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2129611 "A NONVOLATILE MEMORY". The present invention relates to a non-
-volatile nmenory which has a high density of integration and uses a | ow -
Qperatihg vol t age. In general nonvolatile menories used as 5 EEPROVs
(Electrically Erasable and Progranmabl e ROMs) or EAROMs (Electri czhza P A
Al'terable ROw) are constructed of M SFETs (Metal -1 nsul ator - Sem 1
Fi-el d- Ef f'ect Transistors) which are broadly classified into two.types; the.
- FLOTOX (Fl oati-ng Tunnel Oxide) 10 type belonging to the floating/fate\type,
and the MNOS (Metal -Nitride-Oxide-Sem conductor) type. - The for has a
control gate electrode-for control, and a floating gate electrod
storing charges. The charges to be-stored in the floating gate are i nj ect ed
15 thereinto by passing then1through'a.thlﬂ'Odee filmon-a drain region
owng.to the nodified Fomﬁer-hbrdheln1tunnellng (MFN tunneling) or the
direct tunneling (hereinafter, si referred to as "tunnellng") On the .
other hand, the latter has i ts%&&“‘iqwfaﬁ%rMEMORY"Q filmformed of a
‘doubl e- Iayer structure consi stCing of —a sriricom daroxtde f|In1([err] film
and a silicon nitride f|In1( [err] film dep05|ted t hereon. Charges

The present invention relates to a non-
volatile memory which'has a high density of integration

and'uses a low operating V61tage.

In:generaL nonvo1ati1e memories used as
5 EEPROMs (Electrically Erasable éhd Programable ROMs)
or EAROMs-(Eiectrically Alterable ROMs) are |
'constrpcted of MISFETS (Meta14Insu1a£of-Semiconductor
- Field Effgct Transistbrs) which are broédly classified
into two types; fhe_FLOTOX'(Floating Tunhél-Oxide)
- 10 type.beionging to the floating'gate type, and the
| MNOS-(Meta1-Nitride-Oxide;SemicondUCtor) tyée.- The
forme; has'a controz'gatelelectrode'fof control, and
a floating'gate eleéfrode for'storing charges. The
-”charges to be stored in the floating gate are injected
15 thereinto bylpéssing them through ‘a thin oxide £ilm
on a draih region 6wing to the modified Fowler-Nordheim
| tunneling (MFN funneliﬁg) or the direct'tunneling
(hereinafter,'siﬁply.referred to as "tunneling").

On the othei hand, the latter has its gate insulator



are tunnel ed through the [err] film in order to be 5 injected and stored
in those traps within the [err] filmwhich are forned near the boundary of
the two inSuIator films. However, the respective sem conductor devices -
pr eseny; rtain probl ems which hanper 20 enhanced densities of integrationgg
“and | o Joper ating vol t ages for the nerories. The former is advantageous S
i n dat etentlon In order to ensure the retention of the charges, -

however, a thick inter-layer insulator film of about 15 1000[err] as used

i n conventi opai mEPBEMeaERES abla it Aram @@P}@caﬁ% EQng olnt erposed:

between the floating gate and the control gate nes 'S required .

for preventiagsibecehoaedxalaer a3 nPf(dilte, f# OBk n&naaéesiigebheakl ng to the
control gate. It 20 is therefore |np055|%le to sinply apply scaling-down

.'for t he pur peserdleefhiamci(sg ﬁkmmwtdeggsiﬁé@gﬁﬁéfgan_ Brarges., inmthe-
former, in constructing nenDPy cells, the registration between the drain

regi ons prevanestynﬁeﬁeédtam@uQmQtmexﬁﬂ fiol®s in order becBaeEs a- serious
pr obl em Since an allowance for the alignment is required, the fine
processi iy oinaephedeandastemednunummvsa1txﬂpsmmmhﬂsﬁsthy si

film whlch are formed near the boundary of the two

1nsu1ator fllms.

However, the respective semiconductor
devices present certaln problems whlch hamper
10 enhanced den51t1es of 1ntegratlon and lower operatlng

voltages for the memories. .-

The former ie advantageous.in data retention.
In order to ensure the retention'of the oharges,
however, a thick inter—layer'insulator,film'of_about'
15 10008 as used in conventional EPROM (Erasable and
Programable ROM) needs_to.be'interposed between the
.floating.gate-and the control gate. The thickness
-is required for preventlng the stored charges of the
floatlng gate from leaklng to the control gate. It
20 is therefore 1mp0551b1e to simply apply scaling-down
for the purpose of enhanoing-the density of
. integration.  Besides, in the former, in constructing
memory.cells, the registrationzbetween the drain

regions previously formed and the floating gates



-

I nt egrati on becones very difficult. 5 o Wth the latter, the

al i gnnent between gates and drain regions is not a problem In additiefy
the latter is advantageous in endurance. However, the scaling-down nggﬂk
end of enhancing*the density of integration cannot be sinply perfor > 10
ei t her. When the [err] filmconstitutBng-the gate insulator film becones
thi nner t'han a certain value or about 200 {err] by reason of the
scal i ng-down, there arises the phenonenon that the charges are emtted to a
gate el ectrode. Thereforé, the retention becaones 15 a serious problem

I'n this manner, RERPTRY Rt FRFLBESt REOPAPRKknesSigce B [Aryqwanse fohanel v,

the scaling- down is Jimted, which forng obstacl.es to enhancing fhe
Honsi Ly Of 01 nt o 1ot GPBSThet F RBRPAGSgr R St TR SRR ARG P? 20

sity of integriid FORERRAGSHr EhE did 178 |
uhi ch can_at tai fF PHGRED SERRPE9NEr “PRBC AR BN SR I W 191 ng and

erasi ng voItagegﬂﬁg%$§apgég[Qgcéggsrg%ggﬁgg?fq%uﬁQgrges f.avour abl e. - 4

- According to-t ‘esent i nventron S provided a nonvol atile nenbry
having a field effect transistor for use as a nmenory elenment, said field
ef f ect : '

5 | With the latter, the alignment between
gaﬁeé and arain regions is not a problém. Ip
addition, ﬁhe latter is advantageous ip endurance.
However, the $¢aling;d0wn to.fhe end of enhancing
ﬁhe density of inﬁegratién cannot be simply pérformed,

10 either. When the 8i;N, film COnstituﬁinQ the gate
insulator film becomeszthinner'than a ¢e;tain value
or about 200 & bf.reasbn.of thé scaiing-down, there
arises the phenpﬁénon:that the charges are emitted
't§ é géte electrode. Therefore, the fetention becomes

15 a serious problem._'Ip this manner; thé reduction bf
‘the thickness of the Si3N4 film, namely; the écaiing-
down is limited, which forms obstacles to enhancing
the density of integrétion aﬁd ﬁﬁe lowering of the

operatithVOltage.

20 ' ' Iﬁ'is:an object of the present invention to
| provide.a nonvolatile memofy which can attain a
highef densiﬁy of ihtegrétion and lower writing
~and érasiné voltages while.holding.the retentidn

of charges favourable.



-

transi stor including: 5 - (a) a sem conductor body which includes
~a sem conductor region of a first conductivity type; (b) a gate insul ator

film ’gg\is formed on said semi conductor region, and which consists of a «
first t&Ji nsulator filmand a secorfd yate insulator film 10 formed .. ~

t hereon,~<ai d second gate insulator filmhaving a dielectric constant.

di fferent from that ASFOFHLRY itCsttNFatRY §3RYF at BYCRELRR EBPTE fiFoating gate
e ol L R B Bt e S u o e s
v anged DERUBSAESE: OF| S56, A3 AndCIRY of LORFate| S8t Fodddl dard Lo6t

W innteepreBtore ARty conduct o T egi on. and whi ch are Focated on

both sides of said ?éqahi%%ﬂT8$dHUE€ 1554 @h?EEfQQEEud%% a .. The
charges for storing data are retained in suth a way that the floating gate

s char gesglg?ieébaeac%% regich of A'f sk oéoﬂasceha&ggs types W thin the
' (b) a gate insulator film which is formed on
-said'semicondhcﬁof'region, ahd which consists of a first
gate insulator film and a seéond gafe insﬁiafor film
10 fbrmed theréon;_said second Qate'insulator_film having a
dielectric édnstant-differeﬁt.from fhat of said first |
gate insulator filﬁﬁ
(c) a floating gate.electfode‘fbr storing
;charges, which.is_formed oﬁ'said gaté insulatdf fiim;
15 - (a) afcontroi-gate électrdde ﬁhich is formed
over said flbéting.gate électrdde; |
| (e) an inter-layer'insulatoi'film which is
arranggd between'séia'floating and control gate -
électfgdes; and . - | ' _ &;
20 (£) sémicdnductér regions of a $e¢ond
conductiviﬁy type which are férﬁed witﬁin:the'first-.
mentioned semiconduétor'région, and:which'are Iocaﬁed'
on both sideé of said floating and cont#ol gaté |
electrodes. |
25 . The chargés:fof”stOfiné_déta_are retéined in

such a way'that the floating gate is charged; Since the



el ectrode, the upper-layer insulator filmcan be thinned. The |ower |ayer
of -insulator filmmay be a [err] film while the upper layer of insulator
film5 may be a [err] film, The thickness of the upper- |ayer insulator

fislnis set to be at |least 40 and at nost 100 [err]. Pol ycrystal i pe—",
silicon is used as the material of the $loating gate as well as the (] &5 ¢
control date. 10 The present - i nvention will now be describedin

greater detail by way of exanple with reference to the acconpanying
drawi ngs, wherein: - ures 1A and 1B are diagrans for explaining a charge
centroid in an qwmwgeoﬂ:mhemhamea FigarwitbihAthe 4 lgaapmofgatee
characteristic, and Figure 1B is a nodel -like sectional view of the NMOS
type FET. Figursdertrode sehe otRPeyT bayehohnaylakersfidot gam dfe & Hinrsd.
preferred formof FET;, Figure 3 is a graph illustrating the 20 rel ationship
bet ween. t he gate voltage VG and drain- source current |IDS of the FET shown
in Figure 2; - | sectipnal ew sh ng the_ structure
of the essential portlongHb %?ﬂf?ﬁi%ﬁﬁff%gn%%?u¥ﬁ ?mtpemgylgea.
sectional -view S%@H'“%lfka while the upper layer of insulator f11m '
5 may be a 513N4 film. The thlckness of the upper-'

layer 1nsu1ator f11m is set to be at 1east 40 8 and

at most 100 R Polycrystalllne 5111con is used as

the mater1a1 of the floatlng gate as well as the

'control gate.

10 o 'The present invention wi11 now be described
in greater detall by way of example with reference to

the accompanylng draw1ngs, wherein: -

| FigureéllA'and iﬁ are diagrams,fcr explaining
a charge centroid in an MNOS type FET, in which Figure
H15 1A is a graph of the characterlstlc, and Flgure 1B
1s a model 11ke sect10na1 view of the NMOS type FET.
Figure 2 is a sectlonal view show1ng the
struCture of a first preferred form of fﬁf;'_
| Flgure 3 is a graph 111ustrat1ng the.
ZQ relatlonshlp between the gate voltage VG and draln--

'_source current IDS'of the FET_shown_ln Figure 2;



5 strucutre of the essential portioons of a third formof FET; Figure 6 is
a plan view of an enbodi nent of a preferred form-of nonvolatile nenory;
Figure 7 is a sectional view taken along 10 line.VIl1 - VII of the L
nonvol at i mory shown in Figure 66 armd Figure 8 is a nenoiy circuit =
di agr.am pf“t he nonvol atile menory shown in Figure 6. Figura 1A illustrates
the rel at\*oAshi p 15 between the charge centroid and the quantity of charges
Qinjected into traps within an Si3N4 filmb5 i.n a FET of an MNCS structure-
shown in Figure 1B, thEifEZE ¥ hdFi fy RS VR hi Wk bshewpadi FBft carried .
out by us. - Referring to Figure 1B“a30%?te jnsura%or 20 film 3 underlying
a gate el ect PEEBCBUEBNOfstheoessenty; WaRR 95 1 1R [2FFPPRi I m) 4 being
23 [err] thigk and_t silicon nitride film([err] film 5 being 520 [err] .-
t hi ck. gﬂﬁmcﬂgrggTCentroid is found in the fol l.owi ng way. It is

' d that all the igjection. .char ' ist_in I whj ch i | :
asoured that all the | MUSEEECR (WL ERE QS BRLIRR NN 15, L
and whi chy i s 5pRcEe,a S%rkﬁbné@éﬁﬁﬂ¥§i‘%JJéHB&é“%f a third form o
o of FET; I
| Figufe 6 is.a plan vieﬁ ofeap_embodiment

of a preferred form of nonvolatile memory;

Figure 7 is a sedtienal vieﬁltaken along
10.iine'VII'-.VII.of the ﬁonvolatile memory shown in.
Figure 6; and
Figure 8 is a memory circuit diagram of the
nonvolatile memofy shown ih_Figﬁre 6. 
Figura.iA illusﬁretee the reletionship
15 between.the charge centroid and the Quantity of |
| charges'd injeeted into traps within an Si,N, film |
' 5 in e'FET.ef_an MNQS structure shown in Figure.lB, 5 SJ

the fesult having been obtained by experiment carried
out by us. Referfiﬁg:to Figure 1B, a gate insulator
20 £ilm 3 uﬁderlyibg a gate eleetrode 2 consists of a
silicon dioxide £ilm (SiO, £ilm) 4 being 23 & thick
~ and the silicon nitfide film (Si3N4-film) 5 being

520 & thick.

*



boundary. Meanwhi | e, the capacitance C of a MS capacitor is eval uated
fromthe injection charges Q and a potential V generated in the MS .
gapacitor of the gate electrode portion by the charges. 10 (C = QV). The
diistance d is evaluated fromthe capacitance C, the area S of the ga O,
el éctrode portion, and the dielectrie canstance [err] which is =
substantitally stipulated by the two insulator film(d = . [err].SIOQ. -
This distance d is the charge 15 centroid. In Figure 1A the abscissa
represents the distance d (in [err]) which is taken towards the gate 2
(upwar ds) . from t he boundar fheechesget ifentaraild fis fonndi i tie | ower -1 ayer
insulator filmand the 20 .[err] film5 being the upper-layer insulator .
film while the BR15owingr WANat es Iteprefemunachdhal el bitheelnjpetirdn
charge quantity which is converted into the valtage V. This vo] tage
val ue. may be conGhaEged Qsedsfgir faRieng WiHich ihParadeli ke 8€j ection

TN L1770 bRt BoEaganseht IR ag e e Mend e o
revealied the £01 Lot BOins ch® sl LSkl 80 4T 4" dunddoa hRbRCCREN r Ol U8
| - o boﬁhdary, Meanwhile, the.capacitanée C of a MIS
caéacitdr is évaluated from the injection.charges
&;_ ' : | Q and a potential V geherated in the.Mlsléabaéifbr
of the gate electfodé_portion by the charges'

10 (Cc = Q/V). The disténce d is evaluated from £he
capacitance C, the area S of the gate éleétrode
portion, and thé diéléétfié constance & which is
substantially.stipulated by the two insulator f£ilm
(= €.s/C). This distance 4a isuthe.chérge |

15'centrOid.

| In Figufe 1A, the_abSCissa represents the

distance d (in %) which is taken towards the géfe
2_(upWaxds)_from'the boundary between the Sio2 £ilm
4 being the lowet-layér insulatof'filmzand the

- 20 Si3N4 film 5 béing_the upper-léyer'inSulatdr filﬁ,
"while thé axis of ordinates repreéents the valué
of the injection-charge cuantiﬁy Q which is COn§erted
into the voltage V{ 'Thié voltage value may be
considered as being a value at which thelcharge in-

25 jection quantity Q can vary the threshold voltage



5 distributed in a region of about 40 [err] to about 110 [err] fromthe
boundar, f the [err] film4 and the [err] filim5. 1In particular, the
chargefsp roids often exist ,in the part -of the [err] filmdistance about s
100 [ e fromthe boundary, and porg iugjection charges are 710 trapped » .
her e. e charge centroids - ~scarcely exist in aregion within 40 .
[err] .or a region distant nore than 110 [err], fromthe boundary. Figure 2
shows a first preferred formof the FET constructed on the basis of the .
above 15 expgf | PROtrEP ﬁaaing eher BRose R RI U dwil Mt due f | 0ating
gate arranged anew, not ‘in the Si3N4d film The FET iIncludes a P-type
- sem conduct ofp J egi 0fhd Oe¥pe&imbatCepnduededd v3f s Midy/ Reewdd 16@N -
sem conductor substrate as a sem conductor body. © The P-type 20 substrate
10 i s fornectivétfoRléwihg. oxi e filllmstkaed Ham tHigyuiRd 1) datéon of the
surface thereof, to define regions for forming elenents. |In each region N
-type regi onshdPgancedtrébdm f£bemedubye thved thapped effiayges ard [err] film
14 which.is about 20 [err] thick is formed on the surface of the_el enent
f orm ng riegidistuibieed hinnal regidat iodn a@bumé(btﬂoﬁa &out The ger r] film
14 may have a thickness through which charges 5 can be tunnel ed, and which’
can assune axemuehefbagndary]of thQOS_P'-@rzrgilm 4 nand dehet 81 g¥j séiime
efficiency of : ' B ' -
y. 5. 1In particular, the charge centroids often exist

in the part of the Si31\j4 film;diSténce . about 100 ]
frqm the'50undary, and moré injectibn charées ére

10 trapped here. lThe.charge éént:oids_ ‘scarcely
éxist ih-a fegioh within 46 R or a region_distant |

more thah 110 g, from the boundary.

Figure'z ;bbws g_first preferred form df
the FET constructed on the basis of the above .
15 eXperiment so that a charge centroid may exist within
a floating gate_arranged'ahe&,'nqt in'the.si3N4 film.
The fET includes a P-type semiconductor region 10 which

\)
is cdnstructéd_qf a Pftype'silicon semiconductor
géhbstrate_as a semiconductor bddy, : The ﬁﬁtype
20 substrate 10 is formed with a field oxide £ilm 11 by
‘the thermalloxidétion of the suffaée therebf,,to define
regions for fqrming elements; In each regibn N+-type

regions 12 and 13 form the source and drain regions.



injection, a thinner filmis better. In order to forma filmof good

- quality at high available percentage, a value.of about 20 [err] is
preferable. 10 A[err] film15 which is about 60 [err] thick is formed i
the | ower part of a gate.electrode portion by the CVD (Chem cal Vapour_;)}
Deposition) technique The [err] film 1% nay be so thick that the charge’_
~centroid‘can exist within a floating gate. Wiile 15 a value of 40 [err] -
110 [err] can be taken, a value. of approximately 50 [err] - 100 [err] i's
nore reliable. Athinner filmis nore preferable for thinning a gate _
i nsul ator film ATB405| ddtlimd 4gathelclt dmialgowt f20sB thickr bdefolimell i s made
of polycrystalline silicon 20 about 20 [err] -100 [err] thick i's formed on
the [err] fil mPR5theo sueface sifr (kherelement aformingeregionl byd MNOS
structure. The floating gate 16 should preferably be thin. ~ Wth the
thin floating gkhe theemeHacyddatrioniof i thetsebskpatewi t hThet Bi®,gate. In
the 25 case where.the gate insulator film has ginholes ,this nmeasure can
reduce charges £&lPedid M3 datieo fyrEhicknesg gt rgugﬁsﬂh%thchﬁrBﬁﬁroved
data retentign.. .On the floatihg- e 16,  a [err].film17 as an_inter-I|ayer
i nsul ator fiPm 8% BF &Wﬁéifé;nﬁﬁﬁeﬂhﬁéﬁyc e s?ﬂ?cﬂn¥§2“8f°5bout 1000
[err]. A Cont&glggaLes%SgReln%n order to raise the efficiency of

injeéction, a thinner film is better. 1In order to

&J ' form a film of gooé quality af high available

percentage, a. value of about 20 R is preferable;

10 A $i;N, film 15 which is about 60 & thick is formed
in the lower part of a gate eleéfrbde'portion by
‘the CVD (Chemical Vapéur Deposition) teéhniqué
The Si,N, film 15 may be so thick that the charge
centroid caﬁ exist within a floating gate. While

15_a value of 40 g —_110 R can'be taken, a Value-df
approxiﬁétely 50 & - 100 8 is more reliable. A
thinner film is ﬁore preferébie'for thinning a gate
inSulafor'film;  Theffloéting_gate 16 being a first'

felectrode.which ié made of pbchrystélline'silicon

20 about 20 { - 100 & thick is fo;med on the Si3N4 film
15, to form é structure similar to the sO?called MNOS
structﬁre‘ QTﬁe floating-gate 16 should_preferébly
be thin. With the thin floating gaﬁe, the'chafges
are difficult to move within thisIQate.' In the

25 case where the gate insulator £iTm has pinhbles, 

this measure can reduce charges to leak therethrough,



5 a second el ectrode which is made ofspolycrystalline silicoh I's formed on
the [err] film17. The FET al so includes a PSG (phosphosilicate gl ass)
film ¥9~vand al uminiumwiring 20 which is electrically connected. to the -
[err]ﬁ yﬁ regions 12 and 13 through contact ‘holes 10 2la and 21b. The Nwo
-typeX lons 12, 13 are formed im sel® - ati gnnent with the gate el ectrode
by “ion"1nplantation after the parts up to the control gate 18 have been
conpleted. A final passivation film22 is forned over the top, the film
being a [err] 15 fil.m.fqrned by th D technigue. The FET is formed such
that the gaterﬁﬁggﬁéﬁgrlﬁiﬁﬂgﬁéﬁéﬁié%é?eﬁ?%%n§3°Poca?Edt ol Iy underneath -
the floating gap i t Jntq t doub] e ructure.consisting of the
[err] film 14Qg§-’gtt_%g‘9|, \‘R‘%% lf(} %af;‘foz-rgﬁ'&tﬁ #71 ﬁPaﬁHgFﬁeiFX?g] film15 .
of the upper-Layeqkpsuleatar fd | I el | n L.ffer from
LEKET ALBSUIENGY | tggeeqﬁpéerﬁaf§|%%§agﬁ_99oaigr bpedl!

each ot her. t-hi ckness. o € upp ayer ‘is 60

[err], which ifjsRRELS' oehabddte 1 Rce of E8RCE8E! §cETT8! Boling T 25

“injection charge quantity is set inrelationto ti _ film
15 .in ordeg thakebRAACBALEE rGHY WHIENBYS | hequi 6b'a¢19@r§|§e§g%&ae@1ate- In

addition, the thickness of the conplete gate insulator film
' silicon is formed on the SiO, film 17. ' The FET

also includes a.PSG“(phO;phosiiicate glass) film 19, and
aluminium wiring 20 which is_electfically cohnected.. k;_
to the Nf—type regions 12 and 13 through contact holes
10 2la and 21b. Thé N'-type regions 12, i3fare formed
in self-alignment“wipﬁ the gate electrode by ion
implantatioh.aftef the_parts ﬁp to_the_cdntrol gate
18 have béen completed. ,A.final_passivatiOn film -
- 22 is fofméd ovef”the top; ﬁhe film being a SiO, |
15 film fprmed'by ﬁhe.CVD technique.

The FEE is_forméd such that the gate
insulatpr film or tuhnel_region 23 -located wholly._
underneath the floating gate 16 is put into the double
_sﬁructure gonSisting_of.the $i0, film 14 of the lower-

20 layer insulator f£ilm and the SisN, £ilm 15 of the
upper-layer ihs#lator_film whoée.dielectric constants

differ from each other.  The thickness of the Si,N

_ 3
film of_the_upper;laye:fis.eo_g,_which is smaller

4

than the distance of the charge centroid. = The

25 injection charge gquantity is set in relation to the



conpr|5|ng the upper and |l ower layers is as thin 5 as 80 [err]. Wen, in
‘the FET shown in Figure 2, a positive voltage is applied to the contro
gate 18 and the P-type substrate 10 i s connected to earth potenti al
el.ectrons tunnel <through.the [err] film14 from 10 the P-type substr %el
-sfﬁeL ahd the floating gate i's chargedr 1Rt thls_tlne .either one of t e N
-type regions 12, 13-is connected to earth potential G\D, and the other.
held in the floating state. The |nject|on of the electrons is based on the
sane 15 action as that of the above referfed to MNOS structure. The above
descri bed. enbodi nfigNy4 < idav it dgecrrderctbat the ghasdensensredd mam
degrades |ess than in the conventional floating gate type EEPROM Si nce,

IE t he presePt ﬁ%&ﬁbﬁ@-h%?tqﬂ?[%%91t¥?$n9i§ers r éRd8AE3 t3eMre PR t hi ck,

t nt t t t h h
CESI’;? ccra._ﬁt (r)m d ’ts%sgﬁ)rs?{e C ar hétf;agtg artgs\‘)t‘nlla%t"% ?ﬁ'gr'}?ﬁi gktnegs of -
t ‘oat I t 16 t hat h

16, 25°?h'en3h3?g§=&“tﬁergﬁssgﬁt’qat %W?%é%srgﬁa%tﬁ JpESre e as ey, 0 07t

floating gate ty%% solgxxndlngly, t he Ieakage of t he charges frontthe
[err] filmto the gate

When, in the FET shown in Figure 2, a positive
voltage is applied to the control gate 18 and the
P type substrate 10 is connected to earth potent1a1
GND, electrons tunnel through the__Slo2 fllm 14 from
10 the P-type substrate side,.and the floating gate
is.charged. At this time,'either_one of the_N+-type
.'regions 12, 13.is connected'to'earth potential GND,
and the other is held in the floating state. The
1njectlon of the electrons is based on the same
15'act10n as that of the above referred to MNOS
structure. The above described embodlment is
:advantageous because the gate insuiator film '
degrades 1ess than in the conventional floatlng
gate type EEPROM. - Slnce, 1nthe present example,

374
of the-traps of the charges_(that part corresponding

: 20 the Sl N, film 15 is rendered 60 R thlck, the centre

to the charge.centrofd whic:h traps the most charges)
1ies-within'the”thickness of the floating gate 16,
so that the charges are stored in the floating gate 16.

25 The charged region is the same as in the prior-art



el ectrode is slight, and the retention is favourable, as in the

conventional MNOS type EEPROM Even when 5 the thickness of the gate

i nsul gtpry film23 decreases with scallng down; np problem arises with e
regard T¢/ the retention. Trapping.the charges can be. done in' the same - ~o
manner ~&s in the MNOS structure. -CN&%g 70 to the decreases of the

- thicknesses of the [err] film14 and the [err] film 15, the vol t age “whi ¢ch

is applied tofﬁ'&%ﬁi?. ttefg tepe1.8 atAéggréﬂag t| op h%a? ggy\%r ed without |

affecting thevinje¢ ency ccor nts, the 15 -

v S?mﬂg‘iﬁ"%é%ﬁ%f?%'f?ggf.pétn’i@ SF3%s f‘?k’“a??oﬁﬁ 89321 2' G2t obout oéPem. |
of the al i gngqdigiipeen o i it ¥ aeeﬁ@nfeeeﬂtalaﬁy LoghivBgraghe does not

arise. 20 This cilitates ng the pattern, nane anci ng the

density of inL@ghat it®Rd dohvetRSdi Q&Nd!;tb;(béeaﬁﬁﬁbmg gown Lekgrred to
above. In order to wite data into the fl Ing gate-16, in other words, to

i nj ect chapgeghed thiekeledsd off tiRsiddve VRbhdgeorRyiba 2Bplied to the
control gate 18, with the P-type substrate 10 connected to earth
potenti al GNDdecGQﬁG%ESﬁxmhIsballng -down,_ no problem arises with

regard to the retentlon.

Trapoing the_oharges can be done in.the \).
same mannet'as in'the MNOS strncture.f Owing
10 to the decreases of the thlcknesses of the 5102
film 14 and the’ 813N4 fllm 15, the voltage ‘'which is
| applled to the control gate 18 at the 1n3ect10n can
- be lowered w1thout affectlng the 1n]ect10n
eff1c1ency. Accordlng to our experlments, the
- 15 tunneling of charges suff1c1ent for storing data
was poSSible at.about 10-V; . In fofming the
N -type regions l2; l3,_the floating gate 16, - \;).-
the problem of thefalignment between the N+—type.
reglons and the floatlng gate does not arise.
20 This fac111tates flnlng the pattern, namely,
enhanolng the den51ty of 1ntegrat1on, 1n cooperation

with.the scaling%down referred to above.

In order-to write data into‘the floating
-gate 16, in other words, to 1n]ect charges
25 therelnto, a p051t1ve voltage may be applled to

the control gate 18, with the P-type substrate 10



order to erase data witten i.n the floating gate 16, in other words, to
emt trapped charges, the control gate 18 may be connected to earth = . .
potential GND; 5 wth a positive voltage applied to the P-type subst Te
1QJ. Thus, the charges are enmtted to the P-type substrate 10. . At/ tWi'y
‘time, the potential of the N -type regions 113, 43 may be any, and it
rendered ‘equal to that of the P-type substrate 10 by -10 way of exanpl e.
Witten data is read out ‘as follows. The current - voltage characteristics
of the FET shown in Figure 2 are set as indicated by "1" and "O' in Figure
3 when the char gesnaectest to aspsth Potentiml fGNRt | ngoguersedyandnwhen t hey
are trapped therein, respectively. The FET shown in Figure 2 is set at

t he depl etion nogsdeayitey erase éé‘ﬁﬂ writitepeinfthe §loagingopage 16,
bef or ehand, whereupon it .is put into the enhancenent node when the 2&'
threshol d vol t agdhi e MPRds, &£Q) emify trapred Gharaesw FhPn§OBETPhe
data, nanely, the trapping of the charges. In Figure 3, th? absci ssa VG
represents the_VHPF&géQMHQﬁ1§%;Qﬂﬂﬂq§§Fq(F?k@PEBﬁtPBFeBEPé 18NDyhil e the
ordi nate |1 DS éepre nts the current. which 25 fIﬁmg'bg#MBgn t he source °
region and thd dMaR PedBH TRt adR (RRRH - ¢Re R Th§pE~FEBPons 12 and

13. substrate 10. Thus, the charges are emitted to
_-thé.P-type substfate.lo. . At this time, the potential

'Y .of'the!N+f£ype regioné 12, 13 may be any, and it is
_ rendefed equal to_that.of the P-type substrate 10 by _.

10 way of exémple..

-Written daté is read outlas follows.
The current -_voltage characteristics'bf the FET
shown in_Figufe 2 are set.as indicated by."l“ and
"O" in Figure 3 when the charges are not trapped
15 in the'floatingﬁgate.16 and when they are trapped
therein; :espectively...*The FET shown in Figurelz
"is.set at the deplétién mode having a threShold
voltagé 6f, e.g. -3 V or so beforéhand, whéréupon
if ié put into thé enhéncemént mode when ;he'

20 threshold vo1tage is raised to,'e;g., +3.V:or so
by the writing of the dafa; namély, the t;apping of
the chargeé.n_In Figﬁf§“3} ﬁhe absciééé VG_répresents
the voltage which is.épplied.to.the contfol gate 18,

while the ordinaté.iDS represents'the current which

25 flows between the source region and the drain region,

that is, between the N+—typelregiohs 12 and 13.



By utilizing such difference of the threshold -
the potential of the control gate 18 is nmade, e.g. 0 V, whereby

vol t
‘the §an be read out. Thus, the nunber of readable times is increased.
5 It ossible to know the two stat@g i ® whi ch the FET havi ng the

.. potentl of the control gate.set at 0 V is conductive (state of “1") and

i s non- condudsy wet ikt zimg outh) §if feélmenBET ofarchec ddvmisigilyd be expl oited as -

- a nonvol atile nmenory el ement -10 having the data of one bit. Figure 4 shows
‘a second enbodialtages, atiETpotadtaaly of| et csndy alhagahe Ul ke of the.

gate portlon The ot her part's which are not shown are the sane as in

Figure 2. - | madey sechndO 1%, ewheaph¥nthe Katgacan heizeasft 94¥m 23 is held

bet ween the floating gate 16 and_the sem_.conductor; subpstrate 10-as in the

previ ous enbodihisu &R pumbgref readable FFRS 18 ARFARESHUt of the
err] film_14 being the lo r-layer insul tor filmand 2 err] film
ES b£|ng tie ubp g ﬁguFﬁt P°V|F§l W91ﬁ?ﬁﬁfﬁxﬁﬂn#hk§h ?ﬂ?t Lhould
be noted that |nter-la ' tor f|| 24 | e en the floatin
gate 16 .and tﬁ%r SRS ?epﬁ?g % offo §’ar°?ilbLﬂﬁ £ StFucture. Tﬁe

ot era;]{jaggr s SRR e{;zg?apzpb%mme%f 19 LTl We- o] film

conductlve (state of "O"). The FET can accordlngly

be exploited as a nonvolatile .memory element

10 having the data of one bit. g | ' \,J |

Figure 4 shows a second'emhediment of
a FET, and only_illustrates.the structure of the -
gate portioh. :The otherrparts.which are not'
shewn.are'the same'as in Figure 2. | In the second
15 embodlment, the gate insulator film 23 is held
. between the floatlng gate 16 and the semlconductor _
substrate 10 as in the prev;ous_embodlmeht and is
formed into_the_double structure out of the'Siozé \;}
filh 14 being the'lowereiayer insulator film and
20'the Si,N, filmtlS beihg the.upper—laYer insulator
'film._ In thls constructlon it should be noted
that an 1nter-1ayer 1nsu1ator fllm 24 11es between
the floatlng gate 16 and the control gate 18 and
is formed as a double structure. The 1nter—layer.
25 1nsu1ator film 24 is Qomposed of.a lbwer—layer

' Si3N4' film 25, and an upperslayer Sio2 film 26



- 15 - formed by the thernal oxi dati on of the surface of the former. The
respective filnms are 60 [err] and 20 [err] thick. These filns should

preferably be thin.- The [ert] - film 25 can assunme a value of 40 [err /i\
110 [err], 5 and the [err] film26 a value of 15 [err] .- 50 [errLﬁﬁzggy
However; for-reasons to be stated bel ow,cthe thicknesses of the fil

and 26 shoul d desirably be respectively équal to the [err] film15 and the
[err] film14 which constitute the gate .insulator 10 film When the
~inter-layer insulator film24 is thus constructed, the whole thickness

t hereof can be r%ﬁﬁédtﬂ%atﬁézﬁéﬁﬁéie%?(,&?gﬁih%e&fﬂﬁ%{ﬁ%%c%rﬁ]e és

Inter-layer insulator film™ constructed [err

shown in Figure %he FEG+REE. | fh&PEL8paELENG tHithd M -dRVRahd'Ssh RO
film the em ssion of charges fromthe floating gate 16 to the side of the

control gate 18 cetidle. ef TReseveiympr enenllad prefEH L1y e daign f eted i on 20
I's substantially inproved. This is based on the fact that charges having

| eaked fromthe fsbfm'ngigmt&SlGaﬁrase&ﬂhuhe@ambé|Bf[&Urﬂ fiira 2®, which is
prone to formthe t'a% centre, and that the | eakage of charges fromthe
[err] filmtostheamd thet8dD,gaiem186i a padwentodd Itsy & he JerR] film 26.
However, for reasons to be stated below, the
.thicknesses'of-the films 25 and 26 should desirably
U ~ be respectiVely equal to the Si3N4 film 15 and the
Sioz'film 14 which constitute the gate insulator |

10 f£ilm.

Wheﬁ the'inter—layer insulator £ilm 24
- is thus cgnstrucfed, thefwhole thickhéss thereof
can be reducedltb a size sﬁaller than the thiékness
of the inter-layer insulator film constfﬁcted of
15 the'SiO2 film 17 alone;aS'sho&n in Figure 2. Further,
in spite of the thin interQiayer insulator'film,
the emissioﬁ of chargeéff:om thé floating gate
16 to the side of the control gate 18 can be
effectiﬁely'preVénted. | Thué, the data retentibﬁ
20 is-subStantially improved. This is based on
the fact thét'chéfgés:ﬁaving leaked from the
. 4 film 25
which is prone'to'form'the'tfap centre, and that

.floating'gaté_IS'are captured by the Si;N

the leakage of charges from the SiN, film to the

£ilm 26. .

25 control gate'18.i5'ptevénted'by the sio,



-16- Although the [err] film 26-is as thin as 20 [err], it does have
sufficient thickness in order to prevent the charge Ieakage fromthe [err]
filmZ5N\This structure is effective for- thinning the 5 gate portion, ande
becq re advantageous in the flng processing. Since, in this, structuray
the t insulator films 23 and 247un érlylng and overlying the floatlng '
gate P6—have. approxi nately equal thicknesses, 10 an electric field

intensity in the floatlng gate 16 becones about one hal f of . the voltage

lied tot | 8. ¢ Ther et ff f the tunneling -
o char ges. ot BRMRLSARLE 4R E 1 THRCAR0RE et h?m;a%hei;iﬁ"m?y ol ortent-.
15 the MKIIHE%\ﬁ%éggﬁag nsg?figggﬁtdth%cﬁﬁr ah qﬂna voltage of 5 V
o) e en I C

is-applied t he contro appears on the

floating gat 3h§r¥e lekﬁa% fgﬁpehfpgﬁyg@s Sifdisd ent for

rai sing the t res d vol tage®20 o séverdl 'V can be lnjected

so that the IiEaTl§aé1t£>@c§a£ésl§05%bbh»&e¢o&s diIEPrehel ement. O
course, the em.ssion of charges.-can be sinmlarly efflected with a | ow

vol tage. sTheyaey Ipombi@h thﬁdvabt:aﬁe% ﬁllb@'eaﬁldvaﬁ'itégedﬁ? reSpectlve

in the flne processzng.

Slnce, in thlS structure, the tuo insulator
_fllms 23 and 24 underlylng and overlylng the
float;ng gate_lG_have approx1mate1y equal_th;cknesses,'
10 an electric field intensity in thelfloating gate
IG'beccmes'about.one.half-of the vcltage applied
to the control gate 18. 'Therefcre, the efficiency
of'the tunneling-cf charges can be enhanced
Thus, when the FET is used as a memory element,
15 the wr1t1ng voltage can be reduced. : For example,
when a voltage cf 5 V is applied to the control
gate 18, a pctential which abpears on the .
floatlng gate 16 becomes 2. 5 v. In ‘this case,
charges sufflclent for ralslng the threshold voltage
20 of the order of several V can be 1n3ected, so that
the FET can be satisfactorily used as_the memory
element. Oﬁ'ccnrse, the emission of charges can
"~ be similarly effected-dith.a_low vcltage; rThe_way
'ih which the'voltages are-applied to the respective

25 regionsrcflthe FET in the writing and erasing modes



25 regions of the PET in the witing and erasi ng nodes .- 17 - are the
sane as i.n:the exanple of the first enbodi ment of the FET. Figure 5 shows a
“third enbodi ment of the FET.. This exanple is such that, between the Si N 5-~
fIdJﬂ 25 of the inter-layer i nsul ator film24 and t he floatlng gate 16 jaT _
t he FET of - Flgure 4, an [err] film 27 edikts which is formed at a thi kﬁ@r
of 20 [err] by thernal oxi dation :of the floating gate 16. In all otKker”
respects the third enbodi ment 10 of the FET is the sane as in the secon
enbodi nent of the FET. As a result, the inter-layer insulator film 24 has
~atriple structu#éecﬁhﬁo§é@eoﬁsuﬂﬂeﬁhQnQﬁﬁ%P%%d°fd%%? FayeFs 26, 25 and 27
whi ch are the [errL film-the [err]_filmand the [err] film 15
respectivel y.  ORgILBepke Ofr & EETSf the new [err] film27, it is - ~
possi bl e to enhance the effect of preventing the | eakage of charges from
the floating gate 16 to the [err] film15. Wth the second or third

enbodi nent of 20 the FET, F&fg‘{ﬂr? %[er?ﬂ&%a?u{&lgé éra,ya‘ggﬁelqgrgkt kad by.

opt|n12|ng t he thicknesses
: FET.- Thls example is such that between the S:|.3N4

5 film 25 of the 1nter-1ayer_1nsu1ator £ilm 24 and
.the fioating gate 16 in the FET of Figure 4, an

O _ _SiO2 film 27 exists which is'formed-at_a thiekness

| of 20 R by thermal oxidation ef'the floating gate
- 16. In all other respects the third embodiment -

10 of the FET is the same as in the ‘second embodiment
of the FET.' As a result, the 1nter-1ayer 1nsu1ator
fllm 24 has a trlple structure composed of ‘upper,

_ mlddle and lower layers 26, 25 and 27 which are the
.Sidzlfilm; the. 513N4 £ilm and the 8102 £ilm,

15 reepectiVely.- Owing to the presence of the new
'sio, film 27, it is pbesible to enhance the effect
of'preventing_the'leakage of'charges from the floating.
fgate-ls to the-Si3N4.film.15. | |

"With thelseédna or third embodiment of

20 the FET, writing and eresﬁ:e at 5 V are betmitted by.

optimizing the thicknesses of the Si$N4 films 15

and 25.



- 18 - In the second and third enbodi nents descri bed above, the [err]
films 15, 25 may well be replaced with [err] filns or hydroxynitride filns.

For B, control gate 18 and the floating gate 16, 5 filnms nade of SEPSNL I
nol um Mo, tungsten W or platicnumpgPt - may wel | -be used ‘i nst.ead of these - -
pol ystalline silicon films. A filmmade of Wor Pt is parti'cularly
~advant'ageous for the floating gate 16.- An Al filmmy be used for the

control gate 18. 10 - Figures 6 to 8 show a preferred enbodi ment of
a nonvol atile nenory cobst thet sdcbndem@mpidotiigd renbddimeitone of the above
three enbodi ments of FETs as nmenory elements. ~Figures 6 and 7 are

respectivel y ¢¢seribedsaboivenakhei SigNyf fidmshel Tiendh ymayowélhube 8 is a
circuit diagramof the menory. As shown in Figures 6 and 7, a P-type wel |
31 indicat ed E?PhaGG@-uhGhdéia%i_ﬁé,lﬂ@sOé? deidxasinictoide efibms { or forning
menory cells, is formed in an N-type silicon sem conductor substrate 20 30
as a sem cond(R¥ okhgoggntroh grieralid png tdiefgkratingigrte 3864 or forni ng

" the elenents, the regions bei ng. isol ated from one another by a field oxide

film32, ate FbiRedmpdetRE PRI EPASHIM O ntUNKESLER i RorPS RS EERE® | n each

| i ng. T eqi o5t ) T regi 4 |

el ement form ng.reghgnudty 28 LS 1R%aa of tne SSHEFsS1 25
silicqq films. A_film made of W or Pt is-particularly
advantageous for the floating gate 16. An Al film

may be'used_for the control gate 18.

10 .figureé 6 to 8 show a preferred
embodimenf'of'a nonvolatile mémo;y gonétructedﬂby
.employin§ the.FETs.of one of”the'aboye three
embbdiﬁents.of FETs as ﬁemory elements.  Figu:es
6 and 7 are réspectively_plan and seétional views of

15 the membry and'Figuré'B is a circuit diggram of
the memory. As shown in Figures S and 7; a Pftypé :
well 31 indicated by.a_dét-and-dash[line, as a B v
semiconductorlregioﬂ for fprming;memo:y cells, ;s |
formed. in an N-type silicon semiconductor substrate

20 30 as a semiconéucto# body. A plurality of elongate
fegion5'33 for fprﬁing the elements;_the'regions being
isélatéd ﬁrom_oné aﬁpfher by a field oxide film 32,
are formed in the major surface of the Silicon
substrate. 1In éach_element forming region 33,

23 N+-type | . region5'34,f35 and 36 are formed

at predetermined intervals in the lengthwise direction



at predeternined intervals in the | engthw se direction - 19 of the

elenent formng region 33, in self-alignment with word lines [err], ..Ti* ,
[err], . The adj acent [err] -type.regions 34 and 35 with the AT
', nes [err] ..... . sandwi ched t herebetween serve as the source or d

réﬁrons of 5% MOSFETs [err], . whi ch. are swtching el enents: e

adj acent [err]-type regions 35 and 36 wth, the word |ines [err], .....
sandmnched therebetween serve as the sour%e or drain regions of FETs [err]
........ which are menory el ements. The MOSFETs. [err],.... as 10 the -
swi t.chi ng eIenenfsthsvslemenGrdan%pgwuﬁqﬂbmt3hstumesebﬂsaimgngent wight e
oxide film(Si film 37 and a gate 38 of polycrystalline silicgn formed
thereon. The gaWerd| dépesddy of-bheowtﬂﬁgﬂs-{err] Th?.?d)a€9n§tNucFYPﬁe

word lines [err],......_.. The FETs 15 % ....... t he nmenory

el ements have tREBIABRS §6Iéﬁ4<§ﬁn¥ﬁiﬂrﬁﬂﬁuYﬁﬁ t*hﬁ?ﬁr@s§homm .ﬁapﬁgepeed
In the gate elec#rod s.of the FETs [err] ...... control ,gates
construct the wh ﬁrF ftween, serve as t e??WEF%o?fs ?1ﬁEf§91?BFrFf .......

d N - 35 bet
e common’ Sour MRSERYg, 831t Bare - E R kRS e oA UERBBERA T *°
such a way thatTRQeaaahﬁegk %ET%fEe fEHiJﬁﬁrisaQHd £ lth'thé'Worg

connected in series _
lines W M1? - sandwiched therebetween serve as the

N 'sourQe or drain regiens of FETS Q.. QMZ; cesses wh%ch
are memory -elements. -The MOSFETs Qgq v QSZ'.""' as -

10. the switching elements have the ordinary MOSFET
structure consisting of a gate oxide film (sio, film) 37
and a gate 38 of polyerystalline silicon formed thereon.
The gate electrodes of the MOSFETs QSl' QSZ' ceeee

construct the word lines W, The FETs

S1’. WSZ, _
.15 QMl' QMZ' ceeess AS the memory elements have the:nond
volatile memory dev1ce structure shown 1n Figure 4.
In the gate electrodes of the FETs QMl' QMZ’ cecseny the
W

Ml' MZ' -----
The two sorts of FETs QSl' QSZ' cees and QMl’ QMZ .....

control gates construct the word lines W

20 use the N¥ -type regions 35 existing therebetween, as the
common source or drain regions. Each memory cell is
~constructed in such a way that one pair of FETs QSl and
Qu1’ 2 ane Qy.r +--.- are connected in series. The
adjacent switching elements are adjacent:memory elements

25 constituting the different memory cells share the



adj acent swi tching el enents are adjacent nenory el enments 25

constituting

the different menory cells share the - .20 - [err]-type regions 34 and

36, resp
[err]
-Fi gur

to the drains

f_WW|t|ng cir,
sources of -
decoder 51

>.the Al wiring lead 47 5 “al ¢

the menory el enents.

ctively. "An Al wiring |lead 47 is connected to the shared
he regi ons 34 and 36 through contact holes. - As illustrated in
rnately'connects the [err]-type
34 between the switching el enents and the [err]-type regions 36
The devices fornmed as descri bed above are

connect ed ¢t § gﬁﬂ? %£$ $r§%|%ﬁgngﬁt[g%F?g%t&%%&k’"Q;" 10 are connected

yelenents’[errf, .. . 20 e"connected to a

‘Eln%;t abgha é'BSﬁne %EE}to the'. SHAEY §te ected to the

t |ng ef @ment s err],....... are connected to a Y

Ry iid P8 @n&53éeéﬂk899ﬁ'EBHth§2holéEhe wyd lines [err],

..... -connect’ed to the gates of thé switching elenents, and the word Ilnes
[err] , .. i11ysnReed@dihOri §araabes tab hhe windwigy 1@%8 are

respectively.connected ‘to an X decoder 53. - In addition, the P-type mell

120 31 whi chaliteddecSEyi conAEetsr thegortipe regiions (3 beywden cel | s
connected to a well voltage circyit 54, the whol e.structure thus
fornlng alﬁﬂ§HQW1tch1ng elements and the N -type regions 36 .

therein is

10

between the memory elements.

‘The devices formed as described above are

connected as shown in Figure 8. Data lines ﬁ;,—ﬁz, ..;,.

‘are connected to the drains of the memory elements

_QMli.QMZ; ...;. are connected to a writing circuit

15

50. Data llnes Dy, D2’ cvoen whlch are connected

to the sources of the sw1tch1ng elements QSl' Qsz,'.....
are_connected to a ¥ decpder 51 as well as a

reading circuit 52. The word.lines Wopr Woor eeves
connected to the gates of_the switchihg elements,

. and the word lines WMl' WMZ, ..+.. connected to the

20

‘gates of the memory elements are respectively connected

to an X decoder 53. 'In'addition,'the PftYpe well
31 which is the semiconductor regipn fo forming
the memory cells therein is connected to a well voltage

circuit'54, the whole structufe thuS'fofming a memory

circuit.

L

"



circuit. - 21 - Ininjecting or emtting charges, a high voltage of,

e.g. 20-V . as in the prior art is not.required. In witing data, nanmely,”
i.njecting charges, 5 any desired one, e.g., [err] anong the data |i/ :
Terr], ...... i s:connected to O V by the witing circuit 50. The ot hgr#dt
lihes [err], -...... are connected to 5'V. Any desired one, e.g. [err
annng t he mord lines [err], [err], ~.21 s connected to a witing voltage
of 5V 10 " by the X decoder. The ot her .word |ines [err], .are connect ed

to O V AL the word |ineg, [fﬂ§ectin ‘or %h?tQ 5% @%%%%gsv Epen%g;a | i nes

ferr]..... are held at any desiTed vafue, eco

‘the other hand, \tmﬁéy@s, velg. 33gupdgs &Betﬁ*éa 'or 2t qfs tdw FET [e”]
has t he voltage of 0V applied thereto by the wel'l vol tage CIrCUIt 54. As
a resul t;, . char gasequiereédj ected into the floating gate of the FET [err] as
descri bed before.. In erasing data, nanely, in enitting charges, 20 -all the
word |ines are rendered toIreawt:htmgedatal hameaywolitrs)i,nj\daﬁ:l’i&ﬂﬁ-dﬂwrges,
-potential of the P-type well 31 is set at an erasing vol tage of, _€.g. 5V
Thus, chargé% HﬂnﬂIdQSKrednmnq.eéegentblaamoagltmeddata lines Dl’ D2"

...... is connected to 0 V by the writing circuit 50._

The other data lines Dz, ceeces. are connected to 5 V.

M1’
Wypr ++--.. is connected to a writing voltage of 5V

Any desired one, e.g. WMl'among the word lines W

10 by the X decoder. The other word lines Wygr ----.are
 _connected to 0 V. Ail the word lines Wg,, Woor soeeee

arelheld at 0 V. The data 11nes Dl' D are heldi

2, .....
at any desired value, e,g, 0 V by the Y decoder. On
the other hand, the Petfbe'we11_31 under the channelﬁ

15 of-the FET QMl has the voltage of 0 V applied thereto
| by the well voltage circuit 54. As a result, charges
are injected into the floating gate of the FET QM1

v _as described before. ' |

" In eraSingldata, nameiy,_in_enitting_charges,
20 all the ﬁord.lines-ere rendered to earth potential
(zero voits); whereasntne ootential of the P-typenwell
31 is set at an.eraeing Qoltage of, e.qg. 5 V. Thus,

charges in all the memory elements are emitted.



¥

. 22 - At this time, the word lines [err], ..... are held at 0 V, and al

the data lines at any desired potential. When one word line, e.g., [err]

anong/tHe word lines [err], ..... is set at 0 V.5 and the other mord e

l'ine fﬁb{? - are connected 9 S_V, only data in the nemory-cells =& |

conn ted/to [err] can be erased. Tn: readlng data, the data lines [err],

L. nd fhe word lines [err] , ..... are set at O V. 10 Anong the word
“lines [err] , any desired one, e.g. [err] 1is set at 5 V. Si nce the

charges are trapped in the FET [eéerr] connected to the selected FET [err]
the threshold voIta@$wﬁh¥$mt¥m§3[th?]wp§dhlgnéﬁ Waan ®¢s,rso-t-hat this FET
does not turn 15 Therefore, . the poténtial of the data |ine D1

pr echar ged taé'eahc%rdc Ath QI « apd all the\dabandines @4 @Y FET [err] does
not change. _ When no charges are traBped in the FET [ergL thrs FET [err]
turns "on", 465¥Ned RIRLHor2ht | al VREN{ ABEGWPEY| 1iB€20 epShec S

approxi mately 0O Thi s ntial_of the data Ilne D |s ens by the
readi ng ci r@éﬂn%f %r’b?}gcﬂ ﬁ‘fées{ Yhat od M50 atd %d
: 5 and the other word llnes WMZ’ ..... are connected to
5V, only data in the memory cells connected to Wy,

can be erased._

. In reading data, thetdata-iimes 5;,_5;;' .....
and the word lines W M1 "2; ..;,._'are_set atio v.
10 Among the word lines W51' Woor evens , aﬁy desired |
one,'e.g. Sl 1s set at 5 V. Since the charges are
' trapped.in the FET QMl'connected to the seiected'
FET QSl' the threshold voltage of the FET QMi is
hlgher than OV, so that thls FET does not turn
15 "on". Therefore, the_potentlal of the data line
Di precharged to a“ceftaiQIVOltage, e.g. 5 V:
connected to the FET Qg, does not change. When no
‘charges are'trapped.ih.the FET Qyp» this FET Qi1
turrs "on", so'that the .potential of the data .lihe.
.20 Dy becomes aoprokimateiy 0 V. This potential
- of the data'line_'D1 isasepsed by the :eadiné

circuit 52 through the Y decoder 51. | _ .



- 23 - Since the witing voltage and erasing voltage.in the nmenory el enent
MOSFET may be 5 V, the supply voltage, 5 V of the nmenory circuit can
utitized as it is, and there is accordingly no-need for 5 a boosteg
CKLCUit. Moreover, since the reading current is high, no-anplifi -
cifcuit ' is necessary. In addition,. si-nc@3the whole device.is flatten nd
is enhanced in the density of integration, a nenory device of large"
capacity can be constructed. 10 - The nenory device and nenory
circuit described above are only one exanple of the application of the .
present invention. O h&éinggr it GsW&pﬁﬂm@aMQﬁﬁﬁgauﬁnéLQkﬁsimﬁ_%&bh@ge, a
nonvol atil e random access nenory (NVRAM. are possible. 15 In the
above ‘descri bediPotl8| REMPEYnEASPENty MOSFET Hay keord V4 ¥R oeWPRLY | oat i ng
gate is put into doubl ¢ structure . by the yse of insulator fjl|ns_having
dielectric conéY%ﬁ?%gﬁ?f eVeR Fﬁ& YoS&cuidh FathP® Hitkhkgedof t he
upper-layer 20 insylator fil.mis_set, at or hel ow a predeterm ned thickness
so as to situat?a héfgea{}érr:?}’&f?& WSt RGT YS9 Fat %d’eg%ff "OT Thys, - |
enhancing the d e K ration of devi ce and Jl.owering.the witing
§“§6£¥t8{- E?%gg:& gl%rg?ﬁrﬁert,a ,?@6’3:5‘?[ ythe rgaglng

volt-age and The erastng voltage Ccan .
: current is high, no amplifier circuit is necessary.

Ih addition; since the whole déﬁice is flattened and
QKJI' | - is enhanced'in the dehsity of.intégfatioh, a meﬁpry
| device'qf iarge cabacity can.belcdnstructed. o
10 : Thélmembry device and memory circuit )
deséribed above are”only one éXample of thé
_application bf'£he présent invention. Other various
applications in#luding, for example, a nonvolatile

random access mehbry (NVRAM) are possible.

15 . In the above described nonvolatile memofy,.
a gate insplatdr film -under a'floating gate is.put
into a double struétute by thé use of iﬂsulator
.films:having dielectric éonstants diffe;ent-frdm

':each-other, and the thickneSslbf'the upper-layer

20 insulator film'is set at or below a predetermined
thickness so 1s to situate a_charge:centroid within
thé.floating gate. Thus, enhanciné_the density of
~integration of a device and lowering the writing

voltage and the erasing voltage can be simultaneously



- 24 - achi eved and the retention of data is excellent. Another effect is

t hat, an increase in the capacity of the device, a sinplification of

t he arpar ent of the nenory circuit can be achieved. 5  The __ ~
advantfages\gf the present invention g@an be achieved on other "types of FETSe -
by usi\g e gate insulator filmor a tunnel region. It nmay be favourable

to use the tunnel region of a double layer structure which consists of the
silicon dioxide filmand the 10 silicon nitride filmformed thereon. - The

tunnel regi achisvweskrdnd athexpapestiomsotadadd ast srpell 1éneaxi de filmin a
floating gate type nonvol atile nmenmory shown in El ectronics, February 28th,
1980, PP113Ahbthem”eﬁfe£ﬁIinuthqtgawéthy@n tptreasmi liar th®e to a one

transi stor cell shown in Electronics, Jul'y 31st 1980, PP89-92. - These
exanpl es docapacétjoph Hhedlemiege answnpbhfngaallbomrﬁceh@f the alignnent
I's required. The invention nmay al so apply to other types of floating gate
nonvol at i | e2¥EADGETENY LD EHhiReMeKy ¢LRABLENgan be. 32 13V@§AINB 1.

A nonvol atil e menory haV|ng a field effect ' _

5 ' The advantages of thehpresent invention can
'be achleved on other types of FETs by usrng the gate
1nsu1ator fllm or a tunnel reglon. It may be favourable SN
to use the tunnel reglon of a double layer structure _ ,“)
which consists of the 5111con ledee fllm and the
10 5111con nltrlde f11m formed thereon. The tunnel
region lS used, for example, instead of a tunnel
'dlox1de film 1n-a-f1oat1ng gate type nonvolatile
memory shown in Eiectronics, February 28th, 1980,
PP113- 117, or in a floatlng gate type cell 51m11ar
15 to a one transistor cell shown in Electronics, July
31st 1980 PP89-92. These examples do not enjoy
the advantage in Wthh no allowance of the ‘alignment N
is requlred. The 1nventlon may also apply to other
types of floating gate_nonvolatlle memory cells

20 which use tunheling.



fransistor for use as a nenory el ement, said field effect transistor
including: (a) a sem conductor body which includes a 5 sem conductor

region-of a first conductivity type; (b) a gate insulator film gicﬁ%is

fptned on sai-d seniconductor region, and which consists of a f] gdt e
|héuLator filmand a second gate insul atopsfilmformed thereon T/second
gate insulator film 10 having a dielectric constant different offT t hat of
Sﬁ1d flrs&hgéﬁ@iﬂﬁnnator film (c) a floating gate el ectrode for storing
‘charges, ich is forned on sajd te insulator .film Jd C | gate

el ect r-ode whilch is for r&d‘ﬁ%"‘&tﬁggﬁi Hef“f’tﬂt'is‘ﬁglé‘é’t & é‘1(1e%1ta?oe eé;ﬁg‘{‘g) an
inter-layer insulator filmwhich_is_arr d \eel j:0L f { ng and
con'éi_r ol gate teqaélﬁ’rs()%%;é%ﬁduf?)ageﬁi I@gn%%gt ga%&“_\e%ﬁgn}aéo]f% aﬂ'{s&&%nd 20
conductivity type which for Wiat:hin the first- mentioned '
Seniconducto@ﬁ%&ﬁ%ﬁ%ééﬁégg %ghgggéwbgg t'ed on both sides of said floating

and control "gate electr Sa comi tor body wHidWMUAldée genory
apordjng to Clain11,;mh§$gi% Eg?écfﬁggf _ gaf%izﬁgulator filmis a

5 semiconductor region of a first conductivity type:

(b) a gate insulétor film which is formed
on said semiconducpbr regibn, and which conéists of a
first gate insulétor film and a second gate inSulétor
film formed thereon,'said"second gate.insulator film
10 having a dielectric constant différenﬁ from that of ~
said firét”gate iﬁsulator film; - ' v
| (c) a fioating'gaté électrode'fdr storing
" charges, which is formed on saia gate insulatof_film}_
(@) a control Qate'eleétrode'which is formed
15 over said floating'gate electrode;
 (e) an inter41ayef insulatof.film which is
arfanged between said floating and cdntrpl_gate ¢
electrodes; and
- (£) semiconductof.regions of a second’
20 conductivity type which.are_formed within the first-
mentioned semiconduCtor région, and which are located
on both Sides of said floating and controi'géte :

electrodés.

R



silicon dioxide film 3. ~ A nonvol atile menory accordihg to Cdaim2, 5
wherein said second gate insulator filmis a silicon nitride film 4.

P3

A nonvgkatile nenmory according to Claim3, wherein said silicon dioxide __ «
fiIrni‘qu - 50 [err] thick, and_sabg silicon nitride filmis 40,- 110 -
[err] . 10 5. - A nonvol atil'e menory according to Claim4, wherein .

- said. on dioxide filmis 20 [err] thick, and said silicon nitride film
is 60 [err] thick. 6. A nonvolatile nmenory acocrding to Claim 4,

wherein saigl inter-|gygén{8sHt 2 er mbinb¥y Sicdfing l[dsan gipxide film 7.
A nonvol atile nenory. according to Claim4, wherein said inter-alyer :
‘insul ator fvherebnssaid bfrsksili gateniinswlator nfihimchsias a first
“inter-layer insulator film and a silicon dioxide filmwhich 20 is a second
“inter-layersihsepPat@iokifdm fédmed on said first inter-layer insulator film
- 27 - 8. A nonvol atile nmenory according to Claim7, wherein- said
- silicon dioxide filmof said first gate insulator filmand said silicon
dioxide filmof said second inter-|layer insulator filmhave.5
substanti al3y equal Ahhervieiatslewmemoryaiagcording to Claim 2,

5 wherein said szcou&;'gate insulator film is a

silicon nitride film..

4. - A nonvolatile memory according to Claim 3,
wherein said silicon dioxide film is 15 - 50 & thick,

and said siiicon nitride film is 40 - 110 2 thick.

10 5. - A nonvolatile membry accqrding'to Claim 4,
wherein said silicon didxide,film is 20 % thick,
and said silicon nitride film is 60 % thick.
6. - A nonvolatile memory acocrding to Claim 4,
_whe:ein_said inter-layer insulator film is a . o v

15 silicon dioxide film.

T. A nonvblatile-memory according técuaim 4,
whéfein said inter-alyer insulator film'donsists

of a silicon'nitride film which is a first inter- —
insulator film, and a silicon dioxide film which

20 is a second inter-layer insulator film formed on said

first inter-layer insulator film.

R Wy



& . . . : -
~silicon nitride filmof said second gate insulator filmand said silicon.
nitride filmof said first inter-layer insulator film have substantially
'gqyal_thlcknesses.110_9.; A nonvolatile menory according to Claim 4,
Wherein said inter-layer.insulator filmconsists of a silicon nitride film

. WITf ch is a first inter-layer insulator 37I1ﬁ-:a silicon dioxide fitm which
is a second inter-layer insulator filmfornmed on 15 said first er-| ayer .
insulator film and a silicon dioxide filmwhich is.a third in ayer -

insul ator filmformed between said first gate elecérode an silicon

ety m o sols 1 RfERRR A BRI 0 T
o sa ol kLA B b bl PEHHE A R E
r?:kfaﬁgrgafgl%'éﬁiat -_%&:m|%3ri%§aéi$n1€#_saég_s%ggnggggte?insulato}_
have. aubst ant | SPE Saane ez T8 fhbulatsl LA RaBUE. | OoD Btor THIM
according tg Ciahutdntdathy Uduapichidnabssgsgakniebeshiade is 20 - 100 A
| siliCbn nitride.film of said second gate insulator
':fiim and éaid silicon nitride film of'said first
intér-layér insulé#or film have substantially equal

thicknesses.

10 9; o A nonvolatile memofy.according to Claim 4,
wherein said intéf-layer_insulator film'consiéts |
of a silicon nitride £ilm which is a fifst'inter-layer
insulétor'film;'a silicon dioxide £ilm which is
a second inter-layérfinsulatof film formed on

15 said first inter-layer insulator film, and a
silicon dioxide.filmgwhich' is a third inter-layer
insulator_film:formed-between said_first'gate
electrode and said silicon-nitfide £ilm of said

first inter-layer insulator film.

20 10._,. A nonvolatile memoryuaécording ﬁo.CIaim 9,
wherein s-id silicon dioxide film of said first
gate insulator f£ilm and said silicon dioxide £ilm
of said secénd,inter—laYef insulator film have

substantially equal thicknesses, while said silicon

' *+ ¢ L M § *



thlck A nonvol atile menory according to Caim 11, wherein said
floatl gate el ectrode is nmade of a polycrystalline silicon |ayer. 10 13.

A ngnitelatil e menory according to Claim4, wherein said floating gate X
el e¢tTode is nade of a polycrystalllgg si'li con | ayer - having a thickness oﬂ.'
20 - [err], and said control el[ectrode is nade of a ~

pol y&r taIIine silicon layer. 15 14 A nonvol atile menory according
to Caim 13, wherein said first conductivity type is the P-type, while said

‘Second, condiitlind e LiRTokoshi8 BELXRE. odte tneurh B el Lo Teory

accordi ng erern sail sentconduc 1'S" an type 20 -

Csili tsrat |t di ng:
2 sem condderss Tedeol ofeerid giam of g%??ﬁﬁféﬁ. AP on sart
sem conducty (Hsv.ﬁ%or 5f:’.lm have sﬁﬁﬁtant@a@%@@ﬂf ah MWk sdls 0851 sts of ‘a

plurality of nmenory cells arranged in the shape of a matrix, said nmenory
cell's being arranged wi t hi n sem conduct or regions of a flrst conductivity.
type fornmed in said sem conductor body, said nenory

11. A nonvolatile memory according to Claim 4,
5 wherein said floating gate electrode 1s_20'- 100 R

thick.

12, " A nonvolatile memory according to Claim 11,
Qherein said floating gate electrode is made'of a

polycrystalline siliéon layer.

10 13. - A nonvolatile memory accordiﬂé to Claim 4,
wherein said floating gate eleétrode is made of a
polycryétalline silicon layer having a thickness -
of 20 - 100 R, and said :control gaﬁe electrode is

made of a polycrystalline silicon layer;

15 14. A nonvolatile memory according to Claim 13,
whereih said first conductivity type is the P-type,

while said second conductivity tyée is the NetypeJ

15. _ A'nonvolatile'mémory'acéording'tn'01aim 14,
wherein said semiconductor body is an N-type

20 silicon substrate.

gy



.10 cells having first and second selecting termnals and first and cond
reading termnals; (d) =~ a plurality of pairs of word |ines which 1
ext ended from sai d selecting circuit into said nenory array, and w N
receive signals 15 for selection fromsaid selecting circuit, one an the
~other of sai'd each pair of word lines B& ng respectively connected to the
first and second termnals of the corresponding menory cells; and (e) a
pIurallty of pairs of data lines- 20 which are extended fron1sa|d sel ecting
circuit into said- nennré array in.a manner_ to, orihogonally intersect said
word |ines, anéwhich r8carpyodiadidies MefiCnkah é?%ﬁnsald sel ecting
“circuit, one and the other of sald eac of d ta lines being
respectlvely 25 connect é&’t o tﬁesﬁqﬁﬁ Qﬁ%f%ﬂﬁxﬁﬁﬁyEadlng term nals of the

corresponding memory ce @tor fopiherting BLAERE WHEDR ¥s 0fbbatal L "0 a

first field effect tran Menor enent ~ an second
field effect transistor ement , _sald first and second field
effect transi sPBr&2 Bé ' connegl:l 3)%6? seri es between the first and

.second readi ng tern1na| control d L eecony field'
effect tranél stors bei ng r)especat egl}y co%z:‘%fedh§éh c£h§§§tg gf g

plurallty of memory cells arranged in the shape
of a matrlx, said memory cells being arranged w1th1n

semlconductor reglons of a flrst conduct1v1ty type

o

formed inlsaid semiconductor body,'said memory
10 cells having first and second selecting terminals
and first and_second”reading'terminals;
'(d)_:_ a plurality of pairs of word lines
which'are extended from.said seiecting.circnit
1nto said memory array, and whlch receive signals
'ls.for selectlon from sald selectlng c1rcu1t, one and
_the other of sald each palr of word lines belng
respectlvely connected to the first and second
| termlnals of the correspondlng memory cells~ and
| | (e)' a plurallty of palrs of data llnes
20 whlch are extended from sa1d selectlng c1rcu1t into
sald memory array 1n a manner to orthogonally 1ntersect
sa1d word llnes, and whlch recelve 51gnals for
'readlng from said selectlng c1rcu1t, one and the,other
of said each pair of data lines be;ng-respectlvely
25 connected to the first and second reading terminals

of the corresponding memory cells;

AR ) A



to the first and second selecting termnals; (g) said first field effect
trapsistor 10 including a silicon dioxide filmwhich is forned on said _
seni/\G uctor regions of said first conductivity.type, a silicon nitride .~=
fil Ich is forned on said silicon dioxide film a floating gate = = -
‘el ecttode of polycrystalline silicoggwhich i's forned on said silicon 15
nitride film . a control gate el ectrode which is fornmed over .said floating.
‘gate el ectrode, an inter-y§¥er i nsulator filmwhich is |ocated between said
floating and controllfgaisaid RaeqeemorNdCSe i e8FAUGHST Pedildift of a second
conductivity type which are arranged on 20 both si.des of said floating and
control g&i&l8| effesdeLiANTh ¥ chOB! UERAFI ASPEMORYI Srleeidniahduct or
regi ons, wherein sai.d _control gate electrode fornms ., art of. the word |ine
connect edat 85ERBY Hi&l L REARTHCTARRIRLPT a5 Agpwitphing elemafinuol atil o
menory construct.ed subsifantially.a ?er"n escribhed . with reference to and
e 11 st PREEq EiR o b or e b 1 AR T Rel R E R el e °TC 10
: 5 - connected in series between the first and second reading -
terminais, control electrodes of said first and second
field effect tranéistoré beihg respectively connected
to the first and second selecting terminais;
(g) said first field effect transistor
10 includihg a silicbn éiokide'fiim.which is formed on
said semiconductor regiqnsibf said first conductivity
" type, a silicon nitride'film'which is formed on said
_ silicon dioxide film, a floating gate electrode of
polycrystalline silicon which is formed on said silicon
15 nitride film, a control gate electrode which is formed
over said floating gafe electrode, an inter-layer
insulator film whidh is located betWeen'said floating
and control gaté.electrodes,'and.semiconductor regions \o/
of a second conductivity tyPé whiéh are arranged on
20 both sides of said flqating.andféontrol gate electrodes
within each of the fifst-mehtionéd semiéonductdr
regions, wherein said control gate eléctrode forms a
part of the word line connected to the first selecting

terminal.

S 1T .



c

-31 -

17. A nonVOlatile.memofy constructed.subétahtially

' as herein described with reference to and as illustrated

in Figures 2 to 8 of the'accompahying drawings.

L



