& l SEM CONDUCTOR STORAGE DEVI CE AND
I\/ETHCJD OF DRI VING THE SAME BACKGROUND OF THE | NVENTI O\I The

kpresent i nvention relates to a nmethod of driving a sem conduct or
storage device nounting nonvol atile netkory cells each including a
floating-gate type field effect transistor. As a nonvol atil e,
witable and erasabl e nmeseMICONDUEEBROBTORAGESDEYIERARNRNOWN. Fi gures 25(a)
and 25(b) show the structure of a unit cell of a conventionally used
typi cal EEPROM and t he METHODPOESDRIVENGSTHEI SAMEt i on of a charge) and
wite (extraction of a charge) in this unit cell. The unit cell of
the EEPROM i s forned by connecting a nenory transistor and a sel ect

~transistor in series to each other. For exanple, an n- . type inpurity is
i nt r oduceBACKGROUND OBNTHEItINUENTIONMt O an in a p-type
sem conductor substrate 101, so as to = forma drain region 102 of the
sel ect transi stThhe presestrinvegtdon telatesyvitoy aasmetbodir o€ dedivdngol t he
sel ect transistor and a drain region of the nmenory transistor, and a
sour ce regsamidgaductor tatagerdeviget naustingrnogyolael bememomiucedds
substrate 101, a select gate 107 of the select transistor is formed
with an each n%%ﬁbﬂ#@ f3 | fAorbingwate twme £imlshEffecfarttrangd sfpri-he
menory transistor is also forned. On the floating-gate 105, a cont rol
gate 106 of thehmrmquqleaﬁlg.owr%abéemdv@ms%le memeys,y |3 EBEFROM m

sandw ched. Between part of the n[err] regio
is already known. - Figures 25(a) and 25(b) show the structure

of a unit cell of a conventionally used typical EEPROM and the
principles of erase (injection of a charge) a'nd_ write
(extraction of a charge) in this unit cell. The unit cell of
the EEPROM is formed by connecting a memory trapsistor and a

select transistor in series to each other. For example, an n-

type impurity is introduced at a high .cc':ncéntration into an

g@%ra A region 102 of the select transistor an n’ region
%‘3 :

,s a source region of the select transistor and a
of the memory transistor, and a source region 104

-; .emory transistor. On the semiconductor substrate 101,
a select gate 107 of the select transistor is formed with an
insulating f£film. sandwiched, and a floating-gate 105 of the
memory transistor is also. formed. On the floating-gate 105, a
c;r:trol gate 106 of the memory transistor is formed with an

insulating film sandwiched. Between a part of the n® region

103 serving as the drain region of the memory transistor and
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'/:‘..-;103 serving as the drain region of the nenory-transistor and ' - ~the
41 oating-gate 105 is disposed a tunnel oxide film 110 having a
parti eutar! y—smal | thickness. As is shown in Figure 25(a), in

injecting electrons into the floating-@ate 105, a |ow voltage of OV is
applied to the drain region 102 of. the select transistor and a high

vol t age. ofth@0 f¥oatiagpbate tlDF héssdisposgst ca 10vnard (9rideonfiden ddle
106. As a result, the select transistor is turned on so that electrons

f1 ow fr omhdrelng ad rpaeticslany tsmalde WHainesgi on 103, and then, the
electrons are injected into the floating-gate 105 through the tunnel oxide
film 110 due t OA$hts Fhewmnkt iFkgure 25(a) jin HElRcHing-ifRcETosS 10t
extracting electrons from the floating-gate 105, a |low vaoltage of Q Vis
appl i ed t otherefleahingtaate 1296, a ahawavAL§AISoPEaQY df 2PPdird Iopithey to
the select gate 107 and the drain region 102 of the select transistor.

As a resuldraimeregion s ofnthe Selesl ithanshsFor 859N EgR 4RL 88 Rfough
the tunnel oxide film.110 to the n[err] region 103, and then flow into the
drai n regi ¥ Yoisopppideds e the (Sach Fate 107 ppd; khe coRFERd gibe

EEPROM wite and erase operations _ are conducted by maki ng use of .govenent

of el ectrok0 betdch TEHEL b SR SRS ML HOAS (EFRESOF sohFhdke

gate el ecé{gggrgr?g S:?](.jov? yfzt'or}ne t'ﬂi tdli'ra]tr.{%l Irré%'ion lsaetos%ﬁteenymreergeion 103,

and then, the electrons are injected into the floating-gate 105
through the tunnel oxide film 110 due to the FN tunneling.
As is shown in Figure 25(b), in extracting electrons from
the floating-gate 105, a low voltage of 0 V is applied to the
control gate 106, and a high voltage of 20 V is applied to the
select gate 107 and the drain region 102 of the select
transistor. As a result, the electrons in the floating-gate
105 are extracted thfough the tunnel oxide £ilm 110 to the n'
region 103; and then flow into the drain region 102 bf Ehe
select transistor.
In this conventional EEPROM, writé and erase operations
are conducted by making use of movement of electrons between
' the drain. region of the memory transistor and the gate
. @electrode caused by the FN tunneling. The state where

electrons have been injected info the floating-gate 105 can be
'a;;itrary defined as an erased state or a written state and is

not systematically defined.

On the other hand, another type of EEPROMs utilizing a



- -el ectrons have been injected into the floating-gate 105 can be arbitrary
defined as an erased state or a witten state and is not systematically

Ydeftned..._-. On the other hand, another type of EEPROM6 utilizing a
principle for a'wite operation differéht fromthat described above is
al so proposed. For exanple, the present inventors have proposed a

storage ganincdpde iforsiowrite Bpgrreida di fferentelferom dhatadeschibeded
froma source side (See Japanese Lai d-Qpen Patent Publication No. :
5-226662) abavet Hes stlsoctprapasiedsi gure 26, a floating-gate 202 and a sel ect
gate 203 are forned on a p-type silicon substrate 200 with a gate

i nsul ating fil fa@0éxempdesi the @ressutidnventprshhaiapreposed ek storagef
approximately 10 nm sandw ched. An insulating film 204. of a silicon

oxi de fil dewicef asnds shovncin Higurs: 86 Powhich Eiechrpns ariee injected
surfaces thereof. On the gates 202 and 203, a control gate el ectrode 208
of a pol ydiromc én squnae $ide (SeeepansseNbaddxPgenn Pategs. Pupligarion

mul tilayered insulating film including an oxide film a_nitride film
and anot B&- SoRi2866%)-| min thanstFegiere of Himma b, 2 dLaptirgggate205
and a source region 206, that s, inpurity diffused |ayers, are formed in
the p-typ202 |2Rdn2 se@leFht §a580 203 LBFR SoFEedfoRnhe RIFYRR Shélgares

202 and 203. I n adogting this structure, when the control gate 208
is substrate 200 with a" gate insulating film 201 of a silicon

oxide f£ilm having a thickness - of approximately 10 nm
sandwiched. An insulating film 204 of a silicon oxide film is
‘formed between the gates 202 and 203 and on the side surfaces
thereof. On the gateé 202 and 203, a control gate electrode
208 of a polysilicon film is formed with an ONO (oxide-nitride-
oxide) multilayered insulating film; including an oxide-film,
@ nitride £ilm and another oxide £ilm, sandwiched.
Furthermore, a drain region 205 and a source region 206, thaf
is, impurity diffused layers, are formed in the p-type silieon
substrate 200 on both sides of the pair of the gates 202 and
203. |

In adopting this structure, wﬁen the control gaté 208 is
set at a high positive voltage of approximately 12 through 17
V and the select gate 203 is set ét a low positive voltage of
approximately 1 through 2 V in injecting electrons into the
floating-gate 202, a weak inversion layer is formed below the

select gate 203 and a depletion layer is fofmed in the

substrate below the floating-gate 202. That is to say, a large



set at a high positive voltage of approximately 12 through 17 V and the
~select gate 203 is set at a |ow positive voltage of approximately 1
“through 2.V in injecting electrons into the floating-gate 202, a weak
inversion layer is fornmed below the sdtect gate 203 and a depletion layer
is formed in the substrate below the floating-gate 202. That is to say, a
| ar ge potential gap is generated between tinechbverstap lLaygenbedowd
bet ween the inversion | ayer below the edge, which is close to the source
regi on, oftHéhedgegawhigh igatkoftOZoantiet Soudepl xegion)| afthedfdosninge t he
inversion layer. By making use of this potential gap, electrons can be
i nj ected igate t2@2f bodt ithe (depleinn hayer hadjesehti qie the dpwersins
EEPROM can attain a refined structure in which the select transistor and
t he nmenor layesnsi Swmakingmse of this phitghtdedsgep. eleatngust can, be
al though the drain voltage is conparatively low (5 Vin this case), the
write opedatjesteshrinte thadfkoating-gate .- spékent thisi fechaique is
conventi onal EEPROM In the sem conduct or storage device of Figure
26, howeversed, ithee| REPRQM ¢3n cxttain fa orefired ostructuxe intwhigh the
floating- gate has the follow ng problens: . First, in the'injection
fromthe selegt txansiskomvand thepdrenonn trANHESEINRES ciowrted at a
conparative | ow drain voltage dgof approximately 5 However, when a 3 V

syst em supigh densifE-i s IReadditiehor ?%qugt%/ F%%?J?Fé&nt FHefRIN 1s

function that a wite qperation can be sufficiently conducted at a drain
comparatively low (5 V in this case), the write operation can

be conducted at a higher speed than in the conventional EEPROM.

In the semiconductor storage device of Figure 26, however,
the electron injection from the source side into the floating-
gate has the following 'problems:

First, in the injectioq from the source side, the write
operation can be conducted at a comparative low drain voltage
l(of approximately' 5 V). However, when a 3 V system .supply
voltage is used, a mémory cell is required to have a funct.;i.on
that a write operation can be sufficiently éonducted at a drain
voltage of approximately 2 V, in considerat.ion of the
fluctuation in <the threshold {ralue of the <transistor and
temperature compensation. Therefore, it is difficult to inject
electrons by using a single power supply system of lower than
3 v.

This problem seems to be overcome by increasing the drain
voltage alone so as to exceed the supply-voltage.' However, an

injection current in adopting the injection from the source
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vol-tage of approximately 2 V, in consideration ofyiddhest HhsBeafReplatedn i N t he

4 hreshol d val ue of the transistor and tenperatur Ther ef or e,
It is difficult to inject electrons by using a sﬂlﬂngu I ply system
of lower than 3 V. © This problem beens to b I ncreasi ng

the drain voltage alone so as to exceed the supply voltage. However, an

i nj ection gidéeld appooehately NE0 iyn eGiHidh (1P BdiriaBl¥ &maller than

-5-  side is approximately 10[err]A which is remarkably smaller than a
current ofardumretet oM ned@rderg ihhadepsingetre ahostajeterdDicdal vt
injection, but thereis alimt in the nunber of nenory cells into which

el ectrons ehsctron njajeetdiah, a dutethere is la) bOfiti Am the haambaen dround
that the electron injection fromthe source side can degrade a peculiar
menory fumémery céllhoutyted hehich st aftddis degy adatimgedtasl . dadme.
suffi-ciently probed. Accordingly, the nunber of repeating tines of

witel/ erase cycddmraddition,t éd hasdeen somunds thitt hbe sslwtstron SdyEaRY on- THE
| NVENTI ON The present invention was devised in view of the

af or enent i frowl phe bseurce aslidehganbflegrade, ai pesuddairc oetweiyo fusiciags -
devi ce nmounting nonvol atile nmenory cells each including a floating-gate
type transakthouginthe geusedotfthi idegradatdomhes nopreeemguiificientdy of
erasing and witing times and inproving the reliability, while decreasing a
suppl y volprgkedequi Aegdngiingdiyt,e &he cnumber of repdatingi risimesspedt
this invention provides a sem conductor storage device conprising at |east
one nenor Wridte/enase @reies: iseiimdiede thor onliystscores of thousandsmenory
cell including: a first diffused |layer and a second diffused | ayer
of a second conductivity type formed in an area of a first conductivity
type in said sem conductor substrate with a space between said first

di ffused ISHMIARHPELHE JOBTNTIAN f used | ayer; a floating-gate
formed on said sem conductor substrate to spread over one end of said first
di ffused | ayer T RFeIsRt hdWeFioR J ey sdeydgedecdrd ¥ieWusef | &hers;

a first insulating filmforned between said floatjng-gate and said

sem condu eé‘l?d'g‘tir‘!ﬂ FEORIEMG ., aPREWERRI FRIRETE i1y I @aSPMELONGUCHREN

said floating-gate and said first diffused |ayer and between said _.
{1 oat i ng- GHEFHRIAETL e PRU TGO e BPRGRY GetbmPach including

a floating-gate type transistor and a method of driving the

same, i@proving the number of erasing and hriting times and
improving the reliability, while decreasing a supply volt;ge
required for write and erase.

The fundamentai sémicohductor storage device of this
invention comprises at least one memory cell mounted on a
semiconductor substrate, and the mémory cell iﬁcludes a first
diffused layer- and a second diffused layer of a second
cqgéuctivity type formed in an area of a fifst gonductivity
.type in the semiconductor substrate with a space between the

first diffused layer and the second diffused layer; a floating-

gate formed on the semiconductor substrate to spread over one
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di ffused | ayers; a sel ect gate fornmed onTigShekt HeyBeewReplactdor
substrate to spread over one end of said second dif - / nd said
Varea between said first and second diffused Iayersmm‘- 11 B cond
- insulating filmdisposed between said #l ect gate I'd sem conduct or
- 6- substrat e; ' a control gate formed close to at |east a part of
sai d fl oatemd-@fit €he afitrst diffusddilaydmarndtamariea bedwseos dihebdtinsdn -
said floating-gate and said control gate, wherein el ectrons can be
i nj ected daredt secbadFNitfifused ntayersy sai dixsta treswistriingni 6ilinr foraed
second di ffused layers in said sem conductor substrate into said
f | oat i ng- godewadn cihngh f3artihgrgatenmsnd dtiengeficondndtoxt substratesq @st he
FN tunneling fromsaid floating-gate to said first diffused | ayer through
sai d firsttorsllax FNgtinheling of cagxiigrscbetwegnt the sflinaking-gatld aod
conductive filmdeposited on said sem conductor substrate, sai d
fl oati ng- gche firstmddfffusedildyeal enfobatueentthd filoatingrganel@nd x&efi|m
deposited on a side surface of said select gate with a fourth insulating
fil m sandvx¢rdbetivgen the fizisg en® rsscopd cdiffygek baYershi pdsedeelicti ve
filmdeposited on said select gate and said floating-gate with said third
i nsul at i ngg@te nfermer @hcthe semicondugtamisubsizate &P SREepAy ONEFoRRet he
el ectrons can be injected _into the floating-gate by utilizing the FN
t unnel i ng endtfadher seePpAzdhEfusrd Jawak andjshepEee iRAtARM I HLTAS o
result, a current required for_ injecting and extracting the_elections can
be decr eastRA LA S FEH8Y 1R¥EETed Sesande insulaking,£idgy digpeseton is
t hus decreased, a power shortage is not caused even when a drain voltage is.
i ncr eased PPERIMe BB SRR 9B sBNds B | FARLGORGHC AT cPYBRETRERD 3

| ar ge number of penor ells at a tinme. Thus, the sem conductaqr stqrage

devi ce parF‘Efét’t")‘b]er%ﬁ‘ .r'%Fq SIS (et IJT?aé't}'.diat P@ﬁt é’§ EBfpdted A the
re i n] eotESha SR r St CALEG: WSORTRBLAMa: FETR g HIPRARRS hETHSR ndPRat o
Dy L2 b N T il N Rl 903 P 25 RIS gl LB,
Leoul {119 LR O chle SHLABIALY il (B8 LERIGAR Ak "Bl il o
(L0200 R e 08 T W Yl SN 16D AR o g
oA S8 sehlchlh B0 e "5 " Hbablig-gace
through the first insulating film and extracted due to the FN
tunneling from the floating-gate to the first diffused iayer
through the first insulating f;l.lm'. g
Owing to this structure, the electrons can be inj ected
into the floating-gate by utilizing the FN funneling instead of
utilizing the source side injéction mechanism. As a result, a
current réquired for 'inj ecting and ext’:r:actihg the elections can
be-“decreas.led to appfoximately 1 nA/cell. Since the current for

injection is thus decreased, a power shortage is not caused

even when a drain voltage is increased from the supply voltage
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-7- In a second aspect this invention proVigghetha R ¢ or
~Storage device conprising at |east one nenory cell “ ‘ ’ _
“sem conduct or substrate, said nenory cell in a first

diffused | ayer and a second diffused | afer of a second conductivity type
formed in an area of a first conductivity type in said sem conduct or
substrat e ot asa tspatrjéetweba sldedtionst iditbf @s diarge enumbelr sof dmemesyid

di ffused | ayer; a floating-gate forned on said senm conduct or
substrat e telds ekdacvimeon&hus] thesseni¢onductor fsteragedavinaican Beea
between said first and second diffused | ayers; a first insulating

fil m f or medpesatedn asaiad Lowo yoiltggagat e LanaddatiosenprsoraneasrdsHhshr fhe so
as to allow.FN tunneling of carriers between said floating-qgate and said
first diffooavenpionadngeperadenesiceanduater mterage Javics %%W@&C&FMen
said first and second diffused |ayers; a select gate forned on said
seni conducedectrons are dajesteddpdeprsractad betyaen gE@oﬁHaHPf Fegien

| ayer and said area between said first and second diffused |ayers;

second i ns@ndt | thef ifipakingrgareebeditiskizing| &he gl e AinnSddng, the
sem conduct or substrate; a control gate forned close to at |east a
part of saledeTtEens\gbesse; thygugh differppty PRIGLINSngOfi | P8I sFIEEH

bet ween sai d fl oating-gate_and sajd control gate wherein e git rons

can be inj dOE¥3 ARG §itRe LENERE RIS IT ARG FNP SRET6E R TESPY DT st .
d d diff d .l [ i,qg. ' bstrate.intg.said

1 oat | ng- gif TREGTIRGATE AFEPLLALH BE: RS FRRFEnaRERLPELPEITHB o t he

B R R R B R
t f d l,A_t hi t _of :

Poventi on, CPHEeEiiE TR A GRLT B REE 8 XPER P B RBRnAGLLAS 3572

can be decreased, resulting in decreasing the manufacturing cost. -

In a thi rd@sﬁ‘&:‘t this invention provides a sem conductor storage device

conprising at | gaal Qne: MR &Pl ga;aggg;%%caascgnrggagyﬂ%? SupeteaLe,

I
- 8- sai"d nmenory ce incl u ayer and

a second digﬁégwh%ﬁ%a%lggggggdgﬁaﬂgggi vity type formed in an area of

a first con sem conductor substrate with a space

between said figgle Udifdedd Y CtaR"HeSRbAeS8FOY £ fiLS6onaGYEive £ilm

deposited on the semiconductor substrate, the floating-gate can

be a sidewall formed out of a second conductive film deposited
on a side surface of the select gate with a fourth insulating
film sandwiched, and the control gate can be made of a third
conductive film deposited on the select gate and' the floating-
gate with the third insulating film sandwiched.

By adopting this embodiment, the floating-gate can be
formed in a self-aiignment manner against the select gate, and
hence, thé floating-.gate and the select gate can 'be formed

within a very small area. In this manner, the integration of

the semiconductor storage device can be improved.
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a floating-gate fornmed on said sem conduct or ‘subsiThigphee °8‘%/§er one
end of said first diffused |ayer and an area betwe¢q IR ﬂhd second
di ffused | ayers; a first insulating filmfor lo id

fl oating-gate and said semi conductor suUbstrate so as to allow FN tunneling
of carriers between said floating-gate and said first diffused |ayer and
bet ween sai d flThéi 6gngrdE Gate sand Bheéasé@béstecgasai dahi bet fatnedcasna

di ffused | ayers; a select gate formed on said sem conduct or
substrat e ¢omadr eaembeer one end of said second diffused |ayer and said
area between said first and second diffused | ayers; a second -
insulating fil negi adopednhettitis ebodbme®e] Ghke rMikberni df S etindwatitieor
substrat e; a control gate fornmed close to at |east.a part of said
floating-gfibms requixed hifod i farmahgngthel nyateposmth batac deczaiaged,
floating-gate and said control gate; and ' athird diffused | ayer

f or med i n. sesaleingfis adetsssasiog dihe aramsufiatthuatingoeosesn sai d

floati ng-gate and said select gate, said third diffused | ayer having the
sanme depth and The f£koatingrgates andntbet select gateatan fhe hotinmdasiec ofd
di ffused | ayers, wherein el ectrons can be injected due to the FN
tunnel i ng &r @hrsd dcanduchiveedilaai depositednaboveortheli seadedndugdos i n
sai d sem conductor substrate into said floating-gate through said first

i nsul ati ngsubstratel, ex@ndacthel doatrolt hgatdl amebengnddeonpfaial second
floating-gate to said first diffused |ayer through said first insulating
film condugtive |figim dgpgaisedren sthel fiaisdccogduetive Hiolm wigdde the a
first conductive filmdeposited above said sen conductor substrate, and
sai d cont repigdiinsulaging Fllm sansid@dductive fil m deposited on said
first conductive filmwth said third insulating film sandw ched.

Accordi ng to tHB¥ 3deREingthif embadimest. the gates car be formed 6ut of
nerely two : . - 9-

conduct i veP¥ i Tl e SUO; SRpaustdve sy (FRSHHM RS IR fRgreasing the
Anot her advant age of  this aspect of the invention is that the nenory cells
can be exéﬁ?ﬁ?‘?‘%aﬁﬁf‘even when the space between the floating-gate
and the select gate is | [

close to an upp esﬁ??%%gééE&PQdemguf}g%g §§$§%ﬁ% $$ a%ﬁ%ééégFg%;gPhgthe
L roua g L1 LRI o a8 AR, (e capact tance
the electrons Gan heddl Y °dn 2 CehBSalhdft! NGt SIS 82Uk the
floating-gate and the select gate can be decreased, resulting
in further improving the density of the semiconductor storage
device.
The control gate can be formed. close to the floating—g&te
alone. |
By adopting this embodiment, the pérasitic capaqitance
derived from closeness between the control gate and the select
gate can be decreased, resulting in increasing the operation

speed of the semiconductor storage device.

The semiconductor storage device can further comprise a
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In-a . preferred formthe control gate can have -t he siaShestitlds BeeRse "éi
| oating-gate, a dummy gate having the sane w dth.ag - \ te can be
ormed above the select gate out of the second condg' dafifth

insulating filmhaving the sane thickneSs and made of tThe sanme nmaterial as

the third insulating filmcan be fornmed between the dummy gate and the

sel ect gatehird diffusdd) Daker | f@rmed SiaNBadidId ,of NEhE sBmiABoRAAHLHS

provide a margin between the control gate and the floating-gate in

consi der at isubstirates bbetiegphaiie Hliddtinggdtd Nthd NceCcs8D6t0gabe, ShRg of

each nmenory cell. Furthernore, since no portion of the control gate is

close to tichesuthiod dififusederlayriunasr théskanke, decl aagd efact sase
field is applied to the insulating filmon the sem conductor substrate even

when a vol iaperisy cbscentnatipeds checfirsttamd secamppldiftused hayepst r ol

gate. Thus, the reliability of the sem conductor storage device can be

i npr oved. By adopting this, aembddamintonetbed nefmdxye dably @@ be

preferably renoved. As a result, it is possible to easily form

a line to bxceddsatiydoperatedceven adieryailee space between the floating-

.- 10 - -wthout interfering with the dunmy gate. The

sem conducgetesapdagbedselestpgater &5l yargepri ses a menory cell array

including a plurality of the nmenory cells aligned in a matrix; word |ines

each provi ded t dnckbiisr oasel (the womtrplcgate igan e eluse tel 4n aupper
commonly connected wiith the control gates of the nmenory cells disposed in
each row i RUrfiacheapfysidp| surfagessef cthe| fhoatingrgate with the etiird ow
of the menmory cells in the nenory cell array conmonly connected with the
sel ect gat #8Splathranfidmysandvichedposed in each row in the nenory cell
array; bit lines each provided to each colum of the nenory cells in the
nmemory cell arrd§ @ W Chth Saprasifanse betwees: ther control agete andt he
menory cel | dii osgd in each colum in the nenory cell array; and source

li nes eacht{si?o? 88& Pg-g3tR F8hy be drereasedy @nd hence.nhctheelgctrons

array commonly cognict ed wth the second diffused | ayers of the nmenory

cel I's di spBRBIPENLBALHTPR ROt FRe nElRAYingrgate (mgre easily. By adopting

this enbodinent, . the bjt lines extend along the columms while the sel ect
lines extend al bfg ?‘Pfé{?%%\sg.a%é??"o%ﬁet ﬁ@'%bﬁf-‘m?i Hedthngs sehe fleating-

extend al o he_ col ums__qr. the.ro a l-eak current can flow between a
source i n@g}:i%ﬁ 2 “?nf%‘f igr?gcet hPX&Bﬁ“?‘h%ﬁf?%ﬁg@ﬁ% as &be sRleFtFRtRSaARct ed
menory cel{ i a ration. .This | eakage cuyrrent can cause error read
that { he- s2? cEpfnedZHuBo8t She"Rer L] on®a e A g idatnd chnductive
film, and a £fifth insulating film having the same thickness and

made of the same material as the third insulating film can be
formed between the dummy gate and the select gate.

By adopting this embodiment, there is no need to provide
a margin between the.control gate and the floating-gate in
consideration of mask alignment shift, resulting in decreasing
tEf size of each memory cell. Furthermore, siﬁce no portion of
the control gate is close to the sﬁrface of the semiconductor

substrate, no large electric field is applied to the insulating

film on the semiconductor substrate even when a voltage for
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although it is actually in an erased state. |n comiskhdt HasBemdep E@l bi t

| ines are perpendicular to the select lines in thi st or age
devi ce, such error -read can be ‘definitely avoi ded. D‘Bﬁ I i s case,
the nenory cells in the nmenory cell arn@ are pref i sposed so that
arbitrary two adjacent nmenory cells in each colum have the first diffused
| ayer and Eﬁ%c&%ﬁnQ.ngbt:f\:'i.ﬁﬁ?eh@i‘ﬁéti&nCP%I@Q&' £3ctnef céRerspUsaeel i nes
can be provided per two rows of the nenory cells.

Substi tut erpla@et the reliability of théSséhi&ShAEEEtEANsEbrBGe fdeviCe Searice
lines, resulting in sinplifying the entire structure of the nenory cell
array. be imp%%QQi ng to a fourth aspect this invention provides a .
nmet hod of driving a sem conductor storage device, ' sai d sem conduct or
storage devi ce QoMY RGsd, TARP1%age bneN@nddidl) thd iduimyli gd t6 eshnt ayer
and a second diffused | ayer of a second conductivity type fornmed.-in an area
of a first remadedl.i vity type in a sem conductor substrate with a space

t herebetween; a floating-gate formed on said sem conductor substrate so as
to spread over Qgeaenbsultsaiit fiiy Posdiblesad lcnsdlartbmn @arkind etavss
said first and second diffused layers; a first insulating filmforned

bet ween saicdhnhleeieidngrigit ety dsebeclt sgateondtithbort Smiteirfatrd ngo wastH otk | ow
FN tunneling of carriers between said floating-gate and said first diffused
| ayer and Beimmgegatai.d fl oati ng-gate and said area between said first and
second di ffused | ayers; a select gate forned on said sem conduct or
substrate so asThe spmizdnduetoonstenagefdselde seannfuxithéx seompraises and
said area between said first and second di ffused | ayers; a second

i nsul at i ngmemomydicsdds eaictagt womslwhing s pturgdityand sived mamoxyorcRllsr
substrate; a control gate formed close to at |east a part of said

f1 oati ng- galldgngdd ia tehimatriixs umwridn d ibielsmedichp exay idsd i eaghy row of
floating-gate and said control gate, wherein, in injecting el ectrons
into said ftheamemgryataellsailn fiheamempuyntaells axrancomtpnkio rCorRREEId
than said sem conductor substrate, so that the el ectrons are noved from

sai d area WathetEheser@t¥el Fatas ofcthaemery Ralls disposedsipgeach row

sem conductor substrate to said floating-gate due to FN tunneling,

i n extract Ry tBLeMEMOTY, cedild PTEFYi Jipegreagh proyidedydixfach
than said first diffused | ayers so that the electrons_are noved fromsaid
f1 oati ng- g&ZC¥ tQf sEhe Memery(isqlisdinafbe RAMQYY t RRLENTFANe| Fomponly

an operation for injecting the electrons into said floating-gate is_defined
as an er as§°8~B§F§?Floﬁ?-t’én%‘e select gates of the memory cells disposed in

each row in the memory cell array:; bit lines each provided to
each column of the memory cells in the memory cell array
commonly connected with the first diffused layers of the memory
cells disposed _in each column in the memory cell array; and
source lines each provided to each row of the memory cells in
the memory cell | array commonly é:.onnected with the second
diffused layers of the memory cells disposed in each row in the
memory cell array.

By adopting this embodiment, the bit lines e';:tend along

the columns 'while the select lines extend along the rows. When
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Substitute sheet : ' This SheetHga placed
an operation for extracting the electrons from sai d

Ydefined as a wite operation. In this dr|V|
el-ectrons are injected into the floatlﬂg gate not by utlIlZlng the source
side injection mechanismbut by utilizing the FN tunneling. Therefore,
current reswith ethd @it Njinels agdagel ext nagids@xtendehtohgotie caowl lmns or
decreased to approximately 1 nA/cell. Since the current for the injection
I S thus deecheassws, a Mesiagh@uragat ganofloeubetiwearna vdeuree dkinen ard t age
I's increased froma supply voltage so as to inject the electrons into a
| arge nunberbht demer ychowelugh athen turred-Aon aselksct t Trt bifs age nmircseldaaitedt
storage device which can be operated at a | ow voltage is capabl e of page
wite and pemerer aedlofim 3 argad nopbratdbnpendflyiscléskage sudirensn,cams
conpared with the conventional general nethod in which the electrons are
i nj ect ed/ ecausetexrdoetneath that dhe selegted memorvecelbals niudged toy be
utilizing the FN tunneling, the el ectrons pass through different portions
of the firdm ammemgwaﬁemaih‘thpmheﬁ-&cﬁ-SonctniibbYi o amerageddtate.
Therefore, it is possible to suppress the degradation of the entire first
i nsul at i nglii lcontresd.t isknpes Eher Slithglinesr eriealPerpendigniar t ke [theetine
of the sem conductor storage devi.ce can be renarkably el ongat ed.
- 13 - select|hings hptbbs osermﬁmnmg:%prseaﬁm&qyiq&,or%w ®RARA%,
the sem conductor storage device preferably further conprises a nenory cell
array incluerdcen perdefigitely Rvekdasty cells aligned in a matrix; word
| i nes each provided to each row of the nmenory cells in the nmenory cel |
array comonly EdnRaifcgagprt hthaecmeBATY oFeddfeinofthen MmOy fq;é-l |array
di sposed in each row rmr cell; select |ines each OVI d t,o each

row of theSHRRE )ﬂ’rﬁﬁqsﬁ‘i aﬁ’eﬁ'ﬁP}tEQW LrPa3ddzrenh Be iR h

each column have the first diffused layer and the second

diffused layer in common, énd each of the source lines can be
provided per two rows of the memory cells.

This structure can simplify thé source lines, resulting in
simplifying the entire structure of the memory cell array.

The fundamental method of driving a semiconductor storége
device of this inventién is.la driving me;hod for a
semiconductor storage device comprising a memory cell including
a first diffused layer and a second diffused layer of a second
conductivity type formed in an area of a first conductivity
type in a semiconductor substrate with a space therebetween; a
floating-gate formed on the semiconductor substrate so as to
spread_over one end of the first diffused layer and an area

between the first and second diffused layers; a first

insulating film formed between the floating-gate and the
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14 -~ the sel ect gates of the menory cells disposed in T8 et een_‘{é cé_-.._
Jrenory cell array;. bit Iines provided to each col umm, of ﬁ ki lMlicel | s
in the nenory cell array commonly connected with the § 88| ayers

of the menory cells disposed in each c®2um in the nenory cell array; and
source lines provided to each row of the nmenory cells in the nmenory cell

S array comudmicormiuticircdubstipatiess eanpd diibowseN turyslSingd ofheapelery
cells disposed in each rowin the nenory cell array. In this nmethod, in
an erase ojmstaeam, the pdloating-gata aeldectlesl Shrdt| idif fused hkayset ahda
positive val ue and unsel ected word |ines can be grounded, and a potenti al
of the senibechwhert adrthes ufisiatding -gateband etheatarea cgstween veheefirst and

Al ternatively, in an erase operation, a potential of a selected word line
can be set sscand ardieffused | vhayettsie aad sedeeltecigatenorfbimnetes amn bhe
grounded, and the sem conductor substrate can be grounded. In any of
t he. af or ersemicanstuatero Huhsirate [0 aasisto epreadi overawnee atef i of t thy
conducted at a time on the nenory cells comonly connected w th each.word
li ne. BRemOESEREPSEANL arer HMARNG RCSa between gthee firs: andesécond
view for showi ng the structure of a nenory cell of an EEPROM according to
a first enmsddifuaad layvers:pragsecomd insiHating Mfidm disposedi hgtweenf tihe
menory cell _array of the EEPROM of the first enbodi nent; Figure 3 is
an el ect ri cediactigats pranther ssmégPRduchier substrate; a control gate

formed close to at least a part of the floating-gate; and a
third insulating fiim disposed between the floating-gate and
the control gate. . In this driving Imethod, in injecting
electrons into the floating-gate, the floating-gate is set at
a higher potential than the semiconductor substrate, so that
the electrons are moved from the area between the first and
second diffused layers in the semiconductor substrate to the
floating-gate due to FN tunneling, énd in extracting electrons,
the floating-gate is set at a lower potential than the fifst
diffused layer, so that the electrons are mo&ed from the.
floating-gate to the first diffused layer due to the FN
tunneling.

An operation for injecting the eiectrons into the
floating-gate can be defined as an erase operation, and an

operation for exfracting the electrons from the floating-gate

.

can be defined as a write operation.
In this driving method, the electrons are injected into

the fldating-gate not by utilizing the source side injection
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n electric
circuit diagramfor show ng the setting of a. vol 1Btk el emrent of

t he EEPROM of the first enbodinent in BBwite operatlon by Nbdq 2;

Figure 5 is an electric circuit diagramfor showing the setting of a

vol t age at meshbntésmndnit dbyt hei EERRAY ahet RN f tushel bndpodi Mhereafom exase
operation by Mde 1; Figure 6 is an electric circuit diagramfor
show ng t heursenti required\fux dogdesattiegcand|eaxerdctling hheEEPRCNrohstdrn
first enbodinent in an erase operation by Mde 2; Figure 7 is an
el ectri c cbecdecreasgd aro fappshdwatelyhd nAditelhg &ingcestheaguraentator

el ement of the EEPROM of the first enbodinment in a read operation;

Fi gure 8 shtbasinjectitntisrtihisydesrasseda dpawenishaortage dssnghatausei a
threshold voltage in extracting electrons from a floating-gate of the
menory cel eveR vhen EERREMmvolitage Lstincrersideinom a supplyguedtage eos
the rel ationship between a pulse width of a signal and a threshold val ue
in injecti ag thetnjent the elertransdnteyagiasgef nunbereafryenety cdllise
EEPROM of the first enbodinent; Figure 10 is a sectional view for
showi ng thatstr jekRfe ofS R nEddltcefhisf sgmicppAaRtor staragel device

enbodi nment ; Figure 11 is a sectional view for showing the structure
of which can be operated at a low voltage is capable of page write

15~ setting of a voltage at each el enent of thé[h B
£enmbodiment in a wite operation by Mde 1; '

and page erase o_f a large number of memory cells. In addition,
as compared with the conventional general method in which the
electrons are injected/extracted bétween the drain region and
the floating-gate by utilizing the FN tunneling, the electrons
pass through different portions of the firét insulating film.in
the electron injection and extraction. Therefore, it is
possible to suppress the degradation of the entire- first
insulating .film, resulting in improving the reliability. Thus,
the. lifetimé of the semiconductor storage device can .-be
remarkably elongated.

In the method of driving a .semiconductor storage device,
the semiconductor stofagé device can further comprise a memory
cell array including a plurality of the memory cells aligned in
a matrix; word lines each provided to each row of the memory
cE}ls in the memory cell array commonly connected with the
control gates of the memory cells disposed in eéch row in fhe

memory cell; select lines each provided to' each row of the

' memory cells in the memory cell array commonly connected with
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a nenory cell of a firs type EEPROM of a third enbodi nent;

16 Figure 12 is a sectional view for show ng the structure of a
nenDry cell of a second type EEPROM of the third enbodi nent; Fi gure
13 is a sectional view for showing the $4ructure of a nenory cell of a
third type EEPROM of the third enbodi nent; Figure 14 is a sectiona
view for shihe repldut gatad w tle memerprgells | didpasdduin heagiperdirPROM of
the third enbodi nment; Figure 15 is a sectional view for show ng the
struct ure dfhe aemoryr geltdl arvdya Hitf AinegpprezPBal ©b dduh doluwhneoifotheent ;
Figure 16 is an electric circuit diagramof a nenory cell array of the
EEPROM of temaryl a¢ldisbdai rebet memory cBilussray cemmandyeconnectedcwith

di agram for showing the setting of a voltage at each el ement of the EEPROM
of the thirdhe Sizst ddhfusadalayers ahearhe imemdry MeddsldisposedFigueachis is
an electric circuit diagramfor show ng the setting of a voltage at each
el enent of QHAMEEAROWNGF meRervhredl apbemi nend seupcerliresppravided byo Mode
2; Figure 19 is an electric circuit diagramfor showing the setting
of a vol ta@écé& r@a'cﬁfeFBﬂemmm t%UEpmuh@r merervhredl arteyi aemmonly an
erase operation b 1; ure 20 is an electric circuit diagram
for showi nGoPRec FFﬁ& GheasﬁﬁPﬂﬁgélﬁfuégéhléY%ﬁ%n@fo?h?rmﬁm§§¥xﬂskﬁsthe
third enbodinent in an erase gperation by Mde 2;

disposed in each row in the memory cell array. In this method,
in an erase operation, a potential of a selected word line can
be set at a positive value and unselected word lines can be
grounded, and a potential of the sémiconductor substrate can be
set at a negative value.

.Alternativély, in an erase operation, a potential of a
selected word line can be set at a large positive value and
unselected word lines can be grounded, and the semiconductor
substrate can be grounded.

- In any’ of the aforementioned embodiments, the efése
operatidh can be definitely conducted at a time-on the memory

cells commonly connected with each word line.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a sectional view for showing the structure of
a memory cell of an EEPROM according to a first embodiment;
- .

Figure 2 is an electric circuit diagram of a memory cell

'array'of_the EEPROM of the first embodiment; .

Figure 3 is an electric circuit diagram for showing the
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Figure 21 is an electric circuit diagramfor showing the setting of a
voltage at each el enent of the EEPROM of the third enbodinent in a read

‘oper ati on; Figure 22 is a sectional view for showing the structure of
17 a nenory cell of an EEPROM of a foulbh enbodi nent; Figure 23 is a
plan view for illustrating the manufacturing procedures of the nenory cel

of the EEPR&}dteinglde 4 swlitagenhedéd@itielement df FHeCBERROR) of NI L&A C)
are sectional views taken on |ines XXl Va-XXlVa, XXl Vb-XXlVb and

XXl Ve- XXI Vecepbodigent 23,a webfedperdtion by Mddgures 25(a) and 25(b) are
sectional views for showing injection and extraction of electrons into and

froma floating-Figate 4fis annelgctelit efirauiendeagiramaléoiry phowingERREM

and Figure 26 is a sectional view for showing the structure of a
nenory cel | settimg EPROMoltalgez a b geash \eldnarttlofS RHeCEEPRO® of YIRS tHigdt
DETAI LED DESCRI PTI ON OF THE | NVENTI ON ( Enmbodi nent 1) The first

enbodi ment embddixenteines ovtitesl opratriiciy By Mddee 23cconpanyi ng dr awi ngs.
Figure 1 is a sectional view for show ng the structure of an EEPROM of
t hi s enbodi nent .Figure ShbsnahneEégﬂrfclcircuatpdiag:am for showing the
setting of a voltage at each element of the EEPROM of the first
embodiment in an erase operation by Mode 1;
Figure 6 is an electric circﬁit diagram for showing the
Setting of a voltage at each element of the EEPROM of the first
embodiment in an erase operation by Mode 2; |
Figure 7 is an electric circuit diagram for showing the
setting of a voltage at each element of the EEPROM of the first
embodiment in a read operation;
Figure 8 shows the relationship between a pulse width of
a signal and a threshold voltage in extracting electrons from
a floating-gate of the memofy célL of the EEPROM of the first
embodiment;
Figure 9 shows the relationship between a pulse width of
a signal and azthreshold value in injecting electrons into the
floating-gate of the memory cell of the EEPROM of the first
embodiment;
- Figure 10 is a sectional view for showing the structure of
a memory cell of an EEPROM of a second embodiment:

Figure 11 is a sectional view for showing the structure of

a memory cellpof a firs type EEPROM of a third embodiment;



type silicon substrate 1, a drain region 2-and a source region 3, that is,
n-type inpurity diffused |layers, are formed with a space therebetween. On
“the p-type silicon substrate 1 between the source region 3 and the drain
region 2, a select gate 6 of a first g@ysilicon filmis formed with a
gate insulating film 5 sandwi ched. Sidewalls are formed on both sides of

the sel ect Figure 12 is a sectional view for shHdwirgfiithedsityucture of
ani sotropically etching a second polysilicon film deposited with an

insul ati ng hehdry eblanceON® setond argé EERROM Ofcthe thesd émbodidens) | s
that is above the drain region 2 works as a floating-gate 7. On the

sel ect-gate 6FighreCABPHSAd issdtldriaiciviswl f6psmouwityy fihersfauctukeroed. On
the select gate 6 and the floating-gate 7, a control gate 9 of a

pol ysi | i c@n niemoty Sef1dr keEd anithiirdn typeUEBPROY 6F| thd Othirdne@blodihent:
sandwi ched. Between the drain region 2 and the floating- gate 7 is forned
a tunnel oxide Fiigune4lw 18 & sduttilonads vaew fipprshowinigethel 8toocture of :
Figure 2 is a circuit diagramfor partly showing the configuration of a
nenory celd memoxy oklilhofE&EPRGM thrtype BEPROM gfi theatbivdaembgdihentnory
cells as showmn in Figure 1. As is shown in Figure 2, in this nenory cel
array, a nunbefFiglurendfois zadcativnalavdedi $posshbwing thet sitxucandei of each
colum of the nmenory cells, the drain regions of adjacent nenory cells
are fornmea aempryoredd dfaian fidghotyprdEERBOMOQE cthe eghind efbodiment;

Figure 16 is an electric circuit diagram of a memory cell
array of the EEPROM of the third embodiment;

Figure 17 is an electric circuit diagram for showing the
setting of a voltage at each element of the EEPROM of the third
embodiment in a write operation by Mode 1;

Figure 18 is an electric circuit diagram for showing the
setting of a voltage at each element of the EEPROM of the third
émbodiment in a write operation by Mode 2;

Figure 19 is an electric circuit diagram for éhowing the
setting of a voltage at each element of the EEPROM of the third
embodiment in an erase operation by Mode 1;

Figure 20 is an electric circuit diagram for showing the
setting of a voltage at each element of the EEPROM of the third
embodiment in an erase operation by Mode 2;

Figure 21 is an electric circuit diagram for showing the

setting of a voltage at each element of the EEPROM of the third
embodiment in a read operation;

Figure 22 is a sectional view for showing the structure of
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adj-acent nenory cells are forned as a commopn source region. Each el enent
of the nmenory cell of Figure 1 is connected in this circuit diagramin the
following manner: The control gates 9 of the menory cells are connected
with word Iines W.1, W.Z2, etc. extendity al ong respective rows of the
menory cells. The drain regions 2 of adjacent nenory cells, for exanple,

of nmenoryacabndrdliedDdobPin PEERO 'GP N VESOPEE dsbdddnt; bit |ine BL1.

extendi ng al ong the colum. Furthernore, a source line is provided for
connecti on w thFigereou23e rigi oas plahi Chriew for illustrating the
19 comonly belong to nenory cells in tw rows, and two source lines are

conbi ned mmahuéachunihgrprsoedhaesaofothénaemouyotelﬂoum ruhes BERAROMs mihdi ng
to four word lines is provided with each of source lines SSL1, SSL2, etc.
The sel ect that ésuBtbf embbdimembsy cel | s di sposed in one row are
respectively connected wth select lines SL1, SL2, etc. extending al ong

t he respective Figuses 24(a)|througtwt24i ¢ hare rma::m'amﬂ ivirews tdkersamn ce.
lines in the nmenory cell array of the present sem conductor storage device
is not |inlivest BXTNat-X¥EVe| i BETVRLEREVD and XKEWc-XXINct e@foFdgatieor23gnd an
erase operation for these nenory cells will be described referring to
Table 1 anuespggtegels:through 7. Table 1 is a list for showing the setting
of voltages in wite, erase and read operations, and Figures 3 through 7
speci fically. shbgures ¢8(adgandt 266bh eremsectinngidciviews for showing

injection and extraction of electrons into and from a floating-

gate of a memory cell of a conventional typical EEPROM; and
Figure 26 is a sectional view for showing the structure of

a memory cell of an EEPROM utilizing conventional source side

injection.

DETAILED DESCRIPTION OF THE INVENTION
(Embodiment 1)

The first embodiment will now be deﬁcribed referring“to
the accompanying drawings.

Figure 1 is a sectional view for showing the structure of
an EEPROM of this embodiment. As is shown in Figure 1, in a p-
type silicon substrate 1, a drain region 2 and 'a source region
3, that is, n-type impurity diffused layers, are formed with a
sE?ce therebetween. On the p-type silicon substrate 1 between
the source region 3 and the drain region 2, a seiect gate 6 of

a first polysilicon film is formed with a gate insulating film

5 sandwiched. Sidewalls are formed on both sides of the select
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opéeration listed in Table 1. [ Table 1] - Wite operation
(extraction) - In awite operation for, for exanple, a nenory cel
‘M42, with the respective select lines SL1, SL2, etc. set at 0V, wth the
respective source |lines SSL1, SSL2, ‘etcl18opened, and with the silicon
substrate 1 grounded, the potential of the bit |Iline BL2 connected with the

drain regi gatef g hey manpsytespicalily becheny il IRitdna 1y Dicdd GbeIm t han,
the potential of the word line W.4 connected with the control gate of the

nemory celdepédited wheheshehsil@timy i B1E aaUONONELLANsAh@WM ched.
20 This setting extracts electrons stored in the floating-gate 7 to the

drain regi one2 omarhge two t fbddialls nehdt2is! abbles theasraiilardifiigitd al s
of the word lines, the bit lines, the select |lines and the |like can be set

by the fol wowksg amo anoflbsating-gatdbde. 1) On thés selebowgats F6gure 3,
the potential of the word Iine W4 connected with the memory cell M2 to
be wittencompazativelyl@hyckt séldthear owdde Ifiides 8@u rise | foximed .WOIGh | HHES)
W1, W2, W3, W5, etc. are respectively set at 0 V, the potential of
the bit |iselBc2 getreét etrdnithle tfloatimg-gatel 17, V&2 dontyell PYated P& td Ve
voltage of 5V, and the other bit lines BL1, BL3, etc. are respectively
opened. Al polysiddtont filmeks Sormed fith an insulating film 10 of an ONO
film sandwiched. Between the drain region 2 and the floating-
gate 7 is formed a tunnel oxide film 4 with a thickness of
approximately 10 nm.

Figure 2 is a circuit diagram for partly showing the
configuration of a memory cell array of the EEPROM formed by
aligning a plurality of memory cells as shown in Figure 1. As
is shown in Figure 2, in this memory cell array, a number of
memory cells Mmn are disposed in a matrix, and in each column
of the memory cells, the drain regions of adjacent memory cells
are formed as a common drain regioh and the source regions of
adjacent memory cells are formed as a common source region.
Each element of the memory cell of Figure 1 is connected in
this circuit diagram in the following manner: The control
gates 9 of the memory cells are connected with word lines WL1,
WL2, etc. extending along respective rows of the memory cells.
The drain regions 2 of édjacent memory cells, for example, of
memory cells M1l and M21, are commonly connected with a bit

line BL1 extending along the column. Furthermore, a source

line is provided for connection with the source regions 3 which
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et¢. are grounded, and all the source lines SSLI, SSL2, etc. are opened.

( Mode 2) As is shown in Figure 4, the word |ine W4 connected with
the menory cell M42 to be witten is grounded, the potentials of the other
word lines W1, W2, W3, W5, etc. arel9respectively set at 6 V, the
potential of the bit line BL2 connected with the nenory cell M2 is set at

12 V, and tdinmdtilierbdlénd | 86SmBhdryBL3118t An &AW r&RECtaN®! ¥wOP8BEEce Al
the select lines SL1, SL2, etc. are grounded, and all the source lines

SSL1, SSL21sias éfe effitted with Byasietéthgr ) o peh&bt hakémbinkbeon of
~aforementi oned manner, electrons can be selectively extracted fromthe

floating- g#laur rows corresponding to four word IZhesOfid hproei@ed weth M2
al one, which is disposed at the intersection between the word |ine W4 and

the bit |ineadiHf swumte,lirws SSLLy SSU2, Mt camhe pebset gatdsVeidEen
state. - Erase operation (injection) - In the case where all the
nenory cel [thec menoirlyycebbaetisgbsed tim shel eowtary ecspedtivedyl dohReéctddD! Yy
cell array are desired to be placed in an erased state, with the potential
of that. worictH sedeset latea §iik) (SD25 bigh extémdEngralond thieheespeteive al
of the silicon substrate set at a |low voltage, a potential difference

bet ween theawsntrol gate and the silicon '

It is noted that the connection of the source lines in the
memory cell array of the present semiconductor storage device
is not limited to that described above.

Now, a write operation and an erase operation for these
memory cells will be described referring to Table 1 and Figures
3 through 7. Table 1 is a list for showing the setting of
voltages in 'write, erase and read operations, and Figures 3
through 7 specifically.show the voltage at each element in each
operation listed in Table 1.

[Table 1]

- Write operation (extraction) -

In a-write'ope'ratio,n- for, for example, a memory cell M42,

- with the respective select lines SL1, SL2, etc. set at 0 V,
with the respective source lines SSL1l, SSL2, etc. opened, and
with the silicon substrate 1 grounded, the potential of the bit
line BL2 connected with the drain region of the memory cell M42
to be written is set to be higher than the potential of the

word line WL4 connected with the control gate of the memory

cell 42, to the extent that an FN tunnel current can flow.



substrate is set to be large to the extent that an FN tunnel current can

fl ow between the floating-gate and the silicon substrate. Thus, in each
of the nmenory cells commonly connected with at |east one word line in the
menory cell array, electrons are inje@0ed froman area between the source
and drain regions in the silicon substrate into the floating-gate through

the tunnelpp{is Wtd il fddtBacts elddtdond stz dn! Rdle Qtloh%%b.-?iﬁ%eob the

source and drain regions is set at the sanme potential as the Silicon

substrat e.¢q ARl d+£1n SEEPLIn SOUT §Emé By | CEYI 88 HOE LiRLaBLENY 24! ithek
(electrons in this case) Tromthe substrate, wherein the source or drain

Serves &5éé&bﬁafﬁéeEo%éﬁﬁhal§OWﬁN%Aé1%$&é t2h8s, Althel MSt t LiBes] hehe
voltage applied to the source/drain is nade equaf to that of the substrate

for the pusdmses Dinebt and Nthe t DekEDEANS W Ps@ot BHt itHe UEHLDEWIREN thBE
floating-gate and the substrate via the tunnel oxide film thereby
enhanci ng modes: - 22 inplantation efficiency.
For exanple, when the potential of the drain region is set at the sane | ow
potential as thaodaildsyrate, the above-described purposes can be achieved
Wi th ease because the drain region itself opposes the floating-gate wth
t he tunnel oxi des fid nshdwex etret Fbgure 3 Hothe epotentbalinof tdheoderdi 3ine
generally disposed in the drain region, and the <circuit structure is
conpl i cat edl4vicemridotaubteth theomenbey cellnw4Zlictmdey wdttan [desiseitvaky and
negati vel y changed. _

-10 VvV, the other word lines (unselected word lines) WL1, WL2,

WL3, WL5, etc. are respectively set at 0 V, the potential of

the bit line BL2 connected with the memory cell M42 is set at

a positive voltage of 5 V, and the other bit lines BL1l, BL3,

etd. are respectivély opened. All the select lines-SLl} SL2,

etc. are grounded, and all the source lines .SSL1, SSL2, etc.

are opened.

(Mode 2)
As is shown in Figure 4, the word line WL4 connected with

the memory cell M42 to be written is grounded, the potentials

of the other word lines WLi, WL2, WL3, WLS, etc. are

respectively set at 6 V, the potential of the bit line BL2

connected with the memory cell M42 is set at 12 V, and the

other bit lines BL1l, BL3, etc. are respectively opened. All

the select lines SL1, SL2, etc. are grounded, and all the

source lines SSL1, SSLZ, etc. are opened.

By setting the potentials in the aforementioned manner,

electrons can be selectively extracted from the floating-gate



- Theref-ore, it is advantageous to set the source region at a |ow potential
I n sonme case. Although the source region is away fromthe floating-gate,
= when, for exanple, the potential of the substrate is set at -8 V, as is
shown in Table 1, it is possible to 2fficiently invert the potential of
an area of the substrate below the select gate so as to retain the
potential o@f ttte amRfinody t Ba13ULS4Z alad om@pOSWhichhei£ddgd sposiedh at dilase

to the source region, of the floating-gate at -8 V by setting the .
potenti al ahtebsestliont bgaiveent thd Wogddlihe plMemindalthel bithe iswurBIR,
region of the selected nenory cell at -8 V. In this case, by setting the
potenti al fnéméhe, SehecmrenegyoteDl M42 ¢S cbechracednix ya cetittdn -skatel . e.
a half of the potential of the source region of the selected nenory cell)
and setting Erbsepopenatabnof(injecsbbert-gate at 0 V, the potential of the
area of the substrate opposing the edge, which is close to the source
regi on, of the fLhothencpsmitwhexzn alld rtheameadryt cellly coum@slnaonreatamdiuct
an erase operation in the unsel ected nmenory. cell
23 | withi attaleast hengotward alinef irhether diemomys, celhke asrbyc@re
substrate, the bit lines and the |like can be specifically set by, for
exanpl e, afe¢sdredntofbe |phigrd foden erased guBge, 1¥ith the potentimiues n
Figure 5, the potentials of the four word
that word line set at a positive high wvoltage and with the
potential of the silicon substrate set at a low voltage, a
potential difference between the control gate and the silicon
substrate is set to be large to the extent that an FN tunnel
current can flow between the floating-gate and the silicon
substrate. Thus, in each of the memory cells commdnly
connected with at least one word line in the memory cell array,
electrons are injected from an area between the soﬁrce and
drain regions in the silicon substrate into the floating-gate
through the tunnel insulating £ilm.
"It is preferred that at least one of the source and drain
regions is set at the same potential as the silicon substrate.
A carrier supply source is required for implanting carrier
(electrons in this case) from the substrate, wherein the source
or drain serves as the carrier supply source in this case. At
this time, the voltage applied to the source/drain is made
equal to that of the substrate for thé purposes of obtaining
the most sharp potential gap between the floating-gate and the

substrate via the tunnel oxide “£1ilm, 'fhereby enhancing



. lisnes WL2 through W5 are respectively set at- approximately 10 V, the
source line SSL2 corresponding to the four word lines W2 through W5 is
“set at -8 V, and the potentials of the select lines SL2 through SL5
corresponding to the four word I|ines B2 through W5 are respectively set
at -4 V. The potential of the silicon substrate 1 is set at

appr oxi mat fxhpylargtation gfifichemtect cHoseézample nesh&hlthl potentialand t he
unsel ected word lines W.1, W6, etc. are grounded, unselected source lines
SSL1, SSL3the edseinatregion iadsetti atetbet sameeslo@l pot@rtiadt casathe -
opened. By setting the potentials in this nmanner, electrons are injected
at a tinme substxake | thei agoverdescribed rpurposry can| becaghdeved with t he
four word lines W.2 through W5. In the case where all the nmenory cells
are desi rease denaysedde drain cegied itself annases the ddgiatisgsgathown
in Figure 5 the potentials of all the word lines are respectively set at
10 V, the withenthe| fupned| pxide fdlmchanehervwaen.resiioveye®) yaseplumn-g Vv,
and the potentials of all the select lines SL1, SL2, etc. are respectively
set at -4 decoder B§ SeReTEddYt Hlsposeshein | Bhed dEpdde XREFMN - oand e 5bR
sector of the npnnr¥ cell's commonly connected with any of the 4 word |ines
W2, W3, S4®euif sSTEREturgise ‘iﬂ"é@e‘&ﬁq?dan"’hen the ‘potential of the - -

24 erased stated or all the nenory cells can be_placed . in an erased state
2 a tine SOLEH s SREOEF CERR e aPOSHESVRLE neRt | dIegaidive i chradefe

nunber of nory cells connected with 4
T erefgre, it‘is a vangageous to set the source region at a low

potential in some case. Although the source region is away
from the floating-gate, when, for exémple, the potential of the
substrate is set at -8 V, as is shown in Table 1, it is
possible to sufficiently in&ert the potential of an area of the
substrate'below the select gate so as to retain the potential
of an area of the substrate opposing the edge, which is close
to the source region, of the floating-gate at -8 V by setting
the potential of the select gate at -4 V and the potentialﬂof
. the source region of the selected memory cell at -8 V. In this
case, by setting the potential of the éource region of an
unselected mémory cell at -4 V (i.e;, a half of the potential
of the source region of the selected memory cell) and setting
the potential of the select gate at 0 V, the potential of the
area of the substrate opposing the edge, which is close to the -
séche region, of the floating-géte can be retained at -4 V so
as not to conduct an erase operation in the unselected memory

cell.



| i-nes. - (Mode 2) As is shown in Figure 6, the potential of the
selected word line W4 is set at approximately 15 V, the unsel ected word
“lines W1, W2, W3, W5, etc. are grounded, and the silicon substrate 1
is also grounded. All the bit lines BLR3BL2, etc. are opened, and all the
select lines SL1, SL2, etc. and all the source lines SSL1, SSL2, etc. are
grounded. | n tharcashishaesase al thehgomsrtdaleel b ate desrdediirede phaced
in an erased state, under the conditions shown in Figure 6, the potentials
of all the sidriccdn nesibsrtrategpedthevelbltsetfliniesl5add the Bykadopanngbehe
aforenenti oned erase operation, each sector of the nenory cells comonly
connect ed \sgpecifiicaldfly lset hyr,d fomexanple,\\B2y ofc theafobdoplingesodasan
erased state or all the nenory cells can be placed in an, erased state at a
tine inthis mdMode dal | array. The mininum erasable unit. is the nunber
of menory cells connected wwth one word line. - Read operation - As
i's shown in Figdve ip shewmpdine RiigareofS,t thevpodenithels\\bf thenousdwardh
the nenory cell MA2 to be read is set at a voltage of Vcc (for exanple,
appr oxi imat diines WIZhtbyggHgh. WLY)are areispertineiy sadr @t pppsoRimataly 10U 3,
W5, etc. are grounded. The potential of the bit line BL2 connected with

t he nenDryV' the source line SSL2 corresponding otp the| f@uUD werdelipes] V,

and the other bit lines BL1, BL3, etc.

WL2 through WL5 is set at -8 V, and the potentials of the
select lines SL2Z through SLS corresponding“to the four word
lines WL2 through WL5 are respectively set at -4 V. The
potential of the silicon substrate 1 is set at approximately -8
v. The unselected select lines SL1l, SL6, etc. and the
unselected word lines WL1l, WL6, etc. are grounded, unselected
source lines SSL1l, SSL3 are set at -4 V, and all the bit lines
BLl, BL2, etc. are opened. By setting the potentials in this
manner, electrons are injected at a timé into the floating-
gates of the memory cells connected with the four word lines
WL2 through WLS. In the case where all the memory cells are
desired to be placed in an erased state, under the conditions
shown in Figure 5, the potentials of all the wofd lines are
respectively set at 10 V, the potentials of all the source
lines are respectively set at -8 Vv, and the potentials of all
the select lines SL1, SL2, etc. are respectively set at ;4 V.

- By adopting the aforementioned erase operation, each

sector of the memory cells commonly connected with any of the

4 word lines WL2, WL3, WL4, WLS5, etc. can be placed in an



ar & opehed. The potential of the select line -SL4 connected with the
menory cell MA2 is set at the voltage of Vcc, and the other select lines
SL1, SL2, SL3, SL5, etc. and all the source lines SSL1, SSL2, etc. are

grounded. The silicon substrate 1 is aR4o grounded. . Figure 8is a
characteristic diagramfor showing the relationship between the threshold

vol t age andrhbBedp@tated B adl ahe Gﬂﬁiozgﬁegelﬂst eanclRCt poacEAt HACTdPN
(wite operation) by Mde 1 of this enb ment Al so in the conventi onal

techni que, ekhgedl geatonst ad ecigng rHacited sf membirhectl 0a4i-Asy 9atthe B rikinjdn Zi NG
the FN tunneling of the electrons fromthe floating-gate to the drain

region, andrasabke anhst astichkl iuhber sFThmefidaiacedNiss donneditele wiltiaigned
by the conventional storage device. A current required for extracting the
el ectrons Lineapproximately 1 nA/cell in both the present "device and the
conventi onal devi ce. Furthernore, Figure 9 is a characteristic

di agram for shotModg 2he rel ati onship between the pul se width of a signal
used in injecting the electrons by Mode 1 (shown with a solid curve) and
by the conventidsalsssosn sindFigymcts ontishporentish afbrhkensdlettegand
the threshold voltage Vth corresponding to the charge anpbunt in the
floati ng gword Jin® WL4 tisesethat apprimdimaiigly 45 Vhethewertd sctdd erod
tunneling fromthe area between the source and drain regions in the
silicon subtnestWLl; oWLRe WL3at Wh§, gate. |aratgkbnadedandnuemhe silicon

_substantlalug t he
strate 1 is also grounded. All the bit lines BL1l, BL2, etc.
are opened, and all the select lines SL1l, SL2, etc. and all the
source lines SSL1, SSL2, etc. are grounded. In the case where
all the memory cells are desired to be placed in an erased
state, under the conditions shown in Figure 6, the botentials
of all the word lines are respectively set at 15 V. |
By adopting the aforementioned erase operation, each
sector of the memory cells commonly connected with any of the
word lines WL1l, WL2, etc. can be placed in an erased state“or
all the memory cells can be placed in an erased state at a time
in this memory cell array. The minimum erasabie unit is the
number of memory cells connected with one word line.
- Read operation - |
As is shown in Figure 7, the potential of the word line
Wﬁf connected with the memory cell M42 to be read is set at a
voltage of Vcc (for example, approximately 2.5 through 3.3 V),
and the other word lines WL1l, WL2, WL3, WLS5, etc. are grounded.

The potential of the bit line BL2 connected with the memory



26. sare characteristic can be obtained. In adopting the source side
Injection, time required for injecting a given anount of charges is very
“short and the electrons can be rapidly injected. However, a current
required for the injection is as smal 2%s approximately 1 nA/cell in this
enbodi nent, while it is as large as approximately 10 [err]A/cell in the

conventi oRad1l A2 §8 BkdeatnNiee) isma ¥Me ldirfeP Wi 1iveenBLL, BL3ssared t hat
an allowable total current is approximately 100 pA, the electrons can be
i nj ected idted dpurdd. apphexpotentyalebMaNe Yselunit SLine t $B4 coonnatiedal
source side injection. In contrast, the electrons can be injected into
appr oxi matwelth Hhe aehorpnoeyl M42| £s asetr dt nthe vdltdage wfeNtconand the The
conpari son between the invention and the conventional source side

i nj ecti on cyherheelasits Lahesh8EE, dsL2, re@alsSLi hetd.ollndvald: theeseurse
substantially no difference in tinme and a . current required for extracting
t he el ect names 1S8D1t, h&SLR|, oatcngaget grbandedn t fhei axkhtonnsabdtrate 1
conventional technique. However, a current required for electron _

i njectionis rilsd lgroundati.ng-gate in the present EEPROM i s approxi mately
1/ 10000 as large as a current required in the conventional EEPROM
utilizing the $dguse s8ddsi i echavactesdstidi diagram Eargeshawirng the
menory cells can be dealt with at a time in both injection and extraction
of the el eslahionship hetweeonthehthfesheldgroktags pnchdher pudse Widthe.
In other words, a page wite operation and a page erase operation can be
conduct ed ofh & signgd wsefeinothgegdegtron extractdanr fyritenoperation)

by Mode 1 of this embodiment. Also in the conventional
technique, the electrons are extracted from the floating-gate .
by utilizing the FN tunneling of the elect;ons from <the
floating~gate to the drain region, and hence, substantially the
same charactéristic can be obtainedlby the conventional storage
device. A current required for extracting the electrons is
approximately 1 nA/cell in both the présent device and the
conventional device. |
Furthermore.-, Figure 9 is a characteristic diagram for
-showing the relationship between the pulse width of a signal
used in injecting the electrons by Mode 1 (shown with a solid
curve) and by the conventional source side injection (shown
with a broken line) and the threshold voltage Vth corresponding
tq‘Fhe charge amount in the floating gate. Also in the other
embodiment§ of the invention, the FN tunneling from the area

between the source and drain regions in the silicon substrate

to the floating-gate is utilized, and hence, substantially the



¥

27~ the' source side injection, when the electron injection into the
floating-gate is defined as an erase operation, the nenory cells conmonly
‘connected with one word |line cannot be erased at a tineg, and hence, the

el ectron injection into the floating- 2@te is general ly defined as a wite
operation. In this case, the nunber of menory cells which can be witten

at a tine gameVER¥r88Bbristic ca§ ?&hSBEﬁiﬁgd[U the 08 %ﬁﬁ?ngﬁésﬁgg@gM I n

which the electrons are injecte romt rain reglo oati ng-

gate, the Ebaéumneeéefion] tife et&fl fw dox &ff j%aqxgt [&Lg‘i o Bhoud@ "B

portion of the oxide filmin both t extraction an i njection.
Ther ef or e, chiifg@x| dﬁfkﬂe'i‘ﬁ(' SshafaelavndiafﬁﬁedeQ%EBon&O &&e Y tyang }115}9
_ e el efase

resulting in decreasing t nunber of tines of repeating the wi

cycles. Inispactas!, HdWaved, e cardeRtas8qePBEat FONSLHY & rifRiuGLd o Bkough
different portions of the oxide filmin the present device, resulting in

el ongat i ngsh&kl | a$ edppronimd telyley irde/cell in ACAY @mbRldd med, FniYBNEk
current can be utilized in both wite operation (extractlon) and erase
operation {$nascllagge ias dpproxliiaadlyeo pid cdle iﬂjeﬁéléanvbhkiéhag the
FN tunnel current, the electrons are injected fromthe side of the
substrate sanrtascsidmd.r@imﬂorﬁo RRathés SpBine/ whend &Y ilsS asitmied @Hator
the injection than in the conventional -source si.de injection. Therefore,
the nunberanf aldmwapleel kotadt ccudirerit is approximately 100 pA, the

electrons can be injected into merely approximafely ten memory
cells by the conventiénal source side injection. In contrast,
the electrons can be injected into approximately 160,000 memory
‘cells at a time in this invention.

The comparison between the invention and the conventional
source side injectibn on the basis of these data reveals the
following: Theie is substantially no difference in time and a
current required for extracting the electrons from the
floating-gate between the invention and the conventional
techniqﬁe. However, a current required for electron injection
into the floating-gate in the present EEPROM is approximately
1/10000 as large as a current required in the conventional

'EEPROM utilizing the source éide injection. Accordingly, a
large number of memory cells can be dealt with at a time in
quF injection and extraction of the electrons into and from
the floating-gate iq the present device. In other words, a
page write operation and a page erase operation can be

conducted on a large number of memory cells. In contrast, in



thé eleéctrons can be injected at a time is remarkably increased,
and hence, a high speed operation of the entire ' :
28 systemcan be attained. Also, this means that a |ower supply voltage
can be increased to be used for wite a@@ erase operations. In
addition, in the structure of the nenory cell of the EEPROM of this

enbodi ment tHehgohikeat $1de G foctioh,’ PhERdthd8 dlesEidn aldjE¥d@Yn TREBCENe
agai nst the select gate 6, and therefore, the EEPROM can advant ageously

attain a velpatigiy-gate tis definedUaEhailDéLasdy opdeRicibg,t heSt heiRdry e Of
the nenory cell array and the driving nethod of this enbodinment, there is

no need tcellsvcdmmonlyecomedtadiitih onei wBrdSliws esddiot ber e2ased at
conventional FN wite/FN erase type menory cell array in order to prevent

excess Wi e timeeland deressi wheel eddtroreXin psdtivh fd€dn tHe floating-
fl oati ng-gate, which places the nenory cell always in an on-state). %—hl S

i s becauseghlte fsngeperallyadiefimsl s tdivkiwiropdiratibn. NCLHIERidNcaES
which is not covered with the floating-gate, nanely, an area covered with
t he sel ect that aumbeanef heimorgn delld ssavich dah Geivri@@gonst ahtsndl 59
makes contribution to shortening tinme required for the wite operation of
the entirevesyssmall. Al so, by adopting the aforenentioned operations,
the nunber of tines of rewite can be expected to renmarkably increase
because t he necFuntbermhreh in the conventional EEPROM in which the
electrons are injected from the drain region into the floating-
gate, the FN tunneling of the electrons is effected through the
same portion of the oxide film in both the extraction and the
injection. Therefore, the oxide film is largely damaged owing
to the FN tunneling, resulting in decreasing the number of
times of repeating the write/erase cycles. In contrast, the
write and erase operations are conducted thrdugh different
portions of the oxide film in the present device, resulting in
elongatirig the lifetime of the device.

Accordingly, an FN tunnel current can be utilized in both _
write operation (extraction) and erase operation (injection) in
this embodiment. In the injection utilizing the FN tunnel
current, the electrons are injected from the side of the
substrate as described above, so that a smaller current is
re‘quired for the injection than in the conventional source side
injection. Therefore, the number of memory cells in‘to‘which

the electrons can be injected at a time is .remarkably

increased, and hence, a high speed operation of the entire



<

| s~the “‘nost stabl e and causes the smallest wite/ erase damage at this
point of tinme (i.e., the FN current) can be used. I'n particular,

“since the select lines extend not along the colums but along the rows in

this enbodi nent, the select lines are23rpendicular to the bit 1ines
extendi ng al ong the col ums. 29 Wen
the sel ectsystet cad el @ tdlihddie AAgdNThis eansarnhatdiar dowen sappille bit
lines, a | eakage current can flow between a source line and a bit line

t hrough t heoltdgedcan Skéedncheaskd atounse| asédd feenowyitel land arasad
operation. OMng to this |eakage current, there is a possibility of error
read that ogeeratidresied nenory cell is Judged tobe in awitten state
although it is actually in an erased state. In contrast, when the select

| i nes are per peinli addition, tire the $trectuxeioftbhe mendtyi gedl, ofutheerror

read can be definitely avoided. (Enbodinent 2) Figure 10 is a
secti onal EERROM @f stiulé rephddiment;cttinee fdjoatingegerte Fells SormaedEERREM of
t he second enbodi nent . The structure of the nmenory cell of this

enbodi mentsel§-akignmentmaroerbggainshithe sediecdt ggtiees 1 andbithedefore,
common nenber serving as both a control gate and a sel ect gate.

Fur t her northe EERRQM ssani advantagoushye ilp titigiisk & veranhdgtt densikyhodi ment
1. In the structure of this enbodinent, a select line SL is
conductive wi t FYrtRexmoree madnpsiggvthen%ﬁbwhemlof the memory cell

array and the driving method of this embodiment, there is no
need to provide writelﬁgrification, which is necessary for a
conventional FN write/FN erase type memory cell array in order
to prevent excess write (namely, excessive electron extraction
from the floating-gate, which places the membry cell always in
an on-state). This is because the memory cell adopted in this
embodiment includes an area which is not covered with the
floating~-gate, namely, an area covered with the select gate
alone, between the source and drain regions. This also mages'
contribution to shortening time required for the write
operation of the entire system. | Also, by adopting the
aforementioned operations, the number of times of rewrite can
be expected to remarkably increase because the mechanism which
is the most stable and causes the smallest writé/erase damage
a?\this point of time (i;e., the FN current) can be used.

In particular, since the select lines extend not along the
columns but along the rows in this embodiment, the select lines

are perpendicular to the bit lines extending aldng the columns.



Therefdre, for exanple, in the electron extraction fromthe floating-gate
by Mode 1 shown in Figure 3, a voltage of -10 V is applied to the sel ect
“line SL4. Specifically, in the nenory cell shown in Figure 10, the
potential of the control select gate 29is set at a |ow potential of -10
V, the potential of a drain region 2 is set. at 5V, so that the electrons

in a floajndiy- gRéeséliesteXiny asktsnd ha18hgi theeGaliunths Alnt bhe same
30 point, since a source region 3 is opened, there is no novenent of the

el ectrons diptewEeiod ks ahia balt ithest galeak@gancurient sman dlowe pedswedn and
hence no problemis caused. Simlarly, also in the wite operation by Mde
2 shown i ma Hayitice 4inkehand adpitsdsinme throbighmthe turnddson selddie Tar afe
"operations shown in Figures 5 and 6, a voltage of approxinmately 15 through
18 V i s ap ivathdipioash ndmoryc adlilolirse estad)aiperbtiond aOsilngcdo <hibstrat e
1. However, when the insulating filmb5 below the control select gate 12
has a sufledkasgd lgudmerger therekdssa pbasibhlitgubfitérnpr ideaddhay thee
floating-gate 7, there is no electron novenent between the gate and the
substr at e, sekacsted) mempryblesll is jedgedertmorbe iint he wekitterpesgaiten
shown in Figure 7, the potentials of both the word |ine W4 and the sel ect
line SL4 alothaughed thiitsh actuaddyolp an| erasadt stake s eddt mantrastat whias
vol tage of Vcc, and hence, there is no problemeven when the word line is
conduct i vethe tseliget ddnest arenperpendicular to the bit lines as in this

| embodiment, such error read can be definitely avoided.

{ Embodiment 2)

Figure 10 is a sectional view for showing the structure_of
a memory cell of an EEPROM of the second embodiment. The
structure of <the memory cell of this embodiment is
characterized by a control select gate 12 formed as a common
member serving as both a control gate and a select gate.
Furthermore, a gate oxide film 5 is much thicker than that of
Embodiment 1.

In the structure of this embodiment, a select line SL is
conductive with a word line WL in a given memory cell.
Therefore, for example, in the electron extraction from the
floating-gate by Mode 1 shown in Figure 3, a voltage of -10 V
is applied to the select line SL4. Specifically, in the memory
cell shown in Figure 10, the potential of the control select

gate 12 is set at a low potential of -10 V, the potential qf a
drain region 2 is set at 5 Vv, so that the electrons in a

-floating-gate 7 is extracted to the drain region 2. At this



a

When the control select gate forned by integrating the control gate and
the select gate is provided as in this enbodinent, the wite, erase and
Tead operations can be perfornmed in the same nanner as descri bed in _
Enbodi nent 1. Since the control gate a8@ the select gate are integrated in
this enbodiment, the EEPROM can attain a further higher density. In
addition, pgiadppsingetdassircs nd@d 3t RsSopahed] N"eére idendaicldndif and

the select line can be unified into one line, _ . _
31 resultofgthe edsattablsy beguedti Nthd NEon e Sé1ladt Ofate 12CiandUithe
(Enbodi ment 3) EEPROVs of the third enbodiment will now be described
referring soufcguregitt 8hraendhhéhce no prbbgeme isl causedsectsimidlanaygw for
showi ng the structure of a menory cell of a first type EEPROM of this
enbodi mentalgs is thehowriten diieyatdohl byl Motlbe2 f shiown t i eFiiOM, ahedleect
gate 6 and a floating-gate 7, which are patterned out of the sane
pol ysi | i coarisésy narprébltemd on a p-type silicon substrate 1 wth gate
insulating films 5 and 4 each having a thickness of approximtely 5
through 10 nm shbksiw ckredihe espest opelrptioBst shewnt e Bigwses Sighd’ n@ on
the side surfaces thereof is fornmed an insulating film8 of a silicon
oxi de fil nvotreg@f approximately 15 through 18 V is applied between the
control select gate 12 and a silicon substrate 1. However,
when the insulating film 5 below the control select gate 12 has
a sufficiently larger thickness than an insulating film below
the floating-gate 7, there is no electron movement between the
gate and the substrate, causing no problem.

Furthermore, in the read operation shown in Figure 7, the
poténtials of both the word line WL4 and the select line SL4
connected with the memory cell M42 to be read are set at the
voltage of Vcc, and hence, there is no problem even when the
word line is conductive with the select line.

When the control select gate formed by integrating the
control gate and the select gate is provided as in this
embodiment, the write, erase and read operations can be
performed in the same manner as described in Embodiment 1.
Since the control gate and the select gate are integrated in
this embodiment, the EEPROM can attain a further higher
density.

In addition, by adopting the structure of this embodiment,

the word line and the select line can be unified into one line,



gates 6 and 7, a control gate 9 of a polysilicon filmis fornmed wth an
'ONO (oxide-nitride-oxide) nmultilayered insulating film 10, including an
"oxide film a nitride filmand another oxide film sandw ched. A drain
region 2 and a source region 3, that i3, inpurity diffused |layers, are
formed in areas in the p-type silicon substrate 1 on both sides of the

pair of thef@EAand iandrdmarkably ThinfprfviiRf UtRei Siftagtatidé®w iofat thé the
EEPROM shown in Figure 27 previously proposed by the present inventors.

Dfferencearmhdg.hat the gate insulating filmis as thin as approximately
5 through 10 nmin this enbodi rent and that electrons can be injected from
an area in (Ewbcdimeran Fubstrat e 32 1
bet ween the source and drain regions by utilizing the FN ,tunneling in this
enbodi nent W|tmmnR0MsIa£|mgethhﬂnﬂnembddihentnwemnunmwmhéadesarzﬁeace
the electrons are injected into the floating-gate 7 not by utilizing the
sour ce si defayrdeig o [Filgurdes 1l khroaght A6.FN t unnel i ng, this EEPROM can
attain basically the sanme effects as those of Enbodinent 1. In addition,
by adopting t Figuxte 1dt isea ddeetismralc olewc for showing they isbructurebof
manuf actured through a bilayer polysilicon film process, and hence, the
manuf act ura mgmoayt cedd O€ aetimsts &iypes EEORPMr ef Vhis$ enthrbiientt 2As is
Figure 12 is a sectional view for showing the structure of a second type
EEPROM of sthown drbddiguste 11, Tmi sheeddmstt yype EEPROM, a select gate 6

and a floating-gate 7, which are patterned out of the same
polysilicon £film, are formed on a p-type silicon substrate 1
with gate insulating films 5 and 4 each having a thickness of
approximately 5 <through 10 nm sandwiched, respectively.
Between the gates 6 and 7 and on the side surfaces thereof is
formed an insulating film 8 of a silicon oxide film. On the
gates 6 and 7, a control gate 9 of a polysilicon film is formed
with an ONO (oxide-nitride-oxide) multilayered'insulating £film
10, including aﬁ oxide film, a nitride film and another oxide
film, sandwiched. A drain region 2 and a source region 3,'that
is, impurity.diffuséd layers, are formed in areas in the p-type
silicon substrate 1l on both sides of the pair of the gates 6
and 7. |

" This structure is similar fo that of the EEPROM shown in
F{Epre 27 previously proposed by the present inventors.
Differences are that the gate insulating film is as thin_as-
approximately 5 through-lo nm in this embodiment and thaf

electrons can be injected from an area in the silicon substrate
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EEPROMcan be obtai ned when the di stance between a control gate 6 and a
gate 7 is larger than in the first type EEPROM or when a thin
g film10 alone is formed on the gates 6 and 7. In this case,

f1 oati ng-

“insulatin

in the inplantation of

source re
silicon

structure
the first
show ng t
this enbo
the contr

gate 9 is
exhi bit
control g
readi ng

gion 3, adiffused layer 11 is forned also in an area in a

1leRat h@ngd i/ a42RhignG:Hei BN
' e SeaEoll e el edylond, B9 ety

duPR 1ERERON this embodii&st %&ﬁ&tlﬁtan.gzaagt tRaakouredsside

inpurity ions & forming a drain region 2 and a

e sane effects as those of

he structure of menory cells of third and fourth type EEPROVs of
@dj%@ttioheﬁeeﬁahzgﬁ\y siheee tEEPRAGtfars RrPindiededd DiithHOtHS Ng

ol gates 9 nerely on the floating-gates 7 in the first and second

type EEPR@Yhati®gRreaiteV el Mot e el #zing the source side injection but
33 in each of the third and fourth type EEPROVs, even though the control.

LYOLtRLEZEAY tHe tHNE tanhetingat €hhs BHRRmoa:‘ahohttgahebaalc@my

its own function and the parasitic capacitance between the
ane auwhd hef fattertagatitosanobeEmbodirasedl. An aidEsidd, by he

speed is further increased. Figure 15 is a sectiona

Vi ew

for show rdidotingt thdisuserattuzepenheysenitonfuatdr fstorage d&PREDIcdnt his
t. In this EEPROM the distance between a floating-gate 7 and a
sel ect gate fahafacturedethrougtorpblitdyertpolystlixdorn [fdloprobess, and

enbodi nen

hence, the manufacturing cost can be decreased as compared with
Embodiment 1.

Figure 12 is a sectional view for showing the structure of

a second type EEPROM of this embodiment. This second type

EEPROM can be obtained when the distance between a control gate
6 and a floating~gate 7 is larger than in the first type
EEPROM, or when a.thin insulating £ilm 10 alone is formed on
the gates 6 and 7. In this case, in the implantation of
impurity ioné for forming a drain region 2 and a source region
3, a diffused layer 1l is formed also in an area in a silicon
substrate 1 between the gates 6 and 7. Also by adopting this
§tructure, the EEPROM can atfain basically the same effects as
those of the first type EEPROM.

Figures 13 and 14 are secfional views for showing the
sﬁfpcture of memory cells of third and fourth type EEPROMs_of
this embodiment, respectively. Thése EEPROMs éan be obtained
by forming the conﬁrol gates 9 merely on the floating-gates 7

in the first and second type EEPROMs, respectively. Therefore,
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type EEPROM and a control gate 9 covers the top and side surfaces of the
floating-gate 7 but is away fromthe select gate 6. Since the distance
between the floating-gate 7 and the select gate 6 is large in this fifth
type EEPROM the control gate is preveB88ed frombeing too close to the
sel ect gate 6 even when alignment shift is caused. Therefore, the

P ool 1 ancAR0BACH! 8208ne" Bnpfarleha bt ¥h (EFEEFbhoND, W0 | ol Wife | N°

capaci tance between the control gate 9 an i'ng- at rge

the functieBntolnjges ends %trs%séhe &'a&s fé&l%d@?%g}efgﬁrlfﬂgf%%}%ﬁ

can be advantageously i nproved gure 16 1s

partly shoghseg the caenfdengmid on +af @wﬁerr!e&ﬁce%h aghay the! ey

fourth and fifth type EEPROVs of this enbodinment. As is showi I n Figure
16, the setapacitancesbetwadr tHae cBRERBY ?aeesar&i ¥heilsR1e2Pgh bl hefach
menory cell, but this structure is basicall

34 the sagecpsas&al sha® id Fegwle,? ichel h%éaaﬂﬁgdrépée&egié’nsﬂﬁfth
adj acent nmenory cells are formed as a common drain region and t

source reginoseaseddj acent nmenory cells are fornmed as a common source
regi on. Each el enent of the nenory cells shown in Figures 11 through 15 is
connected in thFigarecls tisna séotionsl vidwEFgro_hoatin ggehésstz.gué’éuzté"%f

respective nenory transistors are connected with word |ines W.1, W.Z2, etc.

-a memory cell of a fifth type EEPROM of this embodiment. In
this EEPROM, the distance between a floating-gate 7 and a
select gate 6 is increased as compared with that of the fourth
type EEPROM, and a control gaté 9 covers the top and side
surfaces of the floating-gate 7 but is away from the select
gate 6. Since tﬁe distance between the floating-gate 7 and the
select gate 6 is large in this fifth type EEPROM, the control
gate is prévented_from being too close to the select gate 6
even when alignment shift is caused. Therefore, the parasitic
capacitance can be definitely decreased. In addition, since
the capacitance between the control gate 9 and the floating-
gate 7 is large, ﬁhe function to inject and extract the
electrons into the floating-gate 7 can be advantageously
improved.

Figure 16 is a circuit diagram for partly showing the
cq&figuration of a memory cell array'in.the second, fourth and
fifth type EEPROMs of this embodiﬁent. As is shown in Figure

16, the select transistor and the memory transistor are

separated in each memory cell, but this structure is basically
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ext endrng along the rows, and the drain region 2 of the adjacent nenory
cells, for exanple, of nenory cells M1 and M1, is connected with a
‘conmon bit |ine BL1 extending along the colum. Furthernore, a source
line is provided for connection with t3e source region 3 which conmmonly
belong to nenory cells in two rows, and two source |lines are conbi ned

with each othersams dshahat SASHh AL iIRKigude Roin tbhat thedrssiyoxdgignsoofour
word l'ines is provided with a conbined source line SSL1, SSL2, or the

| i ke. The sadpatenatimemdrpicdlils aremformed las @ spesed drailheregionr endar e
respectively connected wth select lines SL1, SL2, etc. extending al ong
the rows. et ditid imBcrdeayegitnshefvadjacdat mengny idelds ane fomned: A
select transistor is not connected with any signal line. |, Now, wite
and erase opaqmmgmsougce regieranmBash slpmepitycfcehe mgmony (celds ghowni bed
referring to Figures 17 through 21. - Wite operation (extraction) -

In the witdn oﬁ'ggblﬁ'ﬁm,llm' throughr dSpets | ponpected |imeFhig Cirguit cas.
are grounded, the respective source lines SSL1, SSL2, etc. are opened and
with the sifolkkawsubst fhee gontrol gates 9 of the respective mggory

grounded, the potential of the bit line BL2 connected with the drain
regi on of tHeANMEHIGES eRreMEONRRFedy Witbn ward ed ing@sheWlh; g2t h&hCt he
potential of the word [ine W.2 connected with the control gate of the

menory cel S%EBRA4RG | RLOBF: cThe t FeWSan a0\ thenfradtRr FeFlofan? Miwthe

: N h
Thr ough tr“éhjéﬁé&é égmoéyecells, for example, of memory cells M1l and

M21, is connected with a common bit line BLl1 extending along
the column. Furthermore, a source line is provided for
connection with the source region 3 which commonly belong to
memory cells in two rows, and two source lines are combined
with each other, so that a combination .of four rows
corresponding to four word ;ines is provided with a combined
‘'source line SSL1l, SSL2, or the like. The select gates 6 of the
memory cells disposed in the same row are respectiéély
connected with select lines SL1, SL2, etc. extending along the
rows. The diffused layer 11 between the memory transistor and
the select transistor is not connected with any signal line.
Now, write and erase opérations for, for example, a ﬁemory
cell M22 will be described referring to Figures 17 through 21.
~ Write operation (extraction) - | |
- In the write operation, with the respective select lines
SL1l, SL2, etc. are grounded, the respective source lines SSL1,

SSL2, etc. are opened and with the silicon substrate 1
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electrons stored in the floating-gate 7 are extracted to the . drain region
2, i.e., tothe bit line BL2. In this case, the potentials of the word

“lines, the bit lines, the select lines and the |like are set by the

followi ng Mode 1 or 2: (Mode 1) 35 As is shown in Figure 17, the
potential of the word [ine W.Z2 connected with the nenory cell M2 to be
witten i grvinddd, tHeé YotentialeogotRat bit slivie tBI2 admredtedd wilitheShel 1,
W.3, W4, etc. are respectively set at 0 V. The potential of the bit
| i ne BL2 ciwdiar trediivd lofi khenmamoyyceell NE22 i to did watiteterpds isiete twobeage
of 5V, and the other bit lines BL1, BL3, etc. are opened. Al the select
| i nes SL1 highar ethman athe pohemisdl ofndthal woirkde lioer &2l creseSEed, wEEh?2,
etc. are opened. (Mode 2) - As is shown in Figure 18, the wor d
i ne W.2 cthenexirditodi igatet b€ theomemory | céRl M22 becanrtihet @vxﬂe;m‘gftbathed and
the potentials of the other word lines W1, W3, W4, etc. are
respecti véiN sunngl 6cyrrght pearntilgw.of t Barough | | this Betddmgect SHewi t h
the nenory cell M22 is set at 12 V, and the other bit lines BL1, BL3, BL4,
etc. are cpgeairons |stared clrcthe | fleating-gare, 7 cate ax'érg¢'sedd§q, thed al |
the source lines . _ ) 36 SSL1, SSL2, etc.
are openedirain regpnsétt iln@ th&pihenbildl ding Bhe-af dnei¥bAsi 6ase. nEheer,
potentials of the word lines, the bit lines, the select lines
and the like are set by the following Mode 1 or 2:

(Mode 1)

As is shown in Figure 17, the potential of the word line
WL2 connected with the memory cell M22 to be written is set at
-10 v, and the potentials of the other word lines WL1l, WL3,
WL4, etc. are respectively set at 0 V. The potential of the
bit line BL2 connected with the memory cell M22 is set at a
positive voltage of 5 V, and the other bit lines BL1, BLSQ etc.
are opened. All the select lines SL1, SL2, etc. are grounded,
and all the source lines SSL1, SSL2; etc. are opened.

(Mode 2)

As is shown in Figure 18, the word line WL2 connected with
the memory cell M22 to be written is grounded, and the
potentials of the other word lines WL1l, WL3, WL4, etc. are
respectively set at 6 V. The potential of the bit line BL2
connected with the memory cell M22 is set ét 12 v, and the
other bit lines BL1l, BL3, BL4, etc. are opened. All the select

lines SL1, SL2, etc. are grounded, and all the source lines
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the el ectrons can be selectively extracted fromthe floating- gate of
nmerely the nenory cell M2 disposed at the intersection of the word |ine

"W.2 and the bit line BL2, nanely, the menory cell M2 can be placed in a

witten state. - Erase operation (inj&&ion) - In the case where all
the nenory cells commonly connected wth at | east one word line in the

menory celgsiar @612, € etdSSar@docpena.pl aced in an erased state, with the
potential of that word Iine set at a positive high voltage and with the

potential of tipy Sdttvioy IHSigrtentitilatinm tity ypbiafentidted poarnér Al
di fference between the control gate and the silicon substrate is set to be
| arge to tthe @lettronsacaanbeNskliageivelyr egpiractadf foom thetBlsatdmger, in
each of the nenory cells commonly connected with at |east one word line in
t he nmenor yatecblf meraly the memectyr cailav22 idismissll fatotheniatenseatide
silicon substrate between the source and drain regions into the
fl oat i ng- @&t ehiehwaadh ltine Wk2nahdi thal Bitngihel BL2, hémeéldy, ptleé ememory hat
at | east one of the source and drain regions is set at the same potenti al
as the sildeddnM22ostianabe pdaceieinaboweititenr sbetlereason. In this case, the
voltages of the word lines, the silicon substrate, the bit Iines and the
li ke are -spreise opelration,  (finjeekdapler by any of the followi ng nodes:
(Mode 1) As is shown in Figure 19, the potentials of the word |ines
37 In the case where all the memory cells commonly connected
with at least one word line in the memory cell array are
desired to be placed in an erased staté, with the potential of
that word line set at a positive high wvoltage and with the
potential of the silicon substrate set at a low voltage, the
potential difference between the control gate and the silicon
substrate is set to be large to the extent that an FN tunnel
current can flow. In this manner, in each of the memory cells
commonly connected with at least one word line in the memory
cell array, the electrons are injected from an area in the
silicon substrate between the source and drain regions into the
floating-gate . through the tunnel insulating film. It is
preferred that at least one of the source and drain regions is
set at the same potential as the silicon substrate for the
above-described reason. In this case, the voltages of the word
lines, the silicon substrate, the bit lines and the like are
specifically set, for example, by any of the following modes:
(Mode 1)

As is shown in Figure 19, the potentials of the word lines
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W:2 through W5 (anmong which the word |line W5 is not shown) are
respectively set at approximately 10 V, and the potential of the source
line SSL2 corresponding to these four word lines W.Z2 through W5 is set at
-8 V. The potentials of the select 1ir@% SL2 through SL5 (anong which the
select line SL5 is not shown) corresponding to the four word Iines W2

t hr ough WWL2ir throewgipedls veagosgt watch4the waddt héneoWbht L8l sosf shhwn)
unsel ected source lines SSL1, etc. are respectively set at -4 V. The
potenti al afettespectively st ratt @approxigetedty fpVoxiamdt she petextighe
unsel ected select lines SL1, etc. and the unselected word lines W1, etc.
are groundsfl, thencsaidce Qdne SSL2neerBespon@Lag e cthese fpanedrdThioegh
this setting, the electrons are injected at a tinme into the floating-gates
of the nerk3 thrdugh difhels ctetiath thd f othenpatentied s\\of theosgherEs. | n
the case where all the nenory cells are desired to be placed in an erased

state, undb#nQﬁes%nﬁ?’W% virrmang-iwiuiah fthe gedechoddnei §LS isf nok| |

LY

the word lines etc. are respectlvel% set at 10 V, the
pot ent i al sSSkAWR) ICQ%%@@Q tPntke SEpur dzlié‘ﬁ? R? cthraygh WLSepyeset
at -8 V, and the tentlals of _all the select. lines SL1, SL2, _etc.
are respckRTRAFILRLY fiet aty-4 V, apgd the potRptinlsiaf &hentnsatactedse

operation, each sector of the nme cel | s commonly connected with_any of
the 4 wor¥PYTsRslipes §pal.\efc. \/\Laa‘ge ¥RSPREHLYRL | 3-Ed3Fn 4n Ver aBE

state or all the cells can be Iaced in an erased state a i me
1 of & ¥ -8

inthis rmpﬁ, ?/“'Eje? g? siligen FYf te 1 is set at approximate

V. The unselected select lines SL1, etc. and the unselected
word lines WL1l, etc. are grounded,_and all the bit lines BL1l,

BL2, etc. are opéned. Through this setting, the electrons are
injected ét a time into the floating-gates of the memory cells

connegted-with the four word lines WL2 through WL5. In the

case wheré all the memory cells are desifed to be placed in an
erased state, under the conditions shown in Figure 19, the

potentialé' of all the word 1lines WL1, WL2, etc. ';re

respectively set at 10 V, the potentials of all thé source

lines SSLl1, SSL2, etc. are respéctively set at -8 V, andlthe

- potentials of all the select 1lines SLl1, SL2, etc. are
respectively set at -4 V.
By adopting 'the aforementioned erase operation, each
sector of the memory cells commonly connected with any of the
4‘;ord lines WL2, WL3, WL4, WL5, etc. can be placed in an

erased state or all the memory cells can be placed in an erased

state at a time in this memory cell array. The minimum
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38- erasable unit is the nunber of nenory cells connected with 4 word

i nes. (Mode 2) As is shown in Figure 20, the potential of the

“selected word line W.2 is set at apprOX|nater 15 V, the unsel ected word

lines W1, W3, W4, etc. are grounded,3&nd the silicon substrate 1 is

al so grounded. Al the bit lines BL1, BL2, etc. are opened, and all the

sel ect |ineraSabhleSufAiitets. thed naberhef gemory Ideids sR/mecSeid widihc 4 are

grounded. In the case where all the nenory cells are desired to be placed

in an eraswdrdsiines.under the conditions shown in Figure 20, the

potentials of all the word Iines W.1, W2, etc. are respectively set at 15

V. By adop¥pdg 2his erase operatlon each sector of the nenory cells

comonly connected with each word Iline W1, W2 or the |ike can be placed

in an erased stBASelsr shPwni pe Figure 2Qel ltg‘ecm"@é‘tﬁ-la&c&flﬂ’%rﬁ

state at a time in this nenory cell array. The-mninumerasable unit is

the nunber werdnbiRe WLz dig §e§oﬁﬁe§ﬁ%‘?}3%“ﬁ*ﬁﬁﬂr¥é WV Fhfeunselegted sinndat i on
As is shown in Figure 21, the potential of the word |line W.Z2

connect ed hLRESt R Je I3/ W4 4\/2?% bérﬁeﬁr‘?‘én‘lﬁﬂv aPlEhethe o|siddeasy

Vcc, and the other word |ines W1, are grounded. The

potential SEPEEEaBetl Iir%é‘lﬁE’ZgEBHﬁ@ﬁled ‘Wr]t Fth I’?étrréﬁrﬁﬁ BLi; B @fFset at

1V, and the other bit A %_
are opened an l the select lines SL1, SL2, etc. and all the

source lines SSL1, SSLZ, etc. are grounded. In the case where
all the memory cells are desired fo be placed in an erased
state, under the conditions shown in Figure 20, the potentials
of all fhe word lines WL1l, WL2, etc. ere_respectively set at 15
V.
By adopting this erase operation, each sector of the
memory cells commonly connected with each word line WL1l, WL2 or
.the like can be placed in an erased state or all the memory
cells can be placed in an erased state at a time in this memory
cell array. The minimum erasable unit is the number of memory
cells connected with one word line. |
-~ Read operation -
As is shown in Figure 21, the potential of the worq line
‘WL2 connected with the memory cell M22 to be read is set at the
voltage of Vcc,‘and the other word lines WL1l, WL3, WL4, etc.
a£; grounded. The potential of the bit line BL2 connected with
the memory cell M22 is set at 1 V, and the other bit lines BLI1,

BL3, etc. are opened. The potential of the select line SL2



BL3, etc. are opened. The potential of the select line SL2

39 connected with the nenory cell M22 is set at the voltage of Vcc, and
“the other select lines SL1, SL3, SL4, etc. and all the source lines SSL1,
SSL2, etc. are grounded. By setti3® the potentials in the

af orenenti oned manner, this enbodi nent can attain basically the sane

wite, erasénhidttced erdtRPehat neMdrys cehdsuma¥ ifdrbedt neet theandltageexi® bi t
the sane effects. (Enbodi nent 4) The fourth enbodi nent will now be

descri bed.vdd gl Zhd dtharsgeléecbalines\srl, SUBNELY, cett. odndralIFRRAM of
this enbodinment. As is shown in Figure 22, this structure is the same as

‘that of thsodrdé MLinygee SHPROMSH2 Frdmrli rerd grdunddie. fol | owi ng points: A
select gate 6 and a floating-gate 7 are formed on a silig¢on substrate 1
wi th gate oxi deBy isastinginthd petentiahsdinr ehecaforementdoted mangpgron 2
is formed in the silicon substrate 1 on one side of the floating-gate 7; a
sour ce r egthus nbodimersd dan eledadn beshcalbyt theesdamewrike, |Sxksefankdhe
select gate 6; and a diffused layer 11 is forned in the silicon substrate
1 bet ween tdmd gupesatioms s Choserefit Epbofiimenthd fanft kany eschEBRROVNhef
Enbodi ment 3, on the floating- gate 7 and the select gate 6 of this
enbodi nentsammreffdctmt e 9a and a dummy gate 9b are forned with insulating -
filmse 10a and 10b sandw ched, respectively. The control gate 9a and the
(Embodiment 4) '
" The fourth embodiment will now be described. Figure 22 is
a sectional view of a memory cell of an EEPROM of this
embodiment. As is shown in Figure 22, this structure is the
same as that of the fifth type EEPROM of Embodiment 3 in the
following points: A select gate 6 and a floating-gate 7 are
formed on a silicon substrate 1 with gate oxide films 5 and 4
sandwiched, i'espectively: a drain region 2 is formed in the’
silicon substrate 1 on oné side of the floating-gate 7; a-
source region 3 is formed in the silicon substrate 1 on one
side of the select gate 6; and a diffused layer 11 is formed in
the silicon substrate 1 between the gates 6 and 7. Differentiy
from the fifth type EEPROM of Embodiment 3, on the floating-
gate 7 and the 'sfelect gate 6 of this embodiment, control gate
9a and a dummy gate 9b are formed with insulating films 10a and
10b sandwiched, respectively. The control gate 9a and the
dummylgate 9b are patterned out of a second polysilicon film,

and respectively have the same widths as the floating-gate 7

and the select gate 6. The insulating films 10a and 10b are.
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dummy gate 9b are patterned out of 'a second polysilicon film and
respectively have the sane widths as the floating-gate 7 and the sel ect
gate 6. The insulating filnms 10a and 10b are

40 patterned out of the same  ONO fil m#0The silicon substrate 1 and the
respective gates are covered with an insulating film 13. Fi gure 23

i s a planpétderned idutlids aiHdGsdne oNRRif1aCt UrTHY $LDLEGS Shbscr@tdry cel |
array of the EEPROM of this enbodi nent, whereas the status shown in Figure

23 dose nahd apRcaesBedtigrd ffa v Wl idovdi® P RanEs San s Est2rd af11dr ough
24(c) are sectional views taken on lines XXl Va-XXlVa, XXIVb- XXl Vb and
XXl Vc- XXl ¥@.of Figure 23, respectively. Now, the manufacturing process and
the structure of the EEPROM of this enbodinent will be described referring
to Figures 23 adduzé(a)23thisugh 24(@n view | forhe ilAnusStardtingng fhé@cess,
after formng an isolation 20 of a SiJerr] filmon the silicon substrate
1, a gat emexnudectukrdng prboessdoéind mehmorytcebl yartray opf f then EEPROM of
(corresponding to a hatched area in Figure 23) is formed on the gate oxide
film Thehisaepbodinenti wherdas dthepsitatibi showhiimFAgums 28sdoadimgt to
each isolation 20 is selectively renoved, thereby form ng a rectangul ar
openi ng 2appearCiuringfthe mapsifpcituicdog process. Fdgumesp@hysi)l thoough|l mi s
deposited with an insulating film sandw ched, which procedure is not
shown. Ré{checemer sectional views taken on lines XXIVa-XXIVa, XXIVb-
XXIVb and XXIVc-XXIVc of Figure 23, respectively. Now, the
manufacturing process and the structure of the EEPROM of this
embodiment will be described referring to Figures 23 and 24(a)
- through 24(c).
In the manufacturing process, after forming an isolation
20 of a SiO; film on the silicon substrate 1, a gate oxide film |
is formed and a first polysilicon film 21 (corresponding to a
hatched area in Figure 23) is formed on the gate oxide f£ilm.
Then, a portion of the first polysilicon £ilm 21 corresponding
to each isolation 20 is selectively removed, thereby forining a
rectangular opening 2la. On the first polysilicon £film, a
second polysilicon film is deposited with an insulating film
sandwiched, which procedure is not shdwn. Furthermore, a
portion of the second polysilicon film including an area above
the select gate and corresponding to a right end in Figure 23
is selectively removed, which procedure is also not shown.

Thus, as is shown in Figure 24(c), a gate drawing line 23 can

be eésily formed from the select gate 6. The second
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portion‘of the second polysilicon filmincludi-ng an area above the select
gate and corresponding to a right end in Figure 23 is selectively renoved,
Which procedure is also not shown. Thus, as is shown in Figure 24(c), a
gate drawing line 23 can be easily f4ined from the select gate 6.
The second : 41 polysilicon filmis
patterned, polgmsdliycoor filg iseamirned,Jgheredy fofmihg thendondaiod §ate The
first polysilicon film21 is sinultaneously patterned, thereby formng the
f | oat i ng- g&ae ahd athte t demse| gategibe 6That flilrst P Iysikhscors Simn2inis
Figure 24(b), due to the opening 2la formed in the first polysilicon film
21, the fl| sdmuAgagaeousiy paditerded, othezebyi formiingntB8, fleatihgtgahe 7
floating-gates of the respective nmenory cells are separated from one

anot her. andeitheaselecdy Igate 6.nsWatthnis poimt24asfia SRS LhnFbgutde
like is deposited on the entire top surface of the substrate, and contact
wi ndows ar @4(Blnedue tReifthegopeningi élai farwedainnthenfbrsthpolysiélison
deposited on_ the entire top surface. The netallic filmis patterned,

t her eby fofAitRg2&. bithel fleakingogatet édigi dhvided dnaeachegsohatLonn20f he
gate drawing line 23 connected with each select gate 6 (See Figures 24(a)
and 24(c)) SOAthaE, &be fheatingcgrtaswEhtheataspegtriver nghony 3cekls caned on
an upper interconnection -layer, which is not shown. Also in this

enbodi nent SCPAEARPAT FTAM WAIHIRL | oRSenar @ oHRERTEAYSH insulaking
nanher as ggigrbgegflg Egggdkgfgtog'the like is deposited on the entire

top surface of the substrate, and contact windows are formed.
Then, a metallic film of aluminum or the like is deposited on
the entire top surface. The -metallic film is patterned,
thereby forming a bit line 22 connected with each drain region
2 and_the gate drawing line 23 connected with each select gate
6 (See Figures 24(a) and 24(c)). A source line connected with
each sourée region 3 is formed on an upper interconnection
layer, which is not shown. | |
Also in this embodiment, the write and erase operations
are conducted in the same manner as described in Embodiment 3.
In the erase'opération, the electrdns can be injected into the
floating-gate 7 from the area in the silicon substrate 1
between the source and drain regions. Accordingly, thié EEPROM
cf? attain basically the same effects as those of Embbdiment 3.
In addition, since the control gate and the floating-gate are
simultaneously formed by using a rééist‘film as a mask, there

is no need to provide a margin between the control gate and the



<

e

| n.t he cer ase operation, the electrons can be injected into the
floating-gate 7 fromthe area in the silicon substrate 1 between the
source and drain regions. Accordingly, this EEPROM can attain basically
the same effects as those of Enbodi ment48. |In addition, since the control
gate and the floating-gate are sinultaneously fornmed by using a resist
filmas a naglatidipigatd S1A0 coasddbeaRioni GF atRar giasklealbgnnéte shiEtol
gate and the ' 42 floating-gate in

consi der at iqrE fdrddtl yestom! tReNEDEthhichpe GEPReMEdS VEfbodimdret f 8 ( Bekype
EEPROM of Enbodinment 3 (See Figure 15), resulting in mnimzing each
menory cel IFiguze t I3 pr eresulicing heirontimimizing 9 eachot memorygl osello t he
silicon substrate 1 with the insulating filmtherebetween, differently from
t he struct marterdnape e sincendheacgatebacgaite 9f sl doits tappkiledeotoathepar t
of the insulating filmon the silicon substrate 1 in the wite and erase
oper at i ons,sildesar t sugstrmateprlovwhght the einablatingoffilm dberebetween

Al t hough the dummy gate 9b is present above the select gate 6, there is no
di fficultydiffierently Fromgrhe stoucthce of|Bigurmtld 6 nosdsage kilast8ie
because, as is shown in Figure 24(c), the gate drawing line 23 connected
with the sdi@id gk eappliedf opm@ny rPant efathfedasuiatdegonfl | 98i theon

filmis renoved near the edge of the nmenory cell array.

silicon substrate 1 in the write and ‘erase operations,
resultiﬁg in improving the reliability of the dgvice.

Although the dummy gate 9b is present above the select

gate 6, there is no'difficultylin drawing a signal from the

_select gate 6 (select line SL) because, as is shown in Figure

24(c), the gate drawing line 23 connected with the select gate

6 is formed in an area where the second polysilicon film is

removed near the edge of the memory cell array.
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43; Tabke 1: Extraction Extraction I nj ection

I njection Mode Mode 1 Mode 2 Mode 1 Mode 2

-* Read Sel ected Source : open open -8V
oV OV  Unsel ected Source43 open open
-4V Table £V - 0V Selected Drain 5V 12 V
open open 1V Unselected Drain open
open open “Se opemr—Seteqted—Setecr—yate \%
oV : -4 V | Extraction0V | Extraction |Majectitinsel ddnjectionSel e¢t gate
ov Mode 0V Model OV Mode2 (Mode 1 Mod¥\2 Sel ¢Rieadl
Control gare 10y 0 TV —I5 V VT
Unsel ect g¢Pelectsdi rol |gate OV 6 V [0)\Y; )Y,
oV SulySouegee Odpen open OV 8V g|v 0V ovov
ov - 44 - VAAT TS
CLAI MED || &/nselegted A semi conduct or stordge -device donprising §t |east one
menory cqIS0ufRSunt ed | on®RENseni chondPERor sybst raive, 0Vsaid frem®V cell
i ncl udi nq: alfirst diffused layer fJand a seconfd di ffusedf{layer of a
second ccgh‘ﬁefivityty fornme in%narea of .a firgt conductiyity type ijn
sai d seni L ubstYate w th!aYspacd bePREEn sdi d ®Pst d ffﬁs\éd | ayler
and said used | ayer alfloating-gqte formed én said
sem condy ate to spread _over orje end of said first diffused |ayer
and an an a8 i rstl an bcond di PP ed 1la OReY | r st

i nsul at i NGefeteq f Or red bet weenf sai d fl oat|i ng- gat e afjd sai d sem conduct or
substraté 160 ¢l | gw,FN tulmebivng of Jcarrjgrs bétwqﬁ) said Vee

fl oati ng e AR

Unselected ' :

Select gate ov ov ov ov ov
Selected - ' '

Control gate -10V ov 10V 15V Vee
Unselected .

Control gate ov | 6V ov ov ov
Substrate ov oV .8V oV oV
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di ffused | aye (d floating-gate a i ea pbetween said
first and secH!ﬂiEmmMﬁll E@b’rs; a sel ect TgasRetTHas BRERGBcGRI d

sem conduct or' ic ead over one end of : fused

| ayer and said area between said first 4Ad second am &mﬂﬂm S

a second insulating filmdisposed between said sel i d

sem conducWHATS JiSs tOLNIMED IS: a control gate forned close to at. | east a
part of said floating-gate; and athird insulating filmdisposed
bet ween sai d fl dat Angegdtendndtezni storage alewgatee comprisingMadr deasel enér ons
can be injected due to the FN tunneling fromsaid area between said first
and second mémorys eelllayounted oai & semiconductor substrate,into said
floati ng-gate through said first insulating filmand extracted due to the
FN tunnel i ng fr s@idaimemoryacedd- dacduddngai d first diffused | ayer through
said first insulating film said select gate is made of a first
conductive fil m deposi £dgssrdséfusetdiayerdandor srannd sti€fused layesan sl
floating-gate is nade of a sidewall| fornmed out of a second conductive film
deposited &n BESPRR SANMEIFity,i HvRe| Lormesk eini tan aaresr tof | @sufdrshg
filmsandw ched, and . said control gate is made of a third

conduct i ve SPRERCFINAEY: E¥PEnia $3id SamHcopductaTy subsitratieowiithga gspace t h
said third_insulating filmsandw ched.

- 45 - obetwesns 531q,fiTeh, difsuged davier ardpsridnFegondadifinsed
menory cel |, nounted on a sem conductor substrate, "said nenory cell
i ncl udi-ng: Y8¥8F? 3 first diffused | ayer and a second diffused |ayer of a
second conductivity type.fornmed in an area of a first conductivi t%‘é% pe in

sai d seni conduct or  s8bstiRAEHNGWAFSs AT MR WeBR sFdS | r semiFen T ayer
Sen conduc EUPISTRLE, SPC Pk BY8To9Re SRR A (SORA cELEST | ALFRURRd SLRNPT ayer
hsul at | ng 2P Rt BPaBtbErel, o8l FFFER o setia A Ebdded dpvrRiuct or
loati ng gate and saPdtPrFe i ifiBeadd Pyl daed paResR A Rl Foatingyar o
Sel ot gat EoFS eEC a1 (ol Sonditedt " WieRern P8 BT 30 0Fo8ndMEng

i fTused | Syonetihg 6 Cdrbilins BEeRBn BLET ATMIRI-SUG opitell A

lose 1o o FRUsed, 1o3AT SR HSlack LA Hloating-g@ed OUhEC gl ared T

i nsul at i ngbéthetAi S§808c8i Pt BLD Sdtshd ld)%{hf- ;ffﬂa%@ﬁrgd;_sai d control gate,
e unneli’n

wherein el ectrons can be injected due to g fromsaid area

between said first aadsSPeopGatid frasnddl aXCES1d s :%&JEFJE&P‘E{E%
substrate into said floati ngfbgate t hr ough sa?d ﬁrst&? nsul at1 ng élilrzjr%taend
dalid

extracted guesppesdeovelt oneend bf ré&ﬂé%é&:&ﬂd’%ﬂfﬂl‘%ﬁ dyers U4 |
di ffused layer through said first insulating film an 1 zsgdzﬁad contr ol
gate and sareasSitétwéefas®idl £itHH fEidi Fecdrd TIFFURP Aayers;

a second insulating f£film disposed between said select

gate and said semiconductor substrafe;

a control gate formed close to at least a'part of

a2

said floating-gate; and

a third insulating film disposed between said

floating-gate and said control gate, wherein electrons can
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3. Asenmc ge devi ce conpri si-ng atThisébest HasBeenReplacey cel

SRR 11111411 | ARt | 1] | | et

type forned in anh dre& of a®fitst condudbivity type In said sem conductor
substrate wi.th a space between said first diffused | ayer and sai d-Becond

diffused | a¢einjected due tERRNENVENANSIERS from said area between said

-46 - a floating-gate forned on sald sem conductor substrate to
spread overfiara ehdf sttichd | @iffflisblius edykarer iandsaddar sambebnaagtsai d
first and second diffused | ayers; a first insulating filmformed

bet ween saistibistraitengingat sabd & 1vatd ngeglatendhebaghssdid rflrstsAnaalaeiagl ow
FN tunneling of carriers between said floating-gate and said first diffused
| ayer and Hflweandsexdrboaatli dge gad etite ¢Fs aiuhneldmg Erewre$aid #16atshgand
second di ffused | ayers; ' a select gate fornmed on said sem conduct or
substrat e igateptoasabdefirste diftuskedsdagesetimough ffaiskdirateinsallasdhg
area between said first and second diffused | ayers; a second
i nsul ati ng filillmm di sposed between sai d sel ect gate and sai d sem conduct or
substrat e; a control gate formed close to at |east a part of said
floating-gate; 2. The semiicotdugtorasitngagel dedispooédChaimetdn said
floati ng-gate and said control gate; and a third diffused | ayer
forned in an ar ¥hegeigaisgige fiigstductsmwlahing rkitle bist vieede sof da silicon
floating-gate and said select gate, said third diffused |ayer having the
sane depth°&ﬁ§etﬁ61§a#évﬁﬁﬂuﬁig91§8n§§ﬁteacﬁeﬂia§ Sanm endssmahiescthan
di ffused | ayers, - - wherein electrons can be injected due to the FN
tunnel i ng PoRMsai d area between said first and second diffused layers in
sai d sem conductor substrate into said floating-gate through said first
i nsul ati ng fil mandhexerRicendygtorostasage devwieei a§ Eratmshi d
floating-gate to said first diffused |ayer through said first insulating
film saMBerrda: SfddyAetantd gakel Ll Bedegafe arfinmt capductive
first condgﬁ&iv filn1d§posited above said sem conductor substrate, and
sai d cont r 5 FaPEPPELRE OB S31dEBRYCRBAVGERF vBUPSFFRRBRposi t ed on sai d
first conductive ;ilg}mjgh said third inpsulating, fil msandw ched. 4.
The sem conduct §P*8t 6F8§E1BEAVERES oF S Paden QF ﬁmg*QQWa%;sfﬁﬁﬁﬁ%é?ﬁkéﬁf§%id
fl oating- n i.d.sel ec ate is filled with said third insulatjng
fil m and Sg?ggggnﬁ%}%ﬂ&é@é{e %jsﬂ" geq‘ﬁﬁléﬁ i EBnfucthre sBYFigee &h c‘i"—?’{cf{|
Qaims, vagigkd 32kd G9Rh" Q' £8ALen' PnlQfLBEnG' Pifin' QS LLAdLR dg 02t
said control gate is made of a third conductive film

depqsited on said select gate and said floating-gate with said
third insulating film sandwiched. . |

4. The semiconductor storage device of Claim 1,

wherein said contrbl gafe and said select gate are formed
as a common member.
- 5. The semiconduétor storage device of Claim 1,

wherein said floating-gate and said select gate are both

made of a first conductive film deposited above said

semiconductor substrate, and
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-47- - °6. The—sem conduct or st orage dev

e of This
£t hatane v oo SRR AR o and zgﬁswflllﬂﬁIHﬂ mll |||{

sem conduct or storade fevtce" of® C'aim54 6rvherein said control gate has the
same width as said floating-gate, a dummy gate having the same width
as sai d sel ect gsaidi sohtiroid gavey elsanddéclofCta gsécondt cohdueitd vee dilth
conductive film and a sixth insulating film having the sane

t hi ckness adepostiicedf drhesasdde fiitsti adorsducstive t iideh | wdthat satd f idhbrids
formed between said dumry gate and said sel ect gate. 8. The
seniconductbmsulamtggef&ﬂmcsanﬂwiﬁhédn'7 wherein at | east one end of said
dummy gate i s . renoved. 9. The -semi conduct or storage device of claim 3,
further conprisifmg:The semlcpnduunqr(s#dragergvﬂuétnﬁrq;aamﬂﬂural|ty of
said nenory cells aligned in a matri x; word.|lines each provided to
each row of sai cwhersky acsbpcei between rsint ¥loeitingrgayecandsaid caleett ed
with said control gates of said nenory cells disposed in each rowin said
merory cel |92¥e ks filled with@ fifks immsH.ated dbddm.o each row of said
menory cells in said menory cell array commonly connected with said sel ect
gates of said neforfhedenieandguntar istarage device of €ladmolby cel | array;
bit lines each provided to each colum of said nenory cells in said nmenory
cel | array comufSFhn&RiH FHOPRTodi dgpiest 1d ffermred | sydase oftasasaid
menory cell g disposed in each colum in said memory cell array; and

source | i ndRHRETIARR/AS R each row of said menory cells in said nenmory
cell array commonly connected with said second diffused |ayers of said
menory cells di SERP | ACBiCANAUGEPR SiPgagenseyice |ofr¢lgim 51durthene

sen1conductor stora e dev m. 9, wherein said nenory cells in said
- 48 - 9**% 8??58%9 18YPRatOzMes 1y AR mr%u afcheid

II h | d f t diff d | d d d
reory cel| e y it R T RRARE R AR R0 AU R o

select.gate, said third diffused layer having the same depth
and the same impurity.concentration as said first and second
diffused layers;

9. The semiconductor storage device of Claim 8§,

wherein a space between said floating-gate and said ééiéct
gate is filled with said third insulating film and said control
gate.

10. The semiconductor storage device of Claim 8,

wherein said control gate is formed close to said
- floating-gate alone.

11. The semiconductor storage device of Claim 10,

.wherein said ¢Ontfol gate is close to an upper surface and
side surfaces of said floating-gate with said third insulating

film sandwiched.



each of said sow Tded per two rowShetH&Bech RpEdy cel |l s.

oA T, L N -

diffused | ayer antl a¢ sécoMd diffused | &fer of a _ vity type .
formed in an area of 'a first conductivity type in a sem conductor substrate
with a space theselfia\eRinicdriduedor$tdkge’ dedeObssaldimenqpgonduct or
substrate so as to spread over one end of "said first diffused | ayer and an
area between sajnbddirstsald teaerdrdiddesedabatess; saméi Maithnsas akaig film
formed between said floating-gate and said sem conductor substrate so as to
al l ow FN tgamadidig-gitecarriers between said floating-gate and said first

di ffused | ayer and between said floating-gate and said area between said
first and secord diliniiyugadel Ageiag Bhécsanié whdeh fay Ml dselact gate is

sem conductor substrate so as to spread over one end of said second

di ffused |fomtednsboee dsaidasbresecgatal dut ref saild seecond dcbhdaedilayers;

‘a second insulating filmdisposed between said select gate and said

sem conducgidm, st rate; a control gate forned close to at |east a part of
said floating-gate; and a third insulating filmdi sposed between said

fl oati ng- gat e andixahdinsulavingafilm having theesama, thickness andgmade
electrons into said floating-gate, said floating-gate is set at a higher
pot enti al dfharhes sahes cmatanihlctas sabdtthied tosthatingefilecisofiormed
noved from said area between said first and second diffused |layers in said
seni condudietiwearh saig dummys giatef leodt isaddg sededtre gaderFN t unnei ng,

in extracting electrons, said floating-gate is set at a | ower potenti al

t han sai d firstl3i The semigpnductor: siorage devdceons Glaimpléd fromsaid
floating-gate to said first diffused | ayer due to the FN tunneli ng,

an operation fathangiscathdeasd onecendnofi seddsdupmy| gatengsgreroveddef i ned
as an erase operation, and an operation for extracting the

el ectrons fromldei Fhe RARIRPRARGLIR skaragel RVicquwef LChpbnatli Syrther
-49 - 12. The nethod of driving a sem conductor storage device of Claim
11, cofpridsingsai d seni conductor storage device further conprises a

menory cell array including a plurality of said nenor¥¥cells al.igned in a

matrix; word | iE&eMOIFh BFERY dnSIUAiRGWRoPLYRRELFENBEy SBdf| BePQATE i d
menory cell _array .co |y connected with said control gates of said nenory
cells di sﬁ?slg'(? iaﬁ'i@é’ggg‘&mq MEZiE  menory cell; select Iines each provided
to each row of said._nmemory cells in_said nengry cell_array conmmonl

connected wit hwgé'i‘ﬂ l&é‘P@céaﬁgt €§°‘6£d§ i LA ES s&iigpﬂggﬂr?ncéﬂ:ﬁ r ow

colTe in S EHEnBPYOEE Pkt S S ARG FREESE P EP AL PRECEPT usel

| ayers of said ry.cells dis ed.jn each colu in said negory cell

o tay: andeusn OF BRidoRapdey SRLTS Alahoe, 67 sty henar BLH dpdfe, ¢
menory celéeﬁr rF%\éé%QWrmnI y connected with said second diffused | ayers of
said nenory celTS disposed in each row in said nenory cell array, and '

| n an erase ODGRALAN 1 hdlP! E0LA AprBl1 8680 HEF I SENOLY! W3C it & Chefird
positive val ue and unsel ected wor ines are grounded, and a potentrat of
sai d ‘sem ¢NduCle sHRFididry Tl rdy NSNS, V@hifected with said
select gates of said memory cells disposed in each row in said
memory cell array; |
bit lines each provided to each column of said memory

sells in said memory cell array commonly connected with said

first diffused layers of said memory cells disposed in each



13. The met hod of driving i conduct or st or age—devi-ce—of—Cai-m-12+-

wherein the era "Hﬂnﬂ"m" ] onducted on a plurality. [ ( | i,nes
at a time. 14H*H, k I,Jﬁm driving a sem condiuctt%‘:sg o35l e eqac(?‘é' of

claim11, wher €i n"safd seni condud®r stor age'. devj f : |

conprises a nenory cell array including a plurality' of isel | s

al i gned i redlluiigi rirX; said dndmdi8s QN arr@i;dechd o each row of said nenory
cells in said nenory cell array conmmonly connected with said control gates
of said nenory smitce dLspesecdach gaavidad | toseadhnarow yofebkhidsaiempiryl | nes
each provided to each row of said nenory cells in said nmenory cell array
comonl y casliesctid saléd sandrgetell garey cbmmendymrecnngcted| withsmadedd in
each rowin said nenory cell array; bit lines provided to,each col um of
sai d nenorseamid sdififssed bayery cf| saddrmgmooynuellscdisposed dnt leach d
first diffused | ayers of .said nmenory cells disposed in each colum in said
menory celdowariraygaiahdnesmnry ecdlilnegrgayovi ded to each row of said nmenory
cells in said nenory cell array conmonly connected with said second

di ffused | ayer sLf Bhe dsemimonductidzrs storage device of Claim 14,

- 50 - disposed in each rowin said nenory cell array, and in an
erase oper ati orwhersin said|menory eebls ctnwapdd| mpmory cellamrxayasge
positive value and unsel ected word |ines are grounded, and said

sem condudigipanassts@ithat arblikrey twqsadjageatn@emegyoredibyilfgeach
sem conductor storage device of Claim 14, - wherein the erase '
oper at i on GELWBhhrMeeFadd £1ipelr diffysed Laver @rd s3iksegond diffusedig.
A sem conduct or storage device conprising at |east one nenory cell nounted
on a sem dGWRRtIg SQRQn.qand said menory cel |l including: a
first diffused | ayer and a second di ffused | ayer. of a second conductivity
type formed in OFaSBtdasPrTee HinrRidS PERYIARHePrr 4P FEHi o588t or
substrate with a SRace between said first diffused |ayer and said second
di ffused MEAREY C€228- 35 floating-gate formed on said sem conductor

etween sai d 1 e AP e B BeRisels spmEordicespeliGe ARiRR, Mrg”
as o al  ow PN SRAoBRUBEPF SR dasd Hoh e AP 330 o Beib el o
ai 0 111 ocbagdB e 2P AUERIGT doyer Tl Y. SRkGnd 1 SUSTuRgRIhECT
seni condug oL SURS! I abeald AGAT-0KST e ERd f 521 doscond ) f bysed

| ayer and sard area ween sai~d sSecond f'used layers;

second | NSldeddci Jaidym D0 dab SiIRErat ol Sifle s AP A space

sem conduct or substrate; a control gate forne east a

part of - SaiidolhAkiadi;0% ©i£18Aking gate? Fiiid | B! G140 sbink Horlnanesed
e an 0 gat e, -

bet ween said fl oati ng-gat sard-contr
_substrate so as to spread over one end of said first diffused

layer and an area between said first and second diffused
layers; a first insulating film formed between said floating-
gate and said semiconductor substrate so as to allow FN
tunneling of carriers between said floating-gate and said firét
diffused layer and between said floating-gate and said area

between said first and second diffused layers; a select géte

formed on said semiconductor substrate so as to spread over one
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wherein el ectroms—canm be injected due to the FNTLYSREH8e, RO c%fid area
C

bet ween sai d fi: INIffused | ayerg in _ or
*substrate into Hm“ﬂ““mﬂfmun e through saistd fi mgﬂgmm filmand
extracted due to*the PN tunfdel fng from4®id fl oat - I$Bid first
di ffused | ayer through said first insulating film sai d '
floating- al& Gpdsa dséSbﬁgtdQQEﬁsé elggég aRAe 58 42 alrlelS betadiCidatl 11 m
-51 - deposi ted above sald sem conductOr substrate, said contro
gate | S MREEH Gn8CQREKO WL S T LBYRABPOY [46barl SehdulbtshgCadue! | ve
filmwith sard third insulating filmsanhdw ched, said confrol gate
is formed & gsesbd O peahvée 08hiAY- §8f &8l Yifbe aBHaNASaide sEMIRONRIdERS
said floating-gate, a dummy gate having the sanme w.dth as said

sel ect gatgubSetHEdEda SBONErSPi ate! e6tmeat 81656 €6 88 dea80Rd pdoRdys i ve
film and a sixth insulating filmhaving the same thickness and nade
of the sangaimt @licaltidmy-gaivé;t hahd |4suWnilddgihsllatsngor fith hetieprizedai d
.dummy gate and said select gate. 17. The sem conduct or storage device
of clai m Iifetwdri addlidh SlowEimpigets od Gdidaidntgoldgistegnd said sel ect
gate is filled with said third insulating filmand said control gate. 18.
The sem conductwhexdiri Agn divyjeetirg dhdderdhs Witteisaidl fleadiingrgate] of
said dummy gate is renoved. 19. The sem conduct or storage device of
claim 16 fgaidefloanpnhgsgage is setaatendr highkr Potwntixl uthag aaid
plurality of said nenory cells aligned in a matri x; word |ines each
provi ded tsembomdndwurtad sbsktrere \sadtist ithe @leatomsy agel mowedafrom
commonly connected with said control gates of said nenory cells disposed in
each row isabdiaresibetyeen saddrfirst and secondcdiffusedckayers dri ¢@ddto
each row of said nmenory cells in said nmenory cell array commonly connected
with sai d semigandugtor ofsubstratenoitp csbld dfipatirgrgataicfuyspwian & d
menory cell array; bit lines each provided to each colum of said
menory celtennel danhory cell array commonly connected with said first

di ffused | ayers of said nenory cells disposed in each colum in said nenory
cell array; andn extracting celechrendacsepdoflerting-g2ks iswset 3% &
menory cells in said nmenory cell array commonly connected with said second
di f fused |i8W8% mt%%wdakeébw gafps é’%s@cﬁ%’ﬁ@ao’kﬁ?@ﬁv i $° sEhatnEher y

cell array. :
.)glectrons are moved from said floating-gate to said first

diffused layer due to the FN tﬁnneling.

17. The method of driving a semiconductor storége device
of Claim 16,

wherein an operatioh for injecting the electrons into said

_ floating-gate is defined as an erase operation, and

an operation for extracting the electrons from said

floating-éate is defined as a write operation.
- 18. The method of driving a semiconductor storage device

of Claim 17,

wherein said semiconductor storage device further

comprises a memory cell array including a plurality of said



-52 - 20 Th‘é sem conducter—stor age devi (‘ée fifis shbeR bR Ble, RAELET N sai d
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claim 21, pirevddedsaicd emtorgolngin sof Ns&ad dmeRERYY cetllls Al ayafd eméhsppsed
so that arbitrary two adjacent nmenory cells in each col umm have said first

di ffused | epdl ardayacdmmendgpdcdhhécted wHyRIsaid COOPPE, dBfflused lay&sgh of
said source lines is. provided per two rows of said nmenory cells. 23.
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menory cells disposed in each row in said :
each row in said memory cell array, and '

in an erase operation, a potential of a selected word line
is set at a positive value and unselected word lines are
grounded, and a potential of said semiconduc';tor substrate is
set at a negative value.

19. The method of driving a semiconductor storage de#ice
of Claim 18,

wherein the erase operation is conducted on a plurality of

said word lines at a time.

20. The method of driving a semiconductor storage device

of Claim 17,

wherein said semiconductor storage device further

comprises a memory cell array including a plurality of said
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" di ffused Iayers ﬂﬂl Huﬁlﬂ”ﬂ”iﬁl ells dlsposed in each colum in said nenory
cell array; and ¢ tsource I*I nes ea® provided to each row of said
menory cells in said memory cell array commonly connected with said second
di ffused |ruaisy Felal AINRANY 19€/d matisnes abrd 1936s [N Drovided ey ¥
cell array. 4. The sem conduct or storage device of claim 23, wherein
sai d nenorgadie! kewi NosaisdideMésose! lcal Ty iar esadidipﬁl%ﬁt@rgp ddEL Adialy ary
two adj acent nenory cells in-each colum have said first ffused | ayer and
sai d secorsonfiidrilis ednhayted @i¢RNEPId ciittrol gatedAoll €4idaighcisticealls nes
is provided per two rows of said nenory cells.

*C L M &¥sposed in each row in said memory cell:; select lines each

provided to each row of said memory cells in said memory cell
array commonly connected with said select gates of said memory
cells disposed in each row in said memory cell array; bit lines
pfovided to each column of said memory cells in said memory
cell array commonly connected with said first diffused 1ayersl
of said memory cells disposed in each column in said memory
cell array; and source lines provided to each fow of said
memory cells in said memory cell array commonly connected with
. said second diffused layers of said memory cells disposed in
each row iﬁ said memory cell array, and
in an erase operation, a potential of a selected word line
is set at a'lérge positive value and unselected word lines are
- grounded, and said semiconductor substrate is grounded.
21. The method of driving a semiconductor storage device
of Claim 20,
wherein the erase operation is conducted on a plurality of

said word lines at a time.
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