh i ised Iseedvanal tgbew of
a further 15 npgum At GLeasber A0adeligent o yiials Gasent | aliun fy9- cahed

CHE (channel hot elecfron) charge carrier ‘injection ta

es

drain by neansp%ﬁftﬁS’tllaEharfg}’éD%aFPieer"shlf?%mst%’ér@ﬁ@nn@‘PI.‘-tQQf :
Fi gure 2, SUCthaV\Ai:@QVQ{:@Habé 3hQeag8, %ﬂﬁj@ﬁd m@iQfgSIFe_lﬁelest aa%@ntsaege@t or
substrate 1 in ich a source region a drain region D and_an .

i nt er medi ate ch@hnsl hEPEQiS%% are P%’rﬁéﬂ:,d]frclﬁ’aréié’@ Por 586 I%‘;git?,oﬁ@?ng
formed byld fipstgrasmingi Agy2r lGyand 2aoiathe cthaswief -a&hiDrmesepahated

o e e ot g 0lcadah: Be] Adna LR Dl 00 ShRAL AN C8"

the surface of the charge storage nactc

Adéatetisng-t o

e

i
o

egs. On
57whi ch

er
is separated f+omERd e%héﬁgef§Foﬁégé Eaydt-gape &togedeeeliomsuitat.i ng | ayer
4. 30 In contrast to the split-gate storage cell with source- side charge

carrier inject}ggﬁrgegcr'bed above,

t.nl.s . .
shows a 51mle¥1ed sectional view of a further

15 nonvolatile storage element, where essentially a so-

called CHE (channel hot electron) charge

carrier

injection takes place at the drain by means of hot

charge carriers from the channel.

20 According to Figure 2, such a nonvolatile

element consists of a semiconductor substrate

storage
1

in

which a source region S, a drain region D and an

intermediate channel region are formed,

storage layer 3 being formed by a firs

a

t

- charged
insulating

25 layer 2 on the channel region, separated from the

latter, and again being suitable for storing charge
carriers. On the surface of the charge storage layer 3

is again a control layer 5 which is separated from the
charge storage layer 3 by a further insulating layer 4.

30
In contrast to the split-gate storage cell with source-
side charge carrier injection, described above, this
nonvolatile storage cell only needs three contact
connections, namely a control electrode CG or wordline
35

WL to connect the control layer 5 and a source line SL
for connecting the source region S and a bitline BL for
connecting the drain region. As a result, the structure
and thus also the production of such a conventional

storage cell is considerably simplified and an



“nonvol atile storage cell only needs three contact connections, nanely a
control electrode CG or wordline 35 W. to connect the control layer 5 and a
.source line SL for connecting the source region S and a bitlidd BB H6r
connecting the drain region. As a result, the structure and thus also the
production of such a conventi onal storégé Cell is considerably sinplified

and an 0 7 FEB; i d Sit i ht egration can be achieyed
particularly &%Q:?%a%ﬁ% | g%&gg?'%a goﬁt a%%t%%)ﬂ%%%?' oncaflor%g prEYHmT g
| ayer. 5 A di SR@vehtagebhy B okoi rheuchack nedval atbheastoragmeceidn| s,

however, the userocd peegsamnyngntapegh. operating voltages in order to
achi eve a CHE (channel hot el ectron) channel injection by neans of hot-
charge carriers. In particular, these high drain and gate 10 voltages are
the resul t 5of Ahdiséfluantageshsr tfactidre improgeAna MG nivioTa tihieC hs & Srady

progranmm ng es i a | ace,.Ln vig. nity of the breakdo
vol tages. In %ﬁ%eqti%ceﬁ%ggﬁphigﬁh\%l nges O?or riérl?pﬁsesr?é:rﬁl ﬁid”‘cg q&% ge
carrier injectPRfrane TPEtagrdi titonerderd tos agtievonal CHEl t bgjeasuebl y

circuits and aoexéleselyn) hicBAnsles kg i HsUhahhld Jlraxess &K&é’#&'ed-
Figure 3 shows_a sinplified secti.onal view of a Turther conventiona

nonvol atil e SeEMToNIUTt ortst &3Fde MHétent thes e oPlghor fR§IRWOABHL IBHeh as
i s known, 10or exkbmdes akeombderpsubted flochseris fid%t6, 866 shoe+eACCHrgi ng

Fi 3, (o]e . a drain, region D wi.th an inter i ate
E:(r)\anlngrrr%gi o?f@%ﬁ*ﬁﬁﬁgéggf“gr %qulc?l?\ a !sewr%%oﬁﬁﬁgf%wm%ﬂgsﬁsfte@ﬁl,% ch
channel regi orFas&f bptaca fnr sheparicisecty onf| thed hreaksesond/oltages.
part-sections id Ac8AdeqliBnatk,t %&PuﬁfEﬁha%'l%taqtéEe fgfa'iﬂlPelQﬂletnrilﬁnéjlura; ace

of the sem conductor substrate 1  or the channel region, respectively,
there is agai Fhprge carrier injection under CH conditions need
15 additional voltage supply circuits and an extremely

high stress on the insulating layers provided.

Figure 3 shows a simplified sectional view of a further
conventional -nonvolatile semiconductor storage element

20 for storing two bits such as is known, for example,
from the printed document US 6,366,500.

According to Figure 3, a source region S and a drain

- region D with an intermediate channel region is again

25 formed in a semiconductor substrate 1, which channel

region exhibits a first part-section I and two second

part-sections IIA and IIB at the source and at the

drain. On the surface of the semiconductor substrate 1

or the channe} region, reépectively, there is again a

30 first insulating layer as gate dielectric or as tunnel

dielectric, a control layer 5 being formed on the

surface of the first insulating layer 2 in the first

part section I and a drain side charge storage layer 3A

and a source side charge storage layer 3B, which have

.35 doped polysilicon as electrically conductive floating

gates, being formed in each case in the two second
part-sections IIA and IIB of the channel region.



"30 first insulating |ayer as gate dielectric or as tunnel dielectric, a
control layer 5 being fornmed on the surface of the first insulating |ayer
2 inthe first part section | and a drain side charge storage Wbﬁ%fzwk
and a source side charge storage |ayer 3B,. which have 35 doped pol ysilicon
as electrically conductive floating gates, being fornmed in each case in

the two SecondroPafhpSeRELENStheA 888vELENRE kRS CQI&EP@E regson. cPafgEEB

2007 - 5 To |nPIenent t he abovenentioned source side charge carrier
injection or SSPTELRYI ti BRISFEEPRcti 98 dPATnsi BeN@hEIQBur ceraspRctive

programi ng | ageasn6AdandnBBsounktieC iatee PrtsgtineithPrl 50088 2 0ahd 08B} he
respective 5 char st orage | rs 3A and 3B by .a further insul ati | ayer
4A and 4B, arewﬁﬁggtéﬁ"%tgPﬁgiggﬁérd%rngpgﬁggePay£¥@mSihﬁhdr%%9e$£?38ugh
this provi des @havgeakbredadealabiersspiA targhtiB WY st buageecelhswiahisgur ce
si de charge injggbiomathag coEp! exidy 1804 SRACE T aqyi r ar g 3ga

i ncreased due ?% t he Erogranﬁ?ﬁg  ayers 6A andggB usedg%E?SSre-i sﬁ%&s a
sinplified sect?¥®Bf $fe@6f3B-further 15 conventional dual-bit split-gate
storage cell, where identical reference synbols again describe identical

or correspond] elements as in Figures 1 to nd, a . repeated. description
’ omt1ed i n thEnPugE" thien PABIdAR . So60RcAdEn G T L ok ErgaFe
agai n posgilbl estorager ecellwo wittdr ageustat esidée. ehdrnwe biihgecatohhe sbarce

and at the dr@é@?igx§t§h%%g? 3 %E%geréaﬁg£§§én9”qH%§1aB%HnS“Eﬁcréaé&Brage

el enent uses an electritca nohconductrv silicon nrtride lTayer as the
char ge storagedf@yeP. tRacRrograpninggapyessobdgand Sfensesls i s known, for
exanple, fromthe printed docunent US 5,408, 115, again results

Figure 4 shows a simplified sectional view of a further
15 conventional dual-bit split-gate storage cell, where
identical reference symbols again describe identical .or
corresponding elements as in Figures 1 to 3 and a
repeated description is omitted in the text which
follows.
20
According to Figure 4, it is again possible to store
two storage'states, i.e. two bits, at the source and at
the drain in a charge storage layer 3A and 3B, but such
a storage element uses an electrically nonconductive
25 silicon nitride layer as the charge storage layer. Such
a split-gate storage element as is known, for example,
from the printed document US 5,408,115, again results
in advantageous or low programming voltages due to the
adjustable SSI condition, in which case the complexity
30 and the space required for achieving such a storage
element are again very high.

The invention is, therefore, based on the object of
creating a nonvolatile semiconductor storage element

35 and an associated production and control method by
means of which a simplified structure can be achieved
with advantageous programming conditions.



*in advantageous or |ow programing vol tages due to the adj ust abl e SS
condition, in which case the conplexity 30 and the space reQUIrE?FgﬁE
;achieving such a storage elenment are again very high. The inve Y
therefore, based on the object of creating a nonvolatile seni conductor
storage el enent 35 and an associ ated production and control method by
means of mhlch I|f ed %gBucture can be achi eved w th advantageous

pr ogr anmi ng condl | ons BHEAC PN At 8 RBIEELL A€ iaRREMviesh, PY hi s
object is achl"elW%dfbytutrhe fogat Gk asmoft @ﬁhnﬁ?gmgil-@ r:ega;lné thgphhfz-%ate .
lit-gate storegeqe! e18Rbnt PYpLhen LeS m.7 wth negar e
plrooduc'?l on rret%)d and % t%%tneags/urege%%g&% e © %116’1 é’vvﬁl} (?d
the control nethobhe) Prpéuﬁéﬁpmm%hqﬁ d%ré‘it}éyt héeu@@agfur&rs iaft e¢b@mmect

layer for é&lectéitcally wotthecedapdt b6 PheJESATRoL a¥EEHoHO the source region
or drain region that a nuch 10 sinpler structure with nuch |ess space
requirenent is obtained, the operating voltages still being |ow due to
source side chef géSch&ﬁt@rCuhﬁ@Qtl dne ﬁta:hahgeusteor@geahawattér‘cﬁdmﬂ@@tty

consi sts of anayldr ekget réf@ééﬂ/lig)flfy gﬁh'e\éptflh sulatin &ggé%mes &{1%%;5

e. an Si 3Nd or ZrQ2 | ayer which provi urt her se’li
[ n'?egratl on déridi the A SIS 62%9‘t1°§’ec1°|rond6ﬁlnhere9mnel thagi om isucl20

pr ef er abl $0di \d ichgsll émt sraUSOUEEE Wit ﬁﬁ@hdrl%.'s@; Sé&?%e p?%ﬁﬁi‘?%}“:egge?ﬂ; 20

h t a progranmi nd an . i nter
geﬁgged?v?dggq?g%yq{ed our%g %?’d%ggﬂg d%itﬁggﬁdét&%r Geisdorl&ye dus o
programmi ng | &trcarsidanteranymecart agerinfetheosane 25 nanner as a result

of which a so-call ed dual -bit spli t- gate storage cell can be inplenented

in a sinple mann .
_np A cC arge storage layer preferably consists of an

15 electrically nonconductive insulating layer such as,
e.g. an S8i3Ngy or 2r0, layer which provides a further
increase in the integration density.

A second part section of the <channel region 1is
20 preferably divided into a source side and drain side
part section and a charge storage layer, a programming
layer and an interconnect layer also being divided into
a source side and drain side charge storage layer,
programming layer, and interconnect layer in the same
25 manner as a result of which a so-called dual-bit split-

gate storage cell can be implemented in a simple
manner.

With regard to the method, a dual-bit split-gate

30 storage element can be produced in a particularly
simple and inexpensive manner by forming a sequence of
layers .consisting of a second insulating 1layer, a
charge Storage layer and a third insulating layer on
the surface of a semiconductor substrate and of a

35 patterned control layer and a subsequent spacer method
for forming and patterning respective programming
layers.



*Wth regard to the nethod, a dual-bit split-gate 30 storage el enent can be
produced in a particularly sinple and inexpensive manner by fﬁﬁglggg@
.sequence of layers consisting of a second insulating |ayer, a ﬁ r
storage layer and a third insulating layer on the surface of a
sem conductor substrate and of a 35 patterned control layer and a _
subsequent spacer nmethod for formng and patterning respective progranmmi ng
| ayers. 0 7 FEB 2007 - 7 Wth regard-td the control method, corresponding

weite vol tades areqgapalied tpd heoseunse slog,and dralsside g niengonnect

rl .
| ayers and the contfrol layer for inplenmenting t he wri ng o .nﬁbpnatlon
into the st BPiﬁégéél |1 2%¥%r 2Pgdr&dat Fag tHIF SSPUrsBurticdsi aadi nfezin os)ide
condi tion whheBrcbaneby leweMs taDpsiatésge ¥ol t 2agpsrcaBrbe rpakieyedngOn
t he othe§ hg g, to.erase ipfornption,, erase golt es can 10 be appkled to
the drain S|§e iH?ér%Bﬁneg | BYePTERGL Y tHE-O cdnits oISHRASS wihedd af@Zsuch
t hat an avabanehesteffjectn %%hdﬂsbomcee$uuesinﬁéd&i@mnnaehdaﬂdpﬁ$M@ﬁb%?ly
| ow operating,¥ol {ages-ak -0 L equi read_out an information
item correggo%d?ngéreaééEgo?ggggglggebéggﬁﬁég ggntﬁg Sgﬁ%ggegrde and drain
side interconnect layers and to the control layer in such a manner that a
so-cal |l ed renetsﬁ 6@Bd@Uhaﬁ@DFtb|@@abé iﬁ&%&%%@QFX,OQEQFEGQOu%aEQEG%%ﬂrage
el ement,, 20, In_this nner, a necessary, control conditions ca
created“}orb?hépggﬁﬁg?§8t§Qﬁ(AE%ﬁ?(ﬁﬂééeﬁﬁﬁﬁ%ﬁ?ﬁﬁ??Ft%%YanééﬁtF@ntﬁﬁ
spite of a tackrol skpgeat eviciorineetdeonsuthr thae kﬁ$p@ﬁkﬂ%ﬁmﬂk@gé§E€bﬂgd q
| ayers. 25 k t Xpr.essi of .the invention there i provi de
a nonvolatiﬁgﬁgéﬁéggndggggﬁtgtoﬁgbe1éQ%né% anfigh a2nd re9a£1vefy low
operating voltages are again required.

15 To read out an information item, corresponding read
voltages are applied to the source side and drain side
interconnect layers and to the control layer in such a
manner that a so-called reverse readout condition is
preferably obtained in the storage element.

20
In this manner, all necessary control conditions can be
created for the split-gate storage cell according to the
invention in spite of a lack of separate connections for
the respective programming layers.

25

According to one expression of the invention there is
provided a nonvolatile semiconductor storage element with a
semiconductor substrate in which a source region, a drain
region and an intermediate channel region are formed;

30 a control layer which is formed on a first part section of
the channel region and is insulated from this by a first
insulating layer;

a charge storage layer which is formed on a second part
section of the channel region and is insulated from that by

35 a second insulating layer; and
a programming layer which is formed on the charge storage

layer and is insulated from that by a third insulating



“semi conductor substrate in which a source region, a drain region and an

i nternmedi ate channel region are fornmed; 30 a control |ayer mhicm i@ﬁf%ﬂfﬁd
.on a first part section of the channel region and is insul ated flr 108 s
by a first insulating |layer; a charge storage |layer which is fornmed on a
second part section of the channel region and is insulated fromthat by

35 a second insulating layer; and a programm ng |ayer which is fornmed on
the charge storage layer and is insulat&l fromthat by a third insulating
0 1 FEB 200fayer/a (RWPLcrehatag! enjyzed by afnlDEEoqRnOect 1 ay8l T oh,

el ectrically_connecting the programmmng Fa er to the source ~T1egi on or
drain regi oRleGRELERALE FRBNEEESAE [AEt PEESERBALRD Lhyechiendher eguseehas a

source sideepabh sectireinapdgaodlaivAeskda part section; the charge storage
rce si,de char ayer and. a drain side charge

| ayer h a,sou e.stora | ay g
storageqfaygg? FﬁgOB?oﬁ?g%mé%fq%ﬁfbf%ﬁdg“%.éhﬁﬁ%%}s¥ﬂ%l%?05?§nﬁiﬁﬁuFéﬁer
10 and a draidespdetpsegtanmn agdl aydraianditihepenteseanneat; | ayer has a
source sideij nt e i j i nferco | ayer, the
source si det%l%t g&%g%%eg%tcl%yfg .%e])?%%t ﬁ%gagl ?og%ncneec Jf(lﬁ’l% Eﬁggé%urscgrgﬁﬁe
progr anm nglPE§Erangoat easBupéder ehprsacantiorheedlayarsi de i nt er connect

| ayer 15 el egér bgallineanpectd i tHgs dpaiss uside ﬁd&rﬁﬂg@PgﬁﬁM?rhla @irtshe
er

drain rggion. Accordi ng to anot her expression of the invéention
provideﬁpa AB¢héd é%ﬁl%rédGEi&EQQ%ﬂﬁﬁhﬂ%u%?éegén@€6hdﬁ%%o#nt260§96?§§e
el enent withaybe hesl swsogrstepsdeajnpeepanhagtal agaircanduat arasubst gat e;

b) form ng i i | at | | ay. on the surf.ace of .the sem _conductor
substrat e; gzé%%?%?%gégndiég%férHﬁ%@ g“%%ﬁl%(ﬂsﬁd%yeﬁn5ﬁrfﬁgn§&Ffa 8Y€55 of
the first ifasefbriggllayeonnecting the source side programming layer

to the source region and the drain side interconnect layer
15 electrically connecting the drain side programming layer

to the drain region.

According to another expression of the invention there is
provided a method for producing a nonvolatile semiconductor

20 storage element with the following steps:

a) preparing a semiconductor substrate;

b) forming a first insulating layer on the surface of the
semiconductor substrate;

c) forming and patterning a control layer on the surface

25 of the first insulating layer;

d) forming a sequence of layers consisting of a second
insulating layer, a charge storage layer and a third
insulating layer on the surface of the semiconductor
substrate and of the patterned control layer;

30 e) forming and patterning a programming layer on the
third insulating layer on the side walls of the patterned
control layer;
£) forming source regions and drain regions in the
semiconductor substrate by using the patterned programming

35 layer and the patterned control layer as a mask;



“d) formng a sequence of layers consisting of a second insulating |ayer, a
charge storage layer and a third insulating |ayer on the surface of the
.sem conductor substrate and of the patterned control layer; 30 e) form ng
and patterning a programming layer on the third insulating |aférftBriliThe
side walls of the patterned control layer; f) form ng source regions and
drain regions in the sem conductor substrate by using the patterned
programmng 35 |layer and the patterned tontrol |ayer as a mask; 0 7 FEB

2007 - 7b L9) p ' th hird.iQsu [ er., charge .storage
| ayer and tﬁg seggkgé?hggﬁatﬁﬁg |g§é¥8b iﬁ%é£%k%€% l%&%ﬁ%neﬁlpr5€ﬁﬁ%% ng
| ayer as a FRSK295 HRYESr ANy T 038 EINd nbudat dhny ayeresnbyhassogf abe of

the sem congueternsubptbaiammahot heyRat ber RedaBkogr amming | ayer and of the
patterneg cggtrol Ia%er; i) eng in% i t%rcon ect areas at |least of parts
of the patterned®prsgParfh hgd éeﬁ,s AHEIs ot 6T r BYi dri*%and@ubFaceo Othe
drai n regi ohheargrjcdrgiuritny asulesecetécablfy wendpet teenédt erogiaealingayer
in the expo i.n cQrn ‘ar. tin e programm ng | ayer of
t he source ?ggfgnggﬁdggf%gﬁegaﬁg?ﬁkgﬁegggkgg 51g¥% her advant ageous
enbodi ment s1of tREPPAVEAL e sfic@nnEledr st es zad ilmashe ofubpdai srs0f| fhehe

text which pattewsedt kg dgneadin walbrbe gesgid bed,2Q i great ghqdeteail
by neans, of En allustratLve.enbodlnent and referring to the drawi ng, in
whi ch: guF8°19EALIs T594PRYI PPPed sectional view of a split-gate storage

el ement accgi di nformihbe apr icdrearii;ca25 i goridudt 5hOWsn8estcBRhiettedayer
secti onal VES“’QBea QQBXQEgtiE%terconnect areas for contacting the
programming layer of the source region and of the drain
region.
15
Further advantageous embodiments of the invention are

characterized in the subclaims.

In the text which follows, the invention will be described
20 in greater detail by means of an illustrative embodiment

and referring to the drawing, in which:

Figure 1 shows a simplified sectional view of a split-gate
storage element according to the prior art;

25
Figure 2 shows a simplified sectional view of a nonvolatile

storage element according to the prior art;



“storage el ement according to the prior art; 0 7 FEB 2007 -s Figure 3
shows a sinplified sectional view of a dual- bit split-gate @iﬁ@g@ el enent
,according to the prior art; 5 Figure 4 shows a sinplified s I view
of a further dual-bit split-gate storagegel enent according to the prior
art; Figure 5.shows a sinplified sectionaf3 view of a dual- 10 bit

split-gate stat: I ccor di Lhe . ihon;. and. Fi gqur 6A and
6G show si npl ?;l%g’g(ésae%{rlgghg? \%?egvisﬁgjé%&lé?l l‘j’gf:;&\ai??%é _g,sls%t?gl gnef'%old st eps
in the productiidh SBRbibfophe fFAraga SheRenpatecorciage &P efBft RIKDT di ng
to the inventdma according to Figure 5. In the text which follows, the

invention wll be described by neans of a dual-bit split-gate storage 20
el enent for storing two nenory states in a source side and drain side area

but, in prbncifpleirect respendangimponiokdt sketsemadondest @t st drnageher
el ements for %Q{ﬂ- ., O a2 _si_ngl e ar c ivable. cLn ey
particular, it s Olr}%dt b%bgéi%nt%lg %ou?ééﬁégedu%l%é?%eggg sry trtflboftt e
storage el ememTisHov@drtin the figures, the source region and the drain
region can be considered as being equivalent and, in consequence, are

al so correspondingly Lnterchangeable, .Ln particylar, this also appljes to
the source si cfelgéﬁbé/dll-’aﬁ °§’isd€‘93%)lrf‘%§7élrté?8vﬁ&c§1&’i’ia} t‘ﬁ’ee"l’egf)eéti‘sgai"
connect i onOpotant | akplinegdtto berexadmngedembngur eadcstdivsg a sonpl tlie ed
sectional viewy - hit split-gate storage el enent according to the

|
. . . ﬁﬁl Toa . . .
35. invention, i'dentical Teterence synbol s representing identical or
corresponding |layers and elenents as in Figures 1 to 4 and a repeated

description beiingh/ 8 t§€dand 6G show simplified sectional views for
illustrating essential method steps in the production
15 of the dual-bit split-gate storage element according to

the invention according to Figure 5.

In the text which follows, the invention will be
described by means of a dual-bit split-gate storage

20 element for storing two memory states in a source side
and drain side area but, in principle, corresponding
nonvolatile semiconductor storage elements for storing
only a single state are also conceivable. In
particular, it should be pointed out that due to the

25 symmetry of the storage element shown in the figures,
the source region and the drain region can be
considered as being equivalent and, in consequence, are
also correspondingly interchangeable. In particular,
this also applies to the source side and drain side

30 laYers, where only the respective connection poténtials
need to be exchanged.

Figure 5 shows a simplified sectional view of a dual-
bit split-gate storage element according to the

35 invention, identical reference symbols representing
identical or corresponding layers and eleménts as in
"Figures 1 to 4 and a repeated description being omitted
in the text which follows.



"in the text which follows. 0 7 FEB 2007 9 According to Figure 5, a source
region S, a drain region D and an internedi ate channel region are forned
.in a seniconductor substrate 1 which preferably has a silicof7 FEB 2007

sem conduct or substrate, this structure 5 corresponding, for exanple, to a
PMOS or NMOS transistor structure and ﬁa\9/| ng correspondi ng p- and n- type

dopings. To a 0-cal l'i te _area t he.chan n _has a
fi Pst gpart se?’gal on iﬂl % kngeggen%l al Oucréfteedreﬁlgncegt rzﬂ %:I@:%rbf t he
channel 10 redi®H ok @V\é %cdmeymﬁdl%cﬂ | opannel\ aadibhBawki dormed] oi n
the first partirsest b@ﬂuboh@u@rt@)'rn Shister ands FOYRS O&E o FLEAS1 P fhgee

channel region .and extend tpo e source region drain reglon 15
According to B'gri¥s, a%e%’r%?:‘ﬂ FEEPTy c%HBEEFWS' coﬁpﬂél I%Féfr*m&?%ﬁ chis
i nsul at ed Hr omartmeesgrantielg, r edoan byxampliée st itasul at i rydsayesr 2A Mo d or ned

th f t e a region. The .control _ layer 5
g(r)]n5| gts I1[§r tg%g}r?pﬁ e, o?gkall“h %Q %%%eﬁggbngogﬁgFFFBSRdﬁggeP taﬁ‘gafnf T st
i nsul ating | afé@eZA@OPéIbg%seﬁ‘Pl rﬁgﬂal@éﬁ eadisg-eetllied sspl bt e@etabla;rea,
exhi biting Si @he @Ghddieel We§e6ANHaRAR -S4 OfSrL L doc@lgh ! kB,

channel region, ont, a§§0t hf hand a drain side and source Ssi e ¢ arge

storage | ayer SERShid P59 BRI RARERY s eBacaTEd Mk PReAI Afedtheomhemaethannel

regi on byl@ sewgricr,nsathdt twg baxtehdZ%Jaf%e%ﬁBdr&i ipﬁa&ﬁg t[t@Be%fﬂl&ﬁﬁeth
and the secon a g 2BA, _an BB capn al so be ] en [ e
first insul a%dr?g%il ayté:lrh% %E‘Fhepéﬁﬁrﬁgcgfﬁpagg | By erSE priet y si st
of an el ectrisgalxioe rohdenduessyef nshe athagnkay eregsiogh md egtgnda txi | i con

nitride |ayer nehisghd@sWdgsi dd $mald drain region D.

15 According to Figure 5, an electrically conductive
control layer 5 which is insulated from the channel
"region by a first insulating layer 2A is formed on the
first part-section I of the channel regioh. The control
layer 5 consists, for example, of a highly doped
20 polysilicon layer, the first insulat.ing layer 2A
. representing a gate dielectric and pref'eraibly
exhibiting Si0;. On the two second part-sections IIA
and IIB of the channel region, on the other hand, a
- drain side and source side charge storage layer 3A and
25 3B which 1is separated or insulated from the channel
region by a second insulating layer 2BA and 2BB is
located in each case and the second insulating layer
2BA and 2BB can also be identical with the first
insulating layer 2.

30
The charge storage layers preferably consist of an
electrically nonconductive insulating layer such as,
e.g. a silicon nitride layer, which results in small
layer thicknesses and advantageous charge retaining
35 characteristics and insulating characteristics,

respectively. In principle, however, other insulating
layers such as, for example, Zr0,, HFO; or also
conventional electrically conductive floating-gate

layers can be used as charge storage layers 3A and 3B.



“layer thicknesses and advant ageous charge retaining 35 characteristics and
i nsul ati ng characteristics, respectively. In principle, homever ot her
.insulating layers such as, for exanple Zr@, HFC2 or al solTdERVIEH: i onal
el ectrically conductive floatlng gate qﬁﬁrs can be used as charge storage
| ayers 3A and 3B.. 0 7 FEB 2007 - I'n e area of the drain side and

source side chgf geneSt{iA0€,kayeLs (%pa%gr 5 Iﬁ,tél cally S(::L%%d Ciq,;tl Ve

e
programm ng | ayers 6A and 6B are al so ot & n>an
source, which %tr%r‘?grfa eathYeESe 3Aseprfat 88 or Gijﬁgl]:llat@d]m orﬁqriﬁelqmarége

storage |ayer rﬂv‘bgmﬂhﬂﬁg by agetrlai relai ps1d abBNGAAY8I s8A RNV AB §€- khe Si 02)
Unli ke the prigr t hese drain side and 10 source side

lpwever ,
progr amm ng I ayers 6@ and 86§ Einot" NEwWhe  BOHTH 01350 sEbarsa@t y F4%m t he
sour ce regpPon TR ek OﬂranﬁUl@gednfDomulthar ehelrget sitealadge deryeact3xd on

the drain siGmandson,yhe seHice Si e, (S Bcfr ?jt'ﬁ‘ BooEn %Ql 25 Ylt %ate

respective interconnect |ayer 6AA and 15 6B S provides a sp
storage el ene QW th reduced number of connecti ng contacts, particularly
for the conventionally used programm ng el ectrodes PG onIy one source

line SL for c n he soyrce regi n S and the source side rogr nm ng
| ayer 6B to a%ﬁg{éo rgg%m B ¥e@trdde8 BECYRE  onE 87 ¢ | La%'é‘l& ’Fbiﬂg nd
si mul t anedlsl f%mmcsi% Phegd&mmnge@amm@ #rd 4@ 6Hr abnnsitdeow be

programm ng | a3t GA M@ é@ﬁa).dé@éﬂys'fg%m 'eﬁeer§&f&[‘8%\[ré§¥8£ 6A4 %edﬂ}?e

formed now. The control , el'ectrode CG or word agaln use
connect i ng t h&TEdm r 6RIL8PerD 5PURC &S] ﬁé??tracéé&b’ce?@m&c‘%ﬁfbr ge ddre i er

i nj ection candrstiirl | shée mphanesh edivé t oarede redueedaspaselyr egyi rgEnt
for the Integ §9m§;05§g9 glgﬂgggécg!%er]1nterconnect layer 6AA and
15 6BB. This provides a split-gate storage element with
reduced number of connecting contacts, particularly for
the conventionally used programming electrodes PG, only
one source line SL for connecting the source region S
and the source side programming layer 6B to a
20 programming electrode PG and one bitline BL for
simultaneously connecting the drain region D and the
drain side programming layer 6A via the drain side
interconnect layer 6AA being formed now. The control
electrode CG or word line WL is again used for
25 connecting the control layer 5.

Accordingly, a source side charge carrier injection can
still be implemented with much reduced space
requirement for the integrated storage element, which

30 results in advantageous or low operating voltages.

The materials used for the third insulating layers 4A
and 4B are preferably oxide layers such as, e.g. SiO,
which results in a so-called ONO (oxide/nitride/oxide)

35 sequence of layers for the sequence of layers in the
two second part-sections IIA and IIB, which exhibits
excellent insulating properties due to its Dband
structure.



“30 results in advant ageous or | ow operating voltages. The materials used
for the third insulating |ayers 4A and 4B are preferably oxide | ayers such
;as, e.¢g. Si02 which results in a so-called ONO (oxide/nitri d&idf'x'Bd&W 35
sequence of layers for the sequence of I_awrg inthe two second _
part-sections Il A and 11B, which exhibits ~excellent insulating properties

due Lo 113 bands SLEUGLUhe OnbeCE® 20 ot cdi e salpmer e

control layer 5, the J;?rograrrm ng ‘ate

i nterconnect IRYRFTBEAIRAd 6B STan &t soaeghi KB headi | yFhedopaes poi gsedi con
whi ch provi desifiverpanhectl aakgr563aMRnG HEEE Q&S] N s ANeki WS Aeavily

i nexpensi ve st I t usi;ng .standard materjals. A fourth

i nsul ating | ay%?ﬁggmﬁgﬁgggéilﬁ%ons"i’l'é‘?%h of PTEVEAESn di%xi c%af"slﬁfje‘?%}%bl y
used for iAsul @MAyet Herogessbngr ol ahdyethBsanant hengxpgnaivé ngsteyags and
i nt er connect I@y@fﬁén@pdbxph{lﬁﬁ&ugggnggﬁal atiag;Layer can also be |ocated

as a drain side and source side ourth part insulating |layer 7A and 7B in
a recess close to the surface in at |east the charge storage 15 | ayers 3A

and 3B whi ch pxo\icdesH rrthMEdtJ't';ﬂgwﬁ}@fl of vtvhlmzﬁ cabaer(sj%i ébgggggsl %gr,
articul arl L {9, respect _t the interconnec ayers 6AA a . IS
Iroecess cl osg V%loﬁt%%gsgiﬁ'f)g&gehalss bRER ﬁﬁﬁgg%dls;ﬁﬁlrrgaﬁs 16’Isugr?t31'n§0t +%i ¢
et chi ng béfor ecemerdhsullaviemg |ayeand weshe 20pdegnainicti1eﬂg Hawgear: I 5, t&u\%s]e
art insulati a an,gqal 50; be am t.ted, cul ar en
gl ectrically %%ﬁ%ﬁg%hg%g%&ssforggge ?l%gr jsfcg\’? _ttglndiggag%ggﬁ edi,%é “since
the injected cIRR g@leQr rber 4 okedesssant ital fyainnséddecdand shwrckargide

storage |ayer Sfuetil IBrat LAeulbEAAg ti@jﬂe?f"ﬁi‘ﬁaﬁ@rﬁﬁe(‘ﬂﬂ 0gs }tel&sd! A or
1B and - close to the surface in at least the charge storage
15 layers 3A and 3B which provides improved insulation of
this charge storage layer, particularly with respect to
the interconnect layers 6AA ahd 6BB. This recess close
to the surface has been achieved by means of an
. isotropic etching before the insulating layer 7 was
20 deposited. ' '

However, these part insulating la&ers 7A and 7B can
also Dbe omitted, particularly when electrically
insulating chafge storage layers 3A and 3B are used,

25 since the injected charge carriers are essentially
inserted in the charge storage layer 3A and 3B at the
transition of the 'part—séctions I to IIA or IIB and
there 1is essentially no migration of these charge
carriers within the charge storage layer.

30
Accordingly, SSI split-gate storage elements are
obtained which exhibit advantageous operating voltages
with simplified Structure_ and reduced space
requirement.

35

Figures 6A to 6G show simplified sectional views for
~illustrating essential method steps in the production
of the SSI split-gate storage element according to the
invention, identical 'reference symbols again



“.there is essentially no nigration of these charge carriers within the

charge storage layer. 30 Accordingly, SSI split-gate storage are
;obtai ned whi ch exhibit advant ageous operating voltages wth gqﬁgﬁf?@éd

structure and reduced space requirenent.,35 Figures 6A to 6G show
sinplified sectional views for i|lustratt g essential nethod steps in the

roduction of gtheqobispl ity : rage el rding,to the .
anention, iden??cglgkéégreﬁggég%' 6?5 %gaiﬁggggéiééﬁ i?ye ¢S|g%%t|ng
i dentical or cBrPBSPEAdi#Y 1dyeFe9re ePerrfifl s sasTPReREgdr edSsamibion
repeated descrbpihgnomheteg efi thedtiertt heitexirowhiogl .fol l ows. 5 According
to Figure 6A, a sem conductor substrate 1 is first prepared, active :
regi ons being defined, for exanple, by nmeans of trench isolations or

cor respondisng AGePrddngi res Riaiure pekf oansemiConthe tour fsates tofattehel is
sem conductor substrap@edarad i’ SRy artégqq)rlsayezgei%ﬁ 10dé%iﬁé<§,5t %(% med
as the gate dielectric for the storage elenent, a silicon dioxide Tayer
preferably bei fPUREE: R¥ MREN§atd SEeReh dyirlatiange easeovfespendingn

seni conduct or wab3t rédreindyat ?m@ahby,p@ibein%égm Q{?ﬂduﬁbofsuf‘%&%i 3les %lggr e
ot her gate die i n_als e _use far e .sem_conductor subs

1. and the frrégﬁgéégéPégPﬁgSP%%%I%QE olfo 'ﬁattHP§P%%¥%9%uﬁ4¥%%J?§
conduct i véCconts ofirkaydiormed s orlmedgenet b edectade dort hehd i ss6ragd
insulating | ay for 113 by. d t process, an
patterned in sﬁ%ﬁgﬁmﬁhnﬁegﬁﬂgﬂéht%éggg@ ig%ggrvﬁggﬁgﬁg%ﬁ?P%ﬁﬁ%ﬁw%?%% is
obtai ned. Pre?erdidly, Sbfadifedoparepol y8i | tleon dameer oifs a silicon

semiconductor substrate. Naturally, other semiconductor
materials and other gate dielectrics can also be used

15 for the ~semiconductor substrate 1. and the first
insulating layer 2A.

Following this, an electrically conductive control
layer 5 1is formed on the surface of the first

20 insulating layer 2A, for example by means of a
deposition process, and patterned in such a manner that
the sectional view shown in Figure 6A is obtained.
Preferably, a heavily doped polysilicon layer is
deposited as the control layer 5 and patterned by means

25 of a photblithographic method for forming a so-called
gate. ' '

According to Figure 6B, the first insulating layer 2A
can also Dbe patterned in a subsequent Step or
30 simultaneously with the patterning of the control layer
5, as a result of which only the first insulating layer
2A remains as gate dielectric below the control layer '
5. However, this patterning can also be omitted. '

'35 Following this, a sequence of layers consisting of a
second insulating layer 2B, a charge storaée layer 3
and a third insulating layer 4 is formed on the surface
of the semiconductor substrate 1 or, respectively, on
the surface of the first insulating layer 2A and the



“deposited as the control layer 5 and patterned by neans 25 of a _
photol it hographic nethod for formng a so-called gate. Accorgjmgp yg7Fi gure
.6B, the first insulating |layer 2A can al so be patterned in a subsequent
step or 30 sinultaneously with the patterning of the control layer 5 as a
result of which only the first insul ati'ngq ayer 2A renmains as gate

dielectric bel n ye wever, this patterning can_al so be
onitted. 35 Fol o%mélﬁq&fh%gtarlogqug %5 0 ’Iaﬁlrérg’th@(?rsﬁ’sigfpﬁaéﬁf ' setond
i nsul ating | ayeP<i2e/nd Eed o1 @f ageeupaces ofantiayetsi id iorsufleatatiiy | ayer

4 is formed omdgus insd ag@er Oft Hehayssrd capdyC Oy SHlPétFi‘ﬁ.?cg) Ol tride
respectively, .on _the surface of the first insulating 'ayer 2A and the 0 7

FEB 2007 - 133%§t t &Pnetfednerol tp%yé?has‘ig? nSKRFEFSprbR¥SE &n D an

(oxi de/ ni t i de/looeme)t iseguenaro tihet ayensctsipa@ngr atihqy;#l@%ri&@ teeduta&\g%r the
whol e area an | 14 nitryd | ayer i s use S the charge ,starage

| ayer 3. As a%'tg aiféerlna;?%/e%&é%ogﬁefe‘ I'egtr?)lzcgf:l ﬁaﬁﬁs&lnaﬁ H'§ra§elyg
storage | ayer coehcdsive gcharge etoalage ahapéecicrincalsp be'lnaﬂa;idsée:e(dnarge
storage |ayer sgan ghso he,Hdeposi ted t he; ghar gg st ogag el 13
particularly dvant ageous se uencergg%l ayearqg whi ch pr ow&easj‘%fylpru]hl.rg . 10

i ntegration d@%é’latrﬁ}: S FHHFTFF eof p?‘%ﬁ@ﬁﬁr@hwh operiides, fior high.
particul atQ wherteidhea tfiiarst dmil@gm@tﬂ aywer sa&ﬁliﬂé%]e%meth d@rgjt tihe ONO
sequence of | -1 o] i s formed., 15 In.a subseque nmet ho ep,
according to Fi Scﬁrs‘é‘e?& TMalr{ prpggt&rﬁﬁlr?gr’l ayBen sb‘ﬁ'}ﬂ titdiSF depod Ser
the whole ardaY&¥d {fatieratdhed back anvanties ohat spognasmofg layayer s 6A
and 6B are obkaiofed iat ddigngyain and at the source on the sidewalls of the
patterned control |ayer 20 5 or of the correspondi ng ONO sequence - of

| ayers,
- 15 In a subsequent method step, according to Figure 6C, a

programming layer is initially deposited over the whole
area and patterned in such a manner that programming
layers 6A and 6B are obtained at the drain and at the
eource_on the sidewalls of the patterned control layer
20 5 or of the’ corresponding ONO sequence of layers,
respectively. Dnring this process, a so-called spacer
method ie preferably used for forming the programming
layers 6A and 6B, a second polysilicon layer first
- being deposited conformally, i.e. with the same
25 thickness, as programming layer and then anisotropic
etching back taking place, as a result of which the
programming layers 6A and 6B are formed in the form of
spacers on the sidewalls of the control layer 5.

30 Using these patterned programming layers or spacers 6A
and 6B and the patterned control layer 5 with ' the
sequence of layers of second insulating 1layer 2B,
charge storage layer 3 and third insulating layer 4
lying above, source regions S and drain regions D are

35 then formed in a self-aligning manner in the
semiconductor substrate 1. |

During this process, for example, an ion. implantation
is performed and a thermal posttreatment can be



“respectively. During this process, a so-called spacer nethod is preferably
used for formng the programming |ayers 6A and 6B, a second polysilicon
;layer first being deposited conformally, i.e. with the sane 2p] ffj ¢igness,
as programming | ayer and then ani sotropic 4etching back taking place, as a
result of which the programi ng Iayers'6k and 6B are formed in the form of

spacers on th i S he r | ayer. 5. 30, Using.these patt.erned
programi ng |§§§¥§8%@%§pa?%?i GESQEEEQEg anﬁugheEﬁﬁ%te?ﬁgévggﬁpgol T%@er 5
- with the sequERtReeFlYayefSusFesedddd idvadinat imagianser 28 zeegykingorage

layer 3 and thprelcéssulcati L@y heh Heo/i POrBELNEA TR CLet &5 ONS SiAgd
drain regions D are 35 t?efﬁgorned hn g sel f-aligning nannerbln the
seni conduct or SUHsTFAEE2:. 1 BOFHAG PRFSDpPa¥ebaver BreBx FAFIEErPER i on

inmplantation is perforned and a thernal posttreatnent can be 0 7 FEB 2007

14 perforned r di t g et ing ¢ .respect i\ qur and
drain regions.iﬁmaahiggf%%geggroceséﬁga%ygééog¥ﬁ£ﬁfgégie§ OFHE%EF%rgS’
reconst ruct i ngtR@ny S€EpSNge | i cdawhreh menHEEimeenodi stilebedthbrdn a

subsequent netheeusiepngacegedi ng tihdi @ L£gEDstothgeSeaYRRCe ofnd ayRES
consi sting of the t?ind iLnsul ati Iaygr 4, the charge Storage |layer 3 and
the second i nsTtEETng PEYEr128 i LYk t 6Pndd BRLLRTHEt hBY10iSSsktebReor

patternedlfr ogspameeny bayerst el fBogrammsngh lawamnesat hat bd h ihﬁ
control |ayer d_t i C S tr r,..respectively e
(o R o Nandel SONLICHOMn * B | BLEcdo P! 1 R30It Yenkine

source and draln regions are exposed 1i'S = "exposing o
source and dr af FMIEQRORSLOT gsydstaiaited 1 16r ONDegpgcstivhilyy rdtehosonsce

preferably perdmdmeghahi srogoyhdessa gh@i npsi gee angseusse skge segqugnce
of exposing of the source and drain regions, a so-called

15 ONO dry etching method is preferably performed.

This provides a drain side and source side sequence of
layers consisting of a drain side and source side
second insulating layer 2BA and 2BB, a drain side and
20 source side charge storage layer 3A and 3B and a drain
side and source side third insulating layer 4A and 4B.

At this time, further etching back of at 1least the

drain side and source side charge storage layer 3A and
25 ‘3B can optionally be performed for forming at least

recesses close to the surface below the patterned

programming layers 6A and 6B, which, in particular,

allows the insulation properties or leakage current

properties to be improved 'considerably. In this
30 process, a nitride etching method is prefefably used.

In a subsequent method step, according to Figure 6E, a
fourth insulating layer 7 is formed on the surface of
the semiconductor substrate 1 and of the patterned
35 programming layers 6A and 6B and the patterned control
layer 5, during which the places etched back or,
respectively, recesses generated in at least the charge
storage layer in the optional backetching step are also

filled up. To fill up the charge storage layer recesses



“layers consisting of a drain side and source side second insulating |ayer
2BA and 2BB, a drain side and 20 source side charge storage |ayer 3A and 3B
.and a drain side and source side third insulating | ayer 4A an§7ﬁ§@ At
this tine, further etching back of at least the drain side and’s r8 si de
charge storage | ayer 3A and 25 3B can optidnally be perfornmed for formng
at |l east recesseseg! 4t hg, su ces t patterned pro 1 ng

| ayers 6A and GE whi ?Eﬁ: idr%qéla(ryti CEFSI’ eex%?%%%\v/s '?%e %Irlls&fg'?lrgﬁ)lcr (%%er i es
or | eakage curfeftin@r Gifdttats fo P i AFEEPeIeRPST Bembliy. Derformedo
process, a nitfodeerémblag nethod is preferably used. In a subsequent .

nmet hod step, according to Figure 6E, a fourth insulating layer 7 is forned
on the surface of the sem conductor substrate 1 and of the patterned 35
programi ng | aler & eeseTeenandethodastepnedaomdisly tay&idmiredi ng

whi ch the pl acere eschiedebaekion, s ePadd Wlahin rﬁ&fﬁ&?% geperated iy at

| east the charge ,storage |ayet in the optiagnal backetching step are_al so
filled up. To ¥+n%pwﬁgghcﬁérg§a§FoF§§§slé?éﬂh@uﬁ%ﬁﬁﬁ?@? Prpipopide - 15
formed opti onadnd, sborcexaspde, prpgaammdaiy dpgebach aiCheng amt hgrkoa CVD
oxi de deposi ti i er - f .5 1n a_subsequent net hod step,
according to F@S%é%e%F,{CP{ H?%srénulrncci ﬁé&@gﬁ%@fﬁ& t R&EErai nBPéngn e
exposed, 18uriR¥PSs®seh atrhekelipheoraphicheetdaderied thaimsi dentand

source side pra@@agagokayeil s 28d16Rear &4l 30iccxpaSed t, fotaNg,
i nt erconnect areas. %Urlng this 10 process, "a photolithographic nethod for
forni ng contact® ®pert BrP&bf @EMESt | owed by anisotropic dry etching is

preferably performed. According to Figure 6G an electrically conductive
15 inter Conne%Cé@y&{nés {Qer&,{&grngd é&, t haen e)_(gfesc?tgrically conductive
15 interconnect layer is then formed in the exposed

interconnect areas, such as e.g. contact openings, for

contacting the drain side programming layer 6A and the

drain region D and the source side programming layer 6B

. and the source region S. During this process, a third

20 polysilicon layer is' preferably deposited as the

" electrically conductive interconnect layer and

planarized up to the fourth insulating layer 7, which

results in a drain side interconnect layer 6AA and a

- source side interconnect layer 6BB. As the planarizing

25 method, for example,  a CMP (chemical mechanical

polishing) method is performed which stops on the
fourth insulating layer 7.

In this manner, an SSI split-gate storage cell with a
30 small area requirement and simple structure can Dbe
formed by using standard methods.

In the text which follows, a control method or way of
operating the split-gate storage element according to
35 the invention is described, again with reference to
Figure 5, and only the conditions for writiﬁg, erasing
or reading an information item or a state in the right-
hand half are defined and writing, erasing or reading
of a state can also be correspondingly performed in the



“interconnect areas, such as e.g. contact openings, for contacting the
drain side progranm ng |ayer 6A and the drain region D and the source side
;progranm ng | ayer 6B and the source region S. During this pr pg}2@7third
20 polysilicon layer is preferably deposiﬁ d as the electrically
conductive interconnect layer and planariZed up to the fourth insulating

layer 7, whichyckesHbhg ina grain gide inter nect |ayer_ 6AA and
source side int grconnect N ayecg:“r GBB(.DfAs tthg pl %%rﬁaﬁeng 2%_[%1%?%0@ ‘F’%ren
exampl e, a CVMPCPERERPERFALIRECcHAditedles Pdle sinmigledetPurl 8 peefsymmedtwmi ch

stops on the béuthe istsubated RQ dradey, %thd NsdiltSe BEGESn &Hq SSheSBYLEngat e
st orage cell %Eg.gn 30 SéTIB_.H area r.eq‘#Lrerrent and sinple structure can be
formed by using Standard #®Yhods.*TH et ext V\ﬁf‘gh f ol FBRESSRORGARPLY

- method or Vay ohteppbeagenaylehe split-gate storage el ement according to 35

~the invention is described, again with reference to Figure 5, and only the
conditions for witing, erasing or reading an information itemor a state
in the right- Ran#WTR&Ef 2y elREPTRREIQAJLIGEN iimgo & ashhit cgatreadtngagef a

state can al soebemeatr 6gpebdigidlon Reld AHE L ddrdde O dmEEB BP0 eanf of
| eft-hand side_of the St.O{ age elenment when, correspondi ng voltages are

appli ed. Due t3°PhECsy Ty CBRTERe GHHFF el HBRELIPRe sGifflde re§PBn and
t he drai n1Q egbohentiakqueityvatieat sandceorlriasposdi ogl,y réspgadteediapgeahke. To

brogr ame the. Sro age SLarEnt: bi"Redts oo Teghrsa %, oo Eihitay Freer
i nj ection (SSI§B fWEtidPpopertitaveatin herdeur d® |hbaeadlleorto rpspgraimel y,
the source reghen Stavd the sewee Siglf ML argidy | ayercnbB gust.fe
positive in Orgfémégtpem%@éagég {é)r;mﬂgccordingly, a first positive
15 write voltage is applied to the source side
interconnect layer 6BB, a first write voltage of Vg, =
2 V being applied, for example. The drain side voltage
or, réspectively, the voltage at the drain side
programming layer 6A and the drain region D must be
20 much higher than the first positive write voltage or,
respectively, the voltage at the source region S and
the source side programming layer 6B and have, for
example, a voltage of Vps = 6 V as a second write
voltage. A slightly higher third positive write voltage
- 25 than the RMS threshold voltage of a respective inner
transistor must then be applied to the control layer 5
for generating the  SSI (source side injection)
condition described above, a voltage of Vg = 1.5 V, for
example, being sufficient if the threshold voltage Vr
30 of an “inner” transistor of the storage element is
equal to 1 V. ' |

In this manner, a source side charge carrier injection
"can be performed in the drain side charge storage 1éyer

35 3A in spite of a direct contact of the programming
layers with the respective source and drain regions,
the operating voltages being correspondingly low.



“the state on the right-hand side of the storage elenent. Mre precisely,
accordingly, a first positive 15 wite voltage is applied to the source
;side interconnect |ayer 6BB, a first wite voltage of VSL = %FV bﬁl ng
applied, for exanple. The drain side volt ﬁge or, r_espect!velgl, thdlljol t age
at the drain side progranm ng |ayer 6A and fhe drain region D nust be 20

much hi gher th fd r LRLYE %1 te vol tage .or,. respectivel he
vol tagegat t he@gotuelri‘(a:aesér eagii oﬁggbgﬂﬁ%@l eggglﬁr ce HH& pﬁrbgelé‘fgmfﬁ%h\: a%%?éGB
and have, for bétanpife the validgoalie \\@rage \ehenents exorordingd eto vohéage.

‘A slightly highawvehbibg posibyvecapdLi ¥ohfage 43 Jhapdt hgogygtggﬁespgl d
voltage of ar I%B (it'dve mngﬁ transi stor ,nust .t hen be apgl ied to t he .
control |ayer g io? gen8r afPfig FRETES B4i8Gr cANERBECRRPEEL i bAYST coRBBt i on

descri bed dbovehezeas| padegdf MGt drasy, vbdtagexamp! Eor}?@tﬁﬁﬁ\pit@c,f i, ent

i f the thresholLdgvel tage of "inpert_transistar o e storage

el ement is equal8 S,Io J?gvayg%]%tgﬁl 5%%%,8?%120 FEE SIS THINYE Cat FYSF

inj ection can®B®/ p&S o nEE@SUA tt hef dwhighsingd cheolge ster agmndmaterd 85 . 3A

source and draLR Leb oyt i OBOI B hg. oL See bErRG CorredRa nary
' regions operating valta ( _
fow 17 - 0 7 PEBSFA0PIChEo RERSE ot | her ARPAOn APFOALE ayaf o 197 L Haco

ri ght-hand 0 hatheofiralie: spldé - gabegst eragac) ellacy@r agﬁolr_d‘ioggi:[rﬁ;ﬁ:[c%]\}@ an
' ' - b [ fl qat | otenti s applie 0 e sou
!simégnit Infgrcon%%gfggﬁg%:a?&%ﬁﬁ% ’\M?aerieéa}'ge ﬁ?ﬁﬂnai F§FS§ré&§Lt\P&9ﬁ gt ERfor
exanple, VPG EhBeshpid ampliagiet oft he drespeciies i Ntienearnettahayetor 6AA,
as a result ofcahi abe halpdiales ae gﬁeerﬁé'ﬁé ?gctltiaif’e?p%ce ghaﬁgﬁ%Eg{r?g of

i i ns _of n aval anche e thé'drain
itgge?{ gzlni Lteglgglpgggegrgferab?Y Peing haca

15
To read an information item in a right-hand half of the
- split-gate storage element, a first positive read
voltage of, for example, Vs = 3 V is applied to the
source side interconnect layer 6BB whereas a second
20 read voltage which is sufficiently smaller than the
first read voltage and is e.g. Ve = 0 V is applied to
the drain side interconnect layer 6AA. To generate a
preferably reverse ‘readout condition, a third read
voltage in the region of the first read voltage of, for
25 example, Veg = 2 to 5 V is applied to the control layer
5. With regard to the reverse readout condition, it
should be pointed out that source and drain are
interchanged and the charge now captured at the source,
i.e. at the drain in Figure 5, has a greater influence
30 on the read current than the charge captured at the
drain, i.e. at the source in Figure 5. Although this
charge is covered by the positive drain voltage, it has
an insignificant influence on the resultant read
current, which is why states can still be read out
" 35 sufficiently accurately in the storage element
according to the invention with the source regions and
drain regions with a short-circuited interconnect
layer. More precisely, an associated channel section is
- depleted, and requires a high impedance, with a



-)

10 the drain side charge storage |layer 3A. To inprove an erasing process,

a |l ower second erase voltage than the threshold voltage of a respective
"inmer" transistor can be applied to the control |ayer 5, a ﬂrfzggééizhrﬁ

vol tage preferably being used. 15 To read Sm information itemin
right-hand half of the split-gate storég?a efTenent, a first positive read

rorLege o PheRIPIREy, ngeded | Suamnhi eh b Lle LI e % 3s.

i nt er connect Iayer a second

~sufficiently sﬁ%ﬂ%@t%‘ﬁ%hyt hé’hlfclhr steswlds voh t ageredndeds neafl &RGen®, V is

applied to thendrgid winde hahar copAectné A¥hfAAhak@, 9CRR! A Sséeiated
preferably rev<=.%%r<?v%j;eadouﬁ,j condition, a thi rd read . vol t%%e in the regi on

of the first r% t ag&CGfO% orf BB TSEnpt e, 190G impedg Hpplded to
the controb | ayesitivelyt kheegadd dimtde seveage legeaut( hranach)tr oshidh

shoul d be poi nfsg, put thakn SeHEEEa2Rd HEabNcakEenknt ef changed and the

charge now captured at the source, rain in Figure 5, has a
greater influence 30 on the read current than the charge captured at the

drain, i.e. atm@emwmadnn I'r_agub%eﬁ ddd houghy t BbsveChdy gﬁehﬁsC%\fefgd by
t he positive 0‘5 ﬁ volta an insignificant |an uence . on th

resul tant rea Peht S(i?%rﬁ%'r?"i‘%e WRF 3 s SIETeRS | £ore FEQHIBEL %"50

suf ficienflly astatres el yowrav'elne sittor agenele et r iancal dtagthast hend nyemt i on
with the sourcg &&9i oggnande drain _£egi-gng M t %&dlg}%{éu ircuited

i nt erconnect Ia er. Mre DFECISE y, an associ a annel "sect1 on
depl et ed, and %%ﬂ}ﬁ%% AhEyh PPbedapRe, SEPRRGE0 JFLFES 2007 the same

negati vel y chatgetechar persherageel, ay @opdd 0&303.@511&%%9{3“1&&%:5'9, oL £
results in a r&giér Ie% ad curr.ent, on_t he ?1 and. .. On .the other hand, an
associ at ed as materials for t electrically conductlve
15 layers but alternative materials and, in particular,
metallic materials can also be used. In the same
manner, alternative materials can also be used for the

insulating layers and for the semiconductor substrate.



" channel section requires a |ow inpedance with a 5 positively charged charge
storage | ayer (holes), which results in an increased read current. The
i nvention has been descri bed above by means of a dual-bit split-qgate
storage elenment for storing two. 10 states. However, it is not Trfdt 200kt ed
to this and can al so exhibit non-vol atil e- ggni conductor storage elenents
with only one stoLaggsstate. i h 33 manner. Furthernore, doped
pol ysilicon | ayers were gegggf%e% as mdterials for the electrically
conductive .15 layers but alternative materials and, in particular,
metal lic materials can also be used. In tig; ner | ternative

R b EhhsEar e

mat eri al s can a&so Re used for the insulating l'ayers an
sem conduct or stbsffate. 0 7 FEB 2007 - FAFSt] iswudptiabeleyes synbol s 1

Sem conduct or s@ibsBRat@B 2, 2A First inschakigeg sltay@ge 3ay34 3B Charge
storage layer 2B, ZBA, 3BB Second insul ating layer. 4, 4A, 4B Third

i nsul ating | ayer ' 5 Cont r ol | ayer 6A, GB% ES%Fa&ﬁFH&aFéygri?ye?A, 7B Fourth
i nsul ati ng Iaye?' 82n, 4BBB | nt er connect Chyjed $nSudeténgedager D Drain
region | Firstspart section [II, Il1A Ib@ngggqnga t section SL Source

line CG Controlégleggrode PG Progranmm ng_el ectrode word line
: : Programming layer

7, 7A, 7B : - Fourth insulating layer
6AA, 6BB - Interconnect layer
S Source region
D | _ Drain region
T ' First part section
II, IIAa, IIB Second part section
SL Source line
" CG Control electrode
PG Programming electrode
WL . ' Word line

BL. ' Bitline



i nter connect ayer

"BL Bitline O 7 FEB 2007 20 Cains 1. Nonvolatile sem conductor storage'

element with a sem conductor substrate in which a source region. 5 a drain
regi on and an internedi ate channel region are fornmed; a contr @] RE8YEE7
which is formed on a first part section of- the channel region and is
insulated from this by a first insulating |ayer, 10 a charge storage | ayer
which is formed on a second part section of the channel region and is
insulated fromthat by a second insulating |ayer- and a progranm ng | ayer
which is formed on the 15 charge storage |layer and is insulated from that
by a third insulating | ayer, characterlzedZQy-an i nterconnect |ayer for
electrically coggectlng the progranmng |ayer to the source region or drain
regi on wherein ?*1'he second part section of the channel region has a
source side part section i and a drain side part section; the charge
storage | ayer has aNeemvole tsSilde ebﬁligend&beb@ges,d%e a@ﬁ!eﬂeﬂﬁa'ﬂt%l dg

. charge storage gg d 8{189 agying Iayehg ‘Yq 3 source sid

programming_ | ayer and & drai R si e progr anmi ﬁmfquﬁflﬁFgﬁeﬁnnect
| ayer has a’source sfd@fatfer ¥4 | ay@ndanana idrimmeslided ncbaonehect
| ayer, 30 the segiesn sirde fotnesd;onnect | ayer electrically connecting the

source side prg gr@gglfg IQ%?%gc) thev o%th? 3 on .and the drain side
h

ectrically connec P&An-Oonj §e first part
section of the channel region and is insulated from

this by a first 1nsulat1ng layer‘

10 a charge storage layer whlch is formed on a -
second part section . of the channel region
and is insulated from that by a second insulating layer;

and ' i
a programming layer which is formed on the

15 charge storage layer’ . "and is insulated from
‘;hat by .a th;rd insulating layer, .
characterized by an interconnect layer . for
electrically connecting the programming 1ayer o
to the source region or drain region, wherein

20 the second part section of the channel region has a
source side part sectlon ) and a drain side part
sect;gn; '
the charge storage layer has a source side charge

_ storage layer and a drain side charge storage

25 layer- :

 the ' programming layer has a source side programming
layer and a drain side programming layer; © - and
the interconnect layer has a source side interconnect
layer and a draln side interconnect layer

30 the source side 1nterconnect layer ' electrically

connecting the source side programming layer to

the source région and the drain side interconnect.
layer - electrlcally connecting the draln side
programming layer: to the drain region,

35 )



“programming layer to the drain region. 35 0 7 FEB 1007 - 21 2.

Nonvol atil e sem conductor storage elenent according to Claimil,
;characterized in that the charge storage | ayer represents an (gl fgt gppral |y
nonconductive layer. . 5 3. Nonvol atile seni conductor storage el ement
according to either of Clains 1 and 2, characterized in that the first and
second insulating | ayer exhibits Si 02. 10 4. Nonvol atil e sem conduct or
storage el enent according to one of Claims 1 to 3, characterized in that
t he charge storage |ayer exhibits an Si3M,_ HFQ2 or ZrQ2 | ayer. 15 5.
Nonvol ati |l e sem conductor storage. el enen according to one of CI ains 1to

4:' characteri 2ed
i nt erconnect | VLT

| Wonviddlattine Ccontdedidaiict zhe pr&%ﬁgﬁg ng | g d Apd the
or pro UCI ng a

\ﬁ ({%oefl lQ Pol ilicon.
nonvol atile sem con ot age él ﬁ?c\ﬁnefﬁz?ﬁe o 1 9hek ﬁ'dl%t‘é%%rgﬁ)
preparing a seﬁlt@é‘ﬁaﬁct deysabstrate” 25 b)répresagta fanmstelasutratanpy! ayer

on the surfacaogtonBgcteeCaadest or substrate; c) formng and patterning
a. control layer on the surface of the.first insulating layer; d) formng

a sequence of |ayers. consisting of a 30 second insulating |ayer, a charge 
storage layer 3and ¥otwpidtideul at isepi@ayetudibd he sdd@cge of tEEement

seni conduct or gubst-gahg 2@d Qe ridie JREEINEH 1 and 2, characterized in

that the first and second insulating layer

exhibits Si0,.

10 _
4, Nonvolatile semiconductor storage element
according to one of Claims 1 to 3, characterized in
that the charge storage layer exhibits an
_ Si3Ng, HFO, or ZrO, layer. '
15 , , .
5. = Nonvolatile . semiconductor storage. element
accord_ing to one of Claims 1 to 4, charact:erlzed in
that the control layer ', the programm1ng layer
and the interconnect layer “have doped

20 polysilicon.

6.

Method for producing a nonvolatile semiconductor

storage element with the following steps:

a)
25 D)

preparing a semiconductor substrate;
forming a first insulating layer on the

surfag:e of the semiconductor substrate;

c)

surface of the first insulating layer:*

forming and patterning a. control layer on the

/

d) forming a sequence of layers consisting of a

30 second insulating layer, a charge storage layer
and a third insulating layer on the surface of -

the semiconductor substrate and of the patterned

control layer:*

e)
35

; _
forming and patterning a programming 1layer

on the third insulating layer on the side walls

" of the patterned control layer;



“control layer e) formng and patterning a programming |ayer 35 on the third
I nsulating | ayer on the side walls of the patterned control layer O 7 FEB
;2007 -22 f) form ng source regions and drain regions in the sqm Enggrt or
substrate by using the patterned. programrng |ayer and the patterned
control layer as a mask; 5 g) . patterning the third insulating |ayer, the
charge storage .layer and the second insulating |ayer by using the-
patterned progranm ng |layer as a mask; h) formng a fourth insulating

| ayer on the 10 surface of the sem conduck®r- substrate, of the patterned
programm ng laygr and of the patterned control layer i)' exposing
i-nterconnect arfhs oformiRg spupget sregionshe pat aedneikaﬁrrogfé@tnmg | ayer ,

of the source ilib repgéonsamdcohdubeod aighyagiqe and J)e% H’f %
i nt er onnect

electrically c gnnect .layer in the expos

areas for contac mfﬁ/%e%egég?ograﬁﬂ?n& P’\é%r of the sﬂﬁlcéheré’gltéﬁraﬁé of
the drain regi IPnEXPL lawemhod ackdralimasko Claim 6, characterized in that
a gate diel sctrg)c |spgtgﬁém¢ir§§s tﬁ}gflthgrrdl n§Hls§ibgﬂn% a%/%; AN step By 25

B. Met hod accorcq4 ng to S 7, characterize M /a fi'Tst
pol ysilicon | ayelfci%s dé& 8§atg§d Sy(‘?Ent rol  #BJerthe sesengd) . igsuppthog
according to od@wsr O ai ns Byt ms8ing 3¢hehapacterhaed pﬂ’bgtﬂ&%ﬁnl% ANy er

sequence of Iayers i's %O%Slﬂg‘éjcl n step d).

- h) forming a fourth 1nsu1ating layer on the
10 surface of the semiconductor substrate, ' of the
patterned programming layer and of the
patterned coritrol layer;
‘ i) exposing interconnect areas at least of parts of
' the patterned programming layer , of the source
15 region and of the drain region; and
) forming an. electrically conductive interconnect
layer in the exposed interconnect areas for
contacting the:programming layer of the source
region and of the drain region,
20
7. Method according to Claim 6, chafacterized in that
a gate dielectric is formed as the first insulating
layer - in step b).
25 8.  Method according to Claim 6 or 7, characterized in
' that a firsﬁ.polysilicon layer is deposited as control
layer in step c¢).
9. Method according to one of Claims 6 to 8,

30 characterized in that an ONO sequence of layers is
deposited in step d4d).

10. Method according to one of Claims .6 to 9,
characterized in that a spacer method is performed for

35 “depositing and patterning a second poly5111con layer as
'programmlng layer in step e).



“10. Method according to one of Clains .6 to 9, characterized in that a
-spacer nmethod is perforned for 35 depositing and patterning a second
.polysilicon |layer as progranmng layer in step e). 0 7 FEB 2007 - 23 .11.
Met hod according to one of Clainms 6 to 10, characterized in ?eﬁ %ﬂ i on
inplantation and a thermal post-treatment is performed for diff @ G out
and .5 activating the source and drain regions in step f). 12. Method
according to one of Clains 6 to 11, characterized in that an anisotropic
dry etching of the 10 sequence of |ayers,and an isotropic etching-back of
at | east the charge storage. layer is per?grned,for form ng charge storage
| ayer recesses in step g). 13. Method according to Claim12', characterized

i 15 th d f I h '
L | nat aﬂlOXIﬁ@%ﬁgﬁmsééégﬁgiﬁageEgor hod §%cohé?h§ tg on%ogfﬁg ain

storage | ayer recesses jn ste ‘ai s 6
to 13, char ac‘f@’f%“eﬁe’fhz%%a%nat #Franpéppsimpdenthtjen asd 20 tHemosilt ed

an](ctl pl anari ze(bcmsutrnt@dwmctllbayleyexlﬁbm Jdor 15a3 MBLBOHAGL QL W IskigNg an
informatiog it volatile s onduct or, storage' " el enent
according fo %ﬁ?%ﬁéﬁaibCFQQngouchoag \d%ﬁ+9tﬁF9%945mm ng st epd: S&EP
applying a firflt. positive wite voltage to the source side interconnect

| ayer; b) applying a second positive wite voltage, which is- much higher

than the first, posi \%P4WIte VO 1%? to 30 the drain side interconnect

| ayer and c) ; |)H4ﬁf hi% vetQr i eBevoPfagelaimpchbi stos| dght |y

hi gher than t ehaRR tieriosb| ih vidbd agan ohnfisot £6PL6t A¥¢ LBBRENGT BRSiLHEOr, tO

the Contrgb léaﬁﬁéﬁég &@nfa9éf§gaﬁﬁ %ﬂ (§%E¥éﬁfE etching-back of at '
least the  charge storage. layer is performed for
forming charge storage layer recesses in step g).

13. Method according to Claim 12, characterized in
15 that an oxide deposition is performed for filling up
the charge storage layer recesses in step h).

. 14, Method 'according to one of Claims 6 to 13,
characterized in that a third polysilicon la}er is
20 deposited and planarized as interconnect layer
in step j)

-15. Method for writihg an infdrmation item into a
nonvolatile semlconductor storage’ element accordlng to-
25 one of Claims 1 to 5, with the follow1ng steps:

'a) applying a first p051t1ve write voltage to the

source side interconnect layer; |

b) applying a second positive write vdltage, which is

much higher than the first positive write voltage, to
30 the drain side interconnect layer; and

c) applying a third positive write voltage, which is

' slightly higher than thé RMS threshold voltage of a
:espective inner transistor, to the control . layer
for generating an SSI condition.
35



*35 0 7 FEB. 2007 -24 16. Method for erasing. an information itemin a

*nonvol atil e sem conductor storage el ement according to one of-Cainms 1 to
.5, conprising the follow ng steps: a) applying a floating potédftFg8 20p t he
source side 5 interconnect l|layer; b) applying a high first erase voltage
to the drain side interconnect.layer; and c¢) applying a second erase

vol tage, which is lower than the RVS threshold voltage of a respective
inner 10 transistor, to the control layer for generating an aval anche
effect condition. 17. Method for reading_ %% information itemin a
nonvol ati | e seni conductor. storage el enent “ccording to 15 one of Clains 1
to 5, conprisi A -t h¥etdpdonitey stexmsing . appl ymnﬁpmafﬂﬂosi l:mﬁant i igy r ead

voltage to thenoﬁOUﬂatlibd%éﬂﬂdﬁﬂ&ﬂ&%ﬁ% Le¥eL. eb% cor §&AN read
A |rs rea 8Fe,"% 0

vol t age, “h'Chohg §E|C|enﬁ sgaller than t
the drain side Int Ra8e %8 §ﬁ@pEfséB§IyhﬁgfaliﬁWngreadpseltage
which is in tha) regpghyghgthe floatlnga@om@hkaga,&d)tHG senrcel d@ayer
(5) for. gemer alhBer@onh@¥er $8ykeadout.
b)- applylng a hlgh first erase voltage to the drain
side interconnect . layer; and
- cy applying "a second erase voltage, which is lower
than the RMS threshold voltage of a respective inner
10 transistor, to the control layer for generating an
avalanche effect condition.

20

17. Methqd for reading an information item in a
nonvolatile semiconductor storage element according to
15 one of Claims 1 to 5, comprising the following steps:

a) applying a first positive read voltage to the

source side interconnect layer;

b) applying a second. read <voltage, which is

-sufficiently smaller than the first read voltage, to
20 - the drain side interconnect layer- and

c) applying a third read voltage, which is in the
: region of the first read voltage, to the control layer
(5) for generating a. reverse readout.



