, GABCDEFGHI e3es~shhi | sHt p~6~T~b6 SEM CONDUCTOR | NTEGRATED Cl RCUI T DEVI CE,
PRODUCTI ON AND OPERATI ON METHOD THEREOF BACKGROUND OF THE CN 5 This
invention relates to a sem conductor integrated circuit de W%E“@ M”www
production and operation nethod thereof. Mre particularly, tion
relates to a technology that will acconpti¥h-high integration *tengity, high
reliability and | ow operating voltage of an 10 electrically
progr ammabl e/ er asabl e non-vol atil e sem conductor nenory devi ce. Anmong

el ectrically pgparesRBhteorr areRERATEDVOLREIEIE SEVTERNAHRODUCTEORT Y
devices, a so-called "flash nmenory" is known as a nenory device capabl e of

15 coIIectlver erasi ng dat aandherftkRasbonemaryobasHEREOF! ent portability
and inpact resistance, and can electrically and collectively erase the

dat a. TherefoggCKéﬂguggngpdTﬁ$rFEO§N§&@§h menory has been increasing

rapidly in recent years as a menory device) for conpact personal 20

digital assistants suchrRss PPRvaRt oPeFSPAEE s CONP §ERi cEh@hEpbrStill
caneras, and so forth. To expand the market, reduction of a bit cost by the

reduction of antegpaye@etiranes dévotejt anatai ppoatoncen and ypetotsoRENOIYy
cell systens for acconplishing this object have been proposed 25 as

descri bed i n, médhoexanpteof'. OMr Buiattricyler Appliteis RAmsdras)dn Mallat &b,
No. 11, pl114-1124 published by the Japan Society of Applied Physics,
Novenber 10, 1898. té&nhtbtogyhehahawid]l JPcB8oRp594h 61 8ok Reftegnekidn -2
corresponding to USSN 204,175 filed on June 8, 1988) describes a virtual
ground type néﬁﬁﬁytﬁelhlghatehSébl@hFéeaPQyé@EdOE©F9§incﬁﬁlgag@ of naot her

words, this nenorg cel|l _conprises a se71conductor region formed in a 5 well
of a semiibndEtes r%ﬁﬁ%iYaPéoﬁﬁamWﬂP%% gaeeablenBornvetafities are a
floating gate _forned. on control gate fornmed on the floating

gate and an e?ﬁ@écﬁagBCFBFn@8m85¥mg§ﬁl?ﬁe control gate and the floating
t dj tt h h h_ of th i 10
ool ysi 1t conand i 5 1 sol HIEH LS TShe THEtE B ot Gor ARLEPTEASR5Ee Bon- and t e
I, t : t | f he |
gate’ i 5 connecpuatt Sbolenl SanaaLEo Rehay B0y1RSY, 2 koskaT edoorfERAT©
sour ce/ drain ghfbust ol asinl o T AEAoLD BeGoLUTBadGoslretion and shares

the diffusion [ayer with an adj acent

15 collectively erasing data. The flash memory has excellent
portability and impact resistance, and can electrically
and collectively erase the data. Therefore, the demand for
the flash memory has been increasing rapidly in recent
years as a file (memory device) for compact personal

20 digital assistants such as portable personal computers,
digital still cameras, and so forth. To expand the market,
reduction of a bit cost by the reduction of a memory cell
area is of utmost importance, and various memory cell
systems for accomplishing this object have been proposed

25 as described in, for example, “Ohyo Butsuri (or Applied
Physics)”, Vol. 65, No. 11, pll14-1124 published by the
Japan Society of Applied Physics, November 10, 1996.

On the other hand, JP-B-2,694,618 (Reference 1

AN

*G00002*



menory cell in a virtual ground type. The pitch in the colum direction is
t hus reduced. The erase gate is in parallel with a channel and is disposed
between the word lines (control gates) also in parallel with the word

lines. 20 To execute programthe nenory cell in this Reference 1, nutually
i ndependent positive voltages are applied2o the word line and to the

drain, respectively, while the well, the source and the erase gate are kept
at 0 V. In cORERREINDtRIEEHY @i dedrelidpadh ct"he"-’é’rﬁ*‘arﬁ‘reI19’&)porti on in

the proximty, of the drain, the electrons are injected into the floating
gate and the 4&FESRAY avd’llt%td@%ofgrt%@%ﬁ’ey“@é‘} ryricfgsl. HReif&s tthe

3 wor | | T e AR Al o 1 it A Ut | 1y 8 BBt BRSO v

Co ly, | . j f | A
Gt e ant he TSR Slis e o SR SR Aed U I e
on 5 Decegberychd, QO )senliWorRKATY L sl IHAL SR HHide it d YPELBENMDIY

cell. Alarge overlap area is secured between a diffusion |ayer and a
floating gat erged hpitdhe Rotemliclt iofg e difdmddrod adry valareases the
potential of the floating gate. A low voltage is applied to a word 10 |ine
SO0 as to i nprawteddie gegeerfainned afn ife e ledtrions gatek tdrel ia)y extdsen gaftfeect
when data is witten. Furthernore, "lInternational Electron Devices Meeting
Techni cal D gesinried 188%eqp.tB03B0G (IRefadreerroa Dhalilaadsiosy gatet hod t hat
controls a floating gate potential 15 by a word line and controls a split
channel by a adiiaaenjatte tdanh jothtirf eFesh PfohBothreeogaitR§ gamprasgs

control ?ate. SUMWARY OF THE | NVENTI ON 20 However, the inventors of the
present FHAvemIBFHARCT AR itaits FAF&ERIP Y rAdb I & IFhA3 dt Mien TRehi gher

i ntegration nsity is sought,in the ry cells described above.

| nci dental |y, ‘?‘?etld}%tﬂaetr?sgﬁr}?attq}eol"i ’g&éjy%otairceed‘sééaﬁ?éie f2GMhvent or s
and are not 2 articul ar.l nqQwn inh -t he t. First, in,order to

o Toe LR P e il LA Bhb cEhbeba LAsRr S8 cbfngcted

extending di reetd OhPladdialand [ Gdialed edd's, digeetion of athe -

arr angenent of I ne) as we as ‘sca wn in-adTection vertical

to an extendidg, did Lot N Of 8 W 1d a8 (I atodnied tihe AdidRGhdpn of the
arrangenment of the word |ine) nust be "achi eved. Reduction of the word line

5 width apd tdie-aMithd idH Gfades effee il f@ i adhliaaviviad he rRfEdr@n in
the word |ine arrangenent direction. However, when the word line width is
decreased, theen@st dalnice val ua afudlheymarrd 1t ypee | nCheapeschi ih the result

that the rise of the word line voltage is retarded when the data is 10
witten or resdlwut difectiowiitseshus tngdudde pfokl emeek gate is in
parallel with a channel and is disposed between the word
lines (control gates) also in parallel with the word lines.
20 To execute program the memory cell in this
Reference 1, mutually independent positive voltages are
applied to the word line and to the drain, respectively,
while the well, the source and the erase gate are kept at
0 V. In consequence, hot electrons develop in the channel
25 portion in the proximity of the drain, the electrons are
injected into the floating gate and the threshold voltage

of the memory cell rises. To erase the memory content, a

positive voltage is applied to the erase gate while the



the drop of the operation speed. To solve this problem a stacked filmof a
polysilicon filmand its netal silicide film (that is, a so-called
"polycide film') may be used in place of the polysilicon single filmas a
word line 15 material. The polycide filmprovides a filmhaving a | ower

resi stance val ue than the polysilicon fitn3having the sane fil mthickness
and can restrict the rise of the myrd line resjstance. When mniaturi zation
further proce®d%dj h1Pet ubReapAUERR/ 74| RRE WRENWESLr 258 keBttatbe ¥ral | er
20 than as it_now is stacked filmof the polysjlicon filmapd a netal
film (that is?°%S§89%‘é€I%d tkb%l?iw%?g%o?ﬁﬁf? %%CB%%EEEW Fhe gg?%éf*%l
filmcan furt I h i C a polycide film having

t he sane fiInggﬁ?cgﬁgégéaﬁagggnség%egﬁ%?%Hgh%g¥€?$£g? Y%%g%??o T@P=25 the

word line width. Howevejp_zhe {9 a;ngifgfgg@ 29€Y§i§uéﬁ%§”b he pol yci de
ial .

filmor the polynmetal filmis use e word I1he nate n the nmenory

cel | descry befeé8mbde 12; Pootff eEEACExSMbEL, ABPYE1 LS sré}?fie%gténd the
word line are so arranged as to extend in the direction vertical "to the

data line diregpéofemdy OFEL . t @ rieduee dwer 1gaP Hreiavaen ddra iy dbddwas, to
twice the mnimumfeature size, 5 it Is necessary to pattern continuously

the word |ineaadiffheidhobbvern gatiea fheatingfgitetde thsul aher fil m
between the floating gates so forned, and to formthereafter the erase
gat e. Howeverpohenhisl coht thieed:ffushen pbiyer denoreases hehpopyretialal

di ssol ve during a cleaning step as a pre 10 step for form ng the insul ator
film between ®heth¢ oblPaElpGt E28Rd tPhe Q0 a%d (g isTRwRdiisxsbIng iy wantchl s
again adhere to the sidewalls of the floating gate and are_ entrapped into

the insult&ti ohl?¢| 77 defi by tRHRT VB sbiRieHeNeH? HEdh ot sheh teEHEORhIsTNGL or

film As aresult, the 15 defect, density of the insulatot filmincreases
alnd reliabili @eijsn%?)%’f’r%%l.e%ﬁ%%ﬁd‘?h?rheg%%Jr?/ ‘ﬁ’léﬁg?féscri bled iln t he

b ti d ref I |l _st t |led a "split
Channel Lyper i n whi oh AHTI AT Ho GRS HORS WAt 20 S0t At GR 1 of the
h I ti t i~ Ch | L0 tkhi |l ]
chi oved a5 1He BOLBr TaM 6T | PR RoRT 1ol T oate Thior B0 1T0) BT EE1#0r hat

split channelqisc¢o8ds 0k | geendhes i Or €ont REL YOL dfi&@@imsgé\éiopé%éf@ft ion

of the split gate. 25 Incidentally, to wite the data into the nenory cell

it is neqessapy 4 owdHErEose dMe OCCLFSEHNCE SPBIE i dladie NOby €4 et As and
injection efficiency. To attain this object, it is effective to increase
the potentialgafettiwat is6diffemdnngf gatheosth asléatimgrease dme ebeectsic
field in the vertical direction of the channel portion, and to | ower the
potential of gdeesplit gate to increase the electric field in the channel
hori zontal direction.

SUMMARY OF THE INVENTION

20 However, the inventors of the present invention
have found that several problems develop when a higher
integration density is sought in the memory cells
described above. Incidentally, the problems that follow
are noticed by the present inventors and are not

25 particularly known in the art.

First, in order to miniaturize a memory cell,

scale-down in a direction vertical to an extending

direction of a data line (that is, the direction of the



5 1n the nmenory cell described in the Reference 1, however, the voltage of
the split - gate is controlled through the word |Iine voltage. Therefore, the
voltages of the floating gate and the split gate cannot be controlled

i ndependently. In other words, there is no way but to 10 control the

vol tages of both floating gate and split-géte through the word |ine

vol tage. In consequence, the generation of the hot electrons and injection
effici ency cafRBRPBEMPRPr8FeBR8| ABFRaheBES| §S YReh 2ReSBALE~FSYPr 8r &med,
therefore, an extrenely Iarge ﬁurrent with é5 reagect to thg inLection
current flows9tERATLAB USFRIEAANEP BB BFOGREMBJIALFRGFE8ReBhsPy PRE0 a

I lit f |'s. Furth hi ' t t b
eaui red. Neane BelEhfbedst nt PRe REPEF SAbeo5 a5 Bor ASEHNID: a8t Faenet hod
that simultangously, ho¢r §§Sb%h cHeRGEaL | A AL 5, ot fﬂéf 241 A
injection efficiency |ﬁ ﬁﬁe sp i? cﬁanner type nmenory cell. wever, this
met hod 'nWPIva§F£HeaHaoéh@nubgdtméhetaaﬁ 9¥eék§Qc9§§&B§8rtQ€h9é©iH§L99e

| ayer and the oating gate becones nbre difficult to 25 secure w

scal e-down. | i:eara&tb@np@ﬁs'tbéewbedcp_mhéohrtsﬁ?éﬂn@ati 89r8at oM 0! tageeidy ough
the word line and to control the split channel by using the third gate

di fferent frowhéhethe wbedtihgegaiathndst Heceeated| ghtereshsthrcbasi s of
t he technol ogy described in the Reference 3. However, this technol ogy does
not take scal eatlomnofEntbecwnsddéinei bncrééses whthefbeerasudbj ebatofhehe
present 5 invention to provide a sem conductor integrated circuit device
suitabl e for niataplr frat vondahdnfhavPhgadaehighrepardedonhepetlepdata Law
defect density, and a production nethod of such a device. The above and

ot her obj¥ttsWahltABveF FeaduPBE- 10TIFS tHe breset tWenthorPifriembne

nore apparent fromthe fol|low ng description of the specifjcati when
Faken |- connBBE| OroRs of the SBesTBLAD! BECaRau otV this Broien s

stacked film of a polysilicon film and its metal silicide
film (that is, a so-called “polycide film”) may be used in
place of the polysilicon single film as a word line

15 material. The polycide film provides a film having a lower
resistance value than the polysilicon film having the same
film thickness and can restrict the rise of the word line
resistance. When miniaturization further proceeds in
future and the word line with is required to be smaller

20 than as it now is, a stacked film of the polysilicon film
and a metal film (that is, a so-called “polymetal film”)
may be used. The polymetal film can further lower the
resistance value than the polycide film having the same
film thickness and can cope with the further reduction of

25 the word line width.

However, the following problems develop when the

polycide film or the polymetal film is used as the word

line material. In the memory cell described in the



The sem conductor integrated circuit device according to the present

i nvention enploys the 15 construction wherein third gates having different
functions fromthose of floating gate and control gate are buried in the
gaps between word lines (control gate, second gate) and floating gates
(first gate) existing in a direction vertizat or parallel to the word
lines. 20 Qutlines of the gresent invention will be recite

d bel 1.
seni conduct or FEAEEGPEE eTF EFF cAPPVBeVIR® FHEFRABRTE FRF| thE %9???@%“
conductivity type forned on.a_mjn surface, of S onduct or ubs%
seni conduct or? gg $RgPbhaB7EG g%c%ﬂdeééﬁﬁ cf?vFgg ?yﬁé gbo?OYﬁE g% sald
wel | as to exEﬁQdd%Qaaﬂ{x%ﬁ&f’%&@f#hOn’Irfa dd e;z{or f J@Jé'%eméﬁfthe

sem conduct or “subsSirate rou I'fst™1nsu m a SecC gate

formed over the fisst galfor hﬁ?eghwue‘bl SeGendlhiRh Aok Lk M A0d

third gate forned andlnsu ate romsaid |rst gate t oug athird

insulator il TQeﬁéb@sﬁgﬁthbrSagﬁéﬁn'éoﬁﬁlﬁﬁéﬁﬁﬂyaéhéOwéfaeﬂgnénaﬁ@e
first direction and is buried in a space 5 between said first gates. 2. In

a sem conduct ohei Pl 6t ah@dgsté cuthedewd ContCONEi NPstiDatdbLNfllmt bethésst
gates are fornmed symetrically with respect to the third gate, and the
third gates atkefbioetisymyatescadl| fomnedl, respecd formhehdbfedftst ghee. 3.
A sem conductor integrated circuit device includes a well of a first
conductivity eypeefarhed dirwevedn makdlac e Tt s reehiigortdiec tRyl st rat e, a
sem conductor region so forned inside the well as to extend in a first 15
direction, a iPrshegapiyretabdidserlYheddthidondetedPiBAbSERRL2St ArBEGN a
first insylator film a secondﬁgate forned over the first gate t hrough a

second i nsul afb?Pf P TaRBi ATt ?dl@%‘t‘%at%e%%’ﬁ RAEVFEReS %ff%‘ﬂ%t%%‘?rd

gate are end faces_oppo the fi es,.adj acent to each ot her 20
bet ween the fPPEE %%5 ﬁ %ﬂai?egi ?ﬁ}a ét(a)l f of the

first gate exishipg g pacaLlsl.y x&i@ SR r?iogtxg t§§9et9£8ugp?the third

insulator film A Sen con egrated circu évi ce i nclTudes a

wel I of a fi réltxtfﬁ’??é'&tir\{f&ytltlé(pfnéﬁ’ig?goﬁnff-lrg5d1@iﬂgSUﬁéag@bgéqﬁent

sem conduct or substtrate, a sem conduct or
formation step of the insulator film. As a result, the

15 defect density of the insulatot film increases and

reliability is spoiled.
Second, the memory cell described in the above-

mentioned reference employs a memory cell structure called
a “split channel type” in which the floating gate does not

20 exist at a part of the channel portion. Control of the
split channel in this memory cell is achieved as the
potential of the control gate (word line) existing on that
split channel is controlled. Therefore, the word line has
also the function of the split gate.

25 Incidentally, to write the data into the memory
cell, it is necessary to increase the occurrence quantity
of hot electrons and injection efficiency. To attain this

object, it is effective to increase the potential of the



region of a second conductivity type forned inside the well, a first gate
formed over the sem conductor substrate through a first insulator film a
second gate fornmed over g _the first gate over a second insulator film
and a third gate fornmed and isolated fromthe first gate through a third
insulator film wherein an upper surface &f the third gate exists at a
position | ower. than the upper 5 surface of the first

te. 5. . A,
seni conduct orf IR PR B CIFT AT %vli%r%ﬁ:?ﬁ)rﬁ?%gelﬁ)c%eoﬁfeejtﬂ MR 1 to
4 h f_ the foll ow . t t.0 : first ty wh
the firot gatliS G T BRI Gt e QLU G IL A A e hat e and
the third t i t.e; X / J i 1 t
gate is a {10 P & ie RS M0 (Ui RS ek da T
gate is a gatg oy GONHLIdddKhe SRz dhanmnels -aidigh third construction

wherein the first gate is a floating gate, 15 the second gate is a control

gate and she third gatey sm GRiRMAWNA tdsdrildd ans tHe kide RImse 19at e
and gate for controlling a split channel. 6. In a sem conductor integrated

circuit devi aeowoens dittge tvltays Hf apardplaft tdwerd hig cgatmEdddst s over 20
t he sem conductor region of the second conductivity type. 7. In a

sem conduct orthrawgr athedl wi rat ull inedexd i geec oThienrg foreanyheneodt aigeen®fl to
4, the first gate is a floating gate, the second gate is a control gate and
the third gatehe sflopteinsgafa andridarsrhit rgatrirdawofbe eomsrahiedl gate
exi sts over the_ sem conductor region of the second conductivity type. 8. A
senm conduct oriHGRR{GIIATL X1 r & CTHEFI ¥OrSe| FHEFea ifePC ¥R Ya bty 0

conductivity type formed ona - 1 in_surface of a sem conductor
Substr at 80 5 SR Tt oF° T OF BE oot R GRS 1498 (S ¥ Gk

i nside the .1, a.first gate f.ornmed qver the_sem conductor bstrate

t hrough a f;,\?tsl}rcf“}%rhltﬁeor rl'cfr‘f]i”he s‘@%]gtha}?eg'at :Lnf SPREEVEF s t%ﬁg first gate
t hrough a sec il t i j f (@d i S0 ed from
the first gat%}%ﬁ%%%%@a&{ h"{ﬁrédq}%s]%%%{%r% %aﬁﬁhler?jel n %gd(ﬁnlr dlaégna%e has
functions of baidh s e Gleald Galk JfobONt I OlhieR0 (RSBl glannel. 10

9. In a sem conductor integrated circuit devi'ce according to any one of

items 1 to 8,ptdierdithddl, iMadate fidid gt fertdly CrfXiderfddimdoped with
nitrogen. 10. A sem conductor integrated circui't device includes a well of

a first cendugddpaddty teypend arMmsttoiom chixr @it Sisdaceard ttheseddteonduct or
substrate, a sem conductor region of a second conductivity type forned

i nside the watdnnat fhe girgatsendend neidhuoMernd dies Ise nii room du gt Jorr ssluibsy reaft e
through a first insulator film a second gate fornmed over the first gate
t hrough a secmmPinsiglbtor fFurmhgrtozet hiar digh programming rate cannot

be acquired.
Means described in the Reference 2 may be used
20 as the method that simultaneously increases the generation
of the hot electrons and injection efficiency in the split
channel type memory cell. However, this method involves
the problem in that that overlap between the diffusion
layer and the floating gate becomes more difficult to
25 secure with scale-down.
It may be possible to control the floating gate
voltage through the word line and to control the split

channel by using the third gate different from the



20 gate formed and isolated fromthe first gate through a third insul ator
film wherein a filmthickness of the first insulator filmis greater than
that of the second or third insulator film 11. A sem conductor integrated
circuit device 25 includes a well of a first conductivity type fornmed on a
mai n surface of a seniconductor substrat®, 7a~semi conductor region of a

he.sem conductoR A0BLBRAEoaRa. the CPREEAINSacFr 8 FRELPRESF PRI FRea

d f he fi. h h ' I fil d
Thi T gate. f of RERIRHCYSBRSFEd DR Rontt RBCST RACEIGAPR onr olFeEeThiThe |
[ I fil ' t | : kL f
porysi 11 con 1 PP AaCE nbDSr SPF| CPAE Frroc andntno-PniPASSERz=bBhes &6 i

is buried into a space ?@tT@eﬂhéPéféiéSéngéﬁiéctgﬁf {He:?§gg%ﬁ9nductor

integrated circuit device according to item e net stlicide filmis

a 10 tungsg enihickAtida. t8 peBicaBddCEehiEBhagrabediftegrhtede¥i eyl pcl udes
a well of a first conductivity type formed on a main surface of a

sem conduct or dsuhser atgérableefbeondnehoturiegt®6no0hnd Ee0OAG &OREYRtI Vity
type forned inside the 15 well, a first gate forned over the sem conductor
substrat e t hropghaaibnr speedsbhat er 1bwl defacsedendiggt eahdr aegrodectibe
first gate through a second insulator filmand a third gate forned and

i sol ated fronmehBofli p§t syaheat Aevigh-a third insulator film wherein the
second gate conprises a 20 stacked filmcontaining a netal film 14. In a
sem conduct or integrat edR@i pRAVe 2edi ebharcoPrREStandtBAYEB, fepkuUEREONd

ate conprjses._a |am nate fil m of olysiljcon fil a barrier netal film
gnd a net d fPFnF e present invent?og wXE& Become mgke apparent from

the following description of the specification when taken
in connection with the accompanying drawings.
The semiconductor integrated circuit device

according to the present invention employs the

15 construction wherein third gates having different
functions from those of floating gate and control gate are
buried in the gaps between word lines (control gate,
second gate) and floating gates (first gate) existing in a
direction vertical or parallel to the word lines.

20 Outlines of the present invention will be
recited below.
1. A semiconductor integrated circuit device
includes a well of a first conductivity type formed on a
main surface of a semiconductor substrate, a semiconductor

25 region of a second conductivity type so formed inside said
well as to extend in a first direction, a first gate
formed over the semiconductor substrate through a first

insulator film, a second gate formed over the first gate



25 15. In a sem conductor integrated circuit device according to item 13 or
14, the third gate exists as it is buried into the space between the first
gates. 16. In a sem conductor integrated circuit device - 12 according
toitem13, 14 or 15, the barrier nmetal filmbelongs to a group of a
tungsten film a titaniun1fi|n1 a tantalom8fi-lm a netal film nade of a
nitride fi its silicide film an

I el f
AR IREE SRR AEL I LR LIS AR RN
o T ot L T L —

integrated circul vice accordlng

the 10 fol | oW;RG GRS lfqtllnpng,fhe e&nbst I?’?'ace t%n l\gh%relt% t%;%t glgacte

between said first gates is d t'he A St

paral lel to thk&tenend reedifiecki @az%fctt f&% R0 n nd faces
of the first gates; and aeseéond constrdctlon ngr%%%%%€2q2 gc%gﬁggheen t he

first 15 gat epeitwedef isaed Iy rerdghaess of the first gates vert|cal to the
extending direction of the secong gates anong the end faces of the first
gates. 18. A femi conduclar ai strgrahddcebtciihtededted tnekbudesqavekl of a
first conductivity type formed in a 20 sem conductor substrate, a

sem conduct or acegrdangf ta seeond,ctheuctireitt gatype atrer fedmedsi de t he wel |,

| ocal source lines and local data lines formed by connecting the

seni conduct or SYBERSE1Ccael¥cWithansspests tPotheekbiridngatke Rodakhsource
line and the I cal, data lines, a first gate 25 fornmed over the

seni conduct or ﬁf@gPSFéa 246sfPAMES: RYBBEKLACRLLYt WikBuraseecti km thesecond
gate for @d |? ﬁéed fromthe first gate through a second insul ator
film word Iines by connecting the second gates, and a third - 13

te f d d | at he first te t h a third | at f
and havi ng i Poront 1 UAcPEORECTRBRFORet FEFET2hH QUEQREE GAPEL and. wher ei n
dl h d
S at the near SEECRAeTt Forere Phelastiet ePaRePEHATED EPBe BoRmRtroncal

5 at the nearest position to the se Fansrs
bl ock COﬁDrlSmaﬂntB@r%gbécéftéa§§h§EQE§uéegrtQﬁbggkgtgf ghgeﬁ§£88&uctor

transi stor.
region so formed inside the well as to extend in a first
15 direction, a first gate formed over the semiconductor
substrate through a first insulator film, a second gate
formed over the first gate through a second insulator film,
and a third gate, wherein end faces of the third gate are
end faces opposing the first gates adjacent to each other
20 between the first gates, and are so formed as to oppose
end faces of the first gate existing in parallel with the
first direction through the third insulator film.
4. A semiconductor integrated circuit device
includes a well of a first conductivity type formed on a
25 main surface of a semiconductor substrate, a semiconductor
region of a second conductivity type formed inside the

well, a first gate formed over the semiconductor substrate

through a first insulator film, a second gate formed over



19. In a sem conductor integrated circuit device according to item 18, a
dummy gate exists between the 10 bundling portion of the third gates and
the word line existing at the nearest position to the select transistor
inside the nenory cell block. 20. A sem conductor integrated circuit device
according to item 18 or 19 has any one of ©he followi ng 15 constructions: a

first construction.wherein all of the third gates existing inside the
nenory cel | a(r%g‘eb&rjﬂflsg—'d GRS MVREr B17ECoH B‘G‘I%ﬁ‘l&ftotrhéléﬁh§n§f & fdimshory

cell block end;_.an secqnd, construction wherein every other of the third
gates exi sti n%'ait%s% %n}eﬁg%ﬁgnﬁrsfaégleld EI%(S’& ti‘u’ee fg@ S%u H)élt(?d tglmf"ﬁ’@ fenory
cell block endy ;2L - 1 or _J rated. circuit Vi ce arding to
item 20 has a%? %# #ﬁé%?§F%§QEE§HBoﬁ?%%%%Pi%ﬁs?$§e iFgf%%gﬁsfFﬁgﬁfon
wher ei n cont agt 1Rel r is$R0$&d za iRungly| (AN 0 third
gates; 25 and a secgﬁégc%ﬁgfﬁﬁc??og %ﬁ%?gﬁ%%tﬁghggi? a@a?@eakgb?%e dummy
gate are cepnnegiedcehoFudihed raeRkaghtlol e and a metal wire. 22. In an
operation nethod of a sem conductor - 14 integrated circuit device
includes a welsl. of a fiRskepoaduaticybtyihypgrheenedienuatnabpisyrface of a
sem conductor substrate, a sem conductor region of a second conductivity
type forned iasicdeding wel bhnyaohier sif 3tegatse 1f aonmdadhageaniyhensesircenduct or
substrate through a first insulator film a second gate fornmed over the
first gate thﬁ@géﬁwan§e§@ﬁétrn§@ﬂanéﬁ i fdrs&ndoasthiuct igat eheoeied tard
isolated fromthe first gate through a third insulator film the well of
the first condd&Sitvleyet ysedi S106tdn9adpteypeheppsgradniEagei ésmade by

appl yi ng gppositive vol t age relgtiVﬁ,to voltages of the third gate, the
wel |~ and & soGPRETRS SRESoPPEnERPeGPORE GRLENESsBRI E5REBCOBLSY edi SRCPEA
applied to a at the second.gate and to a drain.as the other
regi on of thegggkﬁggﬁ ac o%gfge%ggggﬁ;gégaiegagﬁnési§ %éﬂ@tBangﬁFﬁkng a

iti I ' I hird
Gate. 3. I ShCoRSTAPPod ket RSt or (A &Rk EBRALALG: CHEVF e PnBRbhed Satwel |

gate. 23. In an operatio a sem _ _
of aTirst copduel kykl Yohype1honged sB12¢20-Mmhdl EHILAEE, Ofp frgem conduct or
y

substrate, a sem conductor region of second conductivit ype formnmed

inside the wekbnsarhbttsbngaherbohmedeo¥ersthgasem gopdeehat s aybsheat e
through a first insulator film a second gate formed over the first gate

through a Secohd basuhdt gatéi i a aBdt2o25ghber dngatRefl enied ghdei $9l at ed
fromthe first gate through a third insulator film the well of the first
conductivity ggpe hsvdohgahha typetipnegoénbbhh esasadgaby appl yabg 8or
negative voltage relative to voltages of the third gate, - 15
controlling a split channel.
6. In a semiconductor integrated circuit device
according to item 5, a part of the third gate exists over
20 the semiconductor region of the second conductivity type.
7. In a semiconductor integrated circuit device
according to any one of items 1 to 4, the first gate is a
floating gate, the second gate is a control gate and the
third gate is an erase gate; and an entire surface of the
25 third gate exists over the semiconductor region of the
second conductivity type.

8. A semiconductor integrated circuit device

includes a well of a first conductivity type formed on a



the well and a source as one of the regions of the sem conductor region to
a control gate as the second gate and to a drain as the other region of the
sem conductor region; and erasing is made by applying a positive voltage 5
relative to the voltage of the control gate to the third gate. 24. In an
operation nmethod of a sem conductor integrded circuit device includes a
well of a first .conductivity type forned in a main surface of a 10

sem conduct or "8dBs tHALECea OLefi CEALGONGNCERSI SHPBEFREG i AsiSg@icradustor a
first gate forned over. the senicondg&%gn substrate through a first

insul ator fil A 94°8elnd §EFEForTR &V Htle WPPs£OgREE LREdEEh thesecond
i nsul ator and third f i sol at fromthe 15 first_gate
through a thi sl 5?‘%%%1‘ ??’%ge?ﬁgg\%& pUs? t%g‘g PRI EORGNESEE \?ingttr{i‘ﬁ& is
of an n type; ' [ prkYing sa Ll (o] r tive
to_ vol tages SP&?%EEPE:?grggtgﬁggﬁgxﬁglPlgﬁﬂ S S%E?gg égténgggggghgbgégions
of the ser coReckekstegheB tArBugANkr kcBabeiasu?tbhersemnoadqoat eh;2ad
erasing is made by applying a positive voltage relative to the vol tage of
the control gaheet dorhedt Bhadigatated5srbn @ﬂeOEQ&QEi?BtGEEHQQu@B 8

sem conductor integrated circuit device includes a well of a first 25
conductivity thpedfonsedabnrafidinp whetade oheatheémricgadechas $uhstiashe, a
sem conductor region of a second conductivity type forned inside the well,
a first gate Pérhedhogersehgasenpodndateofosubshtabélihgoaghpait - 16
first insulator film a second gate forned over the first gate through a
second i nsul afBA™PELm and a third gate forned and isolated fromthe first
gate thrqﬂgh third ingulator film the well of the first conductivity
type is 50f d'p type; PRoQrifht rgRPechabel BYeapRESHE ngl BCBEE| B¢ VECK Ol t age
relative to vogl s of the third te,_and source as one of the_regions
of the senico%ﬁ%ggg%n?eaPoﬁn¥ooaecgﬁtfB?mﬁa?etasgthEh§eEBthgéﬁéuéﬁH°Fo a

e by applyE N A Regart Ve OBl DA0cT EETi JBOS FRERVBEERDESD! the wel | to

made by applying a negafive volta %

Lhe control gabe while Kesohidoddevol L age. ol 08 LiLLd 0alg ALO, Ve 26, 11

an operation nethod of a sem conductor 1T ntegrated CirTcul Bvl c@ i ncl udi ng

a well of a finstudéscangducii ykty fYP@tfQéﬂggcgﬁv?tgagggéufé?ﬁ@%g%??%ity

sem conductor substrate, a sem conductor region o ond con

type forrned insidestheavel bf a sémstogaterbor s8Hse¥eEel he &M CONGUCLOF
substrate through a first insulator film a second gate forned over the

first 20 gat er¢hiongbf aaseecondi asndatdivity mypadfarmddr dngase fwenmed and
isolated fromthe first gate through a third insulator film the well of
the first condettivatyirgpegeteofoamedtyper phegsemitogdustomdeulbyt appsyi ng
a positive voltage relative to voltages of the third gate, the well 25 and
a source as ORRTO¥IRhR FeEFbninoelaker sEhiBonduseornd egatm formedonvenl
gate as the seconflJb ate and to a drain as the other region of the

seni conduct or “Pegt bhSt 2P r BRI AYOR s2 n2ReCRy HpPRia FRT af bR 2Rdea v i zde

relativezbo gate formed and isolated from the first gate through a
third insulator film, wherein a film thickness of the
first insulator film is greater than that of the second or
third insulator film.

11. A semiconductor integrated circuit device

25 includes a well of a first conductivity type formed on a
main surface of a semiconductor substrate, a semiconductor
region of a second conductivity type formed inside the

well, a first gate formed over the semiconductor substrate



- 17 the voltage of the control gate to the well. 27. In an operation

nmet hod of a sem conductor integrated circuit device including a well of a
first conductivity type formed in a main surface of a 5 sem conduct or
substrate, a sem conductor region of a second conductivity type forned
inside the well, a second gate formed oveilthe first gate through a second
insulator film and a thijrd gate forned ffd isolated fromthe gate through

a third i nsul BREPUIR |30 F1FEE Wl FUATPRef F 1Tt 1FSCHBUERTS ¢ QV€Tof an
n type; progranm i S de appl ying a negative volt relative to
vol t ages of tﬂéev\g%s%n%g%e s%%‘g 2 o%éc%? tHés‘f"gﬁ%ﬂsﬁgfmtmg eifrd

sem conductor_r egi 0.a_ cont e t SEC drain as
t he ot her reg?%%gofgﬂ&leed saerrlﬁs)c%)gn%%@%é ﬁ’g&F e%?%nflgér}g ra%iﬁgp?%&n;%e by
applying a negaiiye: re] Ah i Viehd Pe fe HO! 8GN @T g d e Mehbrigedhe
control gate |#% %%%&%o_tage %ﬁ tika{éﬁrd gate Is _é%t at 0 %f 28. In an
oper ati on set Hogk g ar SBA SPNEIUSE D s i 1 €& af £Thn CAR & Ud tméheyi cgi i felali ng a
well of a first 20 conductivity type formed in a main surface of a

semi conduct orf substdmd echd SeMi € ofatstexisegi on Df Bs IeeOIed comelhicd i vity
type forned inside the well, a first gate formed over the sem conductor
substrate t hropade sbétwesdn i tisell Hiost fgatrgsa second gate forned over the
first 25 gate through a second insulator filmand a third gate formed and
isolated from2he firstiga eamireanfuetathiintegrated arifdyity dewiagel | of
the first conductivity type is of an n type; progranm ng is nmade by

appl yi ng a ned@EP¥eing .tqgitem| thgethe TRtk $Hliptdagesimfishe third gate,
t he wel | gnd a source as one of the regions of the sem conductor |layer to a
control gdte BRAIRESSebbHl: gate and to a drain as the other region of the

el ative 0 1he:vol t ageh TR N JRTar Fhe: Wi € ARPyes o 7 129
ve to i i § he W " 215 an
wbi | “of a1 1ot sl D Ty b T T R BB Syl Gned A "0 @

sem conduct ormgy}psgﬁﬁégﬁela?§e%ﬁ §%M%c{§gi O Of r & SeCONEL K POGMELd V£ Y

type forned inside t Irst gate forned over the sem conduct or

substrate thrpsghor &frstséasnh atOmabét Wity Segeads gohea f Of dBge omes the
first gate through a second insulator film and a third gate 15 forned and

i sol at ed 1fsr omvé he, farsirgatgatdr boghed d¥r deherssdbmi @sndudtor t Hiebsvetdtof
the first conductivity type is of a p type; progranm ng i s nade by applying
a positive vothageghed afivett insoldagesfdimt he setdndngate shorned asvene of
the regions of the sem conductor region to a 20 control gate as the second
gate and to athieafhrak géee through a second insulator film and a third
gate formed and isolated from the first gate through a
third insulator film, wherein the second gate comprises a
20 stacked film containing a metal film.
14. In a semiconductor integrated circuit device
according to item 13, the second gate comprises a laminate
film of a polysilicon film, a barrier metal film and a
metal film.
25 15, In a semiconductor integrated circuit device
according to item 13 or 14, the third gate exists as it is

buried into the space between the first gates.

le6. In a semiconductor integrated circuit device



ot her region of the sem conductor region; and erasing is made by applying a
positive voltage relative to the voltage of the control gate to the third
gate. 30. In an operation nmethod of a sem conductor 25 integrated circuit
device including a well of a first conductivity type formed in a main
surface of a semi conductor substrate, a-sé#giconductor region of a second
conductivity type fornmed inside the well, first -.19 gate forned over
the sem condREFTEIHEL FAt L hrbtght 4 95 rjsfia' i TRe RATFieT IMFtal sebbhd gate

formed over the first cgate t hr ou second in at or and third

film.
gate forned ARSI o fFOME 1 f%r%‘fn%tteen tttdlgt? athﬁrgjd‘l% 5 at or
film the well of 10e £i{s3t §%§é’ﬁ'%ﬁ&{ rf%c?ee &8 DT AP 1YPS n%ﬁaqf amm ng

is made by ap%‘-ilyl ng a positive voltage re fve to voltages of e well and

a source as one,of s L4 1yl ene: fle LHE1F o5 COMIUCL DI 1891 AN 0 & cont T o

gate as the second gate, to the third gate and to 10 a drain as the other
regi on of st he; 5@ e@NGCE O1dd e BN, Ansbsd Bsi $1 1 &1 d@dei By, appl ying a
negative voltage relative to the voltage of the well to the control gate.
31. In an opefi@l yiodemEh ool 0d i de SEIME,0ndued ©dn i Wth egug Seb1ei £ Tl toflevi ce
including a well of a first 15 conductivity type fornmed in a nmain surface
of a sem condticdr slbsy rédAns a sem conductor region of a second
conductivity type forned inside the well, a first gate forned over the
sem conduct orlBubst r at & tdemigindudtigstintesidadtest diidgnita dsaciored gate
formed over the first 20 gate through a second insulator film and a third
gate formed adRCPEdIRg &P f3yn ehrR 94 ritemmt bl t e obgHhas tany e § nshe at or

film the well of the first conductivity type is of a p type; progranmm ng
i s made BY apf)?%/i?\‘bl%g PO F R Sy P r%’r%‘% v@?%twt&a‘bae/sw’b"?‘p?ﬂg W1 and

25 f.th i .of th ] duct i trol
Gate as the SSRETH THUIESR SR A LRTT FLE T g o ochray P9 13RS hor
. fth . el . . de b .
bosi t1ve vol tale HEERG s AN e U e R AR P e
‘é"e' l. 32. In &P&%ﬁé’é‘ zﬂf?éwdt}‘?é Eh$ oA CONUEL AL 'ﬁ:?&f géftgesc! r&l ty
evice including a of a first conductTvity type forned”1n a nain

surface of a oSS CAWMCH O SDSIHAESin A REN AU Qfed £ ©f r & Second
conductivity type forned inside the well, a first gate forned over the

sem condust orgstdst i ait e t QUG derdd rSdcénNsat afid fitdm @atSes onsh Gd £l
formed over the first gate through a second insulator film and a third
gate 10 for netb arhe i sxtert@thd rairddteidn ref gad esedoodighataed hamahg nshe at or
film the well of the first conductivity type is of a p type; programm ng
is made by appryifaces positheefiodt agrtesl ative to voltages of the well and
a source as one of the regions of the sem conductor region to a 15 control
gate as the sktond gat & SUIRNIURLAY gditeHREaD circuit device

includes a well of a first conductivity type formed in a
20 semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, local
source lines and local data lines formed by connecting the
semiconductor region, select transistors for selecting the
local source line and the local data lines, a first gate
25 formed over the semiconductor integrated substrate through
a first insulator film, a second gate formed and isolated
from the first gate through a second insulator film, word

lines formed by connecting the second gates, and a third



a drain as the other region of the sem conductor region; and erasing is

made by applying a positive voltage relative to a voltage of the contro

gate to the source or the drain. 20 33. In an operation nethod of a

sem conductor integrated circuit device including a well of a first

conductivity type formed in a main surfacdf-a seniconductor substrate, a

sem conduct or regign of a second congu%tivit%et%ge formed ipside the well,
o] 0 S

a first 25 gaf@tForRE@egvardt AgCLaHPEoAGRE: & SPFaPatenftBLgHIR first

[ | at film. te f d .the first te th h d
naul ator 111 iniEAa SEoPRRPR RS BPfehaXAtS: COFEEa Er SHPERGORPr SFOBat 6

t hrough a thi%g £3 2% igsulator film th mehl of thebfir t _conductivity
type is of an netyﬁé? pPSgrgﬁﬁPﬁa Pg %ﬁd%“gy gpSF?fﬂgaa H3825P9¢p95§%88e
relative to vall gaes AL hNGaYEL! oanded BOUKEENAENANGARh L0Rer ERIQRTAGM Lhe

sem conductor region to a g contro?ggate as tﬂe secongEgate, tot hird
gate and tp azdrahB asakBetopbeitiedi 8 ehet BR18EF 6PRAYEERL T €H598e gnd
erasing is made by applying a positive-voltage relative to the voltage of
the control gakmot9 theltbibdkgabmprieidd. tha saleper akhAapiBebhedanl a

sem conductor integrated circuit device including a well of a first
conductivity thpegttened theasmtientstirbaséstbra sem conductor substrate, a
sem conductor region of a second conductivity type forned inside the well,
a first 15 gaft@.forned &wed stmisenfivohducinregudbtedacerchibugevaceirst
insulator film a second gate formed over the first gate through a second
i nsul ator fil AFCandiadt kPr dtght é8f oPnBUMBKJIIREE| aKeAtFr BREVRENf LhSt gate

through a third insulator film the well of the first conductivity type is
20 of an %PtyBEPdEFBQrBHﬁFHQHianﬁaé bY)1EPpBFrRg & He§hei ¥erdoliage

relative to voltages of t@ wel | ang a_source as e of thg egions, _of the
seni conduct or *F&§oA%t 8*a ﬁsnP?BFea t B34 “¢RB g8cgﬁa gat&c tgrgﬂﬁlFﬁPFd
gate and to a‘ﬂE hg 28 tggmggpege& QLQBCQf t he sem conductor region; 25 and
erasing is made %y apprlng a*negafive voltage relative to the voltage of

the well to tQg_controIAggéﬁifﬁg?%ggggni Fgg?ggggigg%gQgFoéagiégniconductor

integrated circuit device Inc we conductivity

type formed iBcaokBiERAgSHb! ae8mOf gacseMbCARGUERYT oflbSEr 8he. £8136(L RgNAuUCt or
region of a second conductivity type forned inSide the well, a firsf gate

fornmed oves thenserueenduston substrabasthuedgbnawhebbhist alnsgkathen film
a second gate forned over the first gate through a second insulator film
and a third gahérflogredsandisstohat ¢dsidenthbeméinosy geleé tbeodughdaetihatd
insulator film the well of the first conductivity type is of an n type;
progranm ng i 8ikhde bpeappkybnghaofieghei eeds of the memory cell block
end; and a second construction wherein every other of the
third gates existing inside the memory cell block are
20 bundled at the memory cell block end.
21. A semiconductor integrated circuit device
according to item 20 has any of the following
constructions: a first construction wherein contact holes
are disposed at the bundling portion of the third gates;
25 and a second construction wherein the third gate and the
dummy gate are connected through a contact hole and a

metal wire.

22. In an operation method of a semiconductor



10 voltage relative to the well and a source as one of the regions of the
sem conductor region to a control gate as the second gate and a drain as
the other region of the sem conductor region; and erasing is nade by
applying a positive voltage relative to the voltage of the control 15 gate
to the well. 36. In an operation met hod ofl4 sem conductor integrated
circuit device_accor FBQ t.o any ane  of |tenB 22 to 35, an absol ute val ue of

the third gat 67§ Fllrﬁéﬂﬁr tﬁ&t"l&e tRELVGSage WEL 1t RE @odtrst gate
R L S T e

sem conduct or |ntegrate items 22 to

30, 2 distri buchanenlauphe,t Buesholdoyabus generaled by Ls o ggr armi ng

oper ation is at | east our evel s

sen1conductorsbabgar@baaueta@9t§y99ﬁbc%oeaaer&ﬁegdgh@hétQgigfate%é%SEOV”‘”9

a well of a first conductivity pé in a sem conductor su

formng a strigpeel Ekempat boen EaesgéM@c@ﬁd@ch&SEuBQ‘c%ate tg-?ou%}ﬂeé the
sem conductor substrate through a first insulator film ng a
senlconductorfnegtomnehlatsecﬁmdmcoaduétbmutyatypeotméudavbbetﬁe|ElEQtSUCh
a manner as to extend in parallel with said pattern; (d) forming a third 5
insul ator fil@aka theosphce defbnedibypulbeost Fipm;| bkd patherd, gapd burying
a third gate into the space of the pattern; and (e) formng a second gate
pattern in suéRrBReAnARer igelebedxfean theafdrstcgabe vbroighl at ohihe
stripelike pattern. 10 39. In a nethod of oduci ng a sem conduct or

i nt egr at ed C|FEﬁF%aagyléél§cc6P8|H@liooftégﬁ3§lr§heC§DﬁUptiketpatYEenlSo

functlon g flrs% 8ate i's atterned in such a manner as to be symetric
Wi th resﬂ'ct Po EhB tHPFd 85? a@ﬁanehéstmﬁﬁa B&t%PP%YbEGtérHQEthvguch a

15 h ik
et hod of SLPEqS Y PEELELY éonéﬁi$§$%i%? obrS: Shielrantes (Bhe caelt ¥
d t 3 f-al t
??@Thﬁﬁﬁ%ﬁ%?ﬁw%%ﬁﬁﬁé %%ng*%ﬁ%%%%ﬁ&
i nt egr at ed cufsgiandfylgﬁp§9g@rtée§ &gﬁt§5fp aPl: éaéh%°£g%g§d %an$ %gg a

first conductivity type inside a sem conduct or substr

first gate oves éh@r§ﬁﬂ1§§nﬂwét@fhéﬂb§é?ﬁé§ Shropghs@nfbogdudiospl ator film
(c) formng a 25 sem conductor region of a second conductivity type inside

the wvel | 15 d)régiohngandtétasihqsis ahade fby nappl pi spagepdef i Ded Py thge
first gate, and formng the third gate in such a manner as to bury the
space of the pataeive tmda(eyltage 2df fle ntogtrosegans gatehe Wieiedn said
third gate is patterned so that the surface of the third gate is | ower than
the surface o¥2%%e first gate. 42. A nethod of producing a seniconductor
integrated 5 rcuit device according to any one of items 38 to 91,

conpri ses anyzcéf the foll AR rRPIEAHERIS Metiad 2f rretyrmd esindustamgiaied hi r d
gate so that t of _the third gate exists over the

sem conduct or $§]g‘fecgtl {:)El‘e ‘?EF]L‘{ goﬁ"ldflc"b?l’blu‘“c?‘?%?’ill‘f%ﬂbﬁé LYRRI EoEeRBnEN met hod
of form pg 1Q,ihe §me§jc§a<§re Sosérrrllfiéondeéa{t Osfulgsht?rgthé,r da gsaérr?lggrlciséczstor
region of a second conductivity type formed inside the
well, a first gate formed over the semiconductor substrate
through a first insulator film, a second gate formed over
the first gate through a second insulator film , and a
25 third gate formed and isolated from the first gate through
a third insulator film: the well of the first conductivity
type is of an n type; programming is made by applying a

negative voltage relative to voltages of the third gate,



over the sem conductor region of the second conductivity type. 43. In a

nmet hod of producing a sem conductor integrated circuit device according to
any one of itens 38 15 to 41, the third gate is fornmed in such a nanner
that a part of the third gate exists over the sem conductor region of the
second conductivity type, and the sem coentlbctor region of the second
conductivity type is forned by tilted ion inplantation. 20 44. In a nethod
of produci ng % et ot tdrs ey rat aneitk e kegiqnsacdorditg to any one
of items 38 to 43, the third insulator filmis a silicon oxide film doped

wi th nitrogerSeRACONHIGE Mt IR Bt 15 GHIRIHF A kT ARiddtDrse2PnhtEfraat ed
[ it devi | ncl udi . | 1,_,of first cond ivity type f d
el 1 Sur face D1 & di Lol ORI & oG Sork b OUADH TR o

second conductivity. t f ,rgg i Nsi ey i CTAS) e
formed over t#eél 15361%’7,1. c%rgcguecrto%r bls? rr%edeé ﬁ%’r \cl)% lyalq}c‘{ ra; t% cisnlstull‘get ovroq'l’fq%a}qﬁ a
second gate TQINRG A, e N itagiater WHOUdhaSeend ins W gmifid m,
and a third gate formed and isolated fromthe first gate through a third 5
insulator filgatdhe second gate conprises a lamnate filmof a polysilicon
filmand a netal silicide film and the formation of the second gate is
conduct ed aft®r. the formmtaronpefrdtien Metthogptef aAGenitondeitad of

produci ng a sem conductor 10 integrated circuit device according to item
45, the netalirsidgratbsd falmuist aldwingstierclsiddé<iaderdlll mf 47.filxsta nmet hod of
produci ng a sem conductor integrated circuit device including a well of a
first conductdanduyctiwpie f drypel forrmedmim smdiaceswfface D Sani conduct or

substrate, a seniconductor region of a second conductivity type forned
i nsi de saPd vEEMLCARIYIEQATr Fatks F5Red AN IRN AR o FRELBY Fate

through a first jipsulator film second gate forned over the first gate
through a se Sddt&asi i Iamf;rﬁfta S ?fztogré“leéI Y Sor and i sol at ed

fromthe first gate through t.hird insul ator film,_the second te
conprises a Iam nca(%ne&%tl%gcsoﬁsﬁrnq%eg PRUCNEIELE ﬁ5t4§nﬁlﬂagt%t of2
produci ng a sem ore | r | 1 j.ce i 0 itemA47,
the second 2 gacf%ce)cp%ﬁéperifséefgﬁezcglcg}n%ergatt%eer%gn%tggégepoﬁ%ysoﬂqq{co%g %ﬁqdnnnqea

barrier net alir{gdl@@a}_deag]&‘?‘at alp fid Matdd-£dtht "HDAd Pfa UL O'rn{‘%?e the -

sem conduct or 1 ntegrat circurt device according to item4 _ _
26  thirdsgats ax YatdSHdoddh rdfidd Nt dihe sace ipetireisal G ivid

gates: first conductivity type is of an n type; programming is

made by applying a positive voltage relative to voltages
of the third gate, the well and a source as one of the
regions of the semiconductor region to a control gate as

20 the second gate; and erasing is made by applying a
positive voltage relative to the voltage of the control
gate to the third gate.
25, In an operation method of a semiconductor
integrated circuit device includes a well of a first

25 conductivity type formed on a main surface of a
semiconductor substrate, a semiconductor region of a

second conductivity type formed inside the well, a first

gate formed over the semiconductor substrate through a



50. In a method of producing a sem conductor integrated circuit device
according to item47, the 5 barrier netal filmbelongs to a group of a
tungsten film a titaniumfilm a tantalumfilm a nmetal filmnmade of a
transition netal itself or its nitride filmor its silicide film an
alumnumnitride film a cobalt silicide fidm a nolybdenumsilicide film
a titaniumtungsten film 10 or their alloy filnms. 51. A sem conductor
integrated ci E&4Ft dBFPedtPaAcFhdBs & REFPTEf Iatei fermegnaveti theyfiype
formed in a sencon uctok substrate, a ienico chtor regi on af a second
conductivity S§pE FBFRBED AsPEECPHeLREPLAtPECAE 1A5aB8uRcEPEFAeE2ERd | ocal
data lines for.ned hy _cannecti t he senjconductor region, select, .
transistors foPTEEFeBD n¢39h89g802F°§0 Ee?FFﬁgsgﬁﬁﬁ %ﬁﬁnggaP §8£59) i nes,
a, first gate fqr ver.the m c ugt-o u [ at [ .a first .

i nsul at or fiIﬁ]Sggggggnglggfe%ggrHéggaﬁg ?8§|g?%8%f§8h$P§§996%¥i#¥ngéPe

t hrough a secqrd_i ps or L] d;Li f ccQnpegtkhg: i he
second gafgs,ggna Ee#g?%'chFégé§P§?§naEoﬂg?ﬁegpgggp?géﬁgcg P?%gglgﬁd t he

| ocal data IIositagélQedaEyvbheosebﬁahgbgaasl§her§hieangageaaﬁanery cel

bl ock, the menory cell blocks being arranged in the 25 direction of the
word |ines andoQeBet bkubh8gofi HREDEY¥gLEhL afr 8fe WhRLebnduetereaelhipawer
source line is disposed on both sides of the nenory cell block to interpose
the nenory cekb bl ooktrnlt betsaae theestcondagatbeandr tol andsain as2¥heand
the |l ocal source line and said |ocal data line are connected to one of the
power source bihes amadivo afsthmakenmipendprtingedepgmnon;dandcersningriscal to
the word Iine, or to both of the power source lines, through the select 5
transi st ok0 5pada B¥npPBAYLBEIOR PROBELHEeHOLLRERI redative Becbhding to item

51 has any one of the follomﬁng constructions: _a first_construction wherein
one of the | o¥8fta9Ea°fi ABE FellohRelPBACPBTRBLhIBFSt KR HBWERSRODECERGO

line and the sigpal |ine bhr h .t he_sel CB gransistor; and a second
const ructi on Xﬁgggﬁﬁ 8ﬁet f gﬁgrpogaFedaga | 'nes is connected to the signal
l i ne at one o% ghe endslgf?ﬁrggg?gg%¥%c éLhQ&OSE gh%gﬁgg?%ggcggéect

transistor, a an adj acen I ne adjacen e one local 15

data line is Eﬂeegesegdteikbﬁiﬁiagahcgiﬂﬁcggdaﬁg gtheiepd of ¢t hgymenory

cell block through the select transistor. a sem conductor I ntegrated

circuit deyiceoascerdivngyt eypbefb2Re@Nen0h Hakif kaeakcdaba hines is
connected to the signal Flne at one of the ends of the 20 nenory cell bl ock

t hrough the sekfttohdansbst eubandate,t hespanebnaoutee kegeoat ofhe ot her end
of the menory cell block through the select transistor. 54. In a

sem conduct or senbedr abeductivitly depecéoamedr dnafgdeéotheewebd, wai €hrsncl udes
a first select 25 transistor for connecting a signal |line disposed in a
direction vergatal foomedeocwrrenbengedirentdhohosf suhetwatd threugb an uth

n: integer oca ata line, a second sel ec ransi stor for connectin e
teg | ocal data_l _ d | ect t t f cting th
power source figat insulator film, a second gate formed over the first

20 gate through a second insulator film, and a third gate
formed and isolated from the first gate through a third
insulator film: the well of the first conductivity type is
of a p type; programming is made by applying a positive
voltage relative to voltages of the third gate, the well

25 and a source as one of the regions of the semiconductor
region to a control gate as the second gate and to a drain
as the other region of the semiconductor region; and

erasing is made by applying a positive voltage relative to



_ 28 _ disposed at one of the ends of the nenory cell block in the sane
direction as the word line to (n+l)th local data |line, a third sel ect

transi stor for connecting the signal line to the (n+l)th local data line,
and a fourth select 5 transistor for connecting the power source |ine

di sposed at the other end of the nenory-cél’l =block in the sanme direction as
the word line to the uth local data line: the gate signals of the first and

second transi BRdreohrage et s SPRREPS; IR thetRRtee St gnal of the third

and fourth 10_select transistors are the %?HE sgninal. 55. sen conduct or
integrated cifCuit devitk HHHdg b 5% g SR ST Yol | owi ng

constructions;_a fiarts%%co%géllwgt 'g@ig@eigﬁglﬁ%itagn@gfaég o; H}gs el ect

transistor cohhectcd ocal ~source a gate signhal of the

sel ect transi(?éﬁ%%ﬁgtgir}pﬁ%reg}{ﬁ@ thend ocal 9%%’{:%‘9%?&‘?#@? %arre signal; and

a second cons n gate signals of a e select transistors

connectedst 0 $&g; LOKREOH SEpst FPEe ATE $&iRi SOHBuSE P eqg2oh 5P 4\
sem conductor integrated circuit device includes a well of a first

conductivity syPend of s d i @ Sent geadEcimsd SLDSi dét the awsED) CHNEWIES 0d
region of a second conductivity type forned inside the well, |ocal

source/ dat a |gaes formed doyerotinectingt tdet s erhxonghicd cse&ind e sl a tset ect
transistors for selecting the |ocal source/data lines, a first gate forned
over the seni £blrucamd zubsirateatdarboghed dndsisolstgdtOromitig gatecond
gate forned and isolated fromthe first gate - 29 through a second

i nsul ator fil#prewgh worthiTdebnswkaer bl Fonneke i wril t hef steednkil 1t e,
wherein nmenory cells on the | ocal source/data |ines divided by the sel ect

transi st g% cOMREFEHt e WenbYRe cbF 10hI KR, LRy (RECTFEMIIIN et TARIRY 5 are

din th d line directi d tirut | , and
when the | ocafPBbYT RS/ BASITHES TUHEATON SE THEF | GRaTo SRAES 91 it of t he

ey cel ) 4BeY et eh,ese e Leale e Lagesl dpepeory ool

adj acent to t y he egra O circuit device

i ncl udi ng fur%%}g{ﬁggggug@gp P&%\f n51961@3%&11@1%?0?/9&@p§’§gﬂlé’ﬂs%95& Ség]g‘?%ec’f

the nmenory ce as to interpose the nenory cel ocC et wee min

the same diregliofoas dhgiNoid {hde b SigN@h & NEse b SPOSERLL PG _
direction vertical to the word lines, the |Iocal 15 source/data |ines being

connect ed st 0 gegher; 0a€d 0dr S84 Ky PPYEfa SOUS ¢ Capp NEBn@NEl A@gHeiPe Ofoltege
signal lines through
relative to the voltage of the well to the control gate
while the voltage of the third gate is kept at 0 V.
28, In an operation method of a semiconductor
integrated circuit device including a well of a first
20 conductivity type formed in a main surface of a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, a first
gate formed over the semiconductor substrate through a
first insulator film, a second gate formed over the first
25 gate through a second insulator film and a third gate
formed and isolated from the first gate through a third

insulator film: the well of the first conductivity type is

of an n type; programming is made by applying a negative



the select transistor. 57. A sem conductor integrated circuit device
according to item 57 has any one of the follow ng 20 constructions: a first
construction wherein nth (n: integer) local source/data |ine is connected

to the signal line at one of the ends of the nenory cell block through the
sel ect transistor and (n+1)th local sourcé/8ata line is connected to the
signal |ine at he other end of the_ 25 nenory cell blaock through the sel ect
transi stor; EaQECSﬁéaEbﬁgtFHCYPeﬁaﬂﬁérQFntﬁﬁ ﬁPhr?ngaFﬁteﬁgF)WFééal

sour ce/ dat a Ilng is _connected to t% Romer source Fe at one f t he ends
I

of the menory2E&lf BPBERSt ArobYfi P € r§§l°§§I8ét ?aﬁ§W%F8P uaﬁaran

otnet end of HAE ForBr s LaFLB olR PNPRuGH-: RE-RBR.BRE, AR EBor 'd%%lﬁ‘f na
sem conduct ora5NRYTBERE- CELEULE HEVLRE Sefit eeﬁghegokoré§§§h56 o one

of the local source/data | SIS connecte e Si ne a one of
the ends of teeaQEngysCQhaebb9cgpbm$9HﬁhatBss§€h65tv&ieaééSEﬁiatévg %8 the
power source line at the other end of the nenory cell bloCk through the

sel ect transi shervol0a88. oA sBai coNduel ogatat egrahedwellcui t device
according to item 58 further includes a first select transistor for
connecting th2Ssi gnal |Imeamioperanien dheecdd onf versémbtotidudter word | i ne
and an Wth (n: integer) |local source/data |line, a second select 15

t ransi st or fo¢HEanéE@ﬁnglrﬁelpodeVlseulnelUdnegmaredlhtoﬁne birshe ends of
the menory cell block in the same direction as the word Iine and an (n+1)th
| ocal source/8aPEUFFABiItY tWPedfqEredt iRranseiRosutbrceonfiegti ng t he signa

l i ne and the $n+1%th | ocal source/data |line and 20 a fourth sel ect
transistdP fo e%b ﬂ%@??ﬁﬁrtﬁ%bﬁBﬁ%Feso%r%%m+F%%dHFF%€ é?g%%@ ofher end of
the nenory cell tion. as tgg%mord ine and_said nth

in me _dire
| ocal source/a%? %“dﬂﬁgfﬁfﬁy thRe §95m§?gh%f fChfevettst@ ahtr$kcond
select transighogs {3‘&&? &8s P Ens! 90RL coRRY-L0E %gﬁg?eté'gﬁa's gfythe

third and fou tranS|s ors are e sAme”

56”1CondUCtOrfiﬂé€9£ﬁ§@ﬁa€b£CﬂiideX'§§c@ﬁ& égtggféehé@yo (56 to

59 has any one of OV\A ng constructions \?I rs COﬂS I’UCtI on

wherei n one Ocﬁaﬁéletlst@lu é'é‘@éoﬁ‘ﬁrﬁﬁsuﬂa@oﬂ'ffﬁﬁ' Ofnyestigptyt@athe word
line is shared by two of the [ocal source/data lines; a second construction

wher ei n, 1shenféoheed osed So01 s€édat Boh th@efiﬁssw@@t@dré@gﬁhs shopal |ine
through the select transistor, the connection portion between the

semi conduct orineglanoof £1 hre; sehectell ansi shorfdrst heosdalet O £ £ £repbe f1HoHmM
the | ocal source/data |ine and the signal line is shared by two of the
menory cell bPbcksp tviea programming is made by applying a positive

voltage relative to voltages of the well and a source as
one of the regions of the semiconductor region to a

20 control gate as the second gate and to a drain as the
other region of the semiconductor region; and erasing is
made by applying a positive voltage relative to the
voltage of the control gate to the third gate.
30. In an operation method of a semiconductor

25 integrated circuit device including a well of a first
conductivity type formed in a main surface of a
semiconductor substrate, a semiconductor region of a

second conductivity type formed inside the well, a first



10 third construction wherein the power source line is shared by two of the
menory cell blocks. 61. A sem conductor integrated circuit device includes

a well of a first conductivity type fornmed in a sem conductor substrate, a

sem conductor region of a 15 second conductivity type forned inside the

wel |, local source/data lines formed by-céfnecting the seniconductor

[ , |l ect t ' f | ecti t he | I /data |i
first gate fOPRED DOBPOTREoSEnt RErHHLt O TAUBERY af GPE T OLGHC AEPRORIa

[ I fil f ' he _fi
L ough & SechEe T neUTSUBroT (TR ok (o T8 YAPhofc By LoRMEE A § HESEccond

gates, and 2 fI4&a@ALEqH 0L MELARY 150k RLEd: LTI Neng ! 4 Stn gl gl L Ough 2

third insul at m and having a di rent function fromthose’of the 25

first and seceptmedt £8d IBHPEYe& Ot tSmOPhd Nl L OCa FOUEREOLERES amfir+oca'
data lines divided by the select transistors constituting nenory cell

bl ocks, the nenoiya€st!£binckendeian) asf apgeds i Ast heoN@ESt ¥ ey di geetion
and - 32 constituting a nenory cell array, wherein: a bundl1ng portion
of the third gatespekysés peogeaiming iwrmadé ney expslyigg ad pdei beas est
position to the select transistor inside the nenory cell block and the gate
of the sel ectvéltagasrasiativever ywvolbheyes v f dilgateslkxasd i mgsoumsceleas he
menory cell block are bundled at one of the ends of the nenmory cell bl ock;
one each powe?neoRf cehe i FRILeRS sof dfkkp osemi ¢ondheteaneedieRctd oh as the
word |ines on both sides of the nenory cell block as to interpose the
menory 10 cel FOBFboek FRESeed tHRNFOEORA sT3H 19 nEle dFRped iR te andik@ction
vertical .to the word lines; and the |ocal source/data |ines are connected
to eitherfne® FraHotds GiCth %79%%?1??H%€ ¢h%i%ﬁm%?ﬁpﬁﬁﬁ@ﬁrsﬁﬂgh%niine

t hrough the s C ransistor. .15 62, sem conductor integrated circuit
devi ce accordaelllg %%é?%% rﬁade rr\{/ %pnéi%lfn? he rf%‘ﬁ%W%gv% RS uctions: a

as a

devi ce_accor difig T8°1Teh 2 | ucti ons:.
connected 10 THETEr onal o1 The Wl TGhee off t Fe RGAL of T REBER % fhte ook

through 20 the; sel ect tyansl df¥radinth adHd)dd 4 aali sra/gata line is
connected to the signal line at the other end of the nenory cell bl ock

through the sghesfrdtedseSEONit adsh B eLARTh@DRGtd Uedl Dromher £ ps@n nth (n:
integer) local source line is connected to the power source |ine at one 25

of the ends ofotdnectrenity tepd Hbraokdtim aughaihessefeed &f ansi stor, and an
(n+1l)th local source/data line is connected to the power source |line at the
ot her end of s¢relpeniryteel$ulhdockte hrouggmidtendedtest teqinst stbHra - 33
63. In a sem conductor integrated circuit device according to item 61 or
62, one of theeterdl conditcel dityn tyPRsioynednineidel the tvelli gnafifstme at

one of the ends of the nenory cell block through the select transistor,
gate formed over the semiconductor substrate through a

first insulator film, a second gate formed over the first

20 gate through a second insulator film, and a third gate
formed and isolated from the first gate through a third
insulator film: the well of the first conductivity type is
of a p type; programming is made by applying a positive
voltage relative to voltages of the well and a source as

25 one of the regions of the semiconductor region to a
control gate as the second gate, to said third gate and to
a drain as the other region of the semiconductor region;

and erasing is made by applying a positive voltage



5 and is connected to the power source line at the other end of the nenory
cell block through the select transistor. 64. A sem conductor integrated
circuit device according to item 63 further includes a first sel ect

transi stor for connecting a signal line wired in a 10 direction vertical to
the word line and an nth (n: integer) |lecab source/drain line, a second

sel ect transistor for connecting the power source line wired in the sane
direction as r&katwbye t¢nehe ovoheass ehetk@deontreheaeoty g Iwelbck and
an (n+l)th local source/data 15 line, a third select transistor for
connecting th#?signal [YhemmPRIREIINMIHIDR] ZAFTEIWAE 1 he and a

f th | ect .t i st f ting. th ' ired in th
came g rect | G HST GO TYHE S The I LA BLR S0t cof dht ST e Lo the

ot her end of the nmemory, cell 20.block,.wherein: th e signals of the
first and sec%%ﬂd%%ﬁﬁ% t¥r%¥§$s¥%ﬁ%e§rﬁx? e %%Rmé%f%ﬁgg;ogh% ch gate

[ I fz th ' t_t ' [ | . 65.
A sen conduct ST He RSt e R L B S B oot M 8 O e
61 to 64 has amyoRReOhadde; TPy oW EY £0RARLE ULhd 08 tife T BT, CONBLFyCti ON

wherein one of the signal lines di'sposed in a direction vertical to the
word line is ghesetobied Vovof tHE $ORBEoSAIEES, RistratS4htolifts;aa second
construction wherein, when the |ocal source/data Iine and the signal |ine

are connect edfihsouphst hetsel £cim} ransesénd ,gdte formedtower paid | Hirdbet ween
the sem conductor region of the select transistor on the side 5 different
fromthe | ocayaseutitedush a2 | saeommdinswel stemafilmneand ahehriexd byatew of the
menory cell blocks: a third construction wherein the power source line is
shared by 0t wof@¥metean@nbs9laesd Bropkiehe af $osk tFREONERFRULTR o WhEF@i n t he
| ocal source/data line is connected to the 10 signal line wired in a .
direction veriPeatater ¢ helfor 8¢ i ¥l t R bulye t hbr Sl eRAAYFEHE &Y oFYPS SBnse

circuit is conpected to the signal.line tﬁg sense cjrcuit_ connected to an
Wth (n: integbr BiGRe: IPHRITTRHRGett PR DR RRLYHE OB W enor y
cell array co I Si ng lurality of 15 menpry, cell. bl ocks, and the sense
circuit connéggé%a?% 5%1¥%ﬁﬁ3t%PsY%%%?§#?HgPi%h%dW%%gt%ﬁga? THeT BT HEY end

of the menory el L arkay:oantha &1 ik conel cuchion, shesgign asvi teh is

i nterposed between the signha ne connected to the source/data line

through tihe sgbgetolrgnsd siorerd Q@Qoﬁ@e?§€@§?t§iEﬁ@!éhiﬁ@dgéﬂg 2dISo .
circuit can be shared" by a plurality of the signal lines when the swtch is

changed over.a 68rafnh S£81 EROUVERSOF &G LG ab L0t 16é I SathicoleybE€ot NEdgities; a wel |
of a first conductivity type forned In a 25 sem conductor substrate, a

sem conduct oraf@ge pas Dfig ai s ecade IEPnaibc v imd ya typei £ ovaredoltisgele t he wel |
| ocal source/data |ines forned by connecting the sem conductor region,
sel ect transisebasivertsed ectlngge hef | beal control gate to the source or

the drain.

20 33. In an operation method of a semiconductor
integrated circuit device including a well of a first
conductivity type formed in a main surface of a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, a first

25 gate formed over the semiconductor substrate through a
first insulator film, a second gate formed over the first
gate through a second insulator film, and a third gate

formed and isolated from the first gate through a third



- 35 source/data lines, a first gate fornmed over the sem conduct or
substrate through a first insulator film a second gate forned and i sol ated
fromthe gate through a second insulator film word |ines forned by
connecting the 5 second gates, and a third gate formed and isolated from
the first gate through a third insul ator- f31 m and having a different
function fromthose of the first and_second gates, nenory cells on the

| ocal source EPAB325RY EREM:othP WL PEnébedfvratdcppdurEivétyctype is
transistors 10 constituting a nenory cell blaock, the penory cell bl ocks

bei ng arrange@fi A%t Ret¥BRd PrRETATFEREi 6f BAHSCBHsEPPLYIRY & REABFYVEel
array, wherein: ﬁ bundlhng.gor%ion gg t he t?igg gatzi exgsts bet ween the
word Iine exi $PHhg95t TEhETAXSr &8t VBOSPEFSN Ot o tPRe"Sal o8t Pai8PEFSr @Pnsi de
the 15 nenory 1] cb Kk e_se t I . e ther _third gates
exi sting insiaggt g %§%DF§828#P Bﬁogﬁgaﬁéaggﬁhﬁégng %%éxgﬁdggfathe menory

cel| blocks opgneach ghrbNgsPOMRT saedhaeohtne @bl aRgednt 0! B8rsalRa o

direction as the word”line and one eac the signal Iinéswred ina 20

direction verhi gahihOakhensopdnkirnesgaba & ehépgéﬁéceﬂdeekbrsEé§§oﬁﬁ the
menory cell block as to interpose the nenory cell block between them and

the | ocal soured/ dekaihgnesi pagenBechpgliyonhobhpetitheepovetageurce |ine
and the signal line through the select transistor. 25 67. A sem conductor

i ntegrated cirelletidevioethecovdiaget ofi thm 66nhaslaggteneocothehehioll ow ng
constructions: a first construction wherein the |ocal source/data line is
connected to gh&esignal |ine through - 36 the select transistor, and the
connection is_all nade at one of the ends of the menory cell block; and a
second corstrdéti on whefRi ANt AREFBEAPT sBRERRAJRf a2 | $PBIFeN@BARRELed to the
power source lLine wired in the sane,S direction as the word |ine at one of

the ends of thBLEEFRBFROEKTEHFbUGRVERE $BFebflPPafslietdrOfafdfingt
connection is al% ngde.?t ene of. _the . ends_of the negnrg_cgll bl ock. 68. In
a seni conduct 5P FREEdVA ¥d_XP?;GPFmangBeaagébdeﬂﬁ_FS i Penf'66 or 67 one of
the local sourgeldala,lOobiDopls connect edii g bl sbanaloline gt one of the
ends of the nenory ce Br o rough the selrec Fr8hsfe or, and-is

connected to EQ€0H8“§5n898£§@iL&?gyﬁEGSgﬁ?QBhﬁﬁsgag phethe rengry; cel

I
bl ock through the select transis I'n a sem conductor Integrated
circuit deyicgatéd asemtdi BgetOorhbegrA8cvALGRtbYr 5Bt kASLUERS0AghHI LSt

sel ect transistor for connecting the signal line wired in a

first insulator film, a second gate formed over the first
gate through a second insulator film, and a third gate
formed and isolated from the first gate through a third
insulator film: the well of the first conductivity type is

20 of an n type; programming is made by applying a negative
voltage relative to voltages of the well and a source as
one of the regions of the semiconductor region to a
control gate as the second gate, to the third gate and to
a drain as the other region of the semiconductor region;

25 and erasing is made by applying a negative voltage
relative to the voltage of the well to the control gate.

35. In an operation method of a semiconductor

integrated circuit device including a well of a first



direction vertical to the word line and an nth (n: integer) |ocal
source/data line, a second select transistor for connecting the signal |ine
and an (n+l)th 20 | ocal source/data |ine, a third select transistor for
connecting the power source line wired in the sane direction as the word
line and the Wth local source/data |line &2 the other end of the nenory
cell block, and a fourth select transistor for connecting the power source
25 line and t BRNERFEI VAtV oB¥Pe sbaFBefdaf a2l Paen FRELGEBEEOSignals of all of
the first select tranS|stors are the sanme signal; the gate signals of all
of the secondS€BieePIRrEALi SEBFETAFE: t ReSSRAECRAPREPT gﬁﬁl@%t% s?gnals of

t he - 37 first _and sgcog g t transistors _are g ffer nals and
Lhe gate <i gniPeont GaRCBrE Kty nEvRe EPEnEa, Finthe, bhe' SRE: 2’ Ehfe

Signal; the ogbecstgnale 8lopling! sLASCOUILALPCLERL: LLRDSRLONSn 2L  the

sanme signal; e gate signals o rrd an ourt signal s

are d'ffe&#ntf§£seak§s?zgtléh8691ﬁ0n9ug esnan§sg%g£§gm&g;syéf eyl £8rst

according to any one of items 66 to 69 has an | oW ng

constructi onsg aaeftﬁ§bu§9n§tsgééh@nlwgﬁlstartf@lao ghathechosal ggoprce/ data
| i nes share the signal line; a second construction wherein, whenh the | ocal

source/ dat a | fpemeadasai dssigball Froe ehe ﬁ@ﬂ@ecg@dethh@@g@htéletlsekact
transi stor, the connection portion of the sem conductor region of the

sel ect transi shenlanothéismdetibef veiendfftben fibrsthecdbndattsoitgetgpeaisi ne
and the signal line is shared by two of the nenory cell blocks; a third
construction 9fedRih tvbeofProgIaBnbRY el hadeobksappdyenghe pegeriveurce
line; a fourth construction wherein the_|ocal source/data line is connected
to the sﬂdha|vpihég@hF%h@ﬁ19@ tpetBe| ¥etlt RASASEORICEhas sen8eCti ER@it is
connected to the signal line, the sense circuit to be connected to nth (n:

i nteger) si gnAf9iPRe P% EBﬁn%%TéBO% u%ﬁ%roFegh%neﬁ%sao?o?ﬁéokﬁﬁﬁF? 22l |

array conpri sj bl ocks, the sense rcuit to be

| |
connectedlfo %ﬁglg? Ogéagfbfa?n? ggfgl%oﬁﬁesﬁ%dog?efhﬁe%%ﬂ%r éhﬁh%f t he ;
ey el o4 oBae L L EADSLLICLL 0, wher i 8 syt gk L3t o oses.

bet ween the si gna I ne conne oca SOUI’C

sel ect trans'f&Qit?@Q { ft ge P81a éetg'fﬁg'%olég L OpE SRASEGLLGYIL 1S
shared by a plurality o e sl gha |nes as t i s changed over.
71. A semﬁpon@ggéoiolaﬁ@gﬁgigd circuit device
36. In an operation method of a semiconductor
integrated circuit device according to any one of items 22
to 35, an absolute value of the third gate is smaller than
that of the voltage of the control gate during the
20 programming operation.
37. In an operation method of a semiconductor
integrated circuit device according to any one of items 22
to 36, a distribution of the threshold value generated by
the programming operation is at least four levels.
25 38. A method of producing a semiconductor integrated
circuit device comprises the steps of: (a) forming a well

of a first conductivity type in a semiconductor substrate;

(b) forming a stripe-like pattern to serve as a first gate



5 includes a well of a first conductivity type forned in a main surface of
a sem conductor substrate, a sem conductor region of a second contuctivity
type forned inside the well in such a manner as to extend in a first
direction, a first gate forned over the sem conductor substrate through 10
a first insulator film a second gate for@sd-over the first gate through a
second insulator film word lines forned by connecting the second gate. and
athird gate PB?ﬁeHhanaeméSPQQEGtPFoﬁ?PﬁErPF?thﬁavéhtﬁr§E§ﬁtalﬂﬁpgét°r
insulator film .the third gate being,buried in a sEace of 15 the first gate
existing in afditPectFoniQENinNgaf EEMERANABFHOF| REIQRePEI A: SECAREOder for

driving the thirg ggte.%s gis osed. i,n %Ee ex&gnding d%rection of _the word

line. 72. A sERPEBREOELSY F¥PegraAtadecFPEUE devPcB SR cBr BRAREF 03Pt Efh 71

h £ oLl ovi CrUCLi _ £ . .

the dosoder 1orEan, ThoBHkasIER HRER EHRN QREcePny! (8) EOBRLAYY ' CRAECT L
| ) : : . . e

The third gat s e S osu adl acant o 5 Bf o5k-desbasroror: SBr st g menory

cel | bl ocks epghtenGOBRAI BLAYi ABNBI Yheek! gateayst8Xtae| 58208 8rptHeality
of word |ines enconpassed by the select transistors; and a third

construction phetekn;theddeepdessming drbutogdt hetéhpattaahesnasgcHi gposed
on both sides of the nenory cell - 39 while Interposing the nenory cel

array betweenméhperaad adj areahdt bnaablivekctiondeertdtasetecthagsthepaenory
cell blocks. 73. In a sem conductor integrated circuit device 5 according

to item 20 théikejpdtgare.is fornmed as it is buried into the space between
the first gates extending in a direction vertical to the word line; and- a
decoder ﬂdg dPPving thel®h? reERRR ?5 RFQPORHWI | & LMEXRRMIEHRE di rection of

the word line, 10 74, A sem condyctor integrated circuit vi ce according
to item 73 has"hRgTdhedofIFRRIFo ?Ehfﬁgaﬁﬁggs%ﬁ%tFBnﬁFe% ggrth%oﬁ%¥+Bétion

wh inthe d d drj vi t third te.i di d at f th
ool the nEnBe batPear be) Poabbial ol SoRe! Futtr cibrers: meutltned i oder
f dri vi t hi i i i t. | d f

O or i ven9, LhechiLrdagake LS ghopesednd peenyite pobback fecoferiiela
decoders for gdgiyi ngnahﬁ’héh’cﬁﬁr&i’%ﬁj{:ﬁrfssxgr%gtéijﬁ?{i’d:élgns@gﬁhasr'ngﬁ'ﬁei)f he

menory cell afrays as to 1 nterpo e nenory ce array between g em

adj acent 1t the Bkos¥mdecpderwion sebkpetingot HBe "BPPIYe LCEL ke DhOEKerdD- IN a
sem conductor integrated circuit device according to item 18 or 19 wherein

all of the thiaod gates Bxistheghdodsofleptdgudem®ry sehicdhdekesr e bundl ed at
25 either one, or both, of the ends of the nmenory cell block, the selection
signal of theibhegdagatieciscgehedatidefaocovadsegecdi bresi §hal tivdé therdenory
cell block. 76. A sem conductor integrated circuit device - 40
gate is formed in self-alignment with the stripe-like
pattern.
20 41. A method of producing a semiconductor integrated
Circuit device comprises the steps of: (a) forming a well
of a first conductivity type inside a semiconductor
substrate; (b) forming a first gate over the semiconductor
substrate through a first insulator film; (c) forming a
25 semiconductor region of a second conductivity type inside
the well; (d) forming a third insulator film in a space

defined by the first gate, and forming the third gate in

such a manner as to bury the space of the pattern; and (e)



according to item 18 or 19, wherein all of the third gates existing inside
the menory cell block are bundled at either one, or both, of the ends of
the nenory cell block, has any one of the follow ng construction: a first 5
construction wherein the selection signal of the third gate is generated
froma selection signal of the nenory cel lR4block and a signal for further

hal ving t he nﬁnnr% cel l blocg; and a second construction wherein the
sel ection si ghRF™P9t ReSERPPA Gabe: i ENGERLR aFRYAf EBHTA 20tgale sel ection

i | f th i BRI EF_DESCRLPT] ON OF THE DRAWNGS Fig. 1
;Slsggapa?t i ;I e%%?ﬁg%%évr gﬁ ?\‘ﬁﬁr HRE eXARpAES o‘f’lf t e sER EBnREe of Si %?\%%:f' gt ed

circuit deviceyageprdipg, 4 cépognpﬁgigypg 1%§€?the present invention; Figs.

2A, 2B and 2C are sectional views taken alo ines A- A, B- B and C -

C in Fig. 1 gpespectivelyarfd@Sor 39%%&%%@@ ssgﬁ;%cgr%}glrc%@fv?né?%%g@gd an

20 exanpl e of the production netho Sem con nt egr a ciTcuit

devi ce of sEmbodio®nt déevit@SacddrdOndrarenyesid obal ;i vikys3ghow g an
exanpl e of the production nmethod of the sem conductor integrated circuit
devi ce of Enboonpehsed;ap &f gshe 5folDowindrire Siesds Onal £ vi SYSmStONd NGr an
exanpl e of the production nethod of the sem conductor integrated circuit
devi ce of Enbbeimeny the Ryird gata sorchat thagemm shosinfaddecf thetl
construction of a nenory cell array of Enbodinment 1, Fig. 7 is a plan view
showi ng | ayouthd¥d Fa%s teespprver theseticonhictbyategdrectfodes Fig. 8
is a plan view show ng | ayout of the 5 voltage applied area of the third
gate el ectrodECHY. CONFLCHL Bl an WRSY st hgseegraitmethedeo i of ermgenappl i ed
area of 2 e third aaf electrode; Fig. 10 is_a plan view show ng | ayout of
the vol t ge a‘il}b?i W Thetah rd Rt *f ddig ddetra@watgy. exnlsts a pl an

vi ew show ng é&Q§“§héﬁsé£¥%onductor region of the second conductivity

type.
43. In a method of producing a semiconductor
integrated circuit device according to any one of items 38

15 to 41, the third gate is formed in such a manner that a
part of the third gate exists over the semiconductor
region of the second conductivity type, and the
semiconductor region of the second conductivity type is
formed by tilted ion implantation.

20 44. In a method of producing a semiconductor
integrated circuit device according to any one of items 38
to 43, the third insulator film is a silicon oxide film
doped with nitrogen.

45. In a method of producing a semiconductor

25 integrated circuit device including a well of a first
conductivity type formed on a main surface of a
semiconductor substrate, a semiconductor region of a

second conductivity type formed inside the well, a first



vol tage applied area of the third gate electrode; Fig. 12 is a plan view
showi ng | ayout of the voltage applied area of the third gate el ectrode;

Figs. 13A to 13C show a programm ng operation of 15 Enbodi ment 1, wherein
Fig. 13A shows an equivalent circuit diagram and Figs. 13B and 13C show
timng charts; Fig. 14A and 14B show an-e#astng operation of Enbodl ment 1,

wherein Fig. 19A |valent Ccircuit diagram and Fi B shows a
tinmng chart; 9% F’1b BOA’GE S (D Lécatcﬁ%gsq‘lﬂj%tr%ﬁtr%rpg’? dHi nent 1,

wh Fi 5A nt t_ and F 5 nd C t
thereLn £ 9 25 IR 3 b P 4 95 H
sen conduct or | ang[ﬂ;‘f&i%{ ré:égénéj rlsﬁ?l r.acf:lolrrﬂ' ngar;d) Airg:}plgtl :Cpec_t P-Io eZ of the

pr esent i nve IS a sec ional ~ Vi ew show ng a proau n net hod

of the sem condued PradtEHE 3}&% Cé F il dndepy 8 ALOAr diithdgh BMgh aent 2

- 42 Fig. 18 1s a CII‘CUIt I agram show ng the construction of a nmenory

cel | array of; Hbotident: Gn: RS sdédhd GG &gyt dde ProgiHEEdIFilm

operation
of a polysilicon film and a metal silicide film, and the

formation of the second gate is conducted after the
formation of the third gate.
46. In a method of producing a semiconductor

10 integrated circuit device according to item 45, the metal
silicide film is a tungsten silicide film.
47 . In a method of producing a semiconductor
integrated circuit device including a well of a first
conductivity type formed on a main surface of a

15 semiconductor substrate, a semiconductor region of a
second conductivity type formed inside said well, a first
gate formed over the semiconductor substrate through a
first insulator film, a second gate formed over the first
gate through a second insulator film and a third gate

20 formed and isolated from the first gate through a third
insulator film: the second gate comprises a laminate film
containing a metal film.
48. In a method of producing a semiconductor
integrated circuit device according to item 47, the second

25 gate comprises a laminate film of a polysilicon film, a
barrier metal film and a metal film.
49, In a method of producing a semiconductor

integrated circuit device according to item 47 or 48, the



of Enbodi ment 2, wherein Fig. 19A is an equivalent circuit 5 diagram and
Figs. 19B to 19G show tim ng charts; Figs. 20A and 20B show an erasing
operation of Enbodi ment 2, wherein Fig. 20A shows an equivalent circuit

di agram and Fig. 20B shows a timing chart; Fig. 21A to 21G show the erasing
operation of 10 Enbodi nent 2, wherein FPgJﬁQOA shgms agzeqU|vaIep£i;:rSF;;
di agram and Figs. 21B to 21G show tim ng charts; Fig. is a pa
viea/shomﬁng 5&159aﬁBF§ 6F1PhE 8&nittondubtsierniBgPatba ePReei Peteerpe
according to gn@ dinen% 3_of the present invention; 15 Figs. 23A to 23C are
sectional vieng fakah® |8689Frnes A- A, B-B and C- C in Fig. 22,

respectively; ki gs. 24 n 4 e_sectignal views show step-w se a
proguction %EP od of tﬁggsgnﬁ%g%géc grpf% 2grafed E??%ﬁ??ggEE?Ee of

Enbodi nent 3; ;4 ' 5 t cQQS j of .a. cell array of
Enbgd:nent 3;l§?§§%g53§ g%geggﬁ §§X3ﬁgngéggé?%§go%8ré??@ﬁﬁzf Eh%odlnent 3,

wherein Fiy. BEArsbewsegnlequiMabenbnghl €81k gragpasrande fhgst2fBeshgus a
timng chart; 25 Figs. 27A to 27E are sectional views show ng step-w Se a
producti on nmeahviltehitief $emj candantaluinnf eUnat 80met&CUFL 1denmbee 8F a
Enbodi nent 4;
transition metal itself or its nitride film or its
silicide film, an aluminum nitride film, a cobalt silicide
film, a molybdenum silicide film, a titanium tungsten film
10 or their alloy films.
51. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, local
15 source lines and local data lines formed by connecting the
semiconductor region, select transistors for selecting the
local source lines and the local data lines, a first gate
formed over the semiconductor substrate through a first
insulator film, a second gate formed and isolated from the
20 first gate through a second insulator film , word lines
formed by connecting the second gates, and memory cells
existing on the local source lines and the local data
lines divided by the select transistors forming a memory
cell block, the memory cell blocks being arranged in the
25 direction of the word lines and constituting a memory cell
array, wherein: one each power source line is disposed on

both sides of the memory cell block to interpose the

memory cell block in the same direction as the word lines;



Fig. 28 is a partial plan view show ng an - 43 exanple of the

sem conductor integrated circuit device according to Embodiment 5 of the
present invention; Figs. 29A to 29C are sectional views taken along lines A
- A, B-B and C- C in Fig. 28, respectively; 5 Figs. 30A to 30C are
sect i onal viems shomﬁng an exanpl e of tlre $foduction ngthgd of g?i o a1c
sem conduct or ra |rcuit devi ce of. Enhadi nent | o]

are sectlonala@ %g h gsgﬁrgfaﬁﬁp§ Sthﬁélﬁréﬁﬁéﬂlgﬁtﬁegﬁéé éF;;Ré

sem conduct or rate I r.cui dev ice of ; : to
32D are sect|o§§ g&%%s%éhgn%nﬁ% xgﬁﬁﬁg EPuFﬁg gﬁB&ﬁcﬁpgntﬁng§§98P;gEf
sem conduct or ji;nt.e I LUt Odl to

are sectional v?%wg&ghﬁéfa % 1§le§%§P E ﬁ%agE88u2P| %ﬁgtﬁéﬂeofofhe
sem conduct or tbnb%%ab%dtﬁbf gBhErdEEhEEeoﬁlﬁQEOdkg‘?E%go dtﬁ Peg“ LS a view

ec
show ng the construction of menory cell array o ﬁlgs 35A
to 35C shoyv atpeaghafBi-ng operation of 20 Enbodi ment 5, wherein Fig. 35Ais

an eCIUI valent circuit
52. A semiconductor integrated circuit device

according to item 51 has any one of the following
constructions: a first construction wherein one of the
local data lines is connected to both of the power source

10 line and the signal line through the select transistor;
and a second construction wherein one of the local data
lines is connected to the signal line at one of the ends
of the memory cell block through the select transistor,
and an adjacent local data line adjacent to the one local

15 data line is connected to the signal line at the other end
of the memory cell block through the select transistor.
53. In a semiconductor integrated circuit device
according to item 52 one of said local data lines is
connected to the signal line at one of the ends of the

20 memory cell block through the select transistor and to the
power source line at the other end of the memory cell
block through the select transistor.
54. In a semiconductor integrated circuit device
according to item 53 which includes a first select

25 transistor for connecting a signal line disposed in a
direction vertical to the extending direction of the word
line to an nth (n: integer) local data line, a second

select transistor for connecting the power source line



di agram and Figs. 35B and 35C are timng charts; Figs. 36A and 36B show an
erasi ng operation of Enbodi nent 5, wherein Fig. 36A shows an equi val ent
circuit diagramand Fig. 36B shows a timng chart; 25 Figs. 37A to 37C show
a readi ng operation of Enbodinment 5, wherein Fig. 37A shows an equi val ent
circuit diagramand Figs. 37B and 37C sho@8t+mi ng charts; Fig. 38 is a
partial plan view show ng an - exagg%e of the sem conduct or

i nt egr at ed c@ﬁﬁqs%\ﬁ%é’%ﬁ:dﬁ ot'rrheg eirHjﬁ"El oqn%ﬁ’fe“fﬁf GSet H?Jé%"e}ﬁti

[ ion; F 39A t t

B and C - e R :ﬁare S Atenprd B o AU S ika ona
[ h

o e A P e AT

viewe showi no, an, exaple Al 4, LA g0, TR0 gl e ser pondhitor 10

I nt egrated ci rcwt deV| ce of odiment 6; Figs. 42A to 42C are sectional

vi ews show ng: adh, Sxagi s Of é&%é&%tﬁr@ é@ié’@ds&jréé‘elﬁ?é“&l%é‘éd)r

integrated circuit device of Enbodi nent 6;
at the other end of the memory cell block in the same

direction as the word line to the nth local data line: the
gate signals of the first and second transistors are the
same signals; and the gate signal of the third and fourth

10 select transistors are the same signal.

55. A semiconductor integrated circuit device
according to item 51 has any of the following
constructions: a first construction wherein a gate signal
of the select transistor connected tc the local source

15 1line and a gate signal of the select transistor connected
to the local data line are the same signal; and a second
construction wherein gate signals of all of the select
transistors connected to the local source lines are the
same signal.

20 56. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, local
source/data lines formed by connecting the semiconductor

25 region, select transistors for selecting the local
source/data lines, a first gate formed over the
semiconductor substrate through a first insulator film, a

second gate formed and isolated from the first gate



Figs. 43A to 43C shows a programm ng operation 15 of Enbodi ment 6, wherein
Fig. 43A shows an equivalent circuit diagramand Figs. 43B and 43C show
timng charts; Figs. 44A to 94C shows an erasing operation of Enbodinment 6,
wherein Fig. 44A shows an exanple of an equivalent circuit diagram Fig.
45B shows anot her exanple 20 of the equirvdPent circuit and Fig. 44C shows a
timng chart; Figs. 45A to 45C shows a readi ng operation of Enbodi nent 6,
wherein Fig. WhpOufhvd I/CR[IRIRIRTRT rEtd®, ARG rams Ant! 78 s owsH Y 45C
T g eSSt oy e G e G0 ATy A 00y 20 e © o
(e present PSRt S0 R Buad 1 S8 SALPMG AN SUPES U e D
o et 0 S A0 AL Bt shon g e DAY g
having a sel egle L4 ARSASLOT i S LEMC WY £ Of i FRDPTEdBMor{ 'and constitute a
memory cell array, and when the local source/data lines
function as the local source lines of the memory cell,
they function as the local data line of the memory cells
adjacent to the memory cell, the semiconductor integrated
10 circuit device including further one each power source
line so disposed on both sides of the memory cell block as
to interpose the memory cell block between them in the
same direction as the word line, and signal lines disposed
in a direction vertical to the word lines, the local
15 source/data lines being connected to either one of said
power source lines and to both of the signal lines through
the select transistor.
57. A semiconductor integrated circuit device
according to item 57 has any one of the following
20 constructions: a first construction wherein pth (n:
integer) local source/data line is connected to the signal
line at one of the ends of the memory cell block through
the select transistor and (n+l)th local source/data line
is connected to the signal line at the other end of the
25 memory cell block through the select transistor; and a
second construction wherein an nth (n: integer) local

source/data line is connected to the power source line at

one of the ends of the memory cell block through the



Fig. 49 is a timng chart showng the timng of the erasing operation in
the sem conductor integrated circuit device having the select transistor
structure of 10 Enbodinment 7; Fig. 50 is a timng chart showing the timng
of the progranm ng operation in the sem conductor integrated circuit device
havi ng the sel ect transistor structure of3Embodinment 7; 15 Fig. 51 is a
circuit diagramuseful faqr explaining the_advantages of a virtual .ground
type menory SELECEH LERTEGStOPed ARG Flard Pdditst 195ed: seugSe/g8k3akd 528 are
circuit diagrans useful for pl ai ning the necessity for the sel ect

transi stor; 2§ E°§NE eps%g %ﬁFCEPVe&igSPgﬁFugéP&|a%OF%gxﬁﬁiﬁﬁiﬁ&dpPFCh
rel axation of cirgyit,, Fig. i I recyit. . di.agr ful for

expl ai ni ng pFP%hﬁgﬁﬁgyéffgg %ﬁofﬁetggﬁgg%b?P%uﬁ%ﬁeffgF§%§%g§%gsbircuit

g: fgL?{” 328}""@;&961(235053?%&?1105“%&%cgﬂdﬁé%g' ?cp@feﬁtx:g%eaeEEEEB‘?L‘ECHQRriic_@t egr at ed
gto odi nment of the present invention, Fig. 56
is acircyit ,di-RIAMSRAQMiRG B® or 57, one of the local source/data
lines is connected to the signal line at one of the ends
of the memory cell block through the select transistor,
and to the power source line at the other end of the
memory cell block through the select transistor.

10 59. A semiconductor integrated circuit device
according to item 58 further includes a first select
transistor for connecting the signal line wired in a
direction vertical to the word line and an nth (n:
integer) local source/data line, a second select

15 transistor for connecting the power source line wired at
one of the ends of the memory cell block in the same
direction as the word line and an (n+l)th local
source/data line, a third select transistor for connecting
the signal line and the (n+l)th local source/data line and

20 a fourth select transistor for connecting the power source
line wired at the other end of the memory cell block in
the same direction as the word line and said nth local
source/data line, wherein: the gate signals of the first
and second select transistors are the same signal, and the

25 gate signals of the third and fourth select transistors
are the same signal.

60. A semiconductor integrated circuit device

according to any one of items 56 to 59 has any one of the



- 46 arrangement of a nenory cell array, a block decoder, a sub-decoder
etc, of Embodinent 8: Fig. 57 is a timng chart useful for explaining a
programmi ng operation in the sem conductor integrated 5 circuit device
having a sel ect transistor structure accordlng to Enbodinent 8: Fig. 58 is
a timng chart useful for explaining an er3king operation in the

] duct or r.at ed CIrCUI devi ce having the select transistor
zfrhg?sre 10 5823? hg F8néﬁ58& RS g2 EF§St5§°P§t§uFFﬁPﬁgW@ﬁéﬁﬂ“u@éﬁul

L ted t
tovi o’ havi ngSEnsEaraapatl 3adker b =Bel N8, &7 l%%%gﬁé%‘;&e#&%%ai&%ng%? o 15
[ d nte ci.rcui t
devi ce aceor di oot & Erbod aoar o, bR shop e ERCHBLAT, bOhREETHA ?h&\h“ﬁé

anot her exa”pbes@thBecéﬁngQEQESBOQhEQEQQrahﬁgnckﬁguikfg Egﬁr ﬁsl ;
Embodiment 9; Fig. 62 is a circuit di agram show ng sti anot her a e o
the senm canductne ist eghakededi teUthedgyhag10f i FEDOHLBERR Phe select
transistor, the connection portion between the
semiconductor region of the select transistor on the side
different from the local source/data line and the signal
line is shared by two of the memory cell blocks; and a
10 third construction wherein the power source line is shared
by two of the memory cell blocks.
61. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a
semiconductor substrate, a semiconductor region of a
15 second conductivity type formed inside the well, local
source/data lines formed by connecting the semiconductor
regions, select transistors for selecting the local
source/data lines, a first gate formed over the
semiconductor substrate through a first insulator film, a
20 second gate formed and isolated from the first gate
through a second insulator film, word lines formed by
connecting the second gates, and a third gate formed and
isolated from the first gate through a third insulator
film and having a different function from those of the
25 first and second gates, memory cells on the local source
lines and local data lines divided by the select
transistors constituting memory cell blocks, the memory

cell blocks being arranged in the word line direction and



Fig. 63 is a circuit diagramshow ng a 25 sem conductor integrated circuit
devi ce according to Enbodinent 10 and is a block circuit diagram show ng a
sel ection system of an assist gate and a bl ock that can be applied to the
sem conductor integrated circuit device - 47 explained in Enbodi nent 9;
Fig. 64 is a circuit diagramshow ng anot & -exanpl e of the sem conduct or
integrated circuit device of Enbodinent 10 and is a block circuit diagram
showi ng an 5 &98S§ityaisdandmgmpryckethar&al  buhgppinedat bupdding

sem conductor integrated circuit device explained in Enbodinent 9; Fig. 65
is a circuit Bpﬁﬁﬁgﬁlg ohPfig tEET Al I3hE6nEX 1 EXSnPREVELDL hBesHRTEohdet or
Integrated circuit .10 device of Enbodinment .10 and_|s a bl ock _circuit
diagran1shomﬁﬁ§l§%§89e8§i3 es???&ﬁ?%fpgﬁl%§gps?°gﬁb8 iﬁgeﬁngSEESfﬁﬁPrcan
be applied to, egi.go r Late d_clreyit [ | ai in
Enbogﬁnent 9;lb?quGgh%ngMg%gcﬁ%?&dg%g%§n$§ho%ﬁ%gggg%Sggeﬁﬁgog ggggr

: nt egr at ﬁ?‘s Ci keHhk1devkceedeey Bihe ! enERROgh BAL eX1s0inkN¢nREBSCRRe

, memory cell block are bundled at one of the ends of the
memory cell block; one each power source line are so
disposed in the same direction as the word lines on both
sides of the memory cell block as to interpose the memory

10 cell block between them, and signal lines disposed in a
direction vertical to the word lines; and the local
source/data lines are connected to either one, or both, of
the signal lines inside the power source line through the
select transistor.

15 62. A semiconductor integrated circuit device
according to item 61 has any one of the following
constructions: a first construction wherein an pth (n:
integer) local source/data line is connected to the signal
line at one of the ends of the memory cell block through

20 the select transistor, and an (n+l)th local source/data
line is connected to the signal line at the other end of
the memory cell block through the select transistor; and a
second construction wherein an nth (n: integer) local
source line is connected to the power source line at one

25 of the ends of the memory cell block through the select
transistor, and an (n+l)th local source/data line is
connected to the power source line at the other end of the

memory cell block through the select transistor.



Fig. 67 is a circuit diagramshow ng another exanple of the sem conductor
integrated circuit device of Embodinent 11; 20 Fig. 68 is a circuit diagram
showi ng still another exanple of the sem conductor integrated circuit

devi ce of Enbodinment 11; Fig. 69 is a circuit diagram show ng the

sem conductor integrated circuit device -actbrding to 25 Enbodi ment 12 and
Is a bl ock cirguit di agram showi ng a sel ecti on system of an assist gate and

a bl ock that €dn be appFPefl FBMERENEBAFLENUNEEEF2FREHIECRALCARRLFE
expl ai ned in Enbodi,nent  11; an a cirguit di agr.am

showi ng anotthcgfgﬁﬁpet8f1Fﬁ@d§énéEg§aﬂE%gF E%tgg?a}BSa :ﬁeﬂfFe gétee off
! . _senmrcon . t Lo
it 121§9Q8'zsanggg%tg?r%g'EBg'ggggépfggw%gggﬁgggee, gﬁ§u§¥§P

an assi st gatée an bl"o that can c

EREEE;séﬁgschg%ukhedﬁghg? eéghﬁigggckntggggghnEH% %%1eggsgggglk LPF THE
reinafter, Sl’e erred enbodi nents o e present 1 nvention
wi Il be expl appgdiksncdghakbkeW B the power source line at the other end
of the memory cell block through the select transistor.
64. A semiconductor integrated circuit device
according to item 63 further includes a first select
transistor for connecting a signal line wired in a
10 direction vertical to the word line and an nth (n:
integer) local source/drain line, a second select
transistor for connecting the power source line wired in
the same direction as the word line to one of the ends of
the memory cell block and an (n+l)th local source/data
15 line, a third select transistor for connecting the signal
line and the (n+l)th local source/date line and a fourth
select transistor for connecting the power source line
wired in the same direction as the word line and the pth
local source/data line to the other end of the memory cell
20 block, wherein: the gate signals of the first and second
select transistors are the same signal; and the gate
signals of the third and fourth select transistors are the
same signal.
65. A semiconductor integrated circuit device
25 according to any one of items 61 to 64 has any one of the
following constructions: a first construction wherein one
of the signal lines disposed in a direction vertical to

the word line is shared by two of the local source/data



reference to the acconpanyi ng drawi ngs. Incidentally, the sane reference
nunmeral will be used throughout the drawings to identify a constituent
menber havi ng the sane function and repetition of explanation of such a
menber 15 will be omtted. [Enbodinent 1] Fig. 1 is a partial plan view
showi ng an exanpl e of the seni conductor Tn3%grated circuit device according
to Enbodi ment .1 of the present inventiagn. Figs. 2A, 2B and 20 2C are
sectional viedsERKed SGRGY GRESTAUCtAON whergin, yhen the jlecaly. 1,
respectively. Jn th lL.an.,view of Eig. 1, hatching_is applied to each
nenber for eaggggfeﬁpg&gtéépfoﬁngh&h% ﬁéﬁpagfiﬁgﬁbéf§ F?W&%CFngF%fﬁégh
sem conduct or ¢yt egnated (Gieyite devi f [ [ t .has a_menory
cell of a so-calle% "flaghaﬁéngrf&' %% %gﬁérfEQS%I%g%%ﬁﬁgggeéwggﬁrggﬁdrain

105 inside a \wehli cbAbul@0Ededl ok fMRiR SWikate (9f 1a  S8:C QRAYRLOL ;
substrate 100, alfirsf gate F Igating gate) %%? Egan%éggg&aggeggkdségfe

(control gt enikkbaeahd fackhiche qak@11@barciN@agantice gake theecandagate)
111a of each nenory cell is connected to other in a row direction™(X
direction) andiher s ahweed biynewdl of5theembmeatli dg1dabeocikisst, gatiey 103b
and the well 101 are isolated fromeach other by a gate insulator film
(first insul aconstirekidb@2whame inhehtl patieng sgatreelQ3heand sharkh bg gate
107a, by an insulator film(third insulator film 106a. The floating gate
103b and the ®wedolfi theloepoont cell lghllerksila dparitbokanedriicaioeach ot her
by an insulator film (second insulator filn) 110a, and the third gate 107a
and the word MPRES1R1&hep}osRli SoyrsedAatal minesas Eqanessedcsrdthen

di ffusio dayet 10? LS so 15 arran eg,as to extend in_a direction ({'

directiogs vert P84 ébnﬁhgléﬁgeﬁﬁigg dFFEEEPBNVEX tdFRrectPoR oM OERe LiBEd
line 111a, an i a_lLocal source line and a.local data Iine for
connecti ng thghggggéegﬁgrgg%ECBf%FﬁgsﬁEEBFy BePPBSPNCLREYLLI dfn direction

(y direction) .chBected to the signal line, the sense circuit connected

to an nth (n: integer) signal line is connected at one of
the ends of a memory cell array comprising a plurality of
15 memory cell blocks, and the sense circuit connected to an
(n+l)th signal line is connected at the other end of the
memory cell array; and a fifth construction wherein a
switch is interposed between the signal line connected to
the local source/data line through the select transistor
20 and the sense circuit, and one sense circuit can be shared
by a plurality of the signal lines when the switch is
changed over.
66. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a
25 semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, local
source/data lines formed by connecting the semiconductor

region, select transistors for selecting the local



20 other words, the sem conductor integrated circuit device of this

enbodi nent conprises a so-called "contact-less type" nenory cell array that
does not have a contact hole for each nenory cell. Two end faces of the
third gate 107a oppose two 25 end faces of the floating gate 103b, that are
vertical to the word line 111la and a changdél - anong the end faces of the
floating gate 103b }hrough,the insulator filns 106a, respectively. - 50
The third gat®upTe/ $atdyutieRsSi m of 1HEL g2Prof LeHReq | RT nghQat es 103b

existing in the direction directio vertical,to the rd lipe 1la and
to the ghanne?‘?mlr%%n ’1“6%1‘?’?( PRST A 4D ESGER 2 s%tﬁ’ir’r%%’“\?,\fﬁlt?% 54T 3 hird

107 dth hird 107 ' i cal l fl ' t
1030, The L hi PG AT aE T Sl Kot bhe THE T L1095 a0 o 1 |y
h d |} t h | ' '
i recti o, i HIRe 10 St Uay S O Ple b ned A5 BRI,

third gate 10Jacexissscdesisdes 4 henfi@asing odfed 03 ansbideagoniapl gate

111a, this construction can increase the pitches in the word [ine W
direction (X ¢heeeiton)gare theol@cad thaied |ineuIhteet 00 J&ucﬁyh&i-m%té on)
twice the mninmumfeature size. Therefore, the nmenory cell area can be
reduced to maiffered? finctdon nfrod ediose of ztd)e | fimsCrasd-poidridt ype
array. Next, the production nethod of this nenory cell will be explai ned
with referencegates Figgnolyteebls Pmstheg local source lines and the
local data lines divided by the select transistors
10 constituting a memory cell block, the memory cell blocks
being arranged in the word line direction and constituting
a memory cell array, wherein: a bundling portion of the
third gates exists between the word line existing at the
nearest position to the select transistor inside the
15 memory cell block and the select transistor; every other
third gates existing inside the memory cell block are
bundled at the end of the memory cell block; one each of
the power source line arranged in the same direction as
the word line and one each of the signal lines wired in a
20 direction vertical to the word lines are so disposed on
both sides of the memory cell block as to interpose the
memory cell block between them; and the local source/data
line is connected to both of the power source line and the
signal line through the select transistor.
25 67. A semiconductor integrated circuit device
according to item 66 has any one of the following

constructions: a first construction wherein the local

source/data line is connected to the signal line through



20 to 5 are sectional views show ng an exanple of the sem conduct or
integrated circuit device according to Enbodinent 1. First, a p type (first
conductivity type) well 101 is forned on a sem conductor substrate 100. A
gate 25 insulator film(first insulator filn 102 is then forned to a
t hi ckness of about 12 nmon the well by-a3fhernal oxidation process (Fig.
3A). Next, a polysilicon film 103, that is doped with - 51 phosphorus
(P) and is tFHIMGLHF dFaPFIFRn “gcilt@el INeGHEOP s idon Hd§ idte film
104, are deposited.serially (Fig., 3B). The lysidJicon film 103 and the
silicon nitrithe 9% rﬁeiﬁ’)frb%n %‘!e%d‘éepdi‘?niw b%q“é)\//%l(@%'m &/aior°
Deposition), for_.e | e, e siliGco i triyde fli 4 and the polysilicon
nst 1o é?%ﬁFﬁA é@é‘fgéélcggﬁéééyéégﬁ:¥¥%

film 103 are THen patterne I thography an irm)%é%%nologies.
This patterni st il [fdd de fd | Wkﬁf ; ysilicon
film103 to a&g? I g:oe?\lCI ntisot r%eséléov%#l%#loéléaqgnrtdé_ aﬂpo ysﬁ]ﬁc%%%ﬁq‘fgm 103a
(Fig. 305 respecdd Ml Yas Hife SidiEonidl 4t dind idMdda g dhe polysil i con
film103a are patterned into a stripe shape so that they extend in the y
direction. Ansedtic {isudts dnel et yrdod 4 i andrd i1 tebnke dtdA & s

di ffusion layer 105 that functions as a source/drain of the nenory cell
(Fig. 3D). Theldidddesiatn dreyesf e farmdd ichsthas meersty celdr Bredk, | i ne of
the nenory cell. The silicon nitride film 104a and the polysilicon film
103a functiore®s the ndsk adwemigdnifiusticon integrated circuit device

according to item 66 or 67 one of the local source/data

10 1line is connected to the signal line at one of the ends of
the memory cell block through the select transistor, and
is connected to the power source line at the other end of
the memory cell block through the select transistor.
69. In a semiconductor integrated circuit device

15 according to item 68 which further includes a first select
transistor for connecting the signal line wired in a
direction vertical to the word line and an nth (n:
integer) local source/data line, a second select
transistor for connecting the signal line and an (n+l)th

20 local source/data line, a third select transistor for
connecting the power source line wired in the same
direction as the word line and the nth local source/data
line at the other end of the memory cell block, and a
fourth select transistor for connecting the power source

25 line and the (n+l)th local source/data line; the gate
signals of all of the first select transistors are the
same signal; the gate signals of all of the second select

transistors are the same signal; the gate signals of the



20 inplantation, and the diffusion layer 105 is forned in self-alignnment
wWth respect to the polysilicon film103a. Incidentally, the diffusion

| ayer 105 is so fornmed as to extend in the y direction because the silicon
nitride film 104a and the polysilicon film 103a are so forned as to 25
extend in the y direction. InC|dentaIIy Bfe -menbers etched in this process

(silicon nltrlde f|In1104a and g silicon . film103a) not contain_ a
metal fi1m or FAERbt AP CBRABRAGS iﬁéreFa?%Slstorgzar?h% $2FnHoBLIRBLS

adhere agai n E6° PR WP FC SO FARDE oF -1 Rt cEENERC nEbERso PRCEonsequence, e
k%ﬁ%mg%%%%%wﬁﬁﬁw%gﬁﬁﬁg?%w

llevel and relbabihit ¥oGaPn el BPF OVEEAnsTEEoL BSMLAT Phe fELme 1065401 ; |§gaat|ng
the floating gate 103b and the third gate 107a is then formed 10 in

fol l ow ng snaythé&l gatdEpighnl abest tHE. 5515@1éﬂdcfoﬁtthC@Qt@XSQ@nélén&té
deposited by LPCVD (Low Pressure Chemi cal Vapor Deposition). The silicon

oxide filmisdheaeréneategnabsan anmoni a at nosphere to introduce nitrogen
into the silicon oxide film A wet oxidation 15 treatnent is then conducted
for the silicoh.oxide fAlsenitonaundicdr nitrtogeated ¢citcwiicdskiddis is to
renove hydrogen that is introduced into the silicon oxide filmby the heat
treatnment in arrenidangThe ehnargeetehpptemsgobntdt§Oikasnany ometdd Lide
insulator film 106 fornmed by the process described above, and this film 106
has good prog?ﬁ%%?“h%%r%%Fﬁéréﬁﬁh@%ﬂceacﬁbF%Et%@P§F¥%§tl?$ Yherehargeci s

d | fil | d d
ELEPFgftPQ{ana GPecoEs Lfaﬁf%%}gﬁﬁ?éf§%§ae§$$9$ﬁ85855£%§5f A the
dogradati on becanbd SPEEereSeRCaReRelt tnbee  Phe FREAIoRF et Gathons
i ncreases with,ffe,frap, dgnsify,; t e, oro gbé$#ﬁ¥%9£?tpﬁrou h5§he°§§fééﬁnfﬁ

of the retentlon deg radaﬁlon econes hig uanti

i nsul at or flla};9§1g§0ﬁ26§ﬁ? L0t BES; & Hbgg%@§q% OPO&ﬁ¥e§e £@8n& 2f 9

trappi ng quantity int mis restri erefore, |s enbodl nent can
5 restrict th?eéﬁ&ﬁnéfOBthééﬁéc@nQrQﬁgl§€89”@$'§ﬂe999@ep&PQf@P@EQQfFE@S'ng

endurance characteristics. The insulator film 106 does not contain netal
inmpuritias astHestothedsabove/dé - Uopedapel yeél sconalilmdOist hsesqe as a
by two of the memory cell blocks; a third construction
wherein two of the memory cell blocks share the power
source line; a fourth construction wherein the local
source/data line is connected to the signal line through
20 the select transistor, the sense circuit is connected to
the signal line, the sense circuit to be connected to nth
(n: integer) signal line is connected at one of the ends
of the memory cell array comprising a plurality of memory
cell blocks, the sense circuit to be connected to (n+l)th
25 signal line is connected at the other end of the memory
cell array; and a fifth construction wherein a switch is

interposed between the signal line connected to the local

source/data line through the select transistor and the



10 third gate 107a is then deposited in such a manner as to conpletely bury
the gap between the floating gate patterns 103a (Fig. 4A). CVD, for
exanple, is used for formng the polysilicon film 107. Anistoropic etching
is conducted to etch back 15 the polysilicon film107. In this way, the
third gate 107a having a predeternined thid€kmess is formed in the gap

bet ween t he floating_gate patterns 103a éFi . 4B%é,kbre, the filmthickness
of the polysi FERSA FLFRPIEhedRRi PTE gSERSE 0955 P Ehat Pi MY EPEPY e ch- back i s
preferably smaller.than 20_the filmthickness of the.floatin at e

pol ysilicon 18 BFa%hgﬁ ?ﬁet??lﬁ%?%glkﬂ%§§so?stﬁgetﬁy+ﬁcﬁai% %B 296 snal | er
than that of épgrfloating gate 103b, the internal operating voltage can be
| owered at the Trime of the erasing operation. 25 A silicon oxide film 108

is deposited kp such a 158%%5%;?%&%%;0%@&%%@%%%%& 9@@«;?&% ween t he

floating gate patterns or exanp is used for

deposi ting t hengihigonaogbde bl & 1085t conddct Nexty e SEbinea oxige film
108 is polished by CWP (Chem cal Mechanical Polishing) until the silicon

nitride filmaAf4a ssrexpeset &vbenebyndherst!| seostnate) de sennrdidacesd t he
silicon oxide filnms 106 and 108 turn to 5 104b, 106a and 108a,
respectivel y)réfign dbD)a Hexdndtbensuttioityi typeefdrhedd 10dbids tleeoved by
using a hot phosphoric acid aqueous solution, for exanple, and the surface
of the pol ysiwetdbninosachsaenposed &Fi o Sxyend Pndaptdrpbl gsreéctoonfiam
109 is 10 deposited (Fig. 5B) and is then etched anisotropically (whereby
the polysilicbhr$st| aRrrooferrad everobhg PERHCOBAYCLIRi SUPSLYATE| ERORIR M
109a i s electricallg connected to_the polysilicon 103a, and these two
| ayers ofl%ol §sFIFEbniRevhetRe FIHhti MgSearRd TR pbPYEeHi CVRr 1602
i ncreases the_15 gurfgcehﬁrea of the fl atggg ggte gnﬁ i ncreases_al so the
coupl i ng ratiglﬁf t A3 fe F?U%QI?.sfﬁo? i 87 YEPhe trlfer 3t optPating
voltage at the Ligg B LOS,BLOYEG TLOALELERL NG PRE 840D ERDrE ate
formed and isolated from the first gate through a third
insulator film, the third gate being buried in a space of
15 the first gate existing in a direction vertical to the
word line, wherein: a decoder for driving the third gate
is disposed in the extending direction of the word line.
72. A semiconductor integrated circuit device
according to item 71 has any one of the following
20 constructions: a first construction wherein the decoder
for driving the third gate is disposed at one of the ends
of a memory cell array; a second construction wherein the
decoder for driving the third gate is disposed adjacent to
a block decoder for selecting memory cell blocks each
25 comprising memory cell arrays existing on a plurality of
word lines encompassed by the select transistors; and a

third construction wherein the decoders for driving the

third gates are disposed on both sides of the memory cell



| owered. 20 Next, a silicon oxide film (having a thickness of about |0
nm 110 for isolating the floating gate and the word line is fornmed (F
5D) by the sanme nethod as the one shown in Fig. 3E. A stacked fil m of
polysilicon film a tungsten 25 nitride filmand a tungsten film or a
so-called "polymetal filn, is deposited, 38nd is patterned by |ithography
and dry etching. technologies to formword lipes 11la. Patterning in this
case is condd@g sHRESEROS 10T SEhe (MAQEY C3+heRT HAY LN FHER P
direction, that.is, in the direction (x directipn) vertical to the
ext ondi ng' di rEKITEIPHIED e THITE SEretdp Ao f PR RE SR ety e ekt oxi de
film110 and fhe.polysilicon 5 filnms 109a and 103a are etched to conplete
the floating gate (Wwhereby the silicon oxide filmturns to 110a and the
polysilicon 193a and 1 Q38 'ﬂégﬁ% Cf A Ve ki g. 5SE).
In this etchiﬂg pr ocesgl%?eat (L:%léi}}llgé? S con%glt ed unad%?ﬁﬁﬁlg}dcdcl)lﬁﬂdi(ﬁ\gnd(?n whi ch
the silicegn 1D-@xid@end i £ L8&m beo etkdieghitd ddnee SiA0Lo el €ad her sid i con
oxide film110 is etched. In the stage where the polysilicon filnms 109a and
103a are et cheghiddveves , tigd chpage i Settwdshictlos fintlet ddcesedeedndtngt ohi ng
condition where polysilicon can be etched but the silicon oxide film 15
cannot be et chedlirdeotidm svaayjcdhetd nishe atord f1ime 108ed a5 ddwodet i fan oxi de
filmfunctions as an etching stopper and the third gate 107a bel ow t he
insul ator fildri10Begitthectherdheate |is clhsposed dbn ameextendinmt e 107a
keeps the stripe shape extending in the y direction and the floating 20
gate 103b is @pre¢tion pof hthe arery HiR®ctions, forming thereby island-1ike
fl oating ﬁatei Thereafter, an internmetal insulating film not shown, is

co

formed an act hol ds FEUHHFIHEF WdHEIH5HEA LAF SUife WSS/ dr ai n
di f fusi | 1 th [ 1 25 d the thij 07 b d.
Gt o0 SigeC a0, e velL, 08 g ond e U e g0 Jiare bored.
wires. In thi éoﬁ{‘%reué@foﬁ@m’é VeLeld &80 08 SO Shifdhre fil Gend dScSudi rouit

di agram showi ng
for driving the third gate is disposed at one of the ends

.5
ig.
a

of the memory cell array; a second construction wherein

15 the decoder for driving the third gate is disposed
adjacent to a block decoder for selecting the memory cell
block; and a third construction wherein the decoders for
driving the third gate are so disposed on both sides of
the memory cell arrays as to interpose the memory cell

20 array between them, adjacent to the block decoder for
selecting the memory cell block.
75. In a semiconductor integrated circuit device
according to item 18 or 19 wherein all of the third gates
existing inside the memory cell block are bundled at

25 either one, or both, of the ends of the memory cell block,
the selection signal of the third gate is generated from a
selection signal of the memory cell block.

76. A semiconductor integrated circuit device



- 56 construction of the nmenory cell array. The diffusion |layers 105 ( ...
Dn 2, Dn_1, Dn, Dn+tlr Dn+2r ...) tO Serve aS the source/drain extend in the
direction (y direction) vertical to the direction (x direction) of the word
lines 5 W (Wo, W1, ... , Wn) , and play the role of the wires for
connecting the nenory cells adjacent t o o0 anot her in the y direction. The
menory cells adjacent to each otH in the x direction (in the extending

direction of Pﬁ&oﬁgﬁdglFﬁel%E? dRaPE the HPFFG%Poﬁlﬂa?értTGSthSépeEFtBFCS
10 t t f. ti | d t di d
2t both ends B EHRTIETEdSRon s PEBRY, foitie Dol BEEI BHRCHRE PEgi on -
db t | lock"”. Th t
oo vy g PSR AR oS a9 hoRkor e K

bound into ong,k eghgroﬁh B@etHBpEBl%BthgmﬁgnQQQ%cQEBBh §ng§ kp the y

direction) of £h ay bl ock show t he T'ayouf "of the vol tage

applied arga gbnkheulhiibd Qﬁb%e197%he|@eh@%ti%ﬁ‘%@@ﬂﬁ@th kReeghat-gd
circuit device of this enbodinent, the portion 20 énconpassed by the gates

113 of the sebate tsapsnetrarsdf (iﬁ:oﬁtebee'éllﬁgthbﬁ kagakldatathenpeabrihe

| ocal source line constitutes the nenory cell array block. The third gate
pattern 107a celilobdedki andekf sabngingpt dutithelre htlloahgnghgatmempelysili con
pattern 103a (which is turned to the 25 floating gate 103b after etching)
when any net heelisbéapkoyedd knsekendespostductaopni whegranetihei rcuit device
shown in Figs. 7 to 9, the polysilicon 103a is patterned - 57 so that
all the th|rd5@&?§§1907§1§ﬂﬁén9fn§hﬁntbhédcgﬁﬁﬁnldlQQEEFéﬁeéyfdpmeétlon) on
both sides of the array bl ock can_be bundled_into one. In contrast, in the
sem condut? or SPiie§FAFEH1OPr EdPPadePfcENENERASFL FFE8Sistoto 12, the 5
polysilicon 103a is patterned so that every other third gates 107a
extending in the colum direction (y direction) on one of the sides (upper

side or lO“ergﬁ&g%)D%%Ckﬁ%f??ﬁaprhﬁﬁk ﬁg bundled into one. In either

case, the bun portion Pes IS dlsposed bet ween 10 the

word |ine 111z and the gate 31350k %gft;ste iah! 908l SLALLahgt bE Lok gnd.

Incidentally, a dumy patfern nmade ne naterla e word

line 11la mayckechat sep@seddetweednthg ueed hteeultlaeeﬂeetQeceyaéksd
portion 114 of the third gates.

15 to Embodiment 1 of the present invention;

Figs. 2A, 2B and 2C are sectional views taken
along lines A - A’, B - B’ and C - C’ in Fig. 1,
respectively;

Figs. 3A to 3E are sectional views showing an

20 example of the production method of the semiconductor
integrated circuit device of Embodiment 1;

Figs. 4A to 4D are sectional views showing an
example of the production method of the semiconductor
integrated circuit device of Embodiment 1;

25 Figs. 5A to 5E are sectional views showing an
example of the production method of the semiconductor
integrated circuit device of Embodiment 1;

Fig. 6 is a circuit diagram showing the



15 Contact holes 115 reaching the bundling portion 114 of the third gates
107a are fornmed and netal wires 116 are connected to the contact holes to
supply power to the third gates 107a. The foll owi ng nmet hods can be used for
connecting the contact hole 115 and the netal wire 116. 20 The first nethod
di sposes one or a plurality of contact hoKkés-115 at the end portion of the
bundling portion 114 of the third gates 1l07a and takes themout fromthe
menory array BONEREUGRLAD OF r@ MEBORY SHbhnATRRYi 5. EmMPddmant ¥his net hod

has the advantage that | ayout 25 of the netal wires on the nepory array is
easy. The second net hod}bgsg%sje% RO R 1 Y‘?P%Lfbg?%nti ally the

whol [ f,the bundli ti 114 of .the third gat 107a, t

them by the nevarege B LGF 894408 & thRte ot S 88 omn 1 Fros. 6
d 11. Thi t hod has.i . £ | th

fgsi st an_ceI gf n?heobungl‘c’b;ln 'epggr stlggna%azf; %?ﬁ'ﬁ?ﬁﬁ’?ﬁ%‘g&?‘gn&%ﬁ%m ri60t ed.

5 The third n@ébeygglépplffédwfe&%faeﬁe hakﬁé%g&ﬁé nefubstagdlally the

whol e region of the bundling portion 114 of t Ird gates wwth certain

gaps between themin theigane waya asldm ey SEeAthgret t &l @leso
di sposes the contact holes 118 in substantially the whole region of 10 the

dummy patternvélfaye tdpseiédi argapst tioo, tlabrdhgate | el &t @Bodd; and 12. The
nmetal wire 116 connects the contact holes 115 and 118 to one another. Since
the polynetal filmhavifigga 10w s esigltanceiew sissdiforlaonecii ntheach
third gate in this nethod, the voltage drop resulting fromthe 15

resi stance ofveheadrimbphieporr¢adnofiizhefthhedtditel beetreds be restricted
in the sane way as in the second met hod. Since the distance between the
contact Hl es 115 and FiFi skl 12 RIRD I'EiRyt shawine kit ik &£hel6 can be

decreased, and | ayout of_the netal wire on the nenory. 20 array can be nade
easily in thevgg?%g%?/p%lsl?‘ﬁ tHef 19 s’fh‘?m"[t}hjo’ff.? I3t ?C%‘?%%'?/ this nethod

has t he advant ages of th fiyst and .secaqnd nethads. The t ho shown in
Figs. 7 to 12 can be ste)ﬁole%’t e]!di alpsp?aopt?]iaarf ewlye‘"l' nShaoc“(':Jbr}%alrﬁyeoﬁ tchtdt F tar get

specificati o&gﬁ%ﬂgcﬁ%fg@dgﬁgro' nt,egr gt £64 Zéa %L%%%%gf#pe Next, the

vol t age appl tion and the operation’ ne e nenory cells

produced by the method gescribed @bove: idhddhe %&ﬁﬁ%ﬂ% QR Al 14 ddhe

- 59 erasing operation and the read operation w be explained with

referencest o Ehgsdidént 01 15vhdF&in 181 $hOVEA ash GWa g Gl i ¢ B ¥ 08 A 119
operation. Fig. 14 shows an exanple of the erasing operation and Fig. 15

shows an example&godmi hend Foasi niBpatdtidN. show eairi g dhestes dr awi ngs, A
shows an equivalent circuit, and B or C shows a timng chart. In Figs 13A
to 15A, the respective Biger at4orand 14D rihev aut esed ssiotg \agdgramidrheoftel |
enconpassed bﬁ/ dotted lines. 10 First, the programm ng operation wll be
mbodiment 1, wherein Fig. 14A shows an equivalent circuit
diagram and Fig. 14B shows a timing chart;
20 Figs. 15A to 15C show a reading operation of
Embodiment 1, wherein Fig. 15A is an equivalent circuit
and Figs. 15B and 15C are timing charts;
Figs. 16A to 16C are sectional views showing an
example of the semiconductor integrated circuit device
25 according to Embodiment 2 of the present invention;
Fig. 17 is a sectional view showing a production

method of the semiconductor integrated circuit device

according to Embodiment 2;



explained. It will be assuned thereby that the selected nenory cell is a
cell M A positive voltage of about 12 V, for exanple, is applied to the
word line W.n (selected word line) of the selected cell M and a positive
vol tage 15 of about 5 V, for exanple, is applied to the diffusion |layer Dn
as the drain of the selected cell M The diffusion layer Dn-1 to serve as
the source of the selected cell Mis kept. at 0 V. As the source/drain and

I
the word line are kept B9t he® predeterTiried FATARSHW UL 1S way, hot
el ectrons devel ogti n_the channel region ﬁ t he menpr cell M agéi. are
i nj ected intotH W%‘éjf?lﬁgoga?eme%? YHF& i T 2R19* FRRATRIT dlhat e AG
the well and the unsel ect i + r \ e.
di ffusion | ayers Dn-2, e%?ffg ;ﬁéf&é;&a%%w% %&?@%nﬁ%ﬁ%ﬁé}%}ﬁ?n
floating stat Lyvely. re; oth i ffusi o 8 Dn-1
are kept at tﬁfe ﬁsIgtﬁrra\i:&\l?/&o %{gg%' (gﬁ%ggﬁdﬁ%%é g??f%él%ﬂrll ﬁé@?%ﬁpgﬁﬁrﬁgﬁ are
kept at the s@iBgvoht288 £Dg¥)  158rtbeloct fiCow ot imdey chabfs; difference
bet ween the diffusion |ayers Dn+l and Dn+2 hardly exists because the
di ffusion layer Dn+2 ispigeler2ddeadd Q0B nghd adre. e ddls 0 SESBIENCEON NEF hot
el ectron develops in the channels of the nenory cells M1, Ml and 5 M2,
and m ss- progimbmdiget v 2 hewheiacenfigenddd skdévs ah leqiiia bewdt M2r cadt be
prevented. The hot electron injection occurs in only the nmenory cell M As
the el ectronsdbagramjaedecbigo 20 $hows i agtiymirg ofhahk: sel ected nenory cel |
M the threshold voltage of the nenory cell rises and 10 programmng is
conducted. In this way,Fthe &¥hitd tYOVW ity ref i g rarpiatdedn «f uses
four adjacent_nmenmpry cells as one unjt, selects one cell, anpng them and
execut es 1r og?%lﬂﬁr;%%?nﬁ' r FRFESLR N L9 ent i RS 3R ceAeLVR HN br ohF @wht ng

operation at |east four times t rogramall 15 the cells on one word |ine.
Figs. 13B anddjlﬁ%r%rpea??n#hﬁsCh%%?st‘gh%%n X AT FR2FRES 1 i i ng of the

vol tage application to t) ect ed 14 n d t.o the diffusion
| ayers Dn and Dn+1. Th_eélggearsg tlv\stb ae;agrrp% 1?legsi ;h?lo# 1R ‘tisg}?sc?wﬁr}s% hd 13C. 20
after a vol ! ageaitd?e Vol ScREPLURLLAGADE 2L AL 20 108 o1 1 00y e pf oL Ne

g. 13B, + di qusmn‘fayers Dn

timng t0 as sho In Fi 'S apiplle to the
and Dn+l at thecéiding tb ﬁrﬁ.@od:irﬁel(sx%t _ﬁ{gﬁrt}gﬂﬁré{&éﬁ@gﬁn&&@&ﬁ;for a

predeterm ned progranmng tinme t , the 25 voltage of the
di ffusionsl ayers Dn ancriydstl 13 red wiehtsd oM iadndhesidwd ntaieh
programming i s executed at such timngs, drain disturb can be mtigated
because the dranasvmltane, apptiBatamd CiweCi sishbrd. 22, Hdspdttevenyi vel y,
after +5 Vis applied to the diffusion |ayers Dn and Dn+l at the timng tO
as shown in Fig. 13C, +igs/ idAappld et etheasetieptald wevs |shwevillgy at t he
timng tl (t0O < tl). After this voltage is kept for 5 a predeterm ned
programmi ng t$REPTWIte A tProdychion Heetpd age Bie t JRMEPRAE@ECHord | ine Wn
is returned tp O Vat the tinmng t2, The voltage of the diffusion |ayers Dn
and Dn+l is t%ﬁe‘?lé"{“ﬁ‘?%e‘ﬂ“f%ubt\F%‘t’l??\eofi%%g%’@er(’i23"< t3). Wen

d

progran’mzra)g I's execut edFJj_gn. t{g Sshsoew uet Cee’covr\/{)srtruction of a memory cell

array of Embodiment 3;
Figs. 26A and 26B show an erasing operation of
Embodiment 3, wherein Fig. 26A shows an equivalent circuit
diagram and Fig. 26B shows a timing chart;
25 Figs. 27A to 27E are sectional views showing
step-wise a production method of the semiconductor
integrated circuit device of Embodiment 4;

Fig. 28 is a partial plan view showing an



10 disturb can be mtigated because the word |ine voltage application tine
is short. Next, the erasing operation will be explained. As shown in Fig.
14A, a negative voltage such as -13.5 Vis applied to the selected word
line W.n, and a relatively 15 snmall positive voltage such as 3.3 Vis
applied to all the third gates. The diffufon |ayers Dn-2 to Dn+2, the well
and the unsel ecte |.ine Wn+1

wor re at 0 V. Consequentl. jection of
the el ect ronsS RIS 9t dTRT ST SRTHE Tat P TR H1EF 10t STVRGEL t he
menory cells o t r i t rs el mtype
tunnel i ng pheanéc:crr%%%ln%% %6#&22% E?E(gft ﬁ%r};ﬁeﬂ{%ﬁolﬂu\% ueérg?f t he menory
celI's drops and the erasiqig oppfatd obd S.onductathall neidlantalloh difod
al so possible to apply 25 sinmultaneously a negative voltage such as -13.5 V
to a plurality;eisword 44nes angh agel@tivel yih an posid) Ve yid@gpespich as
3.3 Vto all the third gates AG while the diffusion |ayers and the wel |
are kept g O V. In thimigs: A ASOC tahee caldSional Reewy GHdwithd @rvhi ch
the negative voltage is applied conduct the erasing operation. It iIs
further possidntample appltyhea peddictvedry netrlgsd wof ttage seicasddotds to all
the third gates AGand 5 to set all the word lines, all the diffusion
| ayers D and iteeguedted toifcudt Idevides ehsembedimente venory cell s inside
t he bl ock conduct the erasing operation. In this enbodinent, the erase rate
strongly depends on th&igg de3ld & r3kC a8 EectHanestloreievss stowhid dimed i n
t he paragraph of the production nethod of the nenory cel|l, the film
t hi ckness of FFRMRLR e‘g)‘f nstf aR’b?d‘*f‘FtPrﬁriG‘ze*"frb?di%ltéi%/n'if‘ﬂféo’fql%tc?%g gat e

103b from.the, sem conductor substrate 100 | eater than the film

t hi cknesrspoof TN LT T T LD KT e f#?%iﬁf?oé’%@%’f%ﬂ%g%’t he 15 floating gate

103b fromthe control te 1 d filmthi.c ss,.of & i oxi de

film 106 for isolati ng%taj‘ris f Ij%%t ﬁ'ﬁag %fgeaﬂfogbe%r{rlo&m%elh}ﬁoen“{sr gg%goz‘flerlc’i%;l’a.

I nci dental ly, i m]ﬁ HSESod CASESe ilicon oxide
e%%ﬁprr%d %{/ %ét %‘%ma f;&%m di z‘?‘%g’f% | oat | dify i

film that is ng gate

pol ysilicon fijtagastddecismngl dddieofot hansdeahdonss pet ween the floating
gate and the erase gate. However, the thermal oxide filmon the polysilicon

has |arge quantities ofFrigaps3zmdd IB3®laad rans: iafralcatighis igHswide «0xi de
filmas the nunber of 25 times of programm ng increases. Consequently, the
el ectriclbi el ekampl ¢ edlf tithé her odu kel dn [ me thiop so £ utlsd asemiddrydwanbt he er ase
rate drops. A nethod of increasing the voltage applied to the erase gate
with the increasegodtedecimaier devi&l oDfEnkbewkinarit proogr anm ng has

t heref ore been proposed. On the other hand, the silicon oxide filmforned
by the nmethod of this dsbdidferits Rasviare shapinfudmd genstnuntifan mfedqual to
that of the oxide filmon the well. 5 Therefore, even when progranmng is
repeat ed, the"¥PAEE Tt YoeRY ot Tpkpdiment 5;

Figs. 35A to 35C show a programming operation of
20 Embodiment 5, wherein Fig. 35A is an equivalent circuit
diagram and Figs. 35B and 35C are timing charts:;
Figs. 36A and 36B show an erasing operation of
Embodiment 5, wherein Fig. 36A shows an equivalent circuit
diagram and Fig. 36B shows a timing chart;
25 Figs. 37A to 37C show a reading operation of
Embodiment 5, wherein Fig. 37A shows an equivalent circuit
diagram and Figs. 37B and 37C show timing charts;

Fig. 38 is a partial plan view showing an



Fig. 14Bis a timng chart show ng an exanple of the voltage application
timng to the selected word line W.n and to the third gate AG 10 After
-13.5 Vis applied to the selected word line W.n at the timng t0 as shown
in Fig. 14B, +3.3 Vis applied to the third gate AGat the timng t1 (t0 <
tl). This voltage is kept for a predeterméfed erase tinet (t =t2 - tl),
and the voltage of _the third gate AGis then 15 returned to O V at the
timng t2. Therd®Pier ofnEh§oFERYECBAUERET sePERTEALREr AXFFHATWARVES® et ur ned
to O Vat the tim t3 (t2 < t3). |In_such_an erasing operation, the
vol t age of thécFﬂFBgngaFé éﬁp88ﬁ%ﬁ8#56tﬁg EEESBrFFﬁBg Fﬁv?ﬂ $°Base, the
voltage width to be sw d t g 0 I S I h at
of the word |ine voItag%?gghdgéﬁepgméggh?ﬁé ??%%fgﬁgibgl%g%ekgﬁ%%t%$?£$n
ot her words, tE rasing, opgr at kon hLs-e digent akha i 3 .
controls the %?ggg ginegby ?he ?hi?géggte EGF?Q gggér?gf %ﬁgggggégFﬂgbility
of the erage tine. In aﬁﬁ%ElO@OAdtéwﬁﬁ dPet QethEoNnB el E6HSUsHBRDRY &RI | S
by the third gate AG can be reduced. Next, the reading operation wll be
expl ai ned. Ascghfpnei BfFtBe p2Aduadtpesi hk¥BoMObEagReObedidoNdutebr - 64
exanple, is applied to the word line W.n of the selected cell Mand a
positive volt ageegtatel, clocueéxadpivécei sfappboddmentt Be di Ffusion | ayer Dn
to serve as the drain of the selected cell M The diffusion layer Dn-1 to
serve as 5 the source oFighe 4bhetoedlCebteNpeattionat vhéve ghoesnd&@nt he
well's and the unsel ected word |ines W.n+l are kept at O V. The diffusion
| ayers Dn-2, BHamPaAdobn¥heapsoReptiap wevhodyoinghangerichedprsari ng
state, respectively, to prevent mss-read in the sanme way as in the
programmiiy 16n6BEFatranciFRuUihi deVage PReERRRAEBABGCPOr integrated circuit
device of this enbodi ment uses four ?g%acent cells ai ope unit, selects one
of them and executes t hE198adf?d bPefati dhe SREFEPRRE, VIRES BRQYHRI an
operation is execu%ed ?t keast f.ou .tin%s Bodcggd%ﬁt th%igegg a % the cells
on one 15 wor 8XFI'R&S PFg5"1BBCGRET18E AFE PPnPhig ERarty sﬂomﬁﬁé &xanpl es
of the voltaggn@ggkggggiggr%hg%ngeggcghgfsghggagg ﬂgrg;lines W.n and to the
an +1. F

di ffusion | ayers here are two exanples as shown in these

drawi ngs. 20 As shown ip;§kg. 43RBroatB€r shdws y’%ﬁo@?@hﬁfs?tapébst§sﬁected
word line W.n at the timng tO, +1 Vis applied to the diffusion |ayers Dn

and Dn+l g8 tBe EhbbAgmeht(6) whekpinThig.veBhaghols Kepeghervaldent
predetermned read tinmnet (t =t2 - tl) and then the voltage of the 25
di ffusion | ayeischataddaBeath kadr eigsned3BoafdVv4ac shewt timhggt 2Zhafhe;
vol tage of the selected word line Wen is returned to O V at the timng t3
(t2 < t3). Wien the proBiaam AgRoper 48Coshosscandecaeiingi thesathoni of ngs,
- 65 drain disturb can be mtigated because the drain voltage application
time is short Embodiment 6, wherein Fig. 44A shows an example of an
equivalent circuit diagram, Fig. 45B shows another example
20 of the equivalent circuit and Fig. 44C shows a timing
chart;
Figs. 45A to 45C shows a reading operation of
Embodiment 6, wherein Fig. 45A shows an equivalent circuit
diagram and Figs. 45B and 45C show timing charts;
25 Fig. 46 is a circuit diagram showing an example
of the semiconductor integrated circuit device according

to Embodiment 7 of the present invention;

Fig. 47 is a circuit diagram showing the



Alternatively, after +1 Vis applied to the diffusion |ayers Dn and Dn+l at
the timng t0 as showmn in 5 Fig. 15C, +3.3 Vis applied to the sel ected
word line W.n at the timng tl (t0O < tl). This voltage is kept for a
predeterm ned progranmng tinet (t =t2 - tl), and the voltage of the
selected word line W.n is returned to O V&t the tinming t2. The voltage of
the diffusion Iaéers Dn 10 _and Dn+l is then returned to O V at the timng

t3 (t2 < t3). 3 898P8§Faﬁﬁiﬁng9968n86 tedTReh 8ubhocknfiggedewor @ di sturb
can be reIaxeguggggggﬁggbgﬁﬁgggg%h §P§§E®g%§5gppllcatlon time is short. The

sem conduct or “integra this enbodi mrent can set the
size in the |local data Lipe dkrectiop.and i d.line direction to the
size twice the nininun1F%§fugg g%zé glgFﬂﬂogahgﬁhggégﬁ% yg88I TR AEsCt he

third gate othge Lhagrhhs BboabhegtgaheianghghsgﬁQEbﬁgkceake-Sg?§33285€1

]

the nenory cell area’can be 20 reduced to 4F I nce I's e nt -“uses
the pol ymed al csteuetuneviee hBeiwgrd kelecet Readskayoef sthect@RSHE on tine
of the word lines in the programm ng and readi ng operations can be reduced.
Furt hernore, Ehbodéfieat density of the silicon oxide filmbetween the
floating gate and 25 the third gate can be reduced because the word |ine
having the polymetal stFugtué® is &otimilnaftesrthshéwinaties efmihe éhird
gate. The maxi num val ue of the absol ute value of the internal operating
vol tage in th&hpregraanbngberating in-theé sepécandontoanibeeyomeedd to 13.5
V. Unlike this enbodinent, it is also possible to enploy the nethod that
conpri ses forfthGUthederosei Rgvinretpat setAcCtf branagstasnsthecthredoate in
t he gap qﬁfin d bﬁ'S t e7floating gate pattern, formng the word |ine
vertical to 04tThg' gate pattern, patterning further the floating gate
with the word |line as skenand formng the diffusion | ayer to, serve and

Rl 2 T %%Ig%ﬁﬁFt?QPVhR% f&%étﬁmh%% *hch

the source/drain. In this base,l?he cHan
ot her at 10 right . and ird. o] se the floati ate.on
the pl ane parg?Fngggkgﬁ%lg a%%%?agggﬁglgﬁéﬁgngg$é§%ggg?£?ﬁel?F%%??%@dgate.
However, this i t apl at.j f j Sj after
the third gat%g?gﬂggrﬁgg?é%eﬁgg%H?hgﬂ o%%ggfgnt%gg?g%{%#f%gg?%ﬁgféy%% 15
bel ow t he thirdhgatmehecopes difficult. To connect the diffusion |ayer,

therefore, the contact hol e nust be forned and the conductor nust be

connected X or each nenoFygcedl,iand ¢heceet |dpigrabacsums) gf@ater than in
this enbodinent. To sinultaneously satisfy both mniaturization 20 of the

menory cel| agdpieduttgovhefadhendafestofleasviytudhegasumdot Pge thémsty on of
the third gate nust be such that its two end faces oppose the two end faces
of the floati®glyaderaxi eanipped whieh dimezss bst ofatéie word |ine and the
channel and in the direction vertical to the 25 former, respectively, as
described in this enbodiHEht .24Esdi htasy Figpuils diagramstisal vi ew

showi ng an exgnple o{ a sem conductor jntegrated circuit device according
to Or explaining the necessity for the select transistor;

20 Fig. 53 is a circuit diagram useful for
explaining pitch relaxation of a sense circuit;
Fig. 54 is a circuit diagram useful for
explaining pitch relaxation of the sense circuit;
Fig. 55 is a circuit diagram showing
25 conceptually an example of the semiconductor integrated
circuit device according to Embodiment 8 of the present

invention;

Fig. 56 is a circuit diagram showing the



- 67 Enbodinent 2 of the present invention. The plan view of the

sem conductor integrated circuit device of this enbodinent is the sane as
Fig. 1 of the first enbodinent. Figs. 16A, 16B and 16C are sectional views
taken along 5 lines A- A, B- B and C- C in Fig. 1, respectively. The
semi conductor integrated circuit device-ad€ording to this enbodinent is

different fromthe seniconductor integrated circuit device of Enbodi ment 1
inonly its SRS i 13 JERFY a‘gﬁelral REFaYme G affescﬂ#%f %t her

menbers, their structures and ar enent , et are the sane as those of
Enbodi nent 1.5%‘(34%%#' 7 1§ c’ex‘b‘{ %‘?‘gﬂ“%ﬁ Ié:"’be gi ven on only the
different portion, and g.he l. ti Qf _a s will om.tted.
The source/drain di ffusEitl(%' ngel%n%ogqi%sl%(ﬂ s%%grgcd velr tﬁlgcrlaﬁ _eitaolrpf‘hneg wor d

ine 1lla and, i edsadit By | Godla il o HME QO ol Afdlodlal A ddna dor

connecting the 'source menory cells 1 n the col um ection (x
directionk. T SceonNsdddicdd Hhiind e saa-ascidiedi HoEnhodidmite 1 and does
not have the contact hole for each 20 nenory cell. This is a so-called
"cont act - | essadtd®ying v Emisvdiaednt eBs array can i nprove the nenory cell
formation density in the sane way as in Enbodi ment 1. Therefore, the

sem conduct or i ntegrat el r5fuiits dewviige rcarchaeduasethd ferorexpdeliiniargea to
4Fz (F: minimum feature 25 size) in the same way as in Enbodinent 1. In the
sour ce/ drai n ah féxmssiong | epera 20m ofn tHis semiohmmtonnntegmatet hand, a
pair of diffusion |ayers 205 for form ng the source/drain has an asymetric
- 68 positionafCHid devizhilRwWRh e ptedt trRnFiay gt tern
103a, and _an of fset, structure |s ergl oyed in which one of the diffusion

layers dods mACHREM AWt IHEF 0l ng gate. In Embodiment 1, the entire
the diffusion | ayer 103 B 1 Xhi% RO MHALE LRSS rof R L7 hd  he
di ffusion | ayer_205. exi in such. i on pr. verl aps
mutually. In acornegae%lun c%%e%%el%hgnrﬁegﬁelsgﬁq%éré@ua%%? ilnl{%éeré\a\:e c{ bel ow t he

third 10 gat & 1048 { iydi S erYQJ\PPA{B{He ?é‘fbéé‘ecfeig{ﬁjs & /& Pl thi s
l'y as 1he u

enbodi nent functions not on erase gate t also as a gate for

control l'i ng the-chaimel c &xamddgndherepbel ow. The occurrence quantity of the
hot el ectrons and injection efficiency increase at the tine of 15

programmiisg, and progr &@uy.ngcan ke dadmin A dRgnoshdemy the channel
current is small. Accordingly, parallel progranm ng of a | arge nunber of
menory cel |l s sdnoveoradikd tax= by tee qraterd cair doel thredker e Ustawgrdaimd ndeer nal  power
source having a current supply capacity substantially 20 equal to that of
the prior artErdesdigesnt Next, the production nmethod of the semn conduct or
integrated circuit device of this enbodinment will be explained. The
producti on method of tHii¥ erfdodisrentcizxuite Satrafph e REEEF st ep

shown in Fig. BCeEsthtof _ , ) ) ,
example of the semiconductor integrated circuit device of

20 Embodiment 9;

Fig. 62 is a circuit diagram showing still
another example of the semiconductor integrated circuit
device of Embodiment 9;

Fig. 63 is a circuit diagram showing a

25 semiconductor integrated circuit device according to
Embodiment 10 and is a block circuit diagram showing a
selection system of an assist gate and a block that can be

applied to the semiconductor integrated circuit device



25 Enbodinment 1. As shown in Fig 3C showi ng the first enbodi nent, the
silicon nitride film 104a and the polysilicon film 103a are fornmed. Next,
as shown in Fig. 17, arsenic (Ar) - 69 ions are inplanted into the well
101 by a tilted ion inplantation nethod to forma diffusion |ayer 205 that
is to function as the source/drain of the4denory cell. Since the diffusion
| ayer 205 is for{re,d by the tilted ion 5 inplantation nmethod, the inplanted
ions are cut PRI eRelBiF BERY e film 104a and the polysilicon film
103a, and the diffusion,| ayﬁi‘l 205 i s .not forped-in the entire region

between the pol ysilicor ¥91 i 2038 SifdE Y - A0 YRS dREd™% om t he

ool yai 11 con 1THREHEE | 1ig e Pleg S US| Sikedsteedd FRE-AREE dePie 154 on
ayer 205 ar enfsERLAR SyGhA {ashiObLAPaL 10 RELILLAVEL AR JiLY cach

other, and the channel is forned inside the well 101 el ow the ird gate
107a. 15 Bhergadir ,gdde MOPcLS Sdiependf &bk gy fleghayne i) Figs. 3E to

5E are carried out, and the nenory cell is conpleted. Fig. 18 is a circuit
di agr am showi @i denedisd ¥ uich t er fed hel reumt Yaeel de as¥plyained his
enbodi nent. 20 The diffusion layers 105 ( ... Dn_2, Dn_1, Dn, D~+lr Dn+2~

... ) to servEmlsdidentsodr ces/drains, the word lines W (Wo, W1, ...,
W.n), the select MOS transistors for selecting the source lines or the data
lines and the array bl dtlg.aréd tife ssarirasi tt iisgrem Bhsodingersttilll In this
enbodi ment, the 25 polysilicon 103a is patterned so that every other third
gates 107a ex@eheiy §FRRIES f uhf eI TP FdeaT et i i ddund| ed

o Paconnal a5 (HIBEeln A NS S A in Y B O 0

10 to 12, and_separate vaoltages can be applied to every other third gates

T078 (A8 oo RBMA'S {4 A o DA HASh e AR ot e v
t be | b t Iy 1 t th d,of th

D ook and the bt P48 36 (B fed Ve U dhaddifadeedt Snddir i O | 1°

Enbodi ment 1.&@&@1{%‘;1& pé%[ﬁiaoi’hélégixﬂfEr&&?ditnﬁErYtd gates 107a, the contact

hol es 115 and the ne W res 116 are the same as t hose of Enbodi nent 1. 10

Next, the voltage applimaf. ¥ Gendi tdigand dihey herddWmgret hod of the
menory cells produced by the nmethod descri bed above in its progranmm ng,

erasing asd rsaohcghdperat | DtSegd led e fxlid ey Wid hadef igncecd o Figs. 19
to 21. Fig. 19 shows the programm ng operation. 15 Fig. 20 shows the
erasi ng oper &nmrdiamehtFilgl. &fl doeeprdment invention;
Fig. 67 is a circuit diagram showing another
example of the semiconductor integrated circuit device of
Embodiment 11;
20 Fig. 68 is a circuit diagram showing still
another example of the semiconductor integrated circuit
device of Embodiment 11;
Fig. 69 is a circuit diagram showing the
semiconductor integrated circuit device according to
25 Embodiment 12 and is a block circuit diagram showing a
selection system of an assist gate and a block that can be

applied to the semiconductor integrated circuit explained

in Embodiment 11; and



readi ng operation. In these drawi ngs, A shows an equivalent circuit, and B
to Gshowtimng charts. In Figs. 19A to 21A the nenory cell enconpassed
by dotted |lines executes selectively the respective operations. 20 A
positive voltage such as about 12 V, for exanple, is applied to the word
line W.n of the selected cell Mand a pos#8ive voltage of about 5V, for
exanple, is applied to the diffusion |ayer Dn functioning as the drain of
the selected cell Min &% ﬂ%dr%rﬁn%%é’r éﬂa&«raﬂwh@wq R oxi mat e

to the threshol | ue_of the MOS t stor consti tuted the third
gates, such a%xai%flﬁ of \khg sseof'ﬁfp?‘? Ifh’em't?ﬁ‘?%t%‘; to‘? SYHE *f ect ed

Il's Mand ff ~1
of the sol ectdPatifely et i€ Qﬂe R A 1 Z?Erce
kept at 0 V. &]&EGfof! &Fdddf 4 %rg éﬁs:pé)é 'batt{%”asr\’@rasgoary bvﬁ{éﬂ cal

directions is generated 1n the channel belo e boun etween t e

floating gat exfp ik the dru rebiidshdlierd® {ihes P ase & B di 0N f8scdd bed

above. Consequently, the occurrence quantity of the hot electrons and

i njection efféfpenyedre IEfYaVatkntan A hi gh-speed programm ng operation
can be made al t hough the channel current is small. Even when an internal
power 10 source having current drivability of about 1 mA is used,
therefore, parallel programm ng of the nenory cells of Kbyte or nore can be
made. | nci der@ESCRIPTHN tOF rTHE)BENRODNGENTFE kept at O Vin the nenory cells
M1 and M+l adjacent to the selected 15 cell M Even if at |east one of the
menory cells Mand Mr2 Heraindditqthe Riedqrannd mbncimentisheft Hihed gat es AGO
in the nenory cells M1 and M+l adjacent to the forner play the role of the
switch witfh tPeeTsul PRt Ahe' chakIe s &mednd (Retdky ehtth | ows t hrough

t he channel . Th refore, 20 hot el ectrons are not generat
programming i’s SRS SR AR ht§1e A FERGT W a%?ﬂ)‘émqsf'ue gé‘rﬁlggﬁgl?&talgr' the

t ted f t |
as one.uni tc'gagi‘gec-’iedie G e o R A nge ggreryatc on.
Therefore, %‘l %déé\ll\ﬁcfﬁ% |3 Ahane WHA ddrifer WS AL

oper ation can ete he progranmm ng operation s conduct ed at

| east twice, ﬁﬂ'd:ﬁﬂ% e et {4 15 DECOBSa B deTof NAbh & membd
Enbodi ment 1. Hi gh efficiency hot electron injection brought forth by the

third gates AQ(Ags Mgtedd prevention of m ss-programm ng of the
adj acent cells can increase the 5 progranm ng unit and can inprove the
programi ng r@nmebddiatents 1Indi spensable for a | arge capacity flash nmenory.
Figs. 19B to 19G are timng charts showi ng exanpl es of the voltage
application timngs toRige deliscteedamricll imlaniew ol ifnfusirorexaampdre Dn
and the 10 third gate AGe. As shown in these drawi ngs, there are six
exanpl es. of the semiconductor integrated circuit device according
to Embodiment 1 of the present invention. Figs. 2A, 2B and
20 2C are sectional views taken along lines A - A’, B - B’
and C - C’ in Fig. 1, respectively. 1In the plan view of
Fig. 1, hatching is applied to each member for ease of
illustration and a part of members is omitted.
The semiconductor integrated circuit device of
25 this embodiment has a memory cell of a so-called “flash
memory” . The memory cell includes a source/drain 105

inside a well 101 formed on the main surface of a

semiconductor substrate 100, a first gate (floating gate)



As shown in Fig. 19B, after +12 Vis applied to the selected word |line Wn
at the timng t0O, +2V is applied to the third gate AG at the timng tl (tO
< tl). 15 Next, +5 Vis applied to the diffusion layer Dn at the timng t2
(tl <t2). After this voltage is kept for a predeterm ned progranmm ng tine
t (t =t3 - t2), the voltage of the diffudPon layer Dn is returned to 0 V

at the timng @éi?and t he v Ita e f t he hll’df] e ACG is 20 returned to O
V at the timnh 'Af?t%’e‘io? )ga tr? IYoF a%%l%fa’tq’teas@?b{: P Y®r d

At tor <2 Vi sTARbI | die 5 e iR ) gatsee%eﬁ e TR o S Pt
applied to thgdffo %tg&dgé)#geél,&e L. At ﬁhf {(%]w :greétfcgrg %?I < tl). Next,

+5 Vis applie usi on | ayer |mng <t2). After

this vol tage a§{@@ rg)ora@dpf el maed pipgrgming time t (t =t3 - t2),
t

t he vol tage of fusion Tayer Dnis returned to 0 V at - 73 the

timng t3sand the voltagg of1ddie elqated morgt Iddie)\Wands did Wied,do 0 V
at the timng t4 (t3 <t9). Further, the voltage of the third gate AG is

returned to 0104 adré hesdldmteg tﬁorttélaaut&ahezv\tw P QP &NA G 4 150 € ofie t ed
at 5 these timngs, drain disturb can be mtigated because the drain

vol tage applitatron inswlasoshbrim) AsOZhoawd i theti Hlod9G)g g8l i 50 Hppnad to
the selected word line W.n at the timng t0O, and then 5 Vis applied to the
di f fusi on Iay@he[ihkﬁdt¢ﬁ$Ql1ﬁ7ﬂyth(Qm)lﬂﬂmﬂaﬁqr Nebv, (tlzisd  snapdted to

the third gate AGe at the timng t2 (tl <t2). After thls vol tage is kept
for a predet efmTed Prdgr e fdoatHR% Jates 103b. ang) thenwosst dadical of t he

third ga is refurned to O V at the ti t3 an the voItage of the
T F s o0 ay CPOTFF TS G85 et b TR 10 TPOR5198 HEF TR a1 (0 98 15

Furt her, the voI ge of .t el ect ed, wor etu V

the timng tSHZ? ?%)fl%' E?%%?I? e*xﬁ/sulg%t%ﬁto#’?) ]SFJI%El qﬂ?et e't ﬁv i's
applied to t f t, the n p edtothe
sel ect ed wor g&?%e{%{i\@}l g‘%’}%{ h@]ﬁ?rrlllnrge t#i{% goj tﬂ jlﬁfe\ﬁtétsog % iI's applied
to the third ggde AGe at the timng t2 (tl <t2). This voltage is kept for
a predetermned progranming tinet (t - t3 - t2), and the voltage of the

third gate AGe is returmath oAk airdihe di fing drd.1aWe s age &f the 25
selected word line Won is returned to O V at the timng t4 (t3 <t4) and

the vol tage ddridvegedldage aixtdred did faisdoredtyst On disrgetigried to 0 V at
the timng t5 (t4 < t5). Wien programmng i s executed at these timngs, the
vol t age - Tertical to the extending direction (x direction) of the
word line 1llla, and functions as a local source line and a
local data line for connecting the sources/drains of the
memory cells in the column direction (y direction). In
20 other words, the semiconductor integrated circuit device
of this embodiment comprises a so-called “contact-less
type” memory cell array that does not have a contact hole
for each memory cell.
Two end faces of the third gate 107a oppose two
25 end faces of the floating gate 103b, that are vertical to
the word line 1lla and a channel, among the end faces of

the floating gate 103b through the insulator films 106a,

respectively.




of the third gate AGe controls the programring tine t. Since the voltage of
the third gate AG has a snaller voltage width to be switched than the word
| ine voltage or the diffusion |ayer voltage in this case, the switching 5

time can be shortened. Consequently, the operation of directly controlling
the progranmng tine t by the third gate A@ - s superior in controllability
of the programmng tinme. As shown in Fi 8 19F, after +5 Vis applied to 10
t he diffusion Iayer Dn SeetRBIFAnPAEet bU7321% Puripd| iRECt BhehgaPhPEd gat e
ACGe at the ti s?lected wor d

line Wn at thBe Fipﬁélpg<eﬁké§ D55b" okiscin; afothe Ripectopna
predeternlned ngsngerknga& gg h%3vbr?2%%eghfl%5 @Sgagghof t he

sel ect ed mord |ne i $°Fettrne the vol t age

of the thiTd gaLe,AGe ifygerine ¢c)éﬁé;;ga%;gafgegrgkﬁﬁ-4}5%%}{§>to

Further, the voltage of t e d| IS ret ed to at the

tinmng t5 4 tdeget 2hi rdl t@;s&ea&bvsl ¥ndashehewdringbtd. 189218 sakter +2 Vis
applied to the third gafe AGe at the timng t0, "+5 Vis applied to the

di ffusi on | ayeymiatatchheyt t6i Bfet F1660ikgt hteNe®Bb.+12 V is applied to
the selected word line W.n at the timng t2 (tl < t2). After this voltage

is kept for a predeternThedtpiodraavenh0olanes 28ispdsed 68 thé2diffbeion
vol tage of the selected word line W.n is returned to O V at the timng t3
and the voltadgeyet 1hé dettisedhyl apethBnwosdr éinendtilaoafdViat thhe ti m ng
t4 (t3 < t4). Further, the voltage of the third gate AGe is - 75
returned to Ochaapeiheryi imnghesceiumr diyecthen progiasntiagnis ésonthet ed
at these timngs, word disturb can be nltlgated because the word line

vol t age éﬁbllééﬂFoHaﬁlﬁé FEesﬁéﬁfussoﬂb%PYthé éra5|ng operation will be

| ai d. As sh 20A t | t 13.5
ol ae ooniien 1o Frdn sgreh, Bl oBRlr eﬁ%gvmﬂgﬁﬁ.?élat?ePaéfeﬁ?ytgﬁa||

Gat o ACe and AR 00EdaRo P?és%ﬁﬁ 2?°§%-éf BBBR. SEbheBerl and 1 he
I d 1 :
ol act rons occir 2 FPa The ?%Z%?%aga§%e£?80?2 ey tﬁéeﬁuég?%9%ﬁt“5

Fowl er - Nor dheamw@okuruzehwgcebeﬂfngﬂent%t hothe &QEH' tihBakithetion
threshol d value of the p menory cell drops and the erasing operation Is

conduct ed.5 | ngiydantaktyonht tivScpOSEEbhenti Ausl FEbhtapeoyst¥. 3 BRPldrdre,
negative voltage such as -13.5 Vto a plurality of :5 word lines and a

relatively smahk pesbtiyveeldl bage sanhbasrdd8c¥dt boahintiiemt BFf d(mat es AGe
and AGo. It is further possible to apply a relatively |arge voltage such as
17 V to all théntmibmdfgatvseASianll Lo Reepoasiproheatwbydel anesy.. 3
Next, the production method of this memory cell
will be explained with reference to Figs. 3 to 5. Figs. 3
20 to 5 are sectional views showing an example of the
semiconductor integrated circuit device according to
Embodiment 1.
First, a p type (first conductivity type) well
101 is formed on a semiconductor substrate 100. A gate
25 insulator film (first insulator film) 102 is then formed
to a thickness of about 12 nm on the well by a thermal

oxidation process (Fig. 3A).

Next, a polysilicon film 103, that is doped with



3 ~er each diffusion layer D and the well at O Vin the sane way a as in

Enbodinent 1. It is also possible to apply a negative voltage ng of -9V,

for exanple, to the word Iine W.n and a positive ~ 0 voltage of 4V, for

exanple, to each diffusion layer Drd while all the third gates AG the

wel |l and the unselected word |ine W.n+1-aé kept at 0 V. In consequence,

ej ection When géggrannin? is nmade at these timngs, drain disturb can be
n

restricted beRR? Resdif aQ%If%gEOaEbPFEé?Poﬁstgn§1?§t§%%r@§t?t1@%balso
od +1 v 1o (PBUIR S FhLLeRR aybr iR Bt ERNE0H | nihe eFbpeeted petial town | n
G <12, e ke LR e St AR ] S st s -
5,80 s D S A 0 AR

timng t45(t3pepdbditidnd, t her vokimgee of the selected word line Wn is
returned to O V at the timng t4 (t3 <t4). Aternatively, it is possible

to apply +1 V to 15 theTish f4i05i@m |erid® Bl E04 | AADG RO g2 ikonto
the selected word line Wn at the timng tl (t0O < tl1). Next, +3.3 Vis
applied to théilmileBgate #Een apattherteding I 2tiddraphR)andhdsy vetdepegi s
kept for a predetermned read tine t (t =t3 - t2) and the voltage of the
third gate ACGeQmnobogiesir ndhitso F@ Y eatn itnige cdnviend: st 3 heTlsd Miadrage tafi dehe
selected word_line is returned to O V at the tinming t4 (t3 <t4), and the
vol tage of thElHMfIUSi A | EyerrekyselicerdiibmOlaB ato thesildom nbtiide <
t5). As a own h&ﬁFi&. 21F, +1 V. is applied to the 25 diffusion |ayer Dn at
the tinind toftHhdl 04 2RA |3 RRLYI LG thellk 93P g9 AGCat the tining tl
(t0O < tl). Next, +3.3 Vis plieq{to t he sel ecte rd line W.n at the
timng t2 (tI"CREGIIRIY vg[IL?jlea&al S We Pt Horica fqu‘vﬁ@qlf and the
polysilicon film 103a are patterned into a stripe shape so
that they extend in the y direction.
Arsenic (As) is implanted by ion implantation to
15 form a diffusion layer 105 that functions as a
source/drain of the memory cell (Fig. 3D). The diffusion
layer 105 functions as a source or drain line of the
memory cell. The silicon nitride film 104a and the
polysilicon film 103a function as the mask during this ion
20 implantation, and the diffusion layer 105 is formed in
self-alignment with respect to the polysilicon film 103a.
Incidentally, the diffusion layer 105 is so formed as to
extend in the y direction because the silicon nitride film
104a and the polysilicon film 103a are so formed as to
25 extend in the y direction.
Incidentally, the members etched in this process

(silicon nitride film 104a and polysilicon film 103a) do

not contain a metal film or a metal compound. Therefore,



predetermned read tinet (t =t3 - t2) and the voltage of the selected
word line Wen is returned to O V at the timng t3. The voltage of the third
gate AGe is returned to O V at the timng t4 (t3 < t4). The voltage of the
5 diffusion layer Dn is returned to O V at the timng t5 (t4 <1t5).
Alternatively, it is possible to apply #3°38V-to the third gate AGe at the

timng tO and _+1 V.taq the diffusjon |layer, Dn at. the timng tl_(t0 < tl).
Mot | 053 e Befiale s 1R SUARAITE gt @ (YRS Rt @ AR e 2 (¢
10 < t2). After .t.his voltage, is kept .far. r termned read tinme t (t =
t3 - tzg, thé &J’tna?geﬂoefpt seqeesctl%eo \Aed‘rtglelorl ﬁagﬁ\%r? iF %t &%né:éjeatwa[ ((a
timng t3 an V.ol of i i | aye I ur to 0 V at
t he tigm' ng t%ut({%cf t(%‘;i%qﬁee%/oeﬁcgérfe&g%t e ?ﬁl reggggthgeké%'i gﬁrgeturned 15

to 0 V at theddifidt Fillft 194 Yo PNLUANLBHRAHAG IR LOHYCIRM @Bl f hese
timngs, word disturb can be restricted because the word |ine voltage

applicatign tinee n!&aslhoﬁfi&npdﬂfﬂﬂ&nt aklr¥ctsnotthenenbadumerbrdesem hed above,
the sane voltage is applied to every other third gate in 20 the progranmm ng
and readi ng aper ald aestritareef ae.a tlher [lavelt afd thed il iflags, appl ibed area
of the third gate nmust be such that every other third gate (erase gate)
107a ext endi ngngnoudte col uim di recti on above and bel ow the array bl ock can
be bundled. 25 In addition to the effects brought forth by Enbodi ment 1,
thi s enbodi nent can i ndheasestietprodridm Ji0be fard islod ayriogr &ei ng rate. In
ot her words, every other third gate 107a (ACGe, ACo) is disposed and
separate - Heatidid Sptcdd e dphithed o thesda RiG@ gat edham faxmed

enbodi nent. Therefore, the nunber of tines of operation cessa or the
progr amﬁlhg and diHd VPR MBhs Fdgr %)r'edﬁeeégogi‘:néa'Sﬁenﬁ‘ﬁﬁhgég‘ regi on
is formed at a.part 5 helow.each thjrd te, 1073, e thir ate 107a can
be used not osrﬁ]gf‘cé)sn tQﬁ‘elAeer \gsl mgétse doeﬁos’g%seéi ésy t%ﬁé:t\'}cbon{lfoo“i ate ¥
controlling t , n e,. the third - 073.q@anccoptrql the
electric fiel eeinﬁga%e%}t _eo-ligﬁrgeﬁgnogﬁjlln _ﬁengg%t Isgﬁggoglhéﬁég%t Fg?Hg%ge 111a,
and 10 progr Hudg &I fddd SN Yark 3R i SIHRDRAS & d GHHdoaRie ef ficient

and hi gh-speed programm ng operation can be acconplished at a smaller
channel curr efittrdd@adtEihe3]lsAliGor’ 2diHed fiamt.i ah pbanckkiawtshawi ng an
15 exanpl e of the sem conductor integrated circuit device according to
Enbodi nent 3 tfedtheery eserdhdmusiiduntedamfb Fitgdse s23Acor3Bxate X3CAnar e
sectional views taken along lines A- A, B- B and C- C in Fig. 22,
respecti vel y.irtwciwhenttalrd iy rogpoh irenirdrrddicttown Thaschedtwo remsgae 20

menbers being onmtted for ease of illustration in the plan view of Fig. 22.
Figs. 23A, 23dnmye28Chate isecintormaucackevisntcakdre #idrhgdn meside fidm by - B
and C- C in Fig. 22, respectively. The construction of the sem conductor

i ntegrated 25-h8 Maat QAEEYT iThidWmafiicdi ment is substantially the same
as that of Enbodinment 2 with the exception that the filmthickness of the
insul ator film 606a bet\WeF RIS IFGEFRIG YA 33y drfd SfRe 1t Ay dﬁ“&at e 107a

IS Increﬁaedinsulator film 106 formed by the process described above,

and this film 106 has good programming/erasing endurance
characteristics. If the charge is trapped into the
insulator film 106, the electrons so trapped move under
the left-standing state into the third gate. If the

25 quantity of the mobile electrons is great, the probability
of the occurrence of a retention degradation becomes
greater. Since the quantity of the mobile electrons

increases with the trap density, the probability of the



- 81 The materials, constructions, arrangenents, etc, of other nenbers are
substantially the sane as those of Enbodi nent 2. Therefore, the explanation
will be given on only the different portions and will be omtted on other
menbers. 5 The filmthickness of the insulator film 606a of this enbodi ment
is increased to about 30 nm As a result,5électron ejection is made from
the floating gate 103b to the substrate (well 101) in the erasjng operation

in this embodfFRHEEeHerdf e IHETHTIMR (TR T Reenss gt tof film
102 bet the floati. te 103b t he, trate. (well.101) is 10

Thes e ke o Sty it KR, AR A LS S R s T, drikiog o
o SN > Tom . o HeL e

15 up Lo the i aiikd SEM SR e Shelaliid TR M aldy i sare
However , the gated nsiatal fddip10% £ t efhelrd rEFROdIRRR! oabdRd neRRWR an

n
Fig. 3A of Enbodinment 1 has a filmthickness of about 10 nm as descri bed

above. Thereafdfiri @ NiHd 0gaisHoRad ddd QO fdddBiRIbi d1s gbd ornmed in
the sane way as in Enbodinment 1 shown in Fig. 3E so as to isolate the

floating gat ek dnie ididthfaie dridupaach cHdeictehti jiaed. t Mpeel ectrons
built up in the floating gate to the sem conductor substrate, the film

t hi ckness of idmulsadorcai loxilde fddes 60& iconteiat imeedal 2onpuarigeied beed 1S, 30
nm Since the N-doped silicon oxide film®606 is used in the same way as in
Enbodi ment 2,d8setiked takgyvef the electrons into this silicon oxide film
during the programm ng operation can be restricted. - 82 The process

st eps anal ogous to t he AtEPPRStoRe L% ifiigen £4 Mo 198 o SEFYE @énd 1 are

carried out in the sane as in Enbodi nent 2, and the nenory cell can be
t hus conpPet e‘g}l’i c‘?%tﬁ%,% & 19 HEUE T i THRTB O BRINE Btdchdd duri ng

1 m 606a. - FP T G T GO S D e ar T 19809 BPE RS
ot o | YRR TRPA ©, PITE) L2, WABKARD. TS LB B coglii eyl e
block are thgsaMEi 1icon film 107.
Anistoropic etching is conducted to etch back
15 the polysilicon film 107. In this way, the third gate 107a
having a predetermined thickness is formed in the gap
between the floating gate patterns 103a (Fig. 4B). Here,
the film thickness of the polysilicon film (the third gate
107a) remaining after etch-back is preferably smaller than
20 the film thickness of the floating gate polysilicon 103a.
When the film thickness of the third gate 107a is smaller
than that of the floating gate 103b, the internal
operating voltage can be lowered at the time of the
erasing operation.
25 A silicon oxide film 108 is deposited in such a
fashion as to completely bury the gap between the floating
gate patterns 103a (Fig. 4C). CVD, for example, is used

for depositing the silicon oxide film 108.



as those of Enbodinments 1 and 2. The third gate AGis the sane as that of
Enbodi nent 2. Next, the voltage application condition and the operation
condition of the nmenory cell forned by the 15 nmethod descri bed above in its
progranm ng operation, erasing operation and readi ng operation wll be

expl ained. Fig. 26 shows an exanple of thé4erasing operation. Fig. 26A

h i val ent ci [ d Fig. . 26B sh tjm hart. In Fig. 26A
Che cel | enconpassed by fbUt 'Y iTes T XEtift € Wi Hid i veIBOHIRIER d3Y ng
ell encom . VRIBE HRIEA
R I L e e R S e T S
2. Inth { g5 | | f -16, V. : | e,
< appl o0 1o T he S0, Eot b e o T LR Ve dnt SR 11 e MR

each di ffusi opi 1RYE4D, addecwe! 45 BIEbA hex LS ef £0h8th Mor £hd | 'es y!.%%& &€

kept at 0 V, as shown in Fig. 26A. In consequence, electron

ej ection sccur®4t) omoédhearkd opdsag Q@é{@eé@i\}é’@}?‘)\/\etﬂ‘i@y%@i). the
Fow er - Nor dhei m type tunneling phenomenon with the result that the

t hreshol d val ue of the Nemor ytloeldi dirajps raind idwe ©irlasi I pey atdnivdds
conducted. In this way, the 5 erasing operation is conducted for each

sect or havi ngPyY hesimg B | hote pixospleoad tacidcagentwd [solutnidmhe Brasi ng
operation, it is also possible to apply a negative voltage of -16 V, for
exanmpl e, si mtaPRBUsI3Nd o-he pTukEATe YhfthrRPIvsiekicen €030 &1 the third
gates AG each diffusion layer D and the well are kept at O V. In this
case, the eraes’ff?'fbs%%ef%ﬁo Rls: codndicorgd rodrYsitiecdelfidmod Ondsword |ine

dur i ng (RS erSRTa T offerr| T, s (YRR AGIRSD T S PP et Bha .
(0% ) e S0 0oL MO RN A i D A
?EZGL;C} gdoﬂrﬁieé lopftﬁéyéﬂil&n%fitlhﬁ AR5 1Y ORELALI Al i sqidusted jn all
the polysilicon 103a, and these two layers of polysilicon
form the floating gate. The polysilicon 109a increases the
15 surface area of the floating gate and increases also the
coupling ratio of the memory cell.

In this way, the internal operating voltage at
the time of the programming/erasing operation can be
lowered.

20 Next, a silicon oxide film (having a thickness
of about 10.5 nm) 110 for isolating the floating gate and
the word line is formed (Fig. 5D) by the same method as
the one shown in Fig. 3E.

A stacked film of a polysilicon film, a tungsten

25 nitride film and a tungsten film, or a so-called
“polymetal film”, is deposited, and is patterned by
lithography and dry etching technologies to form word

lines 11la. Patterning in this case is conducted so that



20 plurality of word lines. It is further possible to apply, during the
erasing operation, a negative voltage of -9 V, for exanple, to the word
line W.n and a positive voltage of 4 V, for exanple, to each diffusion
llayer while all the third gates 25 AG the well and the unsel ected word
line W.n+1 are kept at 0 V. In consequerce®> el ectron ejection occurs from

the floati te to.the dif ion la in all the nenory cells on the
mo?d I?ﬁelsgngsﬁew?Bdt énﬁﬁmﬁgiahﬁfaﬁéganyBEe X dBIGCt%GHneFFEB bRendRenon

with the resukhetgggeEgg Bhrgsgg g§¥?3%E vgréggngﬂn gﬂﬁr?XEﬁB s and the

erasing operafion IS con tetBd" tAY an

exanple of S hhgc¥pl badgapRLi €atLANGLEH Ng7LO ghslﬁskﬁ% word |ine WEn.

Since the third gate AG oes not tion as erase ga “inthis

enbodi nent, the erasin esati IS f@@dpfiﬁdl Yehd e OPEL 21 | of the
sel ected word |ine W. ga@@siomﬁgga ﬁTg 26B, -1.\/§§ﬁ F ?ebdpf f%*#%h

sel e~ ted 510 woIds!i0neaViAdatosheatsnepent@ aadcéﬁﬁlaeétéﬂé Pio%@fn el ected
word line Wen is then returned to O V at the timng t3 (t0 <

enbodi ment prgatde$whe3enyfenéssslntbﬁroipdéhﬁspmotuﬁﬁbpsbn?ﬁ©§ énanéhg 15
[ Enbodi ment 4] Fig. 27 is a partial sectional view show ng an exanple of
the producti opoheshbiicon ihasandcbhactorninoehdodb eandireobf device
according to Enbodi ment 4 of the present invention. The construction of the
seni conduct orrespectively) (Fig. 5E). 1In this etching process, etching
is conducted under the condition in which the silicon
10 oxide film can be etched, in the stage where the silicon
oxide film 110 is etched. 1In the stage where the
polysilicon films 109a and 103a are etched, however,
etching is conducted under the selective etching condition
where polysilicon can be etched but the silicon oxide film
15 cannot be etched. In this way, the insulator film 108a as
the silicon oxide film functions as an etching stopper and
the third gate 107a below the insulator film 108a is not
etched. In other words, the third gate 107a keeps the
stripe shape extending in the y direction and the floating
20 gate 103b is split in both x and y directions, forming
thereby island-like floating gates.
Thereafter, an intermetal insulating film, not
shown, is formed and contact holes reaching the word line
11la, the source/drain diffusion layer 105, the well 101
25 and the third gate 107a are bored. Subsequently, a metal
film is deposited and is then patterned to form wires. In

this way, the memory cell can be completed.

Fig. 6 is a circuit diagram showing the



20 integrated circuit device of this enbodinent, the voltage application
nmet hod of the third gate, the array construction and the operation nethod
are the sane as those of Enbodiment 2, and their explanation will be hereby
omtted. On the other hand, the production nethod 25 of this enbodinent is
different fromthat of Enbodiment 2. This2@ifference will be expl ai ned

t ep- wi ith ref tao Fig. 27. First, t 11,101 is f d
S CeeR ST s (i EoTiSw S IAFL ZPAPY AnThRpGEEYSUPRT usi on
t hod, i i mpl antat | thad, a forth, can be ed for rmn
the vel | a?oﬁ%’%%@ Foras et 1 “ms?ﬁ*df @h*dv\m'? ESr%é%XﬁpF&;BS ’
pat t er ned OV%OL{J?:%/%‘H&O%@&%%Q{ SURS in%ejcc?:qi?na;lﬁr HiSRIUG IfyS) 1S

t sk. e arsenic (

inplanted w hi's photo resist filmas a ma As) ions are
i npl anted subghantdAl log erd iGaldot it 1e BT LARMNCIE HEdSIIRE @ 11 s100. A
di ffusion layer 205 to function as a sourceldrain of a nenory cell Is thus

formed (Fsg. W&7BWL,A @ate i nsuahqr afd P12 the trhar foar @ WA @ d Hggkness
of about 12 nm by thermal oxidation, for exanple, in the same way as in
Enbodi ment 1.cdect imgPttepednby pdeidis iaetadentmt0dnendnd thidrd don uhd ri de
film104 as a first gate are deposited serially (Fig. 27C). The silicon
nitride fil myl4meotitdre pBhgsmemoon telinsl@8jacenthen pathepnkdrbyn
| it hography and dry etching technol ogies, for exanple, in the sane way as
in 20 Enbodi vt X1 diwtesrtdipn tHa $ihlg vt emidimiad glifridohimmd ath&hgolwesid | con
filmare converted to 104a and 103a, respectively) (Fig. 27D%. Thi s
patterning i $d6ndlot Shake Fhtask fEaGion davesr 485 -habedRetotOfhe end faces
of the pgbys%]icon film2103a cqg;s,near to the center of the 25 diffusion

Co

| ayer 20 GRS WSS 0Tt RE TGRS S SPMTFo5 ¢ S5 difEpFedéd d< o

orl age boLl PSS T 4 A0 B0 B DI B LI L300k LS
y direction. The region encompassed by the select MOS is
called an “array block”. The third gate (assist gate) AG
is so disposed as to extend in the y direction and is
15 Dbound into one region at the upper and lower ends (both
ends in the y direction) of the array block.

Figs. 7 to 12 show the layout of the voltage
applied area of the third gate 107a. In the semiconductor
integrated circuit device of this embodiment, the portion

20 encompassed by the gates 113 of the select transistors for
selecting the local data line or the local source line
constitutes the memory cell array block. The third gate
pattern 107a is formed in self-alignment with the floating
gate polysilicon pattern 103a (which is turned to the

25 floating gate 103b after etching) when any method is
employed.

In the semiconductor integrated circuit device

shown in Figs. 7 to 9, the polysilicon 103a is patterned



- 86 a thickness of 10.5 nmso as to isolate a floating gate and a third
gate fromeach other, by the nethod simlar to the one shown in Fig. 3E of
Enbodi ment 1 (Fig. 27E). Subsequent process steps are the same as those 5
of Enbodi ment 1 shown in Figs. 3E to 5E, in the same way as in Enmbodi nent

2. Therefore, the explanation wll be om tf’ed. According to this

508 1S T or neé“elﬁﬁarﬁe?ﬁf oF B8 Ot £ CHBLAR nERl S CERCS Rt B et T eFRELFPLEORof 1 he

orroult devi catFREFH AR (8 EORHLOE) ol RRRE E5T0S cRtc RS et FhT b hask

oper at i ng vol Eé‘ﬂebeaﬁﬁlnﬁf‘é‘%' NgEsasget h Pray 19 ;8P ethf% !;T &ﬁ{qq_hcrgo |1y,
i Vi nd a ative

the erasing operation nmay be conducted by app

vol tage such pgtddrdté@ éh?cM@fddébD@evﬁﬂowﬁ'lﬁ ﬁ%&sthfot@br928iﬁﬁ§ AG

each diffusion layer D, the well and the unselected word I1Ine n+l are
kept at 0 sV. ﬁbepgipnc@memwnlé hpst osered 20 R ¢herf| oehéporwate to the
well in all the nmenory cells on the word Iine W.n due to the

Fow er - Nor dhegat ¢y pe0 7 aineet éndi phpehoneheoncol ahn t dereeslids (Paditdetion)

t hreshol d value of the nmenory cells drops and the erasing operation is
conduct ed. 2501 Erbedofrevhe 53idey. (28pés sigarer aloptrnsidew shovhag an
exanpl e of the sem conductor integrated circuit device according to

Enbodi nent 5 @#rwebb@@se@ﬂnub@em@hedamto ongy IrFiegd-he20kasz9B tared 29C

are sectional gwstaken alo%\fllnes A- A B-B and C- C in Fig. 28,
respecti vel y byndied Eﬁ)‘P’é’ﬁlQ/‘Pe bfoFi ghe Z‘Bhl%‘éc%aﬁ%‘hb%ﬁ E5SRITRG PREvern

W th par nbersdbln ttedfoIPI ease 0 IIustratlon As shown in
Fi gs. Yo F1a0¢ the 9ahd Fhe | SRIERCE he
source/dral n sion. I er 305 |de th t he rst gat es 304b
and 310b (fl og “H\ég;l QAT e e) g% %fé?e ff&d(eé‘(])%ﬁrl ’ g?atdé“)““rg g’

third gate 308 T ot e ctedln
t he row di rect?%en %F 1Eci}?r eéc%lh%n @e%ﬂc{ror ns %n‘gm!éfh ng gate

304b and the wel |30l 8d£odiis@! 15 Erkd %ﬂ@%&@tgﬁ ?@%t&é nsul at or
film303. The floating gat es 304b and 310b and t thir gate 308a are

i sol ated fromongledopdetidy 1he ¢ms¢ﬁ@tgﬁlfdlg§§@§ The floating gate 404b
and the word line (control gate) 312a are isolated fromeach other by the

insul at ol 5film 31lla. Theortatd Igaitees 080 myutHiey Wited duil vk e te on

i solated fromeach other by the insulator film 20 309a. The source/drain

di ffusion | aykré 306 e dilspoderhtves t1CH | ard of ddmeedvorred |metea B hParesndl 16X St s
as the local source line and the |local data line that connect the

sour ce/ dr ai n ®fe t¢eniRetey telthe commchlhmiesi tectupml ¥ @& diredtion) .

third gates 107a. The following methods can be used for
connecting the contact hole 115 and the metal wire 116.

20 The first method disposes one or a plurality of
contact holes 115 at the end portion of the bundling
portion 114 of the third gates 107a and takes them out
from the memory array by the metal wire 116 as shown in
Figs. 7 and 10. This method has the advantage that layout

25 of the metal wires on the memory array is easy.

The second method disposes the contact holes 115
in substantially the whole region of the bundling portion

114 of the third gates 107a, connects them by the metal



In other words, the sem conductor integrated circuit device of this

enbodi nent conprises a so-called "contact-less type" array that does not
have a cont act _ 88 _ hol e disposed for each nenory cell. The channel is
formed in the direction vertical to the diffusion |ayer 306 (x direction).
Two end faces of the third gate 308a oppo88 two 5 end faces existing in the

vertical direction to the Word line 312a and to the channel, respectively,
anmong t he end"”f%ﬁ:elsl%fari%et?)?%%ﬁrﬁd“ Flt'e B OWhriddi e § r?srtffagt]or filns,

respectively._.The third gate 308a |s fornmed.and huried into 10 th of
the floating 'Bh’[segn%ﬁ}fbd g}ﬁitéheg %#ﬁvﬁrhtea%‘? %e}h‘{# oﬁ’%e‘f? A t ?I?le;‘ﬁ%?tgo line
312a and to t C ; i i The f d e i :

symet ri cal | y&vaﬁ t%?%er gd%gﬁqeé %@a‘?llgﬁ% é%%#r%a?%x%%zt%%%t S
symretrical | yyd hbdhed | 0add hg-aafe 304b. 15 Unli ke Enmbodi nents 1 and 2,

t he diffusicw?%%yer 38%£0 the nenory cells adjacent direction in this

enbodi meng are isol ati aihd HiH IREHRARIISYIAE S HiHA Gaft@des HY1gR03aes in
such a 20 surface overlaps with the device with the diffusion layer 306. in

the word |ineisepasatact 1y By devd GehAl Siddfidh axd dend idund ey fishd gh t hat
its entire isolation region 302 and Next, the production nmethod of the
menory cell afl4 s ebothiehtgaidd viie:rexqe i anad gadd befwereanachdno i gs. 30
to 33. 25 After a p type well 301 is first forned on a sem conduct or
substrate 300thgyravamesvay a9 ormethdysgtwtdinetiog.apnd aldetdisnases

technology. A silicon oxide film for exanple, is deposited by CVD to bury
the grooves. the gntart Sigkeon bkithe FURTHIH Ikl B ohRke Fresimstafat e

300 i by, CWP, f l e, and devi i sol ati i 302
Conpr i si 16 a D% 1L m 1L HoTeP Y B9, FPNGR ,ShP
insulator film303 js f d th | oxidation in th i
Enpod mont 1A s e pabs R R als te e, Y BBt ng
t d i ] itride film 305 ially.d ited (Fig, 30B). 10
e s oo MR L4 TS e M T o PR RbS B g B
c O | ‘. .- coars irid
Pial megzg tlhg %J;ﬁyé?{?c%%yfﬁsn%%e cogli/ertee t%aggécgﬂgené 4;%alcﬁgsncp@c c|{1/e?ay)
(Fig. 300). I SENit i ONGe @Sy ! hatk ivil @edi Ry USIND €y 1Obm the

i npl antation process. A diffusion |layer 305 to function as the source/drain
of a menmoby ceddidtsardied nefl {Hd WundlliMg portion 114 of the third gates
can be restricted in the same way as in the second method.
Since the distance between the contact holes 115 and 118
is small, the length of the metal wire 116 can be
decreased, and layout of the metal wire on the memory
20 array can be made easily in the same way as in the first
method. In other words, this method has the advantages of
both first and second methods. The methods shown in Figs.
7 to 12 can be selected appropriately in accordance with
the target specification of the semiconductor integrated
25 circuit device.
Next, the voltage application condition and the

operation method of the memory cells produced by the

method described above in the programming operation, the



An insulator film307 for isolating the floating gate froma third gate is
formed in the same way as the 20 step of Enbodinent 1 shown in Fig. 3E
(Fig. 31B), and a Pdoped polysilicon film308 to function as the third gate
is deposited in such a fashion as to conpletely bury the gap between the
floating gate patterns 304a (Fig. 31C). -F@Pthernore, the polysilicon film
308 is etched 25 pack in the sanme way as in Enbodipnent 1. to forma

pol ysilicon fEFRTSVBCRFERATIQAN 1Y P LR IReT T HY Wh bibRsxPHeinRd gap
bet the flopati t {1 304 Fi 32A) . . the fi

hi ckness of ¥heh FEeQRReb AT Een 171 18 sB3a Flbmh] GRHaAT HRSTBLS he
fl oating gat e polysi Licon, 304a, and Lhe: Lnt ernal _qneratlng yoltage can be
| owered i n the progr ng opetation, Th the sdme way as in EfSoq et 1.

Thereafter, %ﬁé'%ﬁ&é&ﬁ&ifﬁ?%«iﬁé 3 #5q dePPSLAGLL | oy suednan d ashi Qg as to

conpletely bury the gap™o oating gate patterns 304a in the same way
as in Enbedi naddind Rbfer82B)n and d R ek cieniieR]s,MChaiivedlan
pol i shing nmet hod ( met hod) until the silicon nitride fTilm305a is

exposed (wheredyitdbest |¢Lotuitf rage Blofid erRoba angihiveg sthd€on oxi de
film309 are converted to 305b and 309a, respectively) (Fig. 32C). The
silicon nitride film 30&8b Fisgs efifverb UiAg tthehate seaspiheg | apeard tdi arquiep Us
solution and the surface of polysilicon 304a is exposed (Fig. 32D). 15 A
P- doped pol ystarcoed folim S4le¢sidehpsin ethe nce he smpenpaysed by dotbtosld nent
1 (Fig. 33A) and is then patterned to forma polysilicon film 310a (Fig.
33B). This pol¥=e$icon film310a is electrically connected to polysilicon
304a, and these two layers of polysilicon form20 the fl oating gate.

Pol ysi | i ¢8n 310a provi dosithe €T &AW FMNG QR§TRF 1He Hurf K% area of the
floati t t h i ti f th |I.  Ln thi . th
[loati ng gat e pndh Lhes SouRl 118 3 8 ALyl0F (TRIBEY SRl b Lilis iy the
operation. Zﬁnéf}‘ﬁ&(%x.@&lf*f@p?edcéﬂ['MP“Aoga'q‘lﬁtfi'demv%ﬁH 9 med fon o v

i sol ating the oating gate fromthe wor imé in the sane way as in the

step of E”bOdféTP”éxémﬁiglél’,‘"’“iaé t”aﬁﬂﬂie@';ccg Rk ﬁﬁ ‘1£hd %@;ﬁafseefééﬂg&f a

polysilicon film - gsten nitrid m and a tungsten fi1lm or a

socal | ed "polysegalidd) ndr He dsdopasided (fj and3P)podiier wolydBtale il m
312 is patterned by the lithography and dry etching technologies in the -

sane way 18s |id&f Ehest ey, 1f Sr aghpo MOy di d | Aysp] Sed ordrethd Wief By dhe
polynetal film312 is converted to 312a). Next, the silicon oxide film 311
and the pol ysidyeorD:d idsrsti3d Odraind SDdeharse bcted dal canpl ahe t he fl oating
gate (whereby the polysilicon filnms 304a and 310a are converted to 304b and
310b, 10 respdcifwsalig) laerrDanl ite esemtalas rishe asduned i ¢ thmot

selected cell M is kept at 0 V. As the source/drain and
the word line are kept at the predetermined voltages in

20 this way, hot electrons develop in the channel region of
the memory cell M and are injected into the floating gate.

At this time, all of the third gate AG, the well

and the unselected word line WLn+l are kept at 0 V, and
the diffusion layers Dn-2, Dn+1 and Dn+2 are at 0 VvV, 5 V

25 and under the floating state, respectively. Therefore, the
diffusion layers Dn-2 and Dn-1 are kept at the same
voltage (0 V) and the diffusion layers Dn and Dn+l are

kept at the same voltage (5 V). Further, the voltage



shown, is fornmed, contact holes reaching the word |line 312a, the
source/drain diffusion |layer 306, the well 301 and the third gate 308a are
formed. A netal filmis subsequently deposited, and is patterned to forma
wire. 15 1In this way, the nenory cell is conpleted. Fig. 34 shows the
construction of the nenory cell array. ThéOdrffusion layers to function as
the source/drain extend in the direction (y di rectioLB vertical to the

ext endi ng di retiHERSE FFARDHNOIO N SP oY TN h P P the rol e of
connecting the nory cells adjacent. to, o another in the x direction.

Unl i ke Enbodi TRAILY EXHT 0 HPGRUThe Mot oo § SR I BFET di o 15 1 8SHed

bet ween the cells_adj,acent .in the direction in thi mhqodi_nent .

Ther ef or e, thtghedi’?f?étllonrg |Sa§/ae ®is Iﬁotc°?§e§ﬁ1§flec§’bélt°m§é% teﬁeec(“::é:lolns adj acent
intheydr ' t funet ' t l'i ne
are fixed toect?%\}eé)lg?l?%?g? ot;l%? ayer I{Sé;lrg?s%réﬁgl I neglcsgnédéltr%quﬁ'f L}&%?\grfdayer
Dn (data ki neg+2 f esReGhi ¥lyrod MmN to t1f2 adyWtdlss hdhSrRe®IYs qld, i's
not of the virtual ground type. Select transistors for selecting the source
line and the Mat aadd nerarearlilspasasyaitdd! h Terdhoaf elketdionf Usijertiayer
wires Sn and Dn in the y direction. The 5 select MOS for selecting the
source |line iccadispasedrty titee upperrpardll Mt hasdithe edeatdonise axel ect MOS
for selecting the data line, at the lower part: In this way, the select MOS
are not formeichkcted tauppe ametiovergatrlo bithhealiddtad orenayerce blut
every other select MOS are 10 fornmed alternately at the upper and | ower
parts in eactMdithausioreshgdd . vaherds srfe, thaanenay feplk orier) and sel ect

MOS can be mitigated. The region enconpassed by the select MOS is called
the "array bIRXIGLaHET hi§ oc‘b%ﬂ%"st?%ssilélt thitey NG SfefEMifFopREcyor

direction, and are 15 bundl ed. into one at the upper. and | ower ends (both

ende i n the v 9L TashyC oS THe SRFAF Bk, L S0 13RE o TS A1 ot | on
condition and, t he ope iQ t.,hod. o nem e fo d t he net hod
descri bed above 1H ﬁfr{sf‘éﬁr o%erla@n%ﬂt Sng?nger%g;l?lng anr{ rtgha‘i‘cf'll nagnégee xoepcte{%ltaefgnons Wil |

be expl ai nEdOpY‘f-é Jﬂﬁ{%n;%h%%e%o%y 39150 ebodin@n 3R x2RAS st rﬁ&eg 37

progranmm ng operation. shows the erasing operation and

shows the regdi g GREIA | P rdth G Ofed oSt AW NGS .+ A nd’hll
equi valent circuit and and C show timng charts. In Figs. 35A to 37A,

each of the opes atd NS o5 Sndustedised ectively in the cell enconpassed by
dotted lines. In the progranmm ng operation, a positive voltage of about 12

V, for exanple, is applHigg .t dItheanbrliBd iare timi9yy Nartef shuevisel ect ed
cell Mand a positive voltage of about 5 Vis applied to the diffusion
| ayer Dn to fesanples asf ttee dvimminofol s earektagk capppl Mathien did fubs? on
| ayer Dn to function as the source of the selected cell Mis kept
selected word line WLn and to the diffusion layers Dn and
Dn+l. There are two examples shown in Figs. 13B and 13C.
20 After a voltage +12 V is applied to the selected
word line WLn at the timing t0 as shown in Fig. 13B, +5 V
is applied to the diffusion layers Dn and Dn+l at the
timing tl1 (t0 < tl). After this voltage is kept for a
predetermined programming time t (¢t = t2 - tl), the
25 voltage of the diffusion layers Dn and Dn+l is returned to
0 V at the timing t2. When programming is executed at such

timings, drain disturb can be mitigated because the drain

voltage application time is short.



5 at the voltage of O V. As the source/drain and the word |ines are kept at
the predeterm ned vol tages descri bed above, the hot el ectrons develop in
t he channel region of the nenory cell Mand are injected into the floating
gate. The sources/drains of the unselected cells (diffusion 10 |ayers Dn-1,
Dn+1, Dn+2, Sn-1, Sn+l, Sn+2), all the thtk¥d-gates, the well and the
unsel ected word |ine W.n+l are kept at O V.ngnseguentl , ,hot electron

c

: Y
i nj ection occurs in onPyteRBasdVELYed atEREr y cdl EoVEPPHEed &0t £bRs are
built up in't | qat i ate, the reshaol d val ye aof t 15 nory .cel
rises and pr £$£%W§ ﬁ%*%&r?dt?@t @c'i‘dt Irbﬁ”t%‘h@ts S &H&%&e@‘. ﬁtsegjlé)twé% Hircuit
device of this e J . i h i i S0l ation. _r.egi i.Sts t ween
t he nenory ceFISJ195'ng j(eéggﬁ{z t"f) l%a%%\ﬁ&t%%gr §.‘l%tht]"ﬁae%v?/t%'r tl%lrangl% id(ra)eicl?‘?eor?ﬁ‘?“x
divection). ThergfOnamsfe A0 Aee Igmor Xeeeh! £ndg BOLL20eshar gabheror
di ffusion | ayer, and progranm ng can be nmade sinultaneously to tﬁ menory
celI's adj gcent 4@ RACMAMRR Jriddr3gmiRlgd tiimae tdi freet iton- kizgs. 3B and 35C
are exanples of timng charts show ng the voltage application timngs to
the sel ect ed v tayed dfi Rre\ge 15t €0 widtel dridien wilinf fidsir@t uraeey tn.o There
are two exanpl es as shown as shown in these draw ngs. The tim ngs shown in
Fi gs. 35B an&t33Geartdnsugsttent | aheyvbheaganefashehdiffoshgs day&Epbodhnment 1
shown in Figs. 13B and - 94 13C. However, the voltage application timng
to the drainadid Dugfilond dpem Deturned $oerfbddiaterthd ¢ imiags H¥st(t2utd on of
the timng to the diffusion |layers Dn and Dn+l shown in Figs. 13B and 13C
Therefore, tHa8)expNaAat PEAIEAMPRBIS1gpEREEHEREN1NI A BAEUEHESef FREE s
the sane_as that of Enbodinent 1 and is therefore omitted. In _the erasing
oper ati oh? a HEFAEY EaTo e tdoates Hegausg theamard Lideyalitéds o the
sel ected word |ine Wn agg a LeIaH{v |y small positive voltage of 3.3V,
for 10 exanpl@PPLiEadnn &d™ 1817 ‘third gates AG Each diffusion |ayer
(Dn-1 to Dn+2, Sn-1 to,Snt2),,the well and the.unsel.ected word _l.ine W.n+1
re Kept at 0 V. ConsellBBne] ParEeeie SPeLETanTT POl B FREIAERG gt e o
the third gat S . n t r (S r I_i.ne due
to the Fow eﬁ%N%?lg)ﬁg} n%ntfg t &E%‘ér%%eéﬁgﬁa}ﬁerﬁgtv%%%h@h% :ae%sull'[3 'tsx\g] t he
threshol d valjue ag;f 1R RN GRI1le: tUORRD AN it2e WS iad APSALEKR 1Y
conducted. Fig. gb is atimng chart showi ng an exanple of the voltage
applicatign tgnfding dos ittheres alcadiae@d Warcth ladsne .20 Wi apbitikel it rd 109ahe AG
The application timng is the sane as that of Enbodinent 1 shown in Fig.
14B, and t he ¥xplcaaraitean Wrhe befthedeholeyerst bad2 to Dhel2er akengell
operation, a negative voltage such as -13.5 V is applied sinultaneously to
a plurality 2nhdfthsonchdalresecanchral rldlnat iWeldl s at Hodi.ti ve vol tage such
as 3.3 Vis applied to all the third gates AG while each diffusion |ayer D,
S and t he weldonmesiueaitl vat sgegtijon tafi $heasd eatiyensr esiovy soferoat itdye i s

conducted in the cells - 95 , )
floating gate to the third gate in all the memory cells on

20 the word line WLn due to the Fowler-Nordheim type
tunneling phenomenon with the result that the threshold
value of the memory cells drops and the erasing operation
is conducted.

Incidentally, it is also possible to apply

25 simultaneously a negative voltage such as -13.5 V to a
plurality of word lines and a relatively low positive
voltage such as 3.3 V to all the third gates AG while the

diffusion layers D and the well are kept at 0 V. 1In this



on the word line to which the negative voltage is applied. It is also
possible to apply a relatively |arge voltage such as 17 V to all the third
gates AG and to keep all the word |lines, each diffusion |ayer D and the
well at 5 0 V. In this case, the erasing operation is conducted in all the
menory cells inside the block. To condutt®€he read operation, a-positive
vol tage of about 3.3 V, for exanple, is,applied tq the rd line Won of the
sel ected cel Icﬁ%’nat?}ée p%es]iolﬁ w1 %/o"f?%cbgl]orfe atb%lﬁ%llcr}\/,t DreEAMI%, s
applied to the diffusion |ayer f tion as. the drain of the selected
cell Mwhile \{%%%q? FUsiT la":i/%r tggnd%fcotu& &n%ﬁ%%%sg t??eergaotulrocr}e' of the

sel ected cell Mis keptriat; O AG {2t gfogil}gre W%p%ﬁﬁﬂs%l% ) ns

(diffusion | ayers Dn-1, |5l Dn+1, Dn+ Sn-1, Sn+l, all thethird
gates AG the yeid wkdde dnselacted wardd dinenlnerli 2 egdeed 28 tha.
Since the voltage is kept in this way, OV OFF of the channel can be

det ect ed depetwslis¥r Gl I hthexiSt NG adsedice e tdief RlLidH ansyd Msisleadde
floating gate, and the 20 information can be read out. Figs. 37B and 37C
are timng chehd sseshisv ny éxanpl éa ehitheasel t age appl membrgnceilisngs of
the selected word line W.n and the diffusion |ayer Dn. There are two
exanpl es as sitmewde rthe gsloS B anth @7 G helter26intg mpgysatstiown i n t hese
drawi ngs are substantially the sane as the timngs of Enbodinent 1 shown in
Figs. 15B and 15C. Howeiferthitshempsidigpn tappitiec &thiase thatien§ trendde dr ai n
diffusion layer Dn in this enbodinment is the - substitution of the

, 96

appl i cation t49RGRT £ HEYiIFF S SIS Delthd BReretRerg&s 15B and
15C. Therefore, the explanation of the application timng and the effect is
the sansils 1R Tt b 2P Siorttsy AR HATOTE TR g 15 ¢ hi <
enbodi nent, th mory, cell. produced by the ne d descri.bed .ahove es the
pol ynetal st r%eg%él}‘raye ?eyolrl ‘t htehe'\j\of?lgmf ?tﬂnel, élkanneds % aorft tHer efore J‘rr}asd‘ut% $h eéﬁ'm
transition de| | e - | 4 ur i 0 i and readi ng
oper ati ons. gioﬁl‘%eédtﬂgév)\%lréﬂeqﬁr%o %la%\eﬁérjllg{d[ %gatfo%lelyogehi %@2"{1}% ure is fornmed
after the thigdhgadnisdordmshe the defects der Ahddard 45090 oxide

filmbetween the floating gate and the third gate can be reduced. It is

al so possi bl ecHi-ksliC e ff hehdTasd IMEB v alstiededff #1he s ddi 6 saaldie i drhe
internal operating voltage at 15 the tinme of progranm ng/erasing to 13.5 V.
Since thils enfiomhtiers gatcsd UdEd ttheonpdhesidarooro 13 MHreatl 1d gaartd athd e lm
floating gate, the opposed area between the floating gate and the control
gat e i ncreaseshidiwmss cougiliengs ideitamgeroxioteh &l lectI0fdd 1 neydassisg ttde | n
20 consequence, the margin of the erase voltage increases and the margin
for reduci ng tiratemgs gats tldyd iframeddws thige dagebddiT@ent 6] Fig. 38 is a
partial plan view showi ng an exanple of the sem conductor integrated
circuit device 25 accordiGiFardaEHioditEnP 6 3f attte LHESOICINWSHS ¢  and

B C o C o RS eV oA i 152 o ST B shown
hat ched 56 tr%%é%ﬁghly oxidizing the floating gate polysilicon film, as

the tunnel film of the electrons between the floating gate

and the erase gate. However, the thermal oxide film on the

polysilicon has large quantities of traps and the

electrons are caught into the oxide film as the number of

25 times of programming increases. Consequently, the electric
field applied to the oxide film drops substantially and
the erase rate drops. A method of increasing the voltage

applied to the erase gate with the increase of the number



97 _view of Fig. 38 for ease of illustration with a part of nenbers
being omitted. As shown in Figs. 38 and 39, the nmenory cell of this
enbodi ment i ncludes source/drain diffusion |layers 405 5 in a well 401,
first gates (floating gates) 404a, second gates (control gates) 909a and
third gates 407a. The control gates 409a ®3 the nenory cells are connected
inarowdirection (x direction) and forma word |ine. The floatlngagate

404a and t he Qfel9imaFL °§ré’r|°§6| F FGh SAST LR S I}i’é’renb)F’rz&’p(ji’a?ﬁé?1 - nSAI at or
film403, and.the floa and the thi e 407

i nsul ator fi Itrlﬁegﬁéﬁ‘ T la‘ah o 46’@%%5&%\9% kg%‘\font rol

gate) 409a are ..sol at 0 er, I f|| 0§. The

sour ce/ dr ai n"Gi lﬂis:%ofﬁ aye;gn%%?]im%%g‘ sha%)s/egl% gr}sag’rt tllt A}} he Sword 1ine

409a and exi sl;s and %a'msace:urocfe éﬂé‘%ﬂf& & |l 19{:%,'&1' %teadéme that connect

t he source/draln of " t e menory cell 1n the colum rection (y direction).

A channel gi s G id) &y %térp@fb%rﬂam@alngt q st Hepeitfdd)siter leiale 405. 20
The thlrd gate 907a keeps contact with the floating gate through an
insulator filpalereat ddte @rp.face of the floating gate 404a that is
parallel to the word Iine 409a and the channel, anong its end faces, in the
formin which the thirdigat@420ia ias thmiingd chetrseeho2inghanf ksatpneg ot e
patterns 404a. The third gate 407a of this enbodi nent is disposed on a

fiel d oxide fihemud2agendprs idiadpesed imingartal [tdle wietlleaties! wordl |liime 909a

and with the channel, that is, in the colum direction, unlike a9 _
Enbodi ment s ¥lrp amd m%a&@mdo@amw&} of the rrem)ry cell of this
enbodi ment will be descrlbed wi_.th reference to Figs, 40 to 42. 5 First, a p

type wel $9401 is fornmedfitfra-deén cXndﬁctaBPl%GHSttPatt@e4(§Gl§ﬁ&e§ f”PéFid oxi de
wel || 401 by LSS "ok W0 iAW GO &9 RS (R G 1os0ArD! 10 Todt 1% Gat e
T st T B S SR 8 g
gate i s deposided (fi@adilQ sccThe 0ol Ko SiMelPdas PALE Red DL
| it hography and'dry et é%lng t echnol og
t2 - tl), and the voltage of the third gate AG is then
15 returned to 0 V at the timing t2. Thereafter the voltage
of the selected word line WLn is returned to 0O V at the
timing t3 (t2 < t3). In such an erasing operation, the
voltage of the third gate AG controls the erase time. 1In
this case, the voltage width to be switched of the third
20 gate AG is smaller than that of the word line voltage, and
the switching time can be made shorter. In other words,
the erasing operation of this embodiment that directly
controls the erase time by the third gate AG is superior
in controllability of the erase time. In addition, disturb
25 to the unselected memory cells by the third gate AG can be
reduced.

Next, the reading operation will be explained.

As shown in Fig. 15A, a positive voltage of 3.3 V, for



15 for exanple, and the floating gate 404a is forned (Fig. 40D). Arsenic
(As) ions are inplanted by using the ion inplantation process, for exanple,
and a drain |ayer 405 to function as source/drain of a menory cell is
formed (not shown). 20 An insulator film406 for isolating the floating
gate fromthe third gate is formed by theédethod shown in Fig. 3E of
Enbodinent 1 (Fig.. 41A). A P-doped polysilicon film407 to function as the
third gate i sCHPRSTt el BPRMERA 18P BXANMPED (FiRe Wam)of THee R 1RFF¢20n

film407 is th 2 terned, by lithograph dry etching. technol ogies,
fgrngxanpiz, %éihtieggaig&P%%}EYY%I%%f?%gge%f?ﬂﬂ%re ?rt?%éTéh?si+?conghoi
i ted to 407 Fig. 410. A d il ide film408 fo

s convertd {g 07g) (g, 4160, on N fopesstdLcon on o L maps e

sare method agyd heofEhod o !N JH.o HEuAATRAE dlIiMAILLPISI N

a polysilicon frim a tungsten nitri m and a tungsten f

so-cal leds' polyaret sl &d | 5F s genosid@dcdfi v, 42B) , RO 1 Srd hefe PatA@Y ned
by the lithography and dry etching technologies to formthe word |ine 409a

(Fig. 420). Akerwanisnifd meh@l uhssubetédgwdid MiNeé Whown, ats KopHresh
contact holes reaching the word |line 409a, the 10 source/drain diffusion

| ayer 405, the wel ITMOHismidie eraase gdire- 240D +r arfdmmed awbhsegtentt y, a
nmetal filmis deposited and is patterned to forma wire. In this way, the
menory cell c@nvbel€oapd eteder the floating state, respectively, to

prevent miss-read in the same way as in the programming

10 operation. In this way, the semiconductor integrated
circuit device of this embodiment uses four adjacent cells
as one unit, selects one of them and executes the reading
operation. Therefore, the reading operation is executed at
least four times to conduct the read all the cells on one

15 word line.

Figs. 15B and 15C are timing charts showing
examples of the voltage application timing to the selected
word lines WLn and to the diffusion layers Dn and Dn+l.
There are two examples as shown in these drawings.

20 As shown in Fig. 15B, after +3.3 V is applied to
the selected word line WLn at the timing t0, +1 V is
applied to the diffusion layers Dn and Dn+l at the timing
tl (t0 < tl). This voltage is kept for a predetermined
read time t (t = t2 - tl) and then the voltage of the

25 diffusion layers Dn and Dn+l is returned to 0 V at the
timing t2. The voltage of the selected word line WLn is

returned to 0 V at the timing t3 (t2 < t3). When the

programming operation is conducted with such timings,



Next, the voltage application condition and the 15 operation nethod of the
menory cell fornmed by the nethod descri bed above in the programm ng,
erasing and reading operations will be explained with reference to Figs. 43
to 45. Figs. 43, 44 and 45 show t he programm ng operation, the erasing
operation and the readi ng operation, 20-re&Spectively. In these draw ngs, A
shows an equivalent circuit and B or C shows a timng chart. In Figs. 43 to
45A, the cel |9%&idofiadded BRURS & 419t Brfriise stgleec,dnfi% yalitege
respective operat.ions. First, in the programm ng operation, a positive 25
vol t age of aBfBiR*ICANOT Mk aripI%Ch% applied to the word |ine Wn of the

selected cell Mand a QQ%%%%%%ié%&&gg f%%raQqub §SVBF%HHe%x%gpk%€ IS

applied to the diffusio ayer uncti on as the“drain of the selected

cell M as  giffifhs QML T arit/hns h%tdiéﬁeusé@&r{gaw_a@'s%f& fiypetion

as the source e selected ce Mis kept at O n this way,

M ss- progsamging cajt,be Prevented ddl ithe amak 1asddy FReding whn I n
consequence, hot electron injection 5 occurs in the nenory cell M al one,

and the el ectyronsmearantiid ttup(do 4 ke )fl oghiBgveatage B kbper gswl & t hat
the threshold voltage of the nenory cell rises and progranmng is

conduct ed. Oprdu=taidmemdmnpdomEhntitg thined tgattess AG -t el )weldndanthe he
unsel ected word line W.n+l are kept at 0 10 V. Furthernore, the diffusion
| ayers Dn- 2, viristlhgnd D2 ared eadppd ator® Qire Wland suncdrunniea fdcodt iVhg
state, respectively. As described above, the sem conductor integrated
circuit devi @ dhe Hiignigvbddi -medheuyes thegr cddfrheent fEupLonasagaESURNL ,
sel ects one of themand 15 conducts programing. To programall the cells
on one woPd 137k, PYHeret Shen YRS diithg lertds Simhiidt the & 1S ed out
at | east four ine% Figs. 43B and 43C ar e tining.ggarts shoming exanEIes
of the vol tade appl TER PEROFFMTAE ¢5 FRBCISTSE Bitbd HoPd rIAETRLn "aRE ¢ he
di ffusion | ayer and +1, .Ther re t xanmpl es -as. _sho in these

dr awi ngs. Theqel’[slscﬁqr%’gs&s (%CI\?I’I 1clenl |e§§.baef§éls\;¥r)lc¥ fS(%arrdZ ltlt?ee Same %8S t hose of

Enbodi ment 1 asF;quvm:ajtrloﬁj 4S8 nel3B g, A3C. Next, the erasing operation will

be expl ai ned.
The semiconductor integrated circuit device of

15 this embodiment can set the size in the local data line
direction and in the word line direction to the size twice
the minimum feature size F although the memory cell M has
the third gate other than the floating gate and the
control gate. Therefore, the memory cell area can be

20 reduced to 4F%. Since this embodiment uses the polymetal
structure for the word line, the delay of the transition
time of the word lines in the programming and reading
operations can be reduced. Furthermore, the defect density
of the silicon oxide film between the floating gate and

25 the third gate can be reduced because the word line having
the polymetal structure is formed after the formation of
the third gate. The maximum value of the absolute value of

the internal operating voltage in the programming/erasing



25 As shown in Fig. 44A, the third gate Agn+l is selected and a positive
voltage of 16 V, for exanple, is applied to this gate. Each diffusion

| ayer, the well and all the word lines are kept at 0 V. Consequently,

el ectron ejection - 101 occurs fromthe floating gate to the third gate
inthe two rows of nenory cells M1 to M+®dfamd M1' to Mk2' (portions

enconpassed b§Pdotted Iines% agjacent and_parallel to the third gate AGI1+1
due to the FORPEF2RGPBhERM P§pe°rBRREI FRGLS - gh¥monenon, so that the

t hreshol d val ue of the cells drops and the erasjing operation is
conducted. In other morgg??%%et%fﬁs?ﬂﬁogb@?ﬁfioﬁti%Sc%%ﬁ chPedsthlenkounit

of two word || I hi s.{nst , 1he selected thir a AG. may be
plural . 10 An%ﬁﬁZPyeggéihéthg hgﬁgﬁsCéEPF5FF8m59r%gngthﬁ %§°?Fb994ﬂgFea
negative volt -1 f X =N N t sel e rd
i ne WL.n and gggg?g?fvgfgmgﬁgl?ngs?ggvghﬁ%ﬁtggggo$93£§eV$gPo§eg§é Ié? i's
applied tet hehédfasgainf;hgagegfheté%, E@@bmﬁhif;f’éﬁéowokéyﬂn@ v P@ié?lwel !
and the unsel ected word [ines n+l are kept af 0 V. Consequently, electron
ej ection occuts thenfibetihgaghtg pateetn, t pettbrhdngatertRealinthe nmenory
cells on the word Iine W.n and the erasing operation is conducted. Fig. 44C
is atinmng charétshowgageawivoht age appdi tahéoast &gk car8 Ebemsegect ed
word line W.n and the third gate AG Since this application timng Is the
same as that bheEdbbfvnaten lagdownoi seFrg. addBrhe heoexpeadatinn vid |tHies
omtted. Still another erasing nethod is as follows. A negative voltage of
-13.5 V, for @%%ﬁplE?ei@héﬁﬁﬁge@ng5t§$nﬂ@t@nbbﬂ%lqr®©8a6@¢Urathey at word

lines and a rel tivelg smal | positive voltage of 3.3 V, for exanple, is
appl i ed 0 al FLEhE #RF1ES garRd Bes whRiEd 3Rt dPPPOSE obhe afjbeabingdazte wel |

k oV .| i h - 102 | i i d d
T the cel | s 8 FHE BOPGe PRe Lo BnFencR R hEbat | VEnOBT 1 GR T20 appheed.
Next, th ! i i b |3 A in Fjg.. 45A,
posi i ve.vol tanerhf 5L ah PRy dhate (LIRS IR ikedDion | me v
of the sel ectegheellaldandop pSi 4] V8, Xpbi 08 OF el ! O SHAIDL € 8

applied to the diffusion |ayer Dn unctions as ain o

sel ected cel |1 M sJheed] Thaseon diyefolRadi b9 SENCEd OF; spyree of the
selected cell M all the 10 third ga?es ﬁ&i the we ﬁméﬁgu% e u%%g%ﬁcted

word |inesW.nsdlew etkepthatd Ogdte ok ddies sod es £ i bel di f fesicyn deasengPn- 2,
Dn+l and Dn+2 are kept at 0 V, 1 V and under the floating state,

respectivel y,didfpsbventayess-tiesrce f ord hetlsaneoneycishd e Fnbodigent 1. In
this way, the 15 sem conductor integrated circuit device of this enbodi nent
uses four adjbeered mmbrihe etdondect @nenust tbe oot stere Sy esch Mdery
programm ng operation, and selects one of themto conduct the read
operation. THeREForand teheoiriktater heermesy Drratrl drham mlithie cells on

one word |ine . . :
émbodiment. To simultaneously satisfy both miniaturization

20  of the memory cell and reduction of the defect density,
the arranging direction of the third gate must be such
that its two end faces oppose the two end faces of the
floating gate existing in the direction of the word line
and the channel and in the direction vertical to the

25 former, respectively, as described in this embodiment.
[Embodiment 2]

Fig. 16 is a sectional view showing an example

of a semiconductor integrated circuit device according to



20 the reading operation is conducted at |east four tinmes. Figs. 45B and
45C are timng charts show ng exanpl es of the voltage application timng to
the selected word line Wn and the diffusion |ayers Dn and Dn+l. There are
two exanpl es as shown in these drawings. The timngs 25 shown in Figs. 45B
and 45C are the same as the timngs of Enmbddrnment 1 shown in Figs. 15B and
15C. In this enbodjnent,_th nory cell enpl oys the _pol tal structure
for the word ¥ %.lm?e%o?g,{?%i%yes@nﬁo@@ off e ecg‘ﬁearned’d@é“’torfe
transition delay tine of .the word |line in the progranmmng, .erasing and
readi ng oper aﬁ%n%‘?mjscf%%u %%r\/\b?%equ?ﬁeﬂa%5%&?1@%‘6*?%?%ttéﬁ‘ucture is
formed after | gat e, def e ity ilicon
AN PR SR Y O Pl PP e Bl i

oxi de fil m between afing gate an e can ower ed.

Thi s embodi mepfgan ¢4 50, ¢VEkq g B NAUR VAR ofsdie abst W foyal ue of

the internal operating voltage in the programm ng/erasing operation to 13.5

V. 10 [Embodineids 74 Figr, 9 ispa sidcaeit @ agy amghow nge gancepidm) |y an
exanpl e of the sem conductor integrated circuit device according to

Enbodi ment 7 of the predgntsdmiveitidiitor] 5 rASe i idi it 4svigory cells
85 are disposed in matrix and forma nmenory cell array. Fig. 96 shows one
menory cell ascayrdling des tnio drhlmomdkineTthel sredif fewett sfwexpl ehared in

Enbodi ments 1 to 5 can be applied to the nmenory cells 85 of this

enbodi ment . 2¥emid¢dngioiey ayrregwatesd DOOrcwi DY ice iitErbddimemnektin he
menory cells 85 in the colum direction (y direction(% are fornmed in the
nmenory cel | HREY. 1% stRikee{drpindisivoiprctart £ihe diher asites dadyer
D00, and_each gel ect transistor (select MXS) 70 is_disposed at each of the

25 upper 18nd PoverhdeeBe e Wi F ST o FEESS ViR LIANIYER. etfer drain
of the select_transistor 70 is}éconneft%ﬂ%tcg. t he di'ff ionga er wires D11
to D04 and t X Sotte TP tHe PTTOT RIS s conhEFEE® s &'her one
of gl obal - X ta li nd source |1 SS, . However, en t he
source of the =z gfae%‘%&t%én%{@t %@7%1 g C%L}Em%nc]lt%&eqeo c%#e_Peg eo’balpc\é\{a‘i%orf’l ne DI n
at the upper t i i i ( t 4. e source
of the sel ectgya%{sel s%%%#%@%%?ﬂﬁrﬂ%%ﬁ% %%lne% g%“%%tét{é source
line SS. Wen it is conppctad i i isPWicerddidh SR lr th uppeli Skl the

di ffusion layer wire Dn (DO1 to DO4), on the contrary, the source of the

sel ect tnansiwdofiddl By thechowdreninsg romwesiedktstdhaglobadcgata [ine
DLn at the 10 I ower end. This arrangenent is repeated alternately for every

ot her diffusisouteyering raasd n.1ddeks datrangerenfor amindat sy tdtes vi rt ual
ground type nenory array.
source/drain of the memory cells in the column direction
(x direction). This construction is the same as that of
Embodiment 1 and does not have the contact hole for each
20 memory cell. This is a so-called “contact-less array”.
This contact-less array can improve the memory cell
formation density in the same way as in Embodiment 1.
Therefore, the semiconductor integrated circuit device can
reduce the memory cell area to 4F° (F: minimum feature
25 size) in the same way as in Embodiment 1.
In the source/drain diffusion layer 205 of this

embodiment, on the other hand, a pair of diffusion layers

205 for forming the source/drain has an asymmetric



The word lines Wen (W.00 to W.g ) are disposed in the row direction (x
direction) and are shared as the 15 control gate of the nenory cells 85
adj acent to one another in the x direction. The sanme signal is inputted to
the gates of the select transistors 70 adjacent to one another in the word
line direction (x direction), and two gat &8iTes STO0 and 20 STOl are

di sposed for each_bl oc e global data line DLn is shared b
di ffusion | ayBP® ﬁrﬁ:r%alénrg?ﬁtg%ﬁgépcﬁﬁgprE‘E?P%ﬁtoFotFlEeséi@é lf‘@aﬁéf—@tors

ly t t el ect t dj t d |
i ot on et B PF"chfhep §al ks £8P oo e EERNES] AET SlmiSupdiE U sabor
the sel ect tréﬂé'é%°£h8°&£k?9s989 peyLpb! Qb%gdnoengvépfa LPeR gReCaN be

restricted to mnimum Since two d| fUsTon Tayer wres 8 are one gI obal

data Iine, thﬂaétﬁﬂgeggﬂé of i hend Sltdndat a dHé“G‘e fac%e ¥

circuit connected tot fornmer becomes easy. In ot r wor s

the gl obals dathitéingaeadthhe $€Ns6 ELfiEHidnCad Qﬁer@mg@dgai?é'fémw?r@m
when all the nenory cells existing on one word |line are programred or 5

read, the opeth¢idonffasibe rappteles bytthe opes aéhwosinase, tvheeshipat are
m ni nrum-necessary in the virtual ground type nenory cell array.

Her ei nafter, gaeeskdizoandctbe dhffgsadmdlaveru2dsdexise of shdls £nbodi nent
will be explalned with 10 reference to a detailed circuit diagram and an
operation tinfagheparthati gheiy part everldps diagualhl sholimgdrisequence,
arrangenent of the menory cell array, the block decoders, the sub-decoders,
etc, in Enbod‘?lh%n‘fhainn?% ngoﬁ‘?edt%ies%oh%t?%t‘v%hl deeloie Heeotlyivel | s

represené% t he cas ere 5 the nenpry cells of Enbodinments 2 to 4, in
whi ch t he °t hi F&° ?%%‘H'B £l 307 alh Heh bed | 33ty at 877 of

control ling t@? §pérht5 @ﬂﬁ@n@ tio pI Ilegr%{:%béa%%ega%gﬁérg timng

charts useful exp arnrng & progra

oper ati ons of u14ie 29§yl CONAuE! 5o d 04 20 nﬁ%&l{%}& fleyl ee. hayTng the

sel ect transistor const ruction o di nmen el de Fig. 47

shows the nenpier&sdlor! r ane fo‘%rcutr‘ﬁ‘enle:leo‘aﬁ’an't'1t}ﬂfh I@h tth‘éoh\éﬁ”el lResnd and
two gl obal data lines DL are shown di sposed, ease of i1 0stration,

sub- decoder 25nd0ihpsct 1n | SWETd BIn GPNSEE ML d Ot b&r{elémé dwt particul ar' y
limted thereto. The sem conductor integrated circuit device of this

enbodi meat i notegtesnmEny Yarck| pr @y rausi B, casBStnade kG SRR reandes s

40, bl ock decoders 50, sub-decoders 60, gate decoders 20, select
transistors 7therchaurmske @irmait sis-Omalol | mpicove diihe 191, opasailng 1speed, the
word decoder has a hierachical construction conprising the bl ock decoder
50, 5 the sulRTREERLBD Fhch thir dfatrumnde mEmory cells above a

kilo-byte order can be made by using an internal power
source having a current supply capacity substantially
20 equal to that of the prior art devices.

Next, the production method of the semiconductor
integrated circuit device of this embodiment will be
explained. The production method of this embodiment is the
same up to the process step shown in Fig. 3C as that of

25 Embodiment 1.

As shown in Fig 3C showing the first embodiment,

the silicon nitride film 104a and the polysilicon film

103a are formed. Next, as shown in Fig. 17, arsenic (Ar)



Though t he sub-decoder 60 is shown di sposed on only the left side of the
menory cell array 80 for ease of explanation, it is so disposed in practice
as to divide and sandwi ch the nenory cell array 80. This is to reduce 10
the length of the word Iline W. and its |oad by dividing the nmenory cel
array BO when the nenory capacity becones @¥eat and the | ength of the word
line WL increases tao invisg t he i.ncrease of the |l oad of the word |line W.

The high procé&&in§ Epel® 1GRYShe 1hgs thec ¥fdlli RddPY18 TR tadr dvgenent
Array 80 providEata ron BRERGS i SRFBo s SIBERSt OoLedRTr A0 RGN ian be
(nverter i nenieastigh, s SFE" selt e sfaisasr £b% TolPis Soidcossanser or
i Sposed on ontoof the e tos 207t Ae minory Har By 18 o R therd 11 ne
and the wa-d&ﬁ@d@ht@@iGHsheQQOQQn@ﬁ%t@ﬁphﬁngghcﬁowgtQrEhquiBgz g& Qne

word line. In 25 contrast, when the sub-decoders 60 are di spos both
si des of the seAdrpncelikradeayidf, 1evanandnbreedonged1hiicbas thay hesa,
connected to the sub-decoder 60 disposed on the right side of the nmenory
cell array 80awdt hheddiffusi07 layeber8d werdoki fiesmbdi-tig chaneatedet 0 t he
sub- decoder 60 di sposed on the left side of the nenory cell array 80. In
other words, FRE®BrBerLWaes tbebepodpAhédced folmhelfdbdechilers e nynde
divided to the right and |eft segnents_ 5 and every other word |ine may be
connected to £RE g@gﬁéBFFQef§8B- Bgofkligoe Aaremtionaythpagdfiftudéengn of

t he junctupn Eortiog Setme n thg word |ine-W and the subdecoder 60 becones
easier. AnothaPYEFféle F§ HPrRAC, BREAY| BRlEY the BOlupiihgenehilnf10Ba.

b-d d . .Th h-d der .6 t tially be di osed f th
nord Tine on thetis B4% CEAE EhiRY, BHRe BRT8 Snflerbe onut ERRLant haver
b-d d 60ni i [ f_t i f t | | 80,
one sub- decode 60 o thadaln Bleh = BRalt Bt hae  Bhpd P Br ROt TR ne.
Wien the sub-gdeendessn69:ree, dhsROSRE ORLRQLD ggdﬁérﬂédtgﬁsﬁﬁgb£xecﬁ'%
60 may I th 7 % of

array 80, in contrast, one sub-decoder e dispose eé'reg
two word |inesplapdléherhayenirdeghgn 0h74he subdecoders 60 becones easier.
20 In this enbodinent, two diffusion |layer wires (for exanple, D01 and DO02)

share ond 3l obal data |Tmerddftdn; exanptecesd Qrapsl &£l Bussaihenpifch of
the data line. Therefore, one global data |line DL and one sense circuit 30

connected to shewhoineFigay BE whrefl and disposedoby, 2ondistRg h&oF§gi oNns
of two nenory cells aligned in the word Iine W. direction. In this
enbodi ment, t@elyaie compbesedf the select transistors 70 aligned in the
word |ine W , '
Fig. 18 is a circuit diagram showing the
construction of the memory cell array in this embodiment.

20 The diffusion layers 105 ( .. Dy-2, Dn-1, Dn, Dns1, Dnsz, .. ) to

serve as the sources/drains, the word lines WL (WLo, WLy, ..,
WLn), the select MOS transistors for selecting the source
lines or the data lines and the array block are the same
as those of Embodiment 1. 1In this embodiment, the

25 polysilicon 103a is patterned so that every other third
gates 107a extending in the column direction (y direction)

can be bundled on one of the sides (upper side or lower

side) of the array block for the third gates (AG) in the



- 108 direction are all the same signal and the nunber of the gate signals
of the select transistors 70 in one block is only two. In consequence, the
i ncrease of the area of the portion of the select transistors 70 can be
restricted and 5 the chip area can be limted to mininmum As descri bed
bel ow in detail, the operation can be compl@ted by conductiing the
operation twice, that is the_m ninoum nunber of tines necessary when the

progranmi ng or° ¥Eadit¥g 3pdra e G Eedn duSHON™ ¢ Noff iISomidL £ K& »1@nsenor y
cells existin rd_line in the virtual ground t nenory cel

array. Next, ?’ ﬁ%%;#%%r &%#ﬁ& “Sp&PAL Pén a\ﬁﬂllle%e tgx ﬁlvﬁrﬁe)é’l.%%ﬁrg .th438/7di s a
timng chart 1.Ng ptbhe i programin eratjon, 15 1t wll be
assurmed hereb ?%%tqug é@hor%%b%FP?H%g'thengnﬁéggaggyprgb?aﬁﬁ?ﬁblﬁge MD1

and MD3. Firs?or&ﬁ%niﬁﬁﬁi%k valt ag r%fggk£sskg%a£% E%i%gggfgﬁﬁébg%ggﬁguESUt

signals GO and Gl of the gate decoder are set to

and all the wend kikeas V@019, Wa1l ke 2@ Lel ikakl ¥15ek Taglgott):?%c XL a

PMOS power source BOP of the sub-decoder 60 in the select i'S set to

12 V at the tilni3ngft kheThelewkputasisgRabrGOnokneheagat Gadecadsr, 20 is set
to O Vat the timng t2. 25 Consequently, the selected word Iine WO0O

i nsi de the seEmbbddmehack .i sSTHE Bundthenginsetecsedl worels| ine VWEOEdi §afey and
the word lines W.10 and W.11 inside the unsel ected block are 0 V. - 109
The out put si gRdR,AtDe obnthetabsilss Jabeaddcater méBalswsebst @13 Yrat the
timng t3 and the assist gate (third gate AG of the nenory cell as the

obj ect of pro§P&nirRg RS gépsﬁooﬁ Fmbgdiment 3.voltage is applied at the
timng t%t romthe sense circuit 30 to the global data lines DLO and DL1 by
the data to be programmB8*Tynbhet Kel bregr Rkt 12 BaeR Fenpibypanard thet he

menory cell for exanple, the _global data line DLOis set to 5V, and
to 0 V when ?%ééaggéopsmngkﬁgtOgr58?aﬂﬁ@8FyTﬁ@56FoBéPd88?§ PYneheLl is set
to 5 V when t g 1.t a i rogranmed to the menory, cell M3 and
to 0 V when tﬂgtﬁégaaggg%g?egroé?%%ng .gkﬁfoogﬁgmﬂéPg’s?ﬁﬁéFn%TBGdof t he

sel et transi stouilg boeset1bas8, 18 LLNELI T AGLS, (FoDeauEnLLY, 15 the

sources D01 and D03 of "the nenory cel

object are seri§e.01Y, tangdit heripl tageseafd eSOy L AR "9
data is applied to the drains DO2 and DO4. Wheﬁggdqﬁééhin eéyéggéﬁgﬁﬁan1

the progrisnmi Bggdaga sRowbetRBNBEYsCRb| opBEatioh &xaNPLg, 51Vad0sisnapplied
to the drain D02, and O Vis applied when the data is not progranne%. A5V

vol tage i s appetaedngoopbeadiann DO titeese tdyes Wiy amridibwAata is to be

programmed to the nenory cell M3, and O V is applied when the data is not

programed. TheUupyabearmthycviti agediB appbiedowndeming charts. In Figs.
19A to 21A, the memory cell encompassed by dotted lines
executes selectively the respective operations.

20 A positive voltage such as about 12 V, for
example, is applied to the word line WLn of the selected
cell M and a positive voltage of about 5 V, for example,
is applied to the diffusion layer Dn functioning as the
drain of the selected cell M in the programming operation.

25 A voltage approximate to the threshold value of the MOS
transistor constituted by the third gates, such as about 2

V, is applied to the third gates AGe of the selected cells

M and M+2. The diffusion layer Dn-1 functioning as the



25 this state to the nenory cells M1 and MD3 as the progranm ng object,
and arbitrary data is programmed. To conplete the programm ng operation,
the gate signal STOO of the select transistor 70 is set to O V at - 110
the timng t6. As a result, the drains DO2 and D04 of the nenory cells M1
and MD3 as the progranmi ng object becones’@ V. Next, the global data |ines

d DL1 t 5.to O V.at the tiping t7. The_ output signal AGOL of
Ehg ngist g§%§“§§%oa£rgﬁ% ?%fgﬁFegoc%fL’gt the ve¢h ngndstbangnsateatedst

f th . cel th [ ogr am ohject are set to O V. 10 The
it put si gnal TeBiob FReTEATE %@%pﬁ%e%%e e 9{ d2% SR el i
i :
o e S eckSth VoL ybe, WO pol e DS spleel o DLocko pESOER D0V o
is set to 0 epé &henddl thai oy Eﬂ@-bgﬁﬁ@éf%ébé{@e&w% é%%%ﬂ@%%%@gd Gl

of the gate decoder 20 are set to O V at t timng t:

progranmm 3g oped athOnthSr& ot etdge MethPNOOL ANFd K ¢ SodrBgles 0 bl nenory

cells M1 above. Consequently, the occurrence quantity of the hot
electrons and injection efficiency are improved, and a
high-speed programming operation can be made although the
channel current is small. Even when an internal power

10 source having current drivability of about 1 mA is used,

therefore, parallel programming of the memory cells of K-
byte or more can be made.

Incidentally, the third gates AGO are kept at 0
V in the memory cells M-1 and M+1 adjacent to the selected

15 cell M. Even if at least one of the memory cells M and M+2
is under the programming state, the third gates AGO in the
memory cells M-1 and M+1 adjacent to the former play the
role of the switch with the result that the channel is OFF
and no current flows through the channel. Therefore, the

20 hot electrons are not generated and programming is not
executed.

As described above, the semiconductor integrated
circuit device of this embodiment uses two adjacent memory
cells as one unit, selects one of them and conducts the

25 programming operation. Therefore, to program all the cells
on one word line, the programming operation can be
completed when the programming operation is conducted at

least twice, and the number of times becomes smaller than



20 and MD3 in the programm ng operation of this enbodi nent, the progranm ng
voltage is applied during the timng t5 to t6 in which the gate signal STO0O
of the select transistor 70 reaches 8 V. The gate signal STO0 of this
select transistor 70 is the signal for controlling the drain 25 voltage of

the menory cell. In this enbodiment, theréfore, the application time of the
drain voltage.bggoneg.the sgortest anong the word line voltage, the assist
gate vol t age Hh TRRAHPRT h bl tage applied to the sel ected - 111 nmenory

1. hi , +h dj ; b ' : '
(r:gl axi EgrttheI Zr;ie(:llsginst%‘rqgk? k a%%ltrjéser%%ﬁl?ga}t ieglnés@eagoer?;&o@sp‘%% s lﬁ}g&né o

appl i cati on tigkpd Bf Lhe YOI | b9Ee Yokt A0fe { NEqaRShR HALENELEATE: and

the drain 5 voltage applied to the sel ec as explal ne

al ready in Enpodi DBALSrdmh fn: o ANEhE NEY Dae: tEE1 1 8SPLRTINEréLad UERS -
Therefore, the systemof thiS enbodinment is not particularly restrictive.

When progranmg Aggt SmiBsle 01t hended®r Vimet dse M 19r sgeadi2n@nea ed 1t ke
menory cells on one word |ine are progranmed, the programr ng operation
descri bed above tmyibeessablarfyrrepeated ¢onadDOy anlh W Znethdiryhi s way,
this system can conplete the programm ng operation to all the nenory cells
on one word |ine by coriiursi ordBftd hiePd 5y ogimaing nthaopss sthanino ce.
Therefore, when the programm ng operation is repeated twice, a sector
operation (onexzepHesiok)thperatiase IPRIicakeen tHeipgdgtaniieg unit =
erasing unit = reading unit_into_account, becones feasible. A page
operation t hateH®esedhorond tEpedtlhnetht odt Shns HeP opeYat i Bh i %‘h%lnges t he
programm.ng unit to a 1/2 sector (1/2 word.line). can al so _be made. Next,
e erasing obfet 56 BAC% KPS bo A A T e SEs s LS i e S ng
the timng of tgf 35 erasing operation. It wll be assuned hereby that the
menory cells TS %ee%rasing object are MO1 to M)3 existing on the word |ine

ot e S BT 8 hdles v P 2o
the selected word line WLn at the timing t0, +2V is
applied to the third gate AGe at the timing tl (t0 < t1).

15 Next, +5 V is applied to the diffusion layer Dn at the
timing t2 (tl < t2). After this voltage is kept for a
predetermined programming time t (t = t3 - t2), the
voltage of the diffusion layer Dn is returned to 0 V at
the timing t3 and the voltage of the third gate AGe is

20 returned to 0 V at the timing t4 (t3 < t4). Further, the
voltage of the selected word line WLn is returned to 0 V
at the timing t5 (t4 < t5). Alternatively, after +2 V is
applied to the third gate AGe at the timing t0, +12 V is
applied to the selected word line WLn at the timing tl (tO

25 < tl). Next, +5 V is applied to the diffusion layer Dn at
the timing t2 (tl < t2). After this voltage is kept for a
predetermined programming time t (t = t3 - t2), the

voltage of the diffusion layer Dn is returned to 0 V at



decoder 20 is set to -13.5 V at the timng tO, and all the word Iines WO0O
to W.11 are set reliably to O V. 5 The gate signals STOO and STOL of the
sel ect transistor 70 are set to 3.3 V at the timng tl, and the
sources/drains of the menmory cells MOto M)3 as the erasing object are set
reliably to 0 V. The NMOS power source BON3of the sub-decoder 60 10 in the

bl ock, i t to 513.5 MV at the timpg t2. The output signal GO of
the gate decotd 01 bl ?%gsF%SW%ft?%%d?inff*E@_ ?%1.&;%?3%3@?&%, the
i L NSl t ect e ock is, - its _uns
o ) e A" VAR o LA R i e R
I d bl : i I of t assi s
;gtsg ggzzgder tgflgé(a\féeﬁtse é/t%gg&é@tj/&g%c% ﬁ%%ﬁﬁ?%%ﬁé% {f’iés]e‘épa_tpﬁl ed to
the assist gatie ofiritey MESTOrys Celds S WRCLASIIANAIECLS RABLLAS H3t ate,

the erase voltage is 20 applied to the nenory cells 03 as the
erasi ng obj ecthesw timeirtpd A diSs Bf asshurld SV ELS e I A IKh ARerdld on,
the output signals AGO and AGOL of the assist gate decoder 90 are set to O
V at the tinmdmpin wndade auslistatgadre fmd hies 25hdwnory cell as the erasing
object is set to O V. Next, the output signal GO of the gate decoder
As shown in Fig. 19C, +12V is applied to the
selected word line WLn at the timing t0, and then 5 V is
applied to the diffusion layer Dn at the timing tl1 (t0 <
10 tl). Next, +2 V is applied to the third gate AGe at the
timing t2 (tl < t2). After this voltage is kept for a
predetermined programming time t (t = t3 - t2), the
potential of the third gate AGe is returned to 0 V at the
timing t3 and the voltage of the diffusion layer Dn is
15 returned to 0 V at the timing t4 (t3 < t4). Further, the
voltage of the selected word line WLn is returned to 0 V
at the timing t5 (t4 < t5). Alternatively, as shown in Fig.
19E, after +5 V is applied to the diffusion layer Dn at
the timing t0, +12 V is applied to the selected word line
20 WLn at the timing tl (t0 < tl). Next, +2 V is applied to
the third gate AGe at the timing t2 (tl < t2). This
voltage is kept for a predetermined programming time t (t
= t3 - t2), and the voltage of the third gate AGe is
returned to 0 V at the timing t3. The voltage of the
25 selected word line WLn is returned to 0 V at the timing t4
(t3 < t4) and the voltage of the voltage of the diffusion

layer Dn is returned to 0 V at the timing t5 (t4 < t5).

When programming is executed at these timings, the voltage



20 is set to -13.5 V at the timng t6. As a result, all the word |lines WO0O
to W. 11 are set to 0 V. - 113 Next, the NMOS power source BON of the
subdecoder 60 in the selected block is set to O V at the timng t7. The
gate signals STOO and STOL of the select 5 transistor 70 are set to 0 V at
the timng t8. Finally, the output signal 4G and Gl of the gate decoder 20
are set to 0 V.at, th i and the erasing operation is conpleted.

tim t9
When t he eras?ﬁgt%%e‘?e%{%%nggge AR/ T LT the RICHEARINEetite MD to MD3
in thi nbodi , i .t i | duri th iod t4 t
15 i wnich cherae st Rl R Sl MAGHE L 20 e Hed as R e Pitan s °
t th i i td i { | t i hor t
Than the wor T4 g SR Mo Ok (S led AT NG HBLE L0 FPOLST 7Y can

be said most ot i dBeiorok ol Ao gl slg b by the Al stogatg, fom e memory

cells connected to the unsel ected word line. In this enbodi nen

erasing vel t agemé Scapmbéd eshshtd i | he kel nit4 0 tha idpewhitqh it e assi st
20 gate signals A0 and AGOL reach 3.3 V. Ther éfore, the voltage rise tine
and the vol t adferdatly téoret 051 Iivey assd Sbr @it s g ad Sneled agyi dree the &4 asi ng
time. Since this voltage switching width of the assist gate signals is as
smal | as 3.3 gate HRGe ise/fupdrigmein scdrastol Tierleftoy exf 2hhd hprsogmys@ingmean
be said as a system having excellent controllability of the erasing tine.
As to the tinmi¥fof the word line voltage and the assist gate voltage to be

applied to the selected nenory cell, however, other - 114 variations may
be possible as descri béf AT Figrbddifediser td ¢ isnarrddgchave
respectiY this sysr'}t?gm_i S, in no way restrictive. \Wen

f eat ) Th, f , .
t he erasi ﬁg g%bu;fﬁ'sfo@ﬁlgg’go]r%&%ﬁ e8! & thfe B HeWbrP celd &/ NEL aRPINGR i n
t hi t t.8 .Si | 0 ST f t | .t i st d
the assi st gdie Horal S AH0 S A AG Ui strs & S ddoushsEtro or ase

aper at o can e ol Had Ty ‘and To RoGAI D shd ite MRk B TE vord'
line) operatimild®@lt2 (t1 < t2). This voltage is kept for a
predetermined programming time t (t = t3 - t2), the
15 wvoltage of the selected word line WLn is returned to 0 V
at the timing t3 and the voltage of the third gate AGe is
returned to 0 V at the timing t4 (t3 < t4). Further, the
voltage of the diffusion layer Dn is returned to.0 V at
the timing t5 (t4 < t5). Alternatively, as shown in Fig.
20 19G, after +2 V is applied to the third gate AGe at the
timing t0, +5 V is applied to the diffusion layer Dn at
the timing tl (t0 < tl). Next, +12 V is applied to the
selected word line WLn at the timing t2 (tl < t2). After
this voltage is kept for a predetermined programming time
25 t (t = t3 - t2), the voltage of the selected word line WLn
is returned to 0 V at the timing t3 and the voltage of the

diffusion layer Dn is returned to 0 V at the timing t4 (t3

< t4). Further, the voltage of the third gate AGe is



takes the programming unit = erasing unit = reading unit into account
becones feasible. Incidentally, the voltage values used in this explanation
are nmerely illustrative but in no way 15 restrictive. Next, the reading
operation will be explained. Fig. 50 is a timng chart show ng the timng
of the read operation. It w Ll yBe_assuned that the nmenory cells as the 20
readi ng object are MD1 and Md3. First, the initial voltage of all signals
argetsetnéd th W Wext ,thdec duipyuttSi gl s €£X) andih@h of t he gate decoder 20
are set to 3.3 Vat the timng t0, and all the word lines W.00 to W.11 are
r ebradpt ammeEtg t s Ocdhd @&t §dhea PMOIS: povierm Sous ¢ ewBP af stuymb sub- decoder 60 in
the selected block is set to 3.3 Vat the timng tl. The output signal GO
of camebgyanit textridroorrise sthe twod \L bne tvel tage mprpication]s As a
result, the selected bock is 3.3V, it. V, and the word |ines W10 bl ock
arelme \As 5shex%. the output decoder 40 is set to 3.3 V applied to the

assi st gate readiqgloQAect, selected,mnrdl!iq$ WLOO, of Hpe s unsel ected
Sword |ine WS e erasing operation will be explained.

As shown in Fig. 20A, a negative voltage of -13.5 V, for 3
example, 1is applied to the selected word line WLn while a
relatively small positive voltage such as 3.3 V, for
example, is applied to all the third gates AGe and AGO.
) Each diffusion layer Dn-2 to Dn+2, the well and the
unselected word line WLn+l are at 0 V. 1In consequence,
ejection of the electrons occurs from the floating gate to
the third gate due to the Fowler-Nordheim type tunneling
phenomenon with the result that the threshold value of the
> memory cell drops and the erasing operation is conducted.
Incidentally, it is possible to simultaneously
apply a negative voltage such as -13.5 V to a plurality of
word lines and a relatively small positive voltage such as
3.3 V to all the third gates AGe and AGo. It is further
possible to apply a relatively large voltage such as 17 V
to all the third gates AG and to keep all the word lines,
each diffusion layer D and the well at 0 V in the same way er

as in Embodiment 1.

It is also possible to apply a negative voltage
ng

»y 0

of -9 V, for example, to the word line WLn and a positive
voltage of 4 V, for example, to each diffusion layer D

rd
while all the third gates AG, the well and the unselected

word line WLn+l are kept at 0 V. In consequence, ejection



and W.11 inside the unsel ected signal AGOL of the assist gate at the timng
t3, and 3.3 Vis of the nenory cell as the Next, 1 Vis applied to the

gl obal data lines 10 DLO and DL1 fromthe sense circuit 30 at the timng
t4. Further, 1 Vis applied fromthe sense circuit 30 to the global data
lines DLO and DL1 at the timing t9. The yat® signal ST00 of the sel ect

transi st or S at the timng t5. The readi ng voltage is 15
appl i ed under Phﬁé%§°§F€“F8“€hés a@eF%§sﬁDf1§H@gﬁBSdgglph@lﬁ Aditng

obj ect and the.data E%st?@%te@h%%cgﬁgetngs %%qpx§%#§ﬁ§%y%g§ﬂg% fopsell

MD)1 as the rea Ing object 1s Tow1n thi s cas
turned ON and tlihe qgr@g@&ttloms As a result, the drain voltage 20 D02 of
the nenory cell M)1 and the gl obal data |line DLO connected to the nenDry

cell M1 change to 0 V. 1¥hes hmgotbbg§h8hé ¥8! 4ppef; L563"9”96ytﬁ§' M1 as
the readi ng object is high, the nenory cell M)1 1s turned OFF an

current fldpwssellecteds&guengenet Rendaai ﬁhéOltE.ﬂagﬂgDQa ahd251tbet69'”€%y cell
Md1 and the gl obal data |ine DLO connected to the forner are kept at 1 V.

Wien the threshdlifdsiahuéagbrt De aemohy eehlinyD81agtbhe teadasgsebi@ChEni S
high, the menory cell M3 is turned OFF and no current fl ows. - 11s
Therefore, th&igrakACvol ¥eye, DO3. BfVihe appbiedced | thd3tlabhrd tdet gl bal aglat a
line DL1 connected to this nmenory cell M)3 are kept at 1 V. The sense
circuit 30 di $8Pi hiRaP@stehdtyort &ge - chbinbe whltage it obewt dbew dine DL or

its 5 current_ch n this g@ t he readlng operation is conducted. To
conpl ete the PéggﬁgﬁrngFQtFSﬁ ¥H@egatétsfgﬁ | ~S%80- ofPelhEhgeVedtage

i 70 . Lh I he d
D02 and 004 o F160EnE AER0FH CEoP e o1 BRH-NBS 58 Ph‘é\s PEabfRgtobiaet tar e
ff f 3 I d i DLO.and DL1
are set tff’B“ S SERE e g the A EEE ot TP hna ABCIObREPRE B8SPeY gate

15 decoder 40zistget+if;if VE@t(£§e<t£53ngaﬁ . ﬁ%dﬁggfaﬁéx%§tFﬁate of the

menory cell as the readlng object is set a & out put

signal GO of theegate H#6£QdeindOnts 86t rbOudndqVedlotheati PhOY:IR1nE Ny
consequence, the

(t3 < t4). Alternatively, it is possible to apply +1 V to
15 the diffusion layer Dn at the timing t0 and +3.3 V to the
selected word line WLn at the timing tl (t0 < tl). Next,
+3.3 V is applied to the third gate AGe at the timing t2
(tl < t2). This voltage is kept for a predetermined read
time t (t = t3 - t2) and the voltage of the third gate AGe
20 is returned to 0 V at the timing t3. The voltage of the
selected word line is returned to 0 V at the timing t4 (t3
< t4), and the voltage of the diffusion layer is returned
to 0 V at the timing t5 (t4 < t5).
As shown in Fig. 21F, +1 V is applied to the
25 diffusion layer Dn at the timing t0, and +3.3 V is applied
to the third gate AGe at the timing tl (t0 < tl). Next,
+3.3 V is applied to the selected word line WLn at the

timing t2 (tl < t3). This voltage is kept for a



20 selected word Iine WL0O inside the selected block changes to 0 V. The
PMOS power source BOP of the sub-decoder 60 in the selected block is set to
O Vat the timng t10. Finally, the output signals GO and GlL of the 25 gate
decoder 20 are set to O V at the timng t1l and the reading operation is
conpl eted. When the reading operatlon i s d¥nducted for the menory cells M1

and MD3 in this enbodi nent r eadi ng a I|ed during
t he peri od tSP?eggt?ﬁmﬁﬂ?ehr?ﬁ jare Eléﬁaf §$OO Bg)tﬁggsEP%cY tFagei Sfor

D gnenees S Enfopt iR Bhovard Rios Phnots: Pehutfiefcke B 0erE Bha this '
system the apphifatisn Uhp oft 0% Al dhyolisge 48 d ool Les), ammpo the

word line W t he "assi s e voltage and age 0 be

applied to theosgl gckedcHEMPLY; A8l La Ther ef eks, e RyRLem can b ol d

nost optimal for relaxing drain disturb. 10 As wor d

l'ine vol tage, dibeuasshsna?azeoﬁohgagetaﬁﬂeaheodnavnavokhégelﬁgnaetgpptned
to the selected nenory cell, however, various variations are poSsible as

expl ai ned in Emboyi NnERltse Andtoi el yndit hiey punseiblaspastdpiel ¥ edd B eSto the
Therefore, this systemis not 15 particularly rest=fictive. Wen the
readi ng operathondi gatentlGet etd tfbe theingnbbyanél +3 WDOoanbe MI2fftisbonand
all the nenory cells on one word line are read, the reading operation
descri bed aboveyatiyDheatepkat etming the (henéryliel INeNDO hd MD2ids n 20 t he
sanme way as described above. In this way, the present systemcan conplete
the reading oﬁBPé%?@ntPothéaﬁeéﬁﬁt?ﬁewﬁﬁﬁniyneeWLg ah %%@ wWORENgi B2 byltwo

oper at io

d th t 1
wbr 11 na)! opdr HeF on AFAL 1SRG NHE TDgrariTTg 4% (3 FHRTaH TP dtac
d s} hat d
tho roadi ng. uree B 8172 dec b ( 1FBS e B P o oS L bbRrEe. PRSr oher i { hout
repeating the, {gadyng 996£@£h99ed'99'9ﬁ@t¢£$¥n t@§ 40h1 Bhe Y8lLEse USEd -

118 in this explanation are nerely exa I'n N0 Way res
the diffusion layer Dn is returned to 0 V at the timing t4

(t3 < t4). The voltage of the third gate AGe is returned

15 to 0 V at the timing t5 (t4 < t5). When programming is
conducted at these timings, word disturb can be restricted
because the word line voltage application time is short.

Incidentally, in the embodiment described above,

the same voltage is applied to every other third gate in

20 the programming and reading operations. Therefore, the
layout of the voltage applied area of the third gate must
be such that every other third gate (erase gate) 107a
extending in the column direction above and below the
array block can be bundled.

25 In addition to the effects brought forth by
Embodiment 1, this embodiment can increase the program
size and the programming rate. In other words, every other

third gate 107a (AGe, AGo) is disposed and separate



Next, the advantages of the virtual ground type nenory cell array equi pped
wth the assist gate will be 5 explained wwth reference to Fig. 51. The

sem conductor integrated circuit device shown in Fig. 51 includes a virtua
ground type nenory cell array that shares the drains/sources of the nenory
cells adjacent to one another in the word 8@ne direction, and sel ect
transistors for .10 sw tching the vo]tage of the diffusion |ayer wire to the
drai n vol t age 35 e RS @RPS 175 tRgdhese Hhd el Parssod HS wire i s
connected to t . I, da line and_to the source line through the

sel ect or tran§$§¥%¢$ggﬁd hiseﬁﬁ?8§§rSFBSaPBmPﬁﬁtOﬁrE%@ﬁFSOEhQP FaFmnousl t age
from being 15 ld our. f .ot her nmenmory cells adj.acent in the
word |ine di ré%ﬁ%osjns(%%#e%oﬁgth%r gllr(r%’%\%o A0t iagdaﬁﬁlaidéd‘gt SPEFE dPAi5n G one
menory cell. e rasfH ga r u b . and. he e_bl gck
enconpassed b&gthe sé%%%t %?gﬁgig?grggégﬁegvggglgﬁhég %gﬁ%%g %§|$ %ﬁf%cent
in 20 the sorgellione sdicheehiion ghRePROTRIMBL k8adaallatkh oMLy ogll's

exi sting on one word line in such a sem conductor integrated circuit

devi ce, the opeseat not oalybasceipl eradebyatle voperalsicons FRde cbwitee 1t hat
are mni mum necessary in the 25 virtual ground type nenory cell array. The
operation of ghite fem condwoildinigntegr ahedneilr.cuThedefbee, Wwehé HRird
explained. In the virtual ground type nenory cell, the drains and sources
of the nenorygate ifJda ecan| soatijradenbet elentranotfheldi nnshdewnhd | i ne
direction are shared. Therefore, when the different voltages are applied to
the drai ns an§hgReedodrngereadenslyhefpitbgr sonitnglagatecadilng eperati ons,

t he drai yolta e VD 5 and _the source voltage SS nmust be switched by the
switch (sef ecPTPPAATNSPEr FELF61FP6Yr SAPOPSr dBRTQY S heARrERDF§SEEE ] san

exi sting on on%fmord efore, the ogerations nust be conducted at

Li h ,
| east twi ce. issﬁﬁ%ﬁatiﬁgp %ﬁ§£5§gﬁgg §aPEE"REDE SRETABERT @87nBE exi st

and that the i tage_is_applied,to 2, for exanple, the drain
voltage is ap%%?ggp%gsggé gga?nggﬁegﬁé ﬁgﬁﬁpggchFrSH%the | eft side of D02
and at the safepbbLABpmehiezfirain voltage is applied to the source of the
menory cell on the right side, too. To bring the nmenory cell, to the source
of which the 15 drain vpigageri ssappbiedial Nt oat he; spsel ate, the
sane vol tage nust be appl?ed to thep%raiﬁas?%ea(D0§€€ to%giﬁﬁegéfore, to

program dr5 r eadamplet b€ BREDE¥mEEbhaueXbSt AGegRa0B8 WOEEULENGeviRE
operations nust be conducted four or nore tines and are not suitable for

the 20 hi gh- speedrdpagatpoRmbbiduseet, 3t b skai poadant oLnir8h€g6A] €dngi rcuit
device of this enbodi nent includes the assist gates (ARO and AGOL). These
assi st gates FA@PO aAl, AGBR)apfay3€hareosecbiohhd siewshtbkah apphyes the
drain voltage_to only the cell on the left side of D02 when the 25 drain
voltage is appiPed Ro~DB2: Bn-oBherndofds, Chhen Fhe.d2ai nrespeagevedsy.
applied to DO%, tge a5fhst ate (AR0) of the cell on the right side of D02
is turned OFFTPESEEThRL4Y ai R2TRI PaHReFsiapphrey hatehedceithosomae ri ght
si de of

20

members being omitted for ease of illustration in the plan
view of Fig. 22. Figs. 23A, 23B and 23C are sectional
views taken along lines A - A’, B - B’ and C - C’ in Fig.
22, respectively.

The construction of the semiconductor integrated
25 circuit device of this embodiment is substantially the
same as that of Embodiment 2 with the exception that the

film thickness of the insulator film 606a between the

floating gate 103b and the third gate 107a is increased.



- 120 DO02. Consequently, when all the cells existing on one word line are
programmed or read out, the operation can be conpleted by the operations
made twi ce that are m ninum necessary in the virtual ground type nenory
cell array. 5 The mechani sm of such assist gates is applied to the

sem conductor integrated circuit~device-oBlthis enbodi ment, too. Next, the

necessity for the select transistor will be explained with reference to
Fig. 52. Fig. Th®Amatesidie &%?%ﬁ‘ﬂ@t%ﬁ%fr ﬂwfﬂ%‘:%el%‘é‘f' tehrRiRe®r is
di sposed, and Fi 52B shows a cCi rc agramwhen it is In, the

sem conduct orm‘?rﬁtg%ﬁ atEd %V\S%'Eﬁ"ﬂt q%?\oﬁ?f“‘? E]ho%?Ao t]ﬂgb%ﬁ’aq“?fl%our ce

D00 to D11 | | t he .diff I d
'E_hi S c?rcui% %5 i gem)etrKe & eé‘cﬁcirgtprag:ﬁlgc’%stw&r ]T:?r u%{\felr}lngoaofgn#mhre he!
diffusion |ay cﬁiff‘éE&npré ér? eé‘r‘i&"%;? &ff&{? Eé‘&‘toﬁfoéﬁ%ﬁ érﬁgg% edth

bl ock. When the circurt |nc es suc ect ftransistor ,

| oad of the diffusion Iﬁy@rfﬂnnecmr%ge&pc&% asms&mcéy ¥y SPeRka of

operation can 20 be conducted. Because the nunber of the nenory cells to

whi ch the draiRiyobhibg@ihsSnapps i Sfleréioe@heé hayows e3¢ hem UNee) ectrebyIRDry
cells (the nenory cells existing on the unselected wore |ine) becones

smal l er, the drettréh séiedriom be medkicerom | thé hf Boawdng tdase enbisli t@nt
(and ot her 25 enbodi nents, too) disposes the select transistor and obtains
the effect deslksidaosabave. (Wdblghll heimxiphanataoing sope veni @tooir tHes
virtual ground type nenory cell array sharing the drains/sources of the
menory cel | s empedinent o Therefpregndhendiider tihiaknessoraf Itihee idisudatioon,
it of course holds true of other arrays. This enbodi ment can acconpli sh

pi tch relf&at ol ot 0% nee¥opRl thdr L PR RERI FetR el D3R c3Pd etk at iRt B2t he 5
sense circuit d riped bove his feature will, be explained with
reference to Evail géfhnHSS PR t H IS RGN dudOst it EENG rEa™

devi ce shown éerb ngent 2the sense circuit connected to the

The production method of the semiconductor

integrated circuit device of this embodiment is the same

15 up to the process step shown in Fig. 17 in Embodiment 2
(Fig. 24A). However, the gate insulator film 102 cited in
Embodiment 2 and shown in Fig. 3A of Embodiment 1 has a
film thickness of about 10 nm, as described above.
Thereafter, a nitrogen-doped silicon oxide film 606 is

20 formed in the same way as in Embodiment 1 shown in Fig. 3E
so as to isolate the floating gate and the third gate from
each other. To eject the electrons built up in the
floating gate to the semiconductor substrate, the film
thickness of the silicon oxide film 606 is relatively

25 large, that is, 30 nm. Since the N-doped silicon oxide
film 606 is used in the same way as in Embodiment
2,ejection/trap of the electrons into this silicon oxide

film during the programming operation can be restricted.



10 gl obal data Iine DL can be di sposed not only on one of the sides of the
menory cell array, but can be disposed alternately and above and bel ow
every other global data lines. In this way, the sense circuit 30 connected
to the global data |ine DL can be disposed in the region of the 15 four
bits of the nmenory cells. In the senm cond@€t or integrated circuit device
shown in Fig. 54, switch MOS transistors YS are interposed between the

sense circuits 30 connett@PIFeHe e 22 W I PSR W Rense

circuit can be uged in conmopn_20_by two,global data lines DL., Ipn this way,

the sensor citBuft9%0 é%nﬁ%c?%dOFog?ﬂégbﬁ%% |+ d3tQ ??ﬁ%%eflogﬁnl%egﬁ?sposed

in the region_of the four.biés of.. t he NBnoL Y C l1s. Wien th 1S§$ﬁ ns shown
ecte

in Figs. 54 aﬁ%m%3w%¥ea§51%on%P%%ﬁTe?%e sefise cifcifte3d) €Bnn To the
| obal data I] di ed i.n .t ' f i ghte.bi th

?re(r)m?y cgl ?s. t?ﬁsnbo%rﬁﬁgﬁgg%)l Sll%Ckslelcgeé{ &Eilgﬁ' gtg&': gglaﬂcclc%rlgﬁolgc%rafgqug&m%sﬁw ng

conceptuald y ag exanpheqefihfer 8 rORELSt 9fcp Ot @O5RL LG A5V E SRYI €&

according to Enbodi nent 8 of "the present invention. 5 The sem conduct or

integrated cigsuvérdeyi €6 ohet bisieshosgkimat fismdeéhégrent from Enbodi nent 7
in the arrangenent of the select transistors and-their operation, but the
menory cells remai n unchigmgezls fsioows hette oottt of 4 Gndrherefes ]l t he
expl anation of the nenory cell 85, the nmenory cell array 80, the nenory

bl ock, the di &éfuayonThayeéifiisesnDD8y¢ns DA Hbo-2 heowdn+2]) | besfViot bor t he
sane as those of Enbodinent 7 and will be hereby omtted. One each sel ect
transi stor (sefethe MSyrgesigdrainposelle avorfielines WL (WLO to WLm), the

10 selected MOS transistors and the array block are the same
as those of Embodiments 1 and 2. The third gate AG is the
same as that of Embodiment 2.

Next, the voltage application condition and the
operation condition of the memory cell formed by the

15 method described above in its programming operation,
erasing operation and reading operation will be explained.
Fig. 26 shows an example of the erasing operation. Fig.
26A shows an equivalent circuit and Fig. 26B show a timing
chart. In Fig. 26A, the cell encompassed by dotted lines

20 executes selectively the erasing operation. Incidentally,
the explanation of the programming and reading operations
will be omitted because they as the same as those of
Embodiment 2.

In the erasing operation, a negative voltage of

25 -16 V, for example, is applied to the selected word line
Wn and all the third gates AGe, AGo, each diffusion layer
D, the well and the unselected word line WLn+l are kept at

0 V, as shown in Fig. 26A. In consequence, electron



15 upper and | ower ends of each diffusion |ayer wire DO1 to D40 and the
drain of the select transistor 70 is connected to the diffusion |ayer wres
D11 to D04 in the sane way as in Enbodi ment 7. When the source of the
select transistor 70 is connected to the global data |line DLn at the upper
20 end of the diffusion layer wire Dn (P043to DO4), however, the source of

the select transistor 70 at the |ower end is connected to the source |ine
SS. Wien it % SHIRECIFYS tg;té’"édﬂ‘rec Ci%?é%%“cﬁé’&d}f’erwegﬂd e 190

diffusion layer wire Dn (DOl to DO4), .the source.of the select transistor
25 70°1 5 contidle AP AN oA 14T RS At ot her
words, the s i i.nsi i ra t of
Enmbodi nment 7%%:15@2‘-1 ?’q%%@s%éu&glef%lglo F%b%gle‘% %e@;eeg{geéﬁgn#(}f c%'\r/lelry ot her
diffusion - AESs W Fq}it-'lg}p SAE i Isthnputtedst,0 e gates
of the sel ectarft]c%gtr?sé! st orsslm%%}j acelnt tlo one anot der |In tﬁe_ worag'l ittng
directions(x d8Gld Wpe i SV Bielctdd fley Wach | @ MHRSinPhe
different signals are applied between the diffusion |ayer wires adjacent to
one anot her. o 1gaie aM rese S to STO3 are di sposed for each bl ock. Two
di ffusion |layer wires Dn use in conmmon one global data |line DLn. 10 In such
a construction of the Selcdctentrdiyl,stior $het keragding Spgralt ioh,t He dal ect
transi stor conprises for gate wires for each block, and the application
timng of thelswumsssidlieade arblivhe gmuatdatd o ttiagenof-the/ drisim

vol tage can be set_arbitrarily. In other words, since the 15 drain voltage
can be appli EFaR1E tHAERATROUAIY dfe & ALHRM tefhhew sl \Lingfe Wiidif e
operation _can be conducted. Since two di ffu_sifg‘]n 1 a%/er W res use, .in conmon

one gl obaP d&ld I5hfe, thitd gatapydenteash hd I@ater 14 AdAd® he sense
circuit connected to the for ecqnes. 20 easier (or the.pitch can, be

el axed) - To fedgrthh JERedF $11 s notmEhsty CESFY s B8 SFARG PnoBRESRIPT

| ine, the operatjaqn,c e caonpl et.ed by .t wo _operatio t.hat .are.mni num
necessary in ﬁ%ecovqrhrl{cﬁtar%é)glrnouam tetyhpee Crfé/elr%osr yonce%le é"rorlre;i;hi% 'F%e Whic

sem conduct or jt efl G} devige 10fed his enbodi nent will be

expl ai ned hgrtgqéqnal%?%afél\?ﬁ h.Jrle eieence a?% a edc.ét ailed circuit diagram and
operation timng chartsgt Kisd.a128 ipdsdiB1lCid aPAG, 2SN RGel Reasingl24
arrangenment of nmenory cell arrays, block decoders, subdecoders, etc, of
Enbodi ment 8.oddrdtin, 56 gdE tmBmrolatidess of 18rhndissentexkangle,4,£d rehghi ch
the third gates 107a (AG function also as the assist gate, are applied to
the 5 nmenory vweell wiarisdt raict itdre afhidd yeerdwodicreantd dags.diffusion layer

D are kept at 0 V. 1In this case, when the word line is set
to 0 V and the unselected word line, to 16 V, the erasing
operation is conducted in all the cells on one or a

20 plurality of word lines.

It is further possible to apply, during the
erasing operation, a negative voltage of -9 V, for example,
to the word line WLn and a positive voltage of 4 V, for
example, to each diffusion layer while all the third gates

25 AG, the well and the unselected word line WLn+l are kept
at 0 V. In consequence, electron ejection occurs from the
floating gate to the diffusion layer D in all the memory

cells on the word line WLn due to the Fowler-Nordheim type



59 are timng charts useful for explaining the programm ng, erasing and
readi ng operations of the sem conductor integrated circuit device having
the sel ect transistor construction of this enbodinment. Incidentally, Fig.
56 10 shows a nenory cell array 80 for two bl ocks, and word Iines wL in one
block is two while the global data |ine D84 s two. The sub-decoder 60 has
an inverter cQ struction but is not ., ed thereto, I articular, In the

e
sem conduct or ?HPS fggeBhEPP@ﬁPPndE%Fbgk%g SFSPEFSt@ﬁ%gﬂﬁﬁeﬁpr§ﬁ8ﬂﬁdin Fig.
56, th | h i st t d 40, the block d d

30, the sub-avesier oBo bR enak L aBIT Rr 88, SpHctBEr BedotptinoPeration. the.

sense CirCUiti§0c€HQuEgﬁdWDrd decoder are the sane as those of Enbodi nent
7. The arrangenent in Ich the 20 sub-decoders 60 can be so disposed as to

sandw ch the cell array L a £C T [ ptch r i o of
t he sub-decoder is al soFf{3 e gg?rewgasgtﬁgﬁlég éE%%gglgrﬂeﬁfﬂ}& %ﬁl’?%%??i%v%f

di ffusi on 3 ayeheWbesagbaspp0neaghohat ifahg tbn bhC | ion of
the data line can be 2% acﬁ?eved, in the sgn%bm§§gt§é?§cgﬁgo§?%§n?§$%

I nci dental | y, WLhe s®irsee ciheuitii 30 gormend etbd® fde glmbalolata dHde DL can
relax the pitch by the nethod explained with reference to Figs. 53 and 54.
- 1z5 Each btbeRei gatdi snehbbdi emhodisedt sposedesysiryrbpathyivht bsrespect
to the X axis (word line formation direction). In this way, tw bl ock share
one source |ifen@eschd PreoRby nhhe opParebion ofiethenpeyeckeéd ®ondr Ayn80 can
be reduced. In this enbodinent, the gate signals of the select transistors
20 aligned i n"Ehe Areqn nigd dir®ct] a‘r]e6‘gi3f5f aRMtigdrtevdry sstlmrted

di ffusion |ayer_wre each bl ock conprises four word lines. 10
Ther ef or €. th%oﬁﬁgi?gﬁfﬁgﬂ tFnthe biMiRe SOuRRe Yoetwebtase eheth®pl i cation

timng of the ' ol t age, can set arbitrarily. Since the drain voltage
can be appli e%ggs%g?gt%érgoﬁ%% thaﬁegp%récﬁ%gu%’%ﬁia'b? ygovv'-?tt%e stabl e
operation becppes,possi p£@.<vsp§p all the nenory 15 cells existing on one
word |ine are progfranmmed or reéad out, each operation can be conpl eted by

the operations nmade tw®g s tddlo e @ma@c%?/ﬁ%ggws .\{,['blirlta%altogr ound
type nenory cell array 80, as will be explained in detail 1n € paragr aph
of the expl angi¢on of trhiwo@prs@ts on.akd Fig. 57 shows the tinmng of the

progranmm ng operation, and the programm ng operation will be expl ained. The
menory célsl s Bembbdwdimeogréhm ng obj ect are assuned to be MO1 and M3.
First, the initial voltage of all the signals is 0 V. 25 Next, the out put
signals GO and Gl of tRigata’ decederaXialr esesatidrmll A MvwatsHdweirid Mg t 0,
and all the word lines W.00 to W. 11 are reliably set to O V. Next, the
PMOS power sciaieP BOP Hfthdepseduct ior 26 thist onlerti6d semidwndrettant ed bl ock
is set to 12 V at the _ _ ,
integrated circuit device according to Embodiment 4 of the
present invention. The construction of the semiconductor
20 integrated circuit device of this embodiment, the voltage
application method of the third gate, the array
construction and the operation method are the same as
those of Embodiment 2, and their explanation will be
hereby omitted. On the other hand, the production method
25 of this embodiment is different from that of Embodiment 2.
This difference will be explained step-wise with reference

to Fig. 27.

First, a p type well 101 is formed on a



timng tl. The output signal GO of the gate decoder 20 is set to O V at the
timng t2. 5 In consequence, the selected word |ine WLOO inside the

sel ected block is 12 V, the unselected word line WOL is 0 V and the word
lines W10 and W11 inside the unselected block are 0O V. The output signal
AGOL of the assist gate 10 decoder 40 iss s to0 EIV at Lhe timng t3 and 2
Vis applied to the assist gate of the nenory ce as the programm ng
objecthhbxt,s§m&GPP gt %HEPFéétﬁréﬁptH§l§en§€Aéhrcuit 30 to the gl obal

data lines DLO and DL1 at the 15 tim. t4 depending on the data that is to
be programed. WWen thegaafﬁpP§lF¥ é?gPBQPﬁnﬁﬁHth'tﬂg #BRory cell M1,

for exanple, t . da ine DLOis set,.to 5 V. Wen the data i s not
pr ogr anmed, iéggégéggﬁﬁgqo thﬁﬁénapﬁgsaaﬁngé’tSaBebﬁrBéﬁgnﬁﬁﬂ £8rPAEg
menory cell MBe {,R€12Qpgl obal data line DL1 is set to 5 V. Wen the data
is not programmed, if is set to 0 V. The gate signal STOO0 of the sel ect

transistors 70 is set ton8xV¥,ak bﬂstéwwgtt§ilﬁxnéﬁ8@s§ﬂH$H ?’fﬁlﬂe vol tages
corresponding to the data to be progranmed are 25 applied to the drains D02

and D04 of thexempbey eel batdBinandodB3 BﬁetBém@EQHHQEHEPQSQBEEEEth@95,the
programdata is to be programmed to the nmenory cell M1, for exanple, 5V
i's applied toahHeadsanticD@Rsandswheplaheedak@athStA®E photo resist film
as a mask. The arsenic (As) ions are implanted
substantially vertically to the semiconductor substrate
10 100. A diffusion layer 205 to function as a source/drain
of a memory cell is thus formed (Fig. 27B).

A gate insulator film 102 is then formed to a
thickness of about 12 nm by thermal oxidation, for example,
in the same way as in Embodiment 1. Next, a P-doped

15 polysilicon film 103 and a silicon nitride film 104 as a
first gate are deposited serially (Fig. 27C).

The silicon nitride film 104 and the polysilicon
film 103 are then patterned by lithography and dry etching
technologies, for example, in the same way as in

20 Embodiment 1 (whereby the silicon nitride film and the
polysilicon film are converted to 104a and 103a,
respectively) (Fig. 27D). This patterning is conducted
with mask registration so that one of the end faces of the
polysilicon film 103a comes near to the center of the

25 diffusion layer 205. 1In other words, the diffusion layer
205 is so disposed as to bridge both polysilicon film 103a

and a third gate that is to be later formed.

Next, an N-doped silicon oxide film is formed to



- 127 programed, O Vis applied. Wien the programdata is to be
programmed to the nenory cell M)3, 5 Vis applied to thp drain D04 and when
it is not programred, O V is applied. The program voltages are applied to
the nenory cells M1 5 and M)3 as the programr ng object under this state,
and arbitrary data are programmed. To congkete the prograrrm' ng operati on,
the gate signal STOO of the select transistor, 70 is set_to V at the
timng t7. ComsEt@fRess thelUri™e $RD2anP DEPHItE R ﬁbomyg%%?l s M1
and M)3 as the obj gct are set_ to 0V

ST02 of the s%q"gc"i‘ Whﬁ%n‘g@ T S3Eh PPN BY Hﬁ% r@??ﬁ?\%gg%gl%ﬂgngql’ obal
o1 gnal | AGDL oFe e ast e g3 & tBeotr oMot BOF - (e Finng t10
0V, 20 The output si el X OT T HE BR e deeior 30 1L e TG Az VS the
timng tlk '6‘fcﬁﬁl§8@|ﬂﬁé‘ﬁ€ 1tﬁ%ﬁ?'ﬁ?tﬁfby‘mﬂb'tEcS‘eSé’\LOPn'Eﬁé@arﬁé‘ewﬂ%' ect ed
bl ock changes to 0 V. Next, the PMOS power source B he sub
as in Embodiment 2. Therefore, the explanatlon will be
omitted.
According to this embodiment, the gate insulator
film 102 is formed after the diffusion layer 205 is formed.
10 Therefore, this embodiment can improve reliability of the
gate insulator film 102 and the yield of the semiconductor
integrated circuit device. Furthermore, this embodiment
can reduce the internal operating voltage, and can
increase the programming speed.
15 Incidentally, the erasing operation may be
conducted by applying a relatively high voltage such as -
17 V to the word line WLn while all the third gates AG,
each diffusion layer D, the well and the unselected word
line WLn+l are kept at 0 V. Electron ejection thus occurs
20 from the floating gate to the well in all the memory cells
on the word line WLn due to the Fowler-Nordheim type
tunneling phenomenon with the result that the threshold
value of the memory cells drops and the erasing operation
is conducted.
25 [Embodiment 5]
Fig. 28 is a partial plan view showing an
example of the semiconductor integrated circuit device

according to Embodiment 5 of the present invention, and



25 decoder 60 is set to O Vat the timng t12. Finally, the output signals
G0 and Gl of the gate decoder 20 are set to O V at the timng t13 and the
progranmm ng operation is conpl et ed. - 128 Wen the progranmm ng operation
is conducted for the nmenory cells M)1 and MD3 in this enbodi nent, the gate
signal STO02 of the select transistor 70+ 87%i+st raised and then ST0O0 is
rai sed. Therefore, the drain voltage is 5 applied after the source vol tages
of the nenoryFédasl.s2fB1 338 RDY Zégcﬁrﬁe$?§§P9HG1VVl¢Hér§ﬁ8ﬁé agipag

operation can _be conducted stably. When the programm ng operation is
conducted to ﬂhéeﬁeﬁnryAcelﬁs vBl &nd (D3 Fn ﬂﬁ|§1§nbggvnﬁﬁﬁpeﬁﬁévﬁéy

pr ogramm ng voltage B|Ied %lng ég od t to.t7 h Fh gate
si gnal STO0 ofnt kEes® é@t LPYNSFsfof -7 eIThE §APH s 5ﬁ8 TOO

of this select, %éanSI Eg&lme?ﬁgf%hgﬁihgngklggFﬁe ggrggllngfthe drain

vol t age of th&™* SI'NCe app FiGation time of the
drain voltgge ﬁi EQ%a%EBﬁteSt anong the word line voltage, the assist gate
vol tage and t drain vo tage to be applied to the selected nmenory cell in

this enbOQ|nent,_the_syggeghganthgng odpgeghqacay, b@héahémé§¥”951108f'”a|
for relaxing drain disturb. As to 20 the appllcatlon timng of the word

line voltage, thhig emboslimaateivelage aRd kbardeddrayal Hageuk9ohelappki ed
to the selected drain nmenory cell, various variations are possible as

expl ai ned i n BoBodnsedes thet @ae@l and t hay Havetr gapest 30abf aatiuBasb
Therefore, this systemis not 25 particularly restrictive. When progranmm ng
is conducted t(¢lohsimgngryetel theMs@cand WBRe Bd8a dmdntyodlgathé amdory
cells on one word line, the progranm ng operation descri bed above may -
129 be rb@eaﬁé@ tthi rDgasRd 3NBR. TBhOr QR EFPh1G2 a3 RIS eafh MemIEY | ng
on word line W._in this way in this_ enbodi nent, the operation can be

conpl et ed mheﬁeﬂﬁel§p€P§PF6ﬁ§daF§ EBRIGOWeHiFRFEAONTHE EL5RELIRANARe 5

Pro0r a1 19, OBt el o] ScLepeated Libcer LUE SECLoL, Chrchd ie) peratfon
can be,done. T4, R3A° FRSEALLAN (LR SR (URR{E0°Bhe! DEoRT SRLATILED ,
line) is alsogeasibhe. The ficating gates 304b and 310b and the third
15 gate 30Ba are isolated from one another by the insulator
film 307. The floating gate 404b and the word line
(control gate) 312a are isolated from each other by the
insulator film 31la. The third gate 308a and the word line
312a are isolated from each other by the insulator film
20 309%a.

The source/drain diffusion layer 306 is disposed
vertically to the word line 312a and exists as the local
source line and the local data line that connect the
source/drain of the memory cell in the column direction (y

25 direction).

In other words, the semiconductor integrated

circuit device of this embodiment comprises a so-called

“contact-less type” array that does not have a contact



Incidentally, the voltage values used in this enbodi nent are nerely
illustrative but in no way restrictive. Next, Fig. 58 shows the timng of
the erasing 15 operation, and the erasing operation will be explained with
reference to this drawing. The nmenory cells as the erasing object are
assuned to be MD1 to MD3 existing on the 88rd [ine W.00. First the initial
voltages are all set to O V. 20 The output signals GO and Gl of the gate
decoder 20 arkoketdisposed far faghaenegnFel andhgl eherdedoig [Eioxaedw 00

to W.11 are set reliably to 0 V. The gate signals STO0 and STQlL of the
sel ect transii? drhey A AEreesian twertiral 40 (e 19ih fpiqn % P &%

drai ns/sources, D00 to D04 of the nenory cells M)1 to MD3 as the erasing
object are retIERFS - to 0 V. Next, the NMOS power source BON of the

bd d 60 i h d k i -13.5 .V h -1
Ciming 15 The output SrEhaEPLoRes 10 HHe ik ook Yosd Gonds et W,
the tim t3 tJ . ] A i i
seFec!t ?dngl oc?<m|i ?%%é%e%%% |th}§ %%'lsgféelgl?le \r/\%}ldé%}%nl\e/&%gl@sé%@ﬁmhi l e
the word |ines; \d 19 AN W 1, i 15d dehdrdife UNSAI L AL RIEK Adhd the HIRY

out put signals AGO and AGOL of the assist gate decoder 40 are set to 3.3 V
at the timngfddes asifl thed Mdst apldate tIV4He @adgh aalee Dfsdlhwdenory

cell as the 10 erasing object. The erasing voltage Is applied to the nenory
cells MOto Milms, thesmsasiveglpbj ect, and the data is erased. To conplete
the erasing operation, the output signals AGO and AGOL of the assist gate
decoder 40 are The third gate 308a is formed and buried into
10 the gap of the floating gates 304b existing in the
direction vertical to the word line 312a and to the
channel (y direction). The floating gate exists
symmetrically with the third gate 308a, and the third gate
308a exists symmetrically with the floating gate 304b.
15 Unlike Embodiments 1 and 2, the diffusion layer
306 of the memory cells adjacent in the word line
direction in this embodiment are separated by a device
isolation region 302 comprising a silicon oxide film. The
third gate is disposed in such a fashion that its entire
20 surface overlaps with the device isolation region 302 and
with the diffusion layer 306.
Next, the production method of the memory cell
of this embodiment will be explained with reference to
Figs. 30 to 33.
25 After a p type well 301 is first formed on a
semiconductor substrate 300, grooves are formed by

photolithography and etching technology. A silicon oxide

film, for example, is deposited by CVD to bury the grooves.



15 set to O V at the timng t5, and the assist gates of the nenory cells as
the erasing object are set to O V. Next, the output signal GO of the gate
decoder 20 is set to -13.5 V at the timng t6. In consequence, all the word
lines W.00 to W.11 are set to O V. 20 Next, the NMOS power source BON of

t he sub decoder 60 in the selected blocki8®set to O Vat the timng t7.
The gate signals STQQ and STOlL of the select transistor 70 are then set to
0 V at the tiAPRgStaicos pragel §ilbhenokhpusenigraryctoraaubstratet RB0gat e
decoder 20 are _set to 8 Vv a% Ehe tining ti, and the erasing ogeration IS
finished. To éfasEMPKEANBYoFYFeefPS RBEEMPLENDENANAL AiP¥ice. 15giatéapodi ment .

the erasing v Ls-applied during the period.t4_to t5 in which the
assi st gate s?éﬁggg é@é gﬁ@pﬁtﬁﬁn?eﬁcﬁégl§8§ oX1ff Fﬁ?@ eRboarRedt (Fife
application tgggyof the assist gate voltage is shorter anong the word 5
line WL voltage and the assist gate voltage applied to the sel ected nenory

cel | Thergfore, LNis sigkem gagabe 5dehaSofOELIRPIoTRls oL 18k 35 N

disturb of the assist gate for the mermory cell connec t ne" umsel ect ed
word line. Inthbrmatmbeddaenbn {hetréashng wg_l,tageihsmg%aﬁeéh@dlﬁuih@g 3t {‘/e

period t4 to t5 in which the assist gate signals ARO0 and AGOL reac
Therefore, the Brdspad pohpsisidehefiimeslobytsdheufictiomngsrase @it

vol tage of the assist gate signals. Since the voltage switching w dth of
the assist gageteigndld $ilasosnmitride 161 Bn3305 ahe séseably depdsite® isS
fast. Therefore, this systemcan be said as the systemthat is excellent in
control | abi | i{§16f 8#B) erasing time. As to the timng of the word line W

vol t age %gf the assist gate voltage applied to the selected nmenory cell,
however, “0t her 20 vari attonst arePhdsthide &l lex G met! | theEmsddisteliteort t o

6, and they have r ective features. Therefore, the present systemis in
no way restri gi’fr{}egégoa’é? a@’ée? RATETOISA Bt | SRS ame WY i3St s enbodi ment

the gate signgls #1990 S?-v%egefbyg h‘ce\heseslffltcon nitride film and the

polysilicon film are converted to 305a and 304a,
respectively) (Fig. 30C).

15 Arsenic ions are then implanted by using the ion
implantation process. A diffusion layer 305 to function as
the source/drain of a memory cell is formed (Fig. 31A).

An insulator film 307 for isolating the floating
gate from a third gate is formed in the same way as the

20 step of Embodiment 1 shown in Fig. 3E (Fig. 31B), and a Pp-
doped polysilicon film 308 to function as the third gate
is deposited in such a fashion as to completely bury the
gap between the floating gate patterns 304a (Fig. 31QC).

Furthermore, the polysilicon film 308 is etched

25 back in the same way as in Embodiment 1 to form a
polysilicon film 308a that is left to a predetermined
thickness in the gap between the floating gate patterns

304a (Fig. 32A2). Here, the film thickness of the



25 transistor 70 inside the selected block and the assist gate signals A®XO
to AGOL are operated sinultaneously. Therefore, all the nenory cells
exi sting on one word line can be erased by the operation nade one tine, -
132 and the sector (1 word |line) operation that takes the programm ng unit
= erasing unit = reading unit into accountd®econes feasible. Incidentally,
the voltage val ues used in this 5 embodinment are nerely illustrative but in
no way restri ®Alvsilgicgn £9lgndRSat Re smalAgrothene thaddiedg thgefapasingand
t he readi ng operation w.ll be explained. The nennrﬁ cells as the reading
obj ect are asJdEd PO Y5d 1iGoND $04Rd 2RE3 thei LaternAd PREFRAANGoVPAGESeOf all
the signals are set ﬁo 0 V. Thetgutgut signals GO and Gl of thg gate
recorder 20 aF@HSEF gwergdyin; thhe FPﬁFﬁgnFﬁgaHBQ§fflPHe wBr §PFi E8MRAL00 to
W11 are set reliahly. t 8% ' 1% h@xt, the P power . source BOP of. the sub
decoder 60 inwgﬁéggeﬁgc? OBrBERT 'se?hfﬁe%. Y The! P &% ?.Efiﬁhe
?;tPUt si ghal 369 af RE.EILR1196096EN2] FishEBH §§tt50c8m¥1éke&99bEE§‘”9
the gap of the floating gate patterns 304a in the same way
as in Embodiment 1 (Fig. 32B) and is etched by a chemical
mechanical polishing method (CMP method) until the silicon
nitride film 305a is exposed (whereby the silicon nitride
10 film 3052 and the silicon oxide film 309 are converted to
305b and 309a, respectively) (Fig. 32C). The silicon
nitride film 305b is removed using a hot phosphoric acid
aqueous solution and the surface of polysilicon 304a is
exposed (Fig. 32D).
15 A P-doped polysilicon film 310 is deposited in
the same way as in Embodiment 1 (Fig. 33A) and is then
patterned to form a polysilicon film 310a (Fig. 33B). This
polysilicon film 310a is electrically connected to
polysilicon 304a, and these two layers of polysilicon form
20 the floating gate. Polysilicon 310a provides the effects
of increasing the surface area of the floating gate and
the coupling ratio of the memory cell. 1In this way, the
internal operating voltage can be lowered in the
programming/erasing operation.
25 Next, an N-doped silicon oxide film 311 is
formed for isolating the floating gate from the word line

in the same way as in the step of Embodiment 1 shown in

Fig. 3E (Fig. 33C). A laminate film of a polysilicon film,



20 Consequently, the selected word Iine WL00 inside the selected block is
3.3V, the unselected word line WOL is 0 V, and the word |ines W10 and
W11 inside the unselected block are 0 V. Next, the output signal AGOL of
the assist gate 25 decoder 40 is set to 3.3 Vat the timng t3, and 3.3 V
is applied to the assist gate of the nemor9lcell as the reading object. 1V
is then applied fromthe sense circuit 30 to - 133 the global data lines
DLO and DL1 af® {H&IStEhGitsidendidat @ngi gngungstenofifme ©&l @cisotr ansi st or

70 i t to 3.3.V af t tim 15, th ces D01 _and DO3 of the
rrerr:)fysgel | g rﬁs“il&r@t ﬁﬁ’g%g‘:‘?ltgﬁg%ﬂééﬂi ﬁggobjlgct%%%g&#zeget(Fﬂ@l-i 80y -t 0T v.
Th t i | .ST f .t I Lt i st 70 | t.t 3. V at th
(i g 6. InEorTRETAG SOrTaga? < SaBBrREaTERIBY thes ISthPE eEhYh e RerTy

l[1s M1 d : i i t he_data,i .out en the
70 thr oshotd sainang HieraEd0ea < thPehs, 8del N8y, BT RoERBRE ey fow at

this Lime, ot haraeubus-aehl ADLol $othenequRang the pusLeakall oty 4302

result, the drain D02 of the nenory cell

connected to tikecbarerteahangsiba)Q WeMbentkdesiy eshobs: yal f[lflrﬂ’fsllﬁ the
menory cell M)1 as the reading object is high, the nenory cell M1 1s

turned OFF andndo ther pedystillowsn Themef Grea BAd gbsbharseaveyeacth MI1 and
the gl obal data line connected to the forner are kept at 1 V. In the nmenory
cell M3 as tkempéetienghebiféoarihgogathe (whepepy2€heepbliyB31iaohUfness ON
when its threshold value is low, and the current flows. As a result, the
drain D04 of BRéanendryléel erepDgoanertad gboBARbdand Blfbk,DL1 connected to
the former_ turn to 0 V. Wien the threshold value of the nenmory cell M3 25
as the re=li nge8BEEELVRIYhI ghhLEeR FRenbterRetalD sl atinef0RF amt no
current flows.. Therefore, DOé of this nenpry cell M3 and the global data
line DL1 connéEPga’tbstESrW8 meFORFaCkepPLi8F Ieqching the word line

312a, the source/drain diffusion layer 306, the well 301

and the third gate 308a are formed. A metal film is

subsequently deposited, and is patterned to form a wire.
15 In this way, the memory cell is completed.

Fig. 34 shows the construction of the memory
cell array. The diffusion layers to function as the
source/drain extend in the direction (y direction)
vertical to the extending direction (x direction) of the

20 word line, and play the role of connecting the memory
cells adjacent to one another in the x direction. Unlike
Embodiments 1 through 4, the device isolation region is
formed between the cells adjacent in the x direction in
this embodiment. Therefore, the diffusion layer is not

25 shared between the cells adjacent in the y direction, and
the functions of the source line and the data line are
fixed to the diffusion layer Sn (source line) and the

diffusion layer Dn (data line), respectively. 1In other



- 139 The sense circuit 30 discrimnates the voltage change or the current
change of this global data line Dh, and the reading operation is conducted.
To conplete the reading operation, the gate 5 signal STOO of the select
transistor 70 is first set to O V at the timng t7. In consequence, the
drains D02 and D04 of the nenory cells M)19and MD3 as the reariing object
are cut off fromthe sense circuit 30. Next, the gate signal ST02 of the
sel ect 10 traH@FgﬁortPéss@?mpéyocvlﬂhéstPﬁﬁngft8heTNerguebabrthiGEgpe? Pho
and DL1 are then set to_O V at the timng t9. The output signa o] e
assi st gate decoder 40 P8l€6t F6305¥55?r§h§°F|ﬁ?%@cﬁlﬂg Bhe FgéigsiéS?EIEh
ate of the nemory.cell as.the readin Is set also to X e
gutput si gnal g§>%P ¢ f8*§atd" 8e858eplgsoﬁégséF pgth. ansaﬁftﬁert|?1ggbfllk
with the resu h e rd V\LOO t he_sel ec oc
20 changes tohéif%/.ng%’ﬁé Eﬁfﬁkpg\%\ggs\é\%ur _ th ¥ BLG8EE4RP - 6T H%: theI
sel ected b4 ockehgc8eio50£0y séieEP?n&'Eh@gséﬁgceFi9§£|¥s &QgpggéguatSIQna S
GO and Gl of the

the upper part in the drawing and the select MOS for
selecting the data line, at the lower part. In this way,
the select MOS are not formed at both upper and lower ends
of the diffusion layer, but every other select MOS are

10 formed alternately at the upper and lower parts in each
diffusion layer. Therefore, the area for forming the
select MOS can be mitigated. The region encompassed by the
select MOS is called the “array block”. The third gates
(assist gate) AG extend in the y direction, and are

15 bundled into one at the upper and lower ends (both ends in
the y direction) of the array block.

Next, the voltage application condition and the
operation method of the memory cell formed by the method
described above in its programming, erasing and reading

20 operations will be explained with reference to Figs. 35 to
37. Fig. 35 shows the programming operation. Fig. 36
shows the erasing operation and Fig. 37 shows the reading
operation. In each of these drawings, A shows an
equivalent circuit and B and C show timing charts. 1In Figs.
25 35A to 37A, each of the operations is conducted
selectively in the cell encompassed by dotted lines.
In the programming operation, a positive voltage

of about 12 V, for example, is applied to the word line



gate decoder 20 are set to O V at the timng t13, and the 25 reading
operation is conpleted. Wien the nenory cells M1 and M)3 are read in this
enbodi ment, STO0 is raised after the gate signal ST02 of the sel ect
transistor 70 is raised. Therefore, the - 135 drain voltage is applied
after the source voltages of the nenory €e$3s-M)1 and MD3 reach reliably O,
and the stabl e _operation can be conducted. Wen the nenory cells M1 and
M3 are read M5 dhhithemsd@chest colie M @éa@ g PRslittdye volimge of dlpoutg
the period t6 tq t7 in which the-gate signal STO0 of the select transistor
70 reaches 3.3 3’ lfhé’pé’\ﬁﬂq@dsitﬁné:lh%sﬁééf 190 legiegc Oy tonfuscsdioro aiss t he

[ | f | d. [ | t f ll. Ip thi
Syetem 10 {ndrEr SraLh o AN ITRAERa L Lol ¢ nn A AEGSHPRGLaYeE R

hor t est t No Wl I el i st | t d the d
Vol 1ags to bo SpATTEU L (e U8 SRREFeRot) S PR SCREH ERLS MoaCoNSBEni o |

syst em cangbe agaitqgeas,ormggleogtfi geky fOf o r@ﬂ)?xggg?% %?&Paijxj) sérga?,%%é(sﬁ%?%t he 15

timng of the word |ine voltage, the assis I M Ng an

vol tage to beiapelsi @det Rebhe asehBet adeARIBL I RN r !
variations are avgilagleegs gxplaingdein Enbégghexgge%6¥§ 8e§%55?%§y have

respective feaboves. theehetoeeectibassyeiveropsinnthe WRUnhES! FbglbYeor20
When the nmenory cells M)O and MD2 are also read to read all the nenory

cells on one Whedmemoey thkélr Madndgacpeiatiecnedesatbbetealidyatiigsgatbar!y
repeated for the nmenory cells M)O and MD2. To read all the nmenory cells
pea y cells MY : .
exi sting on oR&e2s5ouscesl/dmeinshpé shbodnsedecheddselhe ¢péfdtsons to be
9 ; ; :
made twi ce. Therefore, when the readlng ogeratlons are repeated twice, the
sector (1}Sor d2VERE) DBpér aPndh. t RAF 2t aRBs 1t hEnpleogfamdd ngalihi the thasdng
unit = reading uni t igto - 136 account becones feasible. The page
operation thaP2468s HBE FEpéafnehtleedBrRgeEpefarpsd biipesWin+ihareeadi ng
pe . ;
unit to the 1&2 eg%og Q /%Emord lin can be conducted, too. Incidentally,
the vol tage vartes®lUsed i n THETHHIU Yrelt©% HFHIIUstTIRTVALDRETYF o way
restrictive. [EMBRdLMBAL Qliecred memory cell M, the electrons are
built up in the floating gate, the threshold value of the
15 memory cell rises and programming is conducted. In the
semiconductor integrated circuit device of this embodiment,
the device isolation region 302 exists between the memory
cells adjacent to each other in the word line direction (x
direction). Therefore, the adjacent memory cells do not
20 share the diffusion layer, and programming can be made
simultaneously to the memory cells adjacent to each other
in the word line direction.
Figs. 35B and 35C are examples of timing charts
showing the voltage application timings to the selected
25 word line WLn and to the drain diffusion layer Dn. There
are two examples as shown as shown in these drawings. The

timings shown in Figs. 35B and 35C are substantially the

same as the timings of Embodiment 1 shown in Figs. 13B and



Fig. 9 is a circuit diagramshow ng the sem conductor integrated circuit
devi ce according to Enbodi nent 9 of the present invention. This enbodi nent
10 expl ains an exanpl e of the decoder arrangenent. Incidentally, the nmenory
cell array 80, the assist gate 40, the bl ock decoder 50, the sub-decoder

60, the gate decoder 20, the select transi®tor 70 and the sense circuit 30
are the sane as those of Enbodinents 7 and 8, and their 15 explanation wll
be onmitted. |A3Fhi sHewRORF nekie Yﬁ&ﬁ%ﬁ@ﬁﬁ&ﬁl%¢ﬁ¢%@@e&¢@k@@d@¢ e adxRime
assi st gate decg?er 40 i s di sBosed on.one of the sides of the nenory cel

array 80. SinGdifHE198siavegalB ipghhis PREPHEMSRE BFOEReaFBbFRbtUFh@nZO

d ted_t t 11 .t |
oSt ng on ofE SarnERRARS ey thg a8 L8 IbRT YRS "Prarag BRor SPABnbEDCks
for ease of e%gbgnaﬁbgnanhnlgae ngaféggggncghérg e oﬁ%gﬁfoc IéthVICE of

thi s enbodi nen the menory Céll arra nsi i s divided

Into two partgp QBGaEQEPSHQmQESOQSES ﬁ@ are-ge dhsppsedape Lo Lpberpese the

nmenory ce y Needl ess to~say, e nu e Ivision O e nenory

cell array 80ghsoB@hehtnt gddt 9st ¥YRerbBopar bihebtas. - 137 The
sub-decoders 60 are di sposed on both sides of the nenory cell array, and

the assist gate decoder140théherbkosk epepdeiohp andeghieivsbvepeageroso are
di sposed in the extending direction of the word line. 5 The assist gate

signals insideldné Bl ofkrareatpbe,t hat applid@0boahbe ASEleotedGiOrantinéll.
The gate signals of the select transistor 70 inside one block are two, that
is, STOO and BFolapd sTI®landveivismahé Pﬂ@ﬁipﬁ&evotbageeoﬁl@n&IVBCFODr BI P

and the 10 NVOS power source_signal BON or BIN that are the output signals
of the blidtk Gééﬁaé? '50SgBRBL4RE FRe2hddERSstBEFEcEategnAF - ABEICKH or

sel ecting the b 1f9u51gg EQ$eL”QBn—f gga£n+2 Sn-1 to Sn+2), the well and
the unselected word line WLn+l are kept at 0 V.
Consequently, electron ejection from the floating gate to
the third gate occurs in all the memory cells on the word
15 line WLn due to the Fowler-Nordheim type tunneling
phenomenon with the result that the threshold value of the
memory cells drops and the erasing operation is conducted.
Fig. 36B is a timing chart showing an example of
the voltage application timing to the selected word line
20 WLn and the third gate AG. The application timing is the
same as that of Embodiment 1 shown in Fig. 14B, and the
explanation will be therefore omitted.
In the erasing operation, a negative voltage
such as -13.5 V is applied simultaneously to a plurality
25 of word lines, and a relatively small positive voltage
such as 3.3 V is applied to all the third gates AG while
each diffusion layer D, S and the well are kept at 0 V. 1In

this case, the erasing operation is conducted in the cells



The gate signals STO0O and STOL or ST10 and ST11 15 of the select transistor
70 generate the address sel ect signal ABD for selecting the block and the
address signal ABDST or ABDSB for halving further the block as the input
signals. The assist gate signals A0 and AGOL or AGLO0 20 and AGLl generate
the bl ock select signal BDO or BDl and t-hedddress sel ect signal ABDST or
ABDSB for halving further the block as the input signals. The input signal
to the assist OFaft®ed¥O3Get 126 tQe¥high Shécﬁggéﬁéyﬁ §PéfaQeF®€hepp§DEdAO
enerated inside 25 the_bl ock decoder 50, and the_assist_gate decoder S
gisposed adj acent to thétb960ﬂ988088§?l§§? $Re2BBiYse Faletivedretangeand

di Lth the.right side or the left side
e ot ?ﬁé%n@%s%%h%é?r 52029 Vo808, Rel E_Lfne §ﬁ\ﬂ/%$‘?gi§?\§/;\iﬁg?f’§ﬁ§°t heee
iti i . r ed. S
el | hol'a f or 238 SRSNLBAIRY R8sl CHEERCH: cPLBTEn  ThbaR D RRUDEhR Atk aatr s

50 as willsbepdgscribeth] t&sse ! ehd | M Hinfagle si@ngl needh ilcdey i ted
to this enbodi nent.
all the memory cells inside the block.

To conduct the read operation, a positive
voltage of about 3.3 V, for example, is applied to the
word line WLn of the selected cell M and a positive

10 voltage of about 1 V, for example, is applied to the
diffusion layer Dn to function as the drain of the
selected cell M while the diffusion layer Sn to function
as the source of the selected cell M is kept at 0 V. On
the other hand, the sources/drains (diffusion layers Dn-~1,

15 Dn+l, Dn+2, Sn-1, Sn+l, Sn+2), all the third gates AG, the
well and the unselected word line WLn+l are kept at 0 V.
Since the voltage is kept in this way, ON/OFF of the
channel can be detected depending on the existence/absence
of the electrons inside the floating gate, and the

20 information can be read out.

Figs. 37B and 37C are timing charts showing
examples of the voltage application timings of the
selected word line WLn and the diffusion layer Dn. There
are two examples as shown in Figs. 37B and 37C. The

25 timings shown in these drawings are substantially the same
as the timings of Embodiment 1 shown in Figs. 15B and 15C.

However, the voltage application timing to the

drain diffusion layer Dn in this embodiment is the



Thi's enbodi ment hal ves the nmenory cell array 80 inside one block and
di sposes the sub-decoders 60 in such a manner as to interpose the nenory

cell array 80. 10 Therefore,

word |ine as
sem conduct or

well as its load, and can inprove the operation speed of t
integrated circuit device.- Sthece the sub-decoders 60 are

di sposed on both 15 sides of the nenory cell array 80, the word |ines
inste the nefYPyteErFigrr af 8becarRééEagies thmiBabteactbeedibbumngnbe

assorted to t

word |ines nmay2B&T

the junction

e right and |left_of the nenpry cell _array 80 and every ot
gabgnaBGtSnTﬁi%naFFSﬁggﬁéﬁt

aRdkeSCt heTh%t?)/%ﬁRr%lvgsﬁlmGS
' . ' .and t - decoders
easi er (or caﬁ'9 2?é§£?n§ §§?ﬁﬁgPﬁéQ§%¥§ﬁ¥?£épﬁﬁégghangﬁbggeeggéFE 89 ar

t hi s enbodi ment can reduce the length of the

he

her

t

e

di sposed on behh §5ﬂ$5a§ftBQ€ B?HEﬁﬂoafkgn@riaXng?%atﬁgrgggigﬁfgggé.lines,

el enents can

and the | ayout design ohctbeqsuy- dooar SofoRERATES GRS filmo Pl deppe each

of the assist gate decoder 90 and the bl oc

be di sposed rn the regiron correspon

deco or

bl ock. Theref preéduced B39%théhefh6d @éséPELEECAISTe CRe DO EEINSEGE £a1
m nimum Since the assist gate decoder 40 and the bl ock

10

15

20

25

structure for the word line, and can therefore reduce the
transition delay time of the word line during the
programming and reading operations. Since the word line
having the polymetal structure is formed after the third
gate is formed, the defect density of the silicon oxide
film between the floating gate and the third gate can be
reduced. It is also possible to reduce the maximum value
of the absolute value of the internal operating voltage at
the time of programming/erasing to 13.5 V.

Since this embodiment includes the polysilicon
310b at a part of the floating gate, the opposed area
between the floating gate and the control gate increases,
hence coupling between both electrodes increases, too. 1In
consequence, the margin of the erase voltage increases and
the margin for reducing the erase voltage increases, too.
[Embodiment 6]

Fig. 38 is a partial plan view showing an
example of the semiconductor integrated circuit device
according to Embodiment 6 of the present invention, and
Figs. 3927, 39B and 39C are sectional views taken along
lines A - A’, B - B’ and C - C’ in Fig. 38, respectively.

Incidentally, each member is shown hatched in the plan

one



decoder 50 are adjacent to each other, the output signals BDO and BD1 of
the bl ock decoder 50 as the input to the 5 assist gate decoder 40 need not
be extended far. Since two assist gate signals exist in one block, the
operation needs be repeated only twice to programor read all the nmenory
cells existing on one word line, and th+sSAuaber of tines is the m ni num
necessary nunber of 10 tines required for the virtual ground type nenory

cel | array. Besewexf tFig ardbnknesrselcsl ri blasHmtdon thethrgd fffthe® of the

decoders may be the one shown in Fig. 61 or 62. 15 In the sem conductor
i ntegrated ciPYWerRLERI PdWhtedn Fig. 61, one each of the bl ock decoder

50 and the assist gate decqger 40 is, di spgsed on the opposite si ile
“nt or posi ng th RSP P B0 Imh RS o e MERSRs BRI 1 |
the Same as those shote, Lo F -a:g%e@os %;u'é fqelrgﬁlogﬂt%@gwts 5! dos
circuit device l|orOV| es The f%f‘i oW ng eTtect 1n addition to t%gre %eecots

i bed caboye. i gnal h i
descri be Fhoue abTmP%@Pt %lgg@m%éé@gﬁ&ﬁ )%%geagn) fes PRs) el

decoder 40 need be wired to ry c arra ut put signals

(STOO to ST1l3.edst heordordd decagega nasd g M It dd 4dva selrget

transi stors. wever, since the assist gate decoder 40 and the bl ock
decoder 50 ar@omght SPOSRk N 4% WPPOSHd enémdtey (e 0B had hdnnddided in a

i nterposing the nenory cell array 80 between them
row direction (x direction) and form a word line. The
floating gate 404a and the well 401 are isolated from each

10 other by a gate insulator film 403, and the floating gate
40a and the third gate 407a, by an insulator film 406a.

The floating gate 404a and the word line (control gate)
40%9a are isolated from each other by an insulator film 408.
The source/drain diffusion layer 405 is disposed

15 wvertically to the word line 409a and exists and a local
source line and a local data line that connect the
source/drain of the memory cell in the column direction (y
direction). A channel is formed in a direction vertical to
this diffusion layer 405.

20 The third gate 407a keeps contact with the
floating gate through an insulator film 406a at the end
face of the floating gate 404a that is parallel to the
word line 40%a and the channel, among its end faces, in
the form in which the third gate 407a is buried between

25 the floating gate patterns 404a. The third gate 407a of
this embodiment is disposed on a field oxide film 402, and

is disposed in parallel with the word line 408a and with

the channel, that is, in the column direction, unlike



- 140 the output signals (STOO to ST11) of the bl ock decoder 50 need not
be extended onto the assist gate decoder 40 or the output signals (AGO to
AGlL1l) of the assist gate decoder 40 need not either be extended onto the

bl ock 5 decoder 50. Consequently, |ayout of the assist gate decoder 40 or

t he bl ock decoder 50 becomes easy. |ncide®8alHy, the positiona

rel ati onshi p between the assist gate decoder 40 and the bl ock decoder 50
may be rever sBabodompatehé §enPeonductor integrated circuit device shown in
Fig. 62, one each of the block decoder 50 and the assist gate decoder 40 is
di sposed on each side of PEhRIREWBFYORPELAPH a9E gBhe TREMPEE(Cotlt fk this
construction is the sane as.those of the senjconductor integrated cjprcuit
15 devi ce shofRPPAIEREE HéillHetﬁ?§c§ég?goﬂgt§t6?¥?ﬁ?3§?ag8d£59F0ugb to
devi ce, the aﬁﬁist gate decoder 40 and the bl ock decoder 50 are di sposed on
bot h sides of 'the nenory cell array 80. Therefore, the wi=ing length of the

out put sigpals (STO0 20 T , 3 Bl t | ock decoder
50 and thgyoutput signaf%gfﬁtn%l?ogiéﬁlﬁgg} %ﬁ%légsﬁéfﬁégtgﬁdgcoder 40
becomes a hal fepRdohhgct8adsaBatRgtEcdyGedngTheEebPheoxi A8 EPERALDONL§PeeEd
of the sem conductor integrated circuit device can be inproved. 25

[ Enbodi ment 1@dnkt@gsn 83 bodebiaeeibbdekiehr edgiofli agr aeBméBOBHNEhE NP
sel ection system of the assist gate and the block that can be applied to
t he sem condutype waléghd@ledy LOCQ81 (LocatubDkidetvior efpSalinedn)n(Fig.

Enbodi nent 9. These drawings illustrate three systens, by way of exanple.
| nci dental ly, 4PAgs. 63 to 65 shows the signals of one block for ease of
explanation. 5 First, the selection systemshown in Fig. 63 will be

expl ai nedt0 The assi st g¥€®tsi gnaptei NepOlape1fibped@2nes afEMYY RBMRerti ng
the vol tages of the_signal BDO sel ected for the block and ths si gnal

sel ected by t hBeEMghaPXARPSTPRABPERCESF  f GPENEFaRBLG ndFiBe BPBLK, 2BY ®he 10
AG | generatign circguit. Since tmg. SSi 5 at? signal s exis% i nside one

bl ock, the pr§698 n8°6VngéﬁPHg bg réﬁlo OofURT PR fefiof 1OREFIE on one
word |ine can C : t he. qpe L ons e tw ce..ln o r,ds,

t he bl ock selggﬁes?gﬁggﬁggtﬁ%g ggﬁgfaggésfnsigg%tﬁgwk%gé%c?ﬁpggﬁéﬁgﬁél of

Signal Sel corad By 38 TarLher TRAGrngPt Re hlocky GeChaer BoTe rRdt Ty

signal selecte _ alving the deco 50 1s us or the
gate decogder 4@r Zhempssl Shnar engenebatefdgbyacenyeski ng Ebemsel epigd for

the bl ock by ABD the signal ABDST/ABDSB for by the Agij generation
circult. 40D). Arsenic (As) ions are implanted by using the ion
implantation process, for example, and a drain layer 405
to function as source/drain of a memory cell is formed
(not shown).
20 An insulator film 406 for isolating the floating
gate from the third gate is formed by the method shown in
Fig. 3E of Embodiment 1 (Fig. 41A). A P-doped polysilicon
film 407 to function as the third gate is deposited by CVD,
for example (Fig. 41B). The polysilicon film 407 is then
- 25 patterned by lithography and dry etching technologies, for
example, and the third gate is patterned (whereby the

polysilicon 407 is converted to 407a) (Fig. 41C).

An N-doped silicon oxide film 408 for isolating



Since the signal BDO and the signal ABDST/ ABDSB are the signals of the
power source voltage Vcc system such a systemis effective when the
vol t ages necessary for the assist gate signals AGO and AGOL are
approximate to 25 the power source voltage Vcc. Since two assist gate
signals (A0 and AGOL) exist inside one B%ck, the programm ng or reading
operation of all the nmenory cells existing on_one word |ine can be

conpl eted by the floating gpEpafremsthRdEOFd éénet hat farmedi hyntheneamesary

b B A LR AETRG sk ThLBL. DSEL {0 el eclin System
he et o en Ukl ERSEELAOROE Lkt SOV L el G HELLRE® ©
A T T e e L T
CompLeLe0 B Shactasealsges undey whser | Ssokipcatends iie 108 gladi

generation ciigUthefOpYeEEEnEhebyOthagestRbgtphei gRAl a gehegged for the
bl ock by ABD and the signal selected by 15 the signal ABDST/ ABDSB f or

further hal vi hgchhelbhbek to fermrsahe whedsignel s08d0Qragd HIOL. (gate
signals of the select transistor). The AG| generation circuit further
converts the voltages oiftérsan singpetseSTD0Lmswl SJ0g t Hi It anat tdteowas,si st
gate signals AGO and AGOL. 20 In such a system the reference voltages for
gener ati ng t hésafergedgacentaghahelasopeanhin@Cihereordel jme e48gnatise STOO
and STOL of the selzct transistors. Therefore, this systemis effective

when t he Aol t 8GBECRECERSRr GLEERS PR bavest 40921t cthe grell 4@¢borRdidthe0l are

25 approximate_to the gate-signals STOO and STOL of the select transistors.
Si nce two ass?g?saa?%tgi é;ﬁzol sgﬁﬁi g?,rm"[’ e PrETSEHAN Y Yor & &sdiadg adt 4 on

of all the ne S i sLi word |ine can be _conpl.eted by -
143 conducti§§£¥ﬁ£€%%e?§ i%% Q%fggrgﬁgtt?s %f%i%ﬁ%*ﬂ%tegghg&ﬁﬁﬁWﬁﬁé
virtual groun e the sel ection system shown in
Fig. 65 will gléég’ﬁ%ﬁ“g?gg%&?rh‘jéé’égﬂééea%?’%ﬁe?SToo and STOL) 5 the 5 sel ect
transistors are gener atipgkhethd heoRlide W?&éﬂ%rpié&iﬁftﬂ}mﬂé .Scr{é”e

vol tages of the assist gate signals (A0 and AGOL Since two assist gate

signal s e stopasatitonntebhO€ko s t fige PHOMS AYMESTL Of o Frivadli Kig e rAd d gy of all
the nmenory cells existing on one word |ine can be 10 conpl eted by the

oper ations nedes¢nibed dhevegair shenatsg St rnd &ILIind dde Sl @tig
transistors are generated in the following way contrary to the case shown
in Fig. 64. Teeepmijomerieihlibm explainedoniel tsefdmenas tageBias. t4® to
signals selected for the

45. Figs. 43, 44 and 45 show the programming operation,

the erasing operation and the reading operation,

20 respectively. In these drawings, A shows an equivalent
circuit and B or C shows a timing chart. 1In Figs. 43 to
45A, the cell encompassed by dotted lines conducts
selectively the respective operations.

First, in the programming operation, a positive

25 voltage of about 12 V, for example, is applied to the word
line WLn of the selected cell M and a positive voltage of

about 5 V, for example, is applied to the diffusion layer

Dn to function as the drain of the selected cell M, as



15 bl ock by ABD and the signal selected by the signal ABDST/ ABDSB f or
further halving the block to generate A0 and AGOL (assist gate signals),
and the STij generation circuit converts further the voltages of these
assist gate signals. 20 In such a case, the reference voltages for
generating the gate signals STOO and SFOLLMF <4 he select transistors are the
assi st gate signals ADO and AGOL. Therefore, this systemis effective when

the vol t ages PeeeRshHr yFidr 4k gdihe SidiasdosTdevaid DoTdl tef fpstdomeds 25
transistors are approximate to the assi st te signhals ARO and _AGOL.. Since
two assist gatkes ‘gﬁ‘ﬁ‘F% Kkihe DY r%?ﬁ}ra% Jo?g’feé%lfdi%"g Bper atfolf O a1l
the nmenory cells exjsting on one word l.ine can be conpleted by the - 144
oper ati ons maRYt Wit Sf!Frg?g‘?%m’Wh? T ,{%%égg%\ﬁpff%cf Jtn‘:get rsﬁfgef RO type

romory cell ark Auedgghdsntel |y e LRR RE! ST 1 stam gxplaied 0

this enbodi neht ¢an %e applTed arbitrar 0 nbodi ment

11] Fig. @6 iS-@,fLr iEhé“ré?%E show rbgléi()?né,e”gﬁd)”&@té)ieé@}c?r%aéféj

circuit device according to odi nent the present 1 nvention. This

enbodi r~i ent J0; BXPh@i 11§ EHOt 1S 2 eI £ Ofwidle ec oflesu B ranoe neny -
Incidentally, the nmenory cell array 80, the assist gate decoder 40, the

bl ock decodertfestided Sub: tlegodef e ridropntce Xieaniksss hd tproqedmeting
transistor 70 and the sense circuit 30 are the sane as those of Enbodi ments
7 and 8, 15 ahsl ¢dmductexg! aat itdve withlerbdéamd,t Bdd. tGee thadck gitelse AlSl, ock
decoder 50 and the assist gate decoder 40 is disposed on one of the sides
of the nenorythel|vekl rand Sthe Singel erkediosdnd ine Wingnalazsikapt iatsite one
bl ock, the assist gate is used as on%y t he
10 V. Furthermore, the diffusion layers Dn-2, Dn+l and Dn+2
are kept at 0 C, 5 V and under the floating state,
respectively. As described above, the semiconductor
integrated circuit device of this embodiment uses four
adjacent cells as one unit, selects one of them and
15 conducts programming. To program all the cells on one word
line, therefore, the programming operation must be carried
out at least four times.
Figs. 43B and 43C are timing charts showing
examples of the voltage application timings to the
20 selected word line WLn and the diffusion layers Dn and
Dn+l. There are two examples as shown in these drawings.
The timings shown in Figs. 43B and 43C are the same as
those of Embodiment 1 shown in Figs. 13B and 13C.
Next, the erasing operation will be explained.
25 As shown in Fig. 44A,the third gate Agn+l is selected and
a positive voltage of 16 V, for example, is applied to

this gate. Each diffusion layer, the well and all the word

lines are kept at 0 V. Consequently, electron ejection



20 erase gate. Fig. 66 shows only two bl ocks for ease of explanation. The
menory cell array 80 inside one block is divided into tw bl ocks, and the
sub-decoders 60 are di sposed in such a manner as to interpose the nmenory
cell 25 array 80 between them Incidentally, the nunber of division of the
menory cell array 80 need not be |imted 10ltwo. The sub-decodexs 60 are

di sposed on both sides - 145 of the nmenory cell array 80. The assi st
gate decoder 26CufFfefBPBckhAcEbarEing dnlet ke 5h- Hbébdegabe aretbespweed

[ i ' ' [ : f the assist gate
LTgnar nss doeRa aECFbRRTy LehlS HRLY:bLlShablch MERS Shel Dt
assi st gate is_used_onl s the erase gate.  The nunber, of t ate sjgnals
of the selectePF8ﬂ§F§§8¥sgVng?ggegnglﬂgﬁika?gafﬁﬁg ?ﬂ%tp?EéygﬁgotanBﬁ%zcn
S0. The PuDS PEvER S5k catarlnahdbed theLhRh PR RePand P Bnd B ERERE e
NOMB powers soghegombdBAl BN REtBLRL threshold value of the memory

cells drops and the erasing operation is conducted. 1In
other words, the erasing operation is conducted in the
unit of two word lines. In this instance, the selected
third gate AG may be plural.

10 Another erasing method is as follows. As shown
in Fig. 44B, a negative voltage of -13.5 V, for example,
is applied to the selected word line WLn and a relatively
small positive voltage of 3.3 V, for example, is applied
to the adjacent third gate AG. Each diffusion layer D, the

15 well and the unselected word lines WLn+l are kept at 0 V.
Consequently, electron ejection occurs from the floating
gate to the third gate in all the memory cells on the word
line WLn and the erasing operation is conducted. Fig. 44C
is a timing chart showing a voltage application timing to

20 the selected word line WLn and the third gate AG. Since
this application timing is the same as that of Embodiment
1 shown in Fig. 14B, the explanation will be omitted.

Still another erasing method is as follows. A
negative voltage of -13.5 V, for example, is applied

25 simultaneously to a plurality of word lines and a
relatively small positive voltage of 3.3 V, for example,
is applied to all the third gates AG while each diffusion

layer D and the well are kept at 0 V. In this case, the



generate the address selection signal ABD for selecting the blocks as the
I nput signals. 15 The gate signals STOO and STOL or ST10 and ST11 of the
sel ect transistors generate the address selection signal ABD for selecting
t he bl ocks and the address sel ection signal ABDST or ABDSB for further
hal vi ng the bl ock as the input signals.-2D0dhe assist gate signal AGO or
AGLO generates the bl ock sel ection signal BDO or BDl1 as the input signal.
The bl ock sel BEBF&RISPHRARLEBOD 6F BPRAYEREFatBdtPAsFAELENENpEBBKWAEEOder 50
is used as thg,input sign I gf t he assi st gate decoder .40, and the assi st
gate decoder énQStPst'EEo§ § BBPatéNe VBitAgepiScRPALEGHer 50. The assi st
gate decoder 40 and the_bl ock_decoder..50 are_dj sposed one_of the.right
and left sides (on the Ver ’ngﬁ Fﬁaﬁfﬁg %%$r%#1 ﬂewh%ﬁg?§ %é?;aé??%y 80.
However , - 6 Skt j.on relagjonshi e;agsy,st te
decoder 40 anéétﬁgggﬁogﬁ g%éédéFASOLnggggggygvgggggsgségcg'§anoﬁgg

vari ationsg ar h Labl - I [ 3 t [
decoder 4%5angx?ﬁgh%'bFgcéggéégge?858ﬁgsg§fﬁfiEggdgggrPgesﬁ?asé%?e %aever,
the flow of eaghisygRab Bepdsin@vebOohtBhbedrt @ Yherblovkhmpli8i Sis

enbodi ment. This decoder arrangenent provides the foll ow ng

applied to the diffusion layer Dn that functions as the
drain of the selected cell M. The diffusion layer Dn-1 to
function as the source of the selected cell M, all the

10 third gates AG, the well and the unselected word line
WLn+l are kept at 0 V. Furthermore, the diffusion layers
Dn-2, Dn+l and Dn+2 are kept at 0 V, 1 V and under the
floating state, respectively, to prevent miss-read in the
same way as in Embodiment 1. In this way, the

15 semiconductor integrated circuit device of this embodiment
uses four adjacent memory cells as one unit in the same
way as in the programming operation, and selects one of
them to conduct the read operation. Therefore, to conduct
the reading operation in all the cells on one word line,

20 the reading operation is conducted at least four times.

Figs. 45B and 45C are timing charts showing

examples of the voltage application timing to the selected
word line Wln and the diffusion layers Dn and Dn+l. There
are two examples as shown in these drawings. The timings

25 shown in Figs. 45B and 45C are the same as the timings of
Embodiment 1 shown in Figs. 15B and 15C.

In this embodiment, the memory cell employs the

polymetal structure for the word line. Therefore, this



effects. 10 The menory cell array 80 inside one block is halved and the
sub-decoders 60 are so disposed as to interpose the nenory cell array 80.
Since the word line can be shortened and the | oad can be reduced, the
operation speed of the sem conductor integrated circuit 15 device can be

i nproved. Since the sub-decoders 60 are di0Spesed on both sides of the
menory cell array 80, the word lines inside the menory cell array 80 to be
connect ed t o aMROEFIE e Edde L& BF e & radSditian del@te tdmghiofatde eft, and
20 every other word Iine may be taken out. Therefore, the | ayout design of
the junction Y5 ildRe Bt Wdéh REIPGTRIIY NG n &L 281 B8 FSaddd@der s 60
becones easy (or_npi.tch re axatiggsof t?ﬁ word, |lines gsn be ach'g¥ed). Si nce

t he sub- decof® %634 d %BSEe nw86 12§esP8¥§n8f ﬁepﬂéXBF elldarray
80, the sub- %ec%gzﬁc’éufe'hg.’%“}to% A 0g Sc?x%s‘?:‘i’li' Ge ggs'r g%ggn%[)dr egpndi ng to

two word |ines, ayout” design of the sub-"deco écones easy.
onager 55T AOURRESY o i saisoonadlandsl it g o o
linmted to theJEtlingPaAeLandSithee e RgEte 33 dedacudeediO endst he bl ock
embodiment can also lower the maximum value of the
absolute value of the internal operating voltage in the
programming/erasing operation to 13.5 V.

10 [Embodiment 7)

Fig. 46 is a circuit diagram showing
conceptually an example of the semiconductor integrated
circuit device according to Embodiment 7 of the present
invention.

15 As shown in Fig. 46, memory cells 85 are
disposed in matrix and form a memory cell array. Fig. 46
shows one memory cell array divided into blocks. The
memory cells explained in Embodiments 1 to 5 can be
applied to the memory cells 85 of this embodiment.

20 Diffusion layer wires D00 to D04 that mutually connect the
memory cells 85 in the column direction (y direction) are
formed in the memory cell array. A source line SS is
connected to the diffusion layer D00, and each select
transistor (select MOS) 70 is disposed at each of the

25 upper and lower ends of the diffusion layer wires DOl to
DO4. The drain of the select transistor 70 is connected to
the diffusion layer wires D11 to D04 and the source of the

select transistor is connected to either one of global



5 decoder 50 are disposed adjacent to each other, the output signals BDO
and BD1 of the bl ock decoder 50 as the input of the assist gate decoder 40
need not be extended far. Besides the arrangenent of the decoder descri bed
above, the decoder arrangenent shown in Figs. 67 and 68 10 may be used,

too. In the sem conductor integrated cifcid4 <evice shown in Fig. 67, one
bl ock decoder 50 and one assist gate decoder 40 are so di sposed on nutually
opposi te si ded2Bd +HN¢ NPkl pARE SPRIFRNbERR c¥F1 dlaweyesn mdEeReddhe IFOMT CEhe

15 rest of the_construction is the san;bas that of the sem conductor
g

i ntegrated ci?tute ﬁ%}%%;sw+%t% f]ESJS*"? el?ﬁ%e%l%?ﬂ _(:‘b?\d‘i:fé? Eﬁlq’}?ffegr?t ed
i it_devi i d i t ln.addition to e effects
descri bad abotets ThE'SoR bt~ Yl St ooélcaqs i f;az%%t gat e

d der 40 t r e out.pu
i gnal 5 (STOOFECSTTL) Uo7t rre itk HEEoutt f TN SRR LR R
Since the sassyglagalie deaaderedd Addditellafle doapialonftdrey fl spsed on

the nutually opposite sides e I nterposing the nmenory array 80

bet ween t hem yhONEVEr i s | doriSe FOld NES BSEET Yot KoM T £nd NS Ot Pifle Si s (ST00
to ST11l) of the block decoder 50 onto the assist gate decoder 40 "and the

out put si gnalend AADOtli® AFAYsdn theyas siiste gat e(BECagerpeld),, WK che - 148
t he bl ock decoder 50. Therefore, |ayout of the assist gate
contrary, the source of the select transistor 70 at the
lower end is connected to the global data line DLn at the
10 lower end. This arrangement is repeated alternately for
every other diffusion layer wires Dn. This arrangement
constitutes the virtual ground type memory array.

The word lines WLn (WLOO to WLOj) are disposed
in the row direction (x direction) and are shared as the

15 control gate of the memory cells 85 adjacent to one
another in the x direction.

The same signal is inputted to the gates of the
select transistors 70 adjacent to one another in the word
line direction (x direction), and two gate wires ST00 and

20 STOl1 are disposed for each block. One global data line DLn
is shared by two diffusion layer wires Dn.

In such a construction of the select transistors,
only two gate signals of the select transistors adjacent
in the word line direction exist for each block. Therefore,

25 the increase of the area of the select transistor portion
can be inhibited, and the chip area can be restricted to

minimum. Since two diffusion layer wires share one global

data line, the arrangement of the global data line and the



decoder 40 or the bl ock decoder 50 becones easy. Incidentally, the
positional®rel ati onship between the assist gate decoder 40 and the bl ock
decoder 5 50 may be reversed. In the sem conductor device shown in Fig. 68,
one each of the bl ock decoder 50 and the assist gate decoder 40 is disposed
on each side of the nmenory cell array 80.10be-rest of the construction is
the sane as that 10 of the sem conductor integrated circuit device shown in
Fig. 66. Besi 8BBSEhElEFPeEt SOARSEERBeHCabBOefOFRRE BeaPBOAdEesBF It egrat ed
circuit device provides the follow ng effects. Since the assist gate
decoder 90 anﬂtggrtﬂgraFothﬂeBbHEP 86 bhe Engé§eﬁaBﬁ =1 §P€egb¢ t he
menory cell array 8C. the wiring length of the qutput signals (ST0Q to
ST11, BOP, B1PS" Wiﬁi}{ﬁto‘FaPh‘gebf‘Bgixﬁ‘ch ST R S ﬁl}tsi ﬁ'ﬂﬁlwalz _
(AGDO to AGL1 h i St deco econes_a half and the |oad is
20 reduced. %@é grg?f?%eé%ﬁgggﬁgoﬁgsggéd£§¥gt%%ngeﬁf%o%ﬁﬁ%fﬁwm?ﬂt%ﬁrated

circuit deyiceegan Pgei gpLLYEdon [ EDROPL NEQhL 1ot fi G5 £ 3P8rP18h€ DI ock
hecseT RhEtef PR e PR gat

circuit diagrans show ng t sel ection systens o e ass ate and the

25 bl ock thatmgas beisep! tedttord NeisemhkOREEEt 94r{ N SOFRE o¢i FLuLYI t device
expl ai ned in Enbodi nent 11. Two systens can be illustrated as shown in

Figs. 69 and gbouhdctopatmémyryFtgsl &Prapd 70 show the signals of one
bl ock for ease of
Hereinafter, the semiconductor integrated
circuit device of this embodiment will be explained with
10 reference to a detailed circuit diagram and an operation
timing chart. Fig. 47 is a circuit diagram showing the
arrangement of the memory cell array, the block decoders,
the sub-decoders, etc, in Embodiment 7. 1In Fig. 47, the
construction of the memory cells represents the case where
15 the memory cells of Embodiments 2 to 4, in which the third
gate 107a (AG) functions also as the assist gate for
controlling the split gate channel, are applied. Figs. 48
to 50 are timing charts useful for explaining the
programming, erasing and reading operations of the
20 semiconductor integrated circuit device having the select
transistor construction of this embodiment. Incidentally,
Fig. 47 shows the memory cell arrays for two block, in
which two word lines WL and two global data lines DL are
shown disposed, for ease of illustration. The sub-decoder
25 60 has the inverter construction, but it is not
particularly limited thereto.
The semiconductor integrated circuit device of

this embodiment includes memory cell arrays 80, assist



- 149 explanation. First, the selection systemshown in Fig. 69 will be
expl ained. The AGi circuit converts the voltage of the signal BDO for

bl ock selection and generates the 5 assist gate signal (AGO0). Since the
assi st gate signal inside one block is one, the assist gate is used only as
the erase gate. In other words, the bl ockOfel-ecti on signal BDO generated

i nside the bl ock decoder 50 is used for the input signal of the assist gate
decoder 40. TFRtad§caterferftathinrkidecndecomr tsiRecriaryebf Iate
signal BDO for block selection by ABD ., and erates the assist gatg signa
AGDO. Si noe (AREQIGRIZBOES LT KAGHALIS (o FIERRR KT T gD Voo

t t hi | ecti t f this 15 iment is effective when th
vor 1 age necostarJHHIE NS et Ste T SR AL 1Y S EHIIEL & (he

poer sour e ol {306 Vo6 MR o d NP USRI QLAY SURMISIONP ddLJi S0, W 1

be expl ai ned. eneration Ccircult conv ol tage of 't he

PIDS powets Sout e, Moy 0P SP-dIRE QAT b AUk IeIer at €5 the ass st

gate signal. Since the assist gate sign nsi de one bl ock is one, the

assist gate is used onlphAfH LA @tRied BOLRESHBNBisgs e Prst gat e
signal AQDO is generated in the follow ng way. The 25 Bi P generation

circuit convesibsy tdtee Viditagei dd dheisd giemlodhalells et fyr tdessigmal
BDO sel ected for block selection by ABDj, and generates BOP (the PMOS power
sour ce si gnalexgldreet isub, decadders®@ispdeed\G metriade ;s to disfideci rcuit
further converts the voltage of this BOP signal. In this selection system
the vol t age aznd heandfiglentdee fenqrihereltl myrade &ksi Fhigate siogmaduaen0 i s
t he PMOS power source signal BOP. Therefore, this 5 selection systemis

ef f ect i véOuhethe MVt Rfe e ekt g Whendsitst pac By ghaiidam is

approximate tq the PMOS power source. si.gnal. BOP of the sub-decoqder 60.
A though t he §H& dHRTGTY it €t hyP & HETT din(METIRR AP AT ¥ (RECPesh

d i bed t.el it.h 0 f d di t.s th f, th

mvent fon |9 St oraaburEe TR TR Rt But i od NHRRRE & modi f1 ed
: : Ve Wil . ¢ F ,
IERb\(;glr Irrgﬁtss 1 r?%i"%é use the i aatn%@ng?gerél i n]ﬁrbﬁaodrsrprl gﬁ%}%%ﬂ% ploﬁn%i f(ggﬁi’ ilm

the tungsten H‘ié)ﬂ i&eoéésogt%{eérn%a%& heyd wostials fdddBmgs stdiedmaterial of the

word |[ine W. wever ier nmetal filnms such as a filmof a

transition metal el ementnd tas@®ldngetetht tWHRGE:ON thd sHb-d8Ydelrantedl whe fil ns
of their nitrides or silicides, filns of alumnumnitrides, cobalt silicide

and nol ybdenu sifboséd i et desth ariddd ayf fiHammmedodyngsiilermmryd, tde |i ke, in
pl ace of the tungsten nitride film Simlar effects can be
provides the following two effects. First, pitch
relaxation can be achieved at the junction between the
word line WL and the sub-decoder 60 (inverter, in this
20 drawing). The sub-decoder 60 is always necessary for the
word line on the 1:1 basis. Therefore, when the sub-
decoder 60 is disposed on one of the sides of the memory
cell array 80,the word line WL and the sub-decoder 60 must
be connected in match with the pitch of one word line. 1In
25 contrast, when the sub-decoders 60 are disposed on both
sides of the memory cell array 80, even-numbered word

lines may be connected to the sub-decoder 60 disposed on

the right side of the memory cell array 80 with odd-



obt ai ned al so when the filmis a lamnate filmof a polysilicon filmand a
netal silicide filmor a so-called "polycide filnf . 25 Enbodinents 1 to 6
use the lamnate filmof the polysilicon film the tungsten nitride film
and the tungsten filmas the material of the word line W.. However, simlar
effects can be obtai ned when the | am natel0¥l m of - 151 a polysilicon
filmand a netal silicide. A typical exanple of the netal silicides is a
tungsten sili &vAPeFrAnWCOEdhédNRENPSINTt 6OBNEGSECdhEONtBEpEHbsHEFEdAT0RPde

ernastheirmuHﬂorfilmforisolmingthefloaﬂrm gﬂe 5 fromthe third
gate. Wen t h81SBRFEGNADCEBR LREEGFAFBIOE FREI PeBRYYcESot BREAYr BBentIn

invention is applied tq a oduct _havi n spal | _nunber .of tipes o
progranning/epggﬁﬁgyoﬁ§ﬁ6vgﬁ? VﬁédezﬁBEgngﬂtggcﬁﬂnﬂggtﬁﬂetgiFﬂgoﬁugiide
filmthat is fqr ykh (0)'4 ]} Lgn._Qr ccording,to the prior
art. Enbodi mef Sgﬁgfg §bu§égg+’goéﬁﬁgak§d8§e5ggi gg%ﬁ $00a8S7E| RepuEnbhe

i nsul ator 41l oL kSQl ati f i gaLe n | gate, but a
| am nat e f%ln?gp gvg? igghggx% gdfgﬁﬁ%sﬁgycgﬁ ﬁ%???ﬁgggiﬁﬁigﬁgicon oxi de 15
film or a soygapked;vE@NdubLhBEtegkhatohasrgaimed pay dea ARP! igA i 4 the
past, may be used when the internal operating voltage at” the tine of

progr amm ng/ echsi Hgnetibhepprogbanbebgéenashagwspeelihé WOt aRHChhe NBEkL ant .
Enbodi ments 1 to 6 are expl ai ned about the n 20 channel type nmenory cell in
whi ch the n typeodetf 68i bacbagereasiéotned ir. the p type well, by way of
exanple. However, simlar effects can be al so obtained in the pchannel type
menmory cell in which thaneehérigfbécthis piype oebhxaeiohfélistlom | ayer is
of the p t%pe. In this 25 case, the voltages of the control gate, the third
gate and tthe @rarRIPMeERDOEI FBAt Sub-decaddrs &Pe rBlaatsuketdegmsten 6k val ues
with respect to the well voltage at the tinme of progranm ng. In Enbodi nents
1, 5 and 6, tHRest €s§§btigblyaPesdbfPPaRdchHpt rbhe gueed ahine hen dihe nl bkcone

the relatively negative voltages with regpect_to the well voltage at the
tinme of progréﬁﬁ?gg?SI e?ﬁé%ngaéggYethg' STt MEIRD ddifersitis 48599 %on
injection. 5 ' nd.6 he. contrpl, gate voltage, can take a
Le1atibe|y poé?t?gggg%FEQ%Q éﬁdé?%eggr%P% %% ?3g%gc ﬂetgﬁﬁoﬁyrg?ﬁfively

negative Va'Usrr§&t@o[eéﬂécéuﬁf?é98d$P'§o¥ﬁ%§€9€ 3{%$Q%§%L£§§%§? the

progranm ng when She nenory cells are o - chann hr's™ 10

case, the=®leebyobs 8teohdj R6+&d1 DYt harHdl i anthIdeRld 0 dhgirenon. In
all of the foregoing enbodi nents, the electrons injected into the floating

gate nust haveispokeasdtntworki 8d8eof o 5t eheISmels PO HI DL 2PFY NGo, Hoyever, 15
t hese enbodi nents may be applied to so-called "nmultil evel storage" that
forms the | evebstoéstat beassubedeckdards6ofmsy abeisdbswosédr s e | B&Giod WO
bits in one nenory cell. Conventional nmultilevel storage involves the
probl em t hat Phetvyelvage Hineerecace beeweayothedé¢siwstof htleshsil- val ue

decoders 60 becomes easier.
20 In this embodiment, two diffusion layer wires
(for example, DOl and D02) share one global data line DL
(for example, DL0O) and relaxes the pitch of the data line.
Therefore, one global data line DL and one sense circuit
30 connected to the former may be wired and disposed by
25 using the regions of two memory cells aligned in the word
line WL direction.
In this embodiment, the gate signals of the

select transistors 70 aligned in the word line WL



20 and the highest threshold val ue beconmes greater than twol evel storage
even when the quantity of the electrons injected into the floating gate is
controlled highly accurately and the threshold val ue distribution of each

| evel is conpressed. |In consequence, the 25 progranm ngl erasi ng speed
becones | ow or the progranmm ng vol t age bek@Bres hi gh i n Fow er-Nordhei mtype
progranmm ng/ erasing. The present invention can | ower both programing and
erasi ng vol t a@ereervon 183rg allothe nsampesignal 13nd Ghe grumbern PfpEkee the

progranm ng/ erasi ng, speed. Therefore, the present i ntion is extrenmely
effective forgﬁﬁ?tF+%5% S sPhr &R, SRRt ptb %hﬁ??@ﬁiZgnhﬂe?nﬁﬁﬁﬁﬁﬁ¥mﬁﬁs 2

d 45 I iti I | at.i h I I ,
F0 the i Po GATE FBSyerht AR OIF Griskaane ot d A it e
to the third dj 3 i i
Loy e, e d BBLEs e SOROCLIEOL, SeaRpLL eol ey 0204 e YoLiplecig e
bei ng kept: at f_ﬁevcltxi)pggﬁgé §nt19§ ﬂrﬁf{é&)ntgj REL rf?ﬁ'mf romthe floating gate

to the wel wever: e electron ejection may be generated fromthe

floating gate to the Soud cgd4laidedtbhd FowVEH | Det Waale tdie SO &GE Qin drain
diffusion layer with the floating gate is secured 15 relatively greatly.

The present |ipyepbmpletsdappl t6fdtor Ndhgothy sbersends opwiics orhat eps at ed
circuit device having only the so-called "flash nmenory" but also a one-chip
m cr oconput er t s eminimguchambelevo £ el iregsi ppeessaty wiben nemeryrogtamminqy 20
portion 80 having non-vol atile sem conductor nmenory devices (flash

menori es) . The te4ding opendhben bysteendypted| teo wenfrem ahbnghe he
inventions disclosed in this application are briefly as follows. 25 The
present i4%enfEBAT Eafet £ uedl s hENFedRrone efPr ér £bN®f 1R hehe et Eitict or
integrated circuit device. The prefggéﬁinvention can inprove the operation

speed of the SEAPRDNHYRE OPETAT RS ¥#¥uit device. - 154 The present

i nventi on can decrease§5he£defect density. of the insulataor, filmfor
i solating the gates inside-t hteh?r%?%/r%@*n%foﬁﬁﬁats’e?ﬁ c &%r integrated

circuit devicg, and, can IRy ovg the Vighf f JdflG® ST I Qi Ysat ed
circuit device.
the programming operation.

15 It will be assumed hereby that the memory cells
as the object of programming are M0l and M03. First, the
initial voltage of all signals is 0 V. Next, the output
signals GO and Gl of the gate decoder 20 are set to 12 V
at the timing t0, and all the word lines WLOO to WL1ll are

20 reliably set to 0 V.

Next, a PMOS power source BOP of the sub-decoder
60 in the selected block is set to 12 V at the timing tl.

The output signal GO of the gate decoder 20 is
set to 0 V at the timing t2.

25 Consequently, the selected word line WLOO inside
the selected block is 12 V, the unselected word line WLO1

is 0 V and the word lines WL10 and WLll inside the

unselected block are 0 V.



The present invention can |lower the internal operating voltage of the

sem conductor integrated circuit device. - 155 rr TTMC 1. A

sem conductor integrated circuit device including a well of a first

conductivity type forned in a sem conductor substrate, a sem conductor

region of a second conductivity type fornEB inside said well, local source

lines and | ocal data |ines fornmed by connecting_ said sem conductor region |,

sel ect transistors for B8 QuiRfF i3 o M0kl &9 iarsi @& d | ocal

data lines, a_first gate farnmed over _said seni ,conduct:g(r)as bﬁ%rate f hrough a
0

first insul at3c?i¢m 4% 52cthld Hare ¥ AhePand Tard ot 221 LAFFTY st
te th h d. i | at fil d li d ti id
Jecond gat oo, Sahh FERTS 9aft ki ol i oend oot BE e S REL ' 98"l o

| ocal data Ihﬁgg?gé%ﬁgg y i@idtéei gt transistors formng a nenory cell
no I~ bl'0

bl ock, said y cée cks being arranged in the direction of said word

lines andsconstituting g BN ¥, CRldgdriapdidPidt e ©aeth WETe S e
line is disposed on both sides of sald nenory cell block to interpose said

nmenory cell bipeksémsd hei Saner d3 g e€d | e ag1ea T dwtdl 1iMes; DEMdcarsdi oLl ocal
source line and said |local data |line are connected to one of said power
source |ines Bpdth® daci ol bd i peogramnged When dihee @lriodtamdiniaC alatizo isai d
word line, or to both of said power source lines, through said select
transi stor. prd&famdned sentlkhomikntoy cellgM@l edf @r rexanp eyithe agbavall ng
to claim1, which has any of the follow ng constructions: a first
construction Gz el ineneldfisaset |bzad datand itesd ¥ whemdhedatr bisd h of

sai d power source |line and said signal |ine through said select transistor;
and a sedénd RORSE¥FREEIBREHheridien adf dediad 4ig@aPldati® IS&fesdd @ donnect ed
to said signal_line at one of the ends of said nenory cell bl ock through

sai d sel ect t7YRPRISEBrPTAFEAHM 2R WREMt1T REPIANILT i tR T ALMRTY F&kt d

one | ocal dat %ine isoc§r\9e ted .0 sai nal ine at _the other end of
c’f(t rou

d. si |
said menory celt D PR RF o %%%figr%%%i%f%?r.a@e " seni conduct or

integrated circuit devjﬁé%t, the gate signal ST00 of the select
transistor 70 is set to 8 V at the timing t5. Consequently,
15 the sources D01l and D03 of the memory cells Mol and M03 as
the programming object are set to 0 V, and the voltage
corresponding to the programming data is applied to the
drains D02 and DO4. When it is desired to program the
programming data to the memory cell MO0l, for example, 5 V
20 is applied to the drain D02, and 0 V is applied when the
data is not programmed. A 5 V voltage is applied to the
drain D04 when the programming data is to be programmed to
the memory cell M03, and 0 V is applied when the data is
not programmed. The programming voltage is applied under
25 this state to the memory cells M0l and M03 as the
programming object, and arbitrary data is programmed.
To complete the programming operation, the gate

signal STO00 of the select transistor 70 is set to 0 V at



according to claim11, which has any of the follow ng constructions: a first
construction wherein a gate signal of said select transistor connected to
said | ocal source line and a gate signal of said select transistor
connected to said |ocal data line are the same signal; and a second
construction wherein gate signals of alt d10said select transistors
connected to said local squrce lines are the sane signal. -157 9. A

seni conduct or PRt EGPANEdTE r AT t2 JERF ekt ackhr dirRin® 202jane, Dihes£ithene
of said local data |ines i onnect to said signal |line at one of the
ends of said RERBFY E@ﬁisbﬁeikaP rﬁﬁgha§aFEesEF96Fammaﬁ§i9ba¢C§n§ecgmsaid
power source bige at the other end of said nenory cell block through said
select transistor. 5. A sem conductor integrated circuit device according
to claim4, which incl afirs o rapsi stor. for_copnnecting a
signal |ine disposed iﬁﬁ§§%iré% i%%ggéfté%% ?ﬁn?%eﬁﬁétﬁﬁéiﬁgfd?¥%cT?Bn of

said word 4 ingptg @naﬂtﬂhéntiﬁﬂﬁ§9€ﬁ2 | ocal data line, a second sel ect
transi stor for connecting sald power source |line disposed at one of the

ends of said nenory celthdl ®skpd® gfghggnmn@ﬁrggt&ﬁglgggfgg g{gd line to

(n+l)th local data line, a third select transistor for connetiing said
signal |ine tdesatidr(#481)shsébcad Oavaati fige @ﬂﬂiﬁ%fﬁyfIQnéeiﬁéta%éf§§iStor
for connecting said power source line disposed at the other end of said
memory cel | bgatksiafttiee saerody reel lonaastsai pro@rahing é19j&c¢ apd h | oca
data line, wherein: the gate signals of said first and second transistors
are the sane $¢§n&Ps?® ¥nd the gate signal of said third and fourth sel ect
transi stqQrs are the sane signal. -158 6. A sem conductor integrated
circuit ddvice includi nda AR IgRal G0 fdihe igatey degueidmrafeds n a
sem conduct or substrg%ev a s%giconductor regi on of a second conductivity

d’ viet |t

type forned i et de° s . i o%’é?l%tﬁ%'elﬁf&i ahe maledeaiand dameect i ng
sourcoldata | TS AEHE SrS SRt R PR i et dbmduct or substrate
chrougn o Tret o shareson o ot gt Lo oo s g o Sar
colr ool data | menr v rd AR T S SR Eerory cel

bl ocks, and saimhirmegenmrgy. cell bl ocks are arranged in said word |ine
direction and constitute a nenory cell array; and when said | ocal

source/data |ines functiiomldy,t htd eedlpusowigRahisned ahasahd rerpey cell,
they function as the |ocal data |ine of said nenory cells adjacent to said
menory cel | ; gadial desrdsondictaore isstegroatted it aitid tdeMinge t1nG! UHidG he
further: one each power source line so disposed on both sides of said
menory cel | BIRSEFNUY iGRSJFes® da8 dampdmtedcel | bl ock between themin
the same direction as said word line, and signal |ines disposed in a
direction vertical to ¥2°% REPATEMAESg is made to the memory cells MO1

20 and M03 in the programming operation of this embodiment,
the programming voltage is applied during the timing t5 to
t6 in which the gate signal ST00 of the select transistor
70 reaches 8 V. The gate signal ST00 of this select
transistor 70 is the signal for controlling the drain

25 voltage of the memory cell. In this embodiment, therefore,
the application time of the drain voltage becomes the
shortest among the word line voltage, the assist gate

voltage and the drain voltage applied to the selected



-159 said local source/data |lines being connected to either one of said
power source |lines and ~o both of said signal |ines through said sel ect
transistor. 7. A sem conductor integrated circuit device according to claim
6, which has any of the follow ng constructions: a first construction
wherein nth (n: integer) |ocal source/datldlli-ne is connected to said signal
line at one of the ends of said nmenory cell block through said select

transi stor areenemyl)Estl ocdlors Sliide/ GRS i r?é‘ei embosieendd a8 & $adidgnal

line at the other end of said m)r cel] bl rf:shroug sai d sel ect
transistor; ofd PEERBhSYLOHT (iR i %ﬁ’e‘?%i AP (P STHERye MPILOYS)
sour ce/ data line is. connected to. said r source |line at onecﬁg t.he ends
of said menor P FIHIDAE rﬁ%wﬂ-”ﬁ @ APRIETRTAGD I HF (e th

| ocal source/ dat onnec t ot her
end of said rne%f)dai Ivi%ga Q’t hérrgeﬂ P dd% %ﬁ‘f ftoééém s‘lf %d%ﬁl

semi condugt or,, cud t v, ALEP" [ r one
of said | %cal d%i(;% olgtéjlf%l nes t;'}g"gcéoér:lfgleect ed n?éor&g%; a:ésailgnﬁ %I ne arféa]one of
the ends of S@if’aé@yﬁvﬁy Eihda hOeKs thrayigd), saidl ©ed £ oiadd aired stor, and to
sai d power source |Tne at the other end of said nenory cell block through
said select tragséstde featused cordeek@brent egeakdtemr 68 thasgvi ce
according to claim6, which has any of the foll ow ng constructions: - 160
a first constenicddimenmtheieimoonEaoficaiarky gredtticteisved red in a direction
vertical to said word line is shared by two of said | ocal source/data

|l i nes: a second const r (térorp negsrasing ngivtien meded Hdooddle samary dwtlds MO i s
connected to said signal line through said select transistor, the

connect i 3R portd dH0Deanenl } Hehe SRATERTILRS bFS ey WHe Gfo T ki el akeq
transistor on the side different fromsaid | ocal source/data |ine and said
signal |ine iRTFAREDy thi R)‘fo%%ﬁfﬂmrﬁﬁrd?liﬁ &Etiom | dRIGELIRGH abavs mpy

el bl ocke, t?%esf%'né‘ﬂes%nﬁm“%e%?‘n‘{ S Cnd oR{TT oy ke “s‘;a%&réahgs{"é”" ’
claim 8, whi C%}ét.”érﬁ hce |go%aé11d rec :ﬁé ei%@g ngi r 3__[ ogn aCJ.CanncenCt' ng

sai d signal & W red 0 ‘sai |ne and an nth

(n: 1nteger) ndfdey SQéJI;Pﬁéjx@tcf’rlné'Mdalﬁ?é SRR IANSE Sy Tor

connecting sald power source ne wred at on of said nenory

cel | bl ogk i nptd@rsanendi seetd Orbrastwaddl, V‘@h@r'e'f@%e@“drh@ﬂ grel)th local
source/ data I ine, a third select transistor for connecting said signal |ine

and said (n+lptdgtaaring apeed titdm 14 neepat &3 frourdd), selagdtdy ansi stor for
connecting said power source line wired at the other end of said nenory

cell block inopdeatsane (breocidnd Bbinesaiapewrtd dr necreatd tsekets iHe | ocal
source/data line, wherein: the gate signals of said first and second sel ect
transi stors apPecyPRMBENE W ghat emasinheunfdt e sigarhing ofnigaiihittdird and
fourth select transistors are the same signal. )
A AL As. A A FREUNC A heoange A9Rsilon APAPAAS. ABPASAIANALNAK dRESASON . A'.
ALAsA A A A . AL.AAAs. AAs.As, As.AALLA . A.As.A.AA AL.LA . A .A.A9 . A
AL AL AD ALToReat e Aﬁ’_r%%r%iﬂmwg Atp%a‘i&s?%% RPN, LB A A As. A A . As

5 A0 Pl A A £ 08 A O Ay A R,
.AH A{. A A Abe AL ps. A . As. A A[@A Afy. AL. AU. AR ! 5RGvz
Next, the erasing operation will be explained.
Fig. 49 is a timing chart showing the timing of the
25 erasing operation.
It will be assumed hereby that the memory cells
as the erasing object are M0l to M03 existing on the word

line WLOO. First, the initial voltage is 0 V for all the
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voltage is shorter than the word line voltage application

15 time. Therefore, this system can be said most optimal for
relaxing disturb by the assist gate for the memory cells
connected to the unselected word line.

In this embodiment, the erasing voltage is
applied during the period t4 to t5 in which the assist

20 gate signals AGO0 and AGOl reach 3.3 V. Therefore, the
voltage rise time and the voltage fall time of the assist
gate signals determine the erasing time. Since this
voltage switching width of the assist gate signals is as
small as 3.3 V, the rise/fall time is fast. Therefore,

25 this system can be said as a system having excellent
controllability of the erasing time. As to the timing of
the word line voltage and the assist gate voltage to be

applied to the selected memory cell, however, other
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Therefore, this system is in no way restrictive.
When the erasing operation is conducted for the
5 memory cells MOl to MO3 in this system, the gate signals
STO0 and STO01l of the select transistor and the assist gate
signals AGO0 and AGOl are operated simultaneously. To
erase all the memory cells existing on one word lines,
therefore, the erasing operation can be completed by one
10 operation, and the sector (1 word line) operation that
takes the programming unit = erasing unit = reading unit
into account becomes feasible.

Incidentally, the voltage values used in this

explanation are merely illustrative but in no way
15 restrictive.

Next, the reading operation will be explained.
Fig. 50 is a timing chart showing the timing of the read
operation.

It will be assumed that the memory cells as the

20 reading object are MOl and M03. First, the initial voltage
of all signals are set to 0 V.

Next, the output signals GO and Gl of the gate
decoder 20 are set to 3.3 V at the timing t0, and all the
word lines WLOO to WL1l are reliably set to 0 V.

25 The PMOS power source BOP of the sub-decoder 60
in the selected block is set to 3.3 V at the timing t1l.

The output signal GO of the gate decoder 20 is

set to 0 V at the timing t2.
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applied to the assist gate of the memory cell as the
reading object.
Next, 1 V is applied to the global data lines
10 DLO and DL1 from the sense circuit 30 at the timing t4.
Further, 1 V is applied from the sense circuit
30 to the global data lines DLO and DLl at the timing td4.
The gate signal STO00 of the select transistor 70
is set to 3.3 V at the timing t5. The reading voltage is
15 applied under this state to the memory cells MOl and MO03
as the reading object and the data is read. When the
threshold value of the memory cell MOl as the reading
object is low in this case, the memory cell M0l is turned
ON and the current flows. As a result, the drain voltage
20 D02 of the memory cell MOl and the global data line DLO
connected to the memory cell MOl change to 0 V. When the
threshold value of the memory cell MOl as the reading
object is high, the memory cell MOl is turned OFF and no
current flows. In consequence, the drain voltage D02 of
25 the memory cell MOl and the global data line DLO connected
to the former are kept at 1 V. When the threshold value of
the memory cell M03 as the reading object is high, the

memory cell MO3 is turned OFF and no current flows.
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To complete the reading operation, the gate
signal ST00 of the select transistor 70 is first set to 0
V at the timing t6. As a result, the drains D02 and D04 of
10 the memory cells M0l and MO3 as the reading object are cut
off from the sense circuit 30.
Next, the global data lines DLO and DLl are set
to 0 V at the timing t7.
The output signal AGOl of the assist gate
15 decoder 40 is set to 0 V at the timing t8, and the assist
gate of the memory cell as the reading object is set also
to 0 V.
Next, the output signal GO of the gate decoder
20 is set to 3.3 V at the timing t9. 1In consequence, the
20 selected word line WLOO inside the selected block changes
to 0 V.
The PMOS power source BOP of the sub-decoder 60
in the selected block is set to 0 V at the timing t10.
Finally, the output signals GO and Gl of the
25 gate decoder 20 are set to 0 V at the timing tl1ll and the
reading operation is completed.
When the reading operation is conducted for the

memory cells MOl and M03 in this embodiment, the reading
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voltage is the shortest among the word line WL voltage,
the assist gate voltage and the drain voltage to be
applied to the selected memory cell. Therefore, this
system can be said most optimal for relaxing drain disturb.
10 As to the timing of the word line voltage, the assist gate
voltage and the drain voltage to be applied to the
selected memory cell, however, various variations are
possible as explained in Embodiments 1 to 6, and they have
respective features. Therefore, this system is not
15 particularly restrictive.

When the reading operation is conducted for the
memory cells MO0 and M02, too, and all the memory cells on
one word line are read, the reading operation described
above may be repeated for the memory cells MO0 and M02 in

20 the same way as described above. In this way, the present
system can complete the reading operation to read all the
memory cells on one word line by two operations. As the
reading operations are repeated twice, the sector (1 word
line) operation that takes the programming unit = erasing

25 unit = reading unit into account becomes feasible. A page
operation that divides the reading unit to a 1/2 sector
(1/2 word line) becomes possible without repeating the

reading operation. Incidentally, the voltage values used
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5 explained with reference to Fig. 51. The semiconductor
integrated circuit device shown in Fig. 51 includes a
virtual ground type memory cell array that shares the
drains/sources of the memory cells adjacent to one another
in the word line direction, and select transistors for
10 switching the voltage of the diffusion layer wire to the
drain voltage VDn and the source voltage SS. The diffusion
layer wire is connected to the global data line and to the
source line through the selector transistor, and has an
assist gate that prevents the drain voltage from being
15 applied to the sources of other memory cells adjacent in
the word line direction when the drain voltage is applied
to the drain of one memory cell. The assist gates are
bundled above and below the block encompassed by the
select transistors for every other memory cell adjacent in
20 the word line direction.

To program or read all the memory cells existing
on one word line in such a semiconductor integrated
circuit device, the operation can be completed by the
cperations made twice that are minimum necessary in the

25 virtual ground type memory cell array.

The operation of this semiconductor integrated

circuit device will be explained. In the virtual ground

type memory cell, the drains and sources of the memory
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10((!xs,, M 1084185 (¢xisting on one word line, therefore, the operations
must be conducted at least twice. Assuming that the assist
gates (AGOO and AGOl) do not exist and that the drain
10 voltage is applied to D02, for example, the drain voltage
is applied to the drain of the memory cell on the left
side of D02 and at the same time, the drain voltage is
applied to the source of the memory cell on the right side,
toco. To bring the memory cell, to the source of which the
15 drain voltage is applied, into the unselected state, the
same voltage must be applied to the drain side (D03), too.
Therefore, to program or read all the memory cells
existing on one word line, the operations must be
conducted four or more times and are not suitable for the
20 high-speed operation. However, the semiconductor
integrated circuit device of this embodiment includes the
assist gates (AGO0 and AGOl). These assist gates (AGOO and
AGOl) play the role of the switch that applies the drain
voltage to only the cell on the left side of D02 when the
25 drain voltage is applied to D02. 1In other words, when the
drain voltage is applied to D02, the assist gate (AG00) of

the cell on the right side of D02 is turned OFF lest the

drain voltage is applied to the cell on the right side of
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embodiment, too.
Next, the necessity for the select transistor
will be explained with reference to Fig. 52. Fig. 52A
10 shows a circuit diagram when the select transistor is
disposed, and Fig. 52B shows a circuit diagram when it is
not. In the semiconductor integrated circuit device shown
in Fig. 52A, the drain/source (D00 to Dl1l) of each memory
cell comprises the diffusion layer wire and this circuit
15 includes the select transistor for cutting off the
diffusion layer wire of the selected block from that of
the unselected block. When the circuit includes such a
select transistor (Fig. 52A), the load of the diffusion
layer wire can be reduced and the high-speed operation can
20 be conducted. Because the number of the memory cells to
which the drain voltage is applied, though they are the
unselected memory cells (the memory cells existing on the
unselected wore line) becomes smaller, the drain disturb
can be reduced. In this way, this embodiment (and other
25 embodiments, too) disposes the select transistor and
obtains the effect described above. Though the explanation
is given about the virtual ground type memory cell array

sharing the drains/sources of the memory cells adjacent to
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This feature will be explained with reference to
Figs. 53 and 54.

In the semiconductor integrated circuit device
shown in Fig. 53, the sense circuit connected to the

10 global data line DL can be disposed not only on one of the
sides of the memory cell array, but can be disposed
alternately and above and below every other global data
lines. In this way, the sense circuit 30 connected to the
global data line DL can be disposed in the region of the

15 four bits of the memory cells.

In the semiconductor integrated circuit device
shown in Fig. 54, switch MOS transistors YS are interposed
between the sense circuits 30 connected to the global data
lines DL so that one sense circuit can be used in common

20 by two global data lines DL. In this way, the sensor
circuit 30 connected to the global data lines DL can be
disposed in the region of the four bits of the memory
cells.

When the systems shown in Figs. 54 and 53 are

25 combined, the sense circuit 30 connected to the global
data line DL can be disposed in the region of the eight
bits of the memory cells.

[Embodiment 8]
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this embodiment is different from Embodiment 7 in the

arrangement of the select transistors and their operation,
but the memory cells remain unchanged from that of
Embodiment 7.

10 Therefore, the explanation of the memory cell 85,
the memory cell array 80, the memory block, the diffusion
layer wires DOO to D04 and the word lines WLn are the same
as those of Embodiment 7 and will be hereby omitted. One
each select transistor (select MOS) 70 is disposed at the

15 upper and lower ends of each diffusion layer wire DOl to
D40 and the drain of the select transistor 70 is connected
to the diffusion layer wires D1l to D04 in the same way as
in Embodiment 7. When the source of the select transistor
70 is connected to the global data line DLn at the upper

20 end of the diffusion layer wire Dn (D0l to DO4), however,
the source of the select transistor 70 at the lower end is
connected to the source line SS. When it is connected to
the source line SS at the upper end of the diffusion layer
wire Dn (DOl to DO4), the source of the select transistor

25 70 is connected to the global data line DLn at the lower
end. In other words, the sources are unified inside the
block unlike the arrangement of Embodiment 7 wherein the

source is disposed repeatedly for every other diffusion
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diffusion layer wires Dn use in common one global data
line DLn.

10 In such a construction of the select transistors,
the gate signal of the select transistor comprises for
gate wires for each block, and the application timing of
the source voltage and the application timing of the drain
voltage can be set arbitrarily. In other words, since the

15 drain voltage can be applied after the source voltage
reliably reaches 0 V, the stable operation can be
conducted. Since two diffusion layer wires use in common
one global data line, the arrangement of the global data
line and the sense circuit connected to the former becomes

20 easier (or the pitch can be relaxed). To program or read
all the memory cells existing on one word line, the
operation can be completed by two operations that are
minimum necessary in the virtual ground type memory cell
array.

25 The semiconductor integrated circuit device of
this embodiment will be explained hereinafter with
reference to a detailed circuit diagram and operation

timing charts. Fig. 56 is a circuit diagram showing the
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5 memory cell construction of this embodiment. Figs. 57 to
59 are timing charts useful for explaining the programming,
erasing and reading operations of the semiconductor
integrated circuit device having the select transistor
construction of this embodiment. Incidentally, Fig. 56

10 shows a memory cell array 80 for two blocks, and word
lines WL in one block is two while the global data line DL
is two. The sub-decoder 60 has an inverter construction
but is not limited thereto, in particular.

In the semiconductor integrated circuit device

15 of this embodiment shown in Fig. 56, the memory cell array
80, the assist gate decoder 40, the block decoder 50, the
sub-decoder 60, the gate decoder 20, the select transistor
70, the sense circuit 30 and the word decoder are the same
as those of Embodiment 7. The arrangement in which the

20 sub-decoders 60 can be so disposed as to sandwich the cell
array 80 and which can thus achieve pitch relaxation of
the sub-decoder is also the same as that of Embodiment 7.
Further, two diffusion layer wires share one global data
line DL and pitch relaxation of the data line can be

25 achieved, in the same way as in Embodiment 7. Incidentally,
the sense circuit 30 connected to the global data line DL
can relax the pitch by the method explained with reference

to Figs. 53 and 54.
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5 array 80 can be reduced.

In this embodiment, the gate signals of the
select transistors 70 aligned in the word line direction
are different for every other diffusion layer wire, and
each block comprises four word lines.

10 Therefore, the application timing of the source
voltage and the application timing of the drain voltage
can be set arbitrarily. Since the drain voltage can be
applied after the source voltage reaches reliably 0 V, the
stable operation becomes possible. When all the memory

15 cells existing on one word line are programmed or read out,
each operation can be completed by the operations made
twice, that are minimum necessary in the virtual ground
type memory cell array 80, as will be explained in detail
in the paragraph of the explanation of the operation.

20 Fig. 57 shows the timing of the programming
operation, and the programming operation will be explained.
The memory cells as the programming object are assumed to
be MOl and M03. First, the initial voltage of all the
signals is 0 V.

25 Next, the output signals GO and Gl of the gate
decoder 20 are set to 12 V at the timing t0, and all the
word lines WLOO to WL 11 are reliably set to 0 V.

Next, the PMOS power source BOP of the sub-
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inside the selected block is 12 V, the unselected word

line WLOl is O V and the word lines WL10 and WL1l1l inside
the unselected block are 0 V.
The output signal AGOl of the assist gate
10 decoder 40 is set to 2 V at the timing t3 and 2 V is
applied to the assist gate of the memory cell as the
programming object.

Next, a voltage is applied from the sense
circuit 30 to the global data lines DLO and DL1 at the

15 timing t4 depending on the data that is to be programmed.
When the data 1s to be programmed to the memory cell MO1,
for example, the global data line DLO is set to 5 V. When
the data is not programmed, it is set to 0 V. When the
data is to be programmed to the memory cell M03, the

20 global data line DLl is set to 5 V. When the data is not
programmed, it is set to 0 V.

The gate signal STO00 of the select transistor 70
is set to 8 V at the timing t6. In consequence, the
voltages corresponding to the data to be programmed are

25 applied to the drains D02 and D04 of the memory cells MOl
and M03 as the programming object. When the program data
is to be programmed to the memory cell MOl, for example, 5

V is applied to the drain D02 and when the data is not
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The program voltages are applied to the memory cells MOl
5 and M03 as the programming object under this state, and
arbitrary data are programmed.

To complete the programming operation, the gate
signal STO0O0 of the select transistor 70 is set to 0 V at
the timing t7. Consequently, the drains D02 and D04 of the

10 memory cells MOl and M03 as the programming object are set
to 0 V.

Next, the gate signal ST02 of the select
transistor 70 is set to 0 V at the timing t8.

The global data lines DLO and DL1 are set to 0 V

15 at the timing t9.

The output signal AGOl of the assist gate
decoder 40 is set to 0 V at the timing t1l0 and the assist
gate of the memory cell as the programming object is set
to 0 V.

20 The output signal GO of the gate decoder 20 is
set to 12 V at the timing tll. In consequence, the
selected word line WLOO inside the selected block changes
to 0 V.,

Next, the PMOS power source BOP of the sub-

25 decoder 60 is set to 0 V at the timing tl2.

Finally, the output signals G0 and Gl of the
gate decoder 20 are set to 0 V at the timing tl1l3 and the

programming operation is completed.
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5 applied after the source voltages of the memory cells MOl
and M03 reach reliably 0 V. Therefore, the operation can
be conducted stably.

When the programming operation is conducted to

the memory cells MOl and MO3 in this embodiment, the

10 programming voltage is applied during the period té to t7
in which the gate signal ST00 of the select transistor 70
reaches 8 V. The gate signal ST00 of this select
transistor 70 is the signal for controlling the drain
voltage of the memory cell. Therefore, since the

15 application time of the drain voltage is the shortest
among the word line voltage, the assist gate voltage and
the drain voltage to be applied to the selected memory
cell in this embodiment, the system of this embodiment can
be said as most optimal for relaxing drain disturb. As to

20 the application timing of the word line voltage, the
assist gate voltage and the drain voltage to be applied to
the selected drain memory cell, various variations are
possible as explained in Embodiments 1 to 6, and they have
respective features. Therefore, this system is not

25 particularly restrictive.

When programming is conducted to the memory

cells MO0 and M02, too, and to all the memory cells on one

word line, the programming operation described above may
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word line) operation that takes the programming unit =
erasing unit = reading unit into account can be done. The
page operation that does not repeat the programming
operation but divides the programming unit into the 1/2

10 sector (1/2 word line) is also feasible.

Incidentally, the voltage values used in this
embodiment are merely illustrative but in no way
restrictive.

Next, Fig. 58 shows the timing of the erasing

15 operation, and the erasing operation will be explained
with reference to this drawing. The memory cells as the
erasing object are assumed to be MOl to MO3 existing on
the word line WL0O. First the initial voltages are all set
to 0 V.

20 The output signals GO0 and Gl of the gate decoder
20 are set to -13.5 V at the timing t0 and all the word
lines WL0OO to WL1ll are set reliably to 0 V.

The gate signals STO00 and STOl of the select
transistor 70 are set to 3.3 V at the timing tl, and the

25 drains/sources D00 to D04 of the memory cells MOl to MO03
2as the erasing object are reliably set to 0 V.

Next, the NMOS power source BON of the sub-

decoder 60 in the selected block is set to -13.5 V at the
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lines WL10 and WL1l inside the unselected block are 0 V.
The output signals AGO and AGOl of the assist
gate decoder 40 are set to 3.3 V at the timing t4, and 3.3
V is applied to the assist gate of the memory cell as the

10 erasing object. The erasing voltage is applied to the
memory cells MO to M03 as the erasing object, and the data
is erased.

To complete the erasing operation, the output
signals AGOO and AGOl of the assist gate decoder 40 are

15 set to 0 V at the timing t5, and the assist gates of the
memory cells as the erasing object are set to 0 V.

Next, the output signal GO of the gate decoder
20 is set to -13.5 V at the timing té. 1In consequence, all
the word lines WLOO to WL1l are set to 0 V.

20 Next, the NMOS power source BON of the sub-
decoder 60 in the selected block is set to 0 V at the
timing t7.

The gate signals ST00 and ST0l of the select
transistor 70 are then set to 0 V at the timing t8.

25 Finally, the output signals GO and Gl of the
gate decoder 20 are set to 0 V at the timing t9, and the
erasing operation is finished.

To erase the memory cells MO0l to MO3 in this
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selected memory cell. Therefore, this system can be said
as most optimal for relaxing disturb of the assist gate
for the memory cell connected to the unselected word line.
In this embodiment, the erasing voltage is
10 applied during the period t4 to t5 in which the assist
gate signals AGO0 and AGOl reach 3.3 V. Therefore, the
erasing time is determined by the fall and rise of the
voltage of the assist gate signals. Since the voltage
switching width of the assist gate signals is as small as
15 3.3 V, the rise and fall time is fast. Therefore, this
system can be said as the system that is excellent in
controllability of the erasing time. As to the timing of
the word line WL voltage and the assist gate voltage
applied to the selected memory cell, however, other
20 variations are possible as explained in Embodiments 1 to 6,
and they have respective features. Therefore, the present
system is in no way restrictive.
To erase the memory cells MO to MO3 in this
embodiment, the gate signals ST00 to ST03 of the select
25 transistor 70 inside the selected block and the assist
gate signals AGOO to AGOl are operated simultaneously.
Therefore, all the memory cells existing on one

word line can be erased by the operation made one time,
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account becomes feasible.

Incidentally, the voltage values used in this

5 embodiment are merely illustrative but in no way
restrictive.

Fig. 59 shows the timing of the reading
operation, and the reading operation will be explained.
The memory cells as the reading object are assumed to be

10 MO01 and MO3.

First, the initial voltages of all the signals
are set to 0 V. The output signals G0 and Gl of the gate
recorder 20 are set to 3.3 V at the timing t0 and all the
word lies WLOO to WL1l are set reliably to 0 V.

15 Next, the PMOS power source BOP of the sub-
decoder 60 in the selected block is set to 3.3 V at the
timing tl.

The output signal GO of the gate decoder 20 is
then set to 0 V at the timing t2.

20 Consequently, the selected word line WLOO inside
the selected block is 3.3 V, the unselected word line WLO1
is 0 V, and the word lines WL10 and WL1ll inside the
unselected block are 0 V.

Next, the output signal AGOl of the assist gate

25 decoder 40 is set to 3.3 V at the timing t3, and 3.3 V is
applied to the assist gate of the memory cell as the

reading object.

1 V is then applied from the sense circuit 30 to
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5 are set reliably to 0 V.

The gate signal ST00 of the select transistor 70
is set to 3.3 V at the timing t6. The reading voltage is
applied under this state to the memory cells M0l and M03
as the reading objects and the data is read out. When the

10 threshold value of the memory cell MOl as the reading
object is low at this time, the memory cell MOl is turned
ON and the current flows. As a result, the drain D02 of
the memory cell MOl and the global data line DLO connected
to the former change to 0 V. When the threshold value of

15 the memory cell MOl as the reading object is high, the
memory cell MOl is turned OFF and no current flows.
Therefore, D02 of the memory cell MOl and the global data
line connected to the former are kept at 1 V. 1In the
memory cell M0O3 as the reading object, too, the memory

20 cell MO3 is turned ON when its threshold value is low, and
the current flows. As a result, the drain D04 of the
memory cell MO3 and the global data line DL1 connected to
the former turn to 0 V.

When the threshold value of the memory cell MO0O3

25 as the reading object is high, the memory cell M03 is
turned OFF and no current flows. Therefore, D04 of this
memory cell MO3 and the global data line DL1 connected to

the former are kept at 1 V.
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change or the current change of this global data line DL,
and the reading operation is conducted.
To complete the reading operation, the gate
5 signal ST00 of the select transistor 70 is first set to 0
V at the timing t7. In consequence, the drains D02 and D04
of the memory cells MOl and M03 as the reading object are
cut off from the sense circuit 30.
Next, the gate signal ST02 of the select
10 transistor is set to 0 V the timing t8.
The global data lines DLO and DL1 are then set
to 0 V at the timing t9.
The output signal AGOl of the assist gate
decoder 40 is set to 0 V at the timing t10, and the assist
15 gate of the memory cell as the reading object is set also
to 0 V.
Next, the output signal GO of the gate decoder
20 is set to 3.3 V at the timing tll with the result that
the selected word line WL0OO inside the selected block
20 changes to 0 V.
The PMOS power source BOP of the sub-decoder 60
in the selected block is set to 0 V at the timing t12.
Finally, the output signals GO and Gl of the
gate decoder 20 are set to 0 V at the timing tl13, and the
25 reading operation is completed.
When the memory cells MOl and MO3 are read in

this embodiment, ST00 is raised after the gate signal STO02

of the select transistor 70 is raised. Therefore, the
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memory cells MOl and MO3 reach reliably 0, and the stable
operation can be conducted.

When the memory cells M0l and M03 are read in
5 this embodiment, the reading voltage is applied during the
period t6 to t7 in which the gate signal ST00 of the
select transistor 70 reaches 3.3 V. The gate signal ST00
of the select transistor 70 is the signal for controlling
the drain voltage of the memory cell. In this system,

10 therefore, the application time of the drain voltage is
the shortest among the word line voltage, the assist gas
voltage and the drain voltage to be applied to the
selected memory cell. For this reason, this system can be
said as most optimal for relaxing drain disturb. As to the

15 timing of the word line voltage, the assist gate timing
and the drain voltage to be applied to the selected memory
cell, however, various variations are available as
explained in Embodiments 1 to 6 and they have respective
features. Therefore, this system is in no way restrictive.

20 When the memory cells MO0 and M02 are also read
to read all the memory cells on one word line, the reading
operation described above is similarly repeated for the
memory cells MO0 and M02.

To read all the memory cells existing on one

25 word line, this embodiment needs the operations to be made

twice. Therefore, when the reading operations are repeated

twice, the sector (1 word line) operation that takes the

programming unit = erasing unit = reading unit into
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repeat the reading operation but sets the reading unit to
the 1/2 sector (1/2 word line)} can be conducted, too.
Incidentally, the voltage values used in this embodiment
are illustrative but in no way restrictive.

[Embodiment 9]

Fig. 9 is a circuit diagram showing the
semiconductor integrated circuit device according to
Embodiment 9 of the present invention. This embodiment
explains an example of the decoder arrangement.
Incidentally, the memory cell array 80, the assist gate 40,
the block decoder 50, the sub-decoder 60, the gate decoder
20, the select transistor 70 and the sense circuit 30 are
the same as those of Embodiments 7 and 8, and their
explanation will be omitted.

In this embodiment, one each of the block
decoder 50 and the assist gate decoder 40 is disposed on
one of the sides of the memory cell array 80. Since the
assist gate signals inside one block are two, the
operation needs be repeated twice to program or read all
the memory cells existing on one word line.

Fig. 60 shows the circuit diagram of two blocks
for ease of explanation. In the semiconductor integrated
circuit device of this embodiment, the memory cell array
80 inside one block is divided into two parts, and the
sub-decoders 60 are so disposed as to interpose the memory
cell array. Needless to say, the number of division of the

memory cell array 80 is not limited to two, in particular.
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in the extending direction of the word line.

5 The assist gate signals inside one block are two,
that is, AGO0 and AGOl or AG1l0 and AGll. The gate signals
of the select transistor 70 inside one block are two, that
is, STO0 and STO0l or ST10 and ST11.

The PMOS power source signal BOP or BIP and the
10 NMOS power source signal BON or BIN that are the output
signals of the block decoder 50 generate the address
select signal ABDi for selecting the block as the input
signal.
The gate signals ST00 and STOl or ST10 and ST11
15 cf the select transistor 70 generate the address select
signal ABDi for selecting the block and the address signal
ABDST or ABDSB for halving further the block as_ the input
signals.
The assist gate signals AGO0 and AGOl or AGlO
20 and AGll generate the block select signal BDO or BD1 and
the address select signal ABDST or ABDSB for halving
further the block as the input signals.
The input signal to the assist gate decoder 40
uses the block select signal BDO or BD1 generated inside
25 the block decoder 50, and the assist gate decoder 40 is
disposed adjacent to the block decoder 50.
The assist gate decoder 40 and the block decoder

50 are disposed on either the right side or the left side
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selecting the assist gate decoder 40 and the block decoder

5 50 as will be described later, the flow of each signal

need not be limited to this embodiment.

This embodiment halves the memory cell array 80
inside one block and disposes the sub-decoders 60 in such
a manner as to interpose the memory cell array 80.

10 Therefore, this embodiment can reduce the length of the
word line as well as its load, and can improve the
operation speed of the semiconductor integrated circuit
device.

Since the sub-decoders 60 are disposed on both

15 sides of the memory cell array 80, the word lines inside
the memory cell array 80 connected to the sub-decoder 60
may be assorted to the right and left of the memory cell
array 80 and every other word lines may be taken out. This
arrangement makes the layout design at the junction

20 portions between the word lines and the sub-decoders 60
easier (or can relax the word line pitch).

Since the sub-decoders 60 are disposed on both
sides of the memory cell array 80, the sub-decoder
elements can be disposed in the region corresponding to

25 two word lines, and the layout design of the sub-decoders
60 becomes easier.

Only one each of the assist gate decoder 40 and

the block decoder 50 is disposed for one block. Therefore,
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Since the assist gate decoder 40 and the block
decoder 50 are adjacent to each other, the output signals
BD0 and BD1 of the block decoder 50 as the input to the
assist gate decoder 40 need not be extended far.

Since two assist gate signals exist in one block,
the operation needs be repeated only twice to program or
read all the memory cells existing on one word line, and
this number of times is the minimum necessary number of
times required for the virtual ground type memory cell
array.

Besides the arrangement described above, the
arrangement of the decoders may be the one shown in Fig.
61 or 62.

In the semiconductor integrated circuit device
shown in Fig. 61, one each of the block decoder 50 and the
assist gate decoder 40 is disposed on the opposite side
while interposing the memory cell array 80, and the rest
of the construction is the same as those shown in Fig. 60.

This semiconductor integrated circuit device
provides the following effect in addition to the effects
described above. The output signals (AG00 to AGll) of the
assist gate decoder 40 need be wired to the memory cell
array 80 and the output signals (ST00 to ST1ll) of the
block decoder need be wired to the select transistors.
However, since the assist gate decoder 40 and the block
decoder 50 are disposed on the opposite side to each other

while interposing the memory cell array 80 between them,
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the output signals (AGO0 to AGll) of the assist gate
decoder 40 need not either be extended onto the block
5 decoder 50. Consequently, layout of the assist gate
decoder 40 or the block decoder 50 becomes easy.
Incidentally, the positional relationship
between the assist gate decoder 40 and the block decoder
50 may be reversed.

10 In the semiconductor integrated circuit device
shown in Fig. 62, one each of the block decoder 50 and the
assist gate decoder 40 is disposed on each side of the
memory cell array 80. The rest of the construction is the
same as those of the semiconductor integrated circuit

15 device shown in Fig. 60.

In this semiconductor integrated circuit device,
the assist gate decoder 40 and the block decoder 50 are
disposed on both sides of the memory cell array 80.
Therefore, the wiring length of the output signals (STOO

20 to ST 11, BOP, B1lP, BON, BIN) of the block decoder 50 and
the output signals (AGO0 to AGll) of the assist gate
decoder 40 becomes a half and the load can be reduced.
Therefore, the operation speed of the semiconductor
integrated circuit device can be improved.

25 [Embodiment 10]

Figs. 63 to 65 are block circuit diagrams

showing the selection system of the assist gate and the

block that can be applied to the semiconductor integrated
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5 First, the selection system shown in Fig. 63
will be explained. The assist gate signals (AG0O0O, AGO1)
are generated by converting the voltages of the signal BDO
selected for the block and the signal selected by the
signal ABDST/ABDSB for further halving the block, by the
10 AGij generation circuit. Since two assist gate signals
exist inside one block, the programming or reading
operation of all the memory cells on one word line can be
completed by the operations made twice.
In other words, the block select signal BDO
15 generated inside the block decoder 50 is used for the
input signal of the assist gate decoder 40. The assist
gate signals AGOO and AGOl are generated by converting the
voltages of the signal BDO selected for the block by ABDi
and the signal selected by the signal ABDST/ABDSE for
20 further halving the block, by the Agij generation circuit.
Since the signal BDO and the signal ABDST/ABDSB
are the signals of the power source voltage Vcc system,
such a system is effective when the voltages necessary for
the assist gate signals AGOO and AGOl are approximate to
25 the power source voltage Vcc. Since two assist gate
signals (AGOO and AGOl) exist inside one block, the
programming or reading operation of all the memory cells

existing on one word line can be completed by the
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5 generated when the AGij generation circuit converts the
voltages of the gate signals (ST00 and ST0l) of the select
transistors. Since the assist gate signals inside one
block are two, the programming or reading operation of all
the memory cells existing on one word line can be

10 completed by the operations made twice.

In other words, the assist gate signals AGO0 and
AGO0l are generated in the following way. The STij
generation circuit converts the voltages of the signal BDO
selected for the block by ABDi and the signal selected by

15 the signal ABDST/ABDSB for further halving the block to
generate the signals STO00 and STOl (gate signals of the
select transistor). The AGij generation circuit further
converts the voltages of these signals ST00 and STO0l to
obtain the assist gate signals AGO00 and AGOl.

20 In such a system, the reference voltages for
generating the assist gate signals AGO0 and AGOl are the
gate signals ST00 and STOl of the select transistors.
Therefore, this system is effective when the voltages
necessary for the assist gate signals AGO0 and AGOl are

25 approximate to the gate signals STOC and STO0l of the
select transistors. Since two assist gate signals exist,
the programming or reading operation of all the memory

cells existing on one word line can be completed by
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O!anloq@%§f(géleégqgééﬁgistors are generated when the STij generation
circuit converts the voltages of the assist gate signals
(AGOO and AGOl). Since two assist gate signals exist
inside one block, the programming or reading operation of
all the memory cells existing on one word line can be

10 completed by the operations made twice.

The gate signals STO00 and ST0l1 of the select
transistors are generated in the following way contrary to
the case shown in Fig. 64. The AGij generation circuit
converts the voltages of the signals selected for the

15 block by ABDi and the signal selected by the signal
ABDST/ABDSB for further halving the block to generate AGOO0
and AGOl (assist gate signals), and the STij generation
circuit converts further the voltages of these assist gate
signals.

20 In such a case, the reference voltages for
generating the gate signals ST00 and STO0l of the select
transistors are the assist gate signals AGO0 and AGOl.
Therefore, this system is effective when the voltages
necessary for the gate signals ST00 and STOl of the select

25 transistors are approximate to the assist gate signals
AGOO and AGO0l. Since two assist gate signals exist, the

programming or reading operation of all the memory cells

existing on one word line can be completed by the
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explained in this embodiment can be applied arbitrarily to
5 Embodiment 9.
[Embodiment 11]

Fig. 66 is a circuit diagram showing the
semiconductor integrated circuit device according to
Embodiment 11 of the present invention. This embodiment

10 explains another example of the decoder arrangement.
Incidentally, the memory cell array 80, the assist gate
decoder 40, the block decoder 50, the sub-decoder 60, the
gate decoder 20, the select transistor 70 and the sense
circuit 30 are the same as those of Embodiments 7 and 8,

15 and their explanation will be omitted.

One each of the block decoder 50 and the assist
gate decoder 40 is disposed on one of the sides of the
memory cell array B80. Since one assist gate signal exists
inside one block, the assist gate is used as only the

20 erase gate.

Fig. 66 shows only two blocks for ease of
explanation. The memory cell array 80 inside one block is
divided into two blocks, and the sub-decoders 60 are
disposed in such a manner as to interpose the memory cell

25 array 80 between them. Incidentally, the number of
division of the memory cell array 80 need not be limited
to two.

The sub-decoders 60 are disposed on both sides
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gate is used only as the erase gate.

The number of the gate signals of the select
transistors inside one block is two, that is, STO00 and
ST01l or ST10 and ST1l1l, and they are the output signals of

10 the block decoder 50.

The PMOS power source signal BOP or B1P of the
sub-decoder 60 and the NOMS power source signal BON or B1N
generate the address selection signal ABDi for selecting
the blocks as the input signals.

15 The gate signals STO00 and ST0l or ST10 and ST11
of the select transistors generate the address selection
signal ABDi for selecting the blocks and the address
selection signal ABDST or ABDSB for further halving the
block as the input signals.

20 The assist gate signal AGOO or AGlO0 generates
the block selection signal BDO or BD1l as the input signal.

The block selection signal BDO or BD1l generated
inside the block decoder 50 is used as the input signal of
the assist gate decoder 40, and the assist gate decoder 40

25 is disposed adjacent to the block decoder 50.

The assist gate decoder 40 and the block decoder

50 are disposed on one of the right and left sides (on the

left side in Fig. 66) of the memory cell array 80. However,
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5> block decoder 50 as will be described later, however, the

flow of each signal needs not be limited to the flow in

this embodiment.

This decoder arrangement provides the following
effects.

10 The memory cell array 80 inside one block is
halved and the sub-decoders 60 are so disposed as to
interpose the memory cell array 80. Since the word line
can be shortened and the load can be reduced, the
operation speed of the semiconductor integrated circuit

15 device can be improved.

Since the sub-decoders 60 are disposed on both
sides of the memory cell array 80, the word lines inside
the memory cell array 80 to be connected to the sub-
decoders 80 may be assorted to the right and left, and

20 every other word line may be taken out. Therefore, the
layout design of the junction portions between the word
lines and the sub-decoders 60 becomes easy (or pitch
relaxation of the word lines can be achieved).

Since the sub-decoders 60 are disposed on both

25 sides of the memory cell array 80, the sub-decoder
elements can be disposed in the region corresponding to

two word lines, and the layout design of the sub-decoders

60 becomes easy.
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of the assist gate decoder 40 need not be extended far.

Besides the arrangement of the decoder described

above, the decoder arrangement shown in Figs. 67 and 68
10 may be used, too.

In the semiconductor integrated circuit device
shown in Fig. 67, one block decoder 50 and one assist gate
decoder 40 are so disposed on mutually opposite sides as
to interpose the memory cell array 80 between them. The

15 rest of the construction is the same as that of the
semiconductor integrated circuit device shown in Fig. 66.

This semiconductor integrated circuit device
provides the following effect in addition to the effects
described above. The output signals (AGO0 to AGll) of the

20 assist gate decoder 40 need be connected to the memory
cell array 80 and the output signals (ST00 to ST11l) of the
block decoder, to the select transistor. Since the assist
gate decoder 40 and the block decoder 50 are disposed on
the mutually opposite sides while interposing the memory

25 cell array 80 between them, however, it is not necessary
to wire the output signals (ST00 to ST1ll) of the block
decoder 50 onto the assist gate decoder 40 and the output

signals (AGOO to AGll) of the assist gate decoder 40, onto
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In the semiconductor device shown in Fig. 68,

one each of the block decoder 50 and the assist gate
decoder 40 is disposed on each side of the memory cell
array 80. The rest of the construction is the same as that

10 of the semiconductor integrated circuit device shown in
Fig. 66.

Besides the effects described above, this
semiconductor integrated circuit device provides the
following effects. Since the assist gate decoder 40 and

15 the block decoder 50 are disposed on each side of the
memory cell array 80,the wiring length of the output
signals (ST00 to ST11, BOP, B1lP, BON, B1N) of the block
decoder 50 and the output signals (AGOO to AGll) of the
assist gate decoder 40 becomes a half and the load is

20 reduced. Therefore, the operation speed of the
semiconductor integrated circuit device can be improved.
[Embodiment 12]

Figs. 69 and 70 are block circuit diagrams
showing the selection systems of the assist gate and the

25 block that can be applied to the semiconductor integrated
circuit device explained in Embodiment 11. Two systems can
be illustrated as shown in Figs. 69 and 70. Incidentally,

Figs. 69 and 70 show the signals of one block for ease of
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input signal of the assist gate decoder 40. The AGij
generation circuit converts the voltage of the signal BDO
for block selection by ABDi and generates the assist gate
signal AGOO.

Since the signal BDO is the signal of the power
source voltage Vcc system, this selection system of this
embodiment is effective when the voltage necessary for the
assist gate signal AGO0 is approximate to the power source
voltage Vcec.

Next, the selection system shown in Fig. 70 will
be explained. The AGij generation circuit converts the
voltage of the PMOS power source signal of the sub-decoder
60 and generates the assist gate signal. Since the assist
gate signal inside one block is one, the assist gate is
used only as the erase gate. In other words, the assist
gate signal AGOO is generated in the following way. The
BiP generation circuit converts the voltage of the
signal,that is selected by the signal BDO selected for
block selection by ABDj, and generates BOP (the PM(OS power

source signal of the sub-decoder 60). The AGij generation
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for the assist gate signal AGOO0 is approximate to the PMOS
power source signal BOP of the sub-decoder 60.

Although the invention completed by the present
inventor has thus been described concretely with some
preferred embodiments thereof, the invention is not of
course limited thereto, but can be changed or modified in
various ways without departing from the scope thereof.

For example, Embodiments 1 to 6 use the laminate
film comprising the polysilicon film, the tungsten nitride
film and the tungsten film as the material of the word
line WL. However, other barrier metal films such as a film
of a transition metal element itself, e.g. tungsten,
titanium or tantalum, films of their nitrides or silicides,
films of aluminum nitrides, cobalt silicide and molybdenum
silicides, or alloy films of tungsten and the like, in
place of the tungsten nitride film. Similar effects can be
obtained also when the film is a laminate film of a
polysilicon film and a metal silicide film or a so-called
“polycide film”.

Embodiments 1 to 6 use the laminate film of the
polysilicon film, the tungsten nitride film and the
tungsten film as the material of the word line WL. However,

similar effects can be obtained when the laminate film of
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film as the insulator film for isolating the floating gate
5 from the third gate. When the semiconductor integrated
circuit device of the present invention is applied to a
product having a small number of times of
programming/erasing, however, the embodiments can use the
silicon oxide film that is formed by thermal oxidation or

10 CVD according to the prior art.

Embodiments 1 to 5 use also the N-doped silicon
oxide film for the insulator film for isolating the
floating gate from the control gate, but a laminate film
of a silicon oxide film/silicon nitride film/silicon oxide

15 film, or a so-called “ONO film”, that has gained a wide
application in the past, may be used when the internal
operating voltage at the time of programming/erasing or
the programming/erasing speed is not much important.

Embodiments 1 to 6 are explained about the n-

20 channel type memory cell in which the n type diffusion
layer is formed ir the p type well, by way of example.
However, similar effects can be also obtained in the p-
channel type memory cell in which the well is of the n
type and the diffusion layer is of the p type. In this

25 case, the voltages of the control gate, the third gate and
the drain in Embodiments 1, 2 and 3 are relatively
negative values with respect to the well voltage at the

time of programming. In Embodiments 1, 5 and 6, the
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5 In Embodiments 1, 5 and 6, the control gate
voltage can take a relatively positive voltage and the
drain voltage can take a relatively negative value, with
respect to the well voltage, at the time of programming
when the memory cells are of the p-channel type. In this

10 case, the electrons are injected by the inter-band
tunneling phenomenon.

In all of the foregoing embodiments, the
electrons injected into the floating gate must have at
least two kinds of status during programming. However,

15 these embodiments may be applied to so-called “multilevel
storage” that forms the levels of at least four kinds of
status and stores at least two bits in one memory cell.
Conventional multilevel storage involves the problem that
the voltage difference between the lowest threshold value

20 and the highest threshold value becomes greater than two-
level storage even when the gquantity of the electrons
injected into the floating gate is controlled highly
accurately and the threshold value distribution of each
level is compressed. In conseguence, the

25 programming/erasing speed becomes lcw or the programming
voltage becomes high in Fowler-Nordheim type
programming/erasing. The present invention can lower both

programming and erasing voltage below 13.5 V, or in other
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5 apply the positive voltage, relative to the control gate
voltage, to the third gate to generate the electron
ejection from the floating gate to the third gate, and
Embodiment 3 applies the negative voltage to the well of
the first conductivity type with the voltage of the third
10 gate being kept at 0 V to generate the electron ejection
from the floating gate to the well. However, the electron
ejection may be generated from the floating gate to the
source/drain while overlap between the source or drain
diffusion layer with the floating gate is secured
15 relatively greatly.

The present invention is applied to not only the
semiconductor integrated circuit device having only the
so-called “flash memory” but also a one-chip microcomputer
(semiconductor device) equipped with the memory cell array

20 portion 80 having non-volatile semiconductor memory
devices (flash memories).

The effects obtained by the typical invention
among the inventions disclosed in this application are
briefly as follows.

25 The present invention can reduce the memory cell
area of the semiconductor integrated circuit device.

The present invention can improve the operation

speed of the semiconductor integrated circuit device.
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substrate through a first insulator film, a second gate
formed and isolated from said first gate through a second
insulator film, word lines formed by connecting said
second gates, and memory cells existing on said local
source lines and said local data lines divided by said
select transistors forming a memory cell block, said
memory cell blocks being arranged in the direction of said
word lines and constituting a memory cell array, wherein:
one each power source line is disposed on both
sides of said memory cell block to interpose said memory
cell block in the same direction as said word lines; and
said local source line and said local data line
are connected to one of said power source lines and to a
signal line arranged in a direction vertical to said word
line, or to both of said power source lines, through said

select transistor.
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2. A semiconductor integrated circuit device
according to claim 1, which has any of the following
constructions:
a first construction wherein one of said local

data lines is connected to both of said power source line
and said signal line through said select transistor; and
a second construction wherein one of said local
data lines is connected to said signal line at one of the
ends of said memory cell block through said select
transistor, and an adjacent local data line adjacent to
said one local data line is connected to said signal line

at the other end of said memory cell block through said

select transistor.

3. A semiconductor integrated circuit device
according to claim 1, which has any of the following
constructions:

a first construction wherein a gate signal of
said select transistor connected to said local source line
and a gate signal of said select transistor connected to
said local data line are the same signal; and

a second construction wherein gate signals of
all of said select transistors connected to said local

source lines are the same signal.
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109 Y10% h Qééé%&i&ggéggbiglm10§PNphereln one of said local data
lines is connected to said signal line at one of the ends
of said memory cell block through said select transistor
and to said power source line at the other end of said
memory cell block through said select transistor.
5. A semiconductor integrated circuit device
according to claim 4, which includes a first select
transistor for connecting a signal line disposed in a
direction vertical to the extending direction of said word
line to an nth (n: integer) local data line, a second
select transistor for connecting said power source line
disposed at one of the ends of said memory cell block in
the same direction as said word line to (n+l)th local data
line, a third select transistor for connecting said signal
line to said (n+l)th local data line, and a fourth select
transistor for connecting said power source line disposed
at the other end of said memory cell block in the same
direction as said word line to said pnth local data line,
wherein:

the gate signals of said first and second

transistors are the same signals; and

the gate signal of said third and fourth select

transistors are the same signal.
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through a second insulator film, and word lines formed by
connecting said second gate, wherein:

memory cells on said local source/data lines
divided by said select transistors constitute memory cell
blocks, and said memory cell blocks are arranged in said
word line direction and constitute a memory cell array;
and

when said local source/data lines function as
the local source lines of said memory cell, they function
as the local data line of said memory cells adjacent to
said memory cell;

said semiconductor integrated circuit device

including further:

one each power source line so disposed on both
sides of said memory cell block as to interpose said
memory cell block between them in the same direction as
said word line, and signal lines disposed in a direction

vertical to said word lines;
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said local source/data lines being connected to
either one of said power source lines and to both of said
signal lines through said select transistor.

7. A semiconductor integrated circuit device
according to claim 6, which has any of the following
constructions:

a first construction wherein nth (n: integer)
local source/data line is connected to said signal line at
one of the ends of said memory cell block through said
select transistor and (n+l)th local source/data line is
connected to said signal line at the other end of said
memory cell block through said select transistor; and

a second construction wherein an pnth (n:
integer) local source/data line is connected to said power
source line at one of the ends of said memory cell block
through said select transistor, and an (n+l)th local
source/data line is connected to said power source line at
the other end of said memory cell block through said
select transistor.

8. A semiconductor integrated circuit device
according to claim 6, wherein one of said local
source/data lines is connected to said signal line at one

of the ends of said memory cell block through said select

transistor, and to said power source line at the other end

of said memory cell block through said select transistor.
9. A semiconductor integrated circuit device

according to claim 6, which has any of the following

constructions:
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a first construction wherein one of said signal
lines wired in a direction vertical to said word line is
shared by two of said local source/data lines;

a second construction wherein, when said local
source/data line is connected to said signal line through
said select transistor, the connection portion between the
semiconductor region of said select transistor on the side
different from said local source/data line and said signal
line is shared by two of said memory cell blocks; and

a third construction wherein said power source
line is shared by two of said memory cell blocks.

10. A semiconductor integrated circuit device
according to claim 8, which further includes a first
select transistor for connecting said signal line wired in
a direction vertical to said word line and an nth (n:
integer) local source/data line, a second select
transistor for connecting said power source line wired at
one of the ends of said memory cell block in the same
direction as said word line and an (n+l)th local
source/data line, a third select transistor for connecting
said signal line and said (n+l)th local source/data line
and a fourth select transistor for connecting said power
source line wired at the other end of said memory cell
block in the same direction as said word line and said nth
local source/data line, wherein:

the gate signals of said first and second select
transistors are the same signal, and the gate signals of

said third and fourth select transistors are the same

signal.



