; €3eU QUIJKt M'. M N6NT*Och=Descri ption Nonvol atil e semni conductor storage
el enent and associ at ed production and control nethod 5 The present

invention relates to a nonvol atile sem conductor storag Mm an
associ ated production and control nethod and, in particjmmummmwmmm

nonvol atile dual -bit split-gate storage cell in which 10 inf, tion is
witten in bypgeaps,piogharge carrier injection at the source nvol atile
sem conduct or nenories which are known, for exanple, as FLASH nenory,
EPROM EEPROM FPGAs and the 15 li ke, are becom ng nore and nore successful

in many fiel dﬁoﬁugmaamee. g.s&ﬁi@m&w@@f ng, stelreg@munitainenss, and
entert ai nrrent el ect Eggl CS securl Ly te hn?I Og%h i.nce they can store

data in a ver§°Sf&ff a8£°§98F18n|8ﬂ ﬁ8P 5d-a fhout using a 20 supply

voltage. I5n this connection, there is a multiplicity of different storage

el enent typesy, ghe ﬁ%&&% '%%Ht%nfe'ﬁéwseéo dd) Partigshabia@ile

so-cal |l ed spll gat'e orage cel Figure 1 shows a sinplified sectional
vi ew of such ae@éﬁOEﬁvpﬁﬁﬁl s%¢¢¥a@%te3&ﬁﬂ%&keeﬁ@ﬁbntaHSO 2RTF R FRAt 0

Figure 1, a chapagktiedi and QQﬁ"IterQ)l' M@ 1861 §8A7UEhOp a1t Thulale Jccbe&ween a
source region S and a,drain re it into a firs p%%{ g%ctlon
r

IS

and a second BQPYoééEEFanqal %BnFPﬁFtF§9E? 5 Y9539F £ OF 1Y above
the channgl regEepmandoheiing @bisepar atredoyr amans soby chafrigest cansient i ng

| ayer 2A in the.fi ection Whereas it is located only indirectly

t
above the chaﬁﬂ%?cﬁéapoﬁE FRSeﬁPESSSUCtor substrate 1, respectively, in a
second part-section Il. To achieve the desired charge-storing

characteristig8nyolatife s'%ﬁltﬂ%@ du%t%lia&%o‘itl@sa%ﬂc?ye&ré% ]’cﬁo»fn@r ”?é'r above
t he channel region_or sem conductor substrate 1, res ectl vel

i nsul at ed froﬁ#ﬁﬁ?lﬁatﬁérﬁﬂﬁ%ﬁsﬁ@%ﬁﬁVlnEBBQMrnEEP§9 rﬁﬂ IEQ%r 2B

in the Sel®ndlﬂﬁét S st betominglombAR! RNt marseo- sfiﬂid:ﬁbﬁ@llrdel smahey char ge
carrier |njec% SSlo- sou&ce si de |nject|on the s # gate st orage

el enent accor o Fi guPECE also fifis a 10 Pr grannldg WEYCB WA Eh i s
essentially f@émedommuhﬁeasubhace obntbetehamgatst or ajectagric8 anand

separated or Lasulqted LLamhhg,) aitele Rhed tdUd il @i %) Ay ehefy
small space over a long period and without using a

20 supply voltage.

In this connection, there 1s a multiplicity of

different storage element types, the present invention

relating to, in particular, a so-called split-gate
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 I
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 1s located only
indirectly above the channel region or semiconductor
substrate 1, respectively, in a second part-section II.
To achieve the desired charge-storing characteristics,
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15 For progranm ng or injecting charge carriers into the charge storage

| ayer 3, a progranmi ng el ectrode PG connected to the progranming |ayer 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 f%ﬁé%eéﬁ‘? $ECU- PR 8865E0N N B |5 2B rRlRClddSAl theld is
built up in the channel area which is of such _an anplitude that, due to the

hi gh pot ent i aFhgragLlent TEYiesen®t el EEMEGREAEEHPRY f roRSIFE%our ck r egi on
S are aCfel er @b%ﬁeiﬁﬂi‘&é@b,aaﬁﬂnﬁ(?{s;tlﬁ%feéi} FAbnarhd rnjag@ﬁ;ﬁd_wl 4 0sébenghar ge
storage |ayer, Su rogcanm ng _under sour.ce Si i nj ection

condi ti ons exfﬁﬁb‘gafzﬁﬁgl FLFé{e& It &P’é’&@ﬁeﬁ@gﬁﬁ s'zc%lféﬁ't ?h%e?%'b‘gc%%rgfress
on the 30 9 nsekatiing ltayers conpared with the excessive electrical fields
required for a drain-side charge carrier injection. In addition,

programm ng under SSI conditions is_nmuch nore efficient than a drain-side
charge carri efoi njeRlements @ FOsGRELIEE whPeRCei Fi3% pSPAresl af2r¥herti ne
required for sHgRcRAGAN ARIING isHUrREIGEHOinYdth diEe, SeHE §HDIF agatagy
time, the channel current and thus the power consunption can be reduced. In
particul ar, h&Wevepe tﬁgeﬁ‘EBFat PRGOYEEPEgesCcahtBBY 3 agFani]P?Ean?l y
reduced 10t herogzemafingt U382 o enpitls wet kssentde ldiyde admgd)eorcatheer
injection. A disadvant us f.actor ip such orage ele | 5_source
si de charge CSPF?QFei f%gttc}?eondil%?g%o \O/Jég,get é%yﬁgcﬁ garnecgfé;érsa estl%% o?
expendi ture reéssuflanegd ifirquar theularttefr dw t &e thiirde isepaiattina ohayer

| ayers chargeystorage |layer 3, programmng |layer 6 and control |ayer 5. It
is particularly due to the additional 10 programm ng |ayer 6 and a | ack of
sel f-adjustnment that high integration densities can only be inplenented to
a limted®extebl fifodttmmiay | bridis cdrdmyecied ef@ntarriegdr eirkshene a
sinplified sec}‘i onal vLeW of furt h% 15 nonvol atil.e st ogags eldema?&,
where essenti SPPY 95 sBURAPPEd HRESTchannd®  REPCIEPERYFSn) SeR5F§8%Ear frer

i nj ection takesnpeatedat ttche thai nphygrnemmsngf Ratyecharége carrcensrdbiom t he

channel . 20 AGGALALAG @F IR o Y hd AR AL | £aolor a0e, el een

consi sts of a _sem conductor substrate 1 in a source region S, %1 drain
region D and aATentér medin@cE ethdihding spwirareedmedl, ard chaPgedl 308r age
layer 3 bep ngphoré®shdyraaf itlst th8SWralimord§ibaYe 2ren ddithedtneln
region, separated fromthe latter, an a&g n bein ui tabl e for §tor| ng
charge carri eF¥ChOR MAANEK f BRAC of Tt FESC G 1St a%ﬁ’-}% BhestagsFn a
control |ayer andMdedond saperatedibnom tared chal genstaleagericyker £3ebyd a
further insul gg' '&ﬁdf&’ehg“-ir?’othe. %‘?—{AH{naeﬁt é?eéh%hg,@n'btigato? st phpogncel |
char above, th

W th sourcesi 1arge carrier 1.nj ection, describe ' i's nonvol atile
storage cel |l empyitecds these cdneactocdireciiions, peagntyad conadsent

el ectrode;£G oWkl | N8 3% Mnd OSRIMECE-bRE ta@NdRlr dAVeg fordng arsour ce

line SL for connecting the source re%l on S and a hitline BL for connecting
the drain regPSFelaEaiededt tSuGhed sPRAOREHr éPANd B MR o1 RHECHPOdURE i on

of such a contentdnenalhsxidy ageoradd lsyeonsswet aptygsammlngi eddendsan
(source side injection) conditions extends the life of
storage elements due to the reduced stress on the

30 insulating layers compared with the excessive
electrical fields required for a drain-side charge
carrier injection. In addition, programming under SSI
conditions 1s 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



- 4 ‘increased density of integration can be achieved particularly due to
the Iack of a contact connection for a programming layer. 5 A

di sadvant ageous factor in such a nonvolatile storage cell is, however, the
use of necessary and high operating voltages in order to achieve a CHE
(channel hot el ectron) channel injection by nmeans of hot charge carriers.

In particul arm[gﬂ?%‘%c&h@ﬁydr@é&h@é’tﬂ 9at @ k0 é’&éé ages Aldrddee sesubhatof the

effort to shortén the programmng tine which i,s why progranm ng essentially
takes place i WitReSPRELSi £98f CHRE I8r SRR AR \}BIJfaé &87-'n consequence, such
hi gh vol tages for inplenenti ng a charge carrier injection under CHE

condi ti ons need di t.i onal p |ts an y high

stress on the® rélﬁaﬁd VAR 3SR é?’(%?]ae i I'gl}'llﬁ Cté) glgr@‘f’rr?n)slE ‘?’Eﬂé

sectional ¥i ewoatca fsmdénechangeerdamnar nnmy@d:ai@melfyeml'wmjmﬂor teeor age

el ement 20 fo ori or fro he
luh @Q??Mo Yeih 2° i Murd O £EGEPLEngl T OML

printed docunent US lgure 3, a source region S and
a drain regi opabDtwicudadn | FE@R nddieat Ehéﬁ%nr?@parr@gﬁ%nci)%té@él & %%r red i n

a sen conduct th ;g@stsrt@ﬁgje MRjieh :pheﬁmfd;raﬁﬁﬁﬂmjl Ex{ébi § sandf cbatrol
part-section two second part - s Cé-%{f, ”éf 3:&) ? at tgg EO‘”C? and
at the drain. @fthe Ssurfhcetdf RHEK %ﬁﬂ P&t e2995F PR
channel regi O@xo@e‘mﬁwgv@layeﬁ her andsaadaick aoB0s¢lfsadjnsuhent nghbhlyer as
gate dielectric r .as tun | ect.ri ¢ o) | nd ay rged on
t he surface o%‘ eﬁra@‘nsﬁ’l E'innsgl J‘aeyser &Uéﬁeb% %gglﬁtggc%?o%el and
a drain side dhangedstemt&gﬁ Ifpyesgh aﬁ%%@@%%@@@@t%r age | ayer
3B, which have 35 doped polysilicon as electrically conductive floating
gates, being fornmed in each case in the two second part-sectio A and
1B of the chdmgeire &idiews a Simobifind cFRnEiomel a'ﬁb‘%‘én%%t FOEEH‘: 8tr ce

si de charge C&lrdﬂv%fldtﬂjl%ctsearabesséléimtl merreewesénueamw nsi de-and

source side pro n nd. 6 uI ated aqr rat ed
fromthe respé:@gﬂ\?gnS C%F'B Z 5?18?8 $er \é\qﬁ% BB % VR F ur tcﬁrrl%
i nsul ati ng | ayerj etA iand ﬂBkear eplmateﬂt athehelmdiar g@ystroeage |y ehot3A and

3B. Al though Jélx a_,gr%r %\érq:q_seras Sé?ro%létl-ﬁed Auglspit split-gate 10 storage cell
a e

Wi th source si rge 1 njection

20 According to Figure 2, such a nonvolatile storage
element consists of a semiconductor substrate 1 in
which a source region S, a drain region D and an
intermediate channel region are formed, a charged
storage layer 3 being formed by a first 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



conplexity and space requirenment are again increased due to the progranm ng
layers 6A and 6B used. Figure 4 shows a sinplified sectional view of a
further 15 conventional dual-bit split-gate storage cell, where identical
ref erence synbol s again describe identi ca4l or corresponding elenents as in

Figures 1 to 3 and a repeated description is omtted in the text which
follows. 20 Ag [ to £ qure 4, it i Lp: pgssidle ty st QLg; L¥eg
storage st at egfﬁe??éggtdm C@ln?‘ii,&at ?%e %gﬁrégghgﬁ Rat “Che drai ng(:5 nla_char'ge
storage | ayer p8AtasuleBlybdusuER £ha otagk @fenencodeStanCereeftieal |y
nonconduct i vefds ai biregRafininiyde al >r as the charge storage |ayer. Such a
split-gate storage elenent as is known, for exanple, fromthe printed
docunent US 5, 408, 115, again results in advantageous or | ow programmi ng
vol t ages die Ro dikaddintdeddes Saceandihi enchi i wivreho Laisel ¢ hetopapeexi ty
30 and the space.required for achievjng ch a. st 20€, me arg. again
very high. Thgei?[rliveﬁ‘tsi'on?“loé“fevt%ére%\(;r{ree, S!z;ese on rt?‘{’]e o%%e)gt %I{‘ldcrgzla ?ng a
nonvol ati | e seperendogt oroltagesjeinl order 33 aadhinvassoGHE edchanBugét i on

and control nmgphod e RANS Glahe €Ny A 86 FPbAT L9 mdladc ld ens@nchargehi eved
wi t h advant ageous progranm ng condi ti ons. - 6. According to

, t_.he
i nvention, thic3rEpEEst | $NachRrBYEEUbIT 1 het B3R uretht dgedinm 80 t HaF&gar d
to the splpt - gaheagllr aite etagEHas it tHE MRRSUEESo0E Ebaighortért hthegar d
to the production nmethod and by the ms,asurﬁs of Clains 5 16 to é8 ﬁth
regard to t hePEQHEPBILRE: not™e | PP-EMpars | WY alP Thid™ Hdifer SPEF 6l 8¢tYical Iy
to the sourcetakgisomplHtesiipl ehestriodhire wift thebtlaresiilowhevopeagesng
source side char X th e .af i n t i h
programe | ayleig1 gcreorgﬁ?%%eé(g%i o%“#_ athggrfrun%%f%iéﬁgl ggg slpggge,rée%%(j’errgnt IS
vol tages stilchoaiory Icewrdes t andectinpectn@Rr ACHRar gendisiage | aped
pref er abl y5 coRa S opfa1anvd2tabect shgplyy doreondictdne ansubatiragielgyer
such as, e.g.,an_Si3N4 or Zr02 | ayer whi.ch qrow des a f.Lgtc_per i ncrease in
t he integrati@ﬁg@eﬁ§FF?§ 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 channel region, respectively, there 1is again a
30 first insulating layer as gate dielectric or as tunnel
dielectric, a control 1layer 5 Dbeing 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.



A second part section of the channel region is 20 preferably divided into a
source side and drain side part section and a charge storage |ayer, a
programm ng | ayer and an interconnect |ayer also being divided into a
source side and drain side charge storage |layer, programmng |ayer, and

i nterconnect layer in the sanme 25 manner as a result of which a so-called

dual -bit spliggat Emgiefnéﬂg cehb caBobembARkeneat edohfcd séipbe smange. Wth
regard to the nethod, a dual-bhit split-gate 30 stgraﬂe el enent Caﬁi@@
produced in aCpEFEEEUl altPyeSEABRe afd i nXpensFURAHENAR by FRRT Y a
sequenceI of | gygggsggﬁ_sia?d @@I?fce_a ﬁeaia)rpidgmdxrﬁilﬂmgla{fwm , 6 ahdr gB,
storage layer and.a third_insul ating |ayer on the_s 0 :

semi conductorwgﬂtﬁgt rAte dRGY tz?dSSgEatsté) &;eéionﬁcglf' ﬁ:gl;e/eer£%n egt?ve
subsequents spahetgeeishodaber layerisn@armhdaiB émni agfwethert insuprbghRanmi ng
| ayers. thg r%gaﬁg tod _thcon%]_Lgl 1R GOr rasponaizRg v kE8rygbt ages
are applied to ¥¥e sour ce side’and drain side |nterconnect | ayers and the
control |ayer leyerisngPemast 3%y the witing of information into the 5
storage cell for generating an SSI (source side injection) condition which

is why low wite operating voltages can be achi eved. it he her d, to
erase infornaﬁﬂ@ﬁPuéﬁa§§rV%lPE@%ggﬁﬁ éaﬁqifég%ﬁqeéﬁﬁigkﬁ% aggfﬁ gggé

i nterconnggt lsdyaiagandcedlt hei glontsiodirdeayeidehiciesge sogledatian anthe

aval anche effect condition results in_th el d af i QW3
operating vol CoJPL SR EYagal NG eagqur%g‘%% gadaoﬁt ar\?%lt;il{agYeiglbgreké1

i nt erconnect ”arenao tiiet progiramating dayErsarbd @it il iusied + em
corresponding read applied to the source side and drain side |ayers and to

the control layer in such a a so-cal]ed reverse readout condition :ns
stained in th@isugeade e . simplhfsedusRerilonal eeWsShr ¢ EORLRGK

condi ti ongs candfyeift@aid f ahatlh®ispl 6h1get gaseoragerasgd | caddar diwhgreo t he
br ogr anmi ng. | S0 MR TR SR ISR (SO RBOUP IRt Se ot CER ERCoRt on
are char act er icatdapdriiEreubellamentsl nashein eX@ioMriash flol tows3 tangl a
: In?/ﬁrslzlrg'?l \\I/\'Ll Ire%eea Oeéjeﬁfééé}%%éi%rgrqg elondeliald By MaRs @%x@N 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.



enbodi ment and referring to the drawing, in which: Figure 1 shows a
sinplified sectional view of a splitgate storage el ement according to the
prior art; 35 Figure 2 shows a sinplified sectional view of a nonvolatile
storage el enent according to the prior art; - g _ Figure 3 shows a
sinplified sectional view of a dual bit _qut it-gate storage el ement according

Lo the prior apti,; BLOWE che Moo POAIP! LhLEToBIEELONY JdiBLplg Bpburther
dual -bit spli -gafe storage e enen? according to the prior art; Figure 5
shows a si npl theededarmesn L vEeainf la Widdt 1929REAs S0 thhfat 8051 bragee

el enent accordiBgabe khemeReNtdyOohea b e il o B A alith 66 when segatafi ed
sectional views for illustratin essqgtlal Eeth%% steps in thg $%oduction
15 of the dualFSbites RFINUHIC B R PRARY & oﬁrlﬁ%dlﬁecf tfe Tn¥ENTi on
according 30 Ebgupels. whimht keghext tohitthle tohtawd, meht@odnvention will 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 principle,
cor r espondi ngInomel partécedartyndus otostheags el efferdrs fntesconnagtonly a

single state I o] i 110N i cul.ar, 4 [o])! d out
that due to tﬁégfg :%nﬁetag\%h\é?gtkﬁélgt ocgg{gﬁeé%%elﬂébntthéh wn |I%n?rﬁae ﬂig%?es,
the source re§PontBAd $RBrEfai FEIERYR orPXafiifd it oA§%dOed thE thepnghuch

quui valt _en.t.c|> an@imﬁﬂeﬁomﬁé #i ehalfie1c 01 6£5 Pepdagnedulixindiangesbl e.
n particular,  t

i,.s al so_applies t.o the source si. nd, drajn side 30
| ayor s, wher OB e EEE BRI GohARA T ) TS ibelfY iiE £0
exchanged. Fi goueck shaws chasigeplciafriréerséctjieartdlonvi ew of a dual bi t
split-gate storage el enment according to the 35 invention, identical
reference synbols representing identical or corresponding |ayers and
el ements as i A Ficharge 1 Storagind laveiheReif ey pt¢ars betag ofi t&8d in

the text i cR1k@hk9Wa11y nonconductive insulating layer such as,
e.g. an Si3Ng or 2zZr0O; layer which provides a further

increase in the integration density.

A second part section of the channel region is
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 layer, 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.



. 0 _ According to Figure 5, a source region S, a drain region D and an

i nternmedi ate channel region are fornmed in a sem conductor substrate 1 which
preferably has a silicon sem conductor substrate, this structure 5
correspondi ng, for exanple, to a PMOS or -NMOS transi stor structure and
havi ng correspondi ng p- and ntype dopings. To achieve a so-called split
gate area, thﬁieﬂagaghrae@doont ScBntib$! mRRhbySeUdrdedpdMicly write
essentially located i'n a central area of the channel. 10 region, and_ two
second part - séeifafases| PACafPRLiBdutQ nthlj 8PHTEReSEARs ANShAtadbtS ¥ in
drain side anghseveefinettde argpsrof tdied chameel eegieslandlgxeend feort he
source region,S gnd d%ain region D., 15 Acco dingfto F%gure 5,§§1 h
electrically cURUGREPVEEont W whPeh FEEPATALAPEd B t N % hanne
regi on by ; fiteragasulcatliing fayerg@ferat ing mednon SSie flgstrgeartss@eti on |
of the channel _reqi T s I o [ : a

hi ghl'y doped £85§gF§§FPi2§ﬁﬁﬁg§éﬁ% Yﬁ%g¥i?Stqﬂﬁéuﬁi?i%8“F§§359%§?t959
representing #oyseeedi epachei achag@vphef erably exhibiting Si02. On the two
second part-sections I1A and 11 B of the channel region, on the other hand,
a drain side and source side charge storage |ayer, 3A and 25 3B which is
separated or Pﬁsﬁ?‘&t ed Fogﬂalnﬁie ct%’ar‘?r’raser gd?tlcﬁfywlaf’ré'ec%?ﬁ)s? Nt 2XYRY | ayer
2BA and 21|EEB i gahobat a@pil:ieaa(ﬂm ctﬁmefdmdﬁ fﬁcw[(:nﬂcbircrmrh@ct& ngayayeanaEA and
2BB can al so be identic pth_the first insulating er. 2. ar ge
storage Iayergoprt er%%l%r%\jong?¥?ro éﬁthelaecet rlgl%%?l ;t/:h%)céncaorgn U\Z%%_}é@hg

insul ating | agéfesticlromsiitd.op wesilisoimnithei ddanmedr arwhi calaesvely in
smal | layer hpgkpgasetifgd.advankaoaens ghandecgtatal.ng 35 .
characteristics and i1 nsulating characteriStics, respectively. In principle,
however, other insulating |ayers such as, for exanple, Zr02, HFQZ or also
conventi ol ebectsagaldyt canduchfyemat Dehi N-gat ecbayespondinge vsed as
charge storage h ers 3A and B.d - 10, In _the are%.of t he Praln fége and
source side cif g 9&FoPEGe afpéilé’r% 370 A 3BOVEF & PEaI TR Hitiet FY
progranmi ng | aneexcbAnact GByars arsd for hbd apntheldrlaiverarid asuckhea

source, which ] asg.b a in f : hag ge
storage | ayerm%kggkd @%g %a %%l?%f?%%u%&e%el a%%éaéﬁgagg%té}?rpggé Si 02 )
Unl i ke the priederably horedaed tiResbedsiioraged€dsdeDsour ce si de

progranmisg | ayers 6A and 6B cannot now becontrolled separately fromt he
source region_S andthedrain regiion D but are el ectyrical

%i/ connect ed
onthedrain si d8 &hdSoMd &30 NG GRS HPL TR E Vb et FEPnY | G2g Pe
respective i ntceeagedector ayttle 689aht1S56HBB. sthirage ovelles sxpldinggate

st or _age el errertl}x\én t h{r?\geur?tedor?unbflr OJ {:oppnegkl nga CO_@L?Et S’of s ara]:e
particul arlyforthe conventionally used progiranm ng el ectrodes E’%, onl'yone
source |ine Skohmectdrnscifiong thiee respecd 1vey PR ISaniinige 180@rse si de
programmigg | ayer 6B to a20progranm ng el ectrode PG and one bitline

BLf or si mul t aneously connecting the drain, region D andthedrain side

progranmi ng | EPEEHER AV INA IR S1s FIPPALELR ANt  FRFer B8R D& ™hg2F Br ned

now. The cont BlaeletleradedCEnorhadsdddlramdl, i s agai n usedf or 25connecti ng
the control layer 5. Accordingly, a source side charge carrier injection
can still be inplemented with nuch reduced space requirenent for the
i ntegrated stamagehel ememt:, which follows, the invention will be

30 described 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;

35
Figure 2 shows a simplified sectional view of a
nonvolatile storage element according to the prior art;



30 results in advantageous or |ow operating voltages. The naterials used
for the third insulating layers 4A and 4B are preferably oxide | ayers such
as, e.g. Si02 which results in a so-called ONO (oxide/nitride/oxide) 35
sequence of layers for the sequence of I gyers in the two second
part-sections 1A and 11 B, which exhibits excellent insulating properties

due to its ba UST Wi - slhp1h Ribhe 28 RINGFi&s bBeacaliab! | ayer
5, the prograngr?l?l%él gyg g’A% aandSGBpandlt he associ ated interconnect. | ayer

6AA and 6BB chht aF®aidxmakie HeXA9S 8OBBEHoIARSAELART whf oSt A YEs f or
particularly gyginple processing, and thus an inexpensive storage el enent,
by using standard materials. A fourth insulating |ayer 7 which again
consists of silicon dioxide is preferably used for insulating the 10
control | ayerrbgand thehpwsgmamiimpg ilfaper $eand dnatlernt@wmert a af@fBheind this
fourth insul atin ayer ; be .l ed rgy j ndss e side
fourth part i gﬁ?é#ll%g %@g'?ééto%n t?%%ﬁ%lr? aegéenéggg gd&soglgglgﬁhgosﬁice in
at |l east the phapgeastorage 15 | ayers 3A and 3B which provides inproved
insulation of this charge storage |ayer, particularly with respect to the
i nterconnect |ayers 6AA and 6BB. Thi s recess close to the s#rtgc L, Das been
ing

achi eved by nBAHYTEf SarsRAE r Bpd MBLiRG EOr e YHEN & ayer 7 was
20 deposited. pHewewsslit-hesee pastoragel atdlregndray er acZédrdndg 7B tean Blhi¢o be
omtted, particularly when_.electrically insulating charge storage |ayers 3A
and 3B are uséBYe§%l§Pnc 9he injected charge carriers are essentially
inserted in the charge storage |ayer 3A and 3B at the transition of the

par t - Sect | Ons g gl,0 Ll Azl bk BeBNAHIIPT 81451 283881 LBLkY o 1IN 0P
t hese charge qa?rlers wntﬁln t he charge storage |layer. 30 Accordin Ix, SS
split-gate stéraystarsine s ohthi REGLRA; QBﬁant‘%HWaﬂ¥%é%SEg°

oper ati ng; ¥ 0l LgeneWdud 1SIHIR idd18d atectduerayel ¢pshiaet specedirgutoenent .
35 Figures 6A to 6G show sinplified s ct%pnal v%ews for illustrating
essential met k88 SPYFRRY RECHFEGUE i*On FdF Y Re °SSI split-gate storage

el ement according to the invention, identical reference synbols again
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 Dbe
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 potentials
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 elements as in
Figures 1 to 4 and a repeated description being omitted
in the text which follows.



i, - 12 designating identical or corresponding |ayers or elenents as in
Figure 5 and a repeated description being onmitted in the text which
follows. 5 According to Figure 6A, a sem conductor substrate 1 is first
prepared, active regions being defined, fjor exanple, by neans of trench

i sol ati ons or correspondi ng well dopings "being performed. On the surface of
the sem condughen, guhg!réd € riqurd | St BNSUb@idd ddiein 28, 10a] Safd ot
forned as the gate di el ectrlcg]‘or the_storage el enent, .a silicon dioxide
| ayer pref er abE§i88i Ry aise Pasinherpadtabli GBanager refithe akss LM

Si Iji COE sem coAductsdmiseisduct®er DNabstahty, 10tdieiciseprenadablor hant exi al s
and other gate.,dielectrics.can .also _be used. 15 for t Sem ¢

substrate 1 aﬁagf’ﬁgnfi rEFmilﬁ?&flgFi%ﬁé‘ I afé’%sfﬁatlgdl I O\r/!iehnlgs t hi%?plgér?ﬁ&fe

el ectricaldy condaspoudingnt r diot ayexadpile,f orteed en tPMOSur ogce MMOE he

first 20 insulalhagetayete2ficlol SHAMIER it TATLRlMIIRPAS! La/gR AL 0cess,

and patterned in such a manner that the sectional view showl in Figure 6A

i s obtained. PYBEeCSBIfgSa HRAVAFPiEBBed pPyed1lednsPajér dafaiepeRtt ed as

the control |aygr chadR@lPadfrdiethdy geanssg5pakrtaseletion thagiadhi £s met hod
for formng a so-calle

d gate. According to Fig re 6B, tget&‘i rst.insul]ating
| ayer 2A can SF§8NEaapaYt rQfAteh iNs ihsEFUEREL sBEF%r 080 WiEmfiamets| y
¥w th the mflt t gégiiFg,otanrghe:v@r&é@énd ay&ftézeafiensesmht anid VYII'ﬂiE:hu]mild:Iyl t he
irst insulati .aye A remaj ns i tr.ic t on
| ayer 5. Home9§891flhi éhﬁat%%ﬁ% ngp%:tn‘g%%ol rg glfn' tlbedagéngogﬁggw n%ﬁ(?hi s, a
sequence of | apersecerisiestarep®f 08 $beormhdnnrl areagonapad EXten¢Ehé® ge

storage | ayer (3oa08,3ckhiedibRSYl ahindrhayetehibs Bormed on the surface of
t he sem conductor substraté 1 or, respectively, on the surface of the first

insulating |ayer 2A and the - 13 patterned control layer 5, in which
process ars ONfxtexhdagni ol deviouirde) sequanceeDéctyedBly s poedecably
deposited over the &hge ar e?f ang.t e ,silicon n%trl d}g_e I ayﬁh IS userqef\s t he
charge storagECP&Yar 3LaYET an 5WAFERr ikt | vESUARGPHer S TR c £ Caf O™
insul ating chaegeoat tyage fiyer Snmehlasiegglaged?ar iel somaredl ecttheal |y
conduct i ve Ch%ﬁ%‘étsg%%%g%&'c%% qan, Alse b&él%?{f'féﬁ L &9, trEI‘?%Céé‘ﬁgfoftmage
| ayer 3. A parficularly advantageous sequence of |ayers which provides for
hi gh layer 5 "consists, for example, of a highly doped
20 polysilicon layer, the first insulating layer 2A
representing a gate dielectric and preferably
exhibiting Si0O,. 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 is 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 1layer 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, ZzrO,, HF0, or also
conventional electrically conductive floating-gate
layers can be used as charge storage layers 3A and 3B.



10 integration density with a sinplified procedure is obtained, in
particular, when the first insulating |ayer 2A is etched back and the ONO
sequence of |ayers shown is formed. 15 In a subsequent nethod step,
according to Figure 6C, a programming laygr_is initially deposited over the
whol e area and patterned in such a manner that programm ng | ayers 6A and 6B

are obtained ah i difed 3Rd kle  ABa$AVLIROAdCsSLHEYAldiBOl chdege
patterned control |ayer 20 5 or. of the correspondi ng ONO seguence

0
| ayers, respefEPYePg. BEYERE tRfs {étesiB: a SETH TR SpacePnHet b s
pr:af e_rft_bl y UF@QO&Q}?_mﬁQh@’ibﬂ._ga}Eéhﬁs pmgra&mnd 'wfla&fyélrlal@é_ apelr i &tﬁeﬁn@d e
pol ysilicon er._first being _deposited conf.or i.e. with the_sanme
t hi ckness, asg%%ﬁr aﬁﬁlénga}:ay'égeanﬁc’?ﬁgﬁ’ anwgb{;rﬁopgjéeet thi n%a% ckc?%gi ng
pl ace, as % resphratkdwbirchirnshg aedgriamn njd alergs /s nh®s baxef ofdved in
the formof spagers,onythe sirlgedl Lasofatheoconiyal Layend. 430 (sigg these

patterned programm ng Fayers or spacers the patterned control
| ayer 5 with BR€25equence of |ayers of second insulating |ayer 2B, charge
storage layer 3 and third insulating |layer 4 |ying above, source regions S
and drain regions. D are 35 then formeq in a self-alignjng manner in the
semi conduct or UEEB%‘Fr At 1 PIRQE ngt Ehi SN &ss, tPSPeex%fn%r%, S&ﬁe‘l oﬁné

i mpl ant ati®n esupeefl erired mrubranniergrel aypess t 6RabmEnttBECaarhet novdbe
performed for diffuskn i i n he _r ectl sQur a drain
regi ons. An aﬁ%ggf:bl;lgle%_r %(L:é«%)s??é%aeﬁlﬁ}alés{%# h%?\épgoﬁgggogﬁgégpo%r%g%ns Fucti ng
any crystal | dreivce mggicdn ny haveabeereldichinirdsddy Sconnacsadsaquenlenet hod

step, accordipgatg Figdee 40y (e $8QUEHSEroE | ANRE S QRIS Ngoof ohae
third insulating | ayer 4, the charge storage |ayer 3 and thé second

i nsul ati ng | afBPtBBT| sVHAt ther AEFPSHY 1YSI Ny ERECAPRPphcrY T At eFPed

programmiygy | gpers B angrobided sacClpd itegaee tHedbrigsh dilmesantwothl ayer

5 and the sem C(&ndu%tor ubstrate 1 or,. respectively, the Sofénﬁﬁya?d drain
e d

regi ons S and*BYHFE SX. BorFHE WD TR 1 heP 3ot ¢ fn

regi ons, a sottel lconventOhdadly etsed myromtawding eredoradesy per f onhed.
Thi s provides draj | des.andaso I §@ﬂ54§n of, nst ski ng of
a drain side g?llg ss?l}'{r}cczé S|fle sgg'o[r;fr %leniéj ati ng aggre fgk%g%%%%% grai n
si de and 20 s8Bfce Bitle SPUFGe sEdF&ge NEREFANBNhd BBYEAd &Bdr &% sfde and

source sifle tBrbdrhpmdhat | nd daeiadA pRd 4Ba Abnkhi Ditdie f Ut hegoet ching
back of at |east hhe dralgr si de and sourcg}i si de charge ,storage | yeé 3A and
25 3B can opt PERALEFIERUSYT of FRCF 11 ofien P BR 1T e 918 e¥s 8% BEE to

the surface belrednt heigat tiromchnmigs arbsyey | axersiSA wrel GBainhi shdei n
particul ar, al h%‘éV%ctog\e elcits ”ié%:?t”ﬁ%o%é{ﬁss fUrnleRPKAGS . CYHENERERBE LI es

to be inproved considerably
electrode CG or word line WL 1is again wused 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 band

structure.



30 process, a nitride etching nmethod is preferably used. In a subsequent
met 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
programming |ayers 6A and 6B and the patyerned control layer 5, during

whi ch the places etched back or, respectively, recesses generated in at

| east the chakge $HQr ag8naY efarddbd heasoptg[}gglalcg}gﬁk&'g chi Hgest ep argnal so
filled up. To fill up the charge storage |ayer recesses - 15 forned
optional |y, fBFOF¥EMBLEY byl &¥FT sobfopiddhackB et BRfng & ho¥SSACEYEFOxi de

deposid_ti on isipeetreciBéctl Qayerargize.arid 16BR satbsemgenéxntbhodheseply
accordl ng to

Ei qure 6F,. the source region_ S and the drain_region,D are
exposed, duri ﬂ@%\ﬁﬁl ci?%etyﬁlg'a]scforbar‘f’élgf? tﬁ’goﬁé 8r ne%%ra??irgfa'él hd¥ sour ce
si de progranmisigplayeprbieasdngB amedal sbuexpesediherpénsmivag shoeagennect
areas. During_thi 0 i i<c method for formng
cont act openi r?&lséhgpjcho%’g%%gﬁgo%\é%%ba{?@gn%%%g%%?g ‘dry etching is preferably
performed. According to Figure 6G an electrically conductive 15

interconnect haygsuisht he Jiiemedy | DalBe expesedn Nigs LANRRELs idtRASofsuch
as e.g. contact _gpenings, for c¢ontacting_the drain_si de],r{gsr ogr.ami ng. | ayer

6A and the dr &AicoG S IXIR Lhe REGFEERYIe PFDg e "fla@"e]rn%ngﬁd t he
source regooncontwl NngLdyds peocess] athdi r gragrpamisig i claydmyer and

preferably deposited _as the.electrigcall nd i i.nter t r and
pl anari zed upl RS hl?}ﬁgﬁ%até}nﬁ% %Q;gr g‘?&ﬂ%ﬁcﬁ@lrsesl‘élq{lgacnlégé?ai n
si de interconeest dbyer BAA eerited sesr o dirddni releonndctsdwre 6BBE As
the planarizi %u%%hmaﬁQPE’ {0 u BXaTY €128 eeMM ACheld cak nBehani eabess

polishing) nethod i1s pertornmed which stops on the fourth insulati ng | ayer
7. In this mafdese ako ssihespFirfgaee it orfigd @28 Wheh BIPSEFPTEPEA
requi renend an@y&dEpl ¥ SARACEEr @hdah Redadwd Mprsidw shenlat tdonebliods.
In the text which f%lows, a control nethod or \Aﬁ%ﬁﬂ’ ogerating tPe
split-gate st e CAENtS WA TRY ¥ BPTHECY i BhCPsTEREFFpEA,
again wth referenocdcdnmprte bayans 6ARy anlde 6BIdi Thimsréoessr cllpag,
erasing or reqdi ngan 0GR g LI A RRLRA Nl henbhalt naad Bal f are
defined and witing, erasing or reading of a state ca al'so” be

cor r espondi nglipqfaiordrdre@trhinge before the insulating layer 7 was

20 deposited.

However, these part insulating layers 7A and 7B can
also be omitted, particularly when electrically
insulating charge 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-sections 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



- 16 . left-hand side of the storage el enent when correspondi ng vol tages are
applied. Due to the symetry of the storage el enent, the source region and
the drain region are equival ent and correspondingly 5 interchangeable. To
wite an information iteminto a split-gate_storage el ement or to programme
t he storage el enent by means of source side charge carrier injection (SSl),

the 10 potent |5als;3halheoSOU §&nt i flstoqr é@fPé&Bbﬂ&lﬂ t hey3Y ceofegi on

S and the source Side programmng |ayer 6B nust be posiiive I'n order to be
abl e to progr &ARECRRE st elBn FHTY ght - MARd &i JEPERTERe SEBFLLBTEPRNeNt .

More preci sel peiagCondith@ldy ind thie SlexposiHiicte £63 1wkist.e vol tage is applied
to the source side interconnect |ayer 6BB, a first wite voltage of 2 V

bei ng applied, for exanple. The drain side voltage or, respectively, the
vol t age at5thadmund1mg(ﬁprfiguaanﬁhg haypemigArave tdre ks trateyi bnid nust

be 20 nuch hi ghel st Sg&écdz\eféarstacp&%' Ve dhe vgéiﬁ@e QL £ihEgPeckpyel v

the voltage at t regi on and the source side prog rannlng | ayer
and have, for eeampice, by WRange bftxgrch Bs%&%gl%n%eEBnﬂoﬁFPFEov FPﬁge A

slightly highgjeitihi 88pPRgE! IBEELAY | ber\fakinége 2nt hae ter RMBet lyeshakd
vol tage of a respective Inner transist nmust, t hen be atglled to th

control |ayer 5% NGRS | TP Het 'S5 (sBuFEE%ﬁ(ﬁ?ﬁqﬂ q%n}a¥%ﬁd?§ion
descri bedi@bove, #irad tbgened s~ thelg&ﬁé &xulebuﬂuﬂeiobethg subthageent if

t he thresholdayﬂtﬁgfhls O%hgognglénn L la. nm é¥ef§b Jm%éig%aggeglenent

is equal to 1 cesi arge carri er ectron can
be perforned ias t hbedradhesiekel @harlgyaen onalgethayeq?a%% 3X im spiidécen a

direct contactseaf; IR RE ATBNGd @Y erRathtdn e 6€EE§CEEM§c§ﬁaﬁ%%o§nd
drain regions, the operatlng vol t ages bein corr%ﬁgondln To

erase an i nf ofM&STdRLS Ard 8§§Fﬁ|9?QQM9+ Sy ﬁépf%&SQFEFSBFPg gat e
storage elgnmerfloraccgligli ngehbcbh@uetyent sabstrhyeconparamsdn, thef | datrsng
potential is ap Ileqito Hhe souy.ce side interconnect |ayer 6BB 5 whereas a
high first era e ¥ 6 'example, VPs - 8 Vis applied to the drain
side interconnect |ayer 6AA, as a result of which hot holes are generated

In the space ?&r N%RNe Glid hee§r§a' Qlé?gfgga?%%”eéaﬁdﬁét eav%ﬁ@%‘?ﬁ

effect at the aln and are 1'ns ed’1n drain side ch ar%e st orage
| ayer 3A. To ilmpesve fan &fasfpgmplocess, t&e ovirendoEr asBevolktag§é t han

the threshgl dﬁ@dl%g;qr@ a dpspPechaye "fb@nerésca&rmrési Hyor w&dnde appl ked to
t he control Ey negati ve VO'Hﬁg? refer bei used. 15 Eptread
an informatio Hﬂﬁﬁqﬁ?Qa 1 Yt S tarft PR % |?F°5a?em§P8F593 & enent ,

a first positite readtiohbdgevbéw fshiovexanpl eFiySke- GAViis appkieedt.o the
source side | rﬁreé’%%}, ! ayer hg%iwer %@e@i S%"c?l’}ﬂsilicon layer is
deposited as the control layer 5 and patterned by means
25 of a photolithographic method for forming a so-called
gate.

According to Figure 6B, the first insulating layer 2A
can also be 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 storage 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



20 read voltage which is sufficiently smaller than the first read voltage
and is e.g. VPs - 0 Vis applied to the drain side interconnect |ayer 6AA
To generate a preferably reverse readout condition, a third read voltage in
the region of the first read voltage of,;for 25 exanple, V-~ =2 to 5 Vis
applied to the control layer 5. Wth regard to the reverse readout

condition, iloshoutfede Rpled Qulekhab soiff cqrad dpabledte st anghanged
and the charge now captured at the source, | . a . at the drain in Figure 5
, has a great 9xide/mehetd8(oshde he SEEHENEE It 13YBRSt A6 REIFF ur ed

at the drain,gépésidtat BeesoWze WHoTé JHread.ari t fIREgB il hicenchargd de
covered by the posit,ve drgl n vol Elage, it has an |n3|?n| ficant énfl uence on
re

the resul tant13¥88 df rBAEd A chiRes TWRFLT afEOTEIR stRYF b d dth 35
sufficientsly atesrnielyej n hhethteor age eelcetenll 1gc cdrdivigtting heclianagnt i on

with the source regions and _drain_region | th_a rt-citcul
i nt er connect ?Egﬁ?gel\/g?geﬁrggfzgefaﬁ egr?'azzsﬁgﬂ i ate ar(%'(h%aﬁar?elélsé(;écritI:algcn{fl]ilsy
depl et ed, andcoeductivea chiagive npeeicage, laveh £an -algc RegAeragitethar ged

charge storaggs!| aygle 3AcREr3dB IANRLYd Vel dyephi ch reaul etk duraduged
read current, on the one hand. On the ot her hand, an associ ated channel
section requi PE¥RBLRGROPNFPERTHEBCRI Of 4285§sMHLGE PTOYHISS ﬁb]eg t or age
lhayeL ( hqgoeS) inwgeatﬁcﬁulbaénismtyn dmcmgaaled%immifmd ernprodédurevert i on

as been descrjped ahove,by neaps of _a dual-bit_split-gate s . el enent
for storing tﬂ%gibng at et™ I-B?\Eg?a?l,d?f' i s‘%ﬁ%? rté%%)ri#tjt]gsd to%%?%n@ can

al so exhi bit baperoblat iilse etagfiebrivhrk oandt bhagoNel ementesio8 tdf oldyeme
storage st at eahgmtlhg S@gginganner. Furt hernore, doped polysilicon | ayers

were described as nmaterrals for the electrically conductive 15 | ayers but
alternative materials and, in particular, nmetallic materials can al so be

used. |In e $AME FRIMRGuedt idaidy es i@ er haksraangalkso Higyuizedd orat he
insulating layers and,for .the sem conductaqr szSt r.atte - %Pagh%gt
Cains 1. NonQBPﬁFFF‘@lE‘gml@é’ﬁHu&tsorlné“ttdw"éaé’ ERICSH (W SR CHIRAILTt or
substrate (1)areawhireh pasoernedr egi osush( 8) , mangeni nhadgi pnogHimmiwy an
i nt ernmedi at e ¢channel .redqi o e tﬁ r s r}ltgo{h a ?5'55)an‘qqié;@£ o forned
on a first par(if‘ly ggt i68‘nge|(r}c§] %1? g g g%gr?ﬁzjle%(r)egl on %n§ Ps"i hsul at ed ?rom
this by a firsburasuloat ithe | sidewgDly;of the patterned control layer
20 5 or of the corresponding ONO sequence of layers,
respectively. During this process, a so-called spacer
method is preferably used for forming the programming
layers 6A and 6B, a second polysilicon layer £irst
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 layer 2B,
charge storage layver 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



10 a charge storage layer (3A, 3B) which is forned on a second part section
(I''A, 11B) of the channel region and is insulated fromthat by a second
insulating |ayer (2BA, 2BB); and a programming |ayer (6A, 6B) which is
formed on the 15 charge storage | ayer (3 3B) and is insulated fromthat
by a third insulating |ayer (4A, 4B), characterized by an interconnect

layer (6AA, 655}&3%;3%60&0?{Ca'd.mmq&%cti%)gtt Do 00RRRILEG ihayerchéA  6B)

to the source“region, drain region (D). 2. Nonvol atil é )
sem conduct or TSEBEEGEVE| e FONE CEcc nFHH 0 HeFHONThardet e?F28Y 1Rt hat

the second paptoseeki Wurdfalbe Ehamnabe I ar@Briad &cxOUrE€€oBs teupaihg
section (11B) and a dra i de par ction

iln sid &l,s gl | A); 25dt'h§ ctrg)ardge st or age
| ayer has a sBOYcEX¥PGELcHEr§ecs: 8PAGE PayePaUSBPeRRd %A SEPAPTsi de char ge
storage | ayer (3A); the programm ng | ayer has a source side progranmmi ng

| ayer (6B) anqna adr giugsaiqggngrqgé } ngtggyer d1.8pd go_gi@%fft ghconnect
| ayer has a source Side rnterconnect |ayer ' (6BB) and a drainside .
i nt erconnect Ichger gBAMNce heofourleyasisde soneiebim@ct ofaydihg 6BBrird

electrically g?%;aqsttimg tlfagle%s)wr,cetﬁédehafegr @%@ggl avefer 68)ah@ the

source region and the drain side interconnect |.ayer (6AA1%9

electrical |y 666RB& iIMPUIRL IR L3 e 2Fr dgt aRAF BTG er D6 AS ¥ t RBSdr ai n

5 egi og (Q}}g 3spH@!é\t@|d&$ﬂ|pﬁﬁeﬁﬁéﬂd@Qbﬁzg;loraﬁﬁrﬁh@gel@mmm?am@r dmg Lo )Clai m
or 2, characterized in that _the . - char stor.age | ayer B

represents an s@ﬁ%‘ct?i H‘gwrnomao‘hdBettpvet}f%ygf’ggﬁfﬁNolnagﬁrat ?gl ear{dgAthg

sem conduct or semicageueitere reulls et dl ngrt o reseestt idlediyns Uhe osgurce

characteri zed g t R bhe beisheang seaandpl napkal bogobayer £86 2hfs 288)

exhibits Si Oz. \ atil'e sem conduct or storage elenent 10 according to
one of O ai s eXPOSing Har bheesioreds mnhafrahe FFigasst Gt age-rayerd(3A

3B) exhibjts amoSi3NdetidhPALmeAHIE |13y Pre foraNIRy Jeatfidrérezm conduct or
storage el enment 15 according to one of aims 1 to 5, characterized in that
the control layer ( 5 ) , the programm ng |ayer ( 6A, 6B) and the

i nterconnect Iyer frAAdaBR) dasxtndepdd poldyHdummn.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 least 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 preferably 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



20 7.. Method for producing a nonvol atile sem conductor storage elenent with
the followi ng steps: a) preparing a seniconductor substrate (1); b) forning
a first insulating layer (2A) on the surface of the sem conductor substrate
(1); 25 c) formng and patterning a coptiﬁgl_layer (5) on the surface of the
first insulating layer (2A); d) formng sequence of |ayers consisting of

a second insu i I I a ar age. r. a kg d

i nsul ating | a%gyfh‘?% %ﬁ%{e%?%%f aggh}of gﬁ it%e’ sg%j %ﬁdﬁ%%gggggst}%g%% (1)
and of the pattehpBg dwihed. | 8yFVR spxide feRPRTECEoR pat teeRfagmed,
programm ng | ayer ekBAp16B) on the third insulating |ayer (4) on the side
wal |l s of the patterned control layer (5); 35 f) form ng source regions (S)
and drain regions (D) in the sem conductor substrate (1) by using the

patterned Prognanari agbkageent 6Gietltl) andpt hequatndmpedtoomtiouird ager (5)
as a mask; 1l a NLNG t .kl insul ating. |.ay ( char ge
storage | ayer tP%)_ Sggl C’%htarte elc%('gln% iarr%g%luléc'}%elI g%f#%eféé(% ’%ygﬁesi %Sp?%g&'
patterned proguainEnyhighent 6RASEBPEE S Tasiie PHYLIHR nGral® otk €6

insul ating | agan (s7aux€&_btgﬁdéubfx%geca%nitd@e sepeeoBdUCid sHbsiraat £164), of
t he patterned rogrannlng ggger, A,. 6B) and of the patterned control |ayer
(5); i) exposl‘z—'Erf)QO Rtler EBhnektrRing s MLERELANGHT pFTESSof PHTERE pERERr ned
program(ﬁDl)rtg ! pét@_beéf@A, a_fS@)hotQi‘liltdmg&wfile; r@rgm (9r abetrming heonltaictn

regi on ;o an ,_forming an electrically conductive i.nterconn .l ayer
(6an"688) ' i noPRE BSRotnl PRTER crmdces tol PELSEEKBRLE B hEERP BT hm ng
| ayer (6A, 6BisopreliersblyceetForegdon (S) and of the drain region (D). 8.
Met hod according to Claim7, characterized in that a gate dielectric is
formed as the first insulating layer (2A) in step b). 20 9. Method,
according to &cgexdingr 80 cRapuEfer FPed PR t RAECRIIFRELY poF9RALFESKE] ayer

is depositzd astee@bholechkayahye?) ik st@ferf) .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 1is 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 be
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 1is described, again with reference to
Figure 5, and only the conditions for writing, 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



25 10. Method according to one of Clainms 7 to 9, characterized in that an
ONO sequence of layers is deposited in step d). 11. Method according to one
of Clainms 7 to 10, 30 characterized in that a spacer nethod is perforned
for depositing and patterning a second_p I6y§i licon | ayer as progranm ng

| ayer (6A, 6B) in step e). 12. Method acCording to one of Clains 7 to 11,
35 characteri ?Pe(%e t agy 4on igpl antald on saarlﬂra"?gé her g@péno9st - t{;,,g_@hrrent

is perfor med usi ng- out an activatin e source an drain regl ons
(S, D in steﬁqIFeSPQndQ@g I@lmqmoﬁ%&c@? RAt PeRetBf CRPaFHEMEEEY 12,

characterized gfn drieats @y agu Sé’IéM@ d tye e@@@r@@ pégibe aﬁaueﬁéed@hlhayers
and an |sotrop|c .et chi ng- back of at, flst t he chayge stora e | aye
r3epopitholy

perforned for B¥&Fhi ng ER&r ge s‘t"%?h’b% T’%’i/er r ses RTSEERCHY:

Met hod accsr diing dreHaraygabll® . characterized in that an oxi de deposition is
performed for filling up the charge storage |ayer recesses in step h). 10
15. Method according to one of Clainms 7 to 14, characterized in that a
third pol ysil ilsorwt byeransidéponatédnaridepl dretrd z&2dspsitngereoReERIRayer

(6AA, 6BB) in Sihpdy oé%&%ra@mvef@ﬁe%téfageaaléméﬁtrrayl fBahkewEi nto a
nonvol ati |l e sem conduct or. stor ag ement , accor.d % t.o one of Cl ai n?lgz to
I

6, with the f d9%Wksg SteBs: ‘%?rﬂ?pl yEREE BSF r§tnj &ieve 71k voltge to
the 20 soupce ;ﬁdu&mﬁleraonma@t dc&M&Te (68B>; sh) azpplyesqgeatmebynd poeitive

I h f
o1 e Vol RTe el Lo TN aer hDegoLbe 5l RERhELRE} | € Rkt a0
positive witeéBohtagebewpaditisvesisl icgliddry to gher abian the pRUBTERMEshol d
vol tage of a r%@Decsttj_ i er‘gﬂém}fﬁ%ﬁbhéﬁdt hglagnt 5@' Ayer s@:%kab%

generating an con i on for erasing an information itemin
a 30 nonvol at iglemnasi ccﬂﬁ@m@tﬁre%éﬁége Acoendingddor i nfirst 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, respectively, 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 Vg = 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 Ve = 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 layer
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.



one of Claims 2 to 6, conprising the followi ng steps: a) applying a
floating potential to the source side interconnect |ayer (6BB); b) applying
a high first erase voltage to the drain 35 side interconnect |ayer (6A A);
and c) applying a second erase voltage, {(\tgigh is lower than the RMS
threshol d voltage of a respective inner ansistor, to the control |ayer

(5) for gener?U G521 %‘f?'ﬂ?ﬁ&ﬁn@éf&?t}ff&ﬂd' ti@R4in nléIUZt’:‘he 18; giMet g f or

reading an i nfor At on Ttemin & nonvol atile sem conductor. storage el ement
according to Bﬁéfopfdtaller@@J{tdg@t%cﬁﬁﬁliaéi%geltwqtolarw:?@% e‘]r)‘éJ € a)
?ppl yi ?ng)fl %ﬁbeﬁ@lib_hl ve read d/ddr]ﬁm?dxo t ke Eqﬁﬁwﬁ@ dpotshetabnnest
ayer ; ying a_second read vol.tage ich is, suffjcjen

snal | er than f"%@?g%’ist tgea5ﬁ9ol FRYECSt oStAE dF AFRTSPHRST ht ejr' c%nnec%é?!ayer
(6AA); ands 10whprappl @ fg.gh thirsk rena@lse'o*imhgegev\bfch fiog iexampd a.ediren of
the first read wolfage, ;581508 iRl LaYeh G3he’ An SRS AddY Pajeverse

r eadout .

. AQE. A. AR. A. ABRA.A.88 AR AeAR1Ae. 9P, WRiAR RotAR@leR? ames JRISKALF: 1R py) t
L1 $9984 wr rth“]{L,] s?ﬁdﬁf@] &Rl £4d cabral ¢al oalé:aéfaiﬁakgahca] &3 Q@&&es] cgfcal ca]
ca) ca] ca]ca]cTa]ca ca] ca] ca] cal ca}cTaI 046, &&) ' - () ++, - //#0(2 111
233s5677b: Q=Tam 2e@rBoRsi of S99tc ftaf B8] E5pdH) @é‘]dcaﬁrcea]%féﬁ%’a‘} ] £4FRa] ca] ¢
ﬁl ]C< ﬂ_ﬁ i]LC:ad cg]gqs%] %ﬂaclai caica] ea]ae@]ec &]u]cca]a@&] Cka e ca}xcamm@ﬂh@ﬁ&lfe Fefs ) K*Kr

u MOQRSSs " calca
ca] ca] ca] cal] EAPEAT ]p[cl{ac‘icea% c’a]%a]% ?Eafc‘?lé Q] é%]érc"%]e] a]%']a' ﬁ%%?nbgﬁ%lgg]g\cﬂ

threshold voltage of a respectlve “1nner" transistor

onQo s0s1x8x by {{}D }~ i alcai £alxal gal sakhealeal cal c
a] ca] ca] ca] calca a?ca cal ca a] ca ca ca] cajcal cal'cal >i pST2v1z8?5U} xs
n| wr mhc~ XU caV@a-& F’(Sa]ué a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal] ca] ca]tg] ca] ca] ca] caj ca] ca] ca] caeg3~\:!'o Y '10% ()-'tY

F'10%&' ()-3s10%& () -9mLOo%. \ 9mlO(Vd'JTJ&'

[OmL0%! () @ GPYGIRS IO (L4 TR (13 ot F1he-hand balf of the
#1109 ()-M #blﬁ%FB&t(e) Mt,d:ila@ﬂél’&'e(])eménﬂ 100,&' (Jirst 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. Vps = 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, Vg = 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
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5 positively charged charge storage layer (holes), which
results in an increased read current.

The invention has been described above by means of a
dual-bit split-gate storage element for storing two
10 states. However, it is not restricted to this and can
also exhibit non-volatile semiconductor storage
elements with only one storage state in the same
manner. Furthermore, doped polysilicon layers were
described as materials for the electrically conductive
15 layers but alternative materials and, in particular,
metallic materials can also be wused. In the same
manner, alternative materials can also be used for the
insulating layers and for the semiconductor substrate.
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a control layer which is formed on first part

section (I) of the channel region and is insulated from
this by a first insulating layer (2A);

10 a charge storage layer (3A, 3B) which is formed on a
second part section (IIA, IIB) of the channel region
and is insulated from that by a second insulating layer
(2BA, 2BB); and
a programming layer (6A, 6B) which is formed on the

15 charge storage layer (3A, 3B) and is insulated from
that by a third insulating layer (4A, 4B),
characterized by an interconnect layer (6AA, 6BB) for
electrically connecting the programming layer (6A, 6B)
to the source region (S) or drain region (D).

20
2, Nonvolatile semiconductor storage element
according to Claim 1, characterized in that the second
part section of the channel region has a source side
part section (IIB) and a drain side part section (IIA);

25 the charge storage layer has a source side charge
storage layer (3B) and a drain side charge storage
layer (3A);
the programming layer has a source side programming
layer (6B) and a drain side programming layer (6A); and

30 the interconnect layer has a source side interconnect
layer (6BB) and a drain side interconnect layer (6AA),
the source side interconnect layer (6BB) electrically
connecting the source side programming layer (6B) to
the source region (S) and the drain side interconnect

35 layer (6AA) electrically connecting the drain side
programming layer (6A) to the drain region (D).

3. Nonvolatile semiconductor storage element
according to Claim 1 or 2, characterized in that the
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5. Nonvolatile semiconductor storage element

10 according to one of Claims 1 to 4, characterized in
that the charge storage 1layer (3A, 3B) exhibits an
SisNg, HFO; or Zr0Q, layer.

6. Nonvolatile semiconductor storage element

15 according to one of Claims 1 to 5, characterized in
that the control layer (5), the programming layer (6A,
6B) and the interconnect layer (6AA, 6BB) have doped
polysilicon.

20 7. Method for producing a nonvolatile semiconductor

storage element with the following steps:

a) preparing a semiconductor substrate (1);

b) forming a first insulating layer (2A) on the
surface of the semiconductor substrate (1);

25 <) forming and patterning a control layer (5) on the
surface of the first insulating layer (23);

d) forming a sequence of layers consisting of a
second insulating layer (2B), a charge storage layer
(3) and a third insulating layer (4) on the surface of

30 the semiconductor substrate (1) and of the patterned
control layer (5);

e) forming and patterning a programming layer (6A,
6B) on the third insulating layer (4) on the side walls
of the patterned control layer (5);

35 f) forming source regions (S) and drain regions (D)
in the semiconductor substrate (1) by using the
patterned programming layer (6A, 6B) and the patterned
control layer (5) as a mask;
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Q 10% & () Padbdbefl@frmmm anu4edearriceddly (ponductive interconnect
layer (6AA, 6BB) in the exposed interconnect areas for

contacting the programming layer (6A, 6B) of the source
15 region (S) and of the drain region (D).

8. Method according to Claim 7, characterized in that
a gate dielectric is formed as the first insulating
layer (2A) in step b).

20
9. Method according to Claim 7 or 8, characterized in
that a first polysilicon layer is deposited as control
layer (5) in step c).

25 10. Method according to one of Claims 7 to 9,
characterized in that an ONO sequence of layers 1is
deposited in step d).

11. Method according to one of Claims 7 to 10,

30 characterized in that a spacer method is performed for
depositing and patterning a second polysilicon layer as
programming layer (6A, 6B) in step e).

12, Method according to one of Claims 7 ¢to 11,

35 characterized in that an ion implantation and a thermal
post-treatment is performed for diffusing-out and
activating the source and drain regions (S, D) in step
f).
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much higher than the first positive write voltage, to
the drain side interconnect layer (6AA); and
c) applying a third positive write voltage, which is

25 slightly higher than the RMS threshold voltage of a
respective inner transistor, to the control layer (5)

for generating an SSI condition.

17. Method for erasing an information item in a
30 nonvolatile semiconductor storage element according to

one of Claims 2 to 6, comprising the following steps:

a) applying a floating potential to the source side

interconnect layer (6BB);

b) applying a high first erase voltage to the drain
35 side interconnect layer (6AA); and

c) applying a second erase voltage, which is lower

than the RMS threshold voltage of a respective inner

transistor, to the control layer (5) for generating an

avalanche effect condition.
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18. Method for reading an information item in a
nonvolatile semiconductor storage element according to
one of Claims 2 to 6, comprising the following steps:

a) applying a first positive read voltage to the
source side interconnect layer (6BB);

b) applying a second read voltage, which is
sufficiently smaller than the first read voltage, to
the drain side interconnect layer (6AA); 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.



