;iJKLNNCPCRSTeSeSd Ot t u : 6 Td 1X SEM CONDUCTCOR | NTEGRATED Cl RCUI T
DEVI CE, PRCDUCTI ON AND _ ~I| T OPERATI ON METHOD THERECF BACKGROUND OF THE

I NVENTION 5 This invention relates to a sem conductor int j it
device, and a production and operation nethod thereof. I\/bm’m H’,mw, ly,
this invention relates to a technology that will acconplish hi

integration density, high reliability and | ow operati ng voltaag”ﬁ? an_10
el ectrically programrabl e/ erasabl e non-vol atil e sem conduct or nmenory

device. Anong el ectpigaihiciRkOHN2ARRRbEC BRI b 1ad N wabRidTien /B conduct or
menory devices, a so-called "flﬁﬁﬁwgiﬁgﬁ%"<§§ﬂﬁgﬁﬁﬁ as a nmenory device
capabl e of 15 collectively eras METR menory has excel | ent
portability and inpact resistance, and can electrically and collectively
erase the data, T f or h n r the flash nmenory has been

i ncreasing ré%%%$€§¢ﬁN$e§%n%H§eg§€EE£IéﬁfiIe (menory device) for conpact
personal 20 digital assjstants such as rtabl e personal c uters, digital
still canBras, and so f %%.lﬁ%ﬁé&&ﬁﬂmf%iﬁ?%%r?%t% ?%Qﬁﬁﬁ?éﬁgk>ra.bit cost

by the reduct]on of @ JFeIPLY, CE! b A €8 150815 ULIBST -4 {BOT L ARCS, e ANG; yar | ous
e )i Bj et N 25 as

menory cell sys or &cconpli shing thls o) _have "been” propose
descr be0 | D SRt Ee e CUA SIS PRl TRy ler
Novenber 10, d99%.t&MidEo§Y hehahand 1 I Eorp £98h BlBgK Rehesgnee: dn
density, high reliability and low operating voltagé of an
) 10 electrically programmable/erasable non-volatile
/ semiconductor memory device.

Among electrically programmable/erasable non-
volatile semiconductor memory devices, a so-called “flash
memory” is known as a memory device capable of

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

A

*G00002*



- 2 corresponding to USSN 204,175 filed on June 8, 1988) describes a
virtual ground type nenory cell that uses a three-|layered polysilicon gate.
In other words, this nmenory cell conprises a sem conductor region formed in
a 5 well of a sem conductor substrate and three gates. The three gates are
a floating gate forned on the well, a cont# of gate forned on the floating

gate and an erase g@%ggiﬁé E§§%%e$8€%2§§cgniégl?gaﬁgnang tfgéé;oatlng

gate adjacentCPSrg hree gates conprises

polysi licon agd.L3;hg0! S‘Wg ?Maf”%gégﬁ}ﬂof%gé fmérﬁ%rghc?eif L Ot‘rPé‘# LIE‘Qe:Q%ﬁ]e and

the well, too, are rsol ate rom by an 1 nsu

contr ol gate Eﬁfggngggéfaye oggg?y&gg e§g£gp st ifdes ayrd line. A

source/ drain usi o orne n a colum 15 dlrectlon and shares

the diffusi onméﬁwey Weih apmpdiseent SBADENNEEEL ot Nedg VbRt Hddndd ond; t ype.
The pitch in the colum direction is thus reduced. The erase gate is in

paral l el vgthwaithapngl sandcbaddtsppsedobetaeenatderosd dates. (aortrol
gates) also in parallel with the word Iines. 20 To execute programthe

menory cell inhtbesgReéerenceal floutimy| yatadbpena@ndn polse twekl yvodt ages are
applied to the word line and to the drain, respectively, while the well,
the source andopheodrgsteghoemadeckepe afl@ating ngzonsanlentesrast gate

el ectrons develop in the channel 25 portion in the proximty of the drain,
the el ectronsfareefdnpetveani hbe caetrrbatahy ¥od ethmdtiaRtihy e3des d vol t age
of the menory cell rises. To erase the nenory content, a positive voltage
is applied toagﬁéc%PéséogﬁﬁéhmﬁFb%rth@mCh RﬂﬁWTWWQﬁag%Qﬁ§sﬁﬂﬂHﬁH%W%Jn

dth 0 Co I h I d f
the 11 oatithg BafesflieRe epdiasoReeiafth by thriinefatdbiedls o 'O
JP- A-9-321157 ( Ref prenge. 2 .hai dgpen, on gogecspg fatéggamfeog gramp e
di scl oses a splTt gate”Type nenory et e oVerTap area I's secured

DL EET o oy ERBEILLSAET L0 3L LoBL 0 ot SIS (e pt eflondly e
is applied toig Wotgw direction and constitutes a word line. A
source/drain diffusion layer is formed in a column
15 direction and shares the diffusion layer with an adjacent
memory cell in a virtual ground type. The pitch in the
column direction is thus 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 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



10 line so as to inprove the generation of hot electrons and 1 the
injection effect when data is witten. Furthernore, "lInternational Electron
Devi ces Meeting Technical Digest”, 1989, pp. 603-606 (Reference 3)

di scusses a nethod that controls a floating gate potential 15 by a word
line and controls a split channel by a thifd gate that is different from

both fl i d | .. SUMVARY THE. L NVENTI ON
Phe i nveat of SwgFar ﬁi%é?ﬁ%[ S Ry 5 A Ra 000 SRy "Rt EBvEFRE BEOBl Tme. o

devel op when a i, Eﬂ&ngﬁE' eg?QEEFVaEEtggggggp'@rEBGtHE ﬂ%ag?bg t he

descri bed above. g% | ow ar € nofice

present invenigrs %edtﬂ@eeggge2§ﬁearahaukﬂgoxhkegwelgiybmgfgétdrgpgst in

order to mniaturize a nenory c scal e-down in a ection vertical to

an extending direction gb_ga- @aéﬁthWG(ﬁéE@Eehée bhei1dinespbpnonf the - 4
arrangenment of the data line) as well as scal e-down in a direction vertical

to an extendi pacdnbeet 10N Qb9a)w066rlbnam@uaatdugclbbésdarg?uh@ngatethe
arrangenent of the word Ilne) nmust be achi eved. Reduction of the word |ine

5 width and t kgpeofmembirgeceap.i snefdegdiveefDip aghéVvi 1igsébheré@dvsti@dni n
the word |ine arrangenent direction. However, when the word line width is
decreased, the defifssance legkuecaall thélwardnbi gatenepeabes wheth t he resul t
that the rise of the word line voltage is retarded when the data is | 10
witten or remetentiaThies thei de§fiaicor havRe pnebkaresf thhepdtoptoflt he
operation speed. To solve this roblen1 a stacked filmof a polysilicon
film and |ts ﬁﬁtéhesﬁﬂpéﬁéégfﬁﬁﬁﬁ(th%t ?E, V%@%%Q%a%?G&Ppkkﬁ@c?ﬂeafW?ﬁ@) may
be used |£ ﬁce of the E silicon 3 le filmas g go ilne 15 material .

The polyc Ye fEPM FPoFFAES A™PFPHFNhL aneEeFéﬁéPnr8 i BPEnE&SGLFABSt ARA t he
pon5|I|con f| n1haV|n the %%%e fﬁk E gkness ang can restrict the rise
of the word |iRE FB4PS ﬁ@ee & Shat@rfzafi BAFGFEher proceeds in

future and the word ling wiD 8 Leawifd 10 PEnSTBE Lt ron Devices
Meeting Technical Digest”, 1989, pp. 603-606 (Reference 3)
discusses a method that controls a floating gate potential

15 by a word line and controls a split channel by a third
gate that is different from both floating gate and control

gate.

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



20 than as it nowis, a stacked filmof the polysilicon filmand a netal
film(that is, a so-called "polynetal filnf) may be used. The pol ynetal
filmcan further |ower the resistance value than the polycide film having
the sane filmthickness and can cope with the further reduction of 25 the
word line width. However, the foll ow ng brébrens devel op when the pol yci de
filmor the palynetal film.s,used, as,the rd line_ material .. In the_nenory
cel | describe8r¥ﬁn9ﬁ@ent-°§ %P8f§?880%18F82§5a8 %g,aﬁh8C8?838°68té“aﬁd t he
word line are .ang tend_i i Lon_yertica t he
data line dir83??%%?39n9%%32F5?0€§e§ﬂcSk?ﬁéagag Eg?égggo¥hékm§rho%?nes to

twi ce the mm nigm (@ALU 8551 ZRe BikbckioReEESPALYatPaRgERERE GENEhAUOUSIy

the word line and the floating gate, then to formthe insul ator

between the flLeaki N9nadt REsEObEORARAevald tReditidhescdiE&rwdéhe EIRSE
gate. However, netals contained in the polycide or in the pol ynetal

di ssol ve duri pgdahchadning sbep asina pap 1sl@fsetepifer £ber AtAgetifg the
insulator filmbetween the floating gate and the erase gate. The dissol ving
netal s agai n adbHereiba thetbedewabl $iok theahbemenhgdgatetand.arkowetenpped
into the insulation filmduring the subsequent formation step of the

i nsul ator fil mheAasther woullt linhewiBtHefiectiedeasted, othehsesastibacet fil m
increases and reliability is spoiled. Second, the nmenory cell described in
t he above nenvRénedofefBrenesdehphnBysnarfdaBryvésh| ther gesule EhRredha

"split channel type" in mhichcghe flo tin% gate does not i ' 20 exist at a
part of the chafRePEpbPei YRTACOAPROMOoFaPReI8pFRFAEREANEP R NERAI d2kBnd Ry

L1 i d th tenti al t he, trol. gat dli i sti
g that oifi ¢ VEnkARel SFs ROt PUEr e M APetETbIes Phe- G (s rerFBLeRISh ( ne
function of tQﬁe?BEbé 8§t%he2§8EQSk98Ht@b%éd.t°r$”ééfbéh@hP§1§¥éQ£ mth§
menmory cell, it isS nécéSsary to incréase"theé occurrence quantity of ho

el ectrons andigkechi 0161 bicbeney ysT9; abhaklihhhaaobigCherhl ba16klagtive

to increase tﬁe_potentla ( _ _ oating gate so as to increase the
electric fiel ¢inp Rﬁﬁafe&%50§|sQLEﬁﬁib@n“BBlybﬁdéhﬁﬂmﬁ*?pﬁé&!Ba,uéaﬁ ia

| onwer the potential of the split gate to increase the electric field in the
channel horizenktak difr @gki pBlysilicon 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



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-gat® through the word line

vol tage. In consequence, . th eneratjon of the hot electrons and, injection

efficiency caﬁﬁﬁ?gﬁac?n§+59§dgg?ﬁ%ft DROoTERTS YhED $HL WAT &V 959 pt HoF amed,

therefore, an_extrenely large_ current, with. 15 respe o_the inj [

current roms?r%nﬁotﬂ£¥ﬁ%? gc%ﬁn ? %@t%?%g%%n%%% g%%éﬁé%%%dﬁ%f§i$%£ogg

plurality of e re, i 0 1.ng.rate cannot be
e LR o L

acqui red. Means descri er ence e met hod

that simultangously,i prLeases %bﬁegeegra}qie@ eﬁet@fnﬂ%mﬁ@&mp@ssm,

injection effrciency 1n the split channel type nenory ce However, this

met hod invol veg {henpeoblepyi fot PattE bRt cONELhEPuE] VRS Wided di { AdIShea
| ayer and the floating gate beconmes nore difficult To 25 secure with

scal e-down. |thanyl1betpagsyhte, t oheantsofothethé oohé Nl @6t ef VD tisgewédi ough
the word line and to control the split channel by using the third gate

di fferent fronhéhéloatihgayangsgadefamdet heandnto of ogatehe oer fiher balse s of

t he technol ogy described in the Reference 3. However, this technol ogy does
not take scal erdsengéheo dbovsiwaratietralyd tcdnsaimedefior & hen poldjvetitdeofon he
present 5 invention to_ provide a sem conductor integrated circuit device
suitabl e for #ntheuPpkunebal addspalvagdarhngha cleaning step as a pre-

} 10 step for forming the insulator film between the floating
gate and the erase gate. The dissolving metals again
adhere to the sidewalls of the floating gate and are
entrapped into the insulation film during the subsequent
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 elecfrons and injection efficiency. To attain this

object, it is effective to increase the potential of the



operation speed but a | ow defect density, and a production nethod of such a
devi ce. The above and ot her objects and novel features 10 of the present
invention will beconme nore apparent fromthe foll owi ng description of the
specification when taken in connection with the acconpanyi ng draw ngs. The
sem conductor integrated circuit device actording to the present invention
enpl oys the 15 construction wherein third gates havi ng di fferent functions

from those of fEPBAENAGIGEEeSAnaSchAt +BFTGAFE HRE BUFFREIFnItRedgapstBEt ween

dli I d d fl i , fi
vord 11 nes (coteol agatessecond. gatel and,(LpaLing,gates,(fpsiofate) |
of Lhe present, LygOLLoRAW bl DeorsghtedobeLoV, BooAger codueLar .o

i ntegrated circui evice inclu we a first conducti vi

formed on a i) gushaeeotnansel £ORGyEhos) SbsLLaten a sem conductor 25

region of a second conductivity type so forned Inside said well as to

extend in=m first direcihofheandhésy Sale dOsARIONEIn t g SREFELEFLET OF
substrate through a first insulator film a second gate formed over the

first gate  ho@evetkhrenghvalsegendsi nhel apoitfihte asdcanthbldegate forned
and insulated fromsaid first gate through a third insulator film wherein
the third gat ehirsugh thenedrdslineexbendgen tTesfefate ditrectvalt arek | SE
buried in a space 5 between said first gates.
the floating gate and the split gate cannot be controlled
independently. In other words, there is no way but to
{ 10 control the voltages of both floating gate and split gate
through the word line voltage. In consequence, the
generation of the hot electrons and injection efficiency
cannot be improved simultaneously. When the data is
programmed, therefore, an extremely large current with
15 respect to the injection current flows, and the data
cannot be programmed simultaneously into a plurality of
memory cells. Furthermore, a high 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



2. In a sem conductor integrated circuit device according to item1, the
first gates are fornmed symmetrically with respect to the third gate, and
the third gates are forned symmetrically with respect to the I 10 first
gate. i 3. A sem conductor integrated circuit device includes a well of a
first conductivity type forned on a mai n"slrface of a seniconduct or
substrate, a 1 u rreagi S d_iLpside t .as_to_extend in
a first 15 di?ggkﬁgﬁg gggfrgsgggpg g8&§% oggggfhgnsgﬁ$2§% ﬁ%t%% Eu%strate
through a fir [ l.at or, f.il o oV, fifsi. gate

t hrough a secgﬁghﬁégﬁg tgfsffgkfaazg gﬂghggggéé?ége§he¢€§¥éigkfféﬁ%% of the
third gate ar f 0S| g I _ s;adla - ch ot her v
20 bet veen {heF St gk S e e o For e As ¢ o Bppane  ena FacBe of the
first gate existing in parakl eheWekBrihgnfbbstcdi seCthonptbsongh the third
insulator film 4. A sem conductor integrated circuit device includes a
wel | of a §irshveanduet itv pbyrotipe hosardcondac2brmhbeguatagecotcait

sem conductor substrate, a sem conductor region of a second conductivity
type forned idsvdeet seineblle dofri m¢higabeitacied eudrhéhéngeai bogduct or
substrate through a first insulator film a second gate fornmed over -9
the first gat epevetianseperd busubaflow flefac&ndeastihyrdapdte poedrdtand
isolated fromthe first gate through a third insulator film wherein an
upper surfacemgthpdeofhispghgat desskicsts at a position | ower than the upper 5
surface of the first gate. 5. A sem conductor integrated circuit device
according to any one of TPEeABoYet 8N4 ARBCANGLORELHf 2RALNPHEL ofif AU eS

t t] : irst truction wherein the first te i | oat i
Gare, tnet Qochhacha BPESR 10 UOREIG Ghie BRACFRCORPTAPGAFE® s thlfer ase

Sete. 2 SeooTdhEOIUELLGTNSLELD, ek (b DB incatLanilog gaigy (1

second gate 1s con te an e for confro 1 ng

2 split channely cadedchBhr dieansheustianoshet flnatbes hhest gate s a

floating gate, 15 the second gate is a co ate and”the third gate is a

gate having the functionge0keROEBn8haESr IBhEGREt8At €1FOK1i€0HEVOELI NY A
split channel. 6. In a sem conductor integrated circuit device according to

item5, a partcebrtfiegt hor dhgapeeexhst snovaridn ethplsesi engduct or region of
t he second conductivity type. 7. In a sem conductor integrated circuit

devi ce accthrdicrgstauanyoanghefreihenbitdt gadest hevihgstifieeens a fl oating
gate, the second gate is a control gate and the third gate is an erase
gate; and an dunctéeosgr faom thosheof 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 third gate exists over the sem conductor region of the second
conductivity type. 8. A sem conductor integrated circuit device includes a

well of a first conductivity type fornmed on a - 10 main surface of a
sem conductor substrate, a sem conductor region of a second conductivity
type formed inside the well, a first gate forned over the seniconductor

b h h a,fi i I, fil . d f d h
First gate thrOUHCR BeB6RA TnatPAtaroF FinBndgot Al LA Ga: 821 6r AEATSRA
| sol ated fro”%k??i%%hi%t%%t%r% rugh %i&@krgakgsvh§58§hfh'gh'@ﬁer?'“ the
third gate has tunctions of bo erasé gate”and gate for controlling a

split channel 4,lQ19¢okn <3 ¢ Mt @RAUG! Ohel BhegabEd-Chioubt sipybacagcear ding

to any one of itens 1 to 8, the third insulator“filmis I con OXi

filmdoped w LhktRinr ageRhel@ i rAtsaireerduat ghdi AEeghated ¢hr gushadevi ce
includes a well of a first conductivity type fornmed on a 15 main surface of
a sem condsict @etwelat katea, farsengeeadyctor region of a second conductivity
type forned inside the well, a first gate formed over the sem conductor
substrate thr@ugh a fir3h ensehatondhickor ansegeoadegatéréoinedeovee the
first gate through a second insulator filmand a third 20 gate forned and

i sol at ed fromackerdingt tgatieerhilougheaftilmistdgiehsal ater £birlnad wherein a film
thi ckness of the first insulator filmis greater than that of the second or
third insul at Gy™etmical lYAWSER ¢es@8€tooi fhegthiasd erRteui andethee 25

includes a well of a first conductivity t¥pe formed on a main surface of a
seni conduct or 856t FELES 3T&eiPEBRUEYBREEE4FBhLEf WAtEeEBARSEENARCEPRI ty

type fornpd ingide 1R,
[
3. A semiconductor integrated circuit device
includes a well of a first conductivity type formed on a
main surface of a semiconductor substrate, a semiconductor
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



well, a first gate fornmed over the sem conductor substrate - 11 through
afirst iknsulator film a second gate forned over the first gate through a
second insulator filmand third gate fornmed and isolated fromthe first
gate through a third insulator film wherein the second gate conprises a 5
stacked film of a ponS|I|con filmand andtal silicide film and the third
gate exists ag uried into a sgace bet we t he

E £ rst gate . In a
sern cogdu?tlor hiy EapalofeEr, bibE Bt sanacéaﬁafﬁaofo 8828 hni g

t L d i d
ol oot oyt cgatedrort@al HAGDLEMELEM eldn EhEORYFODONELET RPLGERTMET

mi 0 surface ghigaserbaonduet o ﬁ?bﬁhéﬁéﬁg gnsgg;§9ngegfgéersﬁlen of a

second conductivity type orne I nsi Irst gate ?orned

over the sem %angacggeeseh%&at gtt Br gt chi [é&vek%Héﬁt Qlﬁefb]lbﬂ%ra second
gate fornmed over thé first gate through a second insulator filmand a third

gate fornesl agdrirsekabedcheomit-be bhtét gate through a third insul ator
film wherein the second gate conprises a 20 stacked filmcontaining a

metal film 14. In a sem senfluchauctot edrvd@raced celtcueyidevaceording to
item 13, the second gate conprises a lamnate filmof a polysilicon film a
barrier netal atcbmdang &omengl ofiel mf 28edS. 11 hoad skas candueterofntkgrat ed
circuit device according to item 13 or 14, the third gate exists as it is
buried into tHheldpaéagbeprneenuchaéonprsea éar@§ cepstruchigenvizendiet bhe

integrated circuit device - 12 according to item 13, 14 or 15, the
barrier netal fEErEHh BaF8ngS ﬁoféogﬁéﬂﬁ 8Rta, t LRGSFRACRAI HRER £Ftani um fil m
a tantal film  a taI fl|g1 transition netal itself or its
ditride f18 m GeneEels sﬁfe.aa f?ﬁ tﬁhrg Srbm fonh EFrde FRFRC 3 oA
silicide fl|nk %Sggl¥gd§nu rel ﬁ gt nlun1 Sgg en f|Ln1or

uc or ?a ed"

their alloy f°° sem con i feui VP & acéordlng
to any one Ofthgeg§c$$dt8a%@ QgsaaBXnezo&hSate and the third gate is a

gate for controlling a split channel; and a third
construction wherein the first gate is a floating gate,
15 the second gate is a control gate and the third gate is a
gate having the functions of both erase gate and gate for
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



10 follow ng constructions: a first construction wherein the space between
said first gates is defined by end faces of the first gates parallel to the
extending direction of the second gates anong the end faces of the first
gates; and a second construction wherein the space between the first 15
gates is defined by end faces of the firstlOgates vertical to the extending

di ti f th d gat th d f f_the_first tes, 18.
sent conduct or "RAPeSPAF BASCPF o TSBEGPEAUT hEF UABESKIGEFI Bf SENFFPEEuCtOT

agion of o sEESnA CBRGACEFGRS EOPRUFbrRBaY | hebHot PR et 1o HPB SR Sour ce
region of : ¥ e YR ur o
Sel ot transi STBEE Fof CeT olhrng T RET odar s our c 11 e ARd O oo T Bear Lhal a

lines, a first,gghgn2a FOLORAiQYEIaLHE BEThCORAUEEORq! Bhegr ahefeguBSLLAL €
through a first indulator film a second gate formed and isolated fromthe

first gate thegeghiassegand tRsyghghoh EbbBhdWrSubhbes Eormednhyacenneati ng
t he second gates, and athird - 13 gate forned and isolated fromthe

first gate thgeughfarmhbirdntnssbaboedf Ekomabdehavikrsy datéetrpbughnati ons
fromthe first and second gates and, wherein a bundling portion of the
third gates exhstd betukehothéilwy dwheneipxtkei hiyibdayatbehasafesttposkti on
to the select transistor inside a nmenory cell block conprising the sel ect
transi stors anfl bathgaresefgehe sefegater 4asi sopkroldingnaaspeénrtconduct or
integrated circuit device according to item 18, a dumy gate exists between
the ' 10 bundFhaB"@brtion of the third gates and the word |ine existing at

t he nearest position to_the select transistor inside the nenory cell block.
20. A seni%onduct or intEyrat 2MEFPREFECQRVIRESIrated circuit dévice

according to any one of items 1 to 8, the third insulator
film is a silicon oxide film doped with nitrogen.
10. A semiconductor integrated circuit device
includes a well of a first conductivity type formed on a
15 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 gate through a second insulator film and a third
‘ 20 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



according to item 18 or 19 has any one of the follow ng 15 constructions: a
first comstruction wherein all of the third gates existing inside the
menory cell are bundled at either one, or both of the ends of the nenory
cell block end; and a second construction wherein every other of the third

gates existing i nside the nmenory cell bllodk are i ' 20 bundl ed at the
menory cel l ck end. 1 A sem Q ductor _inte ated CI cui deV|c
according to i eﬁigg l§n§ OPSPE @Pglko&thgc%%s ruct?ons % pver

I f
Che third gaSbe $y5,50 66t oy e snasetoat %ﬂfﬂhi?% ‘39?%5325’

the dumy gaigae@efeegeacgﬁe EQBQHQ%danBHt@ﬁé B@ietaagte PELBLgW Le. 22.

I n an operation net ho sem conduct or - I nt egr at ed ci I’CUIt devi ce

includes a wekh;of an%hn§E090@@yﬁtlWhEYe&Mthé05aeanengataab8m§y&§eeeaof a
sem conduct or substrate, a sem conduct or region of a second conductivity

type formesl i gshdeebheiwel bf a polgkidigaheri onnBadoNenethe semieopduct or
substrate through a first insulator film a second gate formed over the
first gate thfaugh ansechsdththisdl ghor E&klisrsaad att bhsrdugaee intoed and
isolated fromthe first gate through a third insulator film the well of
the first condpetevbeywegpeths fitetofyakep.type; programming i s nmade by
applying a positive i voltage relative to voltages of the third gate, the
wel | and a sodfece as onénof FRBiFeRABAEOBf IRRRIEREPRORHLCEDE F@¥ien is

applied to a control gate as the_second %ate and to a drain _as the other
regi on of the3SERFESRFUEPOLTEE Ldgi SRE B Haerﬁéihﬁlﬁg fhd® by applying a

p05|t|ve Y Itgﬁ glat|v§ to a voltage of the control gate to the third

gat e. Ng5&ERS: FoA™met hod of a seni conduct or device i ncl udes a wel |
of a first copductivity t¥8§1£8§5§9 Lp fngg stgi § s&m conduct or
substrate, a Sérm conductof “region o 4 Secon conduc IVI ype f or med

| nside the weliheiBqblr t 884 eot0LMRd, kepohhee eoiegneg§§0§ﬁ§mgateﬁts

through a first insu Fator second gate forne Irst gate

through a seceaqnlaee&ekeroklbngemeeanauaéokhsﬁssgaaeefoaneemeaenuaeheked
fromthe first gate through a third insulator film the well of the first

conductivity t¥pgeohso@f aaBeBohdPeonfuOgL &IHY NYyHE ﬂadﬁebylﬁﬁpﬁélﬂaea
negative voltage relative to voltages of the third gate,

15 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 formed and isclated 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.

16. In a semiconductor integrated circuit device



- 15 the well and a source as one of the regions of the sem conductor
region te 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 nethod of a senmil@omductor integrated circuit
device includes a well of a first conductivitghty e fornmed in_a main

surface of a 20CQEALESNEACtBEMsLbst tat8F A sehfRoRatEL®F FebRbnftdPned

inside the we]l, a first gate forped over the sem conductor, substrate
through a firBeLPRGE| BPoP FFPHP AfsBCOMOOSEER Folfed obbrabhamf L H” gat e

Fir ot gate tnEOUBRIAM AL PR [ASFAE or EPHIRDSERoohR EBFnpRE P Aptal™ 11 1

first gate th i fis irs

conductivity LyBe1ksooli8n RitypSe PLOATBETLEG L1 FBASe DYy 8RP! XLNg 2

positive voltage relative to voltages of the third gate, t | and a

source as Pne;0hnt AEm YL LN 0k 1 1 seAbeandust 0f 5881 M LO & control gate
as 20 the second gate; and erasing is nade by applying a positive voltage

relative to theiyplitage eflitbheqsontipl gatechpithecthbidegateim28r In an
operation nethod of a sem conductor integrated circuit device includes a

well of a firshe2d eobDdycEivinky type forned on a main surface of a

sem conductor substrate, a sem conductor region of a second conductivity
type forned i b3i.de the destémiechdustogat etégraeed overcthe deniconduct or
substrate through a - 16 first insulator film a second gate forned over
the first gatecthrdupti aosespndnénsl atemsfllntanditahahi adygafether ned and
isolated fromthe first gate through a third insulator film_the wel| of

the firstl&ondaélpying e9patrycsionsa p fypet PpPOYFENATAQNI ¥hAR@ENDYNe
applying a pogkgggebetween said first gates is defined by end faces of
the first gates parallel to the extending direction of the
second gates among the end faces of the first gates; and a
second construction wherein the space between the first
15 gates is defined by end faces of the first gates vertical
to the extending direction of the second gates among the
end faces of the first gates.
18. A semiconductor integrated 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



voltage relative to voltages of the third gate and a source as one of the
regi ons 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 10 made by applying a negative voltage relative to the voltage of the
well to the control gate while keeping thé3oltage of the third gate at 0

V. 26. | ' hqd, of ' d N d ci it d
el uding a waRECof OANETT 81155 BORURGL FoPTy L5 pb FOF nedtone AL AEFR Surf ace
f ' duct b te, ' t L egi f d
Conauct i vi 1y Lobact SRRBNERE; AETnEndonr Y Eh it EPLERRE FRPRERSRTerreRe
' duct bgt ' ' I L d
Formed over 1 Reor pree b0 gaPandpalen aEL EhGEela FirdafiRy paRFen

third gate f06€E@Ré”ggﬁﬁﬂggégggf%Qﬂé%?ebéE%ééngéﬁé §brqughng LRisd,n

insulator film the Irst conductivity type 1s of a p type;
programm ng i §+MRHE R¥aR3BBLYpPYiRiBASLEI VReVOLiBOE tRLALLYEoEOiNOLHaTES oOf
the third gate, the well 25 and a source as one of the regions of the

seni conduct or meRek9Nck01aptenkr ebmpgai €185 the serent gasesaptot9 andrain as
the other region of the sem conductor region; and erasing is nade by
appl yi ng a poshei yetwobfaghker skhtctettansistdé?. the voltage of the control
gate to the well. 27. In an operation nethod of a sem conductor integrated
circuit devicé%includi nfraawethiofnduc¢iostivormets¢dicireype devhes in a
mai n surface of a 5 sem conductor substrate, a sem conductor region of a
second conducBF¢PEGLRgpECf bERBALPnsRdevRE FRFe, exigktongtyaee Ebened over
the first gate through a second_insulator film and a third gate formed and

?solated ¥F onPrREl §aPePPRFOABNL thEr BT RduFate? #IPntRENECHRI +10¢8 the
irst 10 ductivity t i f t : i i de b | yi
1T 30 conbye a1y 1ol 80 L0, 1 o T s o TS, 81 o

the regions of the senic o] (o 0 a control gate as the second
gate and to aia%ggﬁ gggtﬁggggﬁeée;gg%gﬁc%f t he sem conductor 15 regi on; and

erasing is magdg by app'Xi98m§c8§§€é%%P vollage Ll iy £ 0gdheyol tage of

the well to the control gate whi e voltage of the third gate is kept at

0 V. 28. In a_ﬁc@@@&@hiﬁoﬂor@ﬁéﬁdl@fo_ﬁ $OMhaoNguGt Ohel Bt egRat ed1 CoHCHG T
device including a well of a first i i 20 conductivity type forned in a

mai n surfiege ebnatsedteoOAdUChOFisubstoAateruat $eni vhagdachosll egf obhef a
second conductivity type fornmed inside the well, a first gate forned over
t he sem conduthordsgbsesatrithingghnaifler shei msmbayocelll ayeabsedbad gate
formed over the first 25 gate through a second insulator filmand a third
gate forned aadthsol ated frohvtheofithe gatde ¢ohrbhghmamohyrdel hsolatbr
film the well of the first conductivitg.type is of an n tyge; pr ogr amm ng
i s made by apﬁpgfngng ﬁe@ﬁ?PV@ copsfguction 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



voltage relative to voltages of the third gate, the well and a source as
one of the regions of the sem conductor layer to a control gate as the
second gate and to a drain as the other region of the sem conductor region;
and 5 erasing is made by applying a positive voltage relative to the

vol tage of the control gate to the well.” 29 1n an operation nethod of a

d d d | udi [
contuot vty EYRECEERE il th RS ST 408 RS S0 Vet Bonduti6F toubst rat e,
a senlconduct% d%%Fggl%f %yg gggmggnchgl%lg éggggforgeghln3|de thg

well, a first ga or me g"Senm conduc raté rough a first

i nsul at or i1 gend saeand gaterkerded ouesche HEEEoQagggEQBOH h,a second

insulator film and a third gate 15 forne I sol ate fron1t e flrst gate

through a thl%@cbﬂaUE@haﬁthbqkyth9p@ekbrﬁkdtQQSEHESEh@oaam@tIgltyrgxpe i's
of a p type; programming is madé by applying a positive voltage relative to

vol tages of tQatreelbraed aveeuree asmekendhictbe EeBserstef thkeugh a

sem conductor region to a 20 control gate as the second gate and to a drain
as the other regisaniakullheozefi¢anducisecohdggans EBdmenasiveg thenmdde sy
applying a positive voltage relative to the voltage of the control gate to
the third gat gat20thkrough aepeeabndn imstiadoaf falsenmaadnduthard25akat egr at ed
circuit device including a well of a first conductivity type fornmed in a
mai n surface dbraedemndondedadedsdborr dhe, farsénvesadabronghegi bhivf a
second conductivity type fornmed inside the well, a first - 19 gate
fornmed over tH@S§éﬁF@6né&éﬂort§&b§€#&t@ftﬁPSuﬁHrétfFP§9uFﬁ§HP5VoFYPFIﬁﬁ a
second gate formed oyver the first gate, throgg sec nd i nsulator .film and
athird gale Pdr el AWBS sEFRPEE™T B the™P SPYQQPB ?ﬁpguéhPSSfﬁFVG 5
insulator film he we f._the fir condu t| p.t

pr ogranmm ng i §° Sgeb§e&6%ﬂy?n§Oavﬁgéﬁgﬁ§eO ¥ éh%é 38’tgg$ow?éges of
the well ‘and %n%pﬁr%%u%%eoﬁg %Eet%% %%'Qggﬁ atB% %ﬁ€‘§8398§B8Gc589!0“ to

a control gate as the Seco to the ate rain as

the other regiag;gfh HEG ggﬁh%ﬂ”@%cko%ok%gbqnga%@dagr%?b”gebénHaQSto nd

appl ying a negative voltage relative to the voltage the well "to the
control gate. t3la LRadh @Rekaki erheRt kedieh arserkcesduebabutabegr at ed
circuit device including a well of a first 15 conductivity type forned in a
mai n surfate akgdonematdneuatdngsdksmadkepyaapeliyéandacpositegeonodtage
second conductivity type fornmed inside the well, a first gate forned over
t he sem conduckdrtswestioate voitaegghod fthestontgsolagetef tbmthe sbéodd gate
formed over the first 20 gate through a second insulator film and a third
gate forned am@tesol ated fromthe first gate through a third i nsul at or
film the well of the first conductivity pe is of a pr ogr amm ng
i s made by appPying a p5§|PPv8996PPé@8 W@FgPFv@ftB §8W%§88§“6F°Fh e¥eFf and
a source as 25 oEe of the h§ t he se ndu tor region ta a _contro

e

Gate s the saCONI%BS: & Wediehta s HLFd gRPBouRg U4 &waﬁnfa§mﬁ 2Bt Rer
regi on of éhe senlc %uc%o%fr%gl Qs - E%U%EaSIQQbS%Fg%%é con F aggggPS e

positive volta r efati Ve to tage o]

well. 32. In aq B%r%%'%”F%%B?%dc%Bd%c &R ¢ ”@95%0%okﬂkﬁgrg%igeckhgyit

device includin irst con uctl ity type tformed in a main

surface of a {e3am goRduekoyatdbIbiakd o@e%e%héogéﬁﬁh%hdh%ﬁans@Bs@réQ@Oﬂd
conductivity type forned inside the well, a first gate forned over the

sen conduct or taubsighate filseughsalkitbst fingyl at eecbindmyagesgoemnddgater
formed over the first gate through a second insulator film and a third
gate 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,



;' 10 fornmed and isolated fromthe first gate through a third insul ator
film the well of the first conductivity type is of a p type; progranm ng
is made by applying a positive voltage relative 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 second gate, to the third gatéSand to a drain as the other
regi on of the sem conpductor region; and erasi is made by_appl ying a

posi tive vol t 5@ Y%}QI? ? 0" AYOF t &YePRT ¢ é&%%nf?%ﬂoiﬁu%&t ¢ he source or
the drain. 20_33, In an operation method of sem conduct or _int egrated
Circuit devi cBTHPTHING S HeFTo0rta 1178 EOhalR s Vi1 y iSRS HReE T
mai n surface of sem conduct or_substrate, a sem conductor. region of a
second conduc?lilv?}?/ ?y%reajf%rarlr%du?ens?t 851 HeS ket ngg tgller s?er%]Scoga TS med
over the sem fo r fl i i nd
gate forned ogg(?gdt}jrﬁ'e %Ii@;{%?%éa?%&t%?orﬁ%%@a@%e%%ﬁ%y}fﬁuu%Zl%%rflﬁ‘%%vgln%éﬁg
third gate foraegh apd LSS0t eghit iR the {hd sdott& TIU IO, achdli ¢l rq- 21
insulator film the well of the first conductivity type is of an n type;
progranm ng igat@de by applying a negative voltage relative to voltages of
the well and a source as one of the regions of the sem conductor region to
a 5 control gate as thelrsexonmpeayatel ot ondtieod hiff cb gadrel aordidat e drai n as
the other region of the sem conductor region; and erasing is nade by

appl yi ng a posihtegeaived tapecu et adé¢vece olnhbuded tagee b ¢ohea chitstol gate to
the third gate. | 10 34. In an operation nmethod of a sem conductor

i ntegrated ci¢endecHevite fyRe vbPHEEA Weld Fim Jyrfaceondurtivity type
formed in a main surface of a sem conductor substrate, a sem conductor
region oftfa sEXBHECRUHERE i SHRTEIFPR for TR FHRF e here@ien o medt 15

te f d .th ' duct bstrate th h a first i | at
Prim o econth GHi® FOT Mt bvel THESF1Tats gt olth 'Second | naul at or

fil d third i t fi t h
Lhitt fnout at o e PR {EE TR 0Ck  SOUR G [OTRANG IS PR ARV 3
type; progranm LS e i i I | atd

Vot hghe ot T heShq odBE e ANEPROVE RO e NEOAL el LB £ladE0Ad

seni conduct or ; £ &g] O £ 0afy COMHE OF 4 U e a0 tRET SECONS OBl €aa t Brddec i rd
gate and to a drain as the other region of the sem conductor region; 25 and

erasi ng i1 magerdy G vimgowgmegath ved voddwnersel efive 41t thel vad ¢ agee of
the well to the control gate. 35. In an operation nethod of a sem conductor
integrated cifimst cdevdecetinctydinge aisvwdf aof @ fypesi 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



- 22 conductivity type forned in a main surface of a sem conductor
substrate, a sem conductor region of a second conductivity type forned
inside the well, a first gate formed over the sem conductor substrate
through a 5 first insulation film a second gate forned over the first gate
t hrough a second insulator film and a thit@ gate fornmed and isol ated from

the first gate. .through third..nsulator fiJm the well, of the first
conductivity §Vﬁ§ﬁféﬁﬁ&15¥9¥t & 5?55?%%%*ﬁ@tﬁs%ﬁ§8§db?V§5pF?Pn§l§St
negative 10 v relative to the .well, and a.source as _one of the regions
of the seni co(rggc?fjtca:e(tggrhrré‘1 B tsc?cémggn\?{reséllla%&reafég‘n} r& sé’c&ﬁ’&rﬁlafg@tt&nd a

drain as the qftotl‘?r{ecf eagf-cp(r)llsqlatt%%{ %%@mc%q}%g%ii%r r %'t%n’th% %@ﬁé%sg%ergls ggde

. st
by applying a positive voltage relative € voltage o contr

gate to the welsy13Gqd F1ah ORSIALIAN NBL hod gf%rtégsggina%%%&%&uitg&%gr@ ed

circuit device accordlng to any one of itens an abso val ue of
the third gatesd & YRR, Hhayddhatinef ithaawel 139880 siRg %O%to(%?;ltfi%te
od of a

during the 20 programm ng operation. 37. In an oOperation net
sem conduct or vidlitegfeatred adiiveuitlo G@WiteRyeaC eF @hag tha ranya®ee aal it ens 22 to

36, a distribution of the threshold value generated by the programm ng
operation is a&oureastasf ame lodvehe r2yidds Afnehkodenficphdddtiongragion
sem conductor integrated circuit device conprises the steps of: (a) form ng
a well of a fitosta comduretli giathe @gpdhien secomd genduendr tsubstratie; agbxhe
formng a stripe-like pattern to serve as a first gate - 23 over the
senm conduct or o$HSst F&SE hidu dihea SEMisondysiogt segfionm apg) eresinggis
seniconduiéor regi on of second conduyctivity type inside the well in such
4 manner t& qugﬁz¥%@ﬂ PePSHRH VSaiV@ 540 eF /L aEdY S 6Pnithg a third 5
I nsul at or f"@&l@a%%eo%p%%% %%th%% %%et%%n E%ﬁpgékgkshile keeping the
voltage of the third gate at 0 V.
26. In an operation method of a semiconductor
integrated circuit device including a well of a first
15 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
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 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



pattern, and burying a third gate into the space of the pattern; and (e)
form ng a second gate pattern in such a manner as to extend in a direction
vertical to the stripe like pattern. 10 39. In a nmethod of producing a

sem conductor integrated circuit device according to item 38, the striplike
pattern to function as the first gate i§ pdtterned in such a manner as to
be symretric wth r ect to the thjrd,gate, and the thjrd gate is
patterned in g%%hvﬁfﬁgﬁﬂe?%aEh35c?%£5%ls?ﬁﬁ%t??ctQ$tYFf£Spect to the
stripe-like pattern. 40. In a method of produci a sem conduct or
integrated citTcuit devi%ré RGO T %W%&P%es%%crodq %ﬁ%eoﬁs formed in

Se'f'a'ignnﬁninME%?a 0§ él£é@§£'&%@i@é?£§éﬂud£; Oagﬁ?%f‘@PtQOPifgtggfd“Ci”9

a seniconductor I egrated Crrcurt qu|ce conprt se e steps ©
formng a wel foRfuariiis) eppduetinidyihyRendsi &er 82 S&Md£onduct or
substrate; (b) formng a first gate over the sem conductor substrate
through asfirsémiosutiatosrfshipstfedef 08 NEOP GordusSESTE COSGIHIEHE 06 r£gi on of a

second conductivity type inside the well; (d) formng a third insul ator
filmin a spasecdedii ceddbytihet§itgpe ghd emednin $ddan tige thel I hi & dsgadedi n
such a manner as to bury the space of the pattern; and (e) - 24 formng

a second gat egatvbefermedaddet hilhel fHareti gapat tieroegsh sv tdadnd hensutdace of
the third gate is lower than the surface of the first gate. 42. A nethod of
produci ng a sémmonaudt arthhrégratedforoedcand dewvlakedctornli the t@at@y one
of items 38 to 41, conprises any of the follow ng nethods: a first nethod
of forming theh¥APel Yatklisd ipatlakerehiire Shefurkl Fftmee thiFst gate

xi sts over the seni conductor regiop of the second conductivity type, and a
Second mathod GRIFOFRTRGY; EYRD § Rt P ™ gaYRS SPTREA AHIHAT { - 5™ HE B¥i rd

gate exists 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
and to a drain as the other region of the semiconductor

15 region; and erasing is made by applying a negative voltage
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



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 seni conddttor regi on of the second

d i Vi is f db il [ [ Lon. 20 44 . 1 hod
of pr oduci ny SOLERBRORAKEEGY S FPedPat 8458 PRUFLSdbyIEa SEb5r dFRG T8 Any one
f itens 38 tq 43 third insulator filmi i L i de film doped

W th nitrogenanis® PROZCRLPHoR ST Obr BUEcERe R EeRE cNALEEDF COoPRE Bhr at ad

cireuit device gl udingcanpelh ghea Lir sheCauduahi ¥hiy LygecfoLngdaon a

mai n surface of “a sem conduct or ubstrate, a sem conduct or regron o

second Conducagvkhg_bxm%rfgegggnie%i@ﬁetQemwgbhdueFékr§égioﬁ-2§nd9ate
fornmed over the semiconductor substrate through a first insulator film a

second gat® fearaRdngvels WAgef b@sbpgaﬁzﬁnbhéoﬁgﬁi&i@éCQBchaéUkél@tifré' b,
and a third gate formed and isolated fromthe first gate through a third 5
i nsul ator fil mhet kelseagendfgahe conptbiesadel aBi oAtewéilm of a pol ysilicon
filmand a netal silicide film and the formation of the second gate is
conducted aft@®.t he foriat eonopéreheéohhinetlhhgdt ef 46semihcandetbhod of
produci ng a sem conductor 10 integrated circuit device according to item
45, the netal integriatiede cfircmiits dgvigrgsnehudihpgchdwelll af 47firata net hod
of producing a sem conductor integrated circuit device including a well of
a first condu€eP@reEyityse foPredosned iRi A Bainagvrépca 26 8eni conduct or
ubstrate, a sem _conductor region of a second conductivity type forned

insi de sat® wePRICRNANFLPTgSPLSEGRANEd BvEPMERENEBRTEENEEELBR Shbstrate

HEFAESIE WSS AT S AR OSSR SR
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

15 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
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



20 fornmed and isolated fromthe first gate through a third insulator film
the second gate conprises a lamnate filmcontaining a netal film 48. In a
nmet hod of producing a senm conductor integrated circuit device according to
item 47, the second 25 gate conprises a laminate filmof a polysilicon
film a barrier netal filmand a nmetal fill® 49. In a nethod of producing a
sem conduct or ig%e rate C|rcu % device a co dlng fo item47 or 48, the

26 third gatg PEMES PYefs urlgglFﬂP_uF AR HAtTeERTSRPY fir st
gates. 50 o nearEL Baduel,BEogeh 0, . 68hA0B0NC! PEhORCOFAL S CT EEHLL

devi ce accordlng to | arrrer o a group of

a tungsten f'%eratﬁk%gahug‘EéEthalﬁ§91§£891%iiﬂl &n $a£h1¥&”%$@99 of a

transition me itse its nitride filmor its si C|de

al um num ni tricdembil Ahqaisebatbasklbai dref fh%tagg@éy@ﬂﬁwmlsal tgigdg film
a titaniumtungsten film 10 or their alloy filnms. 51. A sem conductor

integrated ci iadhladeyi ee1mnctHEefeal Wek| tBE 8ifkfStor@AEUCTiVt Yyb¥PEs
formed in a sem conductor substrate, a sem conductor region of a second

conductivity bype potppd;i psbdeainenyell, mhacaby lappdying &ipesiandel ocal
data lines fornmed by connecting the sem conductor region, select

transi stors fupltegectehngtine tocublsageseofi hes wadlt&rd| acabudataaki nes,
a first gate formed over the sem conductor substrate through a first

i nsul ator fil APeacEetbadrgaiensopfefhangensoradedtProneghen20ofarst gate

through a second insulator film, word |ines forned bg connecting the
second gat es, CaﬁHrﬁ%nﬁﬁ9ecéFI§h§xF§FPﬁ6 BRCEhetPothf BhF@egPF%e%HQnHOthe

I | data, li di. vi ded | ect t t f [
b ook, “THD nefof el ngrﬁ%kggﬁa?ﬁagéwarnéﬁétﬁﬁ‘)%%al°é£“a$$aef?%%%%n?ﬁe
wor d I|nes ang §0n§gs£§ Egbﬁ?ﬁgngrya§§¥y%ﬁérgyne re nv%ﬁ pe each power

e
source line is di Spose % to inter pose

the memory CeEElQFQGE £ the §8F§C§% gfttﬁ 9@11“@0“@59 ébH%?to %%t§7 and

the | ocal source Iine and said ata i ne are connecte e of the

power source kines and {g §nsbﬁ@§étléﬁem@{ﬁ@@9§§ dNséndbseidop-vertical to
the word line, or to both of the power source |lines, through the select 5

transi stor. 52ntégsetkgopduetor bt egeatpdlGhisyi & Weviceragceigdipng to item
51 has any one of the follow ng
15 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
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



constructions: a first construction wherein one of the local data lines is

connected to both of the power source 10 line and the signal |ine through
the select transistor; and a second construction wherein one of the | ocal
data lines is connected to the signal line at one of the ends of the nenory

cell block through the select transistor, 28nd an adjacent |ocal data |ine
he- ot hor  end®BFSrRESnEROFycaPt CBPBCRTL PPOUGR EReT SBFEEL Lo r GG Kedl. 5.
a0 d Tocal daPdlines | G cBnBREEALT ™ RRLERAngr i 1etCahEEI  he ends of
Sour co 11 ne 46 CRA"GERar CSRACAr CRe nenbly EeHTObT ot Pt nobubn’ tAS"Cal ect

transistor. S8onklcRiseRl,CONEUCEQEmbAt £aT At Rg: £ LGHELdeyEcg according to
item 53 which includes a fifst select 25 transistor for connecting a signal

l'ine di sposedskRidofliieebkOBuBsttheal hOséMEcEX4EREbPIrdhisstbpnaof the
word line to an nth (n: integer) local data |line, a second sel ect

transi stor fosecondecbhdgctheipoweypsofverelli DEside 28Be WeSppsedratsene of
the ends of the nmenory cell block in the sane direction as the word line to
(n+1l)th | ocal gdheafbirmed avehi thessémitondansost subsbratenvecouqgly &he
signal line to the (n+l)th local data line, and a fourth select 5

transi stor fofliEdhneesihgteohel pberasoacerd| gake df spos@dowert bize of hestend
of the menory cell block in the same direction as the word line to the nth
| ocal data |if@tethbrguek 3i gaaradoinsnéatersfibnd aedondthibdsvaters are

th ' | 's; dth t [ | of the third d f th 10 | ect
ﬁrgngﬁg?&f ggggg@ﬁ ngaﬂefgggﬁggglgpgm ghe ffrstléatgnthrgtgh a thf?dec

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
one of the regions of the semiconductor region to a

15 control gate as the second gate, to the third gate and to
a drain as the other region of the semiconductor region;
and erasing is made by applying a positive voltage
relative to a voltage of the 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



55. A sem conductor integrated circuit device according to item51 has any
of. the follow ng constructions: a first construction wherein a gate signal
of the select transistor connected to the | ocal source 15 line and a gate
signal of the select transistor connected to the |local data |ine are the

sanme signal; and a second construction whéﬁern gate signals of all of the
sel ect transistors connected to the source lines are the sane signal.

20 56. A seWI&BﬁH&EFBF ?ﬁ%@grﬁP@dWEica ttBEVF&ESFnEPUQBEtéV%EVItMPe ifir st

conductivity t n_a sen conduct or %ﬁbﬁﬁ a_sem conduct or
stde

region of a s& oﬁB 8oggﬁgf|VFP?rFVBéngoﬁﬁe@a _ aPﬁéyﬁBFIa 'ogartve
sour ce/ dat a Ilnﬁ%apgrne aQ?v%O@BeCFiQQ ggefgggg llgfftgﬁdzg ?gga 3 el ect

transistors for €éc He I"6ca rce nes, a frrs or ned

over the Se”‘%g@?ggfgpezyP§EBﬁEe %hERHQQeglEbﬁéﬁc5§§U£§§Q5nfEE”E a second

gate forned an mthe first ough a second

I nsul at or 5"Ebn%?gl“85@e|h§e§hEOEEEQnHy?SQQneEB'Eﬁetgﬁl§ﬁcﬁggegﬁhé to

wherein menory cel[s dn the | ocal sourcefdata Iines divid e sel ect

transistors CQ”&EbthQs”EHEthﬁ§E|rEbQ@KSofaBHetE@mﬂ@ﬂﬁ&McE@k'rQbQ@K$ 5 are
arranged in the word line direction and constitute a nmenory cell array, and

when the | ocaknslogteeliédat asl made bynapponiag thpokoecalresovleggki nes of the
menory cell, they function as the local data line of the nenory cells

adj acent to tmelaemwerytoekhe vhétsgmi oontbet oontnbéggatedto’ thé thicdit
device including further one each power source |ine so disposed on both
sides of the @@&8ry cell block as to interpose the nmenory cell block
between themin the sane direction as the word line, and signal |ines

di sposed % a3directi onlVe?Pi EBFr2BiPACIABRAC| Phed, SERECPRERFLAS
source/data |ines beln connectegﬁto elthe ne of sa;ﬂ B wer source i nes

and to both anFﬁgré FlFFHéE Vbﬁ@hlPﬁ épch V'E tr f189L A

sen conduct or nteg ate c r cui evi.ce accordlngPaﬁalten157 has any one of

The foll e e et HhRE B R g R e r bR aGhePE R nen

semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, a first

15 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
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



integer) local source/data line is connected to the signal |line at one of
the ends.of the nenory cell block through the select transistor and (n+l)th
| ocal source/data line is connected to the signal line at the other end of
the 25 nmenory cell block through the select transistor; and a second
construction wherein an nth (n: integer) |%ca source/data line is
connected to the %o%pr. ource li_ne at one_of the engs of %he nmenory cel
bl ock t hr oughSPREUCTIVEEY S¥PECEOFMEHs 8t Br "@4RdSHATRAS19Eh3 ocal
source/data |ine.i onnect ed tﬁ gge power sourée #Ege gt.the t her end of
& Porots8

the momory cePFTBCOBRSERPOUGROERE25Er oot SEPARSIaLSr oL 5EEI+ R aC8eM conduct or
| nt egr at ed C'%%%b%ddgﬁhﬁﬁcﬁ'ggﬁgggpﬁg E8rh ﬁ”}59185 Phe nglofat?§ Lecal

source/data | 1nes I's connec e Signa I ne at one fhe ends of the

menory cell bhagk trhraugholBe $8LeskmiF8R8LHSLOL, s8BYtFQrEhenPOWER gource
line at the other end of the nenory cell block through the seleCt

transistors 1¢i%8t AnsamheoBeuet of, | Bt egE8hadgatecebimd@vbeeracrer dipgtt 0
item58 further includes a first select transistor for connecting the
signal line wgaed ithraughrecteesndeihsaahtbe themywafdl anehand gatath (n:
integer) local source/data line, a second select 15 transistor for
connecti ng t héopower asduieelbitnd fwomdthe Onesdf ghthe thdsugh &hehiredory
cell block in the same direction as the word line and an (n+l1)th | ocal
source/ dat a | ingulatemi £dlmel sbe wedhspst bhef irsbnpesdiagivheyskyneal iki ne
and the (n+l)th | ocal source/data |line and 20 a fourth select transistor
for connectin§ft B8 PohEPesoBFEErPIRENd; tedmafet RE BPRLYIBAJ2oReFREIHEBNDI Y
cgell block in the same girection rd line and said nth |oc

as the I
sour ce/ dath | VREFadRers ﬁFlYﬁetSaFEesW§ﬁ£?§“8fatﬁ%uFF?s?Saﬂaes8goﬁgeselect

transistors are the _sa e_25 gate ggggal hird and

Eignal. ang t@ s_of %he %
fourth sel ect "EPANERsOor 15r 8oTHEODAHE EF ghaPLOB0tO A% SERT EBRBUTESF =5
i ntegrated ci fgui {,d8%kC§ 260 094k0: AN sOPRe OhehleMBegBoh00 59 haS aNY

one of the

semiconductor region; and erasing is made by applying a
positive voltage relative to the voltage of the control

15 gate to the well.
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



- 31 following constructions: a first construction wherein one of the
siignal lines wred in a direction vertical to the word line is shared by
two of the | ocal source/data |ines; a second construction wherein, when the
| ocal source/data 5 line is connected to the signal line through the sel ect
transi stor, the connection portion bet weerf} e seni conduct or regi on of the

sel ect transistor the side differen romt | ocal _source/ data.line and
t he signal IiﬁgefsggﬁaF88189n9%8E8F FHésﬁgﬁg%ygﬁgppgﬁlchéfsgnangulaisr
third construction rein_th ower . [ Line | s shatre of the
menory cell b?égﬁé.wgi.%ﬂfgéﬂscgnmg@ gg“?ﬁ éafa %é§8§r§5ig gé%%@@ i ncl udes
a vell of 2 Tebabueeagyeli YLbY 1¥BeqLOLAR, LR, A; REOLERNG AL AR 2UDS RIS, 2
sem conductor region o _ second conductivity type formed inside the
vel |, local S@RE%ﬁGdQBaFEEB§§eﬁoﬁ@EQ QxieoFQQEEkﬁg the §89h§ﬁ?dHC£H&rd
regions, select transistors for selecting the local source/dafa lines, a
first gatesformBdlaver themseni epadyphee gubsheat Byt Bheugbrapbi-lske
insulator film a 20 second gate fornmed and isolated fromthe first gate

t hrough a secpadtersyl ahdr bhirkihgwar dhliirtiegater iRdobyheospeacti 6g the second
gates, and a third gate forned and isolated fromthe first gate through a
third insul at pattekm; anddhde) ngoamilngf er eatohdngatenphtbarhhbdsesotht ke 25
first and second gates, nmenory cells on the |ocal source lines and | ocal
data |ines di radegdrbgyst he sskeot thapsHirecsieon¥ertuchhgtaerbeysteibe-

bl ocks, the menory cell blocks being arranged in the word line direction
and - 32 conhkei PattRgha nenory cell array, wherein: a bundling portion

of the thi%d ﬁ tes exists between th morg | i ne existing %t t he nearest
posi tion t® tHe 'sel ect tPafsPEEBPY A5i BECTREIRENDr SEBEFPIBPGER  and the gate

f th I t.5,t istor; th t hi .gat isti i ide th
bemory ool | biRERIAPEeRRaFeH S YsRACE! b EHifE BB Ehefiaft. bREePErbPock:
h . ; ) . . di > Ok
Sord T nes on ABB BEE rek Ao E8] R LbAPaRCEn e lig: SBTECt £ PELLER AR 1R
nmemory ,° 10 ggkh Bl paknbet weenot RemsyARALsignghchi pespdibepesednibntdirg
direction vertical to the word lines; and the | ocal source/data |lines are

connected to ghtber agaecner thoth, gatet he ph@Baknkines k0&hde khBanpeWeE
source line through the select transistor. 15 62. A sem conduct or

i nt egrat €1k ci teubt demmeeraccetidhngespectenvb6ihbastanygeehékef paheetal. | ow ng
constructions: a first construction wherein an nth (n: integer) | ocal
source/ data | #fe i s conhrctetdetbothefspgndlicingeaasemheonfiutherends of the
menory cell block through i 20 the select transistor, and an (n+1l)th | ocal
sour ce/ dat a | iingepsagedneéreditoderieécsi gaapriing p themoBRer thadtbirdhe
menory cell block through the select transistor; and a second construction
wherein an nt A2tR: 1BntegBRY LBcaFlioalie™MPRE FitRoRREcPEEIPE-LthESpover
source line at _one 25 of the ends of the nenory cell block through the

sel ect transi??gF?rﬁnd an (n+1)th local source/data line is connected to

the pomerzéouﬁﬁgr{i”e ah hOenoLhEE §PEalE:hhCa "BORI Yokl BLOEKLYLRYER the

sel ect transis
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)



- 33 63. In a semconductor integrated circuit device according to item61
orc 62, one of the local source/data lines is connected to the signal |ine
at one of the ends of the nmenory cell block through the select transistor,

5 and is connected to the power source Ilne at the other end of the nenory
cel | block through the select transistor. 264~ A sem conductor integrated

circuit device according to item 63 further |ncludh first, sel ect
transistor fo OE%hﬂ%C?igﬁcgnglﬁﬁE? | YREIGAT PR 'Y I@aﬁ?r%%tlon verti cal

h dli d I / I d
sel ect transiREBFEFOPa QBEEEE%F@*?%%%%& °§€uwi§“*¥f‘fﬁ S O IR TE S Seadt
direction as EH%n“@ﬁg g 1§9et9£ Epg?ﬁ ?d gf the nmenory cell bl ock and

an (n+l)th | oca source | I'ne, sel ect transistor for

connecting thg,signal r}g @ﬁ%t@f‘ gl dind ofalepow ceidale 44ngAnda

fourth sel ect tran5|stor or connecting the power source line wred I1n the
same diregfi Oelﬁéulf‘ede\é‘@{géél@@o@@gm%h@o 1449 bocabr spreke/ dates lane to the
ot her end of the nmenory cell 20 bloc wherein: the gate signals of the
first and seceaﬂpﬁebggtah¥a@§| ShOr SoBIEwiNg HatRods gnal £iasd hdehgater
signals of the third and fourth select transistors are the same signal. 65.
A sem conduct formbhggthtethttrdcyate devi Cea 25t lae cantdi neg $0r fanye cne Ofiei t ens
61 to 64 has any one of the follow ng constructions: a first construction
wherei n one ofhiheé sagmatxisnesodésposedsémiconineter orevern ichlth® t he
word line is shared by two of the local source/data - 34 |lines; a second
construction §RePRENCONHBALEVELY obEPe 50 et 2R ECd Meetaird t e EPERHNI | i ne
qre connect ed t hrough the sel ect transistor, the connection portion between

the senlééhduEP%rtFéﬁgoﬂaB? %ﬁetQ%?e%tP%¥%d%fs?Qﬁ EPF?@WS%ﬁ%kﬁ%?%ﬁ?ferent
fron1the | ocal source/data |line and the, si gng line is % of the
memory cel | bPBEksthe ?ﬁ??ﬂo%%ﬂgY?ﬁc{?%ﬁPQw&aeﬁ?@t?ﬁf%& 90% %ﬁ%% Vithe is
shared by two_of the nenory cell blocks; a fourth construction wherein the
| ocal source/d%P8 1ine is connected to the i’ 10 si gnal Iine wired in a

direction vergigcal to the M@tﬂ e?f :Fp&{:g% tr{be asesl,eqtglt ansigtor, a sense
t he

circuit is connected to the signa sense Ci I’CUIt connected to an

nth (n: integerye§iopral Lipguis &&m@&t@&c@fd% o I0e SRsoof i GeiBMEY
cell array conpriSing a plurality of 15 nmenory cell blocks, and the sense

circuit aenegbedioths tRi+idtdHasé gnal £oimed | Bn CORMECA afh@ie henot her end
of the nmenory cell array; and a fifth construction wherein a switch is

i nt erposed bepaeenof hehsi ghatd| gaee canhecst esvé o the sacatorsduricer data |ine
t hrough the select transistor r 20 and the sense circuit, and one sense
circuit can beeghanedfbyha ptoeadicynaddictivel by grwpel iared Wen the switch is
changed over. 66. A sem conductor integrated circuit device includes a well
of a first coﬁaraét:?vat@ypée%@mf i Bhea 9B-eRGyi etdlact bY i substRat S a

sem conductor _re n_of a second conductivity type forned inside the well,
l,ocal source/ﬁafg glﬁ%s %b?%%dl%? EBRHRtd P he seni conduct or regi on,

sel ect tEﬁPS|§50rS for feleCtlgﬁ%érmalproAuc1ng 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



- 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 fornmed and isolated from
the first gate through a third insul ator #Pl m and having a different
function fromthos he first and second gates ells on_the

| ocal source ?% %sg%ﬁ%e%h%V?BCETed%?%????@%T Qi%%%gggg{%eggﬁﬁ%gﬁ a )
i =210 i i ,
being. ar v angefiTRE RS tbt BT Ll racrr it S ntorelf JEER g ot L BL PP

array, wherelg.c@ PHPGLIN0 POLLLRR PhsllCedl £L1Ma) B2 @3 SLiss Dl yeED L he
Ing a

word |ine exi e nearest position to the select transistor inside

the 15 menoryrgehdqbhRgk 890athe SebRCEnd r ANSESI QL ¢ e EMEFYu NErei i d gates
existing inside the nmenory cell block are bundled at the end of the nenory

cell block opgsedstopfrihg: PEOMBr sSOBHE g tHecahp ANYES & NLAMENSOEEE] 1m
direction as the word line and one each of the signal lines wired in a 20
direction verpfcal pdDysheiwondfiimesnare motdl sposedida boih, sitestioé the
menory cell block as to interpose the nenory cell block between them and
the | ocal soufcetdttian| ofieths seocoedt@atd oiHotdbndiictde phHwer slorirce |ine
and the signal line through the select transistor. 25 67. A sem conductor
integrated ci feunatdevi cé tlteotding gate¢tem 66 has any one of the follow ng
constructions: a first construction wherein the |ocal source/data line is
connected to fhe signalllidenehreUght PLoBEinrted sIBEFORFHHSISt or, and t he
¢onnectiaon is,all nade at_ one, of the ends of the nenvrg CE%| bl ock; and a
second corst r tREPBR2LRRr 8 FCThE fO%AFe sRTTREFHBY aPi hEST s? tonheetBYCE0 t he

power source line wired.in the_sane 5 direction.as.t word |ine at one of
t he ends of tﬁéf%%f?eb?%%? %ﬁr%ugﬁn?ﬁ%e%ef%%%c%?gng%g or, and the

connection i 54:71I | made dé)%e%m%h(gfe 3 d@éiﬁ?ﬁa ”?é@fé’or?ﬂé%% ock. 68. In

a sem conductor i ntegrated circul e according to 1tem or 67 one of

the | ocal SOUEﬁ@ég,@ééﬁ}O%ue@i'tSd&\@ﬂ@@qﬁ&wiﬁ@eas\ivgﬂflofiaefftﬁsene of the
ce [

ends of the nenor ock through the select transistor, and is

connected to LHRIROVE i EQUEGBe! EBEMal bheaohher sndrotethe genory cel |
bl ock through the select transistor. 69. In a sem conductor integrated

circuit devi ceerbcangattbngstibsttete F8awhemhcdnatibesri aefldeson 4ir st

sel ect transistor for connecting the signal line wired in a direction
vertical to thecwonddcdéndectinditp hybe (fiormedepesidéosaidseatte/ dafarstne, a
second select transistor for connecting the signal line and an (n+l)th 20

| ocal source/data foneedaovarrigheesericondnsigropupgkrate 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



connecting the power source line wired in the sane direction as the word
line and the nth | ocal source/data line at the other end of the nenory cel
bl ock, and a fourth select transistor for connecting the power source 25
line and the (n+l)th | ocal source/data line; the gate signals of all of the
first select transistors are the sane sigdl ;- the gate signals of all of
the second selgct transistor? are tge.sage signal' tge gate signals of the
- 37 first ant 38cIRGCsEREEFSt PRnSFsiSr SUAFEYdiPFRr B SPRRI BSEYRA t he
gate signals of.gll.of thetthird select transistors are the same signal

t he gate signﬁ?% of 1431 8PPRe fourth select transistors are the same

signal i and Sepne gate sianalscplathe LhLkdoang fouthgake signal s are

di fferent signal's. 70. sem conduc egrated Tircuit device according
to any one of ;jtegBafE4l A1 6uNRSq8PY c8NG AL R ! Pb! PULRY,GONSELUCti ONS: A
first construétio§§ahereiﬁ t&o 10 o?ctheéloéaF %ource?%ata [ines share t he
signal |ineg; Ba&@@@@dméga§tfﬂﬁﬁlB@l&ﬁ@éeta,a“@@@u%h8f|QC@hn§QHé§efﬂ§&§ l'ine

and said signal line are connected through the select transistor, the
connecti on poat t@nanfiuimheéisrm aopdnehoumr €égian af mébel sel eatmbgansgssor on
the side different from15 the |ocal source/data line and the signal |ine

is shared by twenefitihe meteiyiteblfbbeockss aithidd £bhstounciten wherein
two of the nmenory cell blocks share the power source line; a fourth
construction whéreidet idlhocah sbumipitanatkide Fslmpnaecokdltosthiécsdgnal
line through 20 the select transistor, the sense circuit is connected to
the signal |ifélmhe Bepgkdenppupilicige EbhNecdellitanhun tungpheegéiim
signal line is connected at one of the ends of the nmenory cell array
Sonpri si N a BFuFBftEy2otCHefdtPScel | bl ocks, the sense circuit to be
connected to & +1)th 25 signal |i nected at, the, other, end of the
a

ne_is co
menory cel | aPray; and A FTR RSt P Tict T %gﬁ$%$%i$FEF%%&tQ$y+%einterposed
between the signalabing gonnegked Fo Lbechagal, soprgetoglaclineyt i opgh the

sel ect transi Stor an 8 senseé Circui seénse Circuit is

shared by a PLuhabbhiuBlotneuslonalel | BeSeAEcbAGEUbE ChebSofNaROgd OVEr
51nc a we

71. A sem conductor i1ntegrated circuit device udes of a first

conductivity t¥penforBBREutPidibRi Dypdr EaeReQf 1As 5881 €ROUNEI 01 sybsirate, a
sem conductor region of a second contuctivity type forned inside the well

in such asmnsetras Lonextend Localfoash UinestFofmed birsbngateifigr opd
over the sem conductor substrate through 10 a first insulator film a
second gat e feemidondectbherégisth, gatdethr oughsassersonfior nsalatoingi the
word lines formed by connecting the second gate, and a third gate forned
and isol ated Lpomitheufresiigaseandrbhghlacahi datansihasoraffinsttbetehird

gate being buried in a space of 15 the first gate existing in a direction
vertical to tRerRBAdoVeRethaheeBl pOnduaBeBdERPFBFa R VR RguPheat RiFltgate i s

di sposed in the extendi direction qf the rd line. 72._ A semiconductor
integrated ci FEAPL= 0891 b6l Bectr F RGIE IR Font FTTAAsA Gty SARSBFAL RESTOFFBui ng

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;



20 constructions: a first construction wherein the decoder for driving the
third gate is disposed at one of the ends of a nenory cell array; a second
construction wherein the decoder for driving the third gate is disposed
adj acent to a block decoder for selecting nenory cell blocks each 25
conprising nmenory cell arrays existing on % plurality of word |ines

d by _th d ' wh [ h
Gecoders for BPPVERG tRESEhPPHCGa 8 r Bt CPOSCHOGRLDOThE ST HBE Bfcthe
|1 t
and.atj acent F37A%6 ockkge R ffﬁgg%%ecﬁélh%?réfé%f’gb%fe%?%m??

I a sem condyghor JLoLRALAt efl & BeULECGENi § 5. 8 coE g Eﬂet%k%eﬂ%g@ th

third gatels ormed as”It is buried into t e space between t I'T St gates

extending in acdphent bentuerpbhadk sQuthe Wonrds! i pRroRhH endesodies: for
dr|V|ng the third gate is disposed in an extendlng difection of the word

line. 1 10 74¢+rAnseBteenductor integrated circuit device according to item
73 has any one of the follow ng constructions: a first construction wherein
t he decoder fep.drivingAt bemiboridugade istedisposedchtcone edvide ends of
the nenory cell array; a second construction wherein 15 the decoder for
driving the thcrdrdahg ks dispoStdhadj angnoneoof bheckotlkocwideg for
selecting the nenory cell block; and a third construction wherein the
decoders for dehgcnycthenshi pdfgase apasssudksposedevaihophesplieshef the

menory cell arrays as to_interpose the nmenory cell 20 array between them
adj acent to tﬁ@CBﬂoéRtéeééaéﬁ FérC@BP@EFPﬁgt?h@oﬁﬁnﬁﬁytﬁélPOBFBCROU?Se In a

2o COM Of 2| ALedral e cLEGH JRACRASERRILAY Loy e AR 01 g uher el
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 pth (n: integer) local data line, a second

select transistor for connecting the power source line



25 either one, or both, of the ends of the nmenory cell block, the selection
si:gnal of the third gate is generated froma sel ection signal of the nenory
cell block. 76. A sem conductor integrated circuit device - 40 according
to item 18 or 19, wherein all of the third gates existing inside the nmenory
cell block are bundl ed at either one, tr, of the ends of the nenory

or B&

[l bl k, h f the _foll i i : i 5
Construet i on aREPBERAL AL eBP oot Bheorhg SBr thhetenPrH Gatk PlogknbRat ed
f | ti i [,.of th [l .b k d i f furth
vl g Che oie: SR8 Beak R8n TR kY e otRka "h ofiS: Focefsl) BRS el quEs "™

| ti i f_t 1 i i t f i
S onal of thersgrect Chind St oRFRRTRRERR B RO Bl RS
s a partial phaB vhewshowingcam sxatphergf 11k ssahcondystor 1o)ggrat ed

circuit device according 15 to Enbodinment 1 of the present invention; Figs.

2A, 2B ands 2Ct2kfs$8ebkOR3k ¥bEWECt akgntAkopgwkingsSufce f\'imeBdisﬁt')sé&d C -
C in Fig. 1, respectively; Figs. 3Ato 3E are sectional views show ng an

20 exanpl e of athehpr odHeti endneEhodeohehbeyseaitopbloekoini bhegsahed circuit
devi ce of Enbodinment 1; Figs. 4A to 4D are sectional views show ng an
exanpl e of thdipeotiohi en tieéhedrdf l1ihe sentbengdtict bocaht @gtat Bilnet r thet
devi ce of Enmbodinent 1; 25 Figs. 5A to 5E are sectional views showi ng an
exanpl e of theapeodugnada att hbe 6frsheasdnteonndctbanghsegrat@dectheuit
device of Enmbodinment 1; Fig. 6 is a circuit diagramshowing the - 41
construction 6RMa FeEBAYSEepNdathaydeteErbotftenf thefrthpirg ardafenrhhvi ew
showi ng | ayout of a voltage applied area of a third gate electrode; Fig. 8
i's a plant%i eRPsR6H RE2NaYBEPTBf 2FRetBevBrPagelaPptted area of the third

gate eIeCtrong. 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 to 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 b5e. 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



Fig. 9 is a plan view show ng | ayout of the voltage applied area of the
third gate electrode; Fig. 10 is a plan view show ng | ayout of the voltage
applied area of the third gate electrode; (- 10 Fig. 11 is a plan view
show ng | ayout of the voltage applied area of the third gate el ectrode;
Fig. 12 is a plan view show ng | ayout of‘ﬁﬁ%'Voltage applied area of the

hird | de: i ) . i i f
%rhédi%gﬁfaza%ﬁ%éﬁgﬁn;FfiEégéiégﬁgfé_§%jEgﬁﬁizﬁéﬁ?&ggglg?vggfégiéﬁﬁ_%xd15
oo ation of enigahoNe' Hen eRBRh! Bkl Syndapy ATASR, SO 8o 8T RRETO.

di agram and Fy g 145 Shas et 7 Adschar e300 e dALE 196 shotea.

readi ng operation. 0 erein F s an equival en

circuit and Fkaﬁstléﬁtanﬁleﬂéggaaslai g&eekgbasha: tﬁggﬁema?g\t £0116( 8Lgs

sectional views show ng an exanple of the sem conductor egrated circuit

device 25 qaccgrdi ggrbagERbedi reBt wdraf 11He RLeseRiohnN¥RAt LOAstFEGteld is a
sectional view showi ng a production nethod of the sem conductor integrated
circuit devicreneerdeng werkpbodhdeRher; the- 142al 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 nth (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. 18 is a circuit diagram show ng the construction of a nenory cel

array of Enbodi nent 2; Figs. 19A to 19G shows the programm ng operation 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 Embodi nent 2, wherein Fig. 20A shows —asOequival ent circuit diagram and
Fig. 20B shows timng chart; Fig. 21A to ﬁlG how, t he erasi.ng operation
of 10 Enbodi nRLSSE WREREFRCRFq. ADBASBNGIAL KR oAl SREZEFIREFR GEAGT am

SRSM{ESZénZésé%SFé%g%gF%éléég¥§%n§§§%%fé?ﬁ%28rgg%%sﬁgrgﬁéiégégnggagé rhin?
t E i t i i 1 i ti
o ErmR o 5ok L, PEGSETL LOYCBRL B0 15 Gac 290 16,206t st na

Figs. 24A and;g4B are sggt)og iH&ﬁ&@cé@P“&ﬁEb&E&%E&“é%F@MP%O@Q&IéQ” met hod

of the sem conductor integrated circuif device of Enbodinment 3; 20 Fig. 25

shows the ongtryeliing 06 ac8RNMBEYosebl abrayoof c FabogEEN o3 rcE) 88t a26A
and 26B show an erasi hg operation of Enbodi ment 3, wherein Fig. 26A shows

an equival ent1ehesuis dbageateantdoFtge 268nshovene &tnbng ehathe &@hdFEi gs.
27A to 27E are sectional views showi ng step-w se a production nethod of the
sem conductorof 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



integrated circuit device of Enbodinent 4; Fig. 28 is a partial plan view
showi ng an - 93 exanple of the sem conductor integrated circuit device
according to Enbodi nent 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 sectﬂﬁha1 views show ng an exanpl e of

t he productlo% t hod of the _sem.conduct inte %ed rCUIh devi ce of
Enbodi ment 5; LETGS" 1BFACE STEA S o Eﬁaﬁtvr«@ ZReEERG X “ERaiinFECor
th duct h 14

of Enbodi ment o6 TRgS 13358 18 ST Are s att FoRar i baE SRoKg an ekbtpl o of

the producti o, @%t 'Hggo‘c ”%gé% BOnAuGt Qe ‘t%e%égﬁdthEEEVBa&EéVh%eQ@

Enbodi nment 5; |gs are“sectional vi ews

the production netRod %fonfstﬂ%u%‘%ri‘o%oﬂﬂ‘é%% I pheqr %h@dlﬁb‘éﬁub%ug‘é&'/ﬁﬁtgf

Enbodi nent 5; Fig. 34 is a view showi ng thé construction of a nenory cel
array of Egbodijment sSconn@eteddhot @n356igRAW &iREO0GhBIyAYtARekakeR of 20
Enbodi ment 5, wherein Fig. 35A is an equivalent circuit diagramand Figs.
35B and 35C ateahisiistgr¢h@&hkeSconnection portion between the

of

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.
6l. 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



Fi gs. 36A and 36B show an erasi ng operation of Enbodi nent 5, wherein Fig.
36A shows an equivalent circuit diagramand Fig. 36B shows a timng chart;
25 Figs. 37A to 37C show a readi ng operation of Enbodi ment 5, wherein Fig.
37A shows an equivalent circuit diagramand Figs. 37B and 37C show ti m ng
charts; Fig. 38 is a partial plan ViEMISﬁd%%ﬁQ an - 94 exanple of the

sem conduct or édﬂg%q&%%%%gcér%%hkgge%gig gggg@diu e%%.gqbgdkgﬁgﬁigﬁpf t he
present inventiOn, "Figs. “39AT0 Car ectrona |éms a alorrg lines A
- A, B-B agﬂtﬁoh.gf E%eFE%ir%ggaE%%pggﬁk% l%ét%eghg%ﬁe4%éf%91@% are

S p od o

sectional view ow ng an exanpl e “of the production nethot t he
sem conduct or J,nteqiat @¢ GiyleC lxh'eta:‘é%\é: ‘i)%s]gifti'éfﬁb%' FBRL 581 eltI%rahtA stt%:‘llc

are sectional views show ng an exanpl e of the production nmethod of the

seni conduct or irsitQ itHLHARY EellaUith AViae@ eheEghed BRNEHE; Eilgbe 42A to
42C are sectional views show ng an exanple of the production nethod of the

sem conductor tirdredisaloed @vieey bridew ¢aiol Gaked erAktBngFiasiqé3An0 43C

shows a progranm ng operation 15 of Enbodi ment 6, wherein Fig. 43A shows an

equi val ent ci meidrydicegriamlaat REirgs buhdBeand t438esb@wthienmend sclbdr ttshe
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

i 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 nth (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.



Figs. 44A to 49C shows an erasing operation of Enbodi nent 6, wherein Fig.

44A shows an

anot her exanple 20 of the equivalent circuit and Fig. 44C shows a timng

chart; Figs.

Fig. 45A shows an equivalent circuit diag

timng charts
sem conduct or
present inven
arrangenment o
Enbodi nent 7;
programing o

having a sel egk thanmbsbey ebluUcChbubexOotnERhgHI fROtsdledt Jerd@sistarim ng

chart show ng

i ntegrated ci agdi tsdevhaechadi 6g the pekeet sbuadsi 51w St rues usehot endl10

Enbodi nent 7;

15

20

25

exanpl e of an equivalent circuit diagram Fig. 45B shows

45A to 45C shows a reading ogﬁration of Enbodi ment 6, wherein

®m-and Figs. 45B and 45C show

- .25 Fig. 46 is_a circuyit, diagr show ng. X |l e of the
6?htegrateﬁnc?r%%?%c%%v?%goﬁcg%g- ?%f%%)é%éﬁkﬁ%éﬁgbﬁc%f t he

%Eggfdfhg'té7'kéma6f 59“%% dgﬁgr851§ﬁgmiggaihgouréeﬂéata
ce a bloc

[
a nmenory array, decoder, a sub-decoder, etc,

1Fh8s 48 LenfebtBUNYLCPRRAET s$HAM NY;fbeat i GO0 Of thdeends
peration in the sem conductor integrated 5 circuit device

the timng of the erasing operation in the sem conductor

Fig. 50 is a timng chart showing the timng of
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
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
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 nth
local source/data line to the other end of the memory cell
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
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

of



t he progranmm ng operation in the sem conductor integrated circuit device
havi ng the select transistor structure of Enbodinent 7; 15 Fig. 51 is a
circuit diagramuseful for explaining the advantages of a virtual ground
type nmenory cell array equipped with an assjst gate; Figs. 52A and 52B are
circuit diagrans useful for explaining tﬁé3%ece55|ty for t he sel ect

transi stor; Zq Hé% %3sec&%%ﬂdqﬂgﬁ&ugkﬁgraWHé%g eéﬂlalnlng pitch

rel axati on of a'sersé &Tcul CIrCUIt agran1use f or

expl ai ning pi tefrel@xatd an e (3288 el Uik Bl céﬁgeat@d%m h

di agram show ng conceptual ly an exanp e “of the sem conductor i nt egrat ed
circuit devi Cglh%c%%wc&g ttr%n%fl%%'rfm%e c%fnnfe*&%l%e?%%1'oRV%%tth%n Fing- 56

is acircuit agram show ng t he - 96 arrangenen a nenory cel

array, a bl oClkcHAGCRHRIuCtdrS HagdReoder thet Gel@ltEXRadisiBRbr8onFitde éldles a
timng chart useful for explaining a programm ng operation in the

sem conductor dififedeaited fontithelillo cdaVises rkavidag aa 15ekeehdt taRSIisSHR 1
structure according to Enbodi mnent 8;
line is shared by two of the memory cell blocks; a third
construction wherein the power source line is shared by
two of the memory cell blocks; a fourth construction
wherein the local source/data line is connected to the
[ 10 signal line wired in a direction vertical to the word line
through the select transistor, a sense circuit is
connected 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+1)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 cne 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



Fig. 58 is a timng chart useful for explaining an erasing operation in the

sem conductor integrated circuit device having the select transistor

structure 10 according to Enbodinent 8; Fig. 59 is a timng chart useful

for explaining a reading operation in the sem conductor integrated circuit

devi ce having the sel ect transistor st ractdr € according to Enbodi nent 8; 15

Fig. 60 is a circuit, diagram show a sen%co ductor integrated circuit
FrgStede] 2.

devi ce accordFHSrFS/EﬁBSd%ﬁQﬁF'Q? ?tGE 5 OE?? Yeﬁi 5?an1shomﬁng
anot her exa”pEEmQEoé Ec%SQ‘EBBQES%Q%.tHESgéﬁtSdffkéE“i§f9fX£§§ #1140 4
Q. i g e

Enbodi ment 9; 'S a Circui agranrshow ng sti ano r-exanpl e of

the sem condugbabolnbedeateinely ahitt 1dYLeEaok; EDEALIBALe O nFLgendd 1o @

circuit diagramshowng a 25 sem conductor Integrated Circuit device
according to EegbedumAtulQtardrismi RbeaK1CheSUELrdbaUhAMESARYEPONG the

sel ection system of an assist gate and a bl ock that can be applied to the
sem conducs or seabadr ghedsci eadi b @RVik@egat@7forexgl ahdedsod baEsbodismnt 9;
the first gate through a third insulator film and having a
different function from those of the first and second
gates, memory cells on the 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



Fig. 64 is a circuit diagramshow ng anot her exanple of the sem conductor

integrated circuit device of Enbodinent 10 and is a block circuit diagram
showi ng an 5 assist gate and a block that can be applied to the

sem conductor integrated circuit device exglained in Enbodi nent 9; Fig. 65

is acircuit diagramshowi ng still anothef®exanple of the seniconductor
i ntegrated CIrCUIt 10 devi ce of Enbodi t 10 and a .blo circuit
di agr am showi ™f & es]eefcetctt‘r’bq{lss%‘i%ﬁﬁ oﬁ‘ngetr}éesscfosr{negcaﬁleo %@1 JEET HEY can

be applied to_the se cond cto |nt r SifL Vi exp ed in
gégh?§mé CIF%UI §§3§%§ﬂ| %%Jﬂ%Oéka RN (f

Enbodi nent 9; °¢§ senlcon or

i nt egr at ed C'é&r'i’%r;mgceﬂ&r? ApeeLdi ngnd o af (e, mresent

i nvention; IS a Clrcul di agram s OWI ng anot er exanpl e of the

sem conduct or ., @aepocm@%sw@pvg&%g DU R0 Fie 6815 2

circuit dlagran1s ow ng still "anot her exanple of the sem conductor

integrated cigctidt dayise @{e Bredi 1 all;orfd B f GShd SerdiLidEUiHe diedr am
showi ng the senmi conductor integrated circuit device according to 25

Enbodi ment 12> bk i sShtobdockhei €l dt o Wt ais tSsdwwi argd actse | emirieart iSyrstiegn of
an assist gate and a bl ock that can be applied to the sem conduct or
integrated ciarlinadxpioms of the ends of the memory cell block.
68. In a semiconductor integrated circuit device
according to item 66 or 67 one of the local source/data
\ 10 line 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



i n Enbodi nent 11; and - 48 Fig. 70 is a circuit diagram show ng anot her
exanpl e of the sem conductor integrated circuit device of Enbodi ment 12 and
is a block circuit diagram showi ng a selection system of an assist gate and
a block that can be 5 applied to the sem conductor integrated circuit

devi ce expl ai ned in Enbodi nent 11. DESCR! BTl ON OF THE EMBODI MENTS

Hereinafter, pref nbod 10 ill b
expl ai ned | 1 GOEAH 2% t%ef§e'8?§§isc?otmasassaﬁﬁﬁ%géﬁé LGB nps S tatals,

I nci dental |y, nﬁetﬁgn§aé§ §5n3§sngg§ng %%'thet$§99 EQEQ?QhOUt t he

drawi ngs to i §8Rt | uent avin e sane fuanction and

repetition of oXplagaLLan,ot sHEhoayEREbena 1) we qRecomiited. [Emodi ment

1] Fig. 1 is a par an view show ng-an exanp sem conduct or

i ntegrat ed C'BQUkhed@ﬁhEEhaEEQEQt”QrEHsEQ@QQE”EP& éh@fséﬁé 9£§§§Pt and
invention. Figs. 2A, 2B and 20 2C are sectional views taken ong lines A -

A, B - B'sangnhe gake kMghhlUs &f emepestirdehdd Foutbe ghes vignmaok kig. 1,
hatchlng is applied to each nmenber for ease of illustration and a part of

menbers i s ondtif€drefbhessgnatenductor integrated circuit device of 25 this
enbodi nent has a nenory cell of a so-called "flash nmenory". The nenory cel
i ncl udes a solfce/ drai nAl 8miconductor integrated circuit device
according to any one of items 66 to 69 has any one of the
following constructions: a first construction wherein two
( 10 of the local source/data lines share the signal line; a
second construction wherein, when the local source/data
line and said signal line are connected through the select
transistor, the connection portion of the semiconductor
region of the select transistor on the side different from
15 the local source/data line and the signal line is shared
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 1is 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



inside a well 101 forned on the main surface of a sem conductor substrate

100, a first gate (floating gate) - 49 103b, a second gate (control
gate) 1l1la and a third gate 107a. The control gate (second gate) 1l1lla of
each nmenory cell is connected to other in_a rowdirection (x direction) and

forms a word line W.. 5 The floating gat‘e3§f|‘rst gate) 103b and the well
101 are isolated fromeach ot h&rob% aelgaée irncsuléitlor élﬁrr%f rst insulator
film 102, ant"tHe ?%%%‘H%g %J% e?103b" hd THe thi rdsga e 2 Eby an

i nsul ator fil i i or. fi : o d I i t and the
word line ' 1 ‘é%%in{g%lggg%% %Jlé%éia?lefﬁqeg%l%? 2%‘% r%?nf%é;rghg%tﬁleér@%%dan
insulator filum xigacond insulator filnm 110a, and the third gate 107a and
the word line 11la, by an insulator film 108a. Each source/drain diffusion

layer 105 is $p, 15 arr angad asord@u@denthidytdd ectran f ediract i on)
vertical to the extending direction (x direction) of the word line 1l1la,
and functisonsi as1a@déocal wsDUreE 4iferapdecendwsed vilay at ypaefdafedoimest i ng

t he sources/drains of the nenory cells in the columm direction (y
direction). Ima2f sthficewsfisa $drelcsendconshicsddss t 1 eg) ad eserei candictderi ce
of this enbodi nent conprises a so-called "contact-1less type" nenory cell
array that doesghot hfive second acentiodel¥bry ebwbe nEpmongd cigtsidawohend faces
of the third gate 107a oppose two 25 end faces of the floating gate 103b,
that are vertvehl io shehwortannee 39180 sewtenehbmrel £insnbrdl feet ol faces
of the floating gate 103b through the insulator filns 106a, respectively.

- 50 The thiFar§ate2u97E0TReBPYRE TR oS HEC YA OFOF hdH 95 oA F gt e e@h 103b

isting.in the_directi dipecti tical to.th d line 11la and
o the efdhnet  FTFECT TBALHIAPbat St0d S et SyimetoToat 19/2b St he ¢ hird

gat ¢ 10,32 a0g. HiE SOLEC,RBLEH OLoy BLLRE S PUITLOH oL LY, (ot [hat o
formed by connecting the second gate, and a third gate
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



| ayer 105 vertically to the word |line 111a and to the channel or, in the
colum direction (y direction), in the 10 sanme way as the diffusion |ayer
105. Even when the third gate 107a exists besides the floating gate 103a
and the control gate 11la, this construction can increase the pitches in
the word line W. direction (x directiony &3d-the local data line direction
15 (y directi twice the mninumfeature %Lﬁs. Therefore tqﬁ menory cel

on
area can be r%%%%%dl?ﬁeﬁ?%?h%%1a%% T?§°¥Hrﬁ ?EﬁﬁXﬂ%@Eﬁi&ﬁ fhem an I
W1 be expl RSCRI Rty oF cranth o BE LS 1P RN S R SpIREPLYSSE

secti onal vigg@oépgmﬁng an exanple of the sem conductor integrated circuit
devi ce according to Enbodinment 1. First, a p type (first conductivity type)

wel | 101 is fegmed on aIx?%“&é}{PéBHcMc?&bsitr[@éd&r% A Gal & SRSyl ator

film(first insulator film 102 is then forned to a thickness of about 12

nmon the snel Lcbyradihhersal i gatipd PEoE@SFal sl Os BfdmedNexd i@ is
polysilicon film 103, that is doped with - 51 phosphorus (P) and is to

function as aphtoedi hgtgatiee 193hce aneltwesh | tleonf NE st i et ds | ex dOddimg ein

deposited serially (Fig. 3B). The polysilicon film 103 and the silicon

nitride filmda0direantbendeposital by QWD Ohdn ted; \apdra SdSepdsrtfon), for
exanpl e. The silicon nitride film 104 and the polysilicon film 103 are then
patterned by #irinwogyaphy bhirdrgate chs ndlsresnd| byi k. eqrerdad t er ni ng

converts the silicon nitride film 104 and the polysilicon film103 to a

silicon nitriderection of the word line.

é 10 74. A semiconductor integrated circuit device
according to item 73 has any one of the following
constructions: a first construction wherein the decoder
for driving the third gate is disposed at one of the ends
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



10 film 104a and a polysilicon film103a (Fig. 3C), respectively. The
silicon nitride film 104a and the polysilicon film 103a are patterned into
a stripe shape so that they extend in the y direction. Arsenic (As) is
inplanted by ion inplantation to 15 forma diffusion |ayer 105 that
functions as a source/drain of the menory ¢@It (Fig. 3D). The diffusion

I 105 f ti . dr ai | i ft [.I., Th
|ayer 10° funcil ons B 8 SOy i Lune ol the mrary coll o The

k duri t hj j | I% tati t i f i I 1 is f d
sk duri 0 {18 O PO AR e AP AdISAD gy | fore
the diffusion Jqyger 10p 3>e:3?>ioft(?{,”%cf dhd %rﬁf‘st & e rm'égmr?\fcpﬂ'c%%t KBk,

because the silicon nitri I'm104a and the polysilic ilm103a are so
formed as to 3p LHRNGAN JM&he dsfo_rlla_wi - doatdenttaldny. af 8 raRTbers et ched

in this process (silicon nitride film 104a and polysilicon film 103a) do

not contaip a deistrdddiBrowhe il Heoneawrd i chheignane of thed2nhitrge met al
does not dissolve in a cleaning step after the etching step and does not

ei ther adhere cagal nd gdrieamld fsuwnf acaseldfedioretsdhed Ineitbehe. memory
consequence, the insulator film 106 to be expl ai ned next does not contain 5
the metal (inmalilt plodiefact @ ofigned ifesulfatrdrhen |halivGf o abebaemesiyri ct ed
to a low level and reliability can be inproved. The insulator film 106 for

i sol ating the d9ldatilffyataend GEF RS (e U tgdne wheZ1ins thigen forned 10

in the foll ow n%Lway, (Fig. 3E). An about, 10.55 nmthick silicon oxide film
i s deposited BFIFEION 1SOWPresfurtdectditadaispdrs BEF6IAteGnEroMeé sil i con

oxide filmis heat-treated in .an i,a at mgsphere to .introduce nitrogen
itnto the gbl i B odHETTIM Sﬁmﬁn&n&g’ﬁ og%qucqt &A% then conduct ed
for the silicon oxide filminto which nitrogen is introduced. This is to
renmove hydrogen that is introduced into the silicon oxide filmby the heat

treatnment in i @ig[m el gﬁlﬂ@gtityis small in the 20
insulator film ?gg %grsrre by tl\ﬁ?ﬂtor oces{js%& escribed above, and this film 106
has good programm ng/ er agigng 1eRdULARGE +GRAr 3aker hikLCSholhinghenChanae 1les
trapped into the insulator film 106, the electrons so trappéd nove under

the |eft-standingrd aenilddrAuidied Hintd @ated 15 Adie 122 equaat ialdk ol inke
nobile el ectrons is great, the probability of the occurrence of a retention
degradati 06 becomesdqgiieairar .1 Sahe Ipe-egpeant iitnweoft itdme nobi | e el ectrons
increases with the trap density, the probability of the - 53 occurrence
of the retention degraddtigen BécoRBs apidgR€r airk tskettioappi Ngeysabhekey in the
insulator film106 is great. In this enbodi nent, however, the charge

trappi ng quantdiopd fines A Imé's Pest B ctddd CTheEf die Fihi 4 -enbodi nent can
5 restrict the retention defect and can acconplish good progranm ng/erasing
endur ance charZsR&S %!’ The insulator film 106 does not contain netal

|ourt e e desct] bed e sl Uaped PUALIET UL 107.i85%5hve ° @
' 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 1s a circuit diagram showing the



conpletely bury the gap between the floating gate patterns 103a (Fig. 4A).
CVvD, for exanmple, is used for formng the polysilicon film 107. Ani storopic
etching is conducted to etch back 15 the polysilicon film 107. In this way,
the third gate 107a having a predeterm ned thickness is formed in the gap
between the floating gate patterns 103a {Filg.” 4B). Here, the filmthickness

of the polysilicon filnlgth third gate 7a renainEn fter etch-back is
pref erabl y~ sm&PREFTRRERC Ooghé Wﬁpﬁgyhfg e8578Y Phe Pg8§fWﬁBtg fe

lysili 103a. Wh he filmthi . of hj te 107a i |
Phan that of the floati Fauale: 203b5 Eho it eF AN 03 AT THG U8l fage can be.

| oner ed at th%oﬁkggﬁo%pkggﬁgrg§gggogpgr@htg?.Féggﬁe§gkkggaeoxide film 108

is deposited in's Ion as to conp e ry the gap between the

floating gate patterns t03a éF!-Lg-a4g1anWPewfgﬁo@mapi§yoﬁ§ yseghfor
depositing the silicon oxide film 108. - 54 Next; the silicon oxide film

108 is polsshedibugeMBppthenl aakaMaghanecahibkal yshengledBtbhet he silicon
nitride film 104a i s exposed (whereby the silicon nitride film 104a and the
silicon oxide filns 106ragd 308starplén 5id048hodkDha dadoldD8af the
respectively) (Fig. 4D). Next, the silicon nitride film104b is renoved by
using a hot pkodphaei epatiddagueausfstohet tbhrdf gatexadpkérodad the surface
of the polysilicon 103a is exposed (Fig. 5A). A P-doped polysilicon film
109 is 10 deposited (Fi §igsB)}Oand asplhenveechedoamhngolappitabfytit@her eby
the polysilicon film109 turns to 109a) (Fig. 5C). This polysilicon film
109a i s el ect Vcésppy epRAdéefedres PHetpsl F5iFfAceate08acchngdehese tssilicon
109a i ncreases the 15 surface_area_of  the floatingigate and i ncreases al so

the couplthg ratio of théImehdryScll PLalnvVERysShRYINgnt2YAEer Akl tBBer ati ng
voltage at the ting of the ArQgLamy-ngher 3z ng gReLaLth 9l caf.bhe |overed.
Fig. 12 is a plan view showing layout of the
voltage applied area of the third gate electrode;
Figs. 13A to 13C show a programming operation of

15 Embodiment 1, wherein Fig. 13A shows an equivalent circuit
diagram, and Figs. 13B and 13C show timing charts;

Fig. 14A and 14B show an erasing operation of
Embodiment 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;



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 forned (Fig. 5D) by the

sanme nethod as the one shown in Fig. 3E. A stacked filmof a polysilicon

f|In1 a tungsten 25 nitride filmand a tungiten film or a so-called
"polymetal filnf, is deposited, and IS pat rmed by Iithography and dry

et chi ng technologles to nes 11%a Patter .1n this case is

condupted SO that_ Efornl mb?d :F estt 1%1%%f%%d %% &hﬁlrectlon
that is, in t@epgt%ggttgn g% 9' Eﬁ%;?”%EY?VE g 5@ E@Bo?%ﬁ&ﬂg 89 di rect i on

of the third da irectron € sli n-oxi and the

polysilicon 5 films 109 égg %Qﬁatgrgggtgﬂggstghg 5§£§T@£$?f$§@£épgogate

(whereby the silicon oxi mturns to 110a and i con 103a and

109a turn to 3¢3bnandihagk, 2re§aegbtxekxb (fba. i8E)n éautba§eﬁtcet99ult
process, etching is conduct ed under the c¢ondition in which the silicon 10

oxide filngcanibgraichad, Figst heost age1vhesokrheigfihgcenagxsge film 110 is
etched. In the stage where the polysilicon filns 109a and 103a are etched,

however, etching is conHugted20Rdendt héBsshewt anee edshhdgopendt L donoher e
polysilicon can be etched but the silicon oxide film 15 cannot be etched.
In this way, Ehbodamehatdr Whemeli08&igs £A8 shbweoanogfdevéiéentfahctubhs as
an etching stopper and the third gate 107a bel ow the insulator film 108a is
not etched. |Aiegher aBAdEigt héOBhFhav§aRet10FAIKkEBPELT he stripe shape

extending in the y dlrectlon and the roatlng 20 gate 103b is split_in both
x and y directions, forﬁtﬂg 21A to 21G show the era31ng operation of

( 10 Embodiment 2, wherein Fig. 20A shows an equivalent circuit
diagram and Figs. 21B to 21G show timing charts;

Fig. 22 is a partial plan view showing an
example of the semiconductor integrated circuit device
according to Embodiment 3 of the present invention;

15 Figs. 23A to 23C are sectional views taken along
lines A - A, B - B’ and C - C’ in Fig. 22, respectively;

Figs. 24A and 24B are sectional views showing
step-wise a production method of the semiconductor
integrated circuit device of Embodiment 3;

20 Fig. 25 shows the construction 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



thereby island-1ike floating gates. Thereafter, an internetal insulating
film not shown, is forned and contact holes reaching the word |line 111la,
the source/drain diffusion |ayer 105, the well 101 25 and the third gate
107a are bored. Subsequently, a netal filmis deposited and is then
patterned to formwires. In this way, the4®mory cell can be conpl et ed.
Fig. 6 is a circuit diagramshow ng the - 56 construction of the nenory
cel | array. TR&2@PLifusfohleagemsceDguetor ippegrappdiCippuibndayiep+2r .. .)
to serve as the soarce/drain eétend ig t?e direction (y direction) vertical
to the direct PEROTRIBPr B8t FBRPAGTSRhe wBf dE P nBESESTE %VM%?tv@&: ..., W)

, and play the role of the w for nnecting the no cell s adj acent
to one another in the ygﬂ??éc%?%n?oT%ggn%ﬂ%r@eg%T?%agg%%éﬁﬁnt?%F%%é#PQﬁfuﬂ

in the x diregﬁhgg gin Ahe ngegﬁéEﬁ?dbrgc&ipg ogi&hezgprgeg%ggtyg l;pare

the diffusionTayéer 105. Select O transiStors”for Selecting the source

[ine or the data Iine aeqdi spoged, asoboshe cnds: ofn £ck j{ TabPhL# D0

in the y direction. The reglon enconpassed by the select MOS is called an

"array block”exIRg1EhbEd g8t BrbaSELSbNIREENCAG ESLRE SbmPOSREuaEoEO extend
in the y direction and is 15 bound into one region at the upper and | ower

ends (both endstkfrhbedyciirgcti aayiet bhecapbaymbheck; Figs. 7 to 12 show
the |l ayout of the voltage applied area of the third gate 107a. In the

sem conductor integrateHigst CBLA tevBTe afet st eotoli nbats diew oy taron 20
enconpassed by the gates 113 of the select transistors for selecting the
| ocal data |ia#aoplehef| bbal psodrceibhnuwetbadt Ppfuths seémipendugterl| array
bl ock. The third gate pattern 107a is forned in self-alignment with the
f1dating kfat elpbrgsptreofipanitr deydsa phnhEehodsmenEned to the 25 floating
gate 103b after etching%,mhen any nmethod is enployed. In the sem conductor
integrated circuit devi E898hoid?i FOFP 4. 272t 3Ot 1eMRl pHl ST | SROM DI i s

patterned example of the production method of the semiconductor
integrated circuit device of Embodiment 5;
Figs. 33A to 33D are sectional views showing an
15 example of the production method of the semiconductor
integrated circuit device of Embodiment 5;
Fig. 34 is a view showing the construction of a
memory cell array of Embodiment 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



- 57 so that all the third gates 107a extending in the columm direction (y
direction) on both sides of the array block can be bundled into one. In
contrast, in the sem conductor integrated circuit device shown in Figs. 10
to 12, the 5 polysilicon 103a is patterned so that every other third gates
107a extending in the colum direction (y4di rection) on one of the sides
(upper side or |ower side) of the array block can be bundled into one. In
either case, EKeMP&RIPEJILPBr EpBACIRFUEECrhentAPFAtydt 65rFyiti dpvsed bet ween
10 the word line 111z and the gate 113 of the select transistor at the

bl ock end. |néFgentareytoababpfympatt &rafnhbe BresRBtshRESRBi@Ri al as that

of the word line 1l1lla be I nterpo bet ween t he rd line 111z and t he
bundl'ad worti on 114 o TheS e ThLATEEE 288 (ERrut el Metons ookt ia Y he
bundl i n ortihon 119 of ,the thigd gates 10Za are_for and netal wires 116
are congegpedl 8°Ffh& cofit ack ho#esng éupp%y b%mg%gtgggher?ﬁP?ﬁgb%¥%§’107a.
The followng nethods CﬁE%QG.E&ﬁdtéoﬁoﬁongcééé%h6#§lC&Péﬁgtsﬁgﬁf?%¥§?a”d

the netal wire 116. 20 first nmethod di sposes one or a plura

contact hol eselinpak b@etﬁedﬁpeaakemoﬁfméhﬁoauaél&Hg BOhi EBAaddAopf the
third gates 107a and takes themout fromthe nmenory array by the netal wre

116 as shown iRtEig#tsted andcd@t dbBiscEebROHmbagikbBgtadyantage that |ayout
25 of the nmetal wires on the nenory array is easy. The second net hod

di sposes the contact hotegs1151Antsubst anté asytibgaWhol ews eshoniwg dhe
bundl i ng portion 114 of the third gates 107a, connects them by the netal

- 58 wre lléxamgleakésthbeprodticasoshmanhod &f gshe8samitlcdddudbos net hod
has t he advantage that the voltage drop due to the resistance of the

burdl i ng Yort ionegikatefl checuhirdeyate clnEbkodésentcbed. 5 The third

met hod di sposes the contact holes 115 in substantially the whole region of
the bundling portion 118i%%-theAtker#2gates sF¢hieerl ay FeWapshyeti@ed t hem
in the sane way as.in the second nethod, and al so disgoses t he cont act

hol es 118 in ?éﬁ??éﬁt?glF?etHEOQHSFéOPe@?BHOGfOﬁotFﬁe BORAY PAEERF n 112
with certain gaps, too, as_shown.in.Figs nd.12. The netal wire 116
connects the 28§F36€%ﬁ8|sériﬁé%gﬂaviié ?8 gﬂgogﬁ%?ﬂErE’Since t he pol ynet al
filmhaving a | ow resis e }§,used r nnect J . 1 hi e jn this
nmet hod, the voltage dro%ﬁggéu% %nggf?%§1?ﬁ§w€5£r%£$%€anc%$€fé§%§ ﬂﬂgling
portion Id of ¢t bapbhihdngakes,haPehs Fegtrhsiednbst By sqiByyaynas in the

second nethod. Since the disfance between the confact holés 115 and 118 is

smal |, the | epgt-Buet bhegPBhabn¥ £egd16488N208 geer sASQUL iADHy | aNQpts of the
netal wire on the nenory 20 array can be nmade easily in the same way as in

the first method. In othegswodds, tdhisc nehidwesl fHrase thei mglvepd egesowfobot h

first and second nethods. The nethods shown in Figs. 7 to 12 can be

sel ect ed appr Bpbdtimkypti A, asberdancEigi t Addhehtwsger spawpiecafiam of the
sen conductor integrated 25 circuit device. Next, the voltage application
condi ti on andegHévapepht FbRCHREhddaegranhel fBnot §Bcahpys prodileed dyammke

nmet hod describ%d above in the pro ranning ogeration, t he o
20 of the equivalent cifcuit 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



- 59 erasing operation and the read operation will be explained with
reference to Figs. 13 to 15. Fig. 13 shows an exanple of the progranm ng
operation. Fig. 14 shows an exanple of the erasing operation and Fig. 15
shows an exanple of the 5 reading operation. In each of these draw ngs, A
shows an equivalent circuit, and B or C-sdGws a timng chart. In Figs 13A
to 15A, the respective operation is carried out selectively in the cell
enconpassed byrEeRIBEENt nes. a 1meFprEt cet heaprayr admbhocbpieacden, Wl | be
explained. It will be assuned thereby that the selected nenory cell is a
cell M A posFEpveesotehgebf: apbukmagdimenr7exanple, is appiied to the
word line Wen (selected word line) of the selected cell M. and a positive
vol tage 15 of about 5 VF1¥oré&xbimd S0 Apptddd ISP i dsi®id'd &fer Dn
as the drain &E the selected cell M The djffusion Iager Dn-1to ser%/f? as
the source of PR ERIERTRL EePPeI FECkept Hi€ SN IRNLRLE DU REFHr 254 and
the word Li ne pt_at e predeterm ned voltages in 20 this way, hot
el ect r ons “deve o%uﬁ {i%\él%%an?fz ng e%i%%l%?tt%%a%ﬁ%??frc UG A @t e
injected int [ gate. At this time, all of the third gate AG
t he well ando% e&tjjinrlsl%?itéc?'gd word |ine W.n+1 are kept at 0 V, and the

diffusion layers Dn-2, fngl @nd D2 G ehtoih M éuo\&iﬁrfqg_fy}ger;{ﬁ%ﬁ{n; W

floating state, respectively. Therefore, The diffusio

are kept at tiige Ser@s Vodtagerd0ion amdtidesath{ddish o dayaisedFady Dn+l are
kept at the sanme voltage (5 V). Further, the voltage - 60 " difference
bet ween t he diffasiondéayes shidnidg atide Db Pe drar g an exésé 5 HeCaetSerd her
diffusion layer Dn+2 is under the floating state. |In consequence, no hot

el éct ronl@evefpedimente’ channel s of the menory cells M1, Mrl and 5 M+2,
and m ss-programm ng to the adjacent nenory cells M1, Ml and Mr2 can be
prevented. The hot el edt¥®n 1¢jectd dnimidrurahant aliopine therdriynigd lofM As
the electrons_are injected to the floatjng gate of the selected nenory cell
M the threshdhd Ri? LRYRNHRT t PREFERERY Fel 1De | 2Rl GeRrp Ut oF o?g‘?feﬁﬁ‘ﬁ%;s
conducted. In_this, way, the sem conductor. integrated circuit device uses

four adj acentCTERbtY %%‘H%e dGHYE Uie | Skt ST TR ST St 4R and

execut es progrfr%g%ﬂgeng refore, this enbodi ment executes the programmi ng
operation at Teas our tines to programall 15 the cells on one word Iine.

Figs. 13Bsand 13C are tgyyg 'n%:,]chiag ts %Dt}%\ﬂﬁr{g ﬁ%“ﬁﬁlﬁfﬂ'%ﬁ m ng of the

vol tage application to the sel ected I ne he "di f f usi on

| ayers Dn andei¥ntdi n T €n @r £3+ 40t L5 £ Shoud N i disha 1%@%:&&9 20

After a voltage +12 Vis applied to the selected word |1 ne n at the
timng t0 as sfDWeiteigyuikdied bidh isn appiad dadhe diffusion layers Dn
and Dn+1l at the timng tl (t0 < tl). After this voltage is kept for a
predet ermi ned progranmmigys. M2A rid 2R ard Dirddie 26 ayddragaiseffilhe
diffusion layers Dn and Dn+l is returned to 0 V at the timng t2. Wen
progranmi ng i&oexexpiaidniatg suvh neagsrysty difcai i stairdr tt ane does ind td gat ed
because the drain vol taEg.e apyl ication tinme is short.
20 1g. 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



- 61 Alternatively, after +5 Vis applied to the diffusion |ayers Dn and
Dn+l at the timng t0 as shown in Fig. 13C, +12 Vis applied to the
selected word line W.n at the timng t1l (t0 <tl). After this voltage is
kept for 5 a predeterm ned progranming timet (t =t2 - tl), the voltage of
the selected word line W.n is returned tog€ V at the timng t2. The vol tage
of the diffusion |layers Dn and Dn+l is then returned to O V at the timng
t3 (t2 < t3).aMfeErggeryr anfim angramoex exmitled imay,hiss IHegkemesodsar,da 10
di sturb can be mtigated because the word line voltage application tine is
short. Next, stedaasiawy opsratdorEmhddinsntel ai ned. As shown in Fig. 14A
a negative voltage such as -13.5 Vis applied to the selected word |ine
W.n, and a relatively Fiasmal ifos thiipé ngolchagd siseiuds fRr3evrilgiagpli ed to
all the third gates. The diffusion layers Dn-2 to Dn+2, the well and the
unsel ect ed wot PIIHEWHE QR 1 P 1 Ehfs sfEmanAuadode tinde 61 etk
el ectrons_occurs fromthe floatin ate tqg the third gate in all the nmenory
cell's on 20 t‘?‘f‘er‘?/ﬁ)]rtdra‘?"ﬁ’ecwrﬁav t Steﬁee W L SNGT T e i Sth T 5& Sunnel i ng
phenomenon with thda. r esul tErébhoa&ir&ehnet tsh,r eshol d val ue of the nenory cells
ation

drops and thea%ﬁoarsllr{lgg otpoer i s corfducted. Incidentally, it is also

possible to apply 25 sl taieausly  egaihue volLage seh g9 1atdafe) (9 8

plurality of word |ines el ative | ow positive voltage suc as 3.3 V

to all the thifd:onl et ARINIY S by difd usindryRinD anddrie el | are

kept at O V. In this case, the cells on word li'ne to which the
negative vol tage-dst apblied ondisttidhearas NG HREIAJr0Bt didctusxd urt her
possible to apply a relatively large voltage such as 17 V to all the third
gat es AGland &cd@rdiaig ald Boisodiowechd igyes, all the diffusion |ayers D and
the wells to O V. Inthis case, all the nmenory cells inside the bl ock
conduct the erasing opédtig. dif im a Hiigiegbotiarentusetflvd doasexparaenitgongl y
depends on the oxide electric field. Therefore, as 10 explained in the

par agr aph of a hHeeattiotliARTR Wethddr dthe FemiEranduadiealn integrated t hi ckness
of the gate insulator film 102 for isolating the floating gate 103b from
t he sen condu@teFuktiFe Fiie NDOINS e &iede AthdiF anfe FHATMITHUGEESs of the
silicon oxide film2110 for_isolating the 15 floating gate 103b fromthe
control gate AAAAX HRP e Btk ifdss of the silicon oxide film 106 for
i solati ng5t he fl oating dare 6:I[)O%bS far om_t he th'.rdr%at e l0da. | nci dental |y,

the prior~art technol ogy Yses it sor?elrgélslécs TSN i°E6H 6% e fil m that is

formed by 20 {OerdBHducd di2l ap-ddiss [d 19RO LAl LAt ddiean d | m as the
tunnel filmof the electrons between the floating gate and the erase gate.
However, the ghesdmleoXigle filmon the polysilicon has |arge quantities of
traps and the el ectrons are caught into the oxide filmas the nunber of 25
times of programm ng i ncreassls.iCensaqdentt Wi sdianelsteing hinelttheappl i ed to
the oxide filmdrops substantially and the erase rate drops. A nethod of
i ncreasi ng thexamgYagef app | sehiooride terasio tgafm twed eitdreriitnciesase aff t he
nunber
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



- 63 of times of programm ng has therefore been proposed. On the other
hand, the silicon oxide filmformed by the nethod of this enbodi mnent has
the trap quantity in the filmequal to that of the oxide filmon the well.
5 Therefore, even when programm ng is repeated, the erase rate does not
drop. Fig. 14B is a timng chart show ng &V exanpl e of the voltage
application timng.to the selected word line W.n and to the third gate AG
10 After -13.§Xglgén38pPPeEmPSdﬁW§“§epécted word line W.n at the timng tO
as shown in Fig. 14B, +§,3 Vv is,apglied to the third gate AG at the timng
t1 (t0 < tl). This vol tay8 i §4kept 2 f 6FTGUpF eHLRRF AT NBECRI BE 2 RPHREE (1t = 12
- t1), and the volﬁage o&hthe third ga%e AG i s thgn 15, returned to O at
the timng t 25*FHBrEaPfeFPPhEPoFPRGECEP Tt ARTEAFEEEddChAFELFi ABVIER P
returned to O . timng t3.(t2 )...lLn such.an_erasing.operation

t he vol t age OFM?EélﬁgﬁFdhg;?gdAéFc%nF§8%g Fﬁécé%gsgl??ﬁ%W FhO%ﬁPg 28se, the
vol tage wigt h ; L t.C f t by gate i SSpRl t han t hat
of the moﬁ% |?E§l§§|?ﬁ%é,gggdgtﬁ%g§§ﬁ?%ﬁ?négPi%% 8§ﬁi%§dng§e£§%orter. In

ot her words, EE@Li@bﬁ_@hBGon@h@E?QEt@B thisuerbadimeat ckpatidinechly
controls the erase tinme by the third gate AGis superior in controllability
of the erase tmpBdimBnaddition, disturb 25 to the unsel ected nenory cells
by the third gate AG can be reduced. Next, the reading operation wll be
expl ai ned. As shown in Fig. 85Aisaaposituie dadDdgage Sfowdisg\Vstinr - 64
exanple, is applied to the word line W.n of the selected cell Mand a
positive vol t agetbeérieyampoe efabbtesemscapphcedrt dntberdtéfiusioouiyer Dn
to serve as the drain of the selected cell M The diffusion |layer Dn-1 to
serve as 1% t h@e¥papcefobmbadinentciBdaedl ismvp Bieckheiranit daeesamG the

wel I's and the unselected word Iines W+l _are kept at O V. The diffusion
| ayers Dn-2, PRAYYIBAJ2DA%2CSFLORepYSEEMOCY, 2B\ aR4StingaEet ARAT £ 0BEPRE

state, respectjvel t revent mss-read in the sane way as in . the
progranning 1%kSge¥3PigﬁPaPﬁ?fﬁggkﬂa§Eetﬁ8m EHPSBHHBEtb?g?ﬂF%b?Qted circuit
device of this, i L US dj acen ells,as one unit, selects one
ofV;hen1and gééggﬁgglgﬁgiFgaggﬁ%ggéggaiﬁoﬁmgﬁéé?%?Br g theur;ading

operation is executed akifeagh fou Lipes:{ oaconiuetsAdic fead all the cells

on one 15 word line. Figs. 15B and 15C are timng charts show ng exanpl es

of the vald aggeappbhaattop thAtHgatoqt Bereglectiedi vordetipesnylpsand to the
diffusion layers Dn and Dn+l. There are two exanples as shown™in these

drawi ngs. 20 PabsbomentnlFi gf thB, paktent +8ndeNtisnapplied to the sel ected
word line W.n at the timng tO, +1 Vis applied to the diffusion |ayers Dn
and Dn+1 at the timng Filg(t07<i$13.cihiwivodiagean sskeping in@ther
predetermned read tinet (t =t2 - tl) and then the voltage of the 25

di ffusion | ayekamPheapl Thelsenicendvaedrt bnbeyratedheit¢w ngde@icdhet

vol tage of the selected word line Won is returned to O V at the timng t3
(t2 < t3). WhERPPAEMBRBgH&imi ng operation is conducted with such tinings,

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



- 65 drain disturb can be mtigated because the drain voltage application
time is short. Alternatively, after +1 Vis applied to the diffusion |ayers
Dn and Dn+1 at the timng t0O as shown in 5 Fig. 15C, +3.3 Vis applied to
the selected word line W.n at the timng t1 (t0O < tl1). This voltage is kept
for a predetermined programming timet (t48 t2 - t1), and the voltage of
the selected word line W.an is returned to O V at the timng t2. The voltage
of the diffusion |ayersfBh 100 ah?l P &Lt MAPFEATrHIRY I RnPHEes he
timng t3 (t2 < t3). en progranming is_conducted with such timnm ngs,_ word
i St Ut can bEXPEPA&eRE bERGUSENE REPACFEOF | PRCHEFTEEY GhR Y Cat S et | <
short. The seﬁicggdgctgr %ngegrfleg g'rg iéigegic%ﬁg gé%t ighfgbodinent
can set the s 98 nth } cal'“dat a® 1 TR 4di Feetion GRtPiH thewrd Tine .
direction to I tw h 1 Di a ize. R t ry
cell M has thégﬁﬁ?%gaa%\%gg rhegf%ang%ﬁleéfl%%?na;%a ebl:?tén(E t egl%o@nﬁo e
gate. Thereforsy1tbg PBMPRY Sehlc8h@ac£4P DR Oriedyced:&o: dFdeySidice this
enbodi nment usegpt%e po yneta% st?ucture for t%%rmord ine,lthenégfay of the

transition tigRp0hihbe YRIEmbbdesehf 1he progranm ng and reading operations
can be reduced. Furthernore, 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 polynetal structure is formed after the formation of
the third gat PESTREPTRRNNOM VAE ueMBODIMENABSOl Ut e val ue of the interna
operating voltage in the progranmm ng/erasing

Hereinaftexr, preferred embodiments of the

10 present invention will be explained in detail with
reference to the accompanying drawings. Incidentally, the
same reference numeral will be used throughout the
drawings to identify a constituent member having the same
function and repetition of explanation of such a member

15 will be omitted.

[Embodiment 1]

Fig. 1 is a partial plan view showing an example
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)



- 66 operation can be lowered to 13.5 V. Unlike this enbodinment, it is

al so possible to enploy the nethod that conprises formng the floating gate
pattern, formng then the third gate in the gap defined by 5 the floating
gate pattern, formng the word line vertical to the floating gate pattern,
patterning further the floating gate wi th4he word |ine as a mask, and
formng the diffusion layer to serve and_the source/drain. In this case,

I
tEe channel ah®3Phed wdRECT? n82ER 04SOREBERL 0PAER) at 11® 779nt BAGFLsI2ERd the
third gate opggze tgﬁ}floatin ate on the plane parallel_to the channel
the end fltes B (HITIDati HE QRTOTDWERIE 1hi%s He TR MERES ¥
?ggrgntafigz 8f Rﬁz diffusign I EE§E§fter t he thiéd gg%e %s f or med, h;gge,
the formation %} thd 8???35!%% ?ay%? 95 el dw the %ﬁlrdl%atéxbecones
difficult. Todgﬁgggfgahggggl£éyﬁgog %gygr%%é%eﬁffore, t he contact hol e nust

be formed and con I must be conne or each nenory cell, and the

cel| areachecones greatgfe thadai g hiscenppdifBdatdP 501! 4 200Qus | We11
smiﬁytmﬂwmrHMUHzm?m1ﬁ)méﬁmrgﬁﬂyce? J%remmﬂonof?he

defect densitypithecarsangtog dibemcthon oththepyhirgagat ensusitbe suth that
its two end faces oppose the two end faces of the floating gate existing in
the direction(eirsbeimonllatbnefabd) t he2 chansethantloatihe datectOBnm and
vertical to the 25 former, respectively, as described in this enbodinent.

[ Enbodi nent 2thé&i ghit6 gsta 3eTéj obgl ani émsshawdngfabmextnpte Dfisalator
sem conductor integrated circuit device according to - 67 Enbodi nent 2
of the presenfilmvehfboan. Thee Pleatiiewafe tHBkand dtictord iitreyr at ed
circuit device of this enbodinment is the sane as Fig. 1 of the first

enbodi mer0.  Filgentigh 9a6®) ahllaserar 582EeEnhroni eash t akBAr aPBn@"5 | i nes
A- A, B-B and C- C .in Fig. 1, .respectively. T sem cqQnduct or ,

i nt egr at ed ci%EﬁF?a386ig%l%céﬁ?g?ﬂé %BSPE?EOEngbﬁ?heﬂfo?s andrerentPHrdm

t he sem conduct por i ptegrated, circuit.devi of Enbodi ment.1. in en its
sour ce/ drai n 8?£?ugﬁzﬁ Fa egh§0§9r?h£lﬂﬁtg?%3rsby 30 %?S%%%E?rngﬁ%ﬁrs,
their structuiﬁﬁaand arrangenent, etc, are the sane as those of Enbodi nent
1) Therefore, € explanation will be given on only the different portion,

and the explanation of pfhersgeabeys-¥h!aberpldd ethyJhe, gourceldrain
di ffusion layer 205 is disposed 15 vertically to the word 1 ne 111a and

exists as | geahn§eHr 88 tbnexeBAdaihogahidataibhneyfeireennggfi ng the
source/drain of the nenory cells in the colum direction (x direction).

This constructeenitalt be sheeecrRtehbldhgofiiEabodbnenk diasdtderys adtthave the
contact hole for each 20 nenory cell. This is a so-called "contact-Iess
array". This wontlatinked$larraydcé@nnchproseathe heoslyscebtef dbinataond a
density in the same way as in Enbodiment 1. Therefore, the sem conductor
integrated citeagt davicéipanfesdoeenehbingnbhy eeprceaséarapnaref (the

m ni mum feature 25 size) in the same way as in, Enbodi nent 1.
memory cells in the column” direction (y direction). 1In

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.



In the source/drain diffusion [ayer 205 of this enbodi ment, on the other
hand, a pair of diffusion |layers 205 for form ng the source/drain has an
asynmetric - 68 positional relationship with respect to the floating
gate pattern 103a, and an offset structure is enployed in which one of the
di ffusion |layers does not overlap with thé0f Foating gate. |In Enbodi ment 1,
the entire surface of the 5 third gate that is to function as the erase
gate exists on the diffikg dhizg Faus Mg 5 BYFieeisdd fift 9ahe€t hird

gate 107a and the_diffusion I%er 05 exist in, suﬁ a. fashion that their
part over | apstRRit P3N rIR% el Ui ¥ L R E HEh et i S 5T e al %o in the

Il bel the third 10 te, 107a in_thi di the .third t
1078 of Chi s SHEBHTRM Vo foh Ao o s Al i DAL WA & so ae a
ate for controlling t C [ i St t-h bel .
Onanti vy of (FEAHTEel ABE A1 RhiAY e LRt ey TPt Y BBe 1 e

of 15 prograngy ng, , ang rfﬁ%%?;&@%ﬁf{lé&eﬂ 168y mhere the

channel cdrrent isS snal %P%ccordi ng par programm ng of a |arge

nunber Oof MenbyymCeH s, BOPVE, Ak | L1dut Engralere CRIBpe made by using an
i nternal power” source having a current supply capacity substantially 20

equal to that of the priy wiirdeydwes.oNexts dipdyaatiuat ite nEtdredieh t he
sem conductor integrated circuit device of this enbodinent will be

expl ai ned. TheapspduCs | vér BEHDTyY Of o tthe wsbddl ivent11ka tdred segrechp to t he
process step shown in Fig. 3C as that of 25 Enbodinment 1. As shown in Fig
3C showi ng t hehénnsl enpoi nemnd , cod hensidicoot ion r {Wedfrdoh idda, aimd thee
polysilicon film 103a are forned. Next, as shown in Fig. 17, arsenic (Ar)
- 69 io0A9 arsaneplantzs tme odi htusednr lavebyl® tilted ion inplantation
method to forma diffusion layer 205 that is to function as the

source/drain of the menbisn ceten Hhacdirh WEF U h RS 54T dffed by
Si1i con it 11 GbRHRY TOALE anit e ot Y51 FREGHPT 1990805 arkPihe di 1 usi o
1035, Since tHE"PERACETEN FB et Gt TTort thab BRTI e i Pt e !
di ffusion direction (x direction) and the local data line direction
15 (y direction) twice the minimum feature size. Therefore,
the memory cell area can be reduced to minimum 4F? (F:
minimum feature size) in a cross-point type array.
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. 334).

Next, a polysilicon film 103, that is doped with



10 layer 205 is forned partly below the polysilicon film 103a. In this way,
the,third gate 107a and the diffusion |ayer 205 are formed in such a
fashion that they partly overlap with each other, and the channel is forned
inside the well 101 below the third gate 107a. 15 Thereafter, the process
steps of Enbodinment 1 shown in Figs. 3E-tb6l5E are carried out, and the
menory cell is conpleted. Fig. 18 is a circuit diagram show ng the

const ruct i on RFCIRRP TR &4 &% rey Tunehia enb i eatinn gate di%Fusi on
| ayers 105 ( .., Dn Z . Dn 1, Dn, Dn+l, Dn+2. ... to serve as, the

sour ces/ dr ai rfd t%eﬂédr%Prﬁ%%rwe AW W4y, ace ,Jmc?ﬁl,tqusesrellael&y MOS
transistors far, selecting,the source |lines.or e data lines.and the array
bl ock are the&éla% thd®& &P Igﬁﬁgdicr?é’n 1qm Ilh%t i grt?'ﬁoéilﬁréﬁf’,n the 25
polysilicon 103a is patter so that . every. ot her ir ates ,107a
extending in rfﬁ%lc% ufrarinlnéliﬂg%tclaonn k(ey %elgoesc 1-Teo(}n;b a%%e&brgeﬁ%ceadl glrjﬁapc?r{e of

t he sides(ugpéaggﬂ rol r..sd of the array block for the third gates
(AG in the - %0 plgoar@e' V\g(#aaesﬂl nmbodi ment 1 shown in Figs. 10 to 12,

and separate vol tages cap b8 1apRIH &f A RV &Y PUlRr i hOHAT s1A4R A
so bundled. Incidentally, the bundling portion 114 of the third gates can
be i nt er posedt vigt VEEN Drd henawrsh i ddvendd 1y ati drheyeiphpfaddeid) eakerang t he
gate 113 of the select transistor in the sane way as in Enbodinent 1. The
bundl i ng por tierhridvbgifed he Thidisr gpagaices i1G7aontee teonhactsihakes hibrand the
metal wres 116 are the sane as those of Enbodinent 1. ' 10 Next, the

vol t age appl i ik o0 4 ard thilen Eoldy 3 el aperfatlinon Gettmd of i tdmmenomideel | s
produced by the nethod described above in its progranm ng, erasing and
readi ng éfer afilghsl Qda 1ansk axgn o el aant H il eriree(Rig Fidgd., 19 to 21. Fig.
19 shows the programm ng operation. 15 Fig. 20 shows the erasing operation
and Fig. 21 doePIHe ¥ nd PEpStatlicon. nll%rtlﬁl@séléfna\kioﬁ@s ang §hBws an

equi valent circuit, and B to owtimng charts. In Figs. 19A to 21A the
menmory cel | &oHHHESSRD b@/ljd‘btﬁtiga Ialrr?eé’ae’%e?c‘iﬁeéi Y@ i%’eﬂpec FOaRS et i ve
oper ati ons. sitive voltage ,such as ahout 12 V, for exanple, is
applied to tﬁtgja\ﬁ\%&gl?X nee":(:"t\fﬁ;rhcgl oJfrgt F sel lclieecgtlcoé] 1 Mand a positive voltage
of about 5 V, for exampl.eg,.i-: i t.q t i.f fysi. | r f.unct.i oni ng
as the drain of the srerﬁer%teer{dl%cgﬁg)Mq%n l?rWeﬁglrt%grell) 1%9’}1 olg%r ﬁqqér?l% Sttﬁ

vol tage appr ogdsmtLe dor e dAreshol d ol e, Of e die XS t4angi stor _
constituted by the third gates, such as about 2 V, is applied to the third

gates AGe of ddierssiectiad celdife Mask Mokl 1Theridj f farsi on Thayeas fBasion
functioning as the - 71 source of the selected cell M the well and the

unsel ect ed waraydd red SNfuictaren ket atsdinée Add atgeirel eiotd icf fired d in both
transverse and vertical directions is generated in the channel bel ow the
boundary bet vesametthecelloat iThg gatlé cdnand tirhdet Hildoh dA¥e dod tbet he bi as
condi tion described above. Consequently, the occurrence quantity of the hot
el ectrons and3hyEetiand eifinidhty BICHiify Rredhamp sk Myhingddd s ion
programm_ng operation can be made although the channel current is snall.
Even whef%an qqﬂ%ﬁqﬁﬂtkﬁﬂmﬂand 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 f£ilm
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,



10 source having current drivability of about 1 mA is used, therefore,

paral l el programm ng of the nenory cells of Kbyte or nore can be nade.

Incidentally, the third gates AGO are 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 Mt2 is under the progragning state, the third gates AGOD

in the nenory cells I\{tl and Mrl adjacent to the forner Iz%% tthe rol.e of the
et

switch with tHe m&hat 43R 1%e i€ i GFF Y o' hr ough

DI ogr ami ng’ 1S T L SR 1 A Tott BT Do e S e S rfaudeor 1

i ntegrated cisruc%%ét edeovf' C8, of %&léd%@ﬂ?ﬁ%’é nt Ilﬂs%%n%ga]uggjcgce%enemry cells
g6l et ¥ K con

as one unit, cts ohe"0 em an ucts the programm ng operation.

Therefore, to PR aj;:]j_]-]d-ﬁ \?ﬁ%ﬁis"%%m‘p HdN8 qddte ROHANTENG

operation can be conpl et’e e programm ng operation is conducted at

least twi ge, @nd ddhe NuhgsuOit ) Medeieceres skl ehshhakor 174 108
Enbodi ment 1. Hi gh efficiency hot electron injection brought forth by the

third gates AGH Age,rdd0)i @l PIEVLNTdWIL fe 1M s RFAGIAMT Y, farf hee
adj acent cells can increase the 5 programm ng unit and can inprove the

programm ng raigrded. i s indispensable for a |large capacity flash nenory.
Figs. 19B to 19G are timng charts showi ng exanples of the voltage
application timngs to The isedwdctted vidrish [1idfe AdIm,istdia tdinfgf udieon | ayer Dn
and the 10 third gate AG. As shown in these draw ngs, there are six

exanpl es. As Bhoatning Fite 103 aid drherithird ol i®h ties tthensdaaesd wor d
line W.n _at the timng t0, +2V is applied to the third %ate ACGe at the
tining tRO(tolx §hg fablowhrg way VELI apitli ed Ao 2PREEIILOF 39i BR-EAYEX Dn at
the timng t2 (t] <t2), After this voltage is k for_-a predeterm ned
progr am ng t?%?elqor(to’z—-l‘?% ’Ellt“?)l,stcileem?ﬁﬂ ed‘beb%fﬁ%)%v@ d{lﬁ‘ﬁ 1St IHyer Dn is
returned to O,V at t tim t3 and the | tage .of the.third,gate ACGe is
20 returned t%h%nvaa?e\(%of ir%%ogs arzll?q)B’ Qﬁ?f‘) .sqﬁt}rctoﬁero,}{lfiﬁef\}% t aje of the
sel ected wor '_J}lg_zp,' t réq\% . A N <t5H).

Al ternativel &}ééa?fter + é% Jlfrg ‘J"al’ﬁ)p I ecgpltag %eiéﬁ%dé gﬂz;gt qu'lAgG%cg{cfgt he tim ng
t0, +12 Vis appldad tonddepel oot edbmaddi dd net Mh at wehe okiigaRgohl (10 25
< tl). Next, +5 Vis applied to the diffusion layer Dn at the timng t2 (t1
< t2). Aiter {histvaoht age tisekepind @it Pfedetites rd eckdy agtiaarimam i me t (t

=t3 - t2), the voltage of the diffusion layer Dn is returned to 0 V at -
73 into which nitrogen is introduced. This is to remove
hydrogen that is introduced into the silicon oxide film by
the heat treatment in ammonia.
The charge trapping quantity is small in the
20 insulator 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



the timng t3 and the voltage of the selected word line Won is returned to
O Vat the,timng t4 (t3 <t4). Further, the voltage of the third gate AGe
is returned to O V at the timng t5 (t4 < t5). Wen progranmng is
conducted at 5 these timngs, drain disturb can be mtigated because the
drain voltage application tine is short- AS shown in Fig. 19C, +12V is
applied to the selected word line W.n at the timng tO, and then 5 V. is
applied to t hecEPFFERFBnCfale? PRtaRtipe EFdATadeEioPtRecondsthighaextf +2 v
is applied to the third gate AG at the timng t2 (tl1 < t2), After this
voltage is keEPefBFaBPngd%P%?E?E%dl%rBﬁ?ahﬂf&baF? f%th1&6t%S-gf%3F'the
potential of the third gate AGe is returned to O V at_the timng_t3.and the
Dol tage of “t hEParbthist BROREDEFE onfPeSH8E { oftt rebetal o tPiR L e TR HF HEP L 4
(t3 < t4). Fugth vol t sel.e rd.l.in i s r.eturned
to 0 V at theE{]i %%g%ygm(?g ig%%?{cg?(?érﬁﬂa}}e%ee B,I&)’aghs So%hm\gllon%lﬂegr{t fg’ll—_:l
after +5 i's ! t i i e L +12 Vis
appl i ed t§ théégg%égge Hapfgtg#%égéoggiéégtg? ecﬁ%n%€§0%¢f}$% ég??)._hbxt,
2 Vis ?pp|'§90$9aﬁﬂﬁn§héfgsgﬁ§eeﬁ@@r@ﬁcéh@héf&&ﬂ@ri@t£é$.‘:ﬁHQ- Thi's
voltage is kept for a predeternined programmng tinet (t - t3 - t2), and
the voltage oinkheatbirdi gat €00Goés Kot UeBREal® Redantihperitd80as3. The
vol tage of the 25 selected word ine W.n is returned to O V at the timng
t4 (t3 < t4) dedcthiedodbage.of the voltage of the diffusion |ayer Dn is
returned to O V at the timng t5 (t4 < t5). Wien programm ng i s executed at
these timngs, the vol thge-dopedfpolfsihiecemi fulmyat®’ AG sworite ds a he
programming tinme t. Since the voltage of the third gate AG has a smaller
vol't age vildt hthérdegathpt théd ipabhencdopeditedelyostalyed opanmer di fuSi on

| ayer voltage in this case, the switching 5 tinme can be shortened.
Consequent | y, CPHRL®pet ¥t PBRY of Nl gt PSLERRR r b e i htC2 hENGr HFAnPR PEL ¥R Fre t
by the third e ACGe is superior in controllability o he progr amm ng
e s ShowblrR Frgg 168 il DN DTS 1 o (5D Atfe TG Ghe ayer
Dn at the timn Oy.+2 V.is _applied to the third gate AGe at the timng t1l
(to < tl). hb???y%iﬁlgp?sfé%%l?Qz'to the selected word line W.n at the
timng t2 (tl <t2). This;yobi ié%éﬁgﬁ for g pisdelerdg ned.pr i ng
timet (t =t3 - t2), thel%g voltage o t%e sel ected word |ine d%%ﬁ?s _
returned itso OtNeaﬁoiﬁ§iij.HngfiﬁnaP@7t hervaldage,8f, tdie i dplte AGyd s
returned to O V at the timng t4 (t3 <t4). Further, the voltage of the
diffusion | ayravDRgi 8 peédetednifed MVhatkhdestis Agridd (14 hé SJap _
Alternatively, as shown in Fig. 20 19G after +2 Vis applied to the third
gate ACe at thetweannghéOf1d&5tihd Sgapplpettéons heosla f {msgonddayerHdde,at t he
timng tl (tO < tl). Next, +12 Vis applied to the selected word |ine Wn
at the timngthe film<thPknasserfthils polyagki¢snkepinmf (rha predetere ned
progranmng tine 25t (t =t3 - t2), the voltage of the selected word |ine
Wn is returnéf’gb peNeabiRfefiaf ngteln-amakt he REEfaERPbY $hRlER¥ftRiDn

| ayer Dn s returped to 0 V at the tim t4 (t3 < t9).. Further,

vol t age 3@ thgh?h£+gm95?éc%@%s§so? ;hg5pgoat1£g gate oly31£1con {5§%.

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.



returned to O V at the timng t5 (t4 < t5). Wen progranm ng i s conducted
at these timngs, word disturb can be mtigated because the word |ine
voltage application tinme is short. 5 Next, the erasing operation will be
expl ai ned. As shown in Fig. 20A, a negative voltage of -13.5 V, for
exanple, is applied to the selected word ISidne W.n while a relatively small
positive voltage such as 3.3 V, for_exanple, is_appljed to all the third
gates AGe and AGO 10 ERHtdiFifisFbhifayeP=Hie foﬁg&&az,lﬁﬁéo Red ¥ t he
unsel ected wo i W.n+ re at.0 V. _In, conseguence, ejectipn of the

ol ect rons occhs (FBRTEREL (ogeintCali BT bSERRS iR haFhe i Tese ne

Fow er - Nor dhej m t unnel j enonen ] e ul t .

t hreshol d val ﬂgh(#g%helﬁl] _ !}r%?r%r£gc§_ Poaggpywﬁa%{jélp%e{lgéaésf%%Q%Ibeéa ?%Crllei S
conducted. | ngLdanighbyanktchs DOSELOLCoLoast Bl LaNEOHSLyq ARy Ve d-negal i ve
vol tage such as -13. to a pluralirty of word Tines and a relatively snall

positive wolt su Sapd3 0 i L i S cand AGo. It is
further Z?pogg?gfeg?gga%ﬁ?ylg%%'el g%%%%?gl\ltlg%%g gglh?aglgs;guch as 17 Vto all

the third gates AG and foxkeephaldi1Neomok g Hidesti Bachp 4b f{disicnpdeayer D
and the well at O Vin the same way as in Enbodinent 1. It is also possible
to apply a negat h¥enyoht Bge BRoobhofiY, a£ 0l &4a8Phe, sdDuthenofeslrline Wn
and a positive voltage of 4 V, for exanple, to each diffusion layer D while
all the thirdegamp$eAGantiheheeshrfiadet b€ thsepetyetlivood 1032 VEn+l are
kept at O V. In consequence, ejection - 76 of the electrons occurs from
the floating gapPesed tFegdi $RUsi on B-adared pal welill itdven rfeinior WL Gfelilss on t he
word line Wen due to the Fow er- Nordhei mtype tunneling phenonenon, the

t hf eshol dOval 4ePefitad AEHBr yOBEI #8Adi Bpshandetred a2phsehieRbeRBtYon is
conducted. Fig., 20B is a tinng, chart show ng_an exanpl e t he_vol t age
appl i cation t??ﬂ"ﬁﬁemﬂ the Eg]riégh]eﬂc%rgljr‘i“n%gel\mu’é]ﬁﬂn{)ﬂelé]%ﬂd?ﬂ%ﬁ‘ es&%@
and ACGo. The asing,timng is.the as that, of odinment 1 and is also
axpl ained 1n T8 BRRUaTheRen r NS POYE fRethde st et Re Pt d e of o
V, for exanpl [ | o] j o] sele and
a positive voﬁlggéogggpyo%o%éggémrr%{lg, Liljgg%.\é%‘{;lo e%ail%?? hcg% dﬁg(%fﬂss:fginé?%ﬂyer
Dn that is to ctian h ai e ; | t of
about 3.3 V iggglgpﬁlgdftiga?ﬁrel&tﬁ??%'ggj?gé /—éée)leyosfslelt %ggf&de\%t elcEMcreéI%Is\é%/l and the
cel | Mr21mandstiheacbanpel bel et heckbing gate 48dCONPLEISLY dLsHeehON. The
diffusion layer Dn-1 to function as the source of the selected cell M the
wel | 20 and tbeupbhseyeeteilowsr dthe ngeMbnylcare. kept at 0 V. On the other
hand, the third gate AGob is set to O Vin the nenory cells M1 and Mtl that
are adjacent to the selEctediseldy M the imtiesrmval, operathiamnetolitsadorated in
the nmenory cells M1 and Mtl and m ss-read can be prevented even when at

| east 25 one Bhet hemgeddr yheePregMpaningiorasingdeperaeioragentge. As
descri bed above, this enbodi mrent uses two adjacent nmenory cells as one
uni t, sel ect s1BHBTBE:t hem and executes the reading operation of the nenory

cell.
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



Therefore, to read all the cells on one word line, the reading operation is
executed tw ce, and the nunber of tinmes of the reading operation is smaller
than that of Enmbodinent 1. 5 Figs.2IB to 21G are timng charts that show
exanpl es of the voltage application timng to the selected word |ine Wn
and the third gate AGe. There are six exaﬁﬁies as shown in Figs. 21B to
21G As shown in Fi 1B after +3.3 Vis ag plied to 10 the selected word
line Wn at tﬁbetWﬁgﬁg £pes+iliaertengpinelntoXt AereAfiaNgat BAAGES at 1Phe
timng t1 (tO, <t ed to th di ffusion | ayer Dn at the
timng t2 (t1%8% é}reg$ﬂ8p #ﬁi§i68FF§§8 ¥eEEbFa oFatPref¥teRHiAGd read

time t (t = té%rec%lb th% égl tgag ?SF%;Q;E #gnagiée Dn is returned

to O V at the |n1ng Ge is returned

to 0V at the timing tdy gg fbi@atgy;]agehmhf%g L4496 1oLl £l £t o

word line W.n i s returne trmn ernatlvely,

as shown i F 1 f plie Ge at
t he t|nlnéptofgigg3@39?sgggpF?2§ %getﬁgégg e%?egoﬁglébﬁl% vﬁ%gg%gnﬁ

timng t1 (tOgstkl Ywhblexby theVsisiappl bgdaborthe dhthystgniiayesnPneat the
timng t2 (tl <t2). This voltage is kept for a predetermned read tine t

(t =t3 - t2)poapdilheoviol03geard vO9&heudhftosioBbl ayeri1®apjs returned to
O Vat the timng t3. The voltage of the selected word line is returned to
0 V at the timesgetd4ifedyx t(B}g.abH)t helvoihiageetofh e givdabgatet AGng s
returned to O Vt the timng t5 (t4 <1t5). 78 _ Wen progranming is
made at theselﬁlﬁﬂnggctadaundarsthebcoadlbeonesnrwhied beeasskithe drain

voltage ]égllcatlon time is short. It is also possible to apply +3.3 V to
the 5 sel teeXﬁBFdfP#ﬁeC%%nbﬁtetﬁbe@rningtbg abdoe1where the dgiiiceion

llayer Dn at the tim.n g % as shown in Fig. 21C. Next, +3.3 Vis
applied to th8*tHfrdi gﬂ el Gésa?t? gdti mhdhe s('Ct‘?}ge< where i voltage is

k f d d dti - h | 10 of
the third gat BONE TSera: FERER 105 A8, TOHR trfiwochad: ThE"Strtage of i he
di ff | t 4 d th
Col tace or ¢ LEEChnL LOLURRERL] Gpdefl chOPLLIREOLS éfifngh%%m? 4
(t3 < t4). Agepat bs@wm&ohscgﬂsgébéecﬁedaﬁpéytﬁé .é/lis.)c{-é 9 H 'On

layer Dn at the timng t0O and +3.3 V to the selected word

timng tligtOcsnhb}. phlextched. 3 M ithiaPpld £d dre tihasdibivdk gatie, A@%aatast he
timng t2 (t1 <t2). This voltage is kept for a predetermned read tine t

(t =t3 - t2)thadsibecynl brgeeofilherthtt dogat £s Ak 20chsng et tbpesr tond V
at the timng t3. The voltage of the selected word line is returned to 0 V
at the timngthd th3rd gd)e ahtatbelowl tihgeinfuldeodi f{lsi D084 ayernods
returned to O Vat the timng t5 (t9 <t5). As shown in Fig. 21F, +1 Vis
appl i ed to thetgbed;f fisidmamywrdn dthe Héittdrigeg e 0,0 7andkeeR 3 tiig s
applied to the third gate AGe at the timng tl (t0O <tl). Next, +3.3 Vis
applied to t h8tEtPRcFRAPGOPHEERGEN QU I aNE he FiFRRlien §8d the 3§loahing

voltagelj% kegt foiO?b 13'sglrt 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
1lla, 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. 1In
this way, the memory cell can be completed.

Fig. 6 is a circuit diagram showing the



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 +358V-to the third gate AGe at the
timng tO and +1 Vto the diffusion layer Dn at the timng tl (t0O < tl).
Next, +3.3 VSQNBppHGert i Hhaaranael Gk 37y W.ibgt daf&usiimiing t2 (t1
" 10 < t2). After this voltage is kept_for a predetermned read ti t (t =
t3 - t2), theld¥inige df! t~he‘9rsér| doted Roor otirn@svikn -il's TP SGFNE 38t rg%ﬁe

timng t3 and the vpltage of the diffusion | ayer is returned to 0 V at
the timng tf??’?eféﬁﬁ% THEESAST tHy e #)%e%?rﬂ atcglrﬁ%tli%“e)r eturned 15
to O Vat the timng t5 (1.4 <.15).. Wen programing is. cgond t these
timngs, wor d'ed]f%Jt%arg]b Tan-be <:#lers crtl'lzé?réd(’ge%%uesce Jt%rg V\%fr dthef ;{gérgoglltalangees

| ti toh } t. | | t v t i Cr b
appl [ catien thite g, Short. | NCRASNt aligpidy Ui abdi dPnydeprdbedh above

the sanme Vol tage 18 applfed to eVery ot pr ogr anmi ng

and reading oR&LALdONg RIS, ddield aypiait the Kl tags appl i L4 ea

of the third gate nmust” be such that every other third gate (erase gate)

107a extendi le,g dird el &) umh dineaeliyorcahevaddred kel @w thenaibitakrbliack can
be bundl ed. In addition to the effects brought forth by Enbodi nent 1,

thi s enbodi metie candi recease tie fHOG e zey adidrddei gt aff adfe ngpradate. I n
ot her words, every other third gate 107a (AGe, AGo) is disposed and
separate - Bine vidll  agfmm vantioe Gippfuseibn oldyesel @i r Sedatceds MOS t hi s

enbodi nent. Therefore, the nunber of tines of operations necessary for the
progr anmilAg areRn kel s offer a9 et dath e reainesl. LiSincer tiHe datrelingegi on
is formed at a part 5 below each third gate 107a, the third gate 107a can
be used not Gy AsSRIRERrasYdt Mt Af RPHs IHEEHRY it figr the
controlling the channel. Therefore, the third te 107a can contral .the
electric fiel¥ FHSFde*Uhe d ﬁ@lglioﬁdéﬁér?ﬂ@ﬁtsls%%o%ytﬁ ScSRtEGTE JRte1f11a,

d 10 ffici i d. | t., fficgi.ent
and i gh- SpectP bl b i T Sher At'on cahebd 5o erad e ta okl | &
channel curreﬂ%.sé E&@%g’%{lt Sl Fl G i%‘atrpéar & -Plan view showi ng an
15 exanpl e of the sem'conductor 1ntegrated circult devi ce accor di ng to

Enbodi ment 3 fuidie: PEESSHE YN ié’t’f‘,tl?é‘%éﬁi&s-ar?@&ov?é’ﬁ Ak 286l e
sectional views taken along lines A - A", - B and C- C in Fig. 22,
respectively.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



I nci dental ly, each nenber is shown hatched with sone 20 nenbers being
omtted 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 sem conductor integrated
25 circuit device of this enbodi nent is-sbBstantially the sane as that of
Enbodinent 2 with the exception that the filmthickness of the insulator

film606a betiRehtdher ¥} odt n el e9a=d HhiP 19 8Hi e gt £hro B unn

i ncreased. -.81 The materials, constructions, arrangenents, etc, .of
other nonber sSSEFECELBRT BITH TSI SIPU (Heles @ Bifod Tei bLock

Therefore, the ex&l nat'fn w | be n on_onl t he di erent por.tions and
Oe

| i f
W 11 be o t L8 oR® AT TR Safrhd by EPRRREsknass tOF RB PROGPSCTE
fi1m 606 of {his.erbodi seal,ls dpreasathp APAe S0 1y, A5 A sl t.

el ectron ejection"is m rom-t oating gate 1 € ‘Substrate

(well 101k i n?ébﬁsﬂ?ééﬁ‘gl@ﬁ?rﬁé o 4 Al Sserpdl Bl -y Thelsf gy d he film
t hi ckness of the insulator 10 fil'm 102 between the flodting gate 103b and

the substrategives!10Pd)ekSed®imgn id hirfe R NImn t@XedSidt f fer@nteddionp)
Enbodi nent 2. The production nethod of the sem conductor integrated circuit

devi ce of thiesneshodsfretlie isidde papped S ite tax thevdd ogiess Peprshown in
Fig. 17 in Enbodinment 2 (Fig. 24A). However, the gate insulator film1l02
cited in EnbosgtneEntbPockctahdye hiumdigd 3A oforlenbodnmenthérhasasa,f iche

t hi ckness of about 10 nm as described above. Thereafter, a nitrogen-doped
silicon oxi decfndhed0soitsi @0 Tt nell the tiel whromtwey o disdEdectibeivtech
shown in Fig. 3E so as_to isolate the floating gate and the third gate from
each ot héP. Tehejwerdthine| kkl7 oard bie t9als ilnl 3 et fihsmatisigPate to the
sem conductor, substrate, the filmthickpess of the silicon oxide film 606

is relativel y"234piRE ?%aﬁh?é?l%ﬁﬁrﬁﬁdfﬁ ﬁé&igﬁétﬂiédpe&.§PWW¥0R35%F6€
el ect rons | nUBERI & ST X THE T 1 AT (e GISGFA g Gt i on can
be rEStriCteqnay be interposed between the word line 111z and the

bundled portion 114 of the third gates.

15 Contact holes 115 reaching the bundling portion
114 of the third gates 107a are formed and metal wires 116
are connected to the contact holes to supply power to the
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



- 82 The process steps anal ogous to the steps shown in Figs. 4A to 5E of
Enbodi nent 1 are carried out in the sanme way as in Enbodi nent 2, and the
menory cell can be thus conpleted. Incidentally, the silicon oxide film 606
5 is etched during the process steps described above and is converted to
the silicon oxide film606a. Fig. 25 shows& e construction of a nenory

cell array. The diffusion layers Dn (Dn-2 to Dn+2) to _function as_the
sources/draing}théE§D?BQIFﬁ ESWEDETY O F 02 AJOWPh&R 151881 et 8BAMDE-

[ .th bl h t f Enbadi ts 1 and
2 “The thi rd GBLE RECPEO RaSokfie 20VEREPORY ERBoHNARRP 52IRGRFODL feSubrrage
i [ i tiQr d th ' dition of
by the 15 met RO HESGPCRLE aBbv B En P a5 OgP ARRTAG par &E bRC. EPaFng

operation and dj e iLon wi |l be explained. Fig. 26 shows an exanpl e
of the erasinagggekggigg.Eg%gggﬁggbéhoms an equivalent circuit and Fig. 26B

show a tingng chart. 'nTﬁégthgﬁéhmé@ﬁo&?&isﬁ&&@gp@ﬁée??gya?ﬁtﬁ@ﬂe%iPf§.20

executes selectively the erasing operation.” I ncidenta e explanation

of the progranfi Bababdnteadipgrapenabianseyibh Be enktbeAqPeRguUsELhEY as
the sane as those of Enbodinent 2. In the érasing operation, a negative

vol tage of 2511460Y, ther texaapbetekswaphl cedthont epsebeekednwordml ine W
and all the third gates AGe, ACGo, each diffusion [ayer D, the well and the
unsel ect ed wotHel same\Viaylaar énkepe atcond method, and also disposes
the contact holes 118 in substantially the whole region of
) 10 the dummy pattern 112 with certain gaps, too, as shown in
Figs. 9 and 12. The metal wire 116 connects the contact
holes 115 and 118 to one another. Since the polymetal film
having a low resistance is used for connecting each third
gate in this method, the voltage drop resulting from the
15 resistance of the bundling 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



0V, as showmn in Fig. 26A. In consequence, electron - 83 ejection occurs
fromthe floating gate to the well due to the Fow er-Nordhei mtype
tunnel i ng phenonenon with the result that the threshold val ue of the nmenory
cell drops and the erasing operation is conducted. In this way, the 5
erasing operation is conducted for each—s&8tor having the word |ine as one
unit. Incidentally, in the erasing operation, it is also pqssible to apply
a negative vo?’f%@g“%fogﬁﬁa‘?/,lo?o?n x%t’ﬁ%l"ée,agi%ﬂ%%%svﬁrut ?P% ﬁﬁ%aoﬂ’?ef of
word lines while ' 10 all the third es each di,ffusion | ayer D _and
the well are %bﬁ? E?P%r%pc?nt?h?ég%agg$ %%Qﬁéragﬁﬁb &8eF§PV napseégﬁgggted
in all the cells h lin ich t nggat. val.t IS applied.
It is also po%%i%ﬁ% ﬁﬁg%%%+§}$%u§$%ga %ﬁéréggﬁg%%SS&é@?agko%%%gkggs??ive
vol tage of 16 o Ngnyiek] o Whi & esadds thie d:hingh 9a)£5:1AG and
each diffusio%ﬂ%aégésﬁﬁgggﬁgg%% 2t %T\L I t ?sscase, mhen_ﬁﬂ% mordlﬁfke_is
set to 0 ¥ and.ihenynsglest ednworth Idne, J0 tHe s dra i90asi RY seR@akinoNn is
conducted in all the cells on one or a 20 plurality of word lines. It is

further possibhgit@1eppl¥ir8uiiNgahdier esASC NghOPLrati Oing diegat ve vol tage
of -9V, for exanple, to the word |line W.n and a positive voltage of 4V,
for exanple, to each difdusig® 13yeto IBA e e tdepddiirvke garteastZorAGs t he
wel | and the unselected word line W.n+l are kept at 0 V. In conseguence,

el ectron ej ectaoniedcons $edartheciyontinige gagekl tencdrepakfddisiorddtatyed D in
all the nenory cells on the word Iine W.n due to the Fow er-Nordhei mtype

- 84 tunnelihgnehenonenon with the result that the threshold value of the

menory cell drops and the erasing operation is conducted., Fi%L 26B is a
tinmng cA&t showi ng anf Ex@hpl DIPTPIIRYIIG [RE LRIt Atidn S ning to the

| ect ed dline. Wn. S . t.he third AG t ti th
crase gat e | HEFRTSIERDod Horti 1t IR ARSI TSR CoRAGELEr By onty
th ti f th i «:AS _sh i_n _Fi g. v OV I
appl 1 6d o tnBSteFcrant Taot PE e Rl si B Wl eee e 2B i age
of the sel ected wordnlige YL by 1gN L MR 4 O Ood iy LS 1AdHAY 13 (10

< t3) . This enbodi nent provi effects simlar to those o

Enbodi ments 1,apd 2indp HEMDREI sENEAda FE@11 Y, 1 $n@ P4 A i weCHd Dde Vi ew
showi ng an exanple of the production nethod of the seniconductor integrated

circuit deviceragsendi Bov} of Eabedanpné, 4i of apheiPd esenthe nvefti Hion The
construction of the sem conductor
layer Dn as the drain of the selected cell M. The
diffusion layer Dn-1 to serve as the source of the
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+l and Dn+2 are at 0 V, 5V
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



20 integrated circuit device of this enbodinent, the voltage application
met 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 Enbodinent 2. Thrsofi fference will be explained
step-wise with reference to Fig. 27. First, a type well 101 is forned on
a - 85 seritbherRrer Repeeeatehaodi ffrgionzgyensh Iburdtd ¥4 usi on
met hod, an ion inplantation nmethod, and so_forth, can be used for formng
the well 101.h%r&£&t?xhs%o?%%%$%ttl?‘?I%]%%?l%%ojv\?ﬁj?rf%‘?*ix]aﬁﬁ%‘?e?s
patterned over thf sem conduct or substrate 100, and ar eni.c QA§%5iS
5 2 ¢

i mpl anted wi t FPE hF5OPHHED TE3FSt Fil MOASSIURRGe Tive Rers &S ions are
i mpl ant ed bstantiall rticall 0 the_sen conduct r 10 100. A
:jirr]Pf usi on F;yé?vpz%%p% o%? \tj%(l: :%C)hna%se o> soour%% drE T %fc%lrrsz#%ffy’ ?ﬁeﬁ a|msaLt hus

formed (Fisg. ¥yB).aAy9al si§§ @ér&ﬁiﬂ%ﬁ%%i ad D6 § QfdRGk § Ocr 141 gkness

of about I2 nm by thermal oxidation, exanple, In the same way as in

Enbodi ment  1.mNexing avPs dopedod S POL st dd COMHd 9t1Q3 R Sinljiec@n o tride
film2104 as a first gate are deposited serially (Fig. 27C). The silicon

nitride film3d&4uandithenppl ¢15é Ih&ddr§icen 103, ang tdhen elaidreoned dre

it hography and dry etching technol ogies, for exanple, in the sanme way as
in 20 Enbodi nemjedtéahes ebiye t hrostingofatie tof dehd | a0 edtted meemet ysédion
filmare converted to 104a and 103a, respectively) (Fig. 27D). This
patterni ng i sMcobideictiedeshe hd maskt aggi of riate onesary hagl bnel ofs tdred end f aces
of the polysilicon film 103a conmes near to the center of the 25 diffusion

| ayer 2030 | rpoegeanmbrasist pendi¢tedi o &hdrs 368 i $heo sEMspossiicA 1 0

bri dge both ppl%silicon film103a and a third gate that is to be later

formed. Next,lRFeREYEPRCETFREoro%ieR ¥$¢n FQUF crdarret memgey ¢ells

t hi ckness of 10.5 nmsp as tp isolate a {%oatin ate and a third gate from
each other, b3 (PR NEEHDE STREFET $BStHel bndSHBVHITH 1Y SREYFEnbodi ment

1 (Fig. 27E)._Subsequent pr.pcess steps.are the sane.as those 5 of
T e N

Enmbodi ment 1 % in sanme Wa

Therefore, thﬁr@é?éﬁﬂfﬁ&ogpgiééi@ﬁ oM L8t four times to program all

15 the cells on one word line.

Figs. 13B and 13C are timing charts showing
examples of the timing of the voltage application to the
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 t1 (t0 < tl). After this voltage is kept for a
predetermined programming time t (t = t2 - tl), the

25 wvoltage 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.



According to this enbodi nent, the gate insulator film102 is forned after
the diffusion |ayer 205 is fornmed. 10 Therefore, this enbodi nent can
inmprove reliability of the gate insulator film 102 and the yield of the
sem conductor integrated circuit device. Furthernore, this enbodi nent can
reduce the internal operating voltage, anflcan increase the programing
speed. 15 Incidentally, the erasing operation nmay be caqonducted by applying
a relatively high vol t df¢uatigelyr 2it¢% e World 13PRd 3®ch tahithe all the

third gates AG _each diffusion la%/rte;ﬁ‘ 15} t he and, t he unsel c?_;:t ed word

| |
line Wn+l ar@ kEpiion FRXErE Rt Bet3 oL B 122 ithe

floati te_1ot ], 11 the. | 1 t N Wn d
o the Font orEXBr dngtm tbel t bR T breneHencie W1 RETLae Tl t he
t hreshol d val ue fet€§h{$g$ﬁ ;4%?l%gggppsA%Q%rtQﬁi§r%%h@98%P§rng§3 gﬁr

conduct ed. 25a1fEt odi men s a partial “planvi

exanple ofz t ) condy i i i Vi accorndi o]

Enbodi rre_nt5 Sh%féf%aé&%resgéé)&iél%%%@ﬁlﬁ%aﬁ&d{&éj_g 8&9_ ?gs. 062313,4 rtgjgetB and 29C
are sectional,yj tekemal a0t didesudra Ane Birn Bs b Grnedtd m K 9. 28,
respectively. In the plan view of Fig. 28, each nenber is shown hatched

with part of genbesstheing ©m tied o tease oFf thel WifFukabinonayAgsshawn in
Figs. 28 and 29, the nenory cell of this enbodinment includes the

source/ drai n ghd fois+Dnid aylesn 3B ursedlecd e wedtd L, t dnhiend i3t (tates 304b
and 310b (floating gate), the second gate 312a (control gate) and 10 the
third gate 3083 . Thiherommoglr agatieg31iza eofecedeld enbhy sc elelquesceenmectied i n
the row direction (x direction) and fornms the word line. The floating gate
304b andlfhe destuBpicanr ¢ el aated rhrsaesh Hiheronsy e grrleaatsul at or
film303. The floating gates 304b and 310b and the third 15 gate 308a are

i sol ated fromRpeldbtPertHye the $t¥ator film 307. The floating gate 904b
and the word line (contyol 312a are isolated fraomeach

Tnsul ator 111 m Sita THENT rd A S00h R THEWIrd ) o HE3E ed Y
i1 usi on | ayet 08T o i Shbs et Vert 1 a1 1o Tt CIThe S 125 Shd ext st s
o LS EFET AN I el S L% W SRy
I'n ot her 1401 dgya 1 NESEM LHOANET QU gd NS K A S DB CI eI Lyl &y Ao 14U S the
enbodi nent conprises a so-called "contact-less type" array that does not
have a contacthird &Btes. The diffusion layers Dn-2 to Dn+2, the well
and the unselected word line WLn+l are at 0 V.
Consequently, ejection of the electrons occurs from the
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



hol e di sposed for each nenory cell. The channel is fornmed in the direction
vertical to the diffusion layer 306 (x direction). Two end faces of the
third gate 308a oppose two 5 end faces existing in the vertical direction
to the word Iine 312a and to the channel, respectively, anong the end faces
of the floating gate 304b, through the t+néklator filnms, respectively. The
third gate 308a is fornmed and buried into 10 the gap of the floating gates
304b exi sti ngF3Ff 1 Qi FEekT o Vi i wgd tlolft%etq/vdfqalqh A TRI&NdS 0 t he

channel (y direction), The floatin ate exists symetrically with the
Lhird gate 306 CSAR Lhe R ASH R S08 a6 A SAMRRTATRATY Wi th t he
floating gate 304b. 15:§2Like E odinentsk%ﬁgqg 2, the dh;f%%ho% l.ayer 306
of the nmenory cells adj et T4 YIRE RS 48 e raé)é:ijiyor‘_f1 i r?lt s élﬁ’bodi ment

are separated Lya deMgs. |solation § oglon 302 UM SING A Liogpxi de

film The thiT ate 1S Ui sposed 1 n such a s entir

surface oger| apssi thyf hedleybe 1 salation ragl on 802 and WdEd e ang

di ffusion | ayer 306. Next, e production net e nmenory cell of this

enbodi ment wi{je bge Pl ained wi t nr ehekepagel 0Oali g8 he3RehBr33ce2dsAfter a p
type well 301 is first forned on a sem conductor substrate 300, grooves are

formed by photediddoghamne @t et o e agy .offesddiqron oxide film
for exanple, is deposited by CVD to bury the grooves.
In this embodiment, the erase rate strongly
depends on the oxide electric field. Therefore, as
‘ 10 explained in the paragraph of the production method of the
memory cell, the film thickness of the gate insulator film
102 for isolating the floating gate 103b from the
semiconductor substrate 100 is greater than the film
thickness of the silicon oxide film 110 for isolating the
15 floating gate 103b from the control gate 11la and the film
thickness of the silicon oxide film 106 for isolating the
floating gate 103b from the third gate 107a.
Incidentally, the prior art technology uses in
some cases the silicon oxide film, that is formed by
20 thermally 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



- 89 The silicon oxide filmon the sem conductor substrate 300 is renoved
by CwP, for exanple, and a device isolation region 302 conprising a silicon
oxide filmis formed (Fig. 30A) . 5 Next, a gate insulator film303 is
formed by thermal oxidation in the sane way as in Enbodinent 1, and a
P-doped polysilicon film304 to functiom & a floating gate and a silicon
nitride film305 are serially deposited (Fig. 30B). 10 The silicon nitride
film 305 and PhetpBE§sPfiRBATF RTALBB4NAF et RRERL PEE t RERRIPTPPRIRA s way as

i n Enbodi 1 b h il .nitride fi h |l ysili fi

. S0 ent d (ARELe, 0 L SO0, B el L ang e, s il on £ m
th i npl d.b i the i Lppl antati A di ffusi I

she {hen | PLEILESaBY VBT LGB0 LPLENT LoD Shoses AL gl on L v

An i | at i i t] t} third te i

i sl ator B S8, oto!pglet i thc (Lo ey b e 1 d onle 1

(Fig. 31B); a’?ﬁe?e?ﬁ?@?de %ﬂéhéhﬁ??o%kéﬁf’r@ 19 ié’;{a;&é%é’é‘, aéh%héarg;grd gate

0 t

is deposited in such a fashion as onpletely bur e gap between the

floating gate-pattgrds 0daqt&ph9. 31C). Furthernore, the polysilicon film
308 is etched 25 back in the same way as in Enbodinent 1 to forma
polysilicon film 308a tihgf. izabefd 4 orampigdeirtr sieslhidy cdmestangld her gap
between the floating gate patterns 304a (Fig. 32A). Here, the film

t hi ckness of the volt8fe popyscétton fihimG08a tlsessmléeted haord haineof the
floating gate polysilicon 304a and the internal operating voltage can be

| ower ed i n t hELpreagd ahmi bige opeiadi 9atei AGt he sane way as in Enbodi nent 1.
Thereafter, a silicon oxide film5 309 is deposited in such a fashion as to
co?lrpl etellf bury the gappr®iex hel 31 vali hy gkl ghtiertke 3pkested oxhne way
as in Enbodinent 1 (Fig. 32B) and is etched by a chem cal nechanjcal,
pol i shing net hd@e( Akt Hod) timtRe Eheasishewh HrtFide $PmBO5h Vsts
exposed (wher 05a_and the s con_oxi de

(1 Pm 0o are Eothertele: HFS0B! ES8nant ekl (ol 45t e
ol ution and Tis° siFYRedof S phFEEI Foton HonaeTebRetea 1l o R

P- doped pol ysibico il 101 s it L0, the. S: | odi nent
CRre Bany SR T i Pal b ERaae L B8 e O B e YA R

33B). Thiig polyehth&@ntdibmy3dPache elmehgi €al | yrfamneatad t RY1tSIHe con
304a, and these two | ayers of polysilicon"form 20 the floating gate.

Pol ysi | i con 33d@atpe oyéUestthewetd et se ofiLh L east gnédersup face: agiea of the
floating gate and the coupling ratio of the nmenory cell. In this way, the

i nternal operaimhggvoBt age can3pe |Ioweneth ian tdre qurregraparnatg/oer, asiheg
operation. 25 Next, an N-doped silicon oxide film311 is fornmed for
i sol ating t hevelbagengf gelte thondtdeteord ¢omerdhs t blee seresealins. | Ant he

step of Enbodiment 1 shown in Fig. 3E (Fig. 33C). Alamnate filmof a
pol ysilicon fEh#if casepithe 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



a tungsten nitride filmand a tungsten film or a socalled "polynetal filnt
312, is deposited (Fig. 33D). The polynetal film 312 is patterned by the

| it hography and dry etching technologies in the same way as in Enbodi ment 1
5 and a word line is fornmed (whereby the polynetal film 312 is converted to
312a). Next, the silicon oxide film 311-ahd the polysilicon filnms 310a and
304a are etched to conplete the floating gate (whereby the polysilicon
filns 304a an®XZUDLE ar&S cAPRLFERAL? oD ML BRH TDILA P el cis irF§8d After
an internetal ipsulating film pot shown, is_forned, contact. hol es reaching
the word |inec®ibad! 32 3 RPeeFHRi YO HF 39t ont | Yy ef OB EMME met 301 and
the third gate 308a are fo I s, subse uentlghge osited, and

rmed, . A net fil
i s patterned #BPbHTHh %Ov&?%hgi%flﬁl?rﬁﬂsaﬁﬁl?b? he® nEROYy 2% SCE)%%JI”&)IO& ed.
Fig. 34 shows_{he_ constructi f cell, array The diff
| ayers to fun%??o%eg%g?%% é%g$8g7dbgﬁ%q§gﬁgﬁﬁiﬁhJfﬁgrd¥¥b§tﬁ6hsﬁf%% Lt
directions vepplcab,l oo the bendiag directi b (xafingetionq ofaide 29 vord
line, and play the rolé of connecting the nenory cells adjacent to one
another in thepd giiestion. + bl ikee Fobodi npots iLiAds opghy A atdecdlovige
isolation region is forned between the cells adjacent in the x direction in
this enbodi nepty . Thereforasudinm didfdisd on-dayem+iis st oA 2shaleediprt ween
the cells adjacent in the y direction, and the functions of the source line
and the data 0ivg aveahdxeddép the flddushonstayer Somspsotieely,) neg and the
di ffusion layer Dn (data |ine), respectively. In other - 92 words, this
menory cell isrevénofmibe-veaduah gheusant ypey Selictthe gséstamsidor
selecting the source line and the data |line are disposed at both ends of
the diffddi onobayetionresrSrthdrad WAy ,i fhehe guidiorebidtey. itteadeidect MOS
for selecting the source line is disposed at the upper part in the draw ng
and the sel ecEinESiEofedifecefnghinecBRediPeme, Laes t heuT dia et . C¢hlt his
way, the select MOS are not fornmed at both upper and | ower ends of the

: h

di ffusion | ay®f, OBgt URYEr ySBLREES sRPRCPE MEEHr 2NE 0S¥ BT TS at R or e 59 at
the upper and | ower.parts..in each diffusiaon,.layer. Therefare, the.ar for
formng the sgP%E?Ei\fgﬁ’ czrrpebree%lﬁ ’gattheed.reﬁ'udelnr golpéar{agnlcoélrrﬁé‘sssee}ﬁcg‘lfetqﬁ%t
select MOS is e e, ay.b " e thi i t AG
extend in thelggé#rg%%?o%fﬁé%dygr%gﬁéu%Bngﬁ%dpéégogg%gégéa?i£fiﬁggr@%%d

| ower ends; (bgthgengdsein the y direction) of the array block. Next, the
vol tage application condition and the operation nethod of the nenory cel

formed by the method de;sg].rgé bedsmbove 1%CidsSe Pt DEH RMe Kl t £ SAsdwihaand
readi ng 20 operations will be explained with reference to Figs. 35 to 37.

Fi g. 35 showsekhgppeogoanghagvepesasi appl Fegti36 sheisgtbe ehassabected
operation and Fig. 37 shows the reading operation. In each of these

drawi ngs, A showd anneguWiml end téorthéetdahfiuBiandl@€yehowni andgbPehhrts. In
Figs. 25 35A to 37A, each of the operations is conducted selectively in the
cel | enconpas$b@rpyayget ted £raBBlesnas hehpyogiANFRATE oPERWIPBP: a positive

vol tage of about 12 V, for exanple,_is applied to the rd line .
20 As shown in Fig. B, 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,



- 93 Wn of the selected cell Mand a positive voltage of about 5 Vis
applied to the diffusion layer Dn to function as the drain of the selected
cell M The diffusion layer Dn to function as the source of the selected
cell Mis kept 5 at the voltage of O V. As the source/drain and the word
|lines are kept at the predeterm ned vol tages descri bed above, the hot

el ectrons develop in the channel region of the nmenory cell Mand_ are

i nj ected i nt odrAénf fdatirg gafteleTHet $8aECEsPAFALAS ghetﬁéah%s%@%E§%% cells
(diffusion 10 |l ayers Dn-1, Dn+]l, Dn+2, Sn-1, Sn+l1l, Sn+2), all the third
gates, the mePPpihaaFh@nuhéﬁﬁe&Feﬁhﬁﬁﬁd line W.n+1 are kept at 0 V.
Consequent |y, hot el ect injectipon occurs | nly the. selected nenory
cell M the electrons a gg%ﬁ?%Flﬁ%fyh ?ﬁ%e¥l%gt nbgg%?%%l?%ét?hFé%hold

val ue of the 1% Lises d~prog 1 N0,k S; conduct ed t
seniconductoré?ﬁggggéﬁegg%%Fguﬁﬁ aggi8§+gf£?ﬂ?égeﬁ%§ﬁﬁﬁeﬁg,g%h%h%QQigg

i sol ation g egi 3 exj st et : C J ot her
nthe word | TBa"dTPSe o (o SEbL oo nerer or e rhe. Sk Acents nenary
cell's do not 20 shareihhggdiifyspon tayer, miand s O @M NokGAN R made
sinmul taneously to the nmendry cells adjacent to each other in the word line
direction. FigseddbBranfdedSprageammangl esmef tti(gi agrtgharts) shoméinghéhe

vol tage application timngs to the selected 25 word line W.n and to the
drain diffusi oblkager obnthédheeteatedt woréxanmpeewLasishoanuasedshown0in t hese
drawi ngs. The timngs shown in Figs. 35B and 35C are substantially the sanme
as the tim ngstothEnbodingnt21 shoawvoltRegsef 138 ahdf fusi@y lay3a s However ,
the voltage application tinmng to the drain diffusion layer Dn in this
enbodi mert0 i sapAeDatibst bt theBnreturnedt £ai AgVt att ABedEEPLBEOR3 | &y@rsS Dn and
Dn+1l shown in Figs. 13B and 13C. Therefore, the explanation of the 5

appl i cation t £/ ng HIRP tRECTFIWEING o1 § PRI eRd WhA DiCEfdHinft “Oxthd

is therefore gqmtted. In fhe erasing, operati a negative vo|tage of -13.5
VvV, for exanplg}sigrgpﬁﬁpeéetBe fge epﬁg?gﬁemggé Wpﬁg @Qﬂeaﬁafgagglatively
snal | positivgﬁggktageooft§.3 y EREr' 10 exanmple, is applied to all the
third gates Al ach -aPfr usi'on Fayer Dn-1 to Dn+2, Sn-1 to Sn+2), the well
and t he unsel ected “DrdTﬁén§eM¥93&d9ﬁ§o%ﬁ?ﬁ%@%rgtéa Copsgpuest Yoo €l £ct ron

ejection fromthe floating gate tot ate occurs in all the nmenory
cells on e ward dppbhRfeMEncdHeske tRe EoubernNordhebpniyaschunigei ng

phenonmenon with the result that the threshold val ue of the
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



menory cells drops and the erasing operation is conducted. Fig. 36Bis a
timng chart show ng an exanple of the voltage application timng to the
selected word line 20 W.n and the third gate AG The application timng is
the sane as that of Enbodinment 1 shown in Fig. 14B, and the explanation
will be therefore omitted. In the erasi ngbéperati on, a negative voltage
such as -13.5 V is applied sinultaneously to a plurality 25 of word |ines,
and a rel ati veP§T3RaPD HB8i PPyvECYBFEAgECsLéh®a%-3.3 Vis applied to all the
third gates AG while each dlffu5|on |l ayer D, S and the well are kept at O
V. In this case, the er@3thfe opetst ekt ek | Bl ihePTiRLe to 95 on
the word line_ to. whi ve voltage is_applied s_al so possible
to apply a rePEPHGA §Q?awat£9§|'ﬂa@5 SO §ei7f?f¥bn%ﬁh% h%i?ﬁjrlagg‘g?%% AG
and to keep | i nes C o] n h
aé%t£?ﬁ%,er§rmln th&R phg ££E§a % g%@ig ¢ §é¥§A$da6

V. Inthis c St ng”operatron rs-con nenory %ells

| nsi de th%vb' ?HE fIBaQFng§5téB€?£€égn9pf f%ir? t)?leﬁ\gé n élo $AOECD

about 3.3 exanpl e red to t d e sefected
cell Mand a QQStBévgléQtY9§t€9€e0£a9989ﬁ 1p§%té9£1§%aﬁPf€hetSt@@D"Ed to
the diffusion | ayer funétion as the drain of the selected cell M

while the dlffM§bQﬂnba%QEeSﬁltﬁ tvackbea asnéhgssgungsxpfathdlersehesged cel
Mis kept at 0 V. On"the other hand, the sources/drains (diffusion layers
Dn-1, the diffusion layer to serve and the source/drain. In this
case, the channel and the word line cross each other at
! 10 right angles, and the third gate oppose the floating gate
on the plane parallel to the channel among the end faces
of the floating gate. However, this method needs ion
implantation of the diffusion layer after the third gate
is formed, hence, the formation of the diffusion layer
15 Dbelow the third gate becomes difficult. To connect the
diffusion layer, therefore, the contact hole must be
formed and the conductor must be connected for each memory
cell, and the cell area becomes greater than in this
embodiment. 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



15 Dn+1, Dn+2, Sn-1, Sn+l1l, Sn+2), all the third gates AG the well and the
unsel ected word |ine WZn+1l are kept at O V. Since the voltage is kept in
this way, OV OFF of the channel can be detected depending on the

exi stence/ absence of the electrons inside the floating gate, and the i 20
information can be read out. Figs. 37B anéd7/37C are timng charts show ng
exanpl es of the voltage application timngs of the selected word |ine Wn
and the diffuSTBAdiBget Hnof THae ePEf TR ol k%MD @3- ad hehden ¥ iEvgLt 378
and 37C. The 25 timngs shown ipn these draw ngs, are substaptially the sane
2s the i m ngbhBf SERbOORRERTOL SHGTWETFE sTCEE SRt aS T Hkver, the

| ¥ . e he drai mdiffusi | . .
embodi ment 1 s R meh Bt Be TR | oh BI°t hb Sppr T st Bt (IR A T8 the

di f f usi I Dn, and 1] ] 5 oyl

elxpl gfllafinona)c/f{?ﬁé %1%%1 i gg%i %%@tfén@i%r%n%e?ﬁgogfe\é a'l?gse{%eg%aérrgg%% t hat of

Enbodi nmenty 1 g_plqegs%hergb gntged,nd According $o this le{ge)é)éjé yy Lhe

menory cell produced by the method described above’ uses t pol ynet-al

structure for the word thdiegemich fdibddier 8l Qe 1QMCE ANB f ransidd on del ay
time of the word line during the progranm ng and readi ng operations. Since

the word |inead@havhqgtsdhehpol ymbd@lmsh £ UCE Ud Bf fSrédt Necbrafties the third
gate is formed, the defect density of the silicon oxide film between the

fl oati ng gat esentlcoheutbodr di gad@raoed bei redircedevide i of dmvopissttbl e 1o
reduce the maxi mum val ue of the absolute value of the internal operating
vol tage at 150nhg itfresofrpe dHgrahm dpftrasomglayed R V. Thence tehriigls
enbodi ment i ncludes the polysilicon 310b at a part of the floating gate,

t he oppoddd afEaCbleHieBANPHES f | Bk hgs Hat et whes t3rd contadeneitle i $eFeases,
hence couplingfbetmeen bot h electrodgs increases, too. In 20 consequence,

the margin of A¥RetR? aS3M% 0P § abfeP$%1c? baBROGHIE hel nargier efereredi& ng t he

cfase vol Lage LOpLegers, A0 LETOU B 6) 18 S8 Lo s pertial, plon view
and the explanation of other members will be omitted.
The source/drain diffusion layer 205 is disposed
15 wvertically to the word line 1llla and exists as a local
source line and a local data line for connecting the
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



25 according to Enbodinent 6 of the present invention, and Figs. 39A 39B
and 39C are sectional views taken along lines A- A, B- B and C- C in
Fig. 38, respectively. Incidentally, each nenber is shown hatched in the
plan 97 _view of Fig. 38 for ease of illustration with a part of
menbers being omtted. As shown in Figs- 38 and 39, the nenory cell of this
enbodi ment includes source/drain diffusion |layers 405 5 in_a well 901,
first gates (Preatirpagaresptionghiperdhl HaseectchbatFoe Hheakindaogatand
third gates 407a. The_control gates _409a of the nmenpry cells are conpected
in a row di r eBBESRIPx1HPRecBPOnFPaRBLFBE NP RIVBEAEFi A2, CMALOYEDat P N yek e

404a and the well 401 are.isolated.fromeach 1 10 other by a gate insul ator
(Tim o038,  andobReotl BBE RiLEaPLOR0M KREE L RESE ITrT Quraramyaltiytis

nsul ator 111 406a, The £ oati ng,gal s, 4098 andd he word dins Loogy rgl

gate) 409a aré"1so rom-eac y dn i nsulat’or

source/ draj n ditbusianol axet 405:0scdhsposrdadSenertisal! yalo Lheopordy ! ine

409a and exists and~a source [Irne and a | ocal data Fine that connect

the source/drang @f rkeiBRMEYeFehbs5i But hen COhUEMeAbs&LheRP, (¥ndi EREEHON) .
A channel is formed in a direction vertical to this diffusion layer 405. 1

20 The third gate 407a keepsnheontachsWohhiiperfpostingsgatge sheugh an
insulator film406a at the end face of the floating gate 404a that is

parallel to tHaswebd kthae 4R8arapdrthevehnapel muer®@DUyit SirensbriReffandd) t he
formin which the third gate 907a is buried between 25 the floating gate
patterns 404ath&éhehthhed gat Eodfidd alsdhis ehdodehbknbelswdtsposiedron a
field oxide film402, and is disposed in parallel with the word |ine 409a
and wi th Tthe gh&mnél7at hatthss embodementunandi tkettbhrdugdikell7a of

this embodiment functions not only as the erase gate but
also as a gate for controlling the channel existing
therebelow. The occurrence quantity of the hot electrons
and injection efficiency increase at the time of

15 programming, and programming can be made in a region where
the channel current is small. Accordingly, parallel
programming of a large number of 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)



98 Enbodi nents 1 to 5. The production nethod of the nenory cell of this
enbodi nent ;will be described with reference to Figs. 40 to 42. 5 First, a p
type wel | 401 is formed in a semconductor substrate 400 and a field oxide
film402 to function as a device isolation region is forned on the p type
wel | 401 by LOCOS (Local Oxidation of Srlﬁ@on) (Fig. 40A) . 10 Next, a gate

(Fo. aéS%) L anaa PERopGRROF R PP ERn Wa: B PP OBy PP e Ry Bl A o

m 40
Tt hoor aphy ahlbryCaf el %?2‘-{? SHnEPogr et & 1855kt Rt b R0 chAER 841 ng
gate 404a s torgedc(FLg. éOP)a?OéBﬁ?Bé?gﬁ.ﬁ% Lnenar fohaplasted, b ing

the ion inplantation proce S nd a raln

function as_SQHéCSEEE@éEoﬁleyB?”?OB ?E'Eokﬁe&oégeg?é”9il§59“@én- 20 An

insulator film406 for 1solating the tloating ga romthe third gate is

fornmed by g he;pptBRdashennmtBnbhg. tﬁg Ohp EEROEE "Bh s 1atEl Hut 444 . b theloped
polysilicon film907 to function as the ? hird gate is deposited by CvD, for

exanpl e (Fi g. s41ByonThetpoligsElimonofal ahd07hé spdheni 2bcpat £ermetlo by,
|'i thography and dry etching technol ogies, for exanple, and the third gate
is patterned émnbetkbydihfupbdbysibiyeon20b67issnconferned io €0gagn{Frg. 410).
An N-doped silicon oxide film408 for isolating - 99 the floating gate
fromthe wordregheni betveardthy phdysahibcort hotmaslhe. nétinoe dhwwidns Fig.
3E are implanted from the oblique direction, the diffusion
) 10 layer 205 is formed partly below the polysilicon film 103a.
In this way, the third gate 107a and the diffusion layer
205 are formed in such a fashion that they partly overlap
with each other, and the channel is formed inside the well
101 below the third gate 107a.
15 Thereafter, the process steps of Embodiment 1
shown in Figs. 3E to 5E are carried out, and the memory
cell is completed.
Fig. 18 is a circuit diagram showing the
construction of the memory cell array in this embodiment.
20 The diffusion layers 105 ( .. Dn-2, Dn-1, Dn, Dn+1, Dni+z, .. ) to
serve as the sources/drains, the word lines WL (WLo, WLi, ..,
WL,), 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. In 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



A lamnate film 409 conprising a polysilicon film a tungsten nitride film
and a tungsten film or a 5 so-called "polynetal filnm, is deposited (Fig.
42B), and is then patterned by the lithography and dry etching technol ogi es
to formthe word line 409a (Fig. 92C). After an internmetal insulating film
not shown, is fornmed, contact hol es reachi’lAg-the word |ine 409a, the 10
source/drain diffusion |ayer_405, the well 401 and the erase gate 407a are
formed. Subse§@BAtY§Y @SnelaFPPARPeRt dbpRRPYRA AN IS pet tTe? nker t3Pd orm a

ire. In thi , th | | b | eted. Next, the volt
appl | cati on CORER EFBR MABCERES 162D0RF RPN Het HO WY HHRFOA TR | f or med
by th t hod d | bed in th 1 ng, [ d di
operati ons. wi B CBS MUGF alRal AP LR et 8 onca G oVRS 1as 5 SSNRgS 43, 44
d 45 show t i | o9, i j
eadi ng oper APVEL0901  BsbectTeerp LT ot e o AT P R AR ek

equi val ents of £l opad) Fory £ ShouScie L Nor CHAL Ln1 oy g o dardSA. the

cell enconpassed otted i nes conducts selectively the respective

operations. FiisteriphdhgePLEOYN BPTHOTsOPLr AL | Ofe FaROSHdY VEs 25, vol tage of
about 12 V, for exanple, is applied to the word line W.n of the sel ected

cell Mand a pRsb&inenyolt agmfbianuind pbrifidn axamretHes tdARld @dtled t he
diffusion layer Dn to function as the drain of the selected cell M as
107a, the contact holes 115 and the metal wires 116 are
the same as those of Embodiment 1.

10 Next, the voltage application condition and the
operation method of the memory cells produced by the
method described above in its programming, erasing and
reading operations will be explained with reference to
Figs. 19 to 21. Fig. 19 shows the programming operation.

15 Fig. 20 shows the erasing operation and Fig. 21 does the
reading operation. In these drawings, A shows an
equivalent circuit, and B to G show timing charts. In Figs.
1932 to 21A, the memory cell encompassed by dotted lines
executes selectively the respective operations.

20 A positive voltage such as about 12 VvV, 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



- 100 shown in Fig. 43A. The diffusion layer Dn-1 to function as the
source of the selected cell Mis kept at 0 V. In this way, m ss-progranmm ng
can be prevented in the same way as in Enbodinent 1. In consequence, hot

el ectron injection 5 occurs in the menory cell M alone, and the el ectrons
are built up in the floating gate with thélresult that the threshold

vol tage of the nenory cell rises and prOﬁé?nning is conducted. On the other

hand, all thesW¢)l Qhatlere Aeledeedhetelany tHee vkl ettddMorinds IRctAh+1
are kept at 0 ' 10 V. Furthernore, the diffusion |ayers _Dn-2, Dn+l _and Dn+2
are kept at O"€dslARMLRHEATS HEERT Bl i hg' st &t 8 2%98s Fdectydicy figdd in
descri bed abqve, the sem conduc(%or i nt e%:]gﬁed circuit, device of this

enbodi ment usRRH JurARR HethtARe| YT B LRt I QRF ekt IGHF DS hidhn and 15

ho. pr ogr armi TeF SHEFIRT bt DI dar TRt Ut Tt Tt T gs. -
43B and 43C tim ' examl val t npl i cati
tim ﬁgs tg tﬁ%ﬁdzoélgge[%%f%%r%\%}%%%n andleatS gé?flgﬁetul\s/oﬁion acy%%gé%ﬁaalngn

Dn+l. There afida0 @XHTIREMAS SNAMR IR LHese Ar AaRS tyIRE thd Rg: Shown
in Figs. 93B and 43C are the same as those of Enbodi ment "1 shown in Figs.

13B and 13C. dNexdtrdde Si@siieOPedmtd of MddcpesexXpidderbd 2% s shown in
Fig. 44A,the third gate Agn+l is selected and a positive voltage of 16 V,

for exanpl e, higlepspeed foodamm e eopdarctt ¢h fdars i mageral didugrel dheand
all the word lines are kept at 0 V. Consequently, electron ejection - 101
occurs from tdterinelatdcungreyat eid osrdiEl t hEvengathen ant Hetewdalopewelr nmenory
cells M1 to Mt2 and M1' to M+2' (portions enconpassed by dotted |ines)
adj acent 18nd feuete dlaving hauxyentd dpatetiGnidly due alwouthel Fow isr -WNordihei m
type tunneling 5 phenonenon, so that the threshold val ue of the nenory

cel | s drops &P IHe &g asR R bt 1 Fr I idshRictidie menythete Mot dxf Khe
erasi ng operg’gion is conducted in the unit of two word lines. In this

i nstance, the®¥et et 6t 1Hhi 12 2t E"9S may be plural. 10 Another erasing

for exarpl o, 15 appl i ed 10 THE A GorF vordd (He ML Ch G PaFg: ety
smal | positi Vol 3.\ _e I S i.ed tq.the adjacent
third gate Aé? Egc%ﬁ%s?%%]?% nc?%alyge&Ii [} X‘ﬁg %51 V\a/ecﬂaaocgénr{qt ?51°_e%uhnes esleglc Cgtde c?/vor d
ines Wasl aiéy kap! &yl Mo GANSRAURNGLYL ol RRL! OB ORCHEY Hiom
the floating gate to the third gate in all the nenory Cells on the wor
line Wn and {dhe,fiasitrk qPesptdmi A sandictath figqa 44kds mad 11 nhehart

showi ng a voltage application timng to
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 the selected word Iine W.n and the third gate AG Since this application
timng is the sane as that of Enbodinment 1 shown in Fig. 14B, the
explanation will be omtted. Still another erasing nmethod is as follows. A
negative voltage of -13.5 V, for exanple, is applied 25 sinultaneously to a
plurality of word lines and a rel ativel y- sh#alH positive voltage of 3.3V,
for exanple, is applied to all the third gates AG whil e each diffusion

| ayer D and th8 ﬁEgPdéW€nReﬁt at 0 V. Inthis case, the - 102 erasing
operation is conducted %n theffells on { he ¥frd line, tp whjch the negative

voltage is applied. NexBX9PheffLiatFRGY oPRF attBRCETRT | L IhEe X ki el Is shown
word Ui ne winP8FeinbYe EPEcrba BeBreRrant 4" B5s pFob BoriBES aREISY of o,
of the el ect BacseProRF iRty PEVLRS SREEEhD bO% o AR 1 R0Re 88 e Sour ce
nsel ect oo vopd P f RSV L 4 o ERept At PGy Elip PropbimiEhs Al e
layers Dn-2, Bg+inandpPRzdnacerkeph ahrfeVeapadiaPds UREernihs,§! oating

state, respectively, to prevent mss-read in the same way as In Enbodi nent
1. In this way, the 15 segscongRctorldot £6¢ at &eli 6d rendtc despigd this
enbodi ment uses four adjacent nenory cells as one unit in the sanme way as
in the prograarenglepevét tba, vahdagel eppiocacioh tihemisd concluet the read
operation. Therefore, to conduct the reading operation in all the cells on
one word |inese2ecthd weadi hgnepBlaii bhei ditbndichetaper|kasandouneti nes.

Figs. 45B and 45C are timng charts shomﬁqﬁéfxagples of the voltage
Y]

appl i catildh tEhiAg g8tehdGsel et e MBY dill | mAydindfe ditfengsias® Isdyer s
Dn and Dn+1. There

examples.

As shown in Fig. 19B, after +12 V is applied to
the selected word line WLn at the timing t0, +2V is
applied to the third gate AGe at the timing tl (t0 < tl1).

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 tl1 (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



are two exanples as shown in these drawi ngs. The tim ngs 25 shown in Figs.
45B'and 45C are the sane as the timngs of Enbodinent 1 shown in Figs. 15B
and 15C. In this enbodi nent, the nenory cell enploys the pol ynetal
structure for the word Iine. Therefore, this - 103 enbodi nent can reduce
the transition delay time of the word |rné3im the programming, erasing and
readi ng operatjons, Since the word |ine havin t he golynetal structure is

i
f or ned afterat' 2 PHITRE gbf 7Y ¥Rt nEt t29R ®T dERecie s d yword thei | i con
ide filmb the fl i the.third | d.
Thi s enbod nett con 2 58 Toner 1 e i Fhimn S thd G 2THE S0l o HEEBE o

t he i nternal gpgrgéjj@%?%%%ag}gei&}_pg ({pjgf(gri ag'pg/]g%%}lpeqj otogr@t\% 3%[ to 3.5

V. 10 [ Enbodi nment 6 is acircul ram showii ng concep ly an

exanpl e of t hense £ongucs of¢ 4 nk e At e%h%:‘n@i';}ﬁ:%%i%%lzﬂgf%E?glid'&%tte% at

Enbodi nent 7 of the present invention. 1 own I n°Fi , menory cells

85 are di gsposgiesd Bhhds A4 0 N Bs 1RO Y25 hd rﬁi”ﬂ'ﬁ?’até:d e &b ShoWR ONe
menory cell array divided into blocks. The nenory cells explained in

Enbodi ments ldtid el dge appdi Bsht Lot heimends ysietd s 85 of this

enbodi nent. 20 Diffusion |ayer wires DOO to DO9 that nutually connect the
menory cells 85 in the AZolamwrdidre@iion 1(9C,di+iexnt iien)aparld dorgedhan t he
menory cell array. A source line SSis connected to the diffusion |ayer
D00, and eachsskdeiad tweardibine WselavttMOS)iming st @i spubeatheat eathiof the
25 upper and | ower ends of the diffusion layer wires DO1 to DO4. The drain
of the sel ect2RRPEIRY stortl/® dkf Bonmettlayen Rhetifhasiioninayer Wdes D11

to D04 an% t he source of the , .
‘ 1 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



select transistor is connected to either one of gl obal - 104 data line
DLn and source |line SS. However, when the source of the select transistor
70 is connected to the global data Iine Din at the upper end of the
diffusion layer wires Dn (D01 to DO4), the source of the select transistor
5 70 at the lower end is connected to the7doarce line SS. Wen it is
connected to the source line SS at the upper end of the diffusion |ayer
wire Dn (D01 98 Ebﬁ)?hbﬁdt%%t%o%g?a?9?tfagssBﬁ?c%I?ﬂr?WEQQQHQﬁ%et?ansistor
70 at the lower end js connected_to the global, d l.ine DLn t he 10

| oner end. Th'%nﬁ?rﬁhﬁeﬁﬁgFagg ?gpgg?eﬁhgfgeQ%ET2$€éfQﬁse@eﬁ@giﬁ?ﬁﬁ

di ffusion Iaysr I s,_arrangenent tiftut r ound

o TEASAER e P LRI T A% L
0w direction (s §ecion) a0d-aug, phak o oyt hecdo conlgcl gl the

IS i nputt tp;the t | e AR S j t ne
anot her i %dt hgl@\gragﬁi ﬁ% ggl?{ég(tg?%ﬁ (%oﬁ% ect |r§11)(y," atg% ?%Dea%gc{lteonvm%rf(e)s STOO

and 20 STO1 agerdieppsednfo616888 bhockro&Psmalohatigate by nendlinisq shar ed
by two diffusion layer wires Dn. I n such a construction of the sel ect
transistors, gaty A®e gatesupségnalsinfcoéherselsistlitanst stios spashBaening n
the word line direction exist for each block. Therefore, 25 the increase of
the area of themsel ect transistor portion can be inhibited, and the chip
area can be restricted to mninmum Since two diffusion |ayer wires share
one gl obal data line, the showngemenigoflihe afftobal+ddl ad iappldmi thee -
105 sense circuit connected to the former becones easy. |n other words,
the pitcHOf the gibbasidathayereDandt t bee sehsengitQuit2 canl Heaprl8akd.

Furt hernmore, when all the nenory cells existing on one word |ine are
programred or ©8 FBRdthiHE %%%?agg%naEth%et%% 9 etd(BY T hel bpeM&titons made

tw ce, that j_Ni inth ' I d |1

array. Horei nif 7ol ~T HEPEOH QonOUERDr ST FbT At RO @i TEUT (VHRVIRe 81t hi s
nbodi t w | aj b{ h I ef qggg t tad| [ it

gi agr :amegndwa%hg%g?:%(?o ??%1 t\r%} E:hz];l%tl.rselé?)gr;l. il% g{eglletr ?lﬁr'?%dﬂagrg(r:;% show ng

the arrangeneptealeLhe, ABADL Yobehimarg ayind e bl ocke decodey s, cibe

sub-decoders, etc, | meht 7. Ih Fi 7, the construction of the
nmenory ceald s (Epte§eNts the §85EYEEIfoRd 11 NBIWI Vs CRbt $rivdd Brbagliyent s 2
to 4, in which the third gate 107a (AG functions also as the assist gate
for controlliag the sphihgoeteashatnel vortegappt i et THhsd £bcd BED g e
timng charts useful for explaining the programm ng, erasing and reading
oper ati ons of réher28dseai ¢ondact thei biregnated ¢t3 cuitd deviFve therd,nghiehe

sel ect transistor construction of this enbodiment. Incidentally, Fig. 47
shows t he nenvpytege| ofir Flagsdi bFusihen bl avkr Pm iwhi eateneesotre ¢ ihext W and
two gl obal data lines DL are shown di sposed, for ease of illustration. The

sub- decoder 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



25 60 has the inverter construction, but it is'not particularly limted
thereto. The sem conductor integrated circuit device of this enbodi nent

i ncl udes nenory cell arrays 80, assi st - 106 gate decoders 40, block
decoders 50, sub-decoders 60, gate decoders 20, select transistors 70 and
sense circuits 30. To inprove the processihg-speed, the word decoder has a
hi erachi cal construction conprising the block decoder 50, 5 the sub-decoder
60 and the gafetHERTC 2.V Bioudif thenSih-tecdder< 66)is ¥W&An di sposed on
only the left side of, the nenory cel rr 80 for, ease of explanation, it
is so di spose%lr?%adwqéesa%o’i%l%’? et & %eaﬁdﬁwst'hé”?ﬁcﬁﬁfﬁﬁtdﬁ array
80. This is tg rel?duce. 10 t.he, l.ength eoftthew Vor c&r.lr;enevo aned ailt iIco(_iatd Ob

di vidi ng the Tho Gy %Je‘“}l[g%trer%))o Yhen I%%e Feto JLy capac af%/ BEEOTES glr at
and the | ength, the line WL increases to invite the increase of the
| oad of the\é%églﬁékf%ﬁggThe hi gh processi ng speed can be thus

acconpl i sked. 15 The ar e 2] - decqder r isposed
on both si@des of the neﬁr{el?r{g L%ﬁt ég}%gugog%%\s#%&%ﬁ%g fb(% %g‘\ﬁqr?g“%\kﬁ
effects. Firsis pidwd £el@xpl ioh can feyachieurs @igd her junetd an beimeen
the word Iine W. and the sub-decoder 60 (inverter, 1n this 20 drawing). The
sub- decoder G&karfpld Ways dIHCESEAID0 ftie t4e] vddal o aniddenli hiasd s
Therefore, when the subdecoder 60 is di sposed on one of the sides of the
menory cel |l arebytBos1y¢ hemaldr dodsginel VAL itk ddee sudhr dec@led 60 farst be
connected in match with the pitch of one word line. In 25 contrast, when

t he sub- decoderanle aris dippoisedl ton dbk htlsd ddsiod gdtee e yaroklAGGr ray 80,
even-nunbered word |ines may be connected to the sub-decoder 60 di sposed on
thé rightOsi deadlt diHef wekar Y avey Rothyt®PWi4h il well | Hhisber ed word
| i nes being connected to the sub-decoder 60 di sposed _on the |left side of
the menory cet?s&sPB0C h bt hibiHs2re et vﬁgr\ﬁ | IRe§ONSEF¥eEGRnect ed to

t he subdecoders 60, ma e divided to the right_and |eft_segnents 5 and
ey Dihor IEE LI g i iRt T Tt Vo s ks B0, 1

this way, layout design of the junctio rtiqn between the word J.ine W
and t he subde‘%:)r%)%et(r:h b%atc:ltoefre(gueeats? etrhe R’?\og"ﬁheerr q\g cghc 1 sr&ypﬁ% c%unrneeilalxna%i on of

the 10 arrangﬁg?g : - q&gﬁy T -fg%?ggg
essentially be di sr%ég{soergi o?ytqﬂg@v\or ]ﬁ g%%tnr%he;% 1 basis \gagl%gjessécfri h_e(ad
above. Ther efdoryiedn 1 her S3b-Lagodes H% d ShdlisRosad a0 anecHadde bl des

of the nenory cell array 80, one sub-decoder 60 nust be di sposed inside the
15 region of one word lire.defedl ityie isub-deeadans H& ars rii lspesemhsQy bot h

sides of the nenory cell array 80, in contrast, one sub-decoder 60 nay be
di sposed in tdepYer aegdtiwe walttede nasch ad -tk 9 ayoud algsiwgreloft it hef
subdecoders 60 becones easier. 20 In this enbodi nent, two diffusion | ayer
W res word lines and a relatively small positive voltage such as
3.3 V to all the third gates AGe and AGo. It is further
20 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
as in Embodiment 1.
It is also possible to apply a negative voltage
25 of -9 V, for example, to the word line WLn and a positive
voltage of 4 V, for example, to each diffusion layer D

while all the third gates AG, the well and the unselected

word line WLn+l are kept at 0 V. In consequence, ejection



(for exanple, DOl and DO2) share one global data |ine DL (for exanple, DLO
and rel axes the pitch of the data |ine. Therefore, one global data |ine DL
and one sense circuit 30 connected to the forner may be wired and di sposed
by 25 using the regions of two nenory cells aligned in the word [ine W
direction. In this enbodi nent, the gate -siignals of the select transistors
70 aligned in the word line W - 108 direction are all the sane signal
and the nunbepfothehelgateospgnrarsref frAe sbpeéiortangi gebestyotha one
block is only two. I n consequence, the increase of the area of the portion
of the sel ect Wf&H8L8P0F3YSE PaAnbelieshei BeBaringetlehenchhp wped &amebe
limted to m ninu As describeg below jn detail, the operatjon can be
conpl eted by UGRAAEEI FRgPReFBYErPATNBRARGEBet YPRat UNBEL hRI nPRPROHE ROMDer of

ti t i di ti i ducted t

or Trom aLl { FEoL6 AERBr) R r-GoeR Pt NgEACbRacRbrd FFRES] AGnErSi rtual
dt \ ' ti ill b

ol ai nedt® Fi B aggnicbhePhb Rty TR bentREL e e M ng of the pr ogr am ng

operation. 15 It wll b§i§§§g§§digegep¥m ggpcﬂggtq§q9r¥%geéﬁse€§méf@ gpject

of programm ng are M)1 an rrst, theinitral vol e of signal s

is 0 V. Next,thaeveyw?é §b9@§b§t%aﬂ9mg@0£otQﬁeg%feg€€8d\%rgol§%§ set
to 12 V at the timng t0, and all the word lines W.00 to W.11 are 2

reliably set wonOaMd dNexttharBVESteVEEGeSaHACEGEBOP Bie tdiay Sy daeadry 160 in
the selected block is set to 12 V at the timng tl. The output signal GO of

t he gate decotlbe 28mesasethbd OfVEmbolihmeihtningnti2is251&onseguentéy, i he
sel ected word line W00 inside the selected block is 12 V, the unsel ected
wor'd | i nelOALOEmpgddmemnand.the word |ines W.10 and W.11 inside the

unsel ected block are 0 V. - 109 The output signal AGOL of the assist
gate decoder 40 is set T® peadathe hdata ni ageeIiande thel baee s2f ght® Yt hird
gate AG of the menory_ cell as the object of progranming is set to 2 V. 5
Next, a volt a§8Fi €*apblfediat 2PRéiefntAgtha V96ﬁ1%h%es@g§e°€iF%%it 30 to

(he 9L obal datgiLLpes DLO a0 O by Lle. dat 2010, be propraTEd, Ihep Lhe
gl obal data 'EQeaE%Eﬁéé §§tt58 gi?%ugggntfagey Sgeghé@eiga%g %Enction
15 as the drain of the selected cell M. A voltage of about
3.3 V is applied to the third gate AGe of the selected
cell M and the cell M+2, and the channel below the third
gate is completely turned ON. The diffusion layer Dn-1 to
function as the source of the selected cell M, the well
20 and the unselected word line WLn+l are kept at 0 V. On the
other hand, the third gate AGo is set to 0 V in the memory
cells M-1 and M+l that are adjacent to the selected cell M.
In this way, no channel is formed in the memory cells M-1
and M+l and miss-read can be prevented even when at least
25 one of the memory cells M and M+2 is under the read state.
As described above, this embodiment uses two
adjacent memory cells as one unit, selects one of them and

executes the reading operation of the memory cell.



10 not progranmed. The global data |ine DL1 is set to 5 V when the
programm ng data is programred to the nenory cell M)3 and to O V when the
data is not progranmmed. Next, the gate signal STO0 of the select transistor
70 is set to 8 Vat the timng t5. Consequently, 15 the sources DOl and D03
of the menory cells Mol and M)3 as the pr@égranm ng object are set to 0V,
and the voltage corresponding to the programmng data is applied to the
drai ns D02 anﬂ“meWent‘?tr?%d ekt rigie 18 Prodtamithe' Prbgridifv idi®ata to
the nenory cell M)1, for exanple, 5 V 20 is applied to the drain D02, and O
Vis applied @M IRLRREA I nbt HrgtiRfdd i 5 Ard dthadgemikenilied to

the drain D04 when t ing data js to b dtoth r
o1 N3, and DA | & ST | SR QR AT | % A Py e o

programm ng vl e ] plied under 25 this state to the nmenory cells M1
and MD3 as th%m%élcgbnr\%r?rtmﬂralg object, and arbitrary data is programed. To

conpl ete tshe programm ng e%taé it%j’%i&%%r%ﬁtﬂngrgfgzlhta 10 9f 4t @%o%el ect

transistor 70 is set to etirmn . As aresult, the

drains D02 and, (i &f $hechrps v £l | oDl ANt VIS atnd he, RIR0TATE i
obj ect becomes 0 V. Next, the global data Iines DLO and DL1 are set 5to 0

Vat the timypgrd 71indieroutindg sianali ABG1f Adte. assiest gakesdgcoder 40 is
set to O Vat the timng t8, and the assist gates of the nenory cells as

t he progranmidgpmbjectaarsheat im0 Bids. 0 8The autgut signal GO of the gate
decoder 20 is
As shown in Fig. 21B, after +3.3 V is applied to

10 the selected word line WLn at the timing t0, +3.3 V is
applied to the third gate AGe at the timing tl (t0 < tl).
Next, +1 V is applied to the diffusion layer Dn at the
timing t2 (tl < t2). After this voltage is kept for a
predetermined read time t (t = t3 - t2), the voltage of

15 the diffusion layer Dn 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
selected word line WLn is returned to 0 V at the timing t5
(k4 < t5). Alternatively, as shown in Fig. 21D, after +3.3

20 V is applied to the third gate AGe at the timing t0, +3.3
V is applied to the selected word line WLn at the timing
tl (t0 < tl). Next, +1 V is applied to the diffusion layer
Dn at the timing t2 (tl < t2). This voltage is kept for a
predetermined read time t (t = t3 - t2), and the voltage

25 of the diffusion layer Dn is returned to 0 V at the timing
t3. The voltage of the selected word line is returned to O
V at the timing t4 (t3 < t4), and the voltage of the third

gate AGe is returned to 0 V t the timing t5 (t4 < t5).



set to 12 V at the timng t9, and the selected word line W, 00 inside the
sel ected bl ock becones 0 V. Next, the PMOS power source BOP of the sub
decoder 60 in the selected block is set to 0 V at the 15 timng t10.
Finally, the output signals GO and Gl of the gate decoder 20 are set to 0 V
at the timng t1l1l, and the programm ng opéifatdi on i s conpl eted. Wen
programmng is made to the nmenory cells M)1 20 and M3 in the progranm ng
operation of WAPB BEPEURRBANT fReMpEBgpranihA§evELPagEsy sdapphi 4sBUEPng the
timng t5 to t6 in which the gate signal STQ0 of the select transistor 70
reaches 8 V. FTRB G5t £°SFgRare8TBECBPSENFEesEFar VPAREPSt BPP¥ACPE1PRe
signal for cogtrolLinghthg drain 25 voltage of the nenory cell. In this
enbodi nent, théPe&f 6Pe>Ph& application tine of the drain vol tage becones
the shortest anong the rod li vol t assh st gate,vplt and the
drain vol tage applied t%gtgg %ggchg%gggle1E§ aﬁéi r?gééFY.géo?g hi s

OphLME

, | . i “Fol .
i eturb. Var | UL VREralPons '5Pe foderbl sraa i REtELEP, el BT TEPRGhEF he

word |ine vol hage,stRg @é?%%tpﬁaé% ¥Hétﬁgﬁﬁﬁgdgﬁh?t@r@i@1§ ¥el tagenapp! i ed

to the selected nenory ce as explalined alréady in Enbodinents 1 to 6, and

they have therigspectivenégef uress Whes efor e ed heo Siisd e Df 4 tdu e ethodidrent
is not particularly restrictive. Wien progranmng is nade to the nenory
cells MO 10 ahd WMRRiagdtalitthe wemoryTices | 8o Dhagdel swkebt | frer af
programed, the programm ng operation described above may be simlarly
repeated for MPEdendriB2edl metHi $imayt tthis $BsterRtanaodnphet solhege
progranm ng operation to all the nenory cells on one word |ine by
conduct i dP of ofh&hestpiagr aatiendCepéparebrrogics® ThEratotbe Whmhnghe3.
progranm ng operation is repeated tw ce, a_sector operation (one-word |ine)
operation, thahet ¥Ré&28ReOpr 5§LaRAERYSLANt LayeraBnngSukrtuEnpdaliPng Vini t
into account, becones feasible. A pagg operation thﬁt does _not 20 repeat
the programmi f§ 58@r§9@6ﬁ9b65 dhande5*? he@pFPofPEntPhE2ERI PLt6PE 1/2 sector
(1/2 word llngglg%@eglagrgelg%geWLn is returned to 0 V at the timing t4
(t3 < t4). Alternatively, it i1s 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



Next, the erasing operation will be explained. Fig. 49 is a timng chart

showi ng the timng of the 25 erasing operation. It will be assuned hereby
that the nenory cells as the erasing object are M)1 to M)3 existing on the
word |ine W.00. First, the initial voltage is O V for all the - 112

menbers. Next, the output signals GO and @& of the gate decoder 20 is set
to -13.5 V at the timng t0, and all the word lines W.00 to vmll are set
reliably to OP¥E %tqﬁél@%@er%?%n*é}%e STobt andtBTOt o 3 8 e 1 EFIMS St or

70 are set to 3.3 V. at the tim and the sour es/d alns of t he nenory
cel I's WD o 1B aSSt e atord Direotiirts st reredng 4 & Gy Thto- o

power sourceh q{‘\lfﬁ% é sfh%deé&der 6% gtﬁ%ﬁotl(&%) g]%[a% Ig&t eci&bl(’r% lé[rln%gset to
-13.5 V at t n e IS
"hsido Che sefbcl ol BhoKT %*@ R InED ool 5P %%né%%a'e' oV

i nside the se S unse ecte

and the ward ai@fés;énwfwe@ngnwel dosides ths w%@%ﬁéﬂ bipely &g B d/

The out put signals AGQO and Q01 of assi st gate decoder 40 are se

3.3 Vat the tigeng txhterhdvelY, SARR IRG i Ne ASHRIly 9aL Wit d h‘.%e
menory cell as the erasing object. Under this state, the érase voltage is
20 applied tothbhedngapsyacel 45 dd ¢t imDBy aso thed erASy g the diffusion
layer Dn at the timing tl1 (t0 < tl). Next, +3.3 V is
applied to the selected word line WLn at the timing t2 (tl
: 10 < t2). After this voltage is kept for a predetermined read
time t (t = t3 - t2), the voltage of the selected word
line WLn is returned at the timing t3 and the voltage of
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



object and the data is erased. To conplete the erasing operation, the
out put signals AGO and A1 of the assist gate decoder 40 are set to 0 V

at the timng t5 and the assist gate of the 25 nenory cel

as the erasing

object is set to O V. Next, the output signal GO of the gate decoder 20 is
set to -13.5 V at the timng t6. As a res#d ,~ all the word lines W.00 to W
11 are set to O V. - 113 Next, the NMOS power source BON of the sub
decoder 60 invPhEage| eatelBebpBEkifd &8t thEse Vhardt@etefniRgth¥s The gate
signals STOO and STOL of the select 5 transistor 70 are set to 0 V at the

timng t8. Fi RAPPYIMERE - outBRite LS tival BFUML G bt 41S b
and the erasin 8peratlon is c
IpdnERony EePPer

set to O Vat the timn

t9
the erasing oP8F&FFBRYi $OEohRECPEAF BT RE

e N90 are
onpl eted. VWhen
RELPBS NBA™ n

this enbodi nent, tpe er,asi voLéa e .is applied during the per.iod t41;o t5
n which the A5sFERUGaLe st UNET s 00 MR AGCIS T kb 3. 5P VT 1 it S X5t em
the voltage apghpgathon LhiBaolathe:g9gi stngats;yal hage igoshethepethan the

word |ine vol I'cation ime. Thereéefore, 't

age app

IS system can Be said

most optimal f,gEqr gbaxbAgydhst Uhh Byathegassi shrUaisof 95 the sBRREy1cel s

gate for controlling the channel. Therefore,

the third

gate 107a can control the electric field inside the

channel independently of the control gate 1lla, and

10 programming efficiency can be improved. As a result, an

efficient and high-speed programming operation can be

accomplished at a smaller channel current.

[Embodiment 3]

Fig. 22 is a partial plan view showing an

15 example of the semiconductor integrated circuit device

according to Embodiment 3 of the present invention, and

Figs. 23A, 23B and 23C are sectional views taken along

lines A - A', B - B’ and C - C’ in Fig. 22, respectively.

Incidentally, each member is shown hatched with some

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.



connected to the unselected word line. In this enbodi nent, the erasing
voltage is applied during the period t4 to t5 in which the assist 20 gate
signals AGO and AGOL reach 3.3 V. Therefore, the voltage rise tine and the
voltage fall tinme of the assist gate signals determ ne the erasing tine.
Since this voltage switching width of the 8ssi st gate signals is as small
as 3.3V, the rise/fall tinme is fast. Therefore, 25 this system can be said
as a system habengaérEdpllent CeBRLLBFLABREI t rBRNERBEBERS| AGCHi AE. ONBEeY O t he
timng of the word |ine voltage and_the assist gate voltage to be applied
to the sel ect B§MREMSr FrE€eFPPsRaREvaL Yot Rer Same apothoaei f i BRROGRYERE
possi bl e as descrjbed al ready in Enpodi nents tao 6, and they have
respective fegturgggr ﬁ%?%fo¥%$ ¥R a%?%%%ﬁnWé?%?%?mﬂ%%ﬁpr%%t?$i%i%&? When
the erasing operation.is conducted for.the 5 nmeppry cells, M1 to M)3 in
this system Eﬁg%ﬁﬁthspaﬁgﬁgnéTaadaH lngi S?lgﬁggsgpe8ﬁh?Faﬂ§?g?6F'and
the assistggate S|gnaIsT€§infﬂdtﬁg%§nggg ?Pe£ﬁ£e §ﬁf?{5§n§?ﬁ§lg06gpo§rase
st here e

all the nenory cells exi ng on one wor I nés, ore, er asi ng

operation canihesCeppbLalifdnkY18N8nlPeaReklatL0poRRA3bNAMSECA O (I.Jeé’ﬁ)_t(rjtfj,
| ine) operation that takes the progranm ng unit = erasing unit = reading

unit into acceuettkesorBscteasi bkemahacirdent ehkyri1bheiNgl fage vebyesoused
in this explanation are nmerely illustrative but in no way 15 restrictive.

Next, the readhagsopetabien (well belexphathederkkgngS5OpksatibhningtEhart
showi ng the timng of the read

embodiment. Therefore, the film thickness of the insulator

10 film 102 between the floating gate 103b and the substrate
(well 101) is 10 nm. This point, too, is different from
Embodiment 2.

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.



operation. It will be assuned that the nenory cells as the 20 reading
object are.MJ and M)3. First, the initial voltage of all signals are set
to O V. Next, the output signals GO and GL of the gate decoder 20 are set
to 3.3 Vat the timng tO, and all the word lines W.00 to W.11 are reliably
set to 0 V. 25 The PMOS power source BOP 6 the sub-decoder 60 in the
selected block is set to 3.3 Vat the timng tl. The output signal GO of
the gate decoder 20 is B F&’(’)O@eﬂvs aitem® 3MMIEPUD . to the 1stens shawsyl t,
the selected hock is 3.3 V V,_and the word |ines W.10 bl ock are 0 V. 5

Next, the outbﬁtFH%%od%%\ %9 ?% %%tE’P%O‘él’Bel‘%/taJppﬁl?%dc%r%% %‘é"sl-‘s‘? ‘Ej?ﬁ
readln obj ect. selected wor e W.00 the s unsel ect ed i ne W.01
1o 0 and VL1153FS taYtAB hﬁs%frl%e?éfae%g%m b T eTer Bes LT ik B the

timng t3, an f .th the .Next, 1.V,

tlhe glgobal E}&uf‘l n%mp‘i%g‘f)ﬁo glrpacﬁef}/tfaclel Mt hz’ sésri"sle1 c)éqﬂr cotﬁltdés% g‘tmotdr%)

timng td.g Fu Vi S oba
dat a Pines DL anécE%i %%§%ﬁ§p% d%£6?§%£1éﬁééglé?%%%%%%&s; %& @ﬁég%elect
transistor 70c68y88tedOrd: Bnd 811186nt6R188 £P1m ThEs4 cadi ng voltage is 15
applied under this state to the nenory cells M)1 and M)3 as the reading

obj ect and the data is read.23eroudechdireshod showaldre of 4 h@em&%rdélqel |

M)l as the reading object is lowin this case, the nenory cell 1lis
turned ON andatheycurhendiffessonAsageresmht (Dihe € abi+ ¥l t AgLud: {¥2 of
the nenory cell M)1 and the global data |line DLO connected to the nenory
cell MJ chanae tbeOsdirdbendthens hresdobvdraal iree of WL héWwh@nos YWie)l | D as
t he readi ng object is high, the nenory cell M1 is turned OFF and no
current flllowsselactedsidgsienransifivods aknd vohe agerapbbbcRSatdetmenmane cel |

MD1 and the global data Iine DLO connected to the fornmer are kept at 1 V.
When the thredholdoval aé Broedt aRRdry 2ed| 2 MThes tHed aadindbjsedths s

hi gh, the nengg%ecggltggg éf égégggmgﬁg gpd no current flows.

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



- 116 Therefore, the drain voltage D04 of the nenory cell M3 and the

gl obal data line DLI connected to this nenory cell M3 are kept at 1 V. The
sense circuit 30 discrimnates the voltage change of this global data line
DL or its 5 current change. In this way, the reading operation is
conducted. To conplete the reading oper at i88n,- t he gate signal ST00 of the

select transistor 70 is first set to O_V at the tlnlng t6. As_ a result, the
drains D02 anf8IPO%iBP 26CHRE ﬁéﬁﬁr?hﬁefigaRbﬁga%ﬂtﬁo§ aEh?h%e+%dﬁ?%gt%bject

t off f th t h | obal dat a, | DLO and
DI are set t£98‘€o§%352§3f§h€aa %ypeTﬁana%%bﬁgeeﬁgﬁaﬁéaaﬁﬁ@%ﬁ*”ﬁa assi st

?ﬁéen§ﬁ23§cgg?% sie, heSFeshPngronihet et Lt "dr o B RGN VET ESEL R EBL S pu
zggggquencg, %Eg gggsggec?ggraégﬁgﬁfﬁgtb&oﬁg?%g¥ Ge tﬁgﬂég?g%¥3@ Io&%
changes ' gcgra!tﬂﬁgpygérgev&% §9%8§d§9l§’e&ffépee§e}b gsz,:@&' &P the

sel ected IS's at the timng t10. Final e out put signals
GO and Gl of {hey2p;gat gsdeqedghig0 are set to 0 V at the timng t11 and
the readi ng operation is conpleted. Wen the readi ng operation is conducted

for the menory cells MXnandeM311y, t i stiearboch somg , opdeatemd e is 117
voltage is applied during the period t5 - t6 in which the gate signal ST0O0
of the sel ectalsansbstbdbléOtbveaphiy 3. BeyatThe galeage gnal -BF00, ofot hi s
select transistor 70 is the signal for controlling the drain voltage of the
menory example, simultaneously to a plurality of word lines while
’ 10 all the third gates AG, each diffusion layer D and the
well are kept at 0 V. In this case, the erasing operation
is conducted in all the cells on the word line to which
the negative voltage is applied.
It is also possible to apply, during the erasing
15 operation, a positive voltage of 16 V, for example, to the
well while all the third gates AG and each diffusion layer
D are kept at 0 V. In 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



5 cell. In this system the application time of the drain voltage is the
shortest anong the word Iine W. voltage, the assist gate voltage and the
drain voltage to be applied to the selected nenory cell. Therefore, this
system can be said nost optimal for relaxing drain disturb. 10 As to the
timing of the word line voltage, the assi $4 gate voltage and the drain
voltage to be applied to the sel ected nepory cell, however, variou

vari ations arEugggéFBFepagngyﬁPapn@ﬂtpntggbﬁﬁFHéﬁtEhittBh%,t%ﬁﬂs?ﬂ£9 have
respective featgres. Tpgrefore thi? s§sten1is ng% 15 garticularlg.
restrictive. WeHStRE FBRAMRYCH¥eFatt ofi* PES cBldutPRaSFor PR RERDT Y Rel | s
MOO and M2, QOCOgggcg%é the menory cells on one word |ine are read, the
readi ng operation describéd above nmay be repeated for the nenory cells MO
and M2 in 20 the same yay ascfescrlbetn2hovenats LS y@Yan [ £ ook
system can conplete the reading operation to read all the nenory cells on

one word lg necRQy %8@t88@r§FbQﬂéatf§ntHﬁmiﬁﬁdkagtﬁéeééiéeﬂéda&@r&eﬂfﬁéed_
twice, the sector (1 word Tine) operation fhat takes the progranm ng unit =

erasing 25 unitns reacEagndithifd gacs mtahescomms faasd ide.adA fage
operation that divides the reading unit to a 1/2 sector (1/2 word line)
becones possi bkasei yhedt ineppaki agbbbemeradi theopesai hgnopénsttlent asly, the
vol t age val ues used - 118 in this explanation are nmerely exanples and in
no way restricondectbldxby bphéyatkanopgestobnt hé vhet salegredndotgpbinenory
cell array equipped with the assist gate will be 5 explained wth reference
to Fig. 51. THe.s&hs comekictor Fyg et ed k4V cis tapteMiad whowre iselRigtedl
includes a virtual ground tyge menory cell array that shares the

dr ai ns/ sdut ce¥osf theenBkBr 9tcbhpstatiingehf #Bdohbeandlhagei aftheeword Iine
direction, and felect traHsistors for 10 smﬁtching t he vgltage of the

di ffusi on | ay8ftGFFEA: BOFHel dPGi Wil ol FabgReVDREARE EAetCotir ke ot fGge SS.
The di ffusion Laxer ¥%r? és<cggpected to the global data line and to the
source line tRFBUGH tRe ‘58I &ctdt ‘transistor, and has an assist gate that

prevents the drain vol tage.!Lmhelog: 15:apphigd ko Lhe.soureas: of - of ber

menory cells adjacent in the wor rne direction e drarn voltage is

applied to thendrai BeOoEnRBR i ABARLY1C8hL. 2The assist gates are bundl ed above
and bel ow the bl ock enconpassed by the select transistors for every other

menory celd aggaeAimeAt2@)jthe word line direction. To programor read all
the nmenory cells existing on one word line in such a sem conduct or
integrated circuit deviEgg.the Dpesapispbishnsdet Compl et eew byhdhen@peds at i ons
made twi ce that are m ni num necessary in the 25 virtual ground type nenory
cell array. Thsaopéeatifohhef prhiscséoncoatbetdorfi hhegsanidogductdt devi ce
wll be explained. In the virtual ground type nenory cell, the drains and
sources of thénkegspyed 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



- 119 cells adjacent to one another in the word line direction are shared.
Therefore, when the different voltages are applied to the drains and the
sources as in the programm ng and readi ng operations, the drain voltage VD
5 and the source voltage SS nust be switched by the switch (sel ect
transistor). To programor read all the-mBhory cells existing on one word
line, therefore, the operations nust be conducted at | east tw ce. Assum ng
that the assi3tNHaPRIVEPEHOSHRTEMEA)1Y0 Mot9ext &) and that the drain 10
voltage is applied to D02,, for exanpl the drai,n voltage is applied to the
drain of the nmenory cel4? ojrfnff‘i‘l%ltt%%l&‘b%l% ”If%ﬂh darﬁ%tcﬁb same time, the
drain voltage,is,applied to the . source of _the nmenory cell on_.the. right

si de, too. Tol%?}%‘gg?tﬁjeoﬂe%?}ﬁlo%él?I?gt%ot%%r@b’ur%aen e V\lﬁec(ﬁ te ﬁqu"glrréq n
voltage is ap@}gée‘geliniglthe unsel ected state, the sanme vol tage nust be
applied to the drain srde’ (D03), too. Therefore, to programor read all the

menory celd s existing qgone wotchd 408 1 dher « g@r%&ﬂ SHSE, .Lconduct ed
g

four or nore tines and are not suitable tor the -speed operation.

However, the sgmhso8duULs OpatptLREAt &6k £l Fkeli §eflB¥b @O of s SIhOd Mery
i ncl udes the assist gates (A0 and AGOL). These assist gates (AGDO and

AGOL) play thendohes@hitheasw i€hihbbdnedd! wesh tiiel slrsthdr o ofd sger tHi anl y
the cell on the left side of D02 when the 25 drain voltage is applied to
D02. I n ot heraswa dsaskhemtche reaie vidd)agenss aaeplimpd amaeld2, the assi st
gate (AR00) of the cell on the right side of D02 is turned OFF |est the
drai n vol t agesulssapptiatlyoveheically obothiee réghicaidiectfr subdi2rtdd02.
Consequently, when all the cells existing on one word |ine are progranmmed
or'read 8@t, 16@. oferditf o icin lsadodi etted Ipatienoper at isong cedde 28w ce
that are mni num necessary in the virtual ground type nenory cell array. 5
The mechani snPbf2 sHeReBEstet! ght ekP 1S EpPFNeRd(¥+9 t he’Bleni conduct or

integrated circuit device of this enbodiment, too.. Next, the necessity for

the select transistor wi®I9He® eXpitHett \Tﬂﬁrﬁﬁﬂ r]erQBrJesnc%‘etrb rgj?ecgf.o M g. 52A
10 shows a ciycuj L agr e C [ i sjor_Jis disposed Fi g.
52B shows a c?k?%:%%?g%?a%fggn’?m@mﬁgni?tmﬁgﬂ)ﬁoﬁé]ﬂﬁé}fhge)hséearl]:l&lc%nn’du’g lf)re>|{‘_’Inn{?leger’at ed

ci roui tdevi og, Shouns Lo FiGy 52An UBfio 5 8hOK SOH 0§00 o ¢ Ltk gof  each
menory cell conprises t%e de usion layer wire and thi's circuit 15 incl udes
the seleqgts trgpsysiPicdQrecuhting #4d 4N®ilicon 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. In 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



di ffusion layer wire of the selected block fromthat of the unselected

bl ock. When the circuit includes such a select transistor (Fig. 52A), the
| oad of the diffusion | ayer wire can be reduced and t he hi gh-speed
operation can 20 be conducted. Because the nunber of the nenory cells to
which the drain voltage is applied, thouglBé Rey are the unsel ected nenory
cells (the nenory cells existing on the unsel ected wore |ine) becones

smal ler, the aréﬁhcﬁpgﬁﬁrﬁfcéﬂ-ge“WeﬁBcéﬁ.tPnlﬁﬁﬂétﬁa§,fi%ﬁgléﬂb@@tﬁent
(and ot her 25 egbodigents, too% disgoses the sel ect transjstor and obtains
the effect de@Bfi BeBahdve2tshotigh tReleRplahat P¥nthe Beblad apbnt lapeto
virtual ground,type nenory cell.arr S ing .the drains/sou s of the
nenory cells ggfaggﬁts 8WX P ig‘ogé 8EgﬁﬂggdfﬂePFe?m6€ﬁgti%isﬁirection,
it of course holds true Thi s _enbodi nent_ can acc | ish
pitch rel axation of thes‘%f’%%%?&\q/\%r ?%/%se% %ge%%e f)‘?t - et axat oﬁ{?é)sfethe 5

sense CirQPitofa§m98§fﬁé§€ghagﬁgﬁn Ehi§%§§gt§ﬁe¥$ﬁéﬁ be, expl ai ned ¥g§h

reference to Figs. 53 an In the senfconductor Thtegrated circu

device shown hp Ethmﬁédiﬁq@ﬁtS@DS@rrFéf&ﬁﬁﬁe,COd}fée?é)gﬁl&r%tti% 12 19l qhal data

line DL can be di sposed not only on one of the sides of the nenory cel
array, but casmbetddisposed alternately and above and bel ow every ot her

gl obal data lines. In this way, the sense circuit 30 connected to the

gl obal data |ine DL carhdeoxtisppses this hembegimenof the docd ounsbidiso0f
the nenory cells. In the sem conductor integrated circuit device shown in
Fig. 54, switéhlwOBO2ransistwed ¥Btarethat@ipdsedobel apen 20 senSermed.
circuits 30 connected to the global data lines DL so that one sense circuit
can be udéd i Fhebafipre 20thbys topbelibhant deza {hpesvdlreliabhl styweyf tie
sensor circuit 30 connected to the global data |ines DL can be disposed in
the region of 92k 0BEV1dFeE @ﬁlQhéoge%%ﬁyt%%IY%eld 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



When the systens shown in Figs. 54 and 53 are 25 conbi ned, the sense
circuit 30 connected to the global data |ine DL can be disposed in the
region of the eight bits of the nmenory cells. [Enbodi nent 8] - 122 Fig.
55 is a circuit diagram show ng conceptually an exanpl e of the

sem conductor integrated circuit device -ackbrdi ng to Enbodi nent 8 of the
present invention. 5 The sem conductor integrated circuit device of this
enbodi nent i s Fdoffer@hr £PBnRERLEICMBNE PerhiPRalarigngefi@kenotleng sel ect
transistors and their operation, but the menory cells _remain unchanged from
that of EnbodifBRE P 18 ThBraf Bf e@nfhé &xpl ahdt Ff - oR 8y hECRRABEYVEEYH 85,
the nenory cell ray .80, the ry black, the diffusion |ayer wres DOO
Lo D04 and th&™eFd PHASS IEN Sfe’the Sime°aS™ RGBESS! - EnBBANeRt - Thafd

wi |l be hereby.aom . select tr ipstor (select .MOS) 70 is

di sposed at tﬁégggbéggepggﬁgﬁﬁgaér%8§§g 8P§g§8§ PFfEEFSnOFayer wire DO1 to
D40 and the drahnsefothg,sel ect transistor 70 is connected to the diffusion
| ayer wires D11 tg Eﬁ%ggﬂ'the same way as in Enbodi nent 7. Wen the source

of the select transistogs79hbsncoAnNpeLed b ob i,N n,at the
upper 20 end of the diffasion ?ayer m%?e Eg %ﬁglg%o %%%?@éﬂ%tzvi??}t %

source of thetnekeembbHanshst Qhc10dat the keweceehdais gorpgsisd t9yLhe
source line SS. When it is connected to the source line SS at the upper end

of the diffusBod Lagedewthe WB1(DDD1} otBR4Yirkbegsousce0obh &he sebiect
transistor 25 70 is connected to the global data Iine DLn at the | ower end.
I n other worddflohéisgugees) ar Ehansereddi gstde3ihe ltookrahl ghee) hend
arrangenent of Enbodi nent 7 wherein the source is disposed repeatedly for
every ot H&t dithpushénd gate2308payefhey ¢t pnl JRHee s sifresdch sndmmput t ed
to the gates of the select transistors 70 adjacent to one another in the
word |ine dir&6tilohS(gonPeetefon) £BE &9¥r §ipeREEo™| (RXudibRCELPRY 2N res,
and different _signals are applied between the diffusion |ayer wires

adj acent to oh8F ﬁoFﬁ@r Woﬁguﬁlﬂﬁte e sl Sone gEHIUR s gdedsldr each

bl ock. Two di ion L ] Dn i | obal data |ine DL
10 I such a EBhSEPact FER-BFEne=eh Bar™ PAREFSEhr She: He Bat o el Gha of L he

select transistof §8APT SRS fWating gates 304b and 310b and the third

15 gate 308a 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 31lla. The third gate 308a and the word line
312a are isolated from each other by the insulator film

20 309a.

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



gate wires for each block, and the application timng of the source voltage
and ithe application timng of the drain voltage can be set arbitrarily. In
ot her 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 di ffusion layer wires use in common o8 gl obal data line, the
arrangenent og %he | obal data |ine and the sense circuit connected to the
former becone §P8Fe?oFOFh@aEPt@ﬁm€5H BELtel Rl)Chamnek o afrwied ead
all the nennr hls exis on on ne, .the operation can be

conpl et ed by Befar s %O X?rﬁ?ﬁaﬁ?ﬁPnﬁﬂ?n€&§§§5F9n|ﬁaYﬁé vPPt éal

ground type array. 25 The sem conductor integrated circuit
devi ce of thrggg%%5g8h£nt wi |l be explained hereinafter with reference to a

detailed circuit d|agraf%gngngpgggééogftég%nghfpgrtg F§§8?2§%ﬁg%$d€|rCU|t

di agram show ng t he 9 "arrangenent nenor r

decoders, §Ubg§909§5§s 8k¢sr oh Hﬁoghﬁegérglcéf g%g ?g&S F ells

of Enbodi ment s to 4, in whic gates |on Hso as

the assi st ganeneasﬁzapahaeé t enéNehan ABIDI Yo 68LLL £0BSY T U t
enbodi nent. Figs. 57 to 59 a?e tlnlngnchartseugefu ?o% eﬁ%?g?n?%% ? 2

progr anmm ng, eaassngfaﬂﬂerE@Gaﬂgn@p@é@él90$b9fthb@u@ﬁntﬁénﬂﬂ§u9étbﬁtegrated
circuit device having the select transistor construction of this

enbodi ment. | Acldent aésyecEigeld6 ' 10 shows a nenory cell array 80 for two
bl ocks, and word lines W. in one block is two while the global data Iine DL
is two. The sub-decoderT®® tasrdngdtwe3d®z tonbormed i amd Butriesd nidtdimted
thereto, in particular. In the sem conductor integrated circuit device 15
of this ébodER@nFaBheGNtEe Fligatbey gateseddily eelstiamgayngthet he assi st
gate decoder 40, the bl ock decoder 50, the sub-decoder 60, the gate decoder

20, the sel ecBIFPGhEPRL BRI TECaE NEO sERG eWeTH chiibe 3Dl 2R Bet ok decoder are
in which the 20

t he sane as thpse i Enb Tg, angenent

sub- decoder s %8333% beY % ﬂ?%gb%%b ?l Qﬂ1QQﬁ?(ﬁﬂqs¥ﬁray 80 and

whi ch th t f th d | th

e hat of  EnpulfioLeYEaPLy ol LF S LRE-R oAl SHE: CPSRT rind S 26 afe °2
| obal data | bpga Dby pods N 5

gl obal data | bpga Dby angd péytrr&{?e{f’iéﬁ‘%f‘%s(oﬂ 9@71{1@?”% nJ[ ac?'l%é;?%] D813

achieved, in the sane way as 1n E ment he” sehse

circuit 3G connected tadhexdlmhsdadatied ine Rt sanuelax the i tehydy the
nmet hod explained wwth reference to Figs. 53 and d 59.

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.



- 125 Each block in this enbodinent is disposed symmetrically with respect
to the X axis (word line formation direction). In this way, two bl ock share
one source line SS and the formati on area of the nenory cell 5 array 80 can
be reduced. In this enbodinment, the gate signals of the select transistors
70 aligned in the word line direction are88ifferent for every ot her
diffusion layer wire, and each bl ock conprises four word lines. '

Therefore, thE@ppttteRR ot i hylBfoR h%h%o?ﬁrﬁjec‘?/%qi‘f%@%r a‘ﬁbbstwtfpp?q(&:at i on
timng of the,drain volta e@?}g e set_arbitraril Si nce Ihel rain vol tage
can ba appl | ot aTERV TR Lot VOF (ot o s 1) G815 01 P13 bt abl e
operation becorres Ipo?@é bl e. }/\!}g{] all th . enory. 5 gﬂl S, exhjsrtnllen &nl one
word line are” ?ogramredc% PTead"dut, “eat opera T on* ¢an* be conpl e ec?by

the operationg ?made twice, that are mninum necessary in the virtual ground

type nmenory ce array 80, as wll be explained in detail in the paragraph
of the explanation of thig,opefatdan. i 20, Hbr X4 5oyss the dd Ao 3f the
progranmm ng operation, and the programm ng operation will be expl ained. The

memory cel|'s el P6LUIAFTONG: D IRE s @ WP R di 4 cEdso dMiderandi Mihd
First, the initial voltage of all the signals is 0 V. 25 Next, t he out put

si gnal s GO and Bldeped heo Dps £1 desodel 1R 03 @4 ecsefuiot Ién \adta tm]&)attlzmq\g t o0,
and all the word lines W.00 to W. 11 are reliably set to O V. Next, the
PMOS power sogate 80P afsiheceubnitrid@6fidecdderatd seridkl welamisikdd ock
is set to 12 V at the timng tl. The output signal GO of the gate decoder
20 is set to OF\wat3@Be.timng t2. 5 In consequence, the selected word |ine
WL00 inside the selected block is 12 V, the unselected word Iine W.OL is O
V and t héOord Iines WHER ahl g BHsiide thd ink®l ee s RALVEid iFop  The
out put si gnal @3 the assist gate 10 decoder 90 is set to 2 V at the
timng t3 andt2R U4 PR i BER PRREEERST P e $A™E HERYretbriP cel | as the

Embodiment 1 (whereby the silicon 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 P-
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. 31C).

Furthermore, the polysilicon film 308 is etched

25 Dback 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. 32A). Here, the film thickness of the



progranm ng object. Next, a voltage is applied fromthe sense circuit 30 to
the gl obal ,data lines DLO and DL1 at the 15 timng t4 depending on the data
that is to be programmed. Wen the data is to be programred to the nenory
cell M1, for exanple, the global data I[ine DLOis set to 5 V. Wen the
data is not programmed, it is set to 0 V Qhen the data is to be progranmed
to the nenory cell M)3, the 20 global data line DL1 is set to 5 V. Wen the
data is not ppegramkegon £ilyn 3eBat 6soswal¥pe ghee shahaPfstbe 6icakéng
select transistor 70_is set to 8 V at the timng t6. In consequence, the
vol t ages corr@3p8nBPAYStdiche ddfa BBAbEDRr bRESRTIBY APBT251RABpVPEEaES t he
drains D02 and D04 of the nmenory cells M)1 aid MD3 as,the pro anning

obj ect. \Wen fRE BFO&P&ﬁFH&ténighFopE8gﬁﬁ8@FaﬂnﬁﬂeF6tfHB'néﬁoggecéFW MD1,

f le, 5 Vi i ed dr aj D02 d when.the d .' -
o X emBay 63V ARe e S B E en e e Mot T SR B e

to the Mepry eel L Midoos: Vel.s, APBLLEd.t o Lhe g abn FO%oaRgabey bicls not

programmed, 0~ V7is~a hé ‘program vol'tages ar € app mory

cell's M1 5 aeqewgggaaft@ﬁep59a%gﬁggggﬁegi53£tegﬂsrabbgsiﬁteae,saﬂg way,

arbitrary data ar r ogr anme ete the progranm ng operation

gate signal SIQ0;qf ehBgasmbRet 1t (@Rglsbos) 7AnHSigebtbRel Myah EREmiEALNG
t7. Consequently, the drains D02 and D04 of the ' 10 nmenory cells M1 and

M3 as the prpgeaaniBg10Bbeethahg methb8 QcMp Mexhod) hengaletBegsal i &§A2 of
the select transistor 70 is set to O V at the timng t8. The global data
| ines DLO andnbktideefsem B058 YslbxabstHe (wharapgyt 8he silicon nitride

10 film 305a and the silicon oxide film 309 are converted to
305b and 30%a, 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 1is
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,



The out put signal AG1 of the assist gate decoder 40 is set to O V at the
timng t10 and the assist gate of the nenory cell as the programm ng object
is set to 0 V. 20 The output signal GO of the gate decoder 20 is set to 12
V at the timng t11l. In consequence, the selected word |ine W.O0O inside the
sel ected bl ock changes to 0 V. Next, the PMOS power source BOP of the sub
25 decoder 60 is set to O V at the timng t12. Finally, the output signals
GO and Gl of @ heuR@techetbieidoot i v 2 ot wnys e thel®i M@ tI8- and t he

i ti i I ed. - 128 W th [ i ti
s Bonduct ad For  $he RRRETSLLel 1 Sii013 Ml NDRTHOTH S0 bHoGH moH)- « Reeqat o
i | STO2 of th I.1 i st 70 | fi t i d t.h STO
ased. Ther rotETeERb G Hne Dol TagRRT SeEien Y kP Er P RO e VY ages
of the. msrmrye%,elll:l.r? '\@&%%‘&%@gﬁ efmhtﬂgl gr%jéywao \{is .Tlhnerﬁ]:l%)c;(?%ménhte.l
operatl on can e conduciéed s y. en the progranm ng operation 1S

conductedsto e frepory cehd s; Md, anch l\’ﬁv;?léfleﬂ}t‘i%§ 'n;@ﬁm ﬁﬁ%lﬁ% gat e

programi ng voltage is applied during period t6to

si gnal STOO ofsthenselesl téamsisf or NE&kd,eaghesid iYonlRE iRt &i3ionaly STOO
of this select transistor 70 is the signal for controlling the drain

vol tage of thendretis Yosrysil Tbes ef Ores Bioweandesddn appd icadian td me of the
drain voltage is the shortest anong the word |ine voltage, the assist gate

vol tage and thenpirete tiodtageat ndegappl (wtkieby hthsadebied imswryileed | in
this enbodi nent, the systemof this enbodi nent can be said as nost optinal
for relaxing 304& nand s} LeH. ars con@ritded appld4atarmh 3i16Gk,ng of the word
line voltage, the assist gate voltage and the drain voltage to be applied
to'the sélecteRSRRAE Hekor y Addldr, apadindesmeddilatinend adgriagpdddithl @o4s

expl ained in Enbodinents 1 to 6, and they have respective features.
Therefore, thPRO¥YstE FPRA, 22PHEATE P ET et M TR wagknl Hrogr anmi ng

|3, ponducted 4, Lhe nETOL Y, Sl 100, a0 M2, 1 00 08 el (e Jrrory
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. In other



- 129 Dbe repeated for MO and MD2. To program all the nenory cells
existing on word line W. in this way in this enbodi nent, the operation can
be conpl eted when the operations are conducted twi ce. Therefore, when the 5
progranm ng operation is repeated twice, the sector (1 word |ine) operation
that takes the progranming unit = erasing2antt = reading unit into account
can be done. The page operation that does not repeat, the progranmm ng
operation butW%’f%de"smt%é“eﬁ?%@f &fng UMiat it Fhene ifpal prasedt qvRer 2
word line) is also feasj ti\?g%. I nci dent al | the volta e val ues used |n this

enbodi ment are nerely i9 |3\Pe°‘ll§t}t° iSh §05 R&Y SCELNSi EPEy SOURES: | lIﬁieg 58
h the t t th i t
W1 be expl ATECER (TR AT ST 4 dh ﬁago"chrﬁild‘fﬁe???& 1o a5 the
i bj d WL0O.
le:|r ?Slt ntghg JI ﬁl#l%fl? ffrf n%% ar ebreell set q}d\% \e})H }(S’Ie‘rll'%e oulie%ectl%g{gngl“gecao and
GL of thesgatg fecodess %@rseel%%t by bxfr;& 3ohle UNed 15 g %sgrad 11 the

word lines W.00 to W.11 are set re to 0 V. e gate signa 00 and

STOL of the sgh&cCippdAnsd St oin 7&@r&fasﬁltngt Qrd 3n¢ aleltha Mo YLl and the
25 drai ns/ sources O to D04 of the nmenory cells M)1 to M3 as the erasing

object are reddpddtyimpitied dhtd INed, dthedVIs arkour ¢g B@Iilsot«aghe
subdecoder 60 in the selected block is set to -13.5 V at the -

timng t2. ThehowqldctsiMpmlaf@raft tfermgat etdecaternpd@rd ansetl dwer3.ehdé at
the timng t3. In consequence, the selected word |line WO0O inside the

sel ect ed bl ockf itshe B Hisd gnd aesr uise] ecteey wirhed ised etOMOSs afreV, whil e
the word |lines W.10 and W.11 inside the unsel ected block are O V. The

out put si§nal ko meEs aﬁﬂetmtaﬂfy tdfe s iuPPeyate dddeodsr g ter drns@adho 3.3 V
at the tlmng t4 and 3.3 Vis %pplled to the assist gate of the nenory

cell as the 'S4brEFLRM H@‘Yc?ﬁ ect’ eTﬁéoéFasFﬁﬁ 95Ff"a§8r| §CappNPedheo t he

menory cell's NER.ect %Sar;[ e i Sllgr};l ecP.J e&\‘hé %gglggeegcompassed 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. In 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



is erased. To conplete the erasing operation, the output signals AGO and

AGOL of the assist gate decoder 40 are 15 set to O V at the timng t5, and
the assist gates of the nenory 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
timng t6. In consequence, all the word ti%h&s  W.00 to W.11 are set to 0 V.

20 Next, the 0 ON of the sub decgder 60 in the sel ected

bl ock is set O% gﬁetﬁg Cﬁ?ﬁgcﬁa ¥h€n§aPeP§FdﬁéW§ EPaG2gRd °STAROYE t he
| ect t i st .70 _ar 25 Finally, the

zﬁtgﬁt 5{3221§ %B §n&pﬁﬁlg tﬁe%égtg %QEEdQP gﬁyﬁFe §e§°t5u6c@lép Fﬁg

9, th f hed T h |
NOT 1o W03 | n P Exein o) PECSR ek Gt B ooy OEF PaOr S AT B

during the pegiq o%utn%ta%ntés' Rwhiseh the gsshgt sg%%tga%%fﬁ ﬁgﬁisaﬂs

reaches 3.3 V. In this enbodinent, the application ti a55|§t gate
vol tage issshapt %ea%ngatg@eo\mdv%? IAQetM\!» Yol i ageq ARt %ﬁdaéﬁés&oﬂéte

vol tage applied to the sel'ected nenory cell. Therefore, IS system can be

said as nost Qphiedalarkokepe! axi Reedipsdeh cohihba as3tshedatiestehpthe nenory
cell connected to the unselected word line. In this enbodi nent, the erasing

vol tage i s 10aappki, edheuhiongellbetpenisodetdlivp th tnemhh@hnbmeré§§bﬁtogate
signals AGO and AGOL reach 3.3 V. Therefore, the erasing tine is

determ ned by theemealblryace ldi ¥eaotl ee vofjeagedofintbetassifdbagahg ghgeal s.
Since the voltage switching wdth of the assist gate signals is as small as
15 3.3 V, theTheseocangersddiratinge oifs thesunsthecekdr eelihi diffusion

! 10 layers Dn-1, Dn+l, Dn+2, Sn-1, Sn+l, Sn+2), all the third
gates, the well and the unselected word line WLn+1l are
kept at 0 V. Consequently, hot electron injection occurs
in only the selected 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. 1In 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



system can be said as the systemthat is excellent in controllability of
the erasing tine. As to the timng of the word |ine W. voltage and the
assi st gate voltage applied to the selected nenory cell, however, other 20
vari ations are possible as explained in Enbodinments 1 to 6, and they have
respective features. Therefore, the preserd4 systemis in no way
restrictive. £$6erase the menory cells MOto M)3 in this enbodinent, the

gate signal s 0 tAOENTRT of tEReV LTS ??thr%tsli%‘f Frimdng S dd'& }fgdain

| d bl d th A / t
ol t aneous! S L THar8RoRey o R1 P RE FRRG: TRENTEeRE) goﬁﬁggﬁulgﬁgiﬁbfﬂom ne
can pbe erased by fhe, ?ﬁ?b@ %egﬂgdgl?@SSEbﬂﬁlaﬁeis!?% aRRdpf e Eﬁg%grl

word |ine) operatlon rogrammn ="erasi ng

reading unit kabg agaguohaheseresyiensidle, ’ e A AL o Nt ugld ace

val ues used in odinent are nere I n"ho way

restrictive. Eog1;88c3bAwe ikiRgt hbngnel ckhect eadi Heoggrﬁ@tagnth dy ¢ he

readi ng operation will be explained. The nmenory cells as the readi ng object

are assuned tembedimédtM)1aandibDBnekbEste bRettahtial voltages of all the
signals are set to O V. The output signals GO and Gl of the gate recorder

20 are set to 3.3 V at thethénengsifgasperddidhe aofichdt e WHDtdgpe WAL are
set reliably to O V. 15 Next, the PMOS power source BOP of the sub decoder
60 in the sel e¢Bed Wl ofkri sxsmeplee 3s3appafetheotihengeidctddiewond pline
signal GO of the gate decoder 20 is
WLn and a relatively small positive voltage of 3.3 Vv, for
’ 10 example, is applied to all the third gates AG. Each
diffusion layer (Dn-1 to Dn+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 1line 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



then set to O V at the timng t2. 20 Consequently, the selected word |ine
WL00 inside the selected block is 3.3 V, the unselected word line WOL is O
V, and the word lines W.10 and W.11 inside the unsel ected block are 0 V.
Next, the output signal AGOL of the assist gate 25 decoder 40 is set to 3.3
V at the timng t3, and 3.3 Vis applied 8d the assist gate of the nenory
cell as the reading object. 1 Vis then applied fromthe sense circuit 30
to - 133 3k Giopiddia e itReH DD dhe Depadil vehe alitAdfy 150.2PFH ght e
signal ST02 of the select transistor 70.is set tQq 3.3 V._at the timng tb5,
and the sources D01 andtD3F G Sn&AFEHdlE &8 I%’Hﬁﬂl Bak G P03 Vad Vi Ilrérrg%adi ng

bject 5 t liably t Th t i | STOO of. th | ect

Cransi stor 70 TEAGR S 2V aV (b A bl (0 P ST A6 i 4P

appl i ed under_t.hi tate, t.o the nemory,.cells M1 and 3.a he readi

ogjpelcts ;nd ta}%el :Jéﬁe:t RS elafL Gt .e%e%dltﬁél%q alraé’serfo:\% avnﬁs J’g’eofw% elaﬁ’grmry
1 M1 t i . Qbj i S .t hi i . th | VD1 i

Curned OnPand the. ot CRAR FRSRe RE¥rB5inp SobrdRsohnEoTEARNCERY! LM

cell M1 and e Gobalndar adine PO Lompetpd 4o the former change to 0
V. Wien the threshol d val ue of 15 the nenory cell M1 as the readi ng object

is high, the menory celfy Myhduztt Wheed S opRdaRa oy keplosfikaws. Therefore,
D02 of the nenory cell M)1 and the global data |line connected to the forner

are kept at Ioltdge tdre dmm Y3 B, M¥F asda o,edadi ngppabjerctto tto the
ey word line WLn of the selected cell M and a positive
] 10 wvoltage 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



20 cell M3 is turned ON when its threshold value is |ow, and the current
flows. As a result, the drain D04 of the nenory cell M3 and the gl obal
data line DL1 connected to the forner turn to O V. Wen the threshold val ue
of the menory cell M3 25 as the reading object is high, the nmenory cell
MD3 is turned OFF and no current flows. -THé&refore, D04 of this nenory cell
MO3 and the global . data |line DL1 connected to the former are kept at 1 V.
- 134 The seﬁEESEFFEEFPnSquFEEr?HP%&Fé§lPﬁet9@}ﬂagé0ch@ﬁg@lﬁfu$h@ncurrent
To compl et e t ReIFERAPRGEBRePAT LoRD FABS gat SP5<6 ghaF . STOE et dditect
O ai ns D02 and Db’ 8 -PReC e hBry“BELH S hbenaRiADS 285 FRSreatnn bbj oct
oot oL (AT LiRSEBsEngh ok LBy Rt LR BT S ARl oSTE 8 e
L0 201, DEl e Lnen ookl e L) Shtaibn T e gy 20 o
produced by the method described above uses the polymetal
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
) 10 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
15 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
20 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
25 according to Embodiment 6 of the present invention, and
Figs. 39A, 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



15 gate of the nmenory cell as the reading object is set also to O V. Next,

t he output signal GO of the gate decoder 20 is set to 3.3 V at the timng
t11 with the result that the selected word |ine W.00 inside the sel ected

bl ock 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-ti9inrg t12. Finally, the output
signals GO and, @ of the gate decoder 20 are set to O V at the timng t13,
and the 25 reRdfWgCbpetati of fercomptePEdilimehrahtomebtly 2ePast ML and
MD3 are read in this enbodi nent T00 is raised after the gate signal STO02
of the sel ectMEPRRET sPBtPF0°RstFefsed. Therefore, the - 135 drain

VD3 roach rel 1 ably 0. aift TRESHHOIE Gher 31 W chft 60 COIRMCL L > Veht (b

reach reliably 0, an €S e operati Cc : € e
|l : L. 5.1 hi di h di t

s appl o0 dufiRy TR merena Thorefy salkie IPPRL Fhk oL naF fae8 15 R

sel ect transi sfog VZQII?%feSJF§r§tV%aJ@ ing?ﬁiegﬁf%?gg)o ?645?%&?(%{?3'[

transistor 70 is the signal for controlling n vol tage’ o e menory

cell. In thisgsyssemodOrbhesgtose 18e @mlwﬁi&ogaéégema.them%f ain

voltage is the shortest anong the word |ine voltage, the assist gas voltage

and the drai ncyatienegitebes@ppl 6 0th® hdRos¢l &1 88 IROVEYnKStted FOE L his
reason, this system can be said as nost optinmal for relaxing drain disturb.

As to the 15 towi agreftide vorditémeion) tage, féhe assbsd paie. tiTHeng and
the drain voltage to be applied to the selected nenory cell, however,
various vari afioating egavai {0bk camd Bxpleehedd0h &ndods oeantesd 1f t am Ge artd

t hey have respective features. Therefore, this systemis in no way
restrictilfe. 2bh&WERY t HeIPRPOIYSeEd texr MDDLIaO MD2and ethe sbloakithd oyateamd all

the menory cells on one word line, the reading operation described above is
simlarly repe®? e?Pd obhe nehiedvste et anooy v Mppulator film 406a.

The floating gate 404a and the word line (control gate)
409a 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 409%a and with

the channel, that is, in the column direction, unlike



To read all the nenory cells existing on one 25 word line, this enbodi nent
needs the operations to be nade twi ce. Therefore, when the reading
operations are repeated twice, the sector (1 word line) operation that
takes the programming unit = erasing unit = reading unit into - 136
account becones feasible. The page operati%n-that does not repeat the
readi ng operation but sets the reading unit to the 1/2 sector (1/2 word
line) can be EBRAdETeAtsSt dotOlfcidental ly, the voltage values used in this

enbodiment 5 are illustrative but in no restrictive. [Enmbodi nent. 9

o 0 T e a chroul t o ol SHOU OR HEe SRR CORAUES PO bgrat bbb Td ¢
devi ce according to Enpodinent 9 of th resent _ipvention. This e di ment
10 expl ai ns aﬁmgggﬁﬁFg on?ﬁegaegﬁagrlg?gaﬁbgﬁeﬁ?gefﬁ%?%eﬁ?a f%?'?%@ hermory
cell array 80 2the assi st gate 40, the bl ock decoder 50, the sub-decoder

60, the gate aeéoder 20, the select transistor 70 and the sense circuit 30

are the s as those of; Fnpodi nent 5,4 ﬁ@g 84%§ng?tf§%ﬁe&53¢&9Ianation\MII
of the bloc e

be omtted. In this enbodi nent, ‘one ‘eac decoder 50 and the

assi st gate deeRdepn8lct8rdispoeedtansoneant hheisidesxodet be1mesms yrsel |
array 80. Since the assist gate signals inside one block are two, the 20

operation needgnbeibgpgsat gddéwiee i8opPaegbanregioradsaidrvde SRMOKY sells
exi sting on one word line. Fig. 60 shows the circuit diagramof two bl ocks
for ease of exppanatidnd0lnbyyhbosesi ¢bodatt OxidategnavédSciiconi (Bigce of
this enbodinent, the nenory cell array 25 80 inside one block is divided
into two part40Aand the sub-decoders 60 are so di sposed as to interpose the
menory cell array. Needless to say, the nunber of division of the nenory
cel'l arrayp 80 is not |ikexed 2ogae, inpupakercidibr. 403.13 3formee by a
sub-decoders 60 are_di sposed on both sides of the nenory cell array, and
the assist gatBegBRoderi4BLiPRePhPEBRSdeBHef*80PARd (heIsubPBbcode? B0 are

di sposed in the extendi directigon_of the word |jne. 5 The_assjst gate
i gnal s i nei dB-BABSEI BeRTar b b, TLAGt 4PA CACBONSRUSACEE Br EACTBIARY AGLL.

The gate sidngls.of ot fiepsel eeh tEagsi 3bey .70 WYl €81979 10188k 305 Lpg. that
is patterned by lithography and dry etching technologies,

15 for example, and the floating gate 404a is formed (Fig.
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



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 bl ock decoder 50
generate the address select signal ABD for selecting the block as the

i nput signal. The gate signals STOO and STOlL or ST10 and ST11 15 of the
sel ect transistor 70 generate the address 9lect signal ABD for selecting
the bl ock and the address signal ABDST or ABDSB for halving further the
bl ock as the FRBuflSpgnafsIafRel BB Bhe gupadsi inal &S APINaR dPAGHE oF 21510
20 and AGL1 generate the bl ock sglect si gnal,, BDO,or BDl and the address
sel ect signalmﬁEEQ? 8F ARPSBeFBPAnaNOTRgIFuFtBer3¥he bl ock as the input
signals. The input signal.to.the aff'st%ggte decoder 40 uses the Dbl ock

[

sel ect signal BDO or B ]g%rﬁle?%tf%d Z%OT%%;%JT%%ka cpe?é T 50" andht he
i dec 40 i ' . ad] t 0, T
assist gate %gg@g a 48ua§59%§28%§g%§91 gee aﬁgoé E‘ux?%?&é(n geoger p €

assi st gate de decoder aré di sposed oh elt%er t he

Gide in Fio, 80) BUETThePr BBSFETonlr el a1 eeny L ray BEYt Y2t Be i nce.
various variajbopgeAl Baf¥athal! Byf fhe lithography and dry etching
technologies to form the word line 409%a (Fig. 42C).
After an intermetal insulating film, not shown,
is formed, contact holes reaching the word line 409%a, the
I 10 source/drain diffusion layer 405, the well 401 and the
erase gate 407a are formed. Subsequently, a metal film is
deposited and is patterned to form a wire. In this way,
the memory cell can be completed.
Next, the voltage application condition and the

15 operation method of the memory cell formed by the method
described above in the programming, erasing and reading
operations will be explained with reference to Figs. 43 to
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. In 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



sel ecting the assist gate decoder 40 and the bl ock decoder 5 50 as will be
described later, the flow of each signal need not be limted to this

enbodi ment. This enbodi nent hal ves the nmenory cell array 80 inside one

bl ock and di sposes the sub-decoders 60 in such a manner as to interpose the
menory cell array 80. ' 10 Therefore, thikO@nmbodi nent can reduce the length
of the word line as wel|l as its |oad, and can inprove the operation speed

of the seni coPBR¢Roiihiegrbdld i @il Idside . lagisic Pnte U IIEI3®Er £560
are di sposed on both 15 sides of the nmory. cel| array 80, the word |l.ines
i nsi de the mehBPySeRFfe a0t afnB0Se %ﬁ%%geﬂef% Mh%SS%%E%é@bd%ﬁfﬁoIﬁa}hﬁé
assorted to the right and left of the nory cell array, 80 and every other
word | ines meyeBe TRRERPERITSPHIRS of PAnDErBRT ' Taked Thet Faytiite daY @ at

the junction 20 p ééifrﬁémpei weern tctgglls\t%%nl%r}e%o n%étesﬁcbr?%g-igﬁce%q%% 60

easier (or can relax e word I'ine i'nce coders are

di sposed an bg&'?ufé dfﬁexgﬁetrﬁﬁg‘ff‘)éélf%'a%ﬁéy %Qd the éﬁ@é@f&?ﬁe&dr?i es

el enents can be di sposed in the Ttegion corresponding to 25 two wor

and the |ay0UBuQ§§igﬁ oh the §P@a9§ﬁ§d%£§e6@1@@C@W@Sr@@§i@rth£P|Nh@ne each
of the assist gate decoder 40 and the Dl ock decoder 50 is disposed for one

bl ock. Therefghgeshotd1dd1tihe &f eenO®fméher fle€OUPEr r Ladls bend eshts@ebi®i ng
T is conducted. On the other hand, all the third gates AG,

the well and the unselected word line WLn+l are kept at 0

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
adijacent 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



Since the assist gate decoder 40 and the bl ock decoder 50 are adjacent to
each other, the output signals BDO and BDl1 of the bl ock decoder 50 as the
input to the 5 assist gate decoder 40 need not be extended far. Since two
assi st gate signals exist in one block, the operation needs be repeated
only twice to programor read all the medoly-cells existing on one word
line, and this nunber of tines is the m ni num necessary nunber of 10 tines
requi red for adsaing firedl tdeodidabipe memsr yocdihe dtvigyd oBéds dés thige two
arrangenent descri bed above, the arrangenent of the decoders nmay be the one
shown in Fi groas &f gemory |o¢ltlife MsdnitCoMddc Bad Mrtlegtax ¥d2¢i r Pt #eDF ce
shown in Fig. 61, one each of the hlock decoder 50 and the assist gate

decoder 40 | $NGEFFESEG PR KO tHshdiitte sdi d&imnene e Psdsilng Lt ke Mbfory
[ 8Q, . t t of ., th t i j h th h

o o 8 S IR P, SRl I e e AT PRI e

foll ow ff i dit] t ff i t put

SPonal s (haod T RBIE ot e ot R R S B SR kR B e

memory cel | aidhax %Qg?%g a{r\h@e 3t I%‘Pasﬁ_in%ni’s!p%r(aﬁ%% 4Q Sbhbled hergs bl ock

decoder need be wre e select transistors. However, since the assi st

gate decoder 44,anq,dril bIt@Ek LeGART o2 rait8 oH SROTRM R tihe iQPRARI te side

to each other while interposing the nmenory cell array 80 between them -

190 the out piHitsicah® (RO 1tideSlllinothibeibkeskcdpceder s6Qepeed not be
extended onto the assist gate decoder 40 or the output signals (A0 to
AGl1l) of the tAssidstgagat eadecgdere A uredd not either be extended onto the

bl ock 5 decoder 50. Consequently, |ayout of the assist gate decoder 40 or

t he bl ockOdecoder 50 bécorbsreasysihgcimgshdl Ly, ashéopdsomisi.onas shown

rel ati onship between the assist gate decoder 40 and the bl ock decoder 50
may be reversiéd.Fig. ¥3B.n a mewdriveordddage ioft edriatded cifrrguiexag®liece shown
in Fig. 62, one each of the block decoder 50 and the assist gate decoder 40
i s di sposed df SR §HEvithehSSHERSRE dand dirngy 8@ afsk & &l b vedey
construction is the sane as those of e sem conductor .integrated.cifrcuit
8 Gevi ce Sha i B Li60 Mal B et coNauctds St aF Gepdded

device, the %§SH§&EQ%§%£%Fg$ﬂ$ﬁJ%p %%%_5$ﬁ bkg%heg?%gggéfg?%§§ggdbspgggd ok

both si des of % he me ry arra er er or r ngt h t he

out put SES”a'v%l(lSEQin %‘ﬁets Qn(n/%é}(%te%géﬂfﬁ%l%in%g\l’WL%w e tlagblack ‘i’zZSOder

50 and the output signa 0 the assi st gate decoder

becormes a haldorpidnddig 1l0ad 1t ke Bduaadn Thenaloront e ORaRLI;9Q Sspeed

of the sem conductor integrated circuit device can be inproved. 25
[ Enbodi ment 1t digs.tHe3 v reb it HInoek iCighelintendirB0IcTE. sS ROWIthG tWided

sel ection system of the assist gate and the bl ock that can be applied to
t he sem conducitrer Wint egraattdet 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. 1In this case, the



- 191 circuit device explained in Enbodi nent 9. These drawings illustrate
three systens, by way of exanple. Incidentally, Figs. 63 to 65 shows the
signals of one block for ease of explanation. 5 First, the selection system
shown in Fig. 63 will be explained. The assist gate signals (AG0, AGOL)
are generated by converting the voltages 1df2 t-he signal BDO sel ected for the
bl ock and the signal selected by the signal ABDST/ ABDSB for further halving
the bl ock, byPRaetND WMETalgetrersd i ANTGRA 110 SRS 5ide guward signal s
exi st inside one bl O%"f' the programm ng or. readi hg operatjon of all the
£ e

menory cells % %telvc%r?iﬂjettae%e by® (3P oRt at i ons nade

bl ook decoder 50 15 USSP Tr THo S0P S A" GO HE Hed o 50 Hecoder
38I tlggsa;‘sl t Se%%n@iiqg%s%él ec ,233%%%%%%%1&%@& %D%y'aﬁgﬂrﬁ{eotrlsingn;re
,SAS: fcggﬁe?ét f%ﬁan(%lgégﬁ:ltﬁ I n]é:igéﬁ?ﬁtgb fs%enéfo lde[J)rC%tigﬁe(rj t%evdsfllg%{a es,é:fcs}%%&hgég e

are the si gnale 10fy thR1 ROWES s SIOMFL &, IR 4 ATE, MCL Y SEfMe St A Sustem i s
effective when the vol tages necessary for the assist gate signals AGO and

AGOL are apprappltpie t@ @he tdief povwesin siiyee doldrage MNaktiFmead Whaassi st
gate signals (ARO and AGOL) exist inside one block, the programm ng or

readi ng oper atraam aff atle tdeel averant yeeddl I, exhst digfosienelwged bhhe €an be
conpl eted by the - 142 operations nmade tw ce, that are m ni num necessary
for the virtuaingrimunmd g yee nemrae ce Ithar regledNeed ,calie Myeladdt itdre syst em

shown in Fig, 64 will be explained. The assist gate signals (AGO and AGOL)
are 5 gehBratted itherntidfe 3G jthfermalat iagd dihecuinsadentad wadsk higiet ages of

t he gate signals (STOO and STOICL of the select transistors. Since the

assi st gate digHE Lu5dRE GHe bI'ock FarEherBorene theogi AhHPAGNOL 2V BESI Ny

ti f all t |1 i.sti d ] be ,' 10
compl et od by Theogeta: IO Hiide 148 GEEY othdl voriend REdiSE gate
signal s ARO r enerated .n.the follow ng way. The STij
gleger ation C!Jflc%%@%ns\a/tgaﬁieg’ t%eeSpveoqCLtl:'i’geelsy 'oft ¢ iF e\é\%edﬂ:almléﬁﬁrse&dgéwe&hfeor t he
bl ock by ABDisapd Jhe &l gnalpafl 8¢ied by 154t teﬁrigl ggglo gﬁ ST/ ABDSB f or

further halving the block to generate the signals STO01 (gate

signal s of t hansieddfdudi@An sl dat et :AG 1 t0enRefiald F GiHiGUIdmfods sl
converts the voltages of these signals STOO and STO1l to obtain the assist

gate signal s A0 fang Adkcaft enligh e 1SystemMordhanief anenee wehieages for
generating the assist gate signals AGO and AGOL are the gate signals STOO
and STO1l of twey sal €ot threansicstransni nbherpefrartd,ort, hiasids setlemtiss cefef @Gt | ve
when the voltages necessary for the assist gate signals AGO and AGOL are
25 appr oxi mattdiam tchee qettue ts i tdvea | re aQTEPeanad iISTOL Gherhéosel etd tomdscstors.
Since two assist gate signals exist, the programring or reading operation

of all the méhs yeeding opestati@ronnodd it |dedd scam ipaec siepldetiddehy

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



- 143 conducting the operation twice that is m ninmum necessary in the
virtual ground type nenory cell array. Next, the selection systemshown in
Fig. 65 will be explained. The gate signals (STO0O and STOLl) of the 5 sel ect
transi stors are generated when the STij generation circuit converts the

vol tages of the assist gate signals (AGQ&Ghd AGOL). Since two assist gate
signal s exist inside one block, the progranm ng or readi ng operation of all
the nemory ceAMROGAY B SFREWOTRE | 1 T W Aol abripineg f he he

oper ati ons nade i ce. The gate signals STO0O and STOL of the sel ect

transi stors é‘f%r%\«lawlrfé}eatlerbl I (P HAT W Srg SRS EhtaRd Y R3AMHE case shown

in Fig. 64. The AGJ _ generation circuit, canverts .the voltages of .the
si gnalgs sel ecc%pe%raﬁ)}ro e f%nﬁleog%ebyoﬂgn&lé“ﬁd hayd ng &XH’?I POYBETEd by t he

si gnal ABDST/%J% %yngéﬁe%%ﬁve&g é}pee tq_lllolpé(_éaqcegeinser@grem A(gOOthand AGOL

(assi st gate S generation citcult conver fUt her the
vol tages ef these.@asad sl Gatsr sighal S5 & 10, sHe ?33% erence

vol tages for generati ng_lttﬁ)g gate si glnajl S S'I%&O an(rj]f%llng owét%g {s}gﬁr ect
transistors afedtEn@sgded Ll ecrsd analsy ARDQ andh AQOL o Jdel £f ok st hi's
systemis effective when the voltages necessary for the gate signals ST0O

and STOL of tdioc@iait 25ar ransd Stdwer aftee aRPEOKInBiLL O dhemssi st gate
signals AGO and AGOL. Since two assist gate signals exist, the programi ng

or readi ng opessdiwre ofaladd dhethennrtye oed 1 sopsxd st imy vl tee Wot dtHd ne can
be conpleted by the - 144 operations made twice that is mninum
necessary forpidwranmingdegoinmg dpgetmenoryo ced 15 & ray. Incidentally, the
three sel ection systens

1 (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 DOO to DO4 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 D01 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



explained in this enbodi nent can be applied arbitrarily to 5 Enbodi nent 9.
[ Embodi ment 11] Fig. 65 is a circuit diagram show ng the sem conductor
integrated circuit device according to Enbodi ment 11 of the present
invention. This enbodi ment 10 expl ai ns anot her exanpl e of the decoder
arrangenment. Incidentally, the nmenory cellO&array 80, the assist gate
decoder 40, the bl ock decoder 50, the sub-decoder 60, the gate decoder 20,
the sel ect tr@atsdstbre7BLANENE heOWeFRel £7F cBFt Eﬁ?%%%§%4u¥Q§ﬂn§ SWGEE of

Enbodi nents 7 and 8, 15 and their explapation wll omitted e, each of
the bl ock dec%@e?h%osﬁ%ﬁcFh%r%%§?%¥°ga HecoRiegtF stﬂlg%%§%ﬁggﬁlone of

th d f |1 Si

i6 gii ﬁ §ﬁe°lb|éeka”gﬁaeaeiﬁsftgééé e pCh e e cE2 FELCL T\ SR I
t | Th

s e oo bl BbEer bBY §Paeate tBRE) oot SF DaduRte ofe e JRITY el BISY B

di sposed i sy ¢}h af E’ﬁ?a?§wg§ Rd'{';eé@f?ﬁgcw& PERY £ollo25 ard ays 80

bet ween thenl ncrden e nunber di vi sion of the nermory cell array
80 need not bﬁhéhmeﬂsteoﬁMQctJ@etéu@ngeggg.@éé BOnar s di g peseduSPe POt h

si des - 145 of the nenory cell array 80. The assi st gate decoder 40,
end of the diffusion layer wire Dn (DOl to DO4), on the
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 STO0l 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



t he bl ock decoder 50 and the sub-decoder 60 are disposed in the extending
direction of the word lines. The nunber of the assist gate signal inside
one 5 block is one, that is, ARO or ARL1l. Therefore, the assist gate is
used only as the erase gate. The nunber of the gate signals of the sel ect
transi stors inside one block is two, thatlds,- STOO and STOL or ST10 and
ST11, and they are the output signals of ' 10 the bl ock decoder 50. The
PMOS power sotfRee st ifellBOwmre BI9H ofo t Hee stdreric iRGOSTs @risY he INOVE
power source signal BON or BIN generate the address selection signal ABD

for sel ectingP#her bYoedkS: ashe It HpRE s obals died gatre saRfhate ST00 and
STOL or ST10 and ST11 of . the sg%ect transi stors_generate the a%gre S
sel ection si ghePSABDHTFott sTRRAEE P 1L o RS TRRIMORE  adieds & 1de 86t i on

si gnal ABDST or_ ABDSB L r further halving the. bl ock as the input signals.
20 The assi st™gare’stg J(a)ﬁ Reov- o9 ,ﬁﬁoorb%n"&?%cb % e bt cﬁ:?o%’é‘{)r%‘?cfo si gnal
BDO BD [ t_ sSi T | ect | ' DI
gene(r);t edjsi ﬁzféd%?t L@p I%%%( dec%%eérgq?sg[ge?gé<%r§§'cﬁe§esd ?‘ﬂés#%%ﬁ‘%p%n%‘f”%f t he
assist gate dﬁ&@ fw {0e , a0G: £ he- aspi Simgate decoder A0 4n. 15 di gposed

adj acent to the bl ock decoder 50. The assi st gate ‘decoder 40 and the bl ock

decoder 50 argy&hhS®Pos ORefdiey Odethes i ght and left sides (on the left
side in Fig. %6) of t}ﬁ%emam)ry cel | arraé}h80. However,

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. In 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



- 146 the positional relationship between the assist gate decoder 40 and
the bl ock decoder 50 may be reversed. Since various variations are
avai l abl e for the selection nmethod of the assist gate decoder 40 and the 5
bl ock decoder 50 as will be described |ater, however, the flow of each
signal needs not be linmted to the flow il®& Rk s enbodi ment. This decoder
arrangenent provides the follow ng effects. 10 The nenory cell array 80

i nsi de one blFie idendarsd 4hd RIRck AR Fers) 66 wrdes@ dfirs &ded RS St 0

i nterpose the nenory cell array 80. Since the word |ine can be shortened

and the | oad BFPHF T edlrceiflatle TIRIES G Speedt IS it ididc 56
integrated citcujit 15 device can be inproved. Since the sub-decoders 60 are
di sposed on h- s otf\%et %mv%aneeﬁr ﬁ%&oﬁc{:éie\ﬁﬂd@q i7€s & nsi de
the nenory cell_array 80 tq he caonnected to t.he b coders 80, may Jbe
assorted to t leeﬁa}cgmjtcagnaccfnebﬁr,ucgtnlaoréd:oén\}aerrlyslcﬂ chhev\gﬁ(quﬁ rﬁ:ecr?éjfrbééogaken

out . Thergfortq_iet Jﬂﬁﬁe%ﬂ%@ftﬁéq?éw%é&egﬁ@d ons between the word

| i nes and t he sub-deco econes edsy (or pi rel axati on of the word

lines can be achi eved) 3 nge drite sSih-deerds $06Q A AinsRasedsen Beth 25
sides of the nenory cell array 80, the sub-decoder elenents can be di sposed

in the region HEsP o s 1 tHW0 MY Ghdrid18s.ceand dhey B Uordesisen oFf the
sub- decoders 60 becones easy.

explanation, it is so disposed in practice as to divide

and sandwich the memory cell array 80. This is to reduce

10 the length of the word line WL and its load by dividing
the memory cell array 80 when the memory capacity becomes
great and the length of the word line WL increases to
invite the increase of the load of the word line WL. The
high processing speed can be thus accomplished.

15 The arrangement wherein the sub-decoders 60 are
disposed on both sides of the memory cell array 80
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. In

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-



- 147 Since only one each of the assist gate decoder 40 and the bl ock
decoder 50 is disposed for one block, the area of the decoder can be
limted to the mninmum area. Since the assist gate decoder 40 and the bl ock
5 decoder 50 are disposed adjacent to each other, the output signals BDO
and BD1 of the bl ock decoder 50 as the-i Aput -of the assist gate decoder 40
need not be extended far. Besides the arrangenent of the decoder descri bed
above, the devseRared mmgereMesRAIMNg FNGStesl tahdhes st Higrose tudda,
too. In the sem conductor int e%rat ed, circui.t device sh

i Fig.. 67
bl ock decoderdBeaRf e HWi&ilGr Gardi&hodde FF Y &6 4d; ?:53%’:1%(911 nﬁ?ﬁglel y

opposite sides as to interpose the nenory cell array .80, het ween em The
15 rest of tHEonAIWY i 'S s"“ﬁ?g iR &8 %ﬁatcoéjfneglcﬁeeds%r% \(I:*\%r‘ledusé]?)or

i ntegrated cifeulde deviee Soun 4Kl 96.crTNiS S LONAUGLOr. dopl-egrat od

circuit devic Cpowds I'owi'ng ef Ion'to the ects

descri bed abo(_ﬁ\e/rgd béel:y%o\ﬁtlge%gr %&[}Pllsir{éa‘%@ bR ﬁ%]n]r?e&fe& he Assist gate

decoder 48 ne ed to the nenory ce array 80 and the output

signals (STOQ.dGTlil)e ofud-Nfe REK glpcodar cntQ t«Q@,s%g@htt HaBsyAt BF.

Since the assist gate decoder 40 and the block decoder 50 are di sposed on
the mutual |y ©pposide: sdrlgsomidre BetirosiiRg Wdvel MRy WI2%neelthearsiay- 80

bet ween them however, it is not necessary to wire the output signals (STOO
to ST11l) of tdwecddexckeO becomes easier.
Another effect is pitch relaxation of the

10 arrangement of the sub~decoders 60. The sub-decoder 60
must essentially be disposed for the word line on the 1:1
basis as described above. Therefore, when the sub-decoder
60 is disposed on one of the sides of the memory cell
array 80, one sub-decoder 60 must be disposed inside the

15 region of one word line. When the sub-decoders 60 are
disposed on both sides of the memory cell array 80, in
contrast, one sub-decoder 60 may be disposed in the region
of two word lines, and the layout design of the sub-
decoders 60 becomes easier.

20 In this embodiment, two diffusion layer wires
(for example, D01 and D02) share one global data line DL
(for example, DLO) 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



decoder 50 onto the assist gate decoder 40 and the output signals (ARXO to
AGl1l) of the assist gate decoder 40, onto - 148 the bl ock decoder 50.
Therefore, layout of the assist gate decoder 40 or the bl ock decoder 50
beconmes easy. Incidentally, the positional relationship between the assist
gate decoder 40 and the bl ock decoder 5-5008my be reversed. In the

sem conduct or device shown in Fig. 68, one each of the block decoder 50 and
the assist gafiéreetseerane psldtBposeticonigaeh sndetbe nwebeenefytiel |
array 80. The rest of the caonstruction is the sanme as that 10 of the,.

seni conduct or Sfheeft aPadScPictift 8BYPEE SHBMAIFPROFFg/068N BRS| BE3Ckhds

ef fects described above,_this sem conduct.or jntggrated circuit devic
orovides the PBEFoRIg Ff SRS EI TG 1 e hiskl SIEARR & HAttieH o0 Snd P ¢ he
bl ock decoder 50, are diisppsed on _each_side of t nenory cel| array 80,.the
i ring FengtnPSTEERE 86 BOE SPORST<CratBosrareTie, TRopY piee L BERE Sty o

t he bl ock ecgggrcgg aggeghg ﬁuggui%ﬁggggg Ofégggmﬁﬂ'Atﬂl) bf t he assi st

gat e decoder beconmes a hal'f and reduced. Therefore, the

operation speed of the1§§ 'ggggy%%@rbépégg{ﬁtg giLFUEﬁeQQ¥.P§%f@N be,

i nproved. [Enbodi ment I gs. and 70 are block circuit diagrans
show ng the sgkegbhpNe8¥at BYS-0hahbhe; aagl 8he98h8raPdoh hew28e bl pRkL that can

be applied to the sem conductor integrafed
the minimum number of times necessary when the programming
or reading operation is conducted to or from all the

10 memory cells existing on one word line in the virtual
ground type memory cell array.

Next, the programming operation will be
explained. Fig. 48 is a timing chart showing the timing of
the programming operation.

15 It will be assumed hereby that the memory cells
as the object of programming are MOl 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 1is
set to 0 V at the timing t2.

25 Consequently, the selected word line WL0OO inside
the selected block is 12 V, the unselected word line WLO1l

is 0 V and the word lines WL10 and WL1ll inside the

unselected block are 0 V.



circuit device explained in Enbodi nent 11. Two systens can be illustrated
as shown in Figs. 69 and 70. Incidentally, Figs. 69 and 70 show the signals
of one block for ease of - 149 explanation. First, the selection system
shown in Fig. 69 will be explained. The AGi circuit converts the voltage
of the signal BDO for block selection andi@®enerates the 5 assist gate
signal (AGD0). Since the assist gate signal inside one block is one, the
assi st gate is used onlThasoututersisgnafatAG0] mhtHee afrids aate bl ock

sel ection signal BDO generated inside the block decoder 50 is used for the
i nput si gnal @ECPRRr a¥li 5§ FREetAetodedt 400e ThENy jtIEeIataDH & reui t
converts the voltage of _.the si naI%g for block se]ectiqgn by ABD and
gener at es t he9&&8i g@b’é@@%?% F) /OO AEROT RS Rt it t%l‘ﬁ)‘%/@ef%te ¢ gnal
of the power source volt\z:\lge Vce E%;s#e\g] this selection systemof this 15
enbodi ment | SPEPTERTTVRIWhEN T hetVof t Age necessary for the assist gate

signal AGQO is approxi to t ower. so . vol Vge. Next,,, t
s_elgecfti oﬁgsyst empghomni?én)?tﬁ ga.1 %l%#%a Jbsz ag:§ P %?érie%fqﬁhee%;&ﬁ’}%etn‘ler At on
Clrcult converhs LORs20cypbhafese! cd NendME payeds soU G SIHNAIa M AP

sub-decoder 60 and generates the assist gate signal. Since the assist gate

signal inside,pnenbl 95Kal 8o0BE, pLHgraARRES! GRS ithd hidgy W Lerase
gate. In ot her9vvords, t?le Cajlssi sft) g%]'ée si gnal AQDO is%g?r?ceﬁraat eld%']i n tﬁlel

fol | owi ng wayprdbhearbeBi PoJEREr @ém®Ry Ch& TUI MO TONFEF toxdmsl &0l trageg dbd he
signal ,that is selected by the signal BDO sel ected for bl ock sel ection by
ABDj , and gengsasesiBOPDL0hes PAMES povervsoatidetsi @ral wiodn titee sdidbealecoder
60). The AG | generation - 150 circuit further converts the voltage of

t hi's BOP1%i gnadt pnoghamsmseél eclhieorylopstleatiehd ivd thdde ias stette troefoeence for
generating the assist gate signal ARO is the PMOS power source signal BOP.
Therefore, thvkes tktecprogranpsneniata efs cefoyramprd thethoinerer heeekbary
for the assist gate signal AGDO is approximate to the PMOS power source

si gnal BOP ofMQge%th@Ie@o‘de‘f’h%@.the data 1s not programmed.

Next, the gate signal ST00 of the select
transistor 70 is set to 8 V at the timing t5. Consequently,
15 the sources D0l 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 D04. When it is desired to program the
programming data to the memory cell M01l, 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 MOl and M03 as the
programming object, and arbitrary data is programmed.
To complete the programming operation, the gate

signal ST00 of the select transistor 70 is set to 0 V at



Al t hough the invention conpleted by the present inventor has thus been
descri bed concretely with sone 10 preferred enbodi nents thereof, the
invention is not of course |limted thereto, but can be changed or nodified
in various ways W thout departing fromthe scope thereof. For exanple,
Enbodi nents 1 to 6 use the lamnate filmIlhprising the polysilicon film
the tungsten nitride 15 filmand the tungsten filmas the material of the
word |ine W.tHewedBEing ot her Afark i&Stietalthg 1GR9\ Pl g iNGh ot he
transition nmetal elenment itself, e.g. tungsten, titanjumor tantalum filns
of their nitrm%%%rbrc%}i?cM%%s?n¢iM&% ?f éﬁ%ﬂﬁ?ﬁﬁﬁ?WT%?%e%?J%ﬁﬁmﬁ?c%m??cide
and nnlybdenu$1 O silicides, or alloy filnms of tungsten and the like, in

pl ace of the tuhgsten nitride film Simlar effects can be obtained al so

when the filmis a | ampnate fiA%rrz Olf,ﬁ@a_‘fgl %l‘ lifoe”s féﬂdnlaal?% I@Ll”eat:aé[ h%éé i ci de

filmor a so-called"’ ~po€f}§/%’| dte nbodi ent’s use

| am nate fail fAthe_ po il fi4m the tungsten nitride filmand the
t ungst en ilgﬁgsotﬂeaﬁa %?i%}&gﬁgt%Z'mord line W.. However, simlar effects

can be obtained when thgdamnate idMmOfacor JBlthd PAdYSl ldpean filmand a
nmetal silicide. A typical exanple of"the netal silicides Iis a tungsten

silicide fil neEpBodi mBNis detortd ¢ISe dPecht dopROhGi t8 COMOXtKE dssas the
insulator filmfor isolating the floating gate 5 fromthe third gate. Wen

t he sem condugi o¢si of eghat@enety Ctibl 1l dleys cehof ptbigr pteseft o fwentaosm i s
applied to a product having a small nunber of tines of progranmm ng/erasing,
however, the sebodongn¥s can use the silicon oxide filmthat is fornmed by

t hermal oxidation or 10 CVD according to the prior art. Enbodinents 1 to 5
usé al soltthe N-doped siTherrtoxites¥gnad feR ngethmsqmaft gteqoden 2 is
isolating the floatin ate fromthe control gate, but a lamnate filmof a
silicon oxideS?FIﬁ?s?gi%oﬁtnF@?iEhm¥Pgn¥%iI?% ntR%i gelected word line

WLOO inside the selected block becomes 0 V.

Next, the PMOS power source BOP of the sub-

decoder 60 in the selected block is set to 0 V at the
15 timing t10.

Finally, the output signals GO and Gl of the
gate decoder 20 are set to 0 V at the timing tll, and the
programming operation is completed.

When programming 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 STO00 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



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 tine of
programm ng/ erasi ng or the progranmm ng/erasing speed is not nuch inportant.
Enbodi nents 1 to 6 are expl ained about the n 20 channel type nenory cell in
which the n type diffusion layer is formedlinthe p type well, by way of
exanpl e. However, simlar effects can be also obtained in the pchannel type
menory cel | iREMPTEhCehe. wdlqr iWisF BSREDt yhe STPoCHECHt! Casi &8 Isayér i s
of the p type. In this 25 case, the voltages of the control gate, the third
gate and the @R aPRtiReEnByefnfer 1rebanieg sthe edraimid et Yrhegd@ird€usal ues

with respect to the well voltage. the time of programiing. In odi nent s
15 and 6. (Keriatidks ayei pARELSHT Thet BOMNDH AL ESANKLTIS dihi Mbecome

the relativel yneoatiye, yol lages ui thLespest 10, dhe.yel | yaliage al, the
time of prografming. Tn TheSe cases, the  hol- el eCtTon generé%e g1%ct ron

i njecti ons 5 |y EbodlgEnt 5q Lpo R0 Er LhSs GROLS Al date yoldage cany take a

relatively posit age and the drain voltage can take relatively

negative val ugir¥48P [8SPRSEIRADS Vel woliggennd) Rl tine of
progranm ng when the nenory cells are of the p-channel type. In this 10

case, the el egbsp8stare fohected. by ThRedrdtrer - Baedstgreal begtpRgnomenon. In
all of the foregoing enbodi nents, the electrons injected into the floating
gate nmust havemsbddieest iyonkt nesreofcslatus et no-tiwgr anm ng. However, 15
t hese enbodi nents may be applied to so-called "nmultil evel storage" that
forms the | evels of at Weastpfourankmivds iof rstdd uso athk stadicasy ate llea MO0t wo
bits in one nenory cell. Conventional nultilevel storage involves the

probl em tfat ane NOPtage aliferenmendey weehl $ hen |owestotdiresimlareral ue 20
and the highest threshold val ue becones greater than two |evel storage even
when the quanPTegrammeRe EhecRFORSATR] REtRETHE PR HELTTORRThRRAMS Hay

controlled highly, accurately and the threshol d val ue _distribution of each
|l evel is conpres %@%l?ﬁl%oﬁéﬁﬁﬂéﬁéego¥ﬁg3 Sﬂﬁg %mn#ﬁgﬁ@ﬂésﬁﬁg'sﬁééa

b I th i | .t b hi gh in Fow er- imt
o1 001 o g/ PESTRY. LG RPBLERY TG GRiT O RN G DA oot iy andk
erasing vol tagg, bel oy 13, 5ox¥or9é' J«é‘ré)tfﬁrﬁe b%S%n dué/\é)iré]lf’of%é mprove the

progranm ng/ erasi ng speed. Thereéfore, e pr I nvention 1i's extrenely

ef fective sf orp Pk tAh@YSy SHOFAGEon WIRLCP! OGADRG o, S WiRHE thENbodi ment s 2
and 4 5 apply the positive voltage, relative to the control gate voltage,

to the third gas@rimmiedessseathen el ectepenvi@ctu e fromdded | oating gate
to the third gate, and Enbodi nent 3 applies the negative voltage to the

wel | of the fopstacdomlucshatbyrd ypenay tdpdhet var t ageatoftdibes tiHagd 10 gate
being kept at 0 Vto generate the electron ejection fromthe floating gate
to the well. powgrvanmindeur]ect remejrgtinit rayrdmedigenearsttedifrom t he
floating gate to the source/drain while overlap between the source or drain
di ffusi on | ay2econity theconoatiersgate- | & PeCsr epers tionatihesl @ogseaotty.
20 repeat the programming operation but changes the
programming unit to a 1/2 sector (1/2 word line) can also
be made.
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 MOl to MO3 existing on the word

line WLOO. First, the initial voltage is 0 V for all the



The present invention is applied to not only the sem conductor integrated
circuit device having only the so-called "flash nenory” but also a one-chip
m croconput er (sem conductor device) equipped with the nenory cell array I’
20 portion 80 having non-vol atil e sem conductor nenory devices (flash
menories). The effects obtained by the-typi2cal invention anong the

i nventions disclosed in this application are briefly as follows. 25 The
present inveMEM®erSan reduce the nenory cell area of the seniconductor
integrated circuit device. The present invention can inprove the operation
speed of the sem condul€st i khegrateyteistgipt Sqefi 88d Gl. ofsAheTHatsr esent

i nventi on can, decrease the defect nsity of the insulataor filmfar
i sol ating t hé$Ga%E i4¥silde Sate tiem SScé}I/I"“t ftthtené"lér@'rﬁgcc;??du@tné{nailﬁt &fat ed

circuit device, d can Jj.npraqve yield of the sem conduct or integrated
circuit devi é”eqrdﬂjfem&sey&@ |9: vgﬁtqﬁor?r(:ear?el%oﬁée:llta% i oe?)ng}ﬁ operat i ng

vol tage of the sem con tar.in ted oGlnncul ihce. = LR%cELAIMS: 1.
A seniconéuctor integrg%%d%gFFc%?%%%ééiggopnghgdgﬁgla%ﬁeFPeo% aefirst

conducti vi ty {dype foryed on . mRin S acey ofc 3 rRemiGandUGor Substiate, a
seni conduct or region so forned inside said well as to extend in a first

direction x, @fidesl/gatiod FaBhOWRINCTS ¢38¥ sENAUCtMY3 sbstieat e through
a first insulator film a second gate fornmed over said first gate through a

second i nsul areysifrid Mbjatt artdidat gatld.abMiene o vand faces of said third
gate are end faces opposing said first gates adjacent to each other between
said first gates, and ahe 3BIOSomPLEE: rasoudcep Bode ofnd heaced -afecoaed fI0r st
gate existing in parallel with said first direction x through said third
i nsul at otOfi |IIm the selected block is set to -13.5 V at the timing t2.
The output signal GO of the gate decoder 20 is
set to 3.3 V at the timing t3. In consequence, the
selected word line WL0O inside the selected bock is -13.5
V, its unselected word line WLO is 0 V and the word lines
15 WL10 and WL1ll inside the unselected block are 0 V.
The output signals AGO0 and GOl 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
erasing object. Under this state, the erase voltage is
20 applied to the memory cells MOl to 03 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
set to 0 V at the timing t5 and the assist gate of the
25 memory cell as the erasing object is set to 0 V.
Next, the output signal GO of the gate decoder
20 is set to -13.5 V at the timing t6. As a result, all

the word lines WL00O to WL 11 are set to 0 V.



- 15G 2. A semconductor integrated circuit device according to claim1,
whi ch has any of the follow ng constructions: a first construction wherein
said first gate is a floating gate, said second gate is a control gate and
said third gate is an erase gate; a second construction wherein said first
gate is a floating gate, said second gatéli3s-a control gate and said third
gate is a gate for controllin%eg split channel; and a third construction

wherein said first gat&e$/aH O Rpaiee, sQarGes 8OO @ fgate #8P3 control
gate and said third te is.a gate havj t he functiaons of both erase gate
and gate for d&ﬁﬁcieoq ngaong”étsrtﬁ ?ﬁejtﬁfatrﬁdelr}’%%; Assésrﬁtcc?r?d&ctvora%i &gr at ed
circuit devi Ge accord} ng to claim?2) wherein a part of said third gate

exi sts over sai i‘Conduct or region of the second conductivity type. 4, A
sem conduct or i ntegrat %qlecig{acgéi ts__Lng1 iGe ording e ¢lraikielgMetei n said
first gate is a floating gate, sai"d second gate is a control gate and said
third gate is..ap&r hepad, AN MWRES & Ry the (el 111163y frigce of said third
gate exists over sald sem conductor region of the second conductivity type.
- 157 A semi conduct or dipadrat egheCidudiPult B8¥n&e s5GoaGeer diingrt enel ai m 1,
wherein said third insulator filmis a silicon oxide filmdoped with
nitrogen. A sl ubidey J0tRg adad to rcw tatdetec e iinMicigudiong aadwehle of a
first conductivity type formed on a main surface of a sem conductor
substrate, aessdicendipeirert reegiion cfmpd eseind conductivity type forned
inside said well, a first gate forned over said sem conductor substrate

t hrough a first insul ativerf iths exasdogndpgaieds ibor ied conducsedd fbirr shegat e
over a second insulator filmand a third gate fornmed and isolated fromsaid
first gatl t MRy £ahis 9 dsuMidori iYhas epfpeddimentan thep&rasinPace of
said third gate exists at a position |lower than the upper. surface of said
first gate. 7oMadSilorRRGY idtedihtd® asedd tdeicd daddordilng t&ecl ai m
6, which has any of the follow ng, constructions: fjrst copstruction
wherei n sai d Tt & isslgé‘a\flﬁsog‘ﬁ%g‘?"%#éo1saried?cz‘ec30r?dtvgat N gﬂéscont rol
gate and said, third te |s.an erase .gate; a on st.ructi.o erein
said first ga yeSh:les‘:n’a E}lﬁeozﬁoﬁ%ga eataé:’,p%slz%?a 150&(5%%1%5%(39:?15% éa%gr?ttr %Ia\e%ate and
said third gais d&e igsa_tsgqéﬂexcomarrp'dnéﬁgvoardsmi!nfe channgle af}:g)q.i%attll' rd
construction ereln said first gate 1s a floating gate,” sai secong gate

is a conipol Gate, angdesairdbhi rtgigats?_sltgmacggt BehayiAdmbBe bynchhongcef
both erase gate and gate for controlling a split channel. - 158 8. A
sen ccnduct orrd IS AtRG EinkC Wyt HIRY i 68 18t QfaiaN F dr0 tHeain@mb,rywWeeneaisn a
part of said third gate exists over said sem conductor region of the second
conducti vi ty dorpeact®d A arhec anmdheciteart dchiwegrdatlecheci rcuit devi ce accordi ng
to claim6, wherein said first gate is a floating gate, said second gate is
a control gate and sai dnt ivibig gabedigent etise egasanganelingentsre surface
of said third gate exists over said sem conductor region of the second

conduct i vi t y aBRde.ed glurs nge fihco RSt Ghttegrtat @ ¢l tth@e@is€éd S&ccor di ng
Lo clal mp. wherels) sald LIS LR Aor, LM S 51 bhgonegxde, [L1 m dopec
with nitfBgeate sig

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



11. A sem conductor integrated circuit device including a well of a first
conductivity type fornmed on a main surface of a sem conductor substrate, a
sem conductor region of a second conductivity type forned inside said well,
a first gate forned over said sem conductor substrate through a first
insulator film a second gate fornmed overlsaid first gate through a second
insulator filmand a third gate fornmed and isolated fromsaid first gate

t hrough a thivaripsupasomayi b papeteld: asafasehibgdgal eehd¥ tunctions of
both erase gate and gate for controlling a split channel. 12. A

sem conduct or ENRPEgraned &i teuft @edi Eee¥chaydi AgSPecEivenfgatusiperein said
third insulator filmis a silicon oxide filmdoped with nitrogen. 13. A
seni conduct or TPRFBEPEEedtREFcBYELEBVIBel DO BOY FREFHUFHYVE wel | of a
first conductivity type forngd on_a main surface of a sem con ugtor
substrate, a seni conduct®fr ﬁ?oﬂr%ﬁl%gs%%%ﬂ%t%%%dh%t?%??@CT?%e P or TR
~.nside sad a first te f oyer .sgj m d r ate
t hr ough a%%irﬁ?%%ﬁgufé§%§ %??n?oaﬁéggg%dyggfegngﬁﬁﬂ gggrggggdsfggggggate
through a secgagoi Bay! 8461 BE'Eh@”geleEE'E??ﬁ%}E&%QVHBQ #hd a§9£9£egi£éon1

said first gate through a third insul ator erein: a filmthicCkness

of said firstsigadlatecobi hAni Acoleater opbantthatinhl tahdossepnd y third
insulator film “14. A sem conductor integrated circuit device including a
wel | of a firgtagendutt tMet Mehipg EOLDBdeRDs8iAGI OnSUhéakeraf 1anes,

sem conductor substrate, a sem conductor region of a second conductivity
type forned i needefsaed wekl erasingsbtpgateibnr ord be¥ecospldtsanbgondact or
substrate through a first insulator film a second gate fornmed over said
first gatld t hppaghtaosecend thsubatberfillnvand ihhell gréeatbenethand
isolated fromsaid first gate through a third insulator film wherein: said
second gate cbaAPPPsEBeaPEPEERBBING| BNEF 3 PORFENDI BBALTT| APaddna weihl
silicide film and said thjrd gate _exists as it is buried into a space
bet ween sai d £PFSt2§aPERT BECoRmeseffRBMBLRt or integrated circuit device

according to claim 14, erein_said tal sjlicide filmis fungsten film
1G A semi conduct or intﬁg?bﬁ%ﬂt%fl%U?%h%éV?L%a%%c%? TRy T%ﬁ@]b? S which
has any of thgxfgglg?ﬁng are 1gDe cogfirgggg ns. g %igstncongtruction
wherein the spa@e Berwden®sai § Fl%gt gares rs d&f Phied By 8nd°Yaces of said
first gat p gt he extending direction of said second gate anong
the end Hgiesgéskggkaigffst gates; and a second construction wherein the
space between said firsfecgff eehésSréediNgdopyr£ndoh ages1 obe S@kghdinsd. gates
vertical to the extending direction of said second gate anong the end faces
of said firstrgateso AssenteanfdgcthartntrgwahgdtRer cimingdeyfcenénebadi ng a
well of a first conductivity type formed on a main surface of a

sem conduct oropebstiabe, a sem conductor region of a second conductivity
type forned inside said well, a first gate fornmed over said sem conductor
substrate through a first vhtliheozssuneqd thaecbne yemery orekds overtkeai d
first gate through a second insulator filmand a third gate fornmed and

i sol at ed ¥4 onrsaféngi phieght arehMeyghnd ¥ABr d THeil attdie fintiiaherel frI%ai d
second gate conprises,a siacked filmcontaining a netal film 18. A
seniconductorofn?égrﬁfgﬂa Fretft S8evFeela¥cording to claim 17, wherein said

second gate conpri ses stacked filmof a, polysiljicon,fi a_barrier netal
filmand a metal fiIn1aNeX€’ ghe output sidgnals éb and éin%f the gafte

decoder 20 are set to 3.3 V at the timing t0, and all the
word lines WL0OO to WL11l 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 tl.
The output signal GO of the gate decoder 20 is

set to 0 V at the timing t2.



19. A sem conductor integrated circuit device according to claim17,
wherein said third gate exists as it is buried into the space between said
first gates. 20. A sem conductor integrated circuit device - 161
according to claim17, which as any of the follow ng constructions: a first
construction wherein the space between sailb f+rst gates is defined by end
faces of said first gates parallel to the extending direction of said
second gates anong the Bhe R8sl of g FFigsiegaied Hie L g the
construction wherei n the space_between said fjrst gates. is defined b nd
faces of sai ©SFTPSECYRREK vEF 17 cdl Vi ot Ehe SR EREFFY TR ctith "gfoe]sa}r% &
second gates anong.the end faces of id fir ates, . 21.. A sem conductor

i nt egr at ed ci\?t:u"f1 d 4B %O %g@r%ﬁﬁgwﬁﬁé c‘_l”?aﬁirﬁ{i%fj WAt #%%i%%%%%‘?cgnet al
filmbelongs t group,of a tungsten film a titaniumfilm a tantalum
film a netalb$?$]ﬁ1%%le08\('a transition nmetal itself or its nitride filmor

its silicicde film an in it fid I il
nol ybdenur% silicide fi ﬁ\l(n%%a’ ﬁ%%n‘%lﬁi tunégls eanffl m o(;rft Aeél (ra%%]%ey ﬁtle?n;
22. A sem conguebQEyi hegEated €hrgusty devi ege aECRI My NE3 [ Garkd @ M 1P, 1 ¢whi ch
has any of the follow ng constructions: a first construction wherein the
space betweenzspl dedi tst At £5si 5t dgdtdedlf byhendeh@eesScofl sad deHe rst gates
parallel to the extending direction of said second gates anong the end
faces of saidréddShgosbesctand a second construction wherein the space
between said first gates is defined by end faces of said first gates
vertical to the extendiNextd rectin agpkied tsecdmnl glebdlGRiatgatleésiesong t he
end faces of said first gates. 23. A sem conductor integrated circuit
devi ce i Adl udPhgy an@elPllofromfihstsenseluci Foviiy 3§ pet forenddinima t4.
sem conductor substrate, a sem conductor region of a second conductivity
type forned inside sai Fwitherq okal shiarel 1§tk dhd-ho ANt 15 Hes
formed by conpecting said sem conductor regjion, select transistors for

Sgl ‘fi ’%}c’%ﬁld gate

sel ecting sai ' bRatleodteRat i FREAN 2&F d&th 7% e Gt
formed over said sem copductor integrat ubstr.ate thrqugh a first
insulator film a secon e‘(;;agfaetef o?%%%gnsgldqéo? t%lbef?eolrﬁcg]ta?carafrisi'lssttograt7eo
t hrough a secopd_jpsyl atog i rd. ljnes,_§or i ai.
secong gat es_,i)gn_%lég ?%)‘II %"dﬁ g\_étéeﬂ%}‘r{\grreglr_léinﬁgig%l a{&g% %le(?(r;qlglgjleyoﬁr{%gt% glf%_te
through asthifdyi Nyl @@L f Lk a0t favi HOc Kl ThERER) EaNLd IS dfemeai d

first and second gates and, wherein: a bundling portion of said third gates
exi sts betweegssghd Wosdi hgNELfXEELANY Blhe t DLt HCBE €862 POSiHHRN the sai d
select transistor inside a nenory cell block conprising said sel ect

transi stors atidré$ieopat €adiie Saf desel wetoty absist0l 24 . tHe sesadimngluct or
integrated circuit device according to claim 23, wherein a dunmy gate

exi sts bet weenb$acd bsintibwngn ponis orest, stie mémody gaeks Mhd saittiwwwed |ine
exi sting at the nearest position to said select transistor inside said
menory cel | bP¥cknd2she Acgeperbnilevdr AR egrsad toi td@ Crddwn ¢@ 1dé@&sr di ng
to claim14, which has any of the follow n - 163 constructions: a first

const ructifon Wheref ntha 1merosyi a@ethi¥et g%‘i?%st]é% ol | drt@iel 528 Penory

EFLLka;ﬁdpuggéggngétgétQgrtggemeggrgoéglffMé?ecggggeOEOs@Ly.n%ﬂgﬁyhéﬁal

threshold value of the memory cell M0l 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.



a second construction wherein every other of said third gates existing
inside said nenory cell block are bundled at the nenory cell block end. 26.
A sem conductor integrated circuit device according to claim23, wherein
all of said third gates existing inside said nenory cell block are bundl ed
at either one, or both, of the ends of -sdile menory cell block, and wherein
the selection signal of said third gate is generated froma sel ection

si gnal of sai ¥EADPYE cethre il "Pgbt,agl?s hdiha drenaiiedrat ed!3 reui t
devi ce according to claim23, wherein all of saiqc;leéihi rd 1’g_ates exi sti

i nsi de said rhe eI 1om b th el Bifdied GRREE Chet ot HIIEY g€ the

ds of id | 1, bl , i.d int ted ci. it devi havyi
of the 1ol | oVl BERSETRIL(Ton 1 V6t SEONE: FUCELON WieFenh “ChS GEFBCt | on
f the foll o'y | . t % uhere ct
renory cel | bbb SRS PR o i iR TREF L B8 8 7% ook

and a secand constsuctignahensl Rifile a6 k00 80na gl saldi hisrd gat

i s generated om a gat el ectionsign sai d sel’ect transistor. -

164 28. A semgorducyor integrated circuit device according to claim 24,
whi ch has any of the follow ng constructions: a first construction wherein

contact holes are di sposedtaiplsid thendidad mprddediataforsaitthe Rjatd gat es;
and a second construction wherein said third gate and said dumry gate are

connected threughah $DO0 asf ticd eselebta tedrediside. 7R%A s A i conducd ar
integrated circuit device according to claim?25, wherein: said third gate
is formed as Vtatsthertbsdingtiod t héss pace shdttwe anes aira ifisr 0 2gainels DO}t eridi ng
in a direction vertical to said word Iine; and a decoder for driving said
thi'rd gatl® i stk spersedy i tebhs HAemnd i@l raxcttiloh wadidid drert iae S0 A
sem conductor integrated circuit device according to claim?29, which has
any of the foPfbwfhomcoPRtFeRi® ostCi%i3%t construction wherein said

decoder for driving Sall\?e;th’l rtqlegagtleoblasl dclas aosleidneas:t e a%fd tDk}Jel eanrdes Soeft

to 0 V at the timing t7.
The output signal AGUOl 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. In consequence, the
20 selected word line WL00O 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 tll and the
reading operation is completed.
When the reading operation is conducted for the

memory cells MO0l and MO3 in this embodiment, the reading



said nmenory cell array; a second construction wherein said decoder for
driving said third gate is disposed adjacent to a bl ock decoder for
selecting said nmenory cell block; and a third construction wherein said
decoders for driving said third gate are so di sposed on both sides of said
menory cell arrays as to interpose said nienory cell array between them

adj acent to said block decoder for - 1G5 selecting said nenory cel
bl ock. 31. AVOPIAER ioh aRRHRE shurine B RAKISH Shtedréatidd Eiiduithedevi ce

including a well of a first conductivity type forned on, a main surface of a
seni conduct or9&kfstrHEL %—F%rﬁfc&%&%ecr%gﬁw%S?%&@orﬁafg}ﬂﬁj&'iaav&°y
type forned inside said well, irst gate for over, said m cqnduct or
substrate throtiyPats isrls‘-’rm?%ﬁﬁaoaddjr f§ Sae]seeccmg%&adhsﬁés Oorrrfeog Bver'Ssai d
first gate throu second insul atar, fi . and thir te and
sol at od {ront SHTH FTTere Pars T Bl T vh e o e e sai d
vel1 of t8e Iddef. Capduellvidly bype he abed:RaLYBR: cRROILAMILAG 8 HRde by

applying a positive voltage relative to voltages of said third gate, said

wel | ‘and a soiceds aned Jhe-d Ll oo S@l diseMiconduyat Gfoe@en s
applied to a control gate as said second gate and to a drain as the other

region of sai¢hsSedsondusdd v L8 S Had i SrdBdeydeamE ying a
positive voltage relative to a voltage of said control gate to said third
gate. 32. An gpeliadd ofo ik lafcte S endrennduaildr. | Thegedbed, cithdgi t devi ce
according to claim31, wherein the absolute value of the voltage of said
third gate i ssysmednh erart Hen daiat nofstt hep tviota lageo wofreslad »di roprtragin ghitss uwdhlr.i ng
programm ng. 33. An operation nethod of a sem conductor - 166 integrated
circuit d6vi des avedrith Mginina|cef il wastteriine avditsrad buthieorpofigthgate

t hreshol d val ue generated by said programm ng operation is at |east four

|l evel s. 34. APHmFatath Whe gt Wil amiRe aPRISATEE9 fdttudi ng a wel |
of a first conductivity type faormed in a main surface of a sem conductor
SUbstr at o, & SO CHUTIBIY 6 B GroE Getont oG A Tb e For mod
e, 5200 Bl B d 2oL T AL S AP SO A
170101, 2, OO A A  at g, aake LoTed 00 ttol oo, {1 om
first conductyyid Yol ¥PE y Srdt At Jo/Pe;

When the reading operation is conducted for the
memory cells MOO 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 MOZ 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



programm ng i s made by applying a negative voltage relative to voltages of
said third,gate, said well and a source as one of the regions of said

sem conductor region to a control gate as said second gate and to a drain
as the other region of said sem conductor region; and erasing is made by
applying a positive voltage relative te tlAi& voltage of said control gate to
said third gate. 35. An operation nmethod of a sem conductor integrated
circuit devicel ddticy EXRY AT Al A T34 Mofifdrveiek AMPd egh SHILHE V& W&Yof t he
voltage of said third gate is |ower than that of the voltage of said
control gate FSX Jt}%erati on method of a semconductor - 1G7
integrated circuit device according to claima34, wherein.a distribution of
the threshol d val ue gehf@tx&t’e %ﬁyasdg(’ia&%ﬁlggﬁr Simi-h§ 8&&?&?90%%@“& YE§st
four levels. 3 7. An eration net.hod of .a,sem caonductor _integrated circuit
devi ce i ncl ud?%dray v\%‘ﬂIfi St 8 ier%utlp(?cé)ar?‘d)ﬁqclt%lhvieéthfle tafﬁésftorg%% iw%lg ?rr)gi n

surface ot a 1 C. : t.rat ) cenduc I i nsi de
said well E a %?éﬂsafﬂ%gfg}#g} ﬁ}eé?eor\r/egjrceesé:?)d%ggﬁi %gridu’gﬁ%r E%%E%Pg?%@gr ough a
first insulat i -e&gﬂ gt g Jeor, over i dcfir; hr ough a
second i nsul aﬁ)tréda]}n eefﬁtcflll r gcate foc];err\e?dr]rl%glr?d\{LE%SCEI%L t'ec?lf r%%l%gllte% Irst gate
through a thiygedusul find idyBe Weaidiycesal dowaly tofat! heafidsstene
conductivity type is of an n'type; programring is made by applying a

posi tive vol tagei el st d @ fvaiagesmordy srild st kidjé gatte tosaingd weldthand a
source as one of the regions of said sem conductor region to a control gate
as sai d seconih gate;waardd ldmesicigracs imade amyl aphledtng ransdsittonse fval t age
relative to the voltage of said control gate to said third gate. 38. An
oper at i ohOnet$wik diirg dve conldiegeorod ritheydhtfda sdione diatyedewiige dccdhdi ng to
claim 37, wherein the absolute value of the voltage of said third gate is
smal | er than d%kn gfoktfge Jragandbftheqis@ et VoIl tgaee SS39. Tha epéfrsion

met hod of a sem conductor integrated circuit device according to claim 37,
wherei n a di st3YPUtIGiE ofS tIROTIFEAY Va8 F BedeCRtéd Iy esaind to thes
progranm ng operatian is at |east .four .levels. 40. ,An operatjon nmethod of a
sem conduct oré)‘??ﬁceeggdt’bed tg\rroé‘lﬁ tabe\/is@elﬁcﬁcﬂru&irﬁé’s&%rﬁ (?F‘d;a%faisréatn

conduct i vi ty fype.d oiimd Ga JElL AU ace 0, 3 SETLSHUIYSIE pubsf rate, a

sem conductor Ttegio a sec conductivity type formed insi id well,
a first gate forymd; aver 1Al S L YHUGhRYy SdistiAlR 10l Qugh R fist
insulator film a second gate formed over said first gate through a second
insulator filtnantbm tihidd gt iimthednd Hes Alratied vidnemgeaiit fappati sgat e
through a third insulator film wherein: said well of the first
conductivity typehd dafira It toree mgoagr a8lilng TRemadeiby agppkyi Agea
positive voltage relative to voltages of said third gate and a source as
one of the regirohksedfasaiad asehsdaudther legikor ncempase®d &y dgadtee as sai d
second gate and to a drain as the other region of said sem conductor

regi on; and etekegiy HrantHd ds AN EVRT va ofdgat imeaord! tedd esli@dend i@ t he
vol tage of said well to said control gate while keeping the voltage of said
third gat@ atthe wourd 1ife hereftiisP net hod of a semi conductor integrated

circuit device accordi to claim4o0, elraﬁi n %he absol ut e :ial ue .of ;said
third gate is smaller tRa®TREE P FE2FoPdgE NG MEARH Y GRS SFacEing

on one word line in such a semiconductor integrated
circuit device, the operation can be completed by the
operations made twice that are minimum necessary in the
25 wvirtual ground type memory cell array.
The operation of this semiconductor integrated
circuit device will be explained. In the wvirtual ground

type memory cell, the drains and sources of the memory



42. An operation nethod of a sem conductor integrated circuit device
according to claim40, wherein a distribution of the threshold voltage
generated by said - 169 programm ng operation is at |east four |evels.
43. An operation nethod of a sem conductor integrated circuit device
including a well of a first conductivity iype forned on a main surface of a
sem conductor substrate, a sem conductor region of a second conductivity
type formed ieelbe adiacert |toot¢ratoee Forvhel wid kel S eorffuct or
substrate through a first insulator film a second gate faqrnmed over said
first gate tmerghharadcoddaref@rsrorhEn mheasd & erivintd Vet IS 7€ and

isolated fromsajd first gat through athird insulator film wherein: said

wel | of the FRPRIIEDNRICHITi €52159efPe IS S PSR 2DroyrdMm ng i s made by
| yi it | t | at i t | £ f id. thi id
vl and o SovreEt S ERG B R biF e AR e A AR Tl 2
control gate as sald second \98£€a§é‘d5§0,8@5 Mg ns‘?fté}lﬂ@d%pe{hé e&bPﬁf}E’f sai d
seni conduct or®tegron; and erasTRg 1s hamde by applying a positive voltage

relative to the.vol{age,ef;sabd) contd ol Qals (3 sl wall +14meid gperati on

met hod of a sem conductor integrated circuit device according to claim43,
wherein the abspisit&xVat ey 0bntHge Vbt @0Ei 9, Sthdrd hofdl, gaie diSe sl drey
than that of the voltage of said control gate. 45. An operation nethod of a
seni conduct ormih 8t elgé atefldet t€di 4t devhce aeLos di g summiclaitna43 thehearsasiis ta
distribution of the threshold voltage generated by said - 170

programi ng opetasi ORGOE abdl »@Bl) fdorndeveksst 48nd Anhapetlat i dra et hod of a
sem conductor integrated circuit device including a well of a first
cohduct i Vit y v9peagerhedappldednte BOZf afer ofxampien coREUBEDIN STDLERI e, a
sem conductor region of a second conductivity type forned inside said well,
a second gat elforRRYiedefoshhe fraip ght BN NASLQRY aC8LoP FARutGtr film
and a third gate forned and isolated fromsaid gate.through a third

i nsul ator filfdfhefePt? 2afdaherPeofaPhet +1¢ st TRONFRIP VP 2YDetTs of an
t X 1 i de b | yi ti | £ | at. t

Vol 1 ages of “saPRLbER| Canthe SPHFCE b BRE BFTORY TRbTofd Gre shrgt sides

sem conduct or [ £gi Qf), tbori%%aéﬁé %erﬁog} F a5 said, sc%ceg%%ee.@f“%ﬁi%rﬁ egi n

as the other F%gl‘on of "'salt Sem co tor r'egion; erasing 1s made by
app! yi ng ne lve e;Le [ t 0; t jd t aid
contr ol glgjte gﬁ%?‘é Yﬁgk%/g?t ééegﬁiggga %%?§d¥ggt§9?§Pigﬁ§aa?M%£%/ %é An
operati on net Bgge0fo2r5681 ROBHUBLOLpHNL £Gr Bbeeh&i fesih €eyécepasrprebag to
cl aim46, wherein the absolute value of the voltage of said third gate is
smal | er than thateobréhetwoprageanf osardadoall othgahemod§, cAnloperati on

met hod of a sem conductor integrated circuit device according to claim46,
wher ei n a di seriibtifingnonfonhewbhdedhoed vhtuepgeatianedmbgtshéd progranmi ng
operation is at |east four |evels. 49. An operation nethod of a

serm conduct or condugked fausgpatBETEi FENRE @RYI eEei ARt uBRAE2RLAefPr oflE
first conductivity type formed in a main surface of a sem conductor
substrat &0 a BéahceREREL BPEFRGLBA - of I SERIond- RO iRt T ARYYF §]fpe f or med
inside said well, a first_ gate fqrned over _said sem,conductor.sybstyrate
through a fi r%PtFﬁ§EF§FoFlgFPFﬂ: §e¥é58n8 gﬁﬁésfﬁ?‘ﬁﬁal@%?g é%%“???&ﬁ at e

(I cueh 2 Secant; LOSULELST (REbT BAERgbB) Y, MRS L stdclate dam
AGO01l) 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. In other words, when the
drain voltage is applied to D02, the assist gate (AGO00) 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



said well of the first conductivity type is of an n type; programmng is
made by applying a negative voltage relative to voltages of said third
gate, said well and a source as one of the regions of said sem conduct or

| ayer to a control gate as said second gate and to a drain as the other

regi on of said sem conductor region; and lt@asing is nade by applying a
positive voltage relative to the voltage of said _control gate to said well.
50. An oper at Po#- MWWG%%mMG&%rtW%t%% EFiStiog trdépecord
according to claim49, wherein the absolute val ue of the voltage of said
third gate istih@l3ef PRABT RS ofT tFRAY P iagetdt REFPERR rAT Re. 51. An
operation nethod of a sem conductor_jntegrated cjrcuit device according to
clai m 49, wheFRPRIGEET SPYi bligi ORSHt19Rs ?’W%%h%‘fjdc‘?/a’f%t feerTt Ty sai d
progranm ng operation is at. least, four levels. 52. An eration_ nethod of a
seniconductorg?ﬁ?%§?5¥eﬁnc#P%UY rﬁ%%#c r??ﬁétﬁﬁ?ﬁ)?ﬁ%&;f)%éﬁéi?ﬁﬁ%%' - 172
conductivigty type for i i f ; 'jgggglm r e, a
sem conduc5t or region (%é &%%ﬁr:%l‘%onﬁ ué:fsﬁsclr?yasfsyl;sgﬂ or ned(ilsﬁsﬁ%%ﬂ?acf ?Owel |,
a first gate {QinedhOVEhaSatYr SERE CQOPHUCH Of 1 SHPSE r@d @i ddIr OpIgh, £ f i 1 st
insulator film a second gate fornmed over said first gate through a second
insulator filgpaddnéntitdogate fornmed and isolated fromsaid first gate
through a third insulator film wherein: said well of the first
conductivity type is ofNe&xt, e, ngeagd o Mg | tchaTaoel dnyt s g or
positive voltage relative to voltages of said well and a source as one of
the regi ons ofisailde serproandedtwith egeferdnca configpl Hat e Fadgy .sdi2d second
gate and to a drain as the other region of said sem conductor region; and
erasi ng il9 nagkoby appiycngtadpasranviehan| theese ket i veandister viod t age of
said control gate to said third gate. 53. An operation nethod of a

sem conduct or 3i fPRYPAL edN@i FETH t SR VFRRV R oF HF Figt ¥ A3 B 3 SR)eMhiEY e s t he
absol ute value of said third gate is snaller than that of the voltage of

said control Bate dil ithf SEM VPR ig §FRHG D F L isA L tafeyd&easinon

t hod of i d | nt t i i i i t | ai m 52,
Wherein a disthi iRt on8r Hhe FreLEfaruroh [ROGenErfEa s &t i dim n
operation Is éélieé‘@%p;.?é'és' ENE! §1£P0s1 W %@‘iéfit\b?f'e nﬂdﬁ'%ﬂ @jﬁ”cu't
sem conductor - Tntegrated circuit deVice theluding a well of a

first conductiyEiyadyPend OEBRECE N Ba B S SHI # SE O ¢ n g 85 £0alICT OF
substrate, a sem conductor region of a second conductivity type forned

inside said welffugibhrsiyeat @ifor SEAL Y ese Bad e & Ol SONALEIRI LisADSIf at e
through a first insulator film a second gate formed over said first gate

through a second iunselatoedfblerkandinerd e gatanifioriied kg isseated from
said first gate through a third insulator film wherein: said well of the
first conductselegttypensssbbra(PigypeZApr oghanivag ¢5 tmeled bffapipbryi ng a
positive voltage relative to voltages of said well and a source as one of
t he regi ons olagardwsedi eandbet Brdeegd oand ot ke cohih ofPeRd eorer 3kl on sednd

gate, to said third gate and to a drain as the other region of said
SeniCondﬁg%orb?eﬁ?%ﬁucéﬁﬁ' 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



erasing is made by applying a negative voltage relative to the voltage of
said well to said control gate. 56. An operation nmethod of a sem conductor
integrated circuit device according to claimb55, wherein the absol ute val ue
of the voltage of said third gate is snmaller than that of the voltage of
said control gate during said progranm-ng2dperation. 57. An operation

met hod of a sem conductor integrated circuit device according to claim 55,
wherein a di S8 RGER DN Hde mashdlid e dive Jerfdrratidd Ay CO3TE S redSsmi ng
operation is at |east four |evels. - 174 Sg, An operation nethod of a
seni conduct ort4ft &fr KT RECiFTAARS devi ce including a wel | of a first
conductivity type for in a i.n surface of a sem conductor~subst.rate, a
seni conduct or regi on g&%%@&?ﬁ?%@ﬁ uc?tair\/iatcfofqyéég}loPﬁ&&%i ﬁ&i%‘%&f’é‘ wel |,
a first gate JOrRd PN Saldl 2ol LandugLaESUbSLRaLe: LYLeyaR Bel Lhs!
insulator film as ond gate fornmed over sai Irst gate through a second
i nsul atorcfil - i d t : isolated fromsaid first gate

t hr ough a5t hisigdqﬁ%uﬁaraétdgrg'f iﬁaeev%%l% aaggji\}f'mel | of the first
conductivity type is ofpig & di€irePhAINAME RGH1% iFRGE WX nARRIFRIRG R to
positive voltage relative to voltages of said well and a source as one of
the regions afi Al seyALonductor region to a control gate as said second
gate, to said third gate and to a drain as the other region of said

sem conduct or region; and telfeasidiy dohdimde by nappinsdted aipesiiti dewlalt age
relative to the voltage of said control gate to said well. 59. An operation
nmet hod of a semvwondud®ior. i 73 edriat etbroiea cuitcuwidyicmressEditey the cl ai m 58,
vvhgrei n the absolute value of the voltage of said third gate is smaller

t han t hatOof glmoaloldade iinshld @BhtroldiFaasafurmaty Hid Py &frearff rfde
operation. 60. An operation nethod of a sem conductor infegrated circuit
devi ce accor diiPS @I MmO TS &F 1 ¥t APutioh B di@A¥5%shol d

volLage gener et by SBL G ey QLA N8 SPAION Lo L, Lnst fou
devi i I i |  of, fi ductivi,ty t f d_i i

device el v g o vall coh 2 L1 SLEORHEL Wk, sl RLARG LA R
conduct i vi ty Jyae, £ OJEd 115l A, Salfl welds o g ddd sty qatee Joripd guen,sai d

sem conduct or rate rough a nsulator film a second gate

fornmed oyer sald fdisd gatend Hapah, asecond insulator film and a third
gate forned and isolated fromsaid first gate through a third insul ator

film wherein: said weliln afhd henfidsidueardudtntedna teype iireudft algyitogpe;
programm ng i s made by applying a positive voltage relative to voltages of
said wel | anclowoulceras. e, adwiteh N onsarofi sains e ducteorpasgl on
to a control gate as said second gate, to said third gate and to a drain as
the ot her rediehwedn sdiel senseonduetiors r¥yi omnegiedrtasithye il ahade data
applying a positive vol taghe relative to a voltage of said control gate to
sai d source oringg dPldreg rthaR. ons TETatGore et Han dfe &1 5 hi Idb riAIET Bt
integrated circuit device according to claim6l, wherein the absol ute val ue

of the véPtaddy dF"SH P rdf it e ieS ffad | &P th&S YRy &Pt RENEFt age of
?naalit gogog; r gl < a-tcgtbﬂﬂr | (?gciosr?riefjcg%gtrgmengglOcHoearJ.até.aotna 16i3ﬂesArbLOpcea[natk;eon
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]



integrated circuit device according to claim61, wherein a distribution of
the threshol d val ue generated by said progranm ng operation is at |east
four levels. 64. An operation nethod of a sem conductor integrated circuit
device including a well of a first conductivity type formed in a main
surface of a semiconductor substrate, & slé® conductor region of a second
conductivity type forned inside said well, a first % te fornmed over said
seni conduct or subst r at € 4% olighSa F iFHC Y irks A R5FA™ | ﬁlrﬂmélgsecond gate
formed over said first. gate through a second insulator film_and ad;hird
gate formed &RPTRERA e AT & efic?étt tseerqlrﬁmta?rt HiTF 95 Rt or
film wherein;, sai | 1. of the first .co ctivity type i.s of type;

pr ogr ami ng i §* fatle \tljge\éjp%? y?%%o%dlnne%attcf \r;hgrkbvoo Jtaegr%e/t re)elloa it\ﬁfee tpor%\r/%oq‘itages of
said wel | and a squrce as one of the regions of said sen conductor region
to a control ‘gate as said second gate, to said third gate and to a drain as
the othergregion of saif,sSeELRNAGIYL 63t @Y rARM iasiNg ideviRde oy
applying a positive voltage relative to the voltage of said control gate to
sai d third gatig. s GonbNN oer afd o MRStk of roin SRBDINd or [imtegy at ed
circuit device according to claim64, wherein the absolute value of the

vol tage of sadwrdrdydmegatef ishenedlert thrandihmiornd dre v itrageeafatiaing
control gate - 177 during said progranmm ng operation. 66. An operation
met hod of a Seni comslucdrosry ntelgiratesnain cuichawged e mocdatditngft o ¢l ai m 64,
wherein a distribution of the threshold val ue generated by said progranmm ng
operation is Enbdadiesnt olr | evels. 67. An operation nethod of a

sem conductor integrated circuit device including a well of a first
cohducti ¥Pty type for B 9ueiP s FhsurPRle et iers &f T IErer Ys @5dtlr &%, a

sem conductor region of a second conductivity t formed .insjde said well,
a first gate ¥4 Percet P c%qqrdtﬁﬁ%rm%?fb‘&)ﬁ%ﬁoé:kt'hr r#lafeff‘isr"'sotn

i nsul ator fil a second e f d over, said fir.st e throygh a second
i nsul ator fi !%ye_aﬁd” Jar‘?%il?@ gt géﬁran%aéetahned_vf%ro At %Q%Lrﬁ Said T1Tst" gate
thr OUQh. at h'géj ﬁlﬂ?&’é PrErILﬂéc?Immr'P'amd %@J!Pl Vﬁé lhé%fcfﬁkheonfi'tfﬁ%td. One
conductivity type is of an n type; programmng 1s made "by applying a

negative voltage, r&el aldye tohypltagessdfesaibyel o and A SUNSLE AS e of
the regions of said sem conductor region to a control gatée as salid second

gate, tojsai diggds bt Bovde diud oif addrrasditmptdieri ey e mal do

sem conduct or region; and erasing is nade by applying a negative voltage
relative to tiw0 vald ages ddrsah b fvedle toe sadtd toagidtgat® 68.coltmeapaydat i on
met hod of a sem conductor integrated circuit device according to claim67,
wherein the absothe edivifueigf ldwewvolisge D]l s DGhiind et esde way BES
smal l er than that of the voltage of said control gate during said
progranmm ng operEnbedingtt An phenatthen seetrised oéf theserilestdteppsistor
integrated circujit device according to claim67, wherein a distribution of

the threshol d Yal U YErRG ER @ dt Dyt T Py rdahf ngt Bpldt idhn the atPRSFast

f | l.s. 70 t] t hod of a 1 t i ted ci it

devi ce 1 R0r udtith S T SH B TR (R T b TTHE o e o e
f f i duct b t j i f .ond

conductivity TIPe T I ted] iotae S S FFLAAE s (O b BRP A

seri conduct of Sibat 2 4 hipudl, & dd rstnd Nl aidan Gkl 1 onReaRdqofbe

formed over sa gate through a second i nsul ator I'm and a third

gate forned ayyuk isQhatedt fxomsald fid Sipat ddrorighea did fuk il ds Ul Aty
film wherein: said well of the first conductivity type is of an n type;
wire Dn (DOl to D04), 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



programm ng i s made by applying a negative voltage relative to said well
and a source as one of the regions of said sem conductor region to a

control gate as said second gate and a drain as the other region of said
sem conductor region; and erasing is made by applying a positive voltage

relative to the voltage of said control-gag@ to said well. 71. An operation
met hod of a sem conductor integrated circuit device according to claim 70,
wherein an ab38F@Few&Fr§eDdf said third gate is smaller than that - 179

of the voltage of said control gate during. said progranm ng operation. 72.
An operation nethod of al8eRfEBNYLERdE ihtepPabkadct? ctibe drbeeechckldR di ng
to claim 70, wherein,a distributgﬁn gt the threshold vaLue ener ated hy
sai d progrannFﬁ3685eF5FP5ﬁsF§rﬁt e8892F80F FBvENE. 37]thArphbfeorord
produci ng a sem conductor integrated, circui.t device, conpri,si t he steps
of: (a) form RGNS RETECGHOR fr 83 TEGRARBL T GPEySYGHE PREGT SBAT bBAGHGE or

bstrate;: (b )., I x|l t ca . first t
ai d som condURrer AuBerraraul RFShoReher Prarar asara: PET oh PeEFhr fnde s
seni conduct or 4k ¢¢{,9R off 1ayé§09|@9esogggst:bx§t Yol ¥RE g%g@ﬁalﬁod@'c}a &1 such

a manner as to extend in parallel w sald pattern; ormng a third

insulator filgiirest beospasesdehi ged BYspakdqskbi-peakhkelpakt ermyo and
burying a third gate into said space of said pattern; and (e) formng a
second gate patféuBibn $H¢BrawiBEBEDnagstoiaxtendohnNoAedilebhionavegrti cal
to said stripe-like pattern. 7, A nethod of producing a sem conductor

i ntegrated cild¢oet Dievi ce according to claim 73, wherein said striplike
pattern to function as said first gate is patterned in such a nanner as to
be 'symmet¥Gc with respein seckaddcohstrughien afhdtkaiskelédtdiganeissors,
patterned in such a manner as to be symmetric with respect to said
stripe-1ike the|gatepgigeph. ofstha fpifel brapsbabier ngompseateohduct or
integrated circuit device according to claim 73, which has any of the

fol | owi ng netﬁéH@:WérFPr§Prn€PﬁBdbchForﬁPﬁgt§§iEPP%%FﬂtbQPetFngacﬁfa

that t L f sajd third. gat i st id,
e conduct o "PBGPBHEGF PRb CGEEORR BRBUREPSE £ EEgher TARRS Ao Eet PRASFBHRod

of form ng saj ird te i u . t hat art of . said thir ate
exi sts over sg?ékgg%iggﬁdﬁgpg?§r%ngﬁg§Pg§%é ggﬁé%ﬁﬂ%ﬁﬁﬁﬁ%%ﬁyiﬁﬂp?@ﬂg¥g76.
A nmethod 0f predugi Dg1fa @”1:_89”980585.1Eé&egkééﬁdtﬁérQﬁb&cge%%a?ﬁcord' ng

to claim73) wherein said third gate 1s fornmed in such a manner at a part

t hereof existgeovebl§ardaspEECONdyCtRE E€8HO8 BfethEiSECOAA KONdUCtiVity
type, and said sem conductor region of the second conductivity type is

fornmed by til teddihonednplsivad itore AL £ufs et hiodyf wWirnegliaidy in common
sem conductor integrated circuit device according to claim73, wherein said
third insul at onef globad dasil Ltoa, okhdeafrbhngdopet afttbhai giogeh. dd@Ba A
met hod of producing a sem conductor integrated circuit device according to
claim 74, whetenf 3afdthhi pengateirsuisraeuneatedl toathgnfiennen bacened
stripe-like pattern. 79, A nethod of producing a sem conductor integrated
circuit ddic82SeBRplPEi AgetRELeRepanobe Fajaredin nda REAITF QF figast
conductivity gXEethshggogysgglfgnggggggnguggtggéeWord 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



- 181 (b) formng a first gate over said sem conductor substrate through a
first insulator film (c) formng a sem conductor region of a second
conductivity type inside said well; (d) formng a third insulator filmin a
space defined by said first gate, and formng said third gate in such a
manner as to bury the space of said patterdd -and (e) formng a second gate;
wherein said third gate is patterned so that the surface of said third gate
is | ower thanathengereREeChfMeBAPHYfFEsl @areyssPlackeddeaders provkci ng a
sem conductor .integrated circuit device according to claim79, which has
any of the foffEARAES meehedsOt LErpedimeRtndd o fioidr mP sdilg MEMFYgat e so
that the entire%iurfgce of said %h%rd gate, exists over sajd_sem conductor

region of theS8ELdnAt cHRBAELTSIES £yhe: ¢ ant a¥REentlFrethbtd )72 %% m hif sai d
third gate so t.a rt _of.said third_gate, exists over_sajd sem canductor
regi on of the(éggoﬁﬂngghaﬁc?%é?t§stg%%.a%ﬁ?si‘%%Y%bda{ﬁ ?Péi&ﬁgrﬁfeﬁke

sem conduct or_J r i | j C or dj i m.Z, rein said
third gatg isé%ﬁéﬁgdg%ggs§%%§g¥%%ﬁ§%¢ ?ﬁ:fﬁbép%r o%ﬁb%@?d Fﬁifhwggtgoexists
over said 59”5§0998C£9ﬁiﬁﬁ9&99r9£ hbersecef CARONCE] Y tind VPfo f%mhfﬁgﬁ
sem conductor region of the second conductivity type is forned %y tilted
ion inplantattplsing-ad82re8dind SBEHLLI Ghs Ps POLCE NPerRi SERNAEORWIHICT OF
integrated circuit device according to claim79, wherein said third
insulator filphtégdabélii €0AcOXE dge¥ite Hopetly Mid $é1sOgerraddis#oiet hod of
produci ng a sem conductor integrated circuit device including a well of a
first conducttcunhsyrtypeos osfrethds embad iment f ade cifdedm taTiyGorduct Gre
substrate, a sem conductor region of a second conductivity type forned

i nsi de sdi0d wehdvwsaafmesorygatel I oznedy o¥erisni tvadrm eonslucind wenbdt rat e
through a first insulator fil a second gate formed over_said first gate

t hrough a secbh@ef n8ll &k 0P| Phpclands at¥hi Yol bt ehe ovker hrde s ol e dPH rom
said first gate through a third insulator film wherein: said second gate
conprises a | 4% h¥Pe filtsmBP E5AARS 19% &R S ianidve Tt efecan s&uctiigd film
and the formation, of said, second gate is conducted after the formation of
said third gat®" 39 ?Oﬁ‘ﬁﬂThB%do?g%¥%ﬁﬁtih@ %Fgﬁﬁﬁ?i%ﬁnmior i nt egr at ed
circuit device accordi tg claim83 erein said netal, silicide filmis a
tungsten silicide fil mnlgn &ﬁﬁmﬁ?ﬂ%%eﬁ clpnntaeLﬁ:I[aotrecl} n lergcruaj’_tted;pecvllrcceui t
device i ngf Udbf‘ggﬁiWéMQéirﬁelfl{rﬁo&ﬁnﬂycﬁ“i%lty6,ty'&’?e TRLHEEl [ arra

sen conduct or substrate, a sem conductor region of "a second con uct|V|¥y
type formed iggi densakds ¥et | gat OCRE S5 C&Y dat e I Nesk fd fBgk bys gonnget i ng
sai d seni conductor regions, select transistors for selecting said |ocal

sour ce/ dat a | stesde@odér S€0 gatiee f @i teddoyede ad @, St cosmiet of r St e
through a first insulator film a second gate fornmed and isolated fromsaid
first gate thiougbha secsmdcinswlatd® dnd nthewrard i dessoder e yhe osamect i ng
said second gates, and a third gate formed and isolated fromsaid first
gate t hrough asthhesei afFmbodinenim And Theyiary aamaginkehndr dm whiedt itdve from
those of said first and second gates, menory cells on said | ocal source

li nes and 0 ocaPPudeaoie he st @i 3t b s PR RS thansindwreh ddstdalidti ng
menory cel | blocks,?ﬁaid menpry cell bl ocks being arranged in the word |ine

directi on and®Ebm%t?Y RRAG"H FenerY TRIF ArREGYE vkt S Mk RF porti on
posi (1 0n 10 SHTG SOP AT T Tanet S1oro] nErHe SaF ety Lo MG T ho.
gate of said ?E%@ﬁér}r€wgi§$f¥dsion 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.



- 184 every other third gates existing inside said nenory cell block are
bundl ed at .one of the ends of said nenory cell block; one each power source
line are so disposed in the sanme direction as said word |lines on both sides
of said nmenory cell block as to interpose said nenory cell block between
them and signal lines disposed in a difetidbon vertical to said word |ines;
and said |ocal source/data |ines are connected to either one, or both, of
sai d signal lines inside2chikloohetn sbluFtecThediienough SuFRP 3T ect
transistor. 86. A sem conductor integrated circuit device according to
clai m 85, whi EWYRAET aRFLbY YhEhfB?FB%FEgt€oEE?rﬁc?¥bﬁs!w%r?i}é?e

construction erejn_an filth_én' ig{eqs{_ | ocal source/data line is
connected to SAFH2EiGRaPIFEREIGE) oneltbf hits O1° SHF 8 &9 bl ock
t hrough said sehgct rans%gtog gﬁd an %n+%éthalogalfsggécglggta Iégf IS
connected to %%.dcéigh%? Pne"dt “PRe” 3 er T eha®5Fe s3f d nenn?y telr ock

t hrough saj d §?£§$t86r§Q§i§éo£éd§99d? second construction wherein an nth
(n: integer) local source Trne is connected to said power source |line at

one of the ends of saidrpeppiy &bbaPhOSK, LK sakdysgl gcdrtypsi stor,
and an (n+l)th |l ocal source/data line is connected to Said power source
line at the ot8eecentrohssatdrHendry¥1cghbdbl Ackhé hwerghl sakddseteetion
transistor. 87. A sem conductor integrated circuit device - 185
according to gtai 4iB8bcreher eon onerofoshed HoEalssSonr tefdataiténesnds
connected to said signal line at one of the ends of said nenory cell block
t hrough sai d setkcblbchnsospoiseanflous sondetieredst o sai d power source |ine
at the other end of said nenory cell block through said select transistor.
88. A serti®conductor i ntBeerefarei rche tapeli cat bet ot tiheg t @f ctlag ns@5rcavhi ch
has any of the follow ng constructions: a first construction wherein one of
sai d si gnal IVﬁé%aa?sﬁbgeﬁh?naEPHF?éE%PBntW@%PGCQf thesarginovaltrase is
shared by two of said |ocal source/data |ines; a second construction

wher ei n, when®8Ri 8¢| 885l 2EBLFERF 4AYa 1T AN S AP gt F39h et £

ted th .said | t I st th ti ' t
Cai d Som condBEE b SRedf BR* oF"SaF AULEF ok EF dRs T 6T oF<bnt ThESEH el dY | Bhent
f m o ; [ rranststor on f
cara momory oaFToRFobReaLToh PEBRCe ALER PRI0T, I 48 L,

line is ghar eée@Ysté@QiQEiﬁgi dnBRR Yo e8! h i RLogks: ¥§o§9&ﬁ$\8d0895}é5&t59£‘,
wherein said local source/data line is connected to Said signal line wred

in a directioga¥prbpeahtionsabfl ¥erdohpnettrpvyghnsabgeset e6hst hansi stor, a
sense circuit is connected to said signal line, said sense circuit

connected to anioéh thati ategeiyrisugnaécbksperyysisonhectedtaktl ogeoofidt he
ends of a nenory cell array conprising a plurality of nmenory cell bl ocks,
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 MO03. First, the initial voltage of all the
signals is 0 V.
25 Next, the output signals GO0 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-



- 186 and said sense circuit connected to an (n+l)th signal line is
connected at the other end of said nenory cell array; and a fifth
construction wherein a switch is interposed between said signal line
connected to said | ocal source/data |ine through said select transistor and
said sense circuit, and one sense circuitlZ@m be shared by a plurality of
said signal lines when said smﬁtcg S 2? ed over. 89. ﬁ#senico duct or

i nt egr at ed ci?%%??eﬂe€9cénaEE%rﬂ? %CY%g aﬂ?ﬁ*Sﬁ? hE cHe f i thetti udes a
first select transist?r for connecting a signal line wired in a direction
vertical to sht®Wrd tine and an nth (n: integer) local source/drain |ine,

a second sel ect transi Sfrg)é é@{%gfn&egﬁgln%os%)? @ﬁ%eiantsg O(_,Tpceoclépezd/viirsed in

the sane direction as said Wor ineeto one 0 sai'd nmenory cell

bl ock and an éggl&éholgcg.& §}9é”€f1{1£’1%atif ne, a third select transistor for

connecting sard signal |line and saird”(n+l)th | ocal source/date |line and a

fourth selsect transistofy fO5n SORNGEEd NG 1821 £b RAOVERIG SRYEe dddgg ed in the
sanme direction as said word line and said nth |ocal source/data line to the

other end of sgédigenmsyseebttbhaskochesein v hendalessignad$ wWirdai d
first and second select transistors are the sane signal; and the gate
signal s of salthéhwrel ahe 6ourihd sehectotd anbhes Wbl @rand ELSanmsidmal .
90. A sem conductor integrated circuit device - 187 including a well of
a first conduthevingelgpecdobhedkiara eV conduct or substrate, a
sem conductor region of a second conductivity type forned inside said well,
| ocal source/data |inesTHeremweeby SormctAG sl dcheem soriductadre regi on,
select transistors for selecting said |ocal source/data lines, a first gate
formed ovér sBPECIRFI tONHBCERF SULStY atle BB obMR 1§ SANF s atDr film a
second gate for mlad <glnd i sol ated, from sai d_gate through aljzeconohi nsul at or
film word |iARRIFSInEY BYS cORRESti FUES P H St IR YSY 21 hitf & 3%ird gate
formed and isglated fromsaid tt_i rst gate through a third insulator filmand
havi ng a di f f2F 8RS FIHe? | 3R FFom t hose of said first and second gates,
menory cells on said | sour i : e jnes divided
Qeal+ Sou! &&ééﬁ}%‘%ﬁﬁmrgd CPﬁCcfh\e ] Oc%éds’é

by said select transistors constitut sal d nenory

cel | bl ocks bgipg,arranged tRetheodpl didine dheLChi@MmANDEONSt idnd i ng a
menory cell array, wherein: a bundling portion of said third gates exists
between sa d wordndi Pe QXpEHEDEg adn tHige NEAELSERPOSIS | 0 B SPdFr HRARL]
transistor inside said nenory cell block and said select transistor; every
other third gahes €k sdatg isstoebsapthaeammiyd ced | tid asdmarre daindiMal at t he
end of said nenory cell block; one each of said power source |ine arranged
in the sane direce¢xanphs, skhd 9okl i detantimneDkechs ofesatia SignaWhlennes
wired in a direction vertical to said word lines are so di sposed on both

si des of sai dthendayaces|not.-pyegramreik s 1D $9E FPpdse’ salpemebey cel |

bl ock between them and said |ocal source/data line is connected to both of

sai d power sofifE® 1FnkCdP® BEPIFRTHRHAI TP i Hee tTebehh <&t Mt ectPq ransistor.
91. A semjconductor integrated cjrcuit devic ccording.to claim90, which
has any th%f?%# ot vy %bﬁ%tpﬁjctjr%n%e.t afi §s\? c 3&61 S Sdhéret tsai d

| ocal sour ce/ﬁ%gﬂ" gdi sigoggegégdt 0 S\(’ii d signal line through said sel ect
transi stor, and saird cohnection 7s all nade at one of the ends of said

menory cell block; and ﬂleset%gv\ggri %ﬁ}%ﬁeuﬂoﬁd@%md&i&l id gﬁqudisctqﬂ,r cgf data

line is connected to sald p Ine wred in the sanme direction as
said word |ingsate@neo0f therepds Oimsdd dogel l1blRmlsddieona) saled sel ect
transi stor, and said connection is all nade at one of the ends of said
nmenory cell bieCTkagd2. cédrpespeaitngtes i egied et abe opttdgetamia® @ecor di ng
to claim90, wherein one of said |local source/data line is connected to
said sigrd |apeliédobe olietdeaemssDOE Swd dDOven®f yticel herd g ked Trowgdt sai d
select transistor, and is connected to said power source line at the other
end of said nemdrijO8eds bheckrodrauging adhlset ectWhemandiestrarograd. data

sem conductor integrated circuit device according to claim90, which has
any of the foléotnge coreyramneédns? the memory cell MO1l, for example, 5

V is applied to the drain D02 and when the data is not



- 189 a first construction wherein two of said |ocal source/data |ines
share said signal line; a second construction wherein, when said | oca
source/data |line and said signal line are connected through said sel ect
transi stor, the connection portion of the sem conductor region of said
sel ect transistor on the side different fEdnrsaid | ocal source/data |line
and said signal line is shared by two of said nenory cell blocks; a third

const ruct i onPRREFETACCwo Yot/ 48 @PRerSFy cBPENpFBRKRIHEFR Satd powe? R®urce

line; a fourth t i on wher ei id. | ocal /data.line i
connect ed 1 PEARA T GHa Y (RE TRAGOdn Eata Car oot U FAnEPELSPY £4i BP€ense

circuit is cagnnect tqQ _sai d _signal |ine, i e ¢icuyit
connected to §€ﬁn(§g4iﬁ ggg%fnsgépéf h?gep?§928§%%§fe§ gtggngkggggﬁé ends
of sai d menmoiy cell, ALEAY,GUIRLIS] @goagggtierea' kb @k HBARLY, eehh sblegks,

sai d sense circuit t'o be connecte Jth signal Tine’is connected at
the othersendqof 3al dsTRERN Yor %&gmﬁﬁh%yfbﬁﬁgtaukbkkhtﬁQ@S%EHQELOBnﬁhere'n a

switch is interposed between said signa i ne connected to said | ocal
source/ dat a luirpe thRrQUER tSdiadeS @lreglratn@asi stor and said sense circuit, and
one sense circuit is shared by a plurality of said signal lines as said

switch is changed over To94pmAleer chsdpebgtamntiagr apedacibayi thdegbce
according to claim92, which further includes a first select transistor for
connecti ng saiidnsilgwalool iofe tihier e@ liewt traln®Qdstardi7Oedtsi srtvért OcHl ato sai d
word line and an nth (n: integer) |local source/data |ine, a second sel ect
transi stor fdhecdiméani g .safdnsegnantlineth@addaaipn+R§2handchbf4solirte¢dat a
line, a third select transistor for connecting said power source line wred
in'the she derecti ¢¢lds SKild ansr 805 R &h¢ PACGTAIMLiNGcRPISEHr @&LI&EE | i ne
at the other end of said nenory cell block, and a fourth select transistor
for connectiﬁ@ faivd power source line and said (n+l)th |ocal source/data

line, wherein: the gate signals of ~all of sai irst select transistors are
the same signal; the g§?§t$igh5!§a5f 31?“8?_?29% 8205%8 §8ﬁ88f transistors
are the same tsz‘a%%i:g?to&h%gﬁ.tse 2903l § of ~gaidf il and gsecond sel ect
transistors are different signals, and the gate signals of all of said

third sel ect transistorgeapgo bhe §aFe $igeal prbhangabe:skgaake ot oaplyof
said fourth select transistors are the sane signal; and the gate signals of

said thitd an@d fouWw tthrgale toi.gnal s are different signals. 95. A
sem conductor integrated circuit device including a well of a first

conductivity type fornetel Buapiti BigHaflasgoof o& se88i aesdect gatsubstrate, a
sem conductor region of a second conductivity type forned inside said well
in such a mamkeerdas 40 ext erd it & Vi ast téher ¢édmiow, ta Of iamst that @ sfsdsied
over said sem conductor substrate through a first insulator film a second
gate formed @ed&e f dbR memogat €etlir ggghhe PEOGFATHEG fLJEcti 1d SRérd -
191 lines fornmed_ by connecting said second gate, and a third gate forned
and i sol ated ¥ dmVsai d first gate through a third insulator film said

(17 GaLg berng burleg L 880802 00,5250 LY 1 ORELCHLALLAS b 2
set to 12 V at the timing tll. In consequence, the
selected word line WL0OO 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 GO and Gl of the
gate decoder 20 are set to 0 V at the timing tl3 and the

programming operation is completed.



a decoder for driving said third gate is disposed in the extending

direction of said word line. 96. A sem conductor integrated circuit device

according to claim95, which has any of the follow ng constructions: a

first construction wherein said decoder for driving said third gate is

di sposed at one of the ends of a nenory-cékB array; a second construction

wherein said decoder for _driving said third gate i s disposed adjacent to a
c
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i sti | it d i db i | ect
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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 STO00 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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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 MO0l and MO3.

First, the initial voltages of all the signals
are set to 0 V. The output signals GO 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 1is
then set to 0 V at the timing t2.

20 Consequently, the selected word line WL0O inside
the selected block is 3.3 V, the unselected word line WLO1
is 0 V, and the word lines WL10 and WL11l 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 MOl and MO3
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 M0l 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 MO3 as the reading object, too, the memory

20 cell M03 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 MO03 is
turned OFF and no current flows. Therefore, D04 of this
memory cell MO3 and the global data line DLl connected to

the former are kept at 1 V.
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change or the current change of this global data line DIL,
and the reading operation is conducted.
To complete the reading operation, the gate
5 signal STO00 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 MO3 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 DL0 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 tl0, 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 tl2.
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 M0O3 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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drain voltage is applied after the source voltages of the
memory cells MOl and MO3 reach reliably 0, and the stable
operation can be conducted.
When the memory cells MOl and MO3 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 STO00
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 MO2.

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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[Embodiment 9]

Fig. 9 is a circuit diagram showing the
semiconductor integrated circuit device according to
Embodiment 9 of the present invention. This embodiment

; 10 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

15 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

20 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

25 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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U&'()'L$251096 The assist gate signals inside one block are two,
that is, AGO0 and AGOl or AGl0 and AGll. The gate signals
of the select transistor 70 inside one block are two, that
is, ST0O0 and ST01l 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 ST0l or ST10 and ST11
15 of 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 AG1O0
20 and AGll generate the block select signal BDO or BD1l 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 BDl 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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Since various variations are available for
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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the "area of the decoder can be reduced to minimum.

Since the assist gate decoder 40 and the block
decoder 50 are adjacent to each other, the output signals
BDO and BD1 of the block 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 program or
read all the memory cells existing on one word line, and
this number of times is the minimum necessary number of

10 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.

61l or 62.

15 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.

20 This semiconductor integrated circuit device
provides the following effect in addition to the effects
described above. The output signals (AGOO0 to AGll) of the
assist gate decoder 40 need be wired to the memory cell
array 80 and the output signals (ST00 to ST11l) of the

25 Dblock 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 (AGO00 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 (STO00

20 to ST 11, BOP, B1P, BON, BIN) of the block decoder 50 and
the output signals (AGO00 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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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 AGOO0 and AGOl are generated by converting the
voltages of the signal BDO selected for the block by ABRDi
and the signal selected by the signal ABDST/ABDSB 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 AGO0 and AGOl are approximate to

25 the power source voltage Vcc. Since two assist gate
signals (AGO0 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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Next, the selection system shown in Fig, 64 will

be explained. The assist gate signals (AG0O0 and AGOl) are
5 generated when the AGij generation circuit converts the
voltages of the gate signals (ST00 and ST01l) 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
AGOl 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 ST00 and STOl (gate signals of the
select transistor). The AGij generation circuit further
converts the voltages of these signals ST00 and STOl to
obtain the assist gate signals AG00 and AGOL.

20 In such a system, the reference voltages for
generating the assist gate signals AG00 and AGOl are the
gate signals ST00 and ST0l 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 ST00 and ST0l 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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Next, the selection system shown in Fig. 65 will

be explained. The gate signals (ST00 and ST01l) of the

5 select transistors 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 ST00 and ST01l 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 AGO00
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 ST01l 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 ST0l of the select

25 transistors are approximate to the assist gate signals
AGOO0 and AGOl. 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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Incidentally, the three selection systems

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 80. 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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of the memory cell array 80. The assist gate decoder 40,
the block decoder 50 and the sub-decoder 60 are disposed
in the extending direction of the word lines.

The number of the assist gate signal inside one
block is one, that is, AGO0 or AGOl. Therefore, the assist
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, ST00 and
STO0l or ST10 and ST1l1l, and they are the output signals of
the block decoder 50.

The PMOS power source signal BOP or BlP of the
sub-decoder 60 and the NOMS power source signal BON or BIN
generate the address selection signal ABDi for selecting
the blocks as the input signals.

The gate signals ST00 and STO0l or ST10 and STI11
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.

The assist gate signal AGO0O or AGl0 generates
the block selection signal BDO or BD1 as the input signal.

The block selection signal BDO or BDl generated
inside the block decoder 50 is used as the input signal of
the assist gate decoder 40, 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 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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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 (AG0O0 to AGll) of the

20 assist gate decoder 40 need be connected to the memory
cell array 80 and the output signals (ST00 to ST11) 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 ST1l) 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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5 50 may be reversed.

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, B1P, 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 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 Dblock 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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3"109%&' () - input signal of the assist gate decoder 40. The AGij
| 10 generation circuit converts the voltage of the signal BDO
for block selection by ABDi and generates the assist gate
signal AGOQO.
Since the signal BDO is the signal of the power
source voltage Vcc system, this selection system of this
15 embodiment is effective when the voltage necessary for the
assist gate signal AGOO is approximate to the power source
voltage Vcc.
Next, the selection system shown in Fig. 70 will
be explained. The AGij generation circuit converts the
20 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
25 BiP generation circuit converts the voltage of the
signal, that is selected by the signal BD0 selected for

block selection by ABDj, and generates BOP (the PM0OS power

source signal of the sub-decoder 60). The AGij generation
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For example, Embodiments 1 to 6 use the laminate
film comprising the polysilicon film, the tungsten nitride
15 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
20 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”.
25 Embodiments 1 to 6 use the laminate film of the
polysilicon f£ilm, 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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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 in 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

~| #

S
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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 quantity of the electrons
injected into the floating gate is controlled highly
accurately and the threshold value distribution of each
level is compressed. In consequence, the

25 programming/erasing speed becomes low 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



11 QCS, 1 10%.L& ()- 'S, 110%J& ()-

#f #1099& () - @ #f #10%EE&' () - @ 109&' ()-S!'! 10%7& () - ShvrS1 ! 3f

109& ()-s3!109&' ()-f!3! 10%& ()-fMLO%& ()- 10 10 10!7 10%& ()-vY}[9rS1

11t " 10%a08 ()-!""10%<<& ()-!n"10%& ()-e!n"10%4J4& ()-el0%& ()-L$10%& ()-r
rs4 13f Y 10%& ()-& 10%& ()-! 10%gq& ()~ 1EB 20 10! y5109%&' ()-""10%& ()-aBrS4
13f Y% 109& ()-&": 10%& ()-!"10%&' ()-&L0% ()-s!L %09 ()-&F

109%&' () - JAEr@Mrd3f a1 00480 { Qw3 H0mR KL CarEroian 4 e 10 rop/@Reged

109 ()-S, 109 ()-6opqryV_@! 3f FZ"10%& ()-g' FZ"10%& ()-9g910%& ()- 10 10
109s9nL0%&' () Theemiiime ( ) ERaZ20es @t | A\ ReTUDiOR: 9 -aXtermogy jeffective

& ()-11"10%J& ()-'yl "10%@E& ()-! 9810%H& () - &@ 10%&' () - Zst uv}\rP1

391 109&' () - y! B Tkt Y)Yk 0P 32e 10SS 10SS

IR IR LE MR G A T SR O
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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semiconductor integrated circuit device.
The present invention can lower the internal
operating voltage of the semiconductor integrated circuit

device.
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direction x, a first gate formed over said semiconductor

substrate through a first insulator film, a second gate
formed over said first gate through a second insulator

film, and a third gate, wherein:

end faces of said third gate are end faces

opposing said first gates adjacent to each other between
said first gates, and are so formed as to oppose end faces
of said first gate existing in parallel with said first

direction x through said third insulator film.
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according to claim 1, which has any of the following
constructions:

a first construction wherein said first gate is
a floating gate, said second gate is a control gate and
sald third gate is an erase gate;

a second construction wherein said first gate is
a floating gate, said second gate is a control gate and
said third gate is a gate for controlling a split channel;
and

a third construction wherein said first gate is
a floating gate, said second gate is a control gate and
said third gate is a gate having the functions of both
erase gate and gate for controlling a split channel.
3. A semiconductor integrated circuit device
according to claim 2, wherein a part of said third gate
exists over said semiconductor region of the second
conductivity type.
4. A semiconductor integrated circuit device
according to claim 1, wherein said first gate is a
floating gate, said second gate is a control gate and said
third gate is an erase head, and wherein the entire

surface of said third gate exists over said semiconductor

region of the second conductivity type.
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well, a first gate formed over said semiconductor
substrate through a first insulator film, a second gate
formed over said first gate over a second insulator film
and a third gate formed and isolated from said first gate
through a third insulator film , wherein:
an upper surface of said third gate exists at a
position lower than the upper surface of said first gate.
7. A semiconductor integrated circuit device
according to claim 6, which has any of the following
constructions:
a first construction wherein said first gate is
a floating gate, said second gate is a control gate and
said third gate is an erase gate;
a second construction wherein said first gate is
a floating gate, said second gate is a control gate and
said third gate is a gate for controlling a split channel;
and
a third construction wherein said first gate is
a floating gate, said second gate is a control gate and
said third gate is a gate having the functions of both

erase gate and gate for controlling a split channel.
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9. A semiconductor integrated circuit device
according to claim 6, wherein said first gate is a
floating gate, said second gate is a control gate and said
third gate is an erase gate; and

an entire surface of said third gate exists over
said semiconductor region of the second conductivity type.
10. A semiconductor integrated circuit device
according to claim 6, wherein said third insulator film
is a silicon oxide film doped with nitrogen.
11. A semiconductor 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 said
well, a first gate formed over said semiconductor
substrate through a first insulator film, a second gate
formed over said first gate through a second insulator
film and a third gate formed and isolated from said first
gate through a third insulator film, wherein:

said third gate has functions of both erase gate
and gate for controlling a split channel.
12. A semiconductor integrated circuit device
according to claim 11, wherein said third insulator film
is a silicon oxide film doped with nitrogen.

13. A semiconductor integrated circuit device
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well, a first gate formed over said semiconductor
substrate through a first insulator film, a second gate
formed over said first gate through a second insulator
film and a third gate formed and isolated from said first
gate through a third insulator film, wherein:

a film thickness of said first insulator film is
greater than that of said second or third insulator film.
14. A semiconductor 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 said
well, a first gate formed over said semiconductor
substrate through a first insulator film, a second gate
formed over said first gate through a second insulator
film and third gate formed and isolated from said first
gate through a third insulator film, wherein:
said second gate comprises a stacked film of a

polysilicon film and a metal silicide film, and said thixd
gate exists as it is buried into a space between said
first gates.
15. A semiconductor integrated circuit device
according to claim 14, wherein said metal silicide film is
a tungsten film.
16. A semiconductor integrated circuit device

according to claim 14, which has any of the following
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gate among the end faces of said first gates; and

a second construction wherein the space between
said first gates is defined by end faces of said first
gates vertical to the extending direction of said second
gate among the end faces of said first gates.
17. A semiconductor 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 said
well, a first gate formed over said semiconductor
substrate through a first insulator film, a second gate
formed over said first gate through a second insulator
film and a third gate formed and isolated from said first
gate through a third insulator film, wherein:

said second gate comprises a stacked film
containing a metal film.
18. A semiconductor integrated circuit device
according to claim 17, wherein said second gate comprises
a stacked film of a polysilicon film, a barrier metal film
and a metal film.
19. A semiconductor integrated circuit device
according to claim 17, wherein said third gate exists as
it is buried into the space between said first gates.

20. A semiconductor integrated circuit device
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gates parallel to the extending direction of said second

gates among the end faces of said first gates; and

a second construction wherein the space between
said first gates is defined by end faces of said first
gates vertical to the extending direction of said second
gates among the end faces of said first gates.

21. A semiconductor integrated circuit device
according to claim 18, wherein said barrier metal film
belongs to a group of a tungsten film, a titanium film, a
tantalum film, a metal film made of a 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 or
their alloy films.

22. A semiconductor integrated circuit device
according to claim 19, which has any of the following
constructions:

a first construction wherein the space between
said first gates is defined by end faces of said first
gates parallel to the extending direction of said second
gates among the end faces of said first gates; and

a second construction wherein the space between
said first gates is defined by end faces of said first

gates vertical to the extending direction of said second
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?aBuVv7 1 including a well of a first conductivity type formed in a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside said well, local
source lines and local data lines formed by connecting
said semiconductor region, select transistors for
selecting said local source line and said local data lines,
a first gate formed over said semiconductor integrated
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 a third gate formed and isolated from
said first gate through a third insulator film and having
different functions from said first and second gates and,
wherein:

a bundling portion of said third gates exists
between said word line existing at the nearest position to
said select transistor inside a memory cell block
comprising said select transistors and the gate of said
select transistor.

24, A semiconductor integrated circuit device
according to claim 23, wherein a dummy gate exists between
said bundling portion of said third gates and said word
line existing at the nearest position to said select
transistor inside said memory cell block.

25. A semiconductor integrated circuit device

according to claim 14, which has any of the following
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May MMVWIVMVK TG he r one, or both of the ends of said memory cell block
end; and

a seccnd construction wherein every other of
said third gates existing inside said memory cell block
are bundled at the memory cell block end.

26. A semiconductor integrated circuit device
according to claim 23, wherein all of said third gates
existing inside said memory cell block are bundled at
either one, or both, of the ends of said memory cell block,
and wherein the selection signal of said third gate is
generated from a selection signal of said memory cell
block.

27. A semiconductor integrated circuit device
according to claim 23, wherein all of said third gates
existing inside said memory cell block are bundled at
either one, or both, of the ends of said memory cell block,
said integrated circuit device having any of the following
construction:

a first construction wherein the selection
signal of said third gate is generated from a selection
signal of said memory cell block and a signal for further
halving said memory cell block; and

a second construction wherein the selection
signal of said third gate is generated from a gate

selection signal of said select transistor.
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a first construction wherein contact holes are
disposed at said bundling portion of said third gates; and

a second construction wherein said third gate
and said dummy gate are connected through a contact hole
and a metal wire.

29. A semiconductor integrated circuit device
according to claim 25, wherein:

sald third gate is formed as it is buried into
the space between said first gates extending in a
direction vertical to said word line; and

a decoder for driving said third gate is
disposed in an extending direction of said word line.

30. A semiconductor integrated circuit device
according to claim 29, which has any of the following
constructions:

a first construction wherein said decoder for
driving said third gate is disposed at one of the ends of
said memory cell array;

a second construction wherein said decoder for
driving said third gate is disposed adjacent to a block
decoder for selecting said memory cell block; and

a third construction wherein said decoders for
driving said third gate are so disposed on both sides of

said memory cell arrays as to interpose said memoxry cell

array between them, adjacent to said block decoder for
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!Z"lO%&f()- fé@%@%&ﬁivﬂ@y1type formed on a main surface of a

semiconductor substrate, a semiconductor region of a
second conductivity type formed inside said well, a first
gate formed over said semiconductor substrate through a
first insulator film, a second gate formed over said first
gate through a second insulator film, and a third gate
formed and isolated from said first gate through a third
insulator film, wherein:

said well of the first conductivity type is of a
p type;

programming is made by applying a positive
voltage relative to voltages of said third gate, said well
and a source as one of the regions of said semiconductor
region is applied to a control gate as said second gate
and to a drain as the other region of said semiconductor
region; and

erasing is made by applying a positive voltage
relative to a voltage of said control gate to said third
gate.
32. An operation method of a semiconductor
integrated circuit device according to claim 31, wherein
the absolute value of the voltage of said third gate is
smaller than that of the voltage of said control gate
during programming.

33. An operation method of a semiconductor
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well, a first gate formed over said semiconductor
substrate through a first insulator film, a second gate
formed over said first gate through a second insulator
film, and a third gate formed and isolated from said first
gate through a third insulator film:

wherein said well of the first conductivity type
is of an n type:

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

erasing is made by applying a positive voltage
relative to the voltage of said control gate to said third
gate.
35. An operation method of a semiconductor
integrated circuit device according to claim 34, wherein
the absolute value of the voltage of said third gate is
lower than that of the voltage of said control gate.

36. An operation method of a semiconductor
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programming is made by applying a positive
voltage relative to voltages of said third gate, said well
and a source as one of the regions of said semiconductor
region to a control gate as said second gate; and

erasing is made by applying a positive voltage
relative to the voltage of said control gate to said third
gate.
38. An operation method of a semiconductor
integrated circuit device according to claim 37, wherein
the absolute value of the voltage of said third gate is
smaller than that of the voltage of said control gate.
30. An operation method of a semiconductor
integrated circuit device according to claim 37, wherein a

distribution of the threshold value generated by said
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gate formed over said semiconductor substrate through a
first insulator film, a second gate formed over said first
gate through a second insulator film and a third gate
formed and isolated from said first gate through a third
insulator film, wherein:

said well of the first conductivity type is of a
p type;

programming is made by applying a positive
voltage relative to voltages of said third gate and a
source as one of the regions of said semiconductor region
to a control gate as said second gate and to a drain as
the other region of said semiconductor region; and

erasing is made by applying a negative voltage
relative to the voltage of said well to said control gate
while keeping the voltage of said third gate at 0 V.
41. An operation method of a semiconductor
integrated circuit device according to claim 40, wherein
the absolute value of said third gate is smaller than that
of the voltage of said control gate.
42. An operation method of a semiconductor

integrated circuit device according to claim 40, wherein a

distribution of the threshold voltage generated by said
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insulator film, wherein:
said well of the first conductivity type is of a
p type;
programming is made by applying a positive
voltage relative to voltages of said third gate, said well
and a source as one of the regions of said semiconductor
region to a control gate as said second gate and to a
drain as the other region of said semiconductor region;
and
erasing is made by applying a positive voltage
relative to the voltage of said control gate to said well.
44, An operation method of a semiconductor
integrated circuit device according to claim 43, wherein
the absolute value of the voltage of said third gate is
smaller than that of the voltage of said control gate.
45. An operation method of a semiconductor

integrated circuit device according to claim 43, wherein a

distribution of the threshold voltage generated by said
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said well of the first conductivity type is of
an n type;

programming is made by applying a negative
voltage relative to voltages of said well and a source as
one of the regions of said semiconductor region to a
control gate as said second gate and to a drain as the
other region of said semiconductor region; and

erasing is made by applying a negative voltage
relative to the voltage of said well to said control gate
while the voltage of said third gate is kept at 0 V.
47. An operation method of a semiconductor
integrated circuit device according to claim 46, wherein
the absolute value of the voltage of said third gate is
smaller than that of the voltage of said control gate.
48. An operation method of a semiconductor
integrated circuit device according to claim 46, wherein a
distribution of the thresheld value generated by said
programming operation is at least four levels.

49, An operation method of a semiconductor
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second conductavity type formed inside said well, a first
gate formed over said semiconductor substrate through a
first insulator film, a second gate formed over said first
gate through a second insulator film and a'third gate
formed and isclated from said first gate through a third
insulator film, wherein:

said well of the first conductivity type is of
an n type;

programmring is made by applying a negative
voltage relative to voltages of said third gate, said well
and a source as one of the regions of said semiconductor
layer to a control gate as said second gate and to a drain
as the other region of said semiconductor region; and

erasing is made by applying a positive voltage
relative to the voltage of said control gate to said well.
50. An operation method of a semiconductor
integrated circuit device according to claim 49, wherein
the absolute value of the voltage of said third gate is
smaller than that of the voltage of said control gate.
51. An operation method of a semiconductor
integrated circuit device according to claim 49, wherein a
distribution of the threshold value generated by said
programming operation is at least four levels.
52. An operation method of a semiconductor

integrated circuit device including a well of a first

10"
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gate formed over said semiconductor substrate through a
first insulator film, a second gate formed over said first
gate through a second insulator film, and a third gate
formed and isolated from said first gate through a third
insulator film, wherein:
salid well of the first conductivity type is of a
p type;
programming is made by applying a positive
voltage relative to voltages of said well and a source as
one of the regions of said semiconductor region to a
control gate as said second gate and to a drain as the
other region of said semiconductor region; and
erasing is made by applying a positive voltage
relative to the voltage of said control gate to said third
gate.
53. An operation method of a semiconductor
integrated circuit device according to claim 52, wherein
the absolute value of said third gate is smaller than that
of the voltage of said control gate during said
programming operation.
54. An operation method of a semiconductor
integrated circuit device according to claim 52, wherein a
distribution of the threshold value generated by said

programming operation is at least four levels.

55. An operation method of a semiconductor
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+, A<M?1 gate formed over said semiconductor substrate through a
first insulator film, a second gate formed over said first
gate through a second insulator film, and a third gate
formed and isclated from said first gate through a third
insulator tilm, wherein:
said well of the first conductivity type is of a
p type;
programming is made by applying a positive
voltage relative to voltages of said well and a source as
one of the regions of said semiconductor region to a
control gate as said second gate, to said third gate and
to a drain as the other region of said semiconductor
region; and
erasing is made by applying a negative voltage
relative to the voltage of said well to said control gate.
56. An operation method of a semiconductor
integrated circuit device according to claim 55, wherein
the absolute value of the voltage of said third gate is
smaller than that of the voltage of said control gate
during said programming operation.
57. An operation method of a semiconductor
integrated circuit device according to claim 55, wherein a

distribution of the threshold value generated by said

programming operation is at least four levels.
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second conductivity type formed inside said well, a first

gate formed over said semiconductor substrate through a
first insulator film, a second gate formed over said first
gate through a second insulator film, and a third gate
formed and isolated from said ftirst gate through a third
insulator film, wherein:

said well of the first conductivity type is of a
p type;

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

erasing is made by applying a positive voltage
relative to the voltage of said control gate to said well.
59. An operation method of a semiconductor
integrated circuit device according to claim 58, wherein
the absolute value of the voltage of said third gate is
smaller than that of the voltage of said control gate
during said programming operation.
60. An operation method of a semiconductor
integrated circuit device according to claim 58, wherein a

distribution of the threshold voltage generated by said
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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 said well, a first
gate formed over said semiconductor substrate through a
first insulator film, a second gate formed over said first
gate through a second insulator tilm, and a third gate
formed and isolated from said first gate through a third
insulator fi;m, wherein:

said well of the first conductivity type is of a
p type;

programming is made by applying a positive
voltage relative to voltages of said well and a source as
one of the regions of saild semiconductor region to a
control gate as said second gate, to said third gate and
to a drain as the other region of said semiconductor
region; and

erasing is made by applying a positive voltage
relative to a voltage of said control gate to said source
or said drain.
62. An operation method of a semiconductor
integrated circuit device according to claim 61, wherein
the absolute value of the voltage of said third gate is
smaller than that of the voltage of said control gate
during said programming operation.

63. An operation method of a semiconductor
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programming operation is at least four levels.
64. 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 said well, a first
gate formed over said semiconductor substrate through a
first insulator film, a second gate formed over said first
gate through a second insulator film, and a third gate
formed and isolated from said first gate through a third
insulator film, wherein:

said well of the first conductivity type is of
an n type;

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

erasing is made by applying a positive voltage
relative to the voltage of said control gate to said third
gate.
65. An operation method of a semiconductor
integrated circuit device according to claim 64, wherein
the absolute value of the voltage of said third gate is

smaller than that of the voltage of said control gate
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distribution of the threshold value generated by said
programming operation is at least four levels.
67. 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 said well, a first
gate formed over said semiconductor substrate through a
first insulator film, a second gate formed over said first
gate through a second insulator film, and a third gate
formed and isolated from said first gate through a third
insulator film, wherein:
said well of the first conductivity type is of
an n type;
programming is made by applying a negative
voltage relative to voltages of said well and a source as
one of the regions of said semiconductor region to a
control gate as said second gate, to said third gate and
to a drain as the other region of said semiconductor
region; and
erasing is made by applying a negative voltage
relative to the voltage of said well to said control gate.
68. An operation method of a semiconductor
integrated circuit device according to claim 67, wherein

the absolute value of the voltage of said third gate is



10u"u" 1 109 ()- 109 ()-, 109 ()- 10 10 10L9
109& () - 7109 () - #R\ Rr RRRSGSIEbC ~ 10u"u" 1
109& ()-: 109& ()-9109& ()- YI09%& ()-y 109%& ()- mLOY%& () - GSSSSS' T[ TdEbC
10u"u" 1s& - 109%& ()-Y 8
109 () -y10%' ()-y100%& ()- Z10%& () - sM T0%&® () - [ TEUhUUUUVAEDC  10u” u”

10 () - s+ 10O H OV () SVEVOWRIRASE® 267341760580 9°18 10
100" 100 () 19405 35Y e Bl 2 ()1 108 & ()-y v
!10%PUP&T() y&ﬁzz[\\\\ﬁﬁl%ger%q oh0%ethod of a semiconductor
integrated circuit device according to claim 67, wherein a
distribution of the threshold value generated by said
programming operation is at least four levels.
70. 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 said well, a first
gate formed over said semiconductor substrate through a
first insulation film, a second gate formed over said
first gate through a second insulator film, and a third
gate formed and isolated from said first gate through a
third insulator film, wherein:
said well of the first conductivity type is of
an n type:
programming is made by applying a negative
voltage relative to said well and a source as one of the
regions of said semiconductor region to a control gate as
said second gate and a drain as the other region of said
semiconductor region; and
erasing is made by applying a positive voltage
relative to the voltage of said control gate to said well.
71. An operation method of a semiconductor
integrated circuit device according to claim 70, wherein

an absolute value of said third gate is smaller than that
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programming operation is at least four levels.

73. A method of producing a semiconductor integrated
circuit device, comprising 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 over said semiconductor substrate through a
first insulator film;

(c) forming a semiconductor region of a second
conductivity type inside said well in such a manner as to
extend in parallel with said pattern;

(d) forming a third insulator film in the space
defined by said stripe-like pattern, and burying a third
gate into said space of said pattern; and

(e) forming a second gate pattern in such a manner
as to extend in a direction vertical to said stripe-like
pattern.

74. A method of producing a semiconductor integrated
circuit device according to claim 73, wherein said strip-
like pattern to function as said first gate is patterned
in such a manner as to be symmetric with respect to said
third gate, and said third gate is patterned in such a

manner as to be symmetric with respect to said stripe-like
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following methods:

a first method of forming said third gate in
such a manner that the entire surface of said third gate
exists over said semiconductor region of the second
conductivity type: and

a second method of forming said third gate in
such a manner that a part of said third gate exists over
said semiconductor region of the second conductivity type.
76. A method of producing a semiconductor integrated
circuit device according to claim 73, wherein said third
gate is formed in such a manner that a part thereof exists
over said semiconductor region of the second conductivity
type, and said semiconductor region of the second
conductivity type is formed by tilted ion implantation.

77. A method of producing a semiconductor integrated
circuit device according to claim 73, wherein said third
insulator film is a silicon oxide film doped with nitrogen.
78. A method of producing a semiconductor integrated
circuit device according to claim 74, wherein said third
gate is formed in self-alignment with said stripe-like
pattern.

79. A method of producing a semiconductor integrated
circuit device, comprising the steps of:

(a) forming a well of a first conductivity type

inside a semiconductor substrate;
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conductivity type inside said well;

(d) forming a third insulator film in a space
defined by said first gate, and forming said third gate in
such a manner as to bury the space of said pattern; and
(e) forming a second gate;

wherein said third gate is patterned so that the
surface of said third gate is lower than the surface of
said first gate.

80. A method of producing a semiconductor integrated
circuit device according to claim 79, which has any of the
following methods:

a first method of forming said third gate so
that the entire surface of said third gate exists over
said semiconductor region of the second conductivity type:;
and

a second method of forming said third gate sé
that a part of said third gate exists over said
semiconductor region of the second conductivity type.

81. A method of producing a semiconductor integrated
circuit device according to claim 79, wherein said third
gate is formed in such a manner that a part of said third
gate exists over said semiconductor region of the second
conductivity type, and said semiconductor region of the
second conductivity type is formed by tilted ion

implantation.
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83. A method of producing a semiconductor 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 said well, a first gate formed over said
semiconductor substrate through a first insulator film, a
second gate formed over said first gate through a second
insulator film, and a third gate formed and isolated from
said first gate through a third insulator film, wherein:

said second gate comprises a laminate film of a

polysilicon film and a metal silicide film, and the
formation of said second gate is conducted after the
formation of said third gate.
84. A method of producing a semiconductor integrated
circuit device according to claim 83, wherein said metal

silicide film is a tungsten silicide film.
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85. A semiconductor integrated circuit device
including a well of a first conductivity type formed in a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside said well, local
source/data lines formed by connecting said semiconductor
regions, select transistors for selecting said local
source/data lines, a first gate formed over said
semiconductor substrate through a first insulator film, a
second gate formed and isolated from said first gate
throngh a second insulator film, word lines formed by
connecting said second gates, and a third gate formed and
isolated from said first gate through a third insulator
film and having a different function from those of said
first and second gates, memory cells on said local source
lines and local data lines divided by said select
transistors constituting memory cell blocks, said memory
cell blocks being arranged in the word line direction and
constituting a memory cell array, wherein:

a bundling portion of said third gates exists
between said word line existing at the nearest position to
said select transistor inside said memory cell block and

the gate of said select transistor;
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memory cell block are bundled at one of the ends of said

memory cell block;

one each power source line are so disposed in
the same direction as said word lines on both sides of
said memory cell block as to interpose said memory cell
block between them, and signal lines disposed in a
direction vertical to said word lines; and

said local source/data lines are connected to
either one, or both, of said signal lines inside said
power source line through said select transistor.

86. A semiconductor integrated circuit device
according to claim 85, which has any of the following
constructions:

a first construction wherein an 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 an (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 nth (n:
integer) local source 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.

87. A semiconductor integrated circuit device
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of the ends of said memory cell block through said select
transistor, and is connected to said power source line at
the other end of said memory cell block through said
select transistor.

88. A semiconductor integrated circuit device
according to claim 85, which has any of the following
constructions:

a first construction wherein one of said signal
lines disposed in a direction vertical to said word line
is shared by two of said local socurce/data lines;

a second construction wherein, when said local
source/data line and said signal line are connected
through said select transistor, the connection portion
between said 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;

a third construction wherein said power source
line is shared by two of said memory cell blocks;

a fourth construction wherein said local
source/data line is connected to said signal line wired in
a direction vertical to said word line through said select
transistor, a sense circuit is connected to said signal
line, said 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 memory cell blocks,
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is connected at the other end of said memory cell array;
and

a fifth construction wherein a switch is
interposed between said signal line connected to said
local source/data line through said select transistor and
said sense circuit, and one sense circuit can be shared by
a plurality of said signal lines when said switch is
changed over.

89. A semiconductor integrated circuit device
according to claim 87, which further includes a first
select transistor for connecting a signal line wired in a
direction vertical to said word line and an nth (n:
integer) local source/drain line, a second select
transistor for connecting said power source line wired in
the same direction as said word line to one of the ends of
said memory cell block 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/date line and a fourth
select transistor for connecting said power source line
wired in the same direction as said word line and said nth
local source/data line to the other end of said memory
cell block, 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.

90. A semiconductor integrated circuit device
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semiconductor substrate, a semiconductor region of a

second conductivity type formed inside said well, local

source/data lines formed by connecting said semiconductor

region, select transistors for selecting said local

source/data lines, a first gate formed over said

semiconductor substrate through a first insulator film, a

second gate formed and isolated from said gate through a

second insulator film, word lines formed by connecting

said second gates, and a third gate formed and isolated

from said first gate through a third insulator f£ilm and

having a different function from those of said first and

second gates, memory cells on said local source lines and

said local data lines divided by said select transistors

constituting a memory cell block, said memory cell blocks

being arranged in the word line direction and constituting

a memory cell array, wherein:

a bundling portion of said third gates exists

between said word line existing at the nearest position to

said select transistor inside said memory cell block and

said select transistor;

every other third gates existing inside said

memory cell block are bundled at the end of said memory

cell block:

one each of said power source line arranged in

the same direction as said word line and one each of said

signal lines wired in a direction vertical to said word

lines are so disposed on both sides of said memory cell
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block as to interpose said memory cell block between them;
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and

said local source/data line is connected to both

of said power source line and said signal line through

said select transistor.

91. A semiconductor integrated circuilt device

according to claim 90, which has any of the following

constructions:

a first construction wherein said local
source/data line is connected to said signal line through

said select transistor, and said connection is all made at

one of the ends of said memory cell block; and

a second construction wherein said local
source/data line is connected to said power source line
wired in the same direction as said word line at one of
the ends of said cell block through said select transistor,

and said connection is all made at one of the ends of said

memory cell block.

92, A semiconductor integrated circuit device
according to claim 920, wherein one of said 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 is connected to said power source line at

the other end of said memory cell block through said

select transistor.

93, A semiconductor integrated circuit device

according to claim 90, which has any of the following

constructions:

10"
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a second construction wherein, when said local
source/data line and said signal line are connected
through said select transistor, the connection portion of
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;

a third construction wherein two of said memory
cell blocks share said power source line;

a fourth construction wherein said local
source/data line is connected to said signal line through
said select transistor, said sense circuit is connected to
sald signal line, said sense circuit to be connected to
nth (n: integer) signal line is connected at one of the
ends of said memory cell array comprising a plurality of
memory cell blocks, said sense circuit to be connected to
(n+l)th signal line is connected at the other end of said
memory cell array; and

a fifth construction wherein a switch is
interposed between said signal line connected to said
local source/data line through said select transistor and
said sense circuit, and one sense circuit is shared by a
plurality of said signal lines as said switch is changed
over.

94, A semiconductor integrated circuit device
according to claim 92, which further includes a first

select transistor for connecting said signal line wired in
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line at the other end of said memory cell block, and a
fourth select transistor for connecting said power source
line and said (n+l)th local source/data line, wherein:
the gate signals of all of said first select
transistors are the same signal;
the gate signals of all of said second select
transistors are the same signal;
the gate signals of said first and second select
transistors are different signals, and the gate signals of
all of said third select transistors are the same signal;
the gate signals of all of said fourth select
transistors are the same signal; and
the gate signals of said third and fourth gate
signals are different signals.
95. 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 said
well in such a manner as to extend in a first direction, a
first gate formed over said semiconductor substrate

through a first insulator film, a second gate formed over

said first gate through a second insulator film, word



+)

6HI6C>by+! G'| $' ) G/ P2D45. 7* 859F: <#>) ?AzDLFNI ?KVOBQHTWYZ] * behj 8npt _uBwxz| vZ1
8\ 3[=; Y, | 5+: 1#cpL| WBR> K " d#$%&() *- 0134679; <=

?X@\CFI KMMOXRSUVXY\ _bxegknp7smuwyz| x} ~t cGR: ?r uBH¥%RPVU{ NU / >B. C, ~* &

w X$2'),/2568; ; <>?@\BDEFJF | JKLMO Q#RGS[ T 1 _a, bcg~j m or suww 6vD

., 13R \71L - )
S B G TR B S B HEbt g Spdf 8o oS SBE Bt AN 20
| " #$9R' -

S P BebEr AT BRI 350 RSl rgid G SoarteL shEsyer, 2

P H#SUR () * +, -+ 101234848901 nEs) New a'?SHTBc'}r‘\fﬂdagQ%r b@h njewyk 1Baotn 4

Ent r yWor dDocunent d IHEVR () * +, -. /01234567

<=>? @\BCDEF Gl Ll MIGP EJ\M’%ZE[\ Ye ahodefighy jikl AneRgestyvwxyztiklizal
" #$9&' () *+, - ./ 0123456789: da 198 Ji -

<=>? @\BCDEFGHlo) W@Tu\i\%\cz[»&ﬂé&g‘i&mdef ghi j kI mopqgr st uvwxyz{| } ~
" #$9& ()*+,-./0123456789: ;
<=>7? @\BCDEFGH JKLMNOPQRSH\AK¥A \flot datiedabgbiajikl anapgr sauewkyz{| } ~
" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGd iH{dWPQRS TAN¥A arldi na letbidefoghiionk ofnespgds vowax ¥ 2 hp ) ~
" #$9& () *+,-./0123456789: ;
<=>? @ABCDEFGH4. KLM\IOD@&SFEWZ[CNU]C'tQYab@defgghereIdI mopyist devwkge{ |} ~
" #$UR' ()*+, -./0123456789: ; <=>? @\BCDEFCGH
accordlng to claim 95, which has any of the following
constructions:

a first construction wherein said decoder for
driving said third gate is disposed at one of the ends of
a memory cell array;

a second construction wherein said decoder for
driving said third gate is disposed adjacent to a block
decoder for selecting memory cell blocks each comprising
memory cell arrays existing on a plurality of word lines
encompassed by said select transistors; and

a third construction wherein said decoders for
driving said third gates are disposed on both sides of
said memory cell while interposing said memory cell array

between them and adjacent to a block decoder for selecting

said memory cell blocks.



