17 AUG 2004 - 1 SEM CONDUCTOR | NTEGRATED Cl RCUI T DEVI CE, PRODUCTI ON ANBUS 2004
OPERATI ON METHOD THERECF BACKGROUND OF THE I NVENTION 5 This invention

relates to a sem conductor integrated circuit device, and a production and
operation nmethod thereof. Morre particularly, this invention relates to a
technol ogy that will acconplish high integratton density, high reliability
and | ow operating voltage of an 10 electrically progranmabl e/ erasabl e
non-vol atile sem conductor nenory device. Anong el ectrically

progr anmmabl e/ er asabkavireRpuVORAINTESRSEN COmAet BV INE TIRYDUEN DR END a

so-called "flash nmenory"” is knop@tﬁﬁjquﬁqHﬁngﬁﬁﬁﬁﬁ capabl e of 15
as

collectively erasing data. The f nmenory has excellent portability and
i npact resistance, and can electrically and collectively erase the data.

Therefore, th %ﬁﬁﬁﬂ%l it f ry has been increasing rapidly in
recent yearsq% a fi %8(%En€§9 %@@?ﬁgﬁggor conpact personal 20 digital

assi stantscsuch as port e_p |l co ters,, digital still. caneras, and
so forth. ?0 expand theaﬁ%%iefgégﬁgﬂﬁct%%#?%ﬁSaF%i? tost© ?d%%%OFeduction

of a menory cellie &SP cywoééviggprgﬁ@cgpegguxemggnggagg;la%%g g

systens for acconplishing this object have been proposed escri

in, for exanplgythddyonBusari e é&@_ei%lf 1 G8)i's YRlen®n N1 bl s
pl114-1124 published by the Japan Society of pli ed Physics, Novenber 10,

1996. On the aidesr d@dttho VR 2.60% 618 {Rebmpense Hidr ASedPdion

density, high reliability and low operating voltage 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” 1s 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 persocnal

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 cobject have been proposed

25 as described in, for example, “Ohyo Butsuri (or Applied
Physics)”, Vol. 65, No. 11, plll4-1124 published by the

Japan Society cof Applied Physics, Necvember 10, 1996.

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




- 2 corresponding to USSN 204, 175 filed on June 8, 1988) describesia Al 214
virtual ground type menmory cell that uses a three-layered polysilicon

gate. In other words, this nmenory cell conprises a sem conductor region
formed in a5 well of a sem conduct or substrate and three gates. The three
gates are a floating gate forned on the we I‘ a control gate formed on the

floating gate ang an _er.ase d n the contr and the
floating gate® esgengltg ﬁséghégﬁ ég e?h@“tﬁP@@ atgg %dnprises 10
polysilicon a S lated n_i [ f| m__The n ate and
the wel I, tooBQSFeIFéglgtgd %82\ 5§§Hd %gr By 3ﬁylﬁ§&|at§ tf%l%

control gate kﬁrggn?gggggdlg e?SEQ@/ghnégkgon and Egg§tggy&gzcﬁhygrd I|ne

A source/drain dif I on in a co 157drr i on and

shares the di fnémgtgnct@ye&owpwsaa adsapeRbnaeRBLY re8libnl goqm o tualy
ground type. The pitch in the colum direction is thus reduce The erase

gate is i paeahl gk mﬁgamacehanaebra@dbeeretepeﬁadth@b@eﬁet%@e werd lines
(control gates) also in parallel with the word |ines 0 execute program

the menory cekhriea thtes ReberneriteatinfgugHakl Yormdependenk pesilt i we
voltages are applied to the word Iine and to the drain, respectively,
while the wel Fpnthelsgareefandetihenerbsefgateiapegkept aati 2@ ¥rake gate
consequence, hot el ectrons develop in the channel 25 portion in the
proximty of fA&m@daPAtweRe &hecepohsoar @atinpadt sbei Atoathedf beaki ng gate

and the threshold voltage of the nenory cell rises. To erase the nenory
content, a pBQﬂFFﬁétvePtéaéhlgtaﬁﬁl|é%ﬁ@% heths alergat €2 Whi | €CTREL$eSs

10 polysilicon and is isolated by an insulator film. The
floating gate and the well, too, are isclated from each
other by an insulator film. The control gate is connected
in a row 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 Tc 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. 1In 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




17 AUG 2004 word |ine, the source/drain and the well are kept at O V.17 aig 5004
. . b 4’ A ?[]J

Consequently, the electrons are ejected fromthe floating gate to the

erase gate and the threshold voltage drops. JP-A-9-32115 1 (Reference 2,

| ai d- open on 5 Decenber 12, 1997), for exanple, discloses a split gate

type nmenory cell. A large overlap area i s secured between a diffusion

| aver and a floating gate so that the potential of the diffusion | ayer

i ncreases t he 'Potenti’s: 01¢ tHE TGO T Iy gat@. the | et Yok FagesPs appfi®d to

a word 10 line, so as to jnprove the generation of ho | ectrons_and  the
i nj ection ef f &t SAfEI dat® i witie T°¢%r?%%r%%ﬁ%E9éng%Wn%??oﬁgPaE}%%tron

Devi Meet i Techni | D t", 1989, . 603-60 R 3
di \s“cﬁgZes aer’r:aq[] od C%alr?ego%xiar oezgaatefI%réﬁi%]ggg%?%e%?g%&‘g{ggggc‘%o “word

line and controls a spli{,_Ghant ag%%b%%vgé% that. is different from
both floating gate and é%%??dl@%iﬁgg %%Hggpﬁaé§ﬁ%}?éo However

Lhe i nventor s olcddie. presentsd et on, hiave. f ound 1hats sevep l  probl erm

devel op when a higher 1ntegration IS sO in cells

described abovgpd nedndenf ald vy . t he 1pRoR) ek gt fQld aw &, ot iged,dup, the

present inventors and are not 25 particularly known in the art. First, in
order to mniat Wiz deMIyecelld o seadLr doywydfe as4lifiegt i opevertical to

an extending direction of a data line (that i1s, the direction of the 17
AUG 2004 - 4 potential of the diffusion layer increases the potential
of the floating gate. A low voltage is applied to a word
10 line so as to imprcove the generation of hot electrons and
the injection effect when data is written.
Furthermore, “International Electron Devices
Meeting Technical Digest”, 198%, pp. 603-606 (Reference 3)
discusses a method that controls & floating gate potential
15 by a word line and controls a split channel by a third

gate that is different from both flcating 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
integraticn 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




arrangenent of the data line) as well as scale-down in a direction17} Al 2004
vertical to an extending direction of a word Iline (that is, the direction
of the arrangenent of the word |line) nust he achieved. Reduction of the
word line 5 width and the word Iine gap is effective for achieving the
reduction in the word |ine arrangenent dirett+on. However, when the word
line wwdth is decreased, the resistance value of the word_|ine increases
with the resul ¥ iHaEeTHe" 71 skNofdeahe wor@ | #hevSolt agesralretarded™when
the data is 10,witten or read out. This jnvites in turn the _problem of

the drop of tHE OperhiT offsphed 0 &0l Ve EATS BrObFert1a” Sfadk¥8%fi| m of
lysili fi dit tal silicid fLl that i -cal | ed

i e R I AP

word |ine i i Vi a fi Vi

resi stance valr?jéeﬁg hginnet)hgﬁfoo yﬁs(?clzlg(g}éiné\f%?n %fvoﬁ]nc;bt%ne Osf;]rr%e f"i’%ng?lt Jnji%ef(ness

and can re§tri§4dﬂﬁﬁéﬁéf%%éﬁwéﬁf MPEQ ééﬁeisr§§£é @P@g'gg%egchieyﬁngsthe

m niaturization further proceeds In future and the wor ine w

required to be-sdmdd &fn 20h thad @asrd t) NaW d Syaggshacked: Fobm of  theyyever,
polysilicon film and a netal film(that is, a so-called "polynetal film)

may be used. TWeerpahareiatc filme camfurihesedonesed hecneese st apggcval ue
than the polycide filmhaving the same filmthickness and can cope with
t he further reductd anf afhe 2&otdhel s diddrmea sedthi tiHovesyeresthe f£bhkt ovhag
probl ens devel op when the polycide filmor the polynetal filmis used as
the word |ine&ifift erfi dihe |wpadhel imeoryl toedd descrideded whbe 1Re MU 2004 -

5
10 written or read out. This invites in turn the problem of

the drop of the operation speed. To solve this problem, a
stacked film of a polysilicon film and its metal silicide
film (that is, a so-called “polycide film”) may be used in
place of the polysiliiccen single film as a word line

15 material. The polycide film provides a film having a lowe:
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




reference cited above, the erase gate and the word line are so arrangegi@an,
to extend in the direction vertical to the data line direction. In order

to reduce the gap between the word lines to twice the m ninumfeature

size, 5it is necessary to pattern continuously the word line and the
floating gate, then to formthe insulator-f¥lmbetween the floating gates
so fornmed, and to formthereafter the erase gate. However, netal s

contai ned in tHEHTIRET delv8C #rCThe pbFyReEEaf dPsSofVE BUFI HGTE ¢F8Sni ng
step as a pre 10 step for formng the insulator film between the,fl?a%gng

gate and the érase” Jater e dF Ssof vihgCet al's“8gafhreabhere VEStERB

id | ft f ti d. t into.the | | at i fi
dur ng. 1 he. SUBSEIURES PR SFCSE 6B of The T Heul 5t redi i e &hesul t)
the 15 defect, égyﬁﬁg $$Thi §ﬁégt9& {&ig&i éegsgsmagdfergliabiLigy IS
spoi | ed. Second, the nenory ceI? escribed in Fﬁe above- ‘mentronedS* S

reference grmliq;ysisa A@é@%y gye'éo%gy@éyﬁecgﬁkﬁgouél"SQL' twggénmﬁhetxmi‘ in

which the floating gate 0es’ not 20 exist at a part of the annel portion.

Control of thensplidachannededn this AEMPEYnCEhL I8saehisyed;as Lheween
potential of the control gate (word line) existing on that split channel

is control |l ed.chEheriefof £ng tdieawrh | F OEnd@s aalisot herhUpskirenrekrt hgespl it
gate. 25 Incidentally, to wite the data into the nmenory cell, it is
necessary to ienasasmtdie Gourreancecqudn idont afndtirel ot rpssy@ide or
injection efficiency. To attain this object, it is effective to increase
t he potentialhﬁ thee APl i3 20041 Bsclve during a 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 flocating gate and are
entrapped into the insulation film during the subsequent
formaticn step of the insulator film. As a result, the
15 defect density of the insulatot film increases and
reliability is spoiled.
Second, the memcry 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 porticon. Control of the
split channel in this memory cell i1s 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 guantity

of hot electrons and injection efficiency. To attain this

object, 1t 1s effective to increase the potential of the




floating gate so as to increase the electric field in the vertica
direction of the channel portion, and to lower the potential of thel s@ytton.
gate to increase the electric field in the channel horizontal direction. 5
In the menory cell described in the Reference 1, however, the voltage of
the split gate is controlled through the word |ine voltage. Therefore, the

vol tages of the fLoatin&ﬁgate and the split gate cannot be controlled
i ndependent | y*1PAtPAeP? r&?,a@héPelp§rﬁ@Sﬁa&hﬁﬂe%qFQH}Qxﬁﬁ§%ﬂ thehe

vol tages of both floatin te_an it gate.  through the word |ine .
vol tage. In 08ﬁ§§dﬁéﬁcgfgﬁggloﬁeﬁgrzgﬁoﬁh "t ARGt & ket :f%nﬁ?W?ﬁection
effici ency C%HQO%OQ%nkEBEO%%dt%b”%%ﬁ%%egﬁ%é‘téN¥HE§*g%%%ﬁ%'e ctri
programed, thererore, an extrenel y lIarge current Wit respec 0 t he

i njection curggg&dfhgw§heaggahﬁgédggqiZ%%ngt&y% .@gﬁgnned si mul t aneousl y

into a plurality of nenory ce Furthernore, a programmng rate

cannot Dbe; acquired. MeapscdesgiihbBed kbR1thecBefenence 2 tiRY e M38de 40 as
the nethod that sinultaneously incréases the generation of the hot

el ectrons andhbnieeti onnhef tbakegey oifn thize sgplitt gaahannelcdithe nenory cel | .
However, this nethod involves the problemin that that overlap between the
diffusion |ayercand the Whedt ingegabeé theeaneShaveccdef f tael totlaadbssecur e
with scale-down. It may be possible to control the floating gate voltage
t hrough the wohd ilnetand teteonndolthehepsplti tgatehaamelothyeusiorg tdid gchi r d
gate different fromthe 12 AUG 2004 floating gate and the control gate, on
the basis of thdependently. 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 electreons and injection efficiency
cannot be improved simultaneocusly. When the data is
programmed, therefore, an extremely large current with
i5 respect to the injection current flows, and the data
cannot be programmed simultaneocusly into a plurality of
memery cells. Furthermore, a high programming rate cannot
be acquired.
Means described in the Reference 2 may be used
20 as the method that simultanecusly increases the generation
of the hot electrons and injection efficiency in the split
channel type memory cell. Bowever, this method involves
the problem in that that overlap between the diffusion
layer and the floating gate becomes more difficult tc
25 secure with scale-down.

It may be possible tc control the floating gate

voltage through the word line and to control the split

channel by using the third gate different from the




technol ogy described in the Reference 3. However, this technol ogy daF§Aﬂpgmf

take scal e-down into consideration. It is therefore an object of the' ¢ 7%¢ ¢

present 5 invention to provide a sem conductor integrated circuit device

suitable for mniaturization and having a high operation speed but a | ow

def ect density, and a production nethod of ‘such a device. The above and

ot her objects g?d novel features 10 of the present invention wl| becone

more apparent froft1tHeIPEFI 6RCNG PEeSCPIFCtoadE t IRE ShécitdTdat ih YMifen

taken in connectjon.with the accaompanying_dr.aw ngs. .The_sem conduct or

i nt egrat ed cirEﬁF%naéQPgeceigééﬁagnént%hFh§e¢F§§€%ﬁ inveHPNEN SEmplt6yS t he

15 constructiop wherein t?irg gaéeg %vin%ldijferentt functi.ons nponlthose

of floating gate and gont FOF gars &Fé° BUFired Jo0 t HE {gaps BetSweh ot d

lines (control gate, secpnd.g fLoat.i ates (first e) existing

ina direction verticalfgrgﬁa?gg%%ﬁggg %ﬁegkggﬁglﬁgeggezéﬁfSgﬁﬁhes of the
EWEC%nd%

present inventigpouilhb,be, peeltg s/ qonductar. 4 niegnated

Qe% ' -
circuit device includes a well og a first con&uct|V|ty typec%ornedﬂbn a

mai n surface ofeq; 88NM:GOREABCLOESURSHEBERr i3 238HINC ARYUGQX 2P 4 adigpn of a
second conductivity type so fornmed inside saic well as to extend 1n a

first directi obpefatibft sgate cheraedoaveaerehe semsaeRjueirdl Syhsdidwaiteior
through a first insulator film a second gate forned over the first gate
12 AUG 2004 8 mé¢hnodghfassebonddemsukator film and a third gate forned
The above and cther cbjects and novel features
10 of the present invention will become more apparent from
the following description of the specification when taken
in connection with the accompanying drawings.
The semiconductor integrated circuit device
according to the present invention employs the
1> construction wherein third gates having different
functicns from those of floating gate and control gate are
buried in the gaps between word lines (control gate,
second gate} and floating gates (first gate) existing in &
direction vertical or parallel to the word lines.
20 Outlines cf the present invention will be
recited below.
1. A semiconductor integrated circuit device
includes & 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 saic

well as to extend in a first direction, a first gate

formed over the semiconductor substrate through a first

insulatecr f£ilm, a second gate formed over the first gate




and insulated fromsaid first gate through a third insulator film wherein
the third gate is so formed as to extend in the first direction and 7 &bt 20%
buried in a space 5 between said first gates. 2. In a sem conduct or
integrated circuit device according toiteml, the first gates are forned
symretrically with respect to the third gate; and the third gates are
formed symetrically with respect to the 10 first gate. 3. A sem conductor
integrated ci tREUP¥IHedi BREOPACLDARS2A Rt 1BF &0F Asthddrdgatteyiftarmare
formed on a nmin surface of a senigo ductor substrate, a senm conduct or
region so forfed TPSFUREEAe 7Rl S8s tgléiFeﬁatFnt *eRASt A5 0disection, a

first gate forned over %hfmsew'conducggé ub tra%gtthrou

. . 1nsdl 1 ?r? n FE 4 i g? at) %5 to
insulator film~™a second gate or red-over 'the i aafg KFE\Tgh 3 sétond

| nsul at or fil@}te@@d%@ #QérgiQQEediggéE?EH EEQ E@CEErQEdtﬁgoﬁhE%%d%ﬁte are

end faces opposing t Irst gates Jacent to each ot her between t he

first gates, and,a5€ $9:forpdras tosoppose end faces of the first gate
existing in parallel with the first direction through the third insul ator

film 4. A sem conduct ofn i Nt egrat et FEHI IndeybEeeql RekUdes ARkl of a
first conductivity type formed on a 25 main surface of a sem conduct or

substrate, a semcondyctoritegi on ohearsesongacendueti Yokyetlype fornmed
inside the well, a first gate formed over the sem conductor substrate
through a firstmmetsul@sbryfwinh asspeondtgatkef ohied geer,- add tthe first
gate over a second insulator filmand a third gate fornmed and isol ated
fromthe firsth@gjgg@h@@u@heaformed symmetrically with respect to the

10 first gate.
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 tc 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 cother
20 bpetween 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 semiconducter integrated circuit device
includes a well of a first conductivity type formed on a
25 main surface of a semiceonductor substrate, a semiconductor
region of a second conductivity type formed inside the

well, a first gate formed cover the semiconductor substrate

through a first insulator film, a second gate formed over




third insulator film wherein an upper surface of the third gate exists at
a position |lower than the upper 5 surface of the first gate. .5. A 12 AUS 2,
sem conductor integrated circuit device according to any one of itens | to
4 has any one of the follow ng constructions: a first construction wherein
the first gate is a floating gate, the sétond gate is a 10 control gate
and the third gate is an erase gate; a second _construction wherein the
first gate i <he fiidgath ip e/l theSSEeHhd Y2 1_r af tbht 3o faktRiBAd t he
third gate is a te for controllin split channel; and a third

const ruct i on 9@Her iF R4 aff?cfsltscglﬁtee(?sg’ém?l%i#fgrﬁ%t%?tqﬁ“f‘ﬁ%u@éc%nd gat e
is a control gate and the third gate is a gate havin he fupctions of
both or ase gdte hd GHLE 1 * gkt rOIT T &SP BHARRET e 601 | i

sem conductor_.i.ntegrated circuit, device . according to item5, a part of the
third gate extlhs]’trsaegi/ag:re Yo the e donduct of Olroe“é?’gnt%?rhtﬁhe N %g
conductivity fype 7. 4dn,a S@irg%scprgjé@gpr integrated circuit device

according to any one of itens to4, the first gate is a floating gate,

the second gafe is a contdl; Qa8 AN tihg od s gatL- S afk grase gate; and
an entire surface of the 25 third gate exists over the sem conductor region

of the secontcandudd ind tanf YR S A &M CoOUCTols | A @05 ad edr CLREUI T
device includes a well of a first conductivity type forned on a 12 AUG
2004 -1 - 1GclmmiWirsurdace: nfcta et contlined oresudist i@t 8on awlsend conduet or
first gate is a floating gate, the second gate 1is a
10 control gate and the third gate is an erase gate; a second
construction wherein the first gate 1s a floating gate,
the second gate 1is a control gate and the third gate is a
gate for centrolling a split channel; and a third
construction wherein the first gate is a floating gate,
i5 the second gate is a contrel gate and the third gate is a
gate having the functions of beth 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 1is 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 regicn of the
second conductivity type.
8. 2 semiconductor integrated circuit device

includes a well of a first conductivity type formed on a




region of a second conductivity type forned inside the well, a first gate
formed over the sem conductor substrate through a first insulator fiﬂ?ﬂU@]WL
second gate forned over 5 the first gate through a second insulator film
and a third gate forned and isolated fromthe first gate through a third
insulator film wherein the third gate haslfiuactions of both erase gate

and gate for controlling a split channel. 10 9. In a sem conduct or

i ntegrated ci MGt FeidsE ccordfimg I Ry onB it 1aleds ¢ $OmBCOREECERT r d
insulator filmis a silicon oxjde filmdoped with nitrogen. 10. A

seni conduct or SSHEY atled ATTEUIT TRAYE Y nicd UdeRe of eI of "3l F¢r She

ductivity type formed 15, mai f f i conduct
substrate, a SeMicomddcror gitn G SEeond LorRIET viTy types FoF weti-e

i nside the Ll first. te f ver, the sem conduct or -substrat e
Vvethr.olji%j]I C%;:’lr%lq:l %.nsqjlrgstdoPdtelgl seccan%v%arte t %%II'P? . S?V%}’at e

through a first i a M a ‘secon at'e Torne

through a secqpd ifﬁ%&tag;%rg%J :’fr{gﬁ"]{bﬁﬂ fants{ﬁa&d %%%%f&v\%]?rf@ﬂn cli: %O{r?}?&’

fromthe first gate thr at or ereln a

thickness of thage fadisded RSt aty fiddnd s9reat ef; thangdhate of tde second

or third insulator film 11. A sem conductor integrated circuit device 25

includes a welthiofd arfdulstt gordugt,i Widar dirpec Horimeok Oyt e Mok H seéacenof a
sem conductor substrate, a sem conductor region of a second conductivity
type forned indi dethherase lgata farrcstggat e Soramett overiddiea semi conduct or
substrate 12 AUG 2004 through a first insulator film a second gate forned
over the firstagated -t hrough a second insulator filmand third

10 9. In a semiconductor integrated circuit device
according toc 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 fcrmed over the semiconductor substrate
through a first insulater £f£ilm, 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 insulatcr film, wherein & film thickness of the
first insulateor f£ilm 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 cn a

main surface of a semiconductor substrate, a semiconductor

region of a second conductivity type formed inside the

well, a first gate formed cover tThe semiconductor substrate




gate forned and isolated fromthe first gate through a third insulator

film wherein the second gate conprises a 5 stacked filmof a polysiligoxs 09
filmand a netal silicide film and the third gate exists as it is buried
into a space between the first gates. 12. In a sem conductor integrated
circuit device according to item1l, the metal silicide filmis a 10
tungsten film 13. A semi conductor_integrated circuit device includes a

wel I of a firdthxBidud iMi%ESt type forded offta @ meeF o5& fiace dforged over

sem conductor substrate, a serp] conductor region of a second conductivity

type formed idside tHe B MeliPT @G rst5 Gt 10ried overt 1R i Yoindtict or
substrate through first insulator fi second gate formed over the

first gate thrgd%%h fgoréréeccgr?d“rnﬁﬁ toer(I fJJﬁnC}W gtﬁbe afoltli"ﬁ agab%\ttemf%?%qa and

i sol at ed fromttht}&a‘ |irnsstulg$az;16)er tpirlgmughb%h%rtehilnr h|enssuelca§no(§ n%%%?mﬁ%’,}?%le%% tﬁhﬁ R

second gate conpriseés a st acke m-contai ning” a

sem conduch o J SUIALAG 1Ll to UG8 o A GO Nthd 0 1AM 13, 1he: gecond

gate conprises a nate film'of "a polysilicon m a barrier netal film

and a netal fdihm, Z8dl%nd i segLnductars iJ4 egr ated, ¢f f&ii £,deV] ce
according to item 13 or 14, the third gate exists as it is buried into the
space between shed idestwegat @he 1G.rd gatsaem conductor integrated circuit

device 12 AUG 2004 - 12 according to item 13, 14 or 15, the barrier netal
film belongsltto a groupgnofa &etirgsicer tfod mntedratar wnfddig device

according to item 11, the metal silicide film is a

10 tungsten film.
13. A semiconductor integrated circuit device
includes a well of a first conductivity type formed on a
main surface of a semiconducter substrate, a semiconductor
region of a second conductivity type formed inside the

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.

l6. In & semiconductor integrated circuit device




tantalumfilm a netal filmnmade of a transition netal itself or its
nitride filmor its silicide film an 5 alumnumnitride film a coljahiiG 200
silicide film a nolybdenumsilicide film a titaniumtungsten film or
their alloy filns. 17. A sem conductor integrated circuit device according
to any one of itens 11 to 16 has any of thez 10 follow ng constructions: a
first construction wherein the space between said first gates is defined

by end faces BFCOtReNfi &t ~§&iTed *pardl P&l o (he Eeddimg sdid’ectildh of the

second gates anpong the end faces of the first gates; and a .secon
constTuctT on RROPAPH Efie SoBace Foetween JERE T L 175 gatted S Horimdd By end

faces of the E%r§é%g%;§s verticagaﬁ}%.the ext en é%gﬁdLrectLon of EQF second

gates anong t celof h ré&”bg?§§_o T&EE M Sonau &ty

| nt egr at ed Ci;BQEHfd8¥ig%s hnglydes (3 yel, Qﬁs?sﬁﬁr%Hd%pQQHﬁki%h¥y type

formed in a sem conduct or substrate, a sem conductor region of a second

conductividy Lypgifharmed cinskde the weldyahecal; 1 :squLce shimnes, and | ocal
data lines forned by connecting the sem conductor region, select

d
transistors fﬂé1?Eh@ﬁbhﬂgi@ﬂ%idboqahn§0ﬁr%@tb&ﬁ%maw%ddyiédﬂﬁﬂhﬂahﬁ | i nes,
a first gate 25 forned over the sem conductor integrated substrate through

a first insul ghekirfilmpyarseaend gate forned and isolated fromthe first
gate through a second insulator film word Ilines fornmed by connecting the
second gates,land a thi rds&2iAUGd2004r- itBeggatedf erimed iandevsaleat ed from
the first gate through a third insulator filmand having different
functions froatceording to any one of items 11 to 16 has any of the
10 following constructions: a first construction wherein the
space between said first gates 1is defined by end faces of
the first gates parallel toc the extending direction of the
second gates among the end faces of the first gates; and a
secend 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 regicn 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 seccnd gate formed and isolated

from the first gate through a second insulator film, word

lines formed by connecting the second gates, and & third




the first and second gates and, wherein a bundling portion of the {EingW%
gates exists between the word line existing 5 at the nearest positio ﬁ 0
the select transistor inside a nenory cell block conprising the sel ect
transistors and the gate of the select transistor. 19. In a sem conductor
integrated circuit device according to irtém 18, a dunmy gate exists
between the 10 bundling portion of the third gates and the word |ine

exi sting at t e Tfedr¥<teDhaEiq i it Thet K&l et € t anst stk i M4l ne nenory
cell block. 2Q. A sem conductor.inte ted circuit devic accor di to
CTem 18 or 10 THE Dy O O1 CHE T T TbviTG 4 5 ConRTs toe et LG | g
construction erein all_of the hird gates existing inside the nenpr

cell are bund}lgg’]dE aftlresi haer%J one, ot ao‘i%go%n ’he“)'(heenrd%"rgfa P%Llen llrrrf)ﬁ‘I yp(?:retﬂéln

bl ock end; angd aﬁ&egtq{yﬁre&%ggéyc&ﬁ} Io%:tﬁiv&ﬁv gbﬁéﬁfrlgget&isﬁm d

gates existing insid nory ce are ed at the nenory

cel | bl ocksendt Zdhe ASEMECONMUCHON | NELANAL ek CdFCU Lo devi G- accoiding to
item 20 has any of the following constructions: a first construction

wher ei n_cont aglenttahesce 1ar & XHSPAsREb At s 1 dnddd ng-Pportd ogh Of ot hesddpi rd
gates; 25 and a second construction wherein the third gate and the dumy

gate are conneticedydty aughttae cofteaant thodresiagwdb@a. nmetal wire. 22, In an
operation nethod of a sem conductor 12 AUG 2004 - 14 integrated circuit
devi ce includdsg.a well dn & fderstconcormhect iivitegtagesd formmed tordey meE n
surface of a
according to item 18, a dummy gate exists between the
10 bundling portion of the third gates and the word line
existing at the nearest position to the select transistor
inside the memory cell block.
20. A semicecnductor integrated circuit device
according to item 18 or 19 has any one of the following
15 constructions: a first construction wherein all cof the
third gates existing inside the memory cell are bundled at
either one, or both of the ends of the memory cell block
end; and a second construction whereln every other of the
third gates existing inside the memory cell block are
20 bundled at the memcry cell blcck end.
21. A semiconductcer integrated circulit device
according tc item 20 has any of the following
constructions: a first construction wherein ceontact holes
are disposed at the bundling porticn of the third gates;
25 and a second constructicn 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




sem conductor substrate, a sem conductor region of a second conductiybg%s 2004
type forned inside the well, a first 5 gate forned over the sem conduc !
substrate through a first insulator film a second gate forned over the
first gate through a second insulator film and a third gate forned and
isolated fromthe first gate through a thitd -insulator film the well of

the first conductivity type is 10 of a p type; progranm ng is_nade by

appl yi ng a poﬁqqe\ﬁeta’%/ﬁﬂt e e &SNS olWR)flf%%%sa ofethettnirdiigate, the

well and a source as one of the rgg%qo}ns of the sem gonduc; or regionis

applied to a control gate as e stond gt €' 1o & Ur& n*as the ot her
Son o e sgmamisier 5 Tegon a0k croplog e voge by serlyi o'

positive voltage ™ Te ve toav e’’co e”to’the third

gate. 23. In aR.Ope Aldon,dBWIGd, ofy 4. SEsEONdUCl Ofe 4Byl fe s 1N1ch Uglpss 2 el |

of a first conductivity type formed'in a ~main surface o o
sem conducs or ;sUhStA AR &.J8MGRNAUGE Qo T BHON. of 8 SRLONd, CRRGEtL Vi ty

type forned inside the well, a first gate formed over the sem conduct or

substrate thraugh adfduisitdnsuliad,ors fdddBnd gacondh g @ dosredhovelrst he
first gate through a second insulator film, and a 25 third gate forned and

i sol ated fromgizhe fuhrstuggate ddvcouph nsutddad finsul adrod fitmird hgatvel | of
the first conductivity type is of an n type; progranm ng is nade by
applying a négatieze avd tiage atelcatiiner tthha d tagesyafe tthrer gl da gatterd|l 12
AUG 2004 - 15 the well and a source as one of the regions of the
insulator film: the well of the first conductivity type is
10 of a p type; programming is made by applying a positive
voltage relative to voltages of the third gate, the well
and a source as one of the regions of the semiconductor
region is applied to a control gate as the second gate and
toc a drain as the other region of the semiconductor
15 region; and erasing is made by applying a positive voltage
relative to a voltage of the control gate to the third
gate.
23. In an operation method of a semiconductor device
includes a well of a first conductivity type formed in a
20 main surface of a semiconductor substrate, a semiconductor
region of a2 second conductivity type formed inside the
well, a first gate formed cver the semiconductor substrate
through a first insulator film, a second gate formed over
the first gate through a second insulator film , and a
25 third gate formed and isclated 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 vcltage relative to voltages of the third gate,




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 nhge 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 sem conductor
integrated circuit device includes a welt b$ a first conductivity type
formed in a main surface of a 10 sem conductor substrate, a sem conductor
regi on fornmedthensiedd £HE WelSours e iasstorgated ForemERTVEYS tdhfe thsemi conduct or
substrate throug6 a first insulator film a second gate forned ever the

first gate threEUGHCAVEESTd TSHAT ator? &t Thided YatSe Fot sk Al 93561 at ed
fromthe 15 first ate throu h athir |nsulator E% q; the well of the
first conductﬁ?dt§ t Fp&Tits Tof Sarkhf T 5ESramAing 1% SHEIES TIPS ving a

positive volta%e relative to val ta% of .t he t hird
e

source as one of ‘Fhé “FEgF6RSOF tie C&H gé’nc‘ﬁ?&‘é)rl % gﬁﬁﬂlé"ecovnql?[cﬁgegate
as 20 the secoad gale: .andyer a3hng qes orfﬂci%eb%o%&%w 2, RO UG Ml tage

relative to the voltage of the control gate to the third gate.
operation nethadeQf a semi conductor integrated circuit device |ncludes a
well of a first 25 conductivity type formed on a main surface of a

semn conduct or 2gubst r at eynazsesbeeBddehomnek@gidon ol BemseceRd Geductivity
type forned inside the well, a first gate fornmed over the sem conduct or

substrate througkgazt2dAdGr2004 delf cef iinst] udesulaatel If idfima & isecond gat e
formed over the first

conductivity type formed in a main surface of a

10 semiconductor substrate, a semiconductor region 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 and a third gate formed and isolated from the

15 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 positive voltage relative to voltages
of the third gate, the well and a source as cne of the
regions of the semiconductcr region to a control gate as

20 the second gate; and erasing is made by applying a
positive voltage relative tc 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




gate through a second insulator filmand a third gate forned and iS(ﬂISaQ,E]@.d
fromthe first gate through a third insulator film the well of § R ekt
conductivity type is 5 of a p type; programming is made by applying a
positive voltage relative to voltages of the third gate and a source as
one of the regions of the sem conductor regbon to a control gate as the
second gate and to a drain as the other region of the sem conductor

regi on; and erfaddiStg in$ U@ teede Iy applSATRI A Trddatiensol e ef ativet to
the voltage of the well to the control gate while keeping th vol t age of
the third gat &% GO A iFeaPBperatd o Hrethod” Gi"A & coh iRt or
integrated circuit devigce includi a |l of a first 15 canductivity type
formad on & eSS PRCE K6 e ot Udor St e, T S condiiA Dy
region of a second.can tivity t f dinside the. well,.a first . gate
formed over tﬁélsélgr%tggn%é@tmdr tskyuebs‘"%/e?@t eoof{ ﬁoeug llCasdt f95's u‘ftnls\ﬁ HorV¥T I a

second gate farsred. o t.h i ol te 0 ; i film
and a thi r%_ gg)tfg% Po\rﬁ%g'a%&fcig;%t%%gj@gﬁrsoéﬁeegrr%%ﬁ(g}glﬁggt F%%}lg 1(531\;6'5 hird

i nsul ator fil g theaweld) 0f; tdhe o iVt Londuct ind e f e d$re fn@ P type;
programm ng i s made by applying a positive voltage relative to voltages of

the third gatecurhe wel londd And e SQUWies A% PG Ofsditecdradh ONsr Ofedten
sem conductor region to a control gate as the second gate and to a drain

as the other regiaorceftridie geeE cendusd Aed@H OBt anthd ef@sSd Ndrd Sn nEdles py
applying a positive voltage relative to 12 AUG 2004 - 17 the voltage of
t he control gaittéetro rtehg ameldf. the semiconductor region; and erasing is
10 made by applying a negative voltage relative to the
voltage cof the well to the control gate while keeplng 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 cof a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, a first
gate formed over the semicconductor substrate through a
first insulator film, a second gate formed over the first
20 gate through a2 second insulator film, and a third gate
formed and isclated from the first gate through a third
insulator film: the well of the first conductivity type 1is
of a p type; programming is made by applying a positive
voltage relative to voltages of the third gate, the well
25 and a scurce as one of the regions of the semiconductor

regicn to a control gate as the second gate and to a drain

as the other region ¢f the semiconductor region; and

erasing is made by applying a positive veoltage relative to




27. In an operation nmethod of a sem conductor integrated circuit device
including a well of a first conductivity type forned in a main surfagepldf 2304
a 5 sem conductor substrate, a sem conductor region of a second
conductivity type forned inside the well, a second gate forned over the
first gate through a second insulator fil&y and a third gate forned and
isolated fromthe gate through a third insulator film_the well of the
first 10 conddd VidhFadped S ity petHrigyridifiiit s made by

applying a nega,ti ve voltage rel ative to val tq%ges of the we|l and a source

as one of the“'egions of 't RE C¥&EHAINIUCIHIN YRR t6™H WY Cgate as the

second gate and tao drai.n as the other region of th en conductor 15
regi on; and erléfgcie d:al%seéné:&ercﬁjftap%vﬁcneg léjﬁe 19 \)‘“oef(ajt]?jgoerrtl telHtive to the

voltage of the el lc o e o 1ol gat e whids dhe, voldage of the third

gate is kept at operation neth a sem conduct or

i nt egr at eds ci rsféHiitcoqn%i\G&%ﬂ %Jﬁéﬁﬂﬂég;e% velderpfc e dddsdr L?é)gﬁ&r?délﬁté vity type
formed in a main surface of a sem conductor substrate, a sem conduct or

region of a secend GRMAUGIH Mty tupe fryrmd: iinsd de the wally, a fddsing gate
formed over the sem conductor substrate through a first insulator film a
second gate foufed fetefed herdd rtsle 25 -gat eydty alghvdsec gk d s W edoradat m
and a third gate forned and isolated fromthe first gate through a third

i nsul ator fil filimhe awel lz athitre Jatrestf ccoreduEridri g Tarped | Sromftlan qrte/pe;
programm ng i s made by applying a negative 12 AUG 2004 - 18 voltage
relative to vohtragad ¢ tthed hinsdilgdice, fiihenweiHe well of the first

10 conductivity type is of an n type; programming is made by
applying a negative voltage relative to voltages cf the
well and a source as one of the regions of the
semiconducter regicn 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 tc 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 & semiconductor
integrated circuit device including a well of a first

20 conductivity type formed in z 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 thrcugh a
first insulator film, a second gate formed over the first

25 gate through a second insulator film and a third gate
formed and isclated from the first gate through a third

insulatcer film: the well of the first conductivity type is

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




and a source as one of the regions of the sem conductor |ayer to a control
gate as the second gate and to a drain as the other region of the 1, sy 2004
sem conductor region; and 5 erasing is made by applying a positive voltage
relative to the voltage of the control gate to the well. 29. In an
operation nethod of a sem conductor int egr-ﬁt ed circuit device i ncI uding a
well of a first conduct|V|t\>/ e formed in_a main surface of a

sem conduct or éh‘bts‘atgreatré3 “‘at n‘échttEiﬁesr e‘@ﬁ o of i TS TN cBlﬁ‘Eiu‘é?H/l ty

type forned inside th ate forned r the sem conduct or
P o

substrate thr&jﬁaas?ﬁrr%‘% E'|‘?1sciﬂeat ¥TY M= Yeeoid Yat e Bt he %%‘?rthe
first gate tllr seco({}]dc]{%s%_a% { Mg Qa@co (%er gat e %5 fc?i: and

isolated fromthe Tirst gate hi'rd |ns or fiTm

the first con%%ctﬂhv,é tcytl,fé/lperé?leq,pqua A d S\E}%T : progr tﬂ%%\e?ﬁmdg y

appl ying a positive t'age ative to tages o and a source

as one of 5t he regiQns Ofdde bﬁﬁrﬂﬁﬂ%ﬂ% A8 0N, d 0,& 2D, CORLT Ol ; gat g as
the second gate and to a drain as the her regi on of the sem conduct or

region; and eras Agitagdrasde dhe aporidlg g qosid ime wadtage relative to the
voltage of the control gate to the third gate. 30. In an operation nethod

of a sem conduct.or 25 it egr afped GiiGUinte tded e i didi dehduaedt of a
first conductivity type forned in a main surface of a sem conductor
substrate, a Semeprchect ariregitoniofice secdontiroprductivief & yper$or ned
inside the well, a first 12 AUG 2004 gate fornmed over the sem conduct or
substrate thr owgiwt fiytst Syrsulfarored idmma aasde ohek e $orared over the

first
10 semiconductor substrate, & semiconducter region of a

second conductivity type formed inside the well, a first
gate formed over the semicenductor substrate through a
first insulator film, a second gate formed over the first
gate through a second insulator f£ilm, and a third gate

15 formed and isolated from the first gate through a third
insulator film; the well c¢f the first conductivity type 1is
of a p type; programming i1s made by applying a positive
voltage relative to voltages of the well and a source as
one of the regioné of the semiconductor region to &

20 control gate as the second gate and to a drain as the
other region cof the semiconductor region; and erasing is
made by applying a positive voltage relative tc the
voltage of the contrcl gate to the third gate.

30. In an operation methed of a semiconductor

25 integrated circuit device including a2 well of a first

conductivity type formed in a main surface of a

semiconductor substrate, a semiconductor regicn of a

second conductivity type formed inside the well, a first




gate through a second insulator film and a third gate fornmed and isol ated
fromthe first gate through a third 5 insulator film the well of I&lﬂﬁﬂ(‘&i rst
conductivity type is of a p type; programring is made by appl yi'r%g '
positive voltage relative to voltages of the well and a source as one of
the regions of the seniconductor region told control gate as the second
gate, to the third gate and to 10 a drain_as the other region of the

sem conduct or %G oIS h P Easiify IS Y Sppt§7 it A hebAt PYeN vl t age
relative to t vQl t.age .of the well to the control_gate 31. In ap
operation net %gdfsgtf J‘ar%suelr‘ﬁtcocfnaftf‘vc\‘tfe r 2 i%?%Og‘?cgt%%teci%%W?dd%‘(/‘?léet?%cghﬂ?%g a
well of a fir 5 tivi : | i ur face  of

sem conduct or%gal}gestt(r}%{%g“%a asestrféllccc%)ryncgﬁlc %ﬁg‘ri'gejoglll gfnlalo ! a%ée%oﬁgl%gn%%%%i vity

type formed ingjded %%d"’%@qlaacﬁfd rﬁ:ton? ?f}ﬁe‘? { oroed, guer f O@’?”& condugt or

substrate through a first insulator m a second gate med over the
first 20 gate isthnough,a ssieeond Hhsidat ofs fiddn £ and acérm&@ltg\%ﬁ {%;T&Tfps?nd
m e viell o

isolated fromthe first gate through a third insulator fil

the first conductd W teyydeP deyr Limigh iyp@d@rwrﬁﬁd;ﬂﬂ@ Sa NBsle; Phve
e

applying a positive voltage relative to voltages of t wel | and a source
as 25 one of tha t=eg arsl ofiddhe samliconpuctol tagi vl l caed £ofbiote gad € as
the second gate, to said third gate and to a drain as the other region of
t he sem condueingr afediten;regna: sercsitige | semiaden oy tappl seagem positi ve
voltage 12 AUG 2004 - 2C relative to the voltage of the control gate to
the well. 32cdnirad @dratdsorthfetdrnbrod g8 tsonitcortdietiorird gate and to

100 a drain as the other region cof the semiconductor region;
and erasing 1s made by applying & negative voltage
relative to the voltage cf the well to the control gate.
31. In an operation method of a semiconductor
integrated circuit device including a well of a first

15 conductivity type formed in a main surface of a
semicconductor substrate, & semiconductor region of a
second conductivity type formed inside the well, a first
gate formed over the semiconductor substrate through a
first insulateor 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
insulateor film: the well of the first conductivity type is
of a2 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
contrcl gate as the second gate, to said third gate and to

a drain as the cther region of the semiconductor region;

and erasing is made by applying a positive voltage




integrated circuit device including a well of a first conductivity type =
formed in a main surface of a 5 sem conductor substrate, a sem conduct o@lb 2004
region of a second conductivity type formed inside the well, a first gate
formed over the sem conductor substrate through a first insulator film a
second gate fornmed over the first gate thé@ugh a second insulator film

and a third gate 10 forned and isolated fromthe first gate through a third

i nsul ator fil meliate ¥fellC dhe MeF53%t TorlditGATEP+ yiets sto ofha velpe;
progranm ng is _jrade by applying a positive voltage relative to voltages of
the wel | and §Zsour ce agn Gile Og’ﬁrﬁﬁé%ﬁledﬁ?dofoﬁ%e%%tt% region to
a 15 control @h%éas th seconq'gggg, to.t2§w§hird qgtg%qgg to.. a grain as
the other region oF A1 S Conditt'or° T egi‘on'“* hd efssi nyt 13 bRt by

appl ying a positi V.QJ .t elative, t. ta e gontrol gate to

t he source or%ottr@él% rlg}iln. %gﬁ.?ﬁgﬁne:dn lg-lpgar g%lonn%ﬁrje]?%ao%]o?fagsem conduct or

i nt egr at eds ci reiite Heniqe 4 nalgiding & veldeof & fidsl: copduetiyity type

formed in a nain surface of a sem conductor substrate, a sem conduct or

region of a seCOME GRANGIH Mt tipe forimd insdde tdhee walls, aafifsd: 25
gate forned over the sem conductor substrate through a first insulator
film a secondagat & drefgredvavert Hhe drifcsindigadcdr thiaughe ve sacontyh nsul at or

film and a third gate formed and isolated fromthe first gate through a
third 12 AUG Z004t i2Euliatsad dtidm,f id meddrel weltle dfodnieed fovest wondictsvity
type is of an r. type; progranmng is nade by applying a negative
gate through a second insulatcer film, and a third gate
10 formed and isclated from the first gate through a third
insulator film: the well of the first conductivity type is
of a p type; programming 1s made by applying a positive
voltage relative to voltages of the well and a source as
cne of the regions of the semiconductor regicn 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 cperation 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 insulateor film, and a third gate

formed and isolated from the first gate through 2 third




voltage relative to voltages of the well and a source as one of the o
regi ons of the sem conductor region to a 5 control gate as the secoﬁd7éﬂbém4
to the third gate and to a drain as the other region of the sem conductor
region; and erasing is made by applying a positive voltage relative to
the voltage of the control gate to the thid -gate. 10 34. In an operation
met hod of a sem conductor _integrated circuit device including a well of a
first conducti®Fi42typelt oF metfnvalaPh SORf AEESHf cancughiBoRdubtBE 1S
substrate, a sem conductor region of . a secong conduct i vi t type f or ned
inside the wel?: ' firsYPa5 Gare #OThed dveF2theP¥efiPRoKdl8t dr “EHBSEVEL e

t hrough a fir&t jpsulatgrtf$l av3fcond gate forneg over, the first gate
through a second- i h&ul &t of +|?2#Oan% SPERTral ghte “Forned afd>rEsf&t &3 from

the first t ' [ i t irst
Conduct i vi Ly (356 16 900 of S&n K tope. br 6or ARG | 8L RGEBY AipPyi ng a

negative ol tage yel ative 10 voltages,of1he well tﬂ?dtﬂi%%gﬁeaéndo% of

the regions of the seniconductor region tdo a control gate as the second

gate, to the thidg gatLs ange tOchdr dFay No@sct henot behi Fegkantot thgion;
sem conductor region; 25 and erasing is nmade by applying a negative voltage

relative to thenvoltagenofié headelbytoppheiegnirpbsgat e v3dtahh an
operation nethod of a sem conductor integrated circuit device including a
wel | of a firstelld?x AS 200dhe 22 tegaduftineét yohypelfgranedtonthemahirad
surface of a sem conductor substrate, a sem conductor region of a
gate.
10 34, In an operaticn method of a semiconductor
integrated circuit device including a well of a first
conductivity type formed in a main surface of a
semiconductor substrate, & semiconductor region of a
second conductivity type formed inside the well, a2 first
15 gate formed over the semiconductor substrate through a
first insulator film, a second gate formed over the first
gate through a second insulatcr film, and a third gate
formed and isolated from the first gate through a third
insulator film: the well cf the first conductivity type 1is
20 cf an n type; programming is made by applying a negative
vocltage relative to voltages c¢f 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 tc the voltage cof the well to the control gate.

35. In an operation method of a semiconductor

integrated circuit device including a well of a first




second conductivity type fornmed inside the well, a first gate fornmed over
t he sem conductor substrate through a 5 first insulation film a se Ongﬂim@b
gate fornmed over the first gate through a second insulator film a '
third gate forned and isolated fromthe first gate through a third
insulator film the well of the first conddétirvity type is of an n type;
programming is made by applying a negatjve 10 voltage relative to the well
and a source dLCTHHEBFViHE TYREY Treef thed sré‘?ﬁ%o*?l%g“f%? ?Eg"f‘on to a
control gate as the econd gge and a drain. as $he ot her g 5 of the

1) e®

sem conduct or ?%Rﬁ?ﬁp Ander %gr?geha%es%wl%% @?%ﬁraye%b% vol t age

relative to the volta f the. control te to.th mell 36, n_a
operatlonmatfﬁ)eacc%ﬁé é@ﬁé#?ﬁﬁﬁf(%c%vp n%%ﬁ?a %}?%uf? d%%%%e ac%%?%?ng to

any one of i e 22:01. 35 an ahsolute my@t 9! thecthied gate,in sl ler

than that of vol tage the control gate ring t prog annlng

operation. 537fﬂfEE”E6%E¥éﬂiéﬁ‘fﬁiﬂﬂﬂ%ﬁgeébﬁ@ﬂ%?@@dﬂ&ﬁﬁﬁd bpLeogfrbed; rst
circuit device according to any one of itens 2 to 36, a distribution of

the threshol d yaldie genesat£0sdyond hen HE D &ANE N0 OPSE AL 4 0Ph i Sd agat east
four levels. 25 38. A nethod of producing a sem conductor integrated

circuit devi cemamises 1hel steps: ofn (g ford ngate wehtough @ £hisd
conductivity type in a sem conductor substrate; (b) formng a stripe-like
pattern to seriveswlsstaof i fskm gatles 2= AUG R00He - £ 23st ovendidel geny copdect or
substrate through a first insulator film (c) form ng a sem conductor
regi on of a setlorh n type; programming is made by applying a negative

10 voltage relative to the well and a scurce as one of the
regions of the semiconductor region to a control gate as
the second gate and & drain as the cther region of the
semiconductor region; and erasing is made by applying a
positive voltage relative tc the voltage of the control

15 gate to the well.

36. In an opération method of a semiconductor
integrated circuit device according to any cone 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 cperation.

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 & stripe-like pattern to serve as a first gate




conductivity type inside the well in such a manner as to extend in
parallel with said pattern; (d) formng a third 5 insulator filn1in1tp§i‘n
space defined by the stripe-like pattern, and burying a third gate ‘i‘n go 0
the space of the pattern; and (e) formng a second gate pattern in such a
manner as to extend in a direction verticak3to the stripe- like pattern. 10
39. In a nmethod of producing a sem conductor integrated circuit device
according to PVEM 388 S SGMPC ik S Yt NT t'dF ion WsSt e 148t at e
is patterned En such .a nmanner_ as to .he §%nqﬁ§ri§ with ;gggect to.the third
gate, and the tHI¥d 'Gat & & P& feriidd GH EUcH T Ingmfer s A5 59 b

symret ri ¢ wi { . respect, ko, the strined ike pattern, <40 d A nmpthod of
produci ng a sem conductor |ﬁ?egTate circult "devi ce according to i1tem 39,
the third gate,i s farnmed.i If;-l'g%ggpt i he, gt ri pesii rn.
20 41. A net h%%tc??‘dp?c?d arlr?g%qserﬁa%!on uct &av*%%\e{}er%r a(tci)d C(E:)Iﬁ?lcﬁu {%dtgﬁ%g
conprises 4 he;slens tQfy i@ Loy Mg el lge Ofnady iy Stheanducld Vi fye type

i nside a sem conductor substrate; (b) formng a first gate over the

seni conduct or pasulasty,ate d Heydha o inrst-d nelaton d idie dgdcd asminge a 25
sem conductor region of a second conductivity type inside the well; (d)
formng a thipdtitRswl:aterd fid)midrma spaceeddefd nect dHpdthe=4i rst gadre,a and
forming the third gate in such a nmanner as to bury the space of the
pattern; and (ennt2 AYGt20@4ten/®@ i4 o arimeang isrs econd gl e; 0 wher e thr igaé

third gate is patterned so that the surface of the third gate is |ower
like pattern.

N

10 39. In a method of producing a semiconductor
integrated circuit device according to item 38, the strip-
like pattern to functicn as the first gate i1s patterned in
such a manner as to be symmetric with respect to the third
gate, and the third gate is patterned in such a manner as

15 to be symmetric with respect to the stripe-like pattern.
40. In a method of producing & semiconductor
integrated circuit device according to item 39, the third

gate is formed in self-alignment with the stripe-like

pattern.
20 41 . A method of producing a semiconducter integrated
circuit device comprises the steps cf: (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 insulateor film 1in 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)




than the surface of the first gate. 42. A nethod of producing a

sem conductor integrated 5 circuit device according to any one of itens 38
to 41, conprises any of the follow ng nmethods: a first nmethod of 1 @ritubmgn
the third gate so that the entire surface of the third gate exists over

t he sem conductor region of the second cofluctivity type,- and a second
met hod of formng 10 the third gate so that a part of the third gate exists
over the seni é6RAGEFOR EEGCHR GF tthe "$6¢6Rd Soridudtivid watsype 43. In a
met hod of producing a sem conductor integrated circuit device according to
any one of it8ﬁ§t§%”eTSSPot%fF - PWF?@C%aFg F§ET6§Hkﬁ?i9@t§héﬁ a Yiginer
that a part of, the third gate e&i%k§ qQuver_.the sem conductor region of the

second ponducFF@Pt§kFy68F‘§ﬁ§ the. ?eﬁﬁ&&ﬁd&@ﬁ@r region of the second
conductivity pype is erﬂgghgﬁ Llel egdgggn'”B!?@g?EBQQUC%%r4 nekl & A8t hod

of producing a sem conduc I'ntegrate I Fcui evice according’to any

one of items 38:ct0c4de.the Llkdainsulal g f D it 3 :9idd agn oxide film

doped with nitrogen. 45 In a nmethod of producing a sem conductor 25
integrated ci reHbtidevi a8yl Bl 4dienG oa 18Rl hgOfhed HodsSt = Ganductiatidas e

formed on a main surface of a sem conductor substrate, a sem conductor
region of a sgeesnedgcenduehiivict attype of @heed tihesiege itrke swelflacea dfi fe$te 12
AUG 2004 - 25 gate fornmed over the sem conductor substrate through a
first insulatohitid npta sedend gate tbemeedmrdvendule ofr nrsigion of the
second conductivity type; and a second method of forming

10 the third gate so that a part of the third gate exists
over the semiconductor region of the second conductivity
type.

43. In 2 method of producing a semiconductor
integrated circuit device according to any one of items 38

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

20 44. In a method of producing a semiconductor
integrated circuit device according tc any one cf items 38
to 43, the third insulator film 1is a silicon oxide film
doped with nitrogen.

45. In a method of producing & semiconductor

25 integrated circuit device including a well of a first

conductivity type formed on & main surface of a

semiconductor substrate, a semiconductor region cof a

second conductivity type formed inside the well, a first




gate through a second insulator film, and a third gate forned and
isolated fromthe first gate through a third 5 insulator film the ?F?Cmg?{]ﬂﬂ
gate conprises a lamnate film of a polysilicon filmand a netal silicide
film and the formation of the second gate is conducted after the
formation of the third gate. 46. In a nethed of producing a sem conduct or
10 integrated circuit device according to item45, the netal silicide film

is a tungsten %G4S GUEFT I ALY et HES 6P T pFdertief ke atReMFEdndiuct or
i ntegrated Ci,T,r;ﬁC'Uit device including a well of a first onductj vi tﬁ.t%{)e
formed on a mait Surfude Bi%a 15 Serft cOdit? of? SubstTate, ©usehf ¢ohttitt or
region of a segond.condyctivity type formed ipside said well, a first
gate forned m?e‘a(r;C %@rsoeurﬁ%coan Uc Oonré/s‘urbssl?lr% Oert#:lriorﬁg‘n A f?rél?iT%s%?{’:\ or
film a second f \Y i t ond, | | at or
filmand a thir gegit gq%%fdsooﬁlrﬁgde%%%r’éoﬁa% e%%%oré%ﬁ%%?%‘?ggﬁgtﬂt}ﬁ?%ugh a
third insglat; i t .ecaond IS 1 nat | :

cont ai ni ngya ﬁg{séfl%‘t{%rmﬂ%g' In a %ﬁoﬁ%épr%%%gé% %e%l%%ﬁl%%t%%lm
integrated cirpuid davwi€e RCGOrding 4 id eBds dhe; SeeoNd: 185 ghderhe

conprises a lamnate filmof a polysilicon film a barrier netal filmand a
metal film 4%ordmatadretdodmy HeIUCiqHr & Senoanucsdrar i ot egrat ed
circuit device according to item47 or 48, the 12 AUG 2004 - 26 third gate
exists as it iformatiiech icft altdetspateydret ween said first gates.
46. In a methcd of producing a semiconductor
10 integrated circuit device according to item 45, the metal
silicide film is & tungsten silicide film.
47. In a method of producing a semiconductor
integrated circuit device including a well of a first
conductivity type formed on a main surface of a
15 semiconductor substrate, a semiconductor region of a
second conductivity type formed inside said well, a first
gate formed over the semiconductor substrate through a
first insulator film, a second gate formed cver the first
gate through a second insulater 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 poiysilicon film, a

barrier metal film and a metal £f£ilm.

49, In a method of producing a semiconductor

integrated circuit device acccocrding to item 47 or 48, the




50. In a method of producing a sem conductor integrated circuit device
according to item4~, the 5 barrier netal filmbelongs to a group of Ad5 %
tungsten film a titaniumfilm a tantalumfilm a netal filmnade of a
transition metal itself or its nitride filmor its silicide film an
alumnumnitride film a cobalt silicide- £Elm a nolybdenumsilicide film
a titaniumtungsten film 10 or their alloy filns. 51. A sem conductor

i ntegrated ci réRdd A i attlardeist al wdtdr ofd al 759 sthe otiRed | e tWeeype
formed in a sem conductor substrate, a sem conductor region of a second
conductivity Spé f 9%i<S5te the wel |, local 15 source lines and |oca
data |ines forqu by co&&gctin% t he _sem conductor region,. select

transistors for 'sel ecti FhE9E ol CEYG S Famd N¥Ed°dat a | i nes,

a first gate fon Quey t.he s qnduct or sqpstrqie t.hr ou first

. . 191 circu eVvITCe aACcCo n G 1t 1€
insulator film a-“second gate forme and isol ated fromthe 20 fiFT st gate

h h i | fal , i . {
through a secepd ipsulaton fadm b d INes, gfﬁ%gggci?ga 4% e

second gates, and nenory ce exi sti'ng on the ource’Tines and the

local data Iiznes rdinided iy t he Selecturt rangd Stonhge d0r Mg, andmamly - cel |
bl ock, the menory cell bl ocks being arranged in the 25 direction of the

word |ines andreerstdild intG-a MBI Gl licanf@aysi gherieinm:oone £ach power
source line is disposed on both sides of the nmenory cell block to
i nt erpose thesitermirde celllm,blaock liumitrhes sane-dg ectlingh @ascddwe swog i 14 ines;
12 AUG 2004 - 27 and the local source -.pine and said |ocal data |line are
film, a molybdenum silicide film, a titanium tungsten film
10 or their alloy films.
51. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, local
15 source lines and loczl data lines formed by connecting the
semiconductor region, select transistors for selecting the
local source lines and the local data lines, a first gate
formed over the semiliconducteor substrate through a first
insulator film, a seccnd gate formed and isolated from the
20 first gate thrcugh a second insulator £ilm , 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 bleck in the same direction as the word lines;




connected to one of the power source lines and to a signal |ine arranged
in adirection vertical to the word line, or to both @fi tie power source
lines, through the select 5 transistor. 52. A seniconductor integrated
circuit device according to item51 has any one of the follow ng
constructions: a first construction wherein’7one of the local data lines is

connected to both of the power source 10 |line and the signal |ine through
the sel ect tr§ﬁ§1§P€rlocéﬁdSﬁusé@bndfﬁbﬁ§ﬁ¥G%P#bNQMﬁﬁwﬂﬁi%nkﬁQﬁ d%fe | oca
data lines is connected to the si nal line at one of the ends of the
menory cel | bCGCRSHAFGUGR RE Sdi &G RAFS st ce Mea%w Hdj dcert ol
data |line adjacent to the one |l oc dat a I|ne ected t he si gnal
line at the o?ﬁé‘re ERGE"GF% hé e E% elq" b &ctkmtah]T otL?g ehe‘“’osrqu(f),gclt o2

transistor. - 83 4, hao%ewhgog%% o1, pLggrat ed o gl dadeoe . aggor ding to

item 52 one o Ioca nes 1's ~ connecte Si ghal” 11 ne at
one of thesends_of ithe 20 nenory cell block through the select transistor
and to the power source |line at the other end of the nenory cell bl ock

through the sehect trangi skAkcopfiuchkdraisRELCARAUCIAr dNteYALiQY Circuit
device according to item 53 which includes ™a first select 25 transistor

for connectingcaocsiddnal tlol N& et SR0%$LG iah A on@ IECtHRN Agrtdweialg to the
extending direction of the word line to an nth (n: integer) Iocal dat a
| i ne, a secondonselrect: ithansisstfar sftorcocenecttiing twWhe EowerorsouricecHd ne 22
AUG 20004 - 28 disposed at one of the ends of the nenory cell block in
local data lines is connected to both of the power source
10 line and the signal line through the select transistor;
and a second construction wherein one of the local data
lines is connected to the signal line at one of the ends
cf the memory cell block through the select transistor,
and an adjacent local data line adjacent to the ocone local
15 data line 1is 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
cennected to the signal line at one of the ends of the
20 memory cell block thrcocugh the select transistor and to the
power source line at the other end c¢f the memocry 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 dispcsed in a
direction vertical to the extending directicn cf the word

line to an nth (n: integer) local data line, a second

select transister for connecting the power source line




the same direction as the word line to (n+l)th local data line, a thimg\
sel ect transistor for connecting the signal Iline to the (n+l)th | ocal "4ACY!
line, and a fourth select 5 transistor for connecting the power source |ine
di sposed at the other end of the nenory cell block in the sanme direction
as the word line to the nth local data | @& the gate signals of the first
and second tr&nsistors are the_ sane signals; and the gate signal of the

third and fou?t#P98edeftbc? erahsFiEor8dar8ft hBesBRAROEY gRgLL b3ock in
i duct i nt ted_ci it_deyij r di to | 51 h f
The 1ol | owi ngt M Conels Bt TOnG o8 7Fr SPSCBREE: AT oROWRE? bi APalgses crgdal
f th | ect I d 5 Li d t
ot gnal of therthfbct HELrEPIPEEt e ket IR b0 R e B EE e R PR a g T he

sanme signal; @ggeatéegpgd(nppp§ﬁryﬁ%5?gga §r?EHeQa%ﬁdség?gh§tﬁgs%g%ﬁ§f t he

select transistors connected to t source lines are t

signal . 26 56cr#nse8tSONEYEt O5nh L €TRGL EFe cgsasgé&tssl@y&@elihacegggas@dml !
of a first conductivity type forned in a sem conductor substrate, a

seni conduct orat egh@noeiie & e5@CONCdKONHLESFYi E¥11 YPEoERN FRALhBSEdRt he wel |,
| ocal source/data lines formed by connecting the sem conductor 25 region,
sel ect transigioestion selectiwgrd heihocab tseufick/ datall §nes, 1anki:r shegat e
formed over the sem conductor substrate through a first insulator film a
second gate forhedsanilsobhtede ffonst hendi sstogat erényidPoAGa2604he 29
same signals; and the gate signal of the third and fourth
10 select transistors are the same signal.
55. A semiconductor integrated circuit device
according to item 51 has any of the following
constructions: a first construction wherein a gate signal
cf 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 56. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, local
source/data lines formed by connecting the semiconductor
25 region, select transistors for selecting the local
source/data lines, a first gate formed over the

semiconductor substrate through a first insulator film, a

second gate formed and isolated from the first gate




t hrough a second insulator film and word lines formed by connecting the
second gate, wherein nmenory cells on the local source/data |ines diyviydag o,
by the select transistors constitute nenory cell blocks, and the nmenory
cell blocks 5 are arranged in the word line direction and constitute a
menory cell array, and when the |ocal souffelfdata lines function as the

I I |i f th | I hey f ti .the | | dat
[in6 of the MHBPILE IS CUt aHer 1 60T he ReoPgocBrTe ¢ hBSSehnEBRBuEtor
integrated 10 circuit_ dewvi i hcl udi f her . h i
!so d?sposed or Inoe[ Ucllsrl1 g%ﬁegss%%n%n#jrelggey’ g%ﬁg?g%flggrﬁergggytggﬁre?’%gg‘égt heI e

menory cel | black Retyear dem | fhddiey; o2 dby 6EAL 0 AL NE- L skihe, and

signal |ines dispose In a drection ve t he wor i nes, thelocal

15 source/ dat&déﬂ%ﬁir@nw@ﬁ%i&ﬂ therq0fge Ofeddl g cBOYRL13RWLCE

lines and to both of e signal lines through the select transistor. 57.

sem condust ory deNt B AR Cid Ciild wlewd CBi nACEOF Sk NOoh OahdieAbRELhag tany one
of the followng 20 constructions: a first construction wherein ath (n:

i nteger) | ocalerstyy aefidatartd e dsd camnnectied tocihessignaldakthneiaksone of
the ends of the nmenory cell block through the select transistor and
(n+l)th | ocalfwsaurice! dat acHed nNeocaks vonnest ednéo ¢ hetlse gnahokiyneeatl, t he

ot her end of the 25 nmenory cell block through the select transistor; and a
second const rety cviviierat mantig hL§eel i dreyelyn¢ oehl theoneverdacalllsne is
connected to the power source line at one of the ends of the nenory cel

bl ock throquQJﬁ§?BF/RﬁazkﬁﬂmemQKY 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 wvertical 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 cone of the following

20 constructions: a first construction wherein pth (n:
integer) local source/data line 1is 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 tc the signal line at the other end of the

25 memory cell bleck 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




select transist-or, and an (n+l)th local source/data line is connected to
t he power source line at the other end of the menory cell block thtaudh
the select transistor. 58. In a senm conductor integrated circuit device 5
according to item56 or 57, one of the local source/data lines is
connected to the signal line at one of thelends of the nenory cell block
through the select transistor, and to the power source Iin? at the other
end of the RS CefFNH Dkt h"i“b%g?\“th%*%g‘?l’éc%o??éné‘i"éfﬁ?.diBaSé}“ﬂ

' ductor, int ted, cj it devi [ to |t 58 furt
hol udes a 1S CHRHE (1 AnST BT or BbRrRct 1 G ©het &F GHARF| RBwPEed i n

a direction vertical to_t | J a Z] i _Lnteger) |oca
source/data.IEQQLm%F%%%dﬂ%P§é$g%$k1%Q ?%ﬁ@ig@%rééo?égo%ﬁég%%%go he power
source line wiged at f ; t C ck_i he sane
di rection as e word I(%ﬂl}ﬁeaoasnédﬁ:cn gnﬁﬁ% J?rg%:ai‘l_ s%%r(“?é“ll%lg%g (#‘T:{rrlg?éa third
sel ect tF@nSléﬁégrép%%ngnfgémngg thessi gpRb éfnéh@ngoégﬁ éBﬁk%éthQQa

source/data |line and 20 a fourth select transistor for connecting the power

source line miied a8 ddenothed endeeé §henaenpiyecetlchbogk tRe BRassane
direction as the word line and said nth |ocal source/data |ine, wherein:

the gate signsf sciof ddweofyredll antbsecontoseh echet sanstst oranatetblbe sanme
signal, and the 25 gate signals of the third and fourth select transistors
are the sanme sidnad . tied. pdwesens conckict one i at egnat edherreondt ofevhee
according to any one of itens 56 to 59 has any one of the 12 AUG 2004 - 31
memory cell block through the select transistor.
10  59. A semiconductor integrated circuilt 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 pnth (n:
integer) local source/data line, a seccond 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 cecnnecting 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 cf 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




following constructions: a first construction wherein one of the sighalAUb 00
lines wired in a direction vertical to the word line is shared by two of

the local source/data lines; 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 betweendXhe semni conductor region of the
sel ect transi?t ﬁ on the side different fronlthe | ocal source/data |ine

and the signa ?HengscgﬁéFéacﬁﬁOpﬁo 6f ﬁﬁétWEm&%FQﬂﬂqlqﬂ(ﬁﬂ&?e%ﬂmP%ﬁlo
third construc% gg wher ei ower gource iine i.s shared two of the
mermory cel | c %ig“ﬂ s ﬁP? ndaét lpnﬁeﬂﬁéfe&%ﬁqwﬁﬁﬁt%ﬁiﬁ(ﬁ? 5% udes

a well of a flrst onductlvgtg ype forne $ conduct géFrate a
seni conduct or "PEgi oA 6f ~& 15°88C0Rd CERAGE | et& t e%%ﬁﬁﬂ?

well, local sourcefdata Lip étﬁemﬂe%wnaﬁe 19..f A8 S mcor!f%“ IO 5
prondredns il LR

regi ons, select ransis or “sel ecting Focal source

first gate fof prd Qge&oaﬂectéaﬂheoeﬂecggan Ebiﬁ %t%hE%r Qh & fddhsler

insulator film a 20 second gate forne i sol at ed f e first gate

through a secepgninstbal Otnki LBhnweEdohi geet&ehﬁe@tméencemectl ng the
second gates, and a third gate forned and isolated fromthe first gate

t hrough a thiséniasnbatesr tebivandrhavingeasdicf tement sktwrcinon Ha amdose
of the 25 first and second gates, nenory cells on the |ocal source lines
and | ocal datdiffeesndi Yrdedtby fheadekectcet/dansi stiors acanstiet wiigrg Imenory
cell blocks, the nenory cell blocks being arranged in the word |ine
directi on andli2e AUS 2084ed BP two of the memory cell blocks; and a
10 third construction wherein the power source line is shared
by two c¢f the memory cell blocks.
61. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a
semiconductor substrate, a semiconductor region of a
15 second conductivity type formed inside the well, local
source/data lines formed by connecting the semiconductor
regions, select transistors for selecting the local
source/data lines, a first gate formed over the
semiconductor substrate through a first insulator film, a
20 second gate formed and isolated from the first gate
through a second insulator film, word lines formed by
connecting the second gates, and a third gate formed and
isolated from the first gate through a third insulator
film and having a different function from those of the
25 first and second gates, memory cells on the local source

lines and local data lines divided by the select

transistors constituting memory cell blocks, the memory

cell blocks being arranged in the word line direction and




constituting a menory cell array, wherein: a bundling portion of the!tMibr/el4
gates exists between the word line existing at the nearest position to the
select transistor inside the nenory cell block and the gate of the sel ect
3 transistor; every other third gates existing inside the nenory cel

bl ock are bundl ed at one of the ends of tRB& —nenory cell block; one each
power source line are so disposed in the sane direction as the word |ines
on both side%°dittHet Ha%o? yReBPFYbfeck %Efﬁﬁ'iHP%Fﬁbgé PhEuﬁﬁ%ﬁPﬁ 10 cel

bl ock between t hem ang signaﬁ,lines disgosed ig a direction vertical to
the word |ineRTah the FCaFPiEduPeErdata FiReS8ehF8 BohRBcl8E% &18Ft her
one, or both, of tthe sig&il | ines gnsidetthe omgé sou cgtlkne thr%u%h t he
sel ect transiSFbPE4% 82 YA SBRRAFEDRGURY Br fﬁ?eg?a d eFreairt -gevrést®

according to iﬁgfaéltﬁés%$ﬁ¥f§?8e9i %PSC}O%ggg}Hg qaf8? E“Ehkogéie%tfirSt

construction wherein an I nt eger ource/data line'Ts

connect ed 5t 0 EP£h$19@@%; L0, abr QOE eﬁik?ﬁgg?gﬁ gaigﬁgnaEﬂngdeekheb!ock

t hrough 20 the sel ect tran5|s¥or, and an ocal source/data line is

connected to &g sy onal1lbnscrt atberohhetsend ghe bhetRBMBRMsCEEl thkock
through the select” transistor; and a second construction wherein an ath

(n: integer) hogaty SOUICBLbERE bSeCORABRCHEHtOsbhecpONEheSAUECEOl i N at
one 25 of the ends of the nmenory cell block through the select transistor,
and an (n+l)tdispeadd sonr ceé datmel dheetsiocoanechedwbodt henpewen setihce
line at the other end of the nenory cell block through the sel ect
transi stor. 12iddJG @D0dhe B8mory cell block as to interpose the memory

10 c¢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. L 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 scurce/data
line is connected to the signal line at the other end of
the memory cell bleck through the select transistor; and a
second construction wherein an pnth (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 bleck through the select transistor.




63. In a sem conductor integrated circuit device according to item 6l Qh 2004
62, one of the local source/data |ines is connected to the signal line at
one of the ends of the nmenory cell block through the select transistor, 5
and is connected to the power source line at the other end of the nenory
cell block through the select transistor. 33%64, A sem conductor integrated
circuit devic accordnﬁg to item63 further includes a first select

transi stor fofctonnecti %.%?Tﬁﬁﬁ“*?ﬂ%oﬁnI%He?ﬁaﬁeﬁocﬂFFééFlgﬁvééﬁtlcaI to
th dli d I I Ld I d

SeTeer Ctranderoratey LOnhEeti fg. ﬁe%éoéﬁasanfﬁécﬁaég st/ deke sane
direction as frﬁéyo{g é§ﬂ§? @n?|ﬁ£héhgfﬁp g Pec? tgggng¥ %gllgbhpck and

an (n+l)th | ocal - sout ce ransrstor

connecting t he signal..b i pecapd M&ﬁ“éhl&ﬁghoe% sguLce datg.ling and a

fourth select transistor for connectin ower “source frne " wréd in

the same @'re§ﬁd0ﬂba§o$ﬁ@cw@&dt&'Bﬁe PQwéPestEBe hogal asoungerdaba Linpe to
the other end of the nenory cel bl ock, wherein: the gate signals of the

first and secondchsehatdr r@@§leDb§katﬂrbb@hS@H8 skgaatk; tandstBeogat e
signals of the third and fourth select transistors are the sane signal

65. A sem conguctor integatethbedictbt devégealdd accocdi agdéoviaay one of
itens 61 to 64 has any one of the followi ng constructions: a first
constructi on ahevedmonec dfemhé3sfygnaheki nesldilspogedirntasdileection
vertical to the word line is shared by two of the |ocal source/data 12 AUG
2004 - 34 transistor for connecting a signal line wired in a
10 direction vertical to the word line arnd an pth (n:
integer) local source/drain line, a second select
transistor for connecting the power source line wired in
the same direction as the word line to one of the ends of
the memory cell block and an (n+l)th local source/data
15 1line, 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
20 klock, wherein: the gate signals of the first and second
select transistors are the same signal; and the gate
signals of the third and fourth select transistors are the
same signal.
65. A semiconductor integrated circuit device
25 acceording to any one of items 61 to 64 has any one of the
following constructions: a first construction wherein one

of the sigral lines disposed in a directicn vertical to

the word line is shared by two cf the local scurce/data




i nes; a second construction wherein, when the |ocal source/data Iipe;@@dmm

the signal |ine are connected through the select transistor, the N o

connection portion between the sem conductor region of the select

transistor on the side 5 different fromthe |ocal source/data |line and the

signal line is shared by two of the neﬁbﬁ% cell blocks; a third

construction wherein the g &e source_line bs shared b of the menory
c?

cel | blocks: =%outth %%ﬁ ?%Erﬂﬁgﬁgpn ﬁéeFBCaﬁhgﬁuFbgl&gFﬁ‘ i ne |s
connected to éh 39,81 ilﬁéngn Eﬁgakg @ag'ﬁ§8%'8n V ChhGal of gﬂ%m

i ne through e Se ec? r ansi st or hse circurt donnec

signal line, e sense: thgyg£%egpneeasdcomeeelakhggpubﬂt BaeLL cSi gnal

line is connecte at one e ehds of “a nenor array conprising a
plurality of %é\mf@é@c’iﬂc@@flr@ 05KSprapget Q@lé@ﬂsgrﬁhégﬁkbrcgﬂn%@ltee%ltocé an

(n+l)th signal line is connected at the other end of the nenory cel

array; and a diftoreonstrigtiRe YHELEI BodrcSWHAER usnbnhaapﬁa%dsQ%hmgen t he
signal line connected to the local source/data |line through the sel ect
transi stor 20 grdl idessense By reubt of abeonemsenseecir btkeanabe rshar ed

by a plurality of the signal |ines when the switch is changed over. 66. A

sem conduct orcéoms eguat edcn ciietk i ndeké cpowenckudesealuskl ief sdakierdstoy
conductivity type forned in a 25 seni conductor substrate, a sem conduct or
regi on of a secondfcomeurtiviyyceypebtorked enspdethheconskirucitacal
source/data |ines forned by connecting the sem conductor region, select
transi stors foheseictinglémel | dsearce2daus popg iszsonnected to the

10 signal line wired in a direction vertical tc 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+l}th signal line is connected at the other end of the
memory cell array; and a fifth construction wherein a
switch is interposed between the signal line connected to
the local source/data line through the select transistor

20 and the sense circuit, and one sense circuit can be shared
by a plurality of the signal lines when the switch is
changed over.

66. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a

25 semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, local
source/data lines formed by connecting the semiconductor

region, select transistors for selecting the local




source/data lines, a first gate formed over the sem conductor substrate
through a first insulator film a second gate formed and isol ated flrioAli K8
gate through a second insulator film word lines fornmed by connecting the
5 second gates, and a third gate forned and isolated from the first gate
through a third insulator filmand having3a —different function fromthose

f the first d d tes, || the | | source |lines and
the T ocal datChTTHAL ot vider by t he Sbl SRE5t FAFET St BT 16hConst i t uting a
cell block, the nmenory_cell. bl ock bei ng. arranged. in the.word |ine
i rocti on and CoRI10 M S OTERDHS Lol 78 rayo s BT LU Btngt TRy °
ti ft i t i b h i 1 Sti th
RN LR (R tichbehiches She L e Lo LIV T e S D TS

and the sel ectsddaisi il oFac aves QL et o thi ds 038 5. 24 5t iagnL0S1 e Lhe

menory cell block are n d at the end of the nenory ce one
each of the oG spHLe, ldNe ardrnged;d e t Ae-Rades i recd i 9P=a@ssrbhe word
| ine and one each of the signal lines wired in a 20 direction vertical to
the word |inesear® s dj sposet angh botth sidesnoild her meims yase! habl agkaas
to interpose the menory cell block between them and the |ocal source/data
| ine i s connetitfetktantboiunof idhef ponerhsource thaef angk tdred segoad |ine

t hrough the select transistor. 25 67 . A sem conductor integrated circuit
devi ce accorgiuEp t ondnerny 66 hbas anytlonelwfal heodnid owimgs @odsthactions: a
first construction wherein the |ocal source/data |line is connected to the
signal |ine tifrougtiate AUgopodividged by the select transistors

10 constituting a memory cell block, the memcry cell blocks
being arranged in the word line direction and constituting
a memory cell array, wherein: a bundling portion of the
third gates exlists between the word line existing at the
nearest position to the select transistor inside the

15 memery 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 scurce 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 1is connected to the signal line through




t he select transistor, and the connection is all nmade at one of the ends

of the nenory cell block; and a second construction wherein the |ocal 7 Al 2004
source/data line is connected to the power source line wired in the sane 5
direction as the word line at one of the ends of the cell block through

the select transistor, and the connection3is- all nade at one of the ends

of the nmenory cell block. 68. In a sem conductor integrated_circuit device

according to i¥eR%edr EAGHS 1 T ot SourRef Hatalio2t i neaps at

ted to th ' | 1i f th d th | I, bl ock
AR IR R e gt TR S I A i P
at the other end.of .the nenory. cell p%ock throqghgﬁhe Sflgct.transistor.
69. In a semQﬂﬂﬁﬁﬁﬂ%ﬁqunf il it e ??a%ev?%% 9679320 ting*to item 68
whi ch further. jpaludes 3, i stosel sctou Lransistor, Lo conpeeting.the signal
line wired in a iTection vertical 10 e word 11he and an a ?n.

| nteger) Local; sourcel daf add neca secondt: selectc Lranshsionf oracopngct i ng

the signal line and an (n th 20 |l oc source/data line, a third select

transistor fgogonectidl dihe Novmes: SO Ce 44 He, Wik@dehd tHEnSARELHN is
direction as the word line and the nth |ocal source/data |ine at the other

end of the memar yncR latblack o Anthad edirdh Sed agdmd FANSE 51 0 L 8K .
connecting the power source 25 line and the (n+l)th |local source/data line;

the gate sidgsals of aliln @f sdre ddrrcksic et dotrdgEnsistorscarte ddeicsane
signal; the gate signals of all of the second select transistors are the
sanme signal ; adve qyhtrey siqgridiese of6 tde 42 AUYG PO0dhe BFcal source/data

10 line 1s 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.

9. In a semiconductor integrated circuit device

12 according to item 68 which further includes a first select
transistor for connecting the signal line wired in a
direction wvertical to the word line and an gth (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 scurce/data
line at the other end of the memory cell block, and a
fourth select transisteor for connecting the power source

25 line and the (n+l)th local scurce/data line; the gate
signals of all cof 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




first and second select transistors are different signals, and the gate
signals of all of the third select transistors are the sane signal; the AlUS 0%
gate signals of all of the fourth select transistors are the same signal

and 5 the gate signals of the third and fourth gate signals are different
signals. 70. A semiconductor integrated-cidfcuit device according to any

one of itens 66 to 69 has any one of the follow ng constructions: a _first
constriction Mhetleidnd veraondrSehect ok RS0t eEF daf e Pt hESTEREr 8 1ERE 1S gnal
line; a second Q§$struction wher ei p, ¥?en,thﬁalogal sou;ce data |ine and
sai d signal 13HE &% TWrimett &P thrdtgh™t hel select I IfanstSthr, the

connection partion of the sem conductor. regio gf tpg §§5§%E5tggns'

. Lretransistor e Lhe sdme signd 3 alﬁtpr on
the side different-Trom 15 The Tocal soufcel data | Phe” and e S|gnaﬂ l'ine

[ hared b f : [ SN [
Luo of the mirory Ceil" BT ocke. Sher e TRE BOET = Kour e TRe: o Panr At o "

construct kon e'm@r%h{b thegd O£&l o £ SOME Ceh dad as hd Neol Sc gogRest 8dgha1Ehg rei gnal
line through 20 the select transistor, the sense circuit is connected to
the signal liderrdhensensgngigcuit to be connected to ath (n: integer)
signal line is connected at one of the ends of the nenory cell array
conprising a plurality ofsaimsyducedd losksstddiec senset cigeutd to be
connected to (n+l)th 25 signal line is connected at the other end of the
menory cell arcaydirandta@ 4nftdneonst L vehs ofé wher €P nhassanychnesof the

i nterposed between the signal |ine connected to the |Iocal source/data |line
t hrough t he setlerwiransistoruandonrhe 428 NUG 2004strggtion 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
regicn of the select transistor on the side different from

15 the local scurce/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 is connected to the signal line through

20 the select transistor, the sense circuit is connected to
the signal line, the sense circuit to be connected to pth
{n: integer)} signal line is connected at cne 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 cther end of the memcry
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




sense circuit, and one sense circuit is shared by a plurality of the

signal lines as the switch is changed over. 71. A sem conductor inte Q%Q%%mm

circuit device 5 includes a well of a first conductivity type forned i'n
mai n surface of a sem conductor substrate, a sem conductor region of a
second conductivity type fornmed inside thé® well in such a manner as to
extend in a first direction, a, first gate formed over the sem conductor

substrate t hrEtye 10 541 st 25 st &t 8FTFFI it “5LEcondSHarE%f B¥néd over the
first gate through second insulator_ film _wo lines ,formed b

connecti ng tHéﬂég%%ﬁ%yg%fegh%nﬁl%ﬁ%ﬁi%h” at @° %g?nﬁﬁlgﬁa ﬁgoFgﬁggePron1the
first gate t ,&%gh athird insulator film the third gate being buried in
a space of 15 the first gate existing in a direction vertical to the word

[ine, whereina decoder Jgf diidiagtheythirg gate: Ls, di aposed in the

extendi ng direction of the wor I ne. sem conduct or 1 ntegrated

circuit dgviceh@roediNg.d 01 idem 74 has agyqaore: of ciheybal kawhag 20 4
constructions: a first construction wherein the decoder for driving the

third gate | sndisposethad Onez ofehheoeddstopf sapbpeBEY, cel bedh EaYduateecond
construction wherein the decoder for driving the third gate is di sposed
adj acent to medlacks flecogerofarcsetectingt peappy €ekhebll aeksdeaeche25
conprising nmenory cell arrays existing on a plurality of word |ines
enconpassed eltheised et 4 rmavsistors;tandxbenthindacbnsttudtirentwheareian

t he decoders for driving the third gates are di sposed on both sides of the
menory cel | 121G ooy Bormed over the semiconductor substrate through

10 a first insulater film, a second gate formed over the
first gate through a second insulator f£ilm, word lines
formed by connecting the second gate, and a third gate
formed and isolated from the first gate through a third
insulateor f£ilm, 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 ceonstruction wherein the decoders for driving the

third gates are disposed on both sides of the memory cell




while interposing the nenory cell array between them and adjacent to a .
bl ock decoder for selecting the nenory cell blocks. 73. In a sem conbtictUe /it
integrated circuit device 5 according to item?20 the third gate is forned
as it is buried into the space between the first gates extending in a
direction vertical to the word line; and &%ecoder for driving the third
gate is disposed in an extendi ngh direction of the word line. 10 74. A
sem conduct or" it gt TP T FRUI tNYSTRTR Y actbt (R REEY oPFEERTIICHEE &R one
of the f0||0% constructions; first constructijon erein the decqder
for driving tHIIHTY Pare T SPosed at - SheS ot St he"@ndd® BFPRE fFEfory
cell array; }%ec ond construction wherein 15 the decoder for driving the

5

third gate i osed adj acent to a block decoder for selecting the

menory cel | ock; an thi QN1 i érjlgmjea( i o) or
driving the t-fljll rd gat eokar?ea rsyoé'rr@‘lcgposec%rjﬁctt%m Jgrgrf S|L§éecg %ﬁcgﬁg ﬂ%‘ﬁ%‘?% cel |
arrays assto aa@&&gﬂ%—' tde; feosy el e R0 &rgay. bes veepnthegy adj agent to
t he bl ock decoder for” selecting the nenory cell block. 75. In a

sem conduct Ory i MHLYr Bl ©4d Caphdc ded e ACERE dfﬂﬂsﬁo?iai:@m d@rerdifigWherein
all of the third gates existing inside the nmenory cell block are bundl ed

at 25 either ongiréeftiod hveofidde endshofwdhe nmen®r yacel & dkocker fbe
selection signal of the third gate is generated froma selection signal of
the nenory cedftibhirogkthdbchirdemtondsiciospont@giataad exreondindevice - 40
according to item 18 or 19, wherein all of the third gates

direction of the word line.

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




exi sting inside the nenory cell block are bundled at either one, or both, .

of the ends of the menory cell block, has any one of the fol lowing 1/ &Ub 200
construction: a first 5 construction wherein the selection signal of the

third gate is generated froma selection signal of the nenory cell block

and a signal for further halving the nenordg —cell block; and a second
construction wherein the selection signal of the third gate is generated
froma 10 ga?ecIEefel?i bA $rFgRalBoPt hé s¥P&EELEr dAsi eforneBRPEFd gates
DESCRI PTI ON OF THE. DRAW N Fiﬁ' lis a aﬁﬁigﬁ pl an vi ew show ng an
exanpl e of tHerSehiBohUuttdr “i'fit BGFALEd et c 'Pc5e9F8eb889&Pﬂiﬁ3 15 to
Enbodi ment 1 of the present jnvention;. Figs. 2A and 2C are . sect.ional
vi ews taken %&%%%r|$%%g %r-Bﬁtﬁ’Bo? Ehea%8d6 9fC%EanEP8FY1FElﬁ b1k,

respectivel yingl gz, 3810, 3F.ALecspoblonal Y eus, sbound.an, 20 exarpl e of

t he production ne e sem conduc Inte circuit device of

Enbodi ments 1; . Fhgsr,4RitR AR-2LenSegL| 999&&5&8%sgeﬂ\y’lnafa@ggs?mm of the

production nmethod of the sem conductor integrated circuit ice o

Embodi ment 1;g26e F §SgeRérb0=8ErabR se6ti BBk oXi 8WgnsNoWIENEhan meanp! e of
t he production nethod of the sem conductor integrated circuit device of

Enbodi ment 1;c&ly.bbot® angi scvifndiagoancrshenenghtheiAl; thedhemory _
construction of a menory cell array of Enbodinent 1; Fig. 7 is a plan view
showi ng | ayoutebl lalock; and a second construction wherein the

selection signal of the third gate is generated from a

10 gate selection signal of the select transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial plan view showing an example

of the semiconductor integrated circuit device according
15 to Embodiment 1 of the present invention:

figs. Z2A, 2B and 2C are sectional views taken
along lines & - A', B - B’ and C - C’' in Fig. 1,
respectively;

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

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

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

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

Fig. 6 is a cilrcuit diagram showing the




vol tage applied area of a third gate electrode; Fig. 8 is a plan view ., ...,
showi ng | ayout of the 5 voltage applied area of the third gate electrt)(fké{*“-m4
Fig. 9 is a plan view showi 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; 410-Fig. 11 is a plan view show ng
| ayout of the voltage applied area of the third gate electrode; Fig. 12 is
a plan vi ew sHoW WLt ayoute bf2tMTOyy| ¢agk apphyedfab®aC8LmERE third gate
el ectrode; Figs. 13A to 13C show a progranm ng operatjon of 15 Enbodi nent
1, wherein Fig. 13A shdwd an’ euid et CHFEFROYHRAgt AP andf Frgs. 13B and
13C show tim ng charts; ig 14A and 14 shﬁm/an ergsing ggeration of

Enbodi ment 1,V Qﬁ%ﬁr@?ﬁ{; 44N Shows AntRgEfvERERt *¢RFEOPES’ di agr am and
Fig. 14B shows a tinin%vcharé;.zo Fiﬂ?ﬁ ééﬁkts ;gC%shpylg ﬁegdigg operation
of Enbodi nent 1, mherefﬁ;Fig.MiékEfs an equi'v T eht? cr T Eur an Eigs. 15B

and 15C ace 1447 gl haKLs; o Fi 98, 16A 100 16 a1 egsect bonal culigus showing an

exanpl e of the se ctor integrated circuit device according to

Enbodi ment 2 of the presgnt d nvent iOmin R Gew ldhdwidg SEEtbOpabsvEgw showi ng
a production nethod of the sem conductor integrated citcuit device

according to Embotidresp2ied fea Fhg. ti8 E8iadChaedi t1dibagpham show ng the
construction of a nmenory cell array of Enbodinent 2; Figs. 19A to 19G shows
the progranm ng operatimiy. 10 is a plan view showing layout of the

voltage applied area of the third gate electrode;

10 Fig. 11 is a plan view showing layout c¢f the
voltage applied area of the third gate electrode;

Fig. 12 is a plan view showing layout of the
voltage applied area ¢f 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 eguivalent circuit
diagram and Fig. 14B shows a timing chart;

20 Figs. 13A to 15C show a reading operation of
Embodiment 1, wherein Fig. 15A 1is an equivalent circuilt
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
methed of the semiconductor integrated circuit device

according to Embodiment 2;




of Embodi ment 2, wherein Fig. 19Ais an equivalent circuit 5 diagram Aarll‘d, ,
Figs. 19B to 19G show timng charts; Figs. 20A and 20B show an erasi ﬁgHUC 0%
operation of Enbodi ment 2, wherein Fig. 20A shows an equivalent circuit
diagram and Fig. 20B shows a timng chart; Fig. 21A to 21G show t he erasing
operation of 10 Embodi ment 2, wherein Frg4226A shows an equival ent circuit
diagram and Figs. 21B to 21G show timng charts; Fig. 22 is a partial plan
vi ew showi ng an exanplfe%f ltthe SehiTorfdtict Gt 3T EHr e Uiy rel®t device
according to Enbodinent 3 of the present jnvention, 15 Figs. 23A to 23C are
sectional vi &I HRET HbRE 3 iR CAL grrap ohpfmodigenfngi g 22,

respectively; Figs. 24A and B .ar ct.ional _views show ng step-w se a
producti on nethod of t%ggsse'm'lcéh cﬁofc’e IH S r it 2 P 9T SR v‘i’%‘gr%flon

Enbodi t 3; i .. t i e} | . f
o ey 3o 2B SoNS A oS uct 4n: 01,8 JRIDIYL SR ¢, BELRY. °F
wherein Fig. 264 ,5hows,an-eaui vadent, Ci§§%ﬂowd&ﬂ9£€g‘ gﬁgr&g- 26B shows a

timng chart; 25 Figs. 27A 1o 27E are sectional vie OW ng step-w se a

production method of thegsenixenduct oros idHEIrat edr £4 1 64 dpdeyi C6n 0f ¢
Enbodi nent 4; Fig. 28 is a partial plan view show ng an 12pAUG 2004 - 43

exanpl e of timusenironduct afhd M @greded Tix cihdwsleyh cequaegoedi Nngiteuit
Enbodi ment 5 of the present invention; Figs. 29A to 29C are sectional views
taken al ong diagram and Fig. 20B shows a timing chart;

Fig. 21A to 21G show the erasing operation of

10 Embodiment 2, wherein Fig. 20A shows an equivalent circuit
diagram and Figs. Z1B 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 cf Embodiment 3;

20 Fig. 25 shows the construction of a memory cell
array of Embodiment 3;

Figs. 26A and 26B show an erasing operaticn of
Embodiment 3, wherein Fig. 2Z26A 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




lines A- A, B- B and C- C in Fig. 28, respectively; 5 Figs. 30A to
30C are sectional views show ng an exanple of the production net hod.]?) Ehm
sem conductor integrated circuit device of Enbodinment 5; Figs. 31At ﬁy
are sectional views showing an exanple of the production nethod of the

sem conductor 10 integrated circuit devicé3of Enbodi ment 5; Figs. 32A to
32D are sectional views show ng an exanpl e of the productjon nethod of the
seni conduct orPXF Mty i T TOMRA ¥ of " Efoth $rent L BCUFF g2 VaSR to 33D

are sectional vie shovm 15 e e of t he oductl on. rret hod of the
sem conduct oracqorﬁv‘%gr?gatt@d C%We%ﬁce of ot PNt BV E 40734 is a view

showi ng the constructi %nggf &q nﬁ:rgorzygcceazé3 %rr&y OC}I Enp e%m%‘e%;‘ékén EEQEESiSA

to 35C show a programm n opera i on of eln FIg

is an equi valy qg%egm rcw&BZﬁdl agr ap and PI&S'H?)%BLO% d%§,5 ge&ltrr\,g%y,

charts; Figs. and ow an erasing opera ment

wherein Fbg. 36A shows manequigmalents g r6u tsecdﬂl%g'faaim\?ﬂ_%f'él’xo§§§ shaws a
timng chart; Figs. 37A to 37C show a readi ng operation of Embod |rrent 5,

wherein Fig. e3<739ﬂ hows ameeqtodl@tofinctida o agiamantcfgset3¢B and 37C
show ti m ng charts Fig. 38 is a partial plan view show ng an 12 AUG 2004 -

44 exanpl e (lfnttd@&asﬁﬁ condictordd i egrat eehisddiautdc deyvi ce according to
Enbodi mrent 6 of the present invention;

Figs. 31A to 31C are sectional views showing an

example of the production method of the semiconductor
10 integrated circuit device of Embodiment 5;

Figs. 32A to 32D are sectional views showing an
example of the production method of the semiconductor
integrated circuit device of Embodiment 5;

Figs. 33A to 33D are secticnal 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 Filg. 35%A 1is an equivalent circuilt
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. 372 shows an equivalent circuit
diagram and Figs. 37B and 37C show timing charts;

Fig. 38 is a partial plan view showing an




Figs. 39A to 39C are sectional views taken along lines A-- A, B- B and
C- C in Fig. 38, respectively; 5 Figs. 40A to 40D are sectional viéwdls 2%
showi ng an exanple of the production nethod of the sem conduct or

integrated circuit device of Enbodi ment 6; Figs. 41A to 41C are sectiona
views showi ng an exanple of the productidd rmethod of the sem conductor 10
integrated circuit device of Enbodi nent 6; Figs. 42A to 42C are sectional

vi ews showi ng®*&H"P &k apl Edf SEReCPr BEBEPF on" FRERBECSf CL ReUsEnflégAaact or

integrated circuit device of Enpodi nent 6; Figs. 43A to 43C shows a
progranmm ng GEErdToe %95%Wb%ﬁﬁﬁﬂ?ﬁeﬂtog,tQﬁePE?ﬁe?Fg?“X%ﬂFéﬁ8ﬁs an

equi valent circuit di ran1gg%}FH?s 943B and 43C shPm/tining ﬁhartfé Fi gs.
44A to 44C shows an er SJ%%'O at o% Bf 2 EnbBT hET 6’ - Wher ef e&ia. 24
shows an exanpl e of, an , equivalent_cireuit~di agr Fig. ot her
exanpl e 20 oﬁﬂfﬁggéauiJEIbﬁ% cigcu?gaagd FFg.9ﬁ4§?§h03§'a§??ﬁ?E§W§8 rt; 25

Figs. 45A5to 45C shows @ geadifg @per@si on. of .. ENDOg] BNt 6. subgt ginaFi 0.

45A shows an equivalent circuit diagramand Figs. 45B and 45C show ti m ng

charts; Fig. AbidS1a &f rend tp dhagk amshaut R84 apr eXaEPEEmi8bnkhtor
sem conductor integrated circuit device according to Enbodiment 7 of the

present inventiwsyrdidd Lifirdsia €vCuktodi aghagisbewi pg the 12 AUG 2004 -
45 arrangenent of a nenory cell array, a block decoder, a

Figs. 41A to 41C are sectional views showlng an

example of the production method of the semiconductor
10 integrated circuit device of Embodiment 6;

Figs. 42A to 42C are sectional views showing an
example of the production method cof the semiconductor
integrated circuit device of Embodiment 6;

Figs. 43A to 43C shows a programming operation

15 of Embodiment 6, wherein Flg. 43A shows an equivalent
circuit diagram and Figs. 43B and 43C show timing charts;

Figs. 44A to 44C shows an erasing operation of
Embodiment 6, wherein Fig. 44A shows an example of an
equivalent circuit diagram, Fig. 45B shows another example

20 of the eqguivalent circuit and Fig. 44C shows a timing
chart;

Figs. 45A to 45C shows a reading operaticn 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




sub-decoder, etc, of Enbodinment 7; Fig. 48 is a timng chart shomjng?%@gqm-
timng of the programming operation in the sem conductor integrated 5% ‘"
circuit device having a select transistor structure of Enbodinment 7; Fig.
49 is a timng chart showing the timng of the erasing operation in the
sem conductor integrated circuit device having the sel ect transistor
structure of 10 Enbodinent 7; Fig. 50 is a timng chart showi ng the timng

of the progP&fAtIETEEer &5 oh 19 He St comitt &t Htdgrégerde i reuit
o a5 vl ¢ AR Eer BT or T GEHE T Che advant ages of ‘& virtugi
208 are Lircuit d agr aftCsarul s Fol ARG RO TREad v FErTHef
S tch rel axatien ospohoaihdy SRR Hib dnd ARG e (Phede B OF

for explaini i;tch el tion pf; t $§p L Gideuit, Hi IS circuit
di agram s ovvicrquc E%ttc%r?ce&%gﬁ y ég(rzaex%%p e (S)E’?at Sr'e‘sgﬂegnﬁ, c%ﬂn Uc orréicr)l egr at ed
circuit devi egraceaiditng .t o Enbodi ment 8 of the present invention; Fig. 56

is acircuit diagramshow ng the 12 AUG 2004 - 46 arrangenent of a nmenory
cell array, a block deg@ger 49ais a timing chart showing the timing of

the erasing operation in the semiconductor integrated
circuit device having the select transistor structure of

10 Embodiment 7;

Fig. 30 is a timing chart showing the timing of
the programming operation in the semiconductor integrated
circuit device having the select transistor structure of
Embodiment 7;

15 Fig. 51 is a circuit diagram useful for
explaining the advantages cf a virtual ground type memory
cell array eguipped with an assist gate;

Figs. 52A and 52B are circuit diagrams useful
for explaining the necessity for the select transistor;

20 Fig. 53 is a circuit diagram useful for
explaining pitch relaxation of a sense circuit;

Fig. 54 is a circuit diagram useful for
explaining pitch relaxation of the sense circuit;

Fig. 55 is a circuit diagram showing

25 conceptually an example of the semiconductor integrated
circuit device according to Embodiment 8 of the present
invention;

Fig. 56 1s a circuit diagram showing the




sub-decoder, etc, of Enmbodinent 8, Fig. 57 is a timng chart useful ﬁoﬁAUG”M’
expl aining a progranming operation in the seniconductor integrated '5 e
circuit device having a select transistor structure according to

Enbodi nent 8; Fig. 58 is a timng chart useful for explaining an erasing
operation in the sem conductor integratedd¢circuit device having the sel ect
transistor structure 10 according to Enbodinent 8; Fig. 59 is a timng

chart useful 2FBRNERPRAENCHg S AFRAdi 7§ dpérativon § R4 SERAGTIUA or
integrated circuit device having _the select transistor structure

accor di ng t oSERBEEFAERE 8SCEs @&g?m§§q¥9%§%ﬂ%buit di agram showi ng a

sem conduct or integratﬁd ciéguLt devi.ce acc&&din%st%ulE@%%dine t. .9 ;gg. 61
; :

is a circuit di agram shofing anst Rer 1 &Renp8 1of “ORE senlcoﬁﬁﬁ:%ﬁﬁi

ntearated oLr Uit deiee of. 20 Eabad WA i F SAJS g oudad agram

show ng stil P Pandther ‘exarple e sem conductor i1 ntegrated circuit

device of: E I t 492,101 483 HS a2 GilC t- diragram show ng a- L5
senicondd%tggggﬁgggrg%g Cgir€Uinzgv50eeaccording to Enbodinent 10 and is

a bl ock cirCQEEOQng@a@bs@gydagm@ntS@bection system of an assist gate and a
bl ock that can be applied to the sem conductor integrated circuit device
12 AUG 2004 - 47 expl aiigedsign iEmaodiim@Ay 2hart useful for explaining
an erasing operation in the semiconductor integrated
circuit device having the select transistor structure
10 according to Embodiment 8;
Fig. 59 is a timing chart useful for explaining
a reading operation in the semiconductor integrated
circulit device having the select transister structure
according to Embodiment 8;
15 Fig. 60 is a circuit diagram showing a
semiconductor integrated circuit device according to
Embodiment 9;
Fig. 61 is a circuit diagram showing anotner
example of the semiconductor integrated circuit device of
20 Embodiment 9;
Fig. 62 is a circuit diagram showing still
another example of the semiconductor integrated circuit
device of Embodiment 9;
Fig. 63 is a circuit diagram showing a
25 semiconductor integrated circuit device according to
Embodiment 10 and is a block circuit diagram showing a

selection system of an assist gate and a block that can be

applied to the semiconductor integrated circuit device




Fig. 64 is a circuit diagramshow ng another exanple of the senicppqg
integrated circuit device of Enbodinment 10 and is a block circuit'di"
showi ng an 5 assist gate and a block that can be applied to the

sem conductor integrated circuit device explained in Enbodi nent 9; Fi
is a circuit diagramshowing still anoth&f exanple of the senm conductor

i ntegrated circgit O_devh%e of Enb%_inent 10 and is a block circuit

di agr am showP#g 14188 dty GAPSEER Of ‘an assist gate and a bl ock that can

di agram shouPif |4 *8EFecti i SystT st _gate and a bl ock that
Enbod ment. O, Fig. 66 FS0a EFradi f GLAgran SHOWAG & 15 SohaeBHalt or |

| ntegrated CLLGHED 08¢ RAceaidng oo Pbad il d L olc Lfle BLESE o
i nvention; FIg. 67%% §*ta “Ci-r ¢ éﬁagran1shomn anot her” “exanpl € 0 e
sem conduct Ok .| grated ocijreuisty devii¢e o0f. B i{$§& ; Flg..68 is a
circuit diag?gﬁpgﬁoﬁ?%gggtﬁﬁl —another exéﬁble_gg t efﬁ%ﬁf%pndhé?o?_

I ntegrat ChkCuist sdew Geqoh BIedi menit Lhn BO.afP iy aLiqguit diagram
showi ng the semi conductor integrated circuit device according to 25
Enbodi ment  12eaR€ohsiua tlrock c@igraitidy diiagnam shomidig &k sel 86dd oim syst em of
an assist gate and a bl ock that can be applied to the sem conductor

i ntegrat ed ceEmbuidimexpl @i;ned in Enbodi nent 11; and 12 AUG 2004 - 48

it

3
g. 65

Fig. 65 1s a circuit diagram showing still
ancther example of the semiconductor integrated circuit

10 device of Embodiment 10 and is a block circuit diagram
showing a selecticon system of an assist gate and a block
that can be applied to the semiconductor integrated
circuit device explained in Embodiment 9;

Fig. 66 1s a circuit diagram showing a

15 semiconductor integrated circult device according to
Embodiment 11 of the present invention;

Fig. 67 1s a circuit diagram showing another
example of the semiconductor integrated circuit device of
Embodiment 11;

20 Fig. 68 is a circuit diagram showing still
another example of the semiconductor integrated circuit
device of Embodiment 11;

Fig. 69 is a circuit diagram showing the
semiconductor integrated circuit device according to

25 Embodiment 12 and is a block circuit diagram showing a
selection system of an assist gate and a block that can be
applied to the semiconductor integrated circuit explained

in Embodiment 11; and




Fig. 70 is a circuit diagram show ng anot her exanple of the sem conductor
integrated circuit device of Enbodinent 12 and is a block circuit di/agtan:
showing a selection systemof an assist gate and a bl ock that can be 5
applied to the sem conductor integrated circuit device explained in

Enbodi nent 11. DESCRI PTI ON OF THE EMBODIMERTS Her ei naft er, preferred

enbodi nents of the 10 res§ t .invention . wl]. be explhai niend in odcet'%gi | with
reference to the acconparyi @ dravi g “Hhicident™a™ v n Y he'? stk tef erence

numeral wll be used thrqQughout. t he F QWi . i dent j C I.f uept
menber havi nﬁ’ e S‘Lée arﬁefh tTcglue?\c eini)lncoanndcij Cg:eop‘e ﬁr}?:lseoiroao%ed%x% éa%%t I oé\)g%{’éésugﬁ a
menber 15 wil 1.t ted. hodi l-Kd,;id 4 ariialiplap view
showi ng an e%édﬁpﬁn%oﬂtt tl%g asr{edﬁim%gﬁddlr%q%%}éi?nl'tfe%}la%e%f%%%ﬁi%ﬁ%gb?%:eg
according tq-fuhadigrent, sk Of dhe Presenic iqmentd p. a ibOSek 2Mha?BaRdpe0 2C
are sectional views taken along lines A- A, B- B and C- C in Fig. 1,

respectively.add ite H ahe/iewidfondidhord, 1 ihadhd gl | 61 appl t eget Dceach

menber for ease of illustration and a part of nenbers is omtted. The
sem conduct ol dglt-8¢Rt ech G imedaviice. of 25 this enbodi nent has a nenory
cell of a so-called "flash nenory". The nenory cell includes a

source/drain 105 inside a well 101 fornmed on the main surface of a
sem conductor substrate 100, a first gate (floating gate) 12 AUG 2004 - 4
103b, a secomdtsfRIETIEBhtTolTHFatE)BANMMEND a third gate

Hereinafter, 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. In 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, & first gate (floating gate)




107a. The control gate (second gate) 11la of each menory cell is connected
to other in arowdirection (x direction) and forns a word |ine ML.1@ E@@zmb
floating gate (first gate) 103b and the well 101 are isolated from eac

other by a gate insulator film (first insylator film 102, and the

floating gate 103b and the third gate IO?a,‘by an insulator film(third

i nsul at or fiﬂdgblg$q¥%%nﬁ%g#$§§iﬂg%t é§lé§§9e?”91£§eawﬁf9 kbg?giggg%gntro

(gate) lila are 1'sol a eac an 1nsulator fi

i nsul ator fi '1@7a1.10%B§a%nttQ%lt I (%fetc%njcp.?gaat%]d 1thg, V@fdeclz&‘i‘?mélin%?ylgy

an insulator film 108a. Each source/drain diffusion layer 105 is so

arranged as tQiextenddihdid 6l iomdy dirgctbendiveetigal (ko the
extending direction (x direction) of the word line Illa, and functions as

a local sourcg dddte aNd #hd | eahs dat@otd nei f@rwconnecting the
sources/drains of the nmenory cells in the colum direction (y direction).

in 20 other words, the geMeRHIGiPrgddd egfiated gddeui1odevace thé Wwhis
enbodi ment conprises a so-called "contact-less type" nenory cell array

t hat does notltaweraa icontsacid hiten dach eacte menpry ceté. ifwolendrf daés of
the third gate 107a oppose two 25 end faces of the floating gate 103D,
that are vertifcatstt cdnathleatywor df1ime 102 a and Bhehbheetinansaget A€ 3endnfdaces

of the floating gate 103b through the insulator filns 106a, respectively.
12 AUG 2004 the third gate 107a, by an insulator film (third insulator

film} 106a. The floating gate 103b and the word line

10 (contrcol gate) 11la are isolated from each other by an
insulator film (second insulator film) 110a, and the third
gate 107a and the word line 1llla, by an insulator film
108a.

FEach source/drain diffusion layer 105 is so

15 arranged as to extend in a direction (y direction)
vertical to the extending direction (x direction) of the
word line 11la, and functions as a local source line and a
local data line for connecting the sources/drains of the
memory cells in the column direction (y direction). In

20 other words, the semiconductor integrated circuit device

w

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 1llla and a channel, among the end faces of

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

respectively.




- 50 The third gate 107a is buried into the gap of the floating gates
103b existing in the direction (y direction) vertical to the word |ing &ifa/(%
and to the channel. The floating gate 103b exists symmetrically to 5 the
third gate 107a and the third gate 107a exists symetrically to the
floating gate 103b. The third gate 107a- $0disposed on the diffusion |ayer
105 vertically to the word line Illa and to the channel or, in the colum
direction (y direction)The ntlhed 192 sank0 vy asbehecdi £FESi bhel Sper ©f05.
Even when the third gate 107a §Xi§§5 besi des the floating ate 103a and
the control g#ft® F1PA-18Ki €2 ednsYrhcErontcAA FRcFBSsELER tgPFcHéb in the
word line W. directio x directjon) and the. local .data |ine _direction 15
(y direction)dtHFcer?h %?ﬁ?hﬁ ft%t%?% gy .l?ﬂgrE%Srépd Fﬁetggnory cel
area can be reduced,to m nimum. 4F2 (F: 1 g mum feat u I Ln,a

Cross- poi nt tékﬁp%?%ayfﬂk%fﬁ$%ﬁﬁqu%ﬁﬁ%P%@%3ﬁ%?ﬁﬁfcé§@iﬁég%%%g% 811

wll be explalped with gelerense LRaFLEs: cBit0 gackl 987a30,20ck0 S are
sectional views show ng”an exanpl e of the sem conductor integrated circuit

devi ce accor di fgntori Ebodi pentnd. FLESt ngagRcbype3ffirst conductivity
type) well 101 is fornmed on a seniconduc?or substrate 100. A gate 25

insulator film(first imsaleiorafddmd 102ai ssthespbosaednt eha thirgkress of
about 12 nmon the well by a thermal oxidation process (Fig. 3A). Next, a
polysilicon fidpe208)sthatcisadopedowthld &3rAUGiR80411a and to the
channel or, in the column direction (y direction), in the
10 same way as the diffusion layer 105.

Even when the third gate 107a exists besides the
floating gate 103a and the control gate 1lla, this
construction can increase the pitches in the word line WL
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 tc 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 tec Figs. 3 to 5. Figs. 3

20 to 5 are secticnal 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 semiconductcor substrate 100. A gate
25 insulator film (first insulator film) 102 is then formed

to a thickness of about 12 nm on the well by a thermal

oxidation process (Fig. 3A).

Next, a polysilicen film 103, that is doped with




- 51 phosphorus (P) and is to function as a floating gate 103D, and1a e o
silicon nitride film 104, are deposited serially (Fig. 3B) . The L7 AUG 0%
polysilicon film 103 and the silicon nitride film 104 can be deposited by
CVD (Chem cal Vapor 5 Deposition), for exanple. The silicon nitride film
104 and the polysilicon film 103 are thehlpatterned by |ithography and dry
etching technol ogies. This patterni converts the silicon nitride _film

n
104 and the BOPYEIPEESn )1 @AMf03 % & NS TEAT M rd detoah 19 193 1940 3Rd a
polysilicon film 1033 .(Fig. .30, respectively. The silicon nitride film
045" and "t he 2 PBoPy SO P oad Mre Wit Aifed GRRe o tT beb Shtipe. o
that they extend i he direction. Arsenic ) _is inplanted by ion
ol antat i on €2 1850 or nt AP PRYSEGACP Ry o 1108 Coharth et Fore A2 a
source/drai n,of the maAps Oql.elcla]n( g e%%?]si@eed giaffd'lﬁd 0 hépﬁiyﬁl 1020
functions as a source or drain line of ‘the menory cell” e silicon
nitride fdlmplOda andhhe £poleysidd:con film 103a function as the mask
during this ion 20 inplantation, and the diffusion layer 105 is forned in
sel f-alignnment with regpectitechie npelysiel ircam flidamakBane Iggi dentialdy,

the diffusion layer 105 is so forned as to extend in the y direction
because the giillimcal 3nialrel deel lpat tk@daand, tihe HaalnegiHy cod fddyn dO3ai ege so
formed as to 25 extend in the y direction. Incidentally, the nenbers etched
in this processhnpsickhiiesn nThiksdpatikmil@4acandepakysinki can ifddmmni@3a)dedo
not contain a netal filmor a nmetal conpound. Therefore, 12 AUG 2004
film 104 and the polysilicon film 103 to a silicon nitride
10 film 1C04a and a polysiliceon film 103a (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 directicn.
Arsenic (As) is implanted by icn implantation to
15 form a diffusion layer 105 that functions as a
source/drain of the memory cell (Fig. 3D). The diffusion
layer 105 functions as a source cr drain line of the
memory cell. The silicon nitride film 104a and the
polysilicen film 103a function as the mask during this ion
20 implantation, and the diffusion layer 105 is formed 1in
self-alignment with respect to the polysilicon film 103a.
Incidentally, the diffusion layer 105 is so formed as to
extend in the y direction because the silicon nitride film
104a and the polysilicon film 103a are so formed as to
25 extend in the y direction.

Incidentally, the members etched in this process

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

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




- 52 the netal does not dissolve in a cleaning step after the etchin
step and does not either adhere again to the wall surface of the éktﬁga?mé
menbers. In consequence, the insulator film 106 to be expl ained next does
not contain 5 the netal (inpurity). Defects of the insulator film 106 can
be restricted to a low |l evel and reliabfl¥2y can be inproved. The

insulator film106 for isolating.the, floatin ate 103b and the third gate
107a is then t6r REE20 PRt RE T SIPGWG wdy X FIT 2136 A GbaUt 0. 5
nmthick sil It:%gnn Xis%%lp}c ialnrcri] id%e%e%%sc,i tee.Lq,h@é Ial?adcﬁ\[étz):e( Ié?ﬁvgxéglr & L1:rhee rﬁ%ﬁ | cal

Vapor Deposi |onf hé "stl ircon "oxide fil'mis heat-tre in an a a

at mospher e t g, i-ptraduge Rt Logen 4 plohe sibjconaxide til m A et
ucted for t 8

oxidation 15 treatnent is then con e Sil'rcon 6xide film into

whi ch nitrogeRshs kBt @dueedosTRioS HeS o 18MRVE nddreEen fhatdsain
introduced into the silicon oxide filmby the heat treatnent in amoni a.

The charge tEapPhBEaqUaRkblYity)sMabkreActher 2Ael RsYWLakebf ich mylG§ of or ned
by the process described above, and this film 106 has good

progranm ng/ eaasbBegrerduianed tehar ackerliestelcsind freilarcharge d#n tapped
into the insulator film 106, the electrons so trapped nove under the

| eft - st andi ngmptatedi.nto the third gate. If the 25 quantity of the nobile
el ectrons is great, the probability of the occurrence of a retention
degradati on becones gfkaténsubenece thémquant foy ofotlhe imgbithe el ectrons

increases with the trap density, the probability of the - 53
flcocating gate 103b and the third gate 107a 1is then formed

10 in the following way (Fig. 3E). An about 10.55% nm-thick
gsilicon oxide film 1s deposited by LPCVD (Low Pressure
Chemical Vapor Deposition). The silicon oxide film is
heat-treated in an ammonia atmosphere to introduce
nitrogen into the silicon oxide £ilm. A wet oxidation

1S treatment is then conducted for the silicon oxide film
into which nitrogen 1s introduced. This 1is 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 gquantity of the mobile electrons 1s 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 probkability of the




occurrence of the retention degradation beconmes higher if the trapping,. ...
quantity in the insulator film106 is great. In this enbodi nent, howevifs A0
the charge trapping quantity in the filmis restricted. Therefore this
enbodi ment can 5 restrict the retention defect and can acconplish good
programmi ng/ er asi ng endur ance characterisfi’‘cs. The insulator film 106 does
not contain netal %PUFII es as__descri bed aboye

a

A P-doped polg ilican
(11m 107 10 S RTE 30 ‘E%?rﬁeb%?@%? E%ai\f%hoaebsggwaa RhEBEEhia
Toan (rre. | oA Bl adntey OfR BELITEN HEok: PRLhngo8atE BRbREGRS
film 107" Ani 5} ariopd C. G g & ﬁ89g9§%7at111% ehebaback 13, hhecRalysili cor

f|In1107 IS way rd gate avin

0 inges 1 eremg it e pelveen Ui onrae ot 00

(Fig. 4B). Here ness of the polysi hird

gate 107g) renmiHhg afd efe@é&@:@ﬁcdsaféc@r@rﬁ@remyaéa@wﬂsﬁheeoao t he
filmthickness of the floating gate polysilicon 103a en the | m

thi ckness of dihgytdirithged Ladiiq ésdsrmtterchihantéhattotst herfd oating gate
103b, the internal operating voltage can be lowered at the tine of the
erasi ng oper atnon.at2or A Sirh i tOh dxedendt| vvdO08in smelepdbsitpdrinisachsa
fashion as to conpletely bury the gap between the floating gate patterns
103a (Fig. 4QescxNMgEdfarcexanple, is used for depositing the silicon
oxide film 108. 12 AUG 2004 - 5 4 -
A P-doped polysilicon film 107 to serve as a
10  third gate 107a is then deposited in such a manner as to
completely bury the gap between the floating gate patterns
103a (Fig. 4A). CVD, for example, 1is used for forming the
polysilicon f£ilm 107.
Anistorcopic etching is conducted to etch back
15 the polysilicon film 107. In this way, the third gate 107a
having a predetermined thickness is formed in the gap
between the floating gate patterns 103a (Fig. 4B). Here,
the film thickness of the polysilicon f£ilm (the third gate
1i07a) remaining after etch-back is preferably smaller than
20 the film thickness of the floating gate polysilicon 103a.
When the film thickness of the third gate 107a is smaller
than that of the floating gate 103b, the internal
operating voltage can be lowered at the time of the
erasing operation.
25 A silicon oxide film 108 is deposited in such a

fashion as to complietely bury the gap between the floating

gate patterns 103a (Fig. 4C). CVD, for example, is used

for depositing the silicon oxide film 108.




Next, the silicon oxide film108 is polished by CM (Chenical Mechanjgabt 2
Polishing) until the silicon nitride film104a is exposed (whereby the
silicon nitride film104a and the silicon oxide films 106 and 108 turn to

5 104b, 106a and 108a, respectively) (Fig. 4D). Next, the silicon nitride
film 104b is renoved by using a hot phasptoric acid aqueous sol ution, for

exanpl e, and the surfaq&y%%gtggagginééﬁP Qﬁ%%é?ii%5§§§p9%egoigkgéd5ﬁ%h'dA
& 1 0. S €

P- doped polysilicon fil'm i'S deposi an en-e

ani sot r opi cal dyp fé’&’&‘@&ﬁ%’fn@%@%i/ééiiﬁé’ﬂiéfql iognwﬁnﬁhgofe%%gﬁg( Fig.

5C). This polysilicon m als electrically connecte _
polysilicon 103a,; a0ds § NeSLndN0; & AYLESs O Exf?llué(?éﬂjﬂ/CQHe on mbhe nfikeatieng

gate. The polysilicon 109a increases the 15 surfate area of the floating

gate and incregses)@d$0addech&oypl i AGnrakiQe0fi1he MBHOENACELE. chint s
way, the internal operating voltage at the tinme of the programm ng/erasing

oper ati onscam d, | DV&s eshd 200 Next regpsiticonypxidegii ko (having a

t hi ckness of about 10.5 nn) 110 for isolating the ?Ioating gate and the
word line is formed (FiNpx$5D)thy 4kl samen et el 881mt h@dlonesshemnved Fig.
3E. A stacked filmof a polysilicon film a tungsten 25 nitride filmand a
tungsten fil my orsngoa cabt edhospodbyhetatifi dgticons deposiited, famd is
patterned by |ithography and dry etching technologies to formword |ines
|11a. Patterrixyupket hird chise $or Edpduet etngorphasi12cAuGlP8041s 53

exposed (Fig. bBA). A P-doped polysilicon film 109 1is
10 deposited (Fig. 5B) and is then etched anisotropically
{(whereby the polysilicon film 109 turns to 10%a) (Fig. 5C).
This polysiliceon film 10%a is electrically connected to
the polysilicon 103a, and these two layers of polysilicon
form the floating gate. The polysilicon 109%9a increases the
15 surface area of the floating gate and increases also the
coupling ratio of the memory cell.

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

20 Next, a silicon oxide film (having a thickness
of about 10.5 nm) 110 for iscolating 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 sco-called
“polymetal film”, is deposited, and is patterned by

lithography and dry etching technologies to form word

lines 1l1la. Patterning in this case is conducted so that




the word lines 11la extend in the x direction, that is, in the direction o
(x direction) vertical to the extending direction of the third gate 1672 M6 2%
(y direction). The silicon oxide film 110 and the polysilicon 5 filnms 109a
and 103a are etched to conplete the floating gate (whereby the silicon

oxide filmturns to 110a and the polysilifeon 103a and 109a turn to 103b

and 109b, respectively) (Fbﬂ. 5E). in this etching process, etching is
conduct ed undé® #9& T ardias dnt i SAHRH the 15 it A @ e FRFm tdn BB

etched, in the stage where the silicon oxide filml is etched. In the
st age where - IR ol A4 0RE DiRE afidt 1o al}oeltg}ech%’ﬁtferh‘gh%%er,
etching is conducted under_.t he .sel ective hi onditio wher e

pol ysi I i con Caf S5 & civdd Bt q:tkhlerdsai altceonfé)ﬁ‘? dg?fcl? ]ﬁ(ll%l%lg}nhot be et ched.
In this way, the insul rf.il. 08a. . 4. ild copy e, it f Lions
as an etching stopper gflrl? Stlr%el@toh ?Dg(lg%te 1 7§ledelcaowt e ieanLﬁLat og&?i | m

108a is npt atched.od Lipearnords dhenddird gate ddya keepsodengstripe
shape extgndi ng%{}’n the y (‘fihrecti on and the floati n%l 20 gate 10%b iggsplit

in both x anday i (eEidns, cHOrgimgord heeby islanditikerd | Drda ngngatas.
Thereafter, an internetal insulating film not shown, is forned and

contact hol epdigaahiingt he worahd iMESa Ihiden tdel Gimraed dr@dm, di ffusion
| ayer 105, the well 101 25 and the third gate 107a are bored. Subsequently,
a nmetal fil mdspedeposiyed @hidy i SSHhen Ipatthdrsned dho mfjopmoniasess. dtrhitg s
way, the nenory cell can be conpleted. Fig. 6 is a circuit diagram show ng
the - 56 consty ustridrrtefd tyrelaeidry cetdiaremyin el eh ffhgi dhlicon
10 oxide film can be stched, in the stage where the silicon
oxide film 110 is etched. In the stage where the
polysilicon films 10%a and 103a are etched, however,
etching is conducted under the selective etching condition
where polysilicon can be etched but the silicon oxide film
15 cannot be etched. In this way, the insulator film 108a as
the silicon oxide film functions as an etching stopper and
the third gate 107a below the insulator f£ilm 108a is not
etched. 1In other words, the third gate 107a keeps the
stripe shape extending in the y direction and the flcoating
20 gate 103b is split in both x and y directions, forming
thereby island-like floating gates.
Thereafter, an intermetal insulating film, not
shown, is formed and contact holes reaching the word line
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. In

this way, the memory cell can be completed.

Fig. 6 is a circuit diagram showlng the




| ayers 105 ( ... Dn-2, Dn-1, D, Dn+l, Dn+2, ...) to serve as the

source/drain extend in the direction (y direction) vertical to the . &U C
direction (x direction) of the word lines 5 W (Wo, W1, .._, V\L )

play the role of the wires for connecting the nenory cells adjacent to one
another in the vy direction. The menory-cefls adjacent to each other in
the x direction %n t he extendin dlrectlon of the word [|ine W) share the
di ffusi on | af@PSEFE S &E MBS r”torrail’nsci ‘oriF §%¢ - sglhéctdilr*féutsﬁé”bource

line or the data I| %'Fh re g%spo ed a bo h ends of Za%h diffusion wire On
inthe vy di 8¢fi'Sn.* “The' regit r‘ic’d ass8a by Urtie sél && SESS £° HiF ed an

"array bl ock" Thethlrd ssi st gat.e |s so,di s osed as to ext end
in the y di r & |r5r?/§l %fgeﬂl(%ﬁn St egc%)lneecrtel non atdjt"*he p &r and | ower

ends (both gads 0n i he, ¥ o )0, D LAY B O 85,1 19,2 Show

the | ayout of the voltage area of t I'rd gate Int

sem condugt Ofy, | WLﬁgrsat?d Ci rogity deyi£e10fy this ﬁ;@@%f‘m{ﬂe &P@eQOEékon 20
enconpassed by the gat es’ 113" of the sel ect tran5| stors for selecting the

| ocal data |iceenektlifg hoeamesRuiicedine acensddd Wesddhedmmsy ¢l tharray
bl ock. The third gate pattern 107a is forned in self-alignment with the

floating gatedpeleysiildrconThat hemnor03ai(whiaahacsntutnedalcd heisdd ifd oating
gate 103b after etching) when any nethod is enployed. In the sem conductor
i ntegrated citheuixt dewictd oghovim itheFiggsend itrgy X1 tdver ipol ysff |iloonwdH3a i s
patterned 12 , AUG 2004 - 57 so that all the third gates 107a extending in
the columm 1line WL) share the diffusion layer 105. Select MOS
10 transistors for selecting the source line or the data line
are disposed at both ends of each diffusion wire Dn in the
y directicn. The region encompassed by the select MOS is
called an “array block”. The third gate (assist gate) AG
is so disposed as to extend in the y direction and is
15 bound into one regicn at the upper and lower ends ({(both
ends in the y direction) ¢f 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 1s 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




direction (y direction) on both sides of the array block can be bundl ? i
into one. In contrast, in the sem conductor integrated circuit devi‘cels 2%
shown in Figs. 10 to 12, the 5 polysilicon 103a is patterned so that every
other third gates 107a extending in the colum direction (y direction) on
one of the sides (upper side or |ower sirde) of the array block can be
bundl ed into one. In either case, .the bundled portion 114 of the_third
gates is disﬁ%%éﬂ“ﬁét%k% tho thei o7 dtes nel 12137 5RRAERE §at BR213°4BMPhe

| t t 1 Tt t d. | dent t d f
Phe o e mat A e e QLSS B doﬁr‘]::klﬁ%&glghdgﬁ’a?r DEeT 12 B e eBUoBE: waen

h d | 11 bundl f the third
o 20l ALY B P P A R
f gﬂ%
107a are OI’ : {@%I rdﬂgﬁlets &é@lcgr&g&? Tegt@ %go i@etgopgac BQO es to

supply power to ates 107a. The | ow met hods™ can be used

for. connect g e a8k 408300} & 445:ande i e, el awéE%%@hegotﬁnedfl rst

nmet hod di sposes ‘one or a plurality of contact holes 115 at the end portion

of the bundl igitepardiOnedtldn@fing hen tivis dogates d0/acaisht akegi them gH}
fromthe menory array by the netal wre 116 as shown in Figs. 7 and 10.

Thi s nmet hod has driwe ativad ageddéhatuppyousi@e of 1heenetadle M 6€StR8 t he
menory array is easy. The second net hod di sposes the contact holes 115 in
substanti al | yartdeey Whiodak ragn ore dfuddieedunat ¢ ngneor tlirore i thkd afadde the rd
gates 107a, connects them by the netal - 58

pundled portion 114 of the third gates is disposed between

10 the word line 111z and the gate 113 of the select
transistor at the block end. Incidentally, a dummy pattern
made of the same material as that of the word line 1lla
may 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 11%
are connected to the contact hecles 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 cf 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




wire 116 and takes themout as shown in Figs. 8 and 11. This nethod hagg
the advantage that the voltage drop due to the resistance of the bundling
portion 114 of the third gate can be restricted. 5 The third nethod

di sposes the contact holes 115 in substantially the whole region of the
bundling portion 114 of the third gates W& It certain gaps between themin
the same way as in Qe second nmethod, and al sp di sposes the contact holes
118 in substa%ffal}; t RBIWhBIFESr EGFBn°6F %6 Pﬁ@wBuﬁﬁyEﬁQFFegnafPZ%ﬁtr1
certain gaps, {00, o] i Figs. and_12. The netal wire 116 connects
the contact E% %smgﬁgggnﬁgilgh?oagﬁgngﬁgFhgﬁétSFHEevPhgaﬁglyﬁQPap“ﬁIﬁﬁ
having a | ow i LS. used r n i hi,r te in this

nmet hod, the v%?%aé%gggg%hggsﬁftfﬁg P?gﬁ%?ﬁg Q%r?ggﬁsﬁéﬁcgfo %ﬁhéhﬁﬁhdling
portion 114 of,the.1hird gatesi.cap be restricted in the same way as in the
second net hod” Since the distance between the contact holes 115 and 118

is small, sthe Iength of ke sl nai k64 1dBs a8 berndecrraged, nands! ayaut of
the netal wire on the nenory 20 array can be nade easily in the same way as

in the first imeshiogtahniotheremerdsolbhirsgimehhed bas bhedadvanbages opf
both first and second nethods. The nmethods shown in Figs. 7 to 12 can be
sel ect ed apprbptiafetlyei nhacdogdaacewntthcetheihagges speeckncatiean iof t he
sem -conductor integrated 25 circuit device. Next, the voltage application
condi ti on andthéesampervayi @n het hbed afcehe membey, cehbsapsoddeedolsy st he

met hod descri bed above in the progranning operation, the 12 AUG 2004 - 59
the contact holes 118 in substantially the whole region of

10 the dummy pattern 112 with certain gaps, too, as shown in
Figs. 92 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 porticn 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 cendition and the

operation method of the memcry cells produced by the

method described abeve in the programming operation, the




erasing operation and the read operation will be explained wth reference
to Figs. 13 to 15. Fig. 13 shows an exanple of the progranm ng oper dt/i Bit: 205
Fig. 14 shows an exanple of the erasing operation and Fig. 15 shows an
exanple of the 5 reading operation. In each of these drawi ngs, A shows an
equivalent circuit, and B or C shows a tiAPng chart. In Figs 13A to 15A,
the respective o eratlon is carried out selectively in the cell
enconpassed HFHITBPPTIHOD 131FE &t Te e PO n‘@lbjpe?%t?ﬁﬁlﬁnlpledbe

expl ai ned. It vv|II be assuned t ereb hat Iect nenory cell i
celol M A pos‘flﬁ ‘?/%Lfeafb%eotfo go]r §>E<L§rrpl S1l'§3wa5p T e 2BP ﬁe

word |ine V\Ln ére%r%/%mi %@%ré’gl&be %‘i ectl%g Ows I\élfnf aenxdan?Pf)osclg/ ive

vol tage 15 of” abo S applled t'o X Y& diFt 010 Dn

as the drai nf&{%tépaé ect EF?déLCé:t[%l[én '\énJh@‘l dlfg lgﬁ{eéxgsm%rce sg;lge as

the source o Mis As t he ra| and

the word ki ne-&®i kfRipdtad fteh prq@ete%rdp %%dt\h(é'sfea%%dﬁgszopi hiroW@yan hot
el ectrons devel op in the channel region of the menory cell Mand are

injected intadedloatidgrgate, Mdthisetd Browd la of idihegtdbhidrgate AG
the well and the unselected word Iine W.n+1l are kept at 0 V, and the

di ffusion |layers Dn-2, In€hegnd Do+ arid attHe \fespat t2bransbatnses om hes
floating state, respectively. Therefore, the diffusion |ayers Dn-2 and
On-1 are keptcatridme saneseMottagel § OlV)tlando¢ he ehddrusa oed ayer Sobhednd
Dn+l are kept at the sane voltage (5 V) . Further, the voltage 12 AUG
2004' - 60 lines.

10 First, the programming operation will be
explained. It will be assumed thereby that the selected
memery cell is a cell M. A positive veoltage of about 12 V,
for example, is applied to the word line WLn (selected
word line) of the selected cell M, and a positive voltage

15 of about 5 V, for example, is applied to the diffusiocn
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, 5 V

25 and under the floating state, respectively. Therefore, the

diffusion layers Dn-2 and Dn-1 are kept at the same

voltage (0 V) and the diffusicn layers Dn and Dn+l are

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




di fference between the diffusion layers Dn+l and Dn+2 hardly exist%; AUS 7004
because the diffusion |ayer Dn+2 is under the floating state. In
consequence, no hot electron develops in the channels of the nenory cells
M1, V+1 and 5 M+2, and mi ss-progranmng to the adjacent nenory cells M1,
M+ and M+2 can be prevented. The hot el-eétroen injection occurs in only
the menory cell M As the electrons are injected to the floating gate of
the sel ect ed Hent5Ret |Peweehetihrashoraivol tagersf Pane refoPy+eel | rises

and 10 programm is conducted. In this way, the sem conductor integrated
Circuit devi CRATSES THUT T AdPSCENEE HENDr 9L LoNF 507 ab2BRE HATE, L8clEEes one

|1 t t ing. Th f .. thi nbodi t
cel among, e on execyt oo, programig. Theelore. s erbodient
th [ | ] Fi d 13C tim t oW n
e coll s on QIS YL 14Ty, K8, 498 900 43G,80e. 0L ng.chatL o shonk oo

line Wn gnd .0t %cﬁigﬂé@iﬂbé%ﬁﬁfn@t@ngheEgii%c%}qgrﬁeﬁ&ﬁ/g e 9xa ol es

shown in Figs. 13B and 13C.~ 20" After a voltag I's app to the

sel ected wong 1 idves Wb adad Nee th Ad Al £ Q1S SHOWMLd rbfécﬂcré@%n?’ c¥iohS
applied to the diffusion layers Dn and Dn+l at the timng tl (1O < tl)

After this valdages isn keply fitie anens edeter M med By ag{amidg: toA® frét = t2
- tl), the 25 voltage of the diffusion layers Dn and Dn+l is returned to O
V at the timingd2edhen tpgreogf vt irgy | $aexecfit ede ate sachedt nEBES, cdrai n
disturb can be mtigated because the drain voltage application tine is
short. 12 AUB200% -tlereshold voltage of the memory cell rises and
10 programming is conducted. In this way, the semiconductor
integrated circuit device uses four adjacent memory cells
as one unit, selects one cell among them and executes
programming. Therefere, this embodiment executes the
programming operation at least 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 tl (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.




Alternatively, after +5 Vis applied to the diffusion |layers Dn and Dagh G0
at the timng tO as shown in Fig. 13C, +12 Vis applied to the selected
word line W.n at the timng tl (t0O <tl). After this voltage is kept for 5
a predeterm ned programming tinet (t =t2 - tl), the voltage of the
selected word line W.n is returned to O-\elat the timing t2. The voltage of
the diffusion layers Dn. and Dn+l is then returned to O V at the timng t3

(t2 < t3) Wien prografmiRgNr§lEReEut 84°FR TR ¥ $8qBBRCEEWGd U di sturb
can be mtigat because t he rd |line volta ppl.ication ti is short.
ext . the. er BhEhES00er IEHER SR B8 BEAlaPhedne ABTSRGAEO MG oA AT &
negative vol tage h -13.5 V__i,s _appli tq. t | ected word |ine Wn
and a relativégy iéESWEﬁF %oéftﬁ?@l&gﬁtgﬁe%gﬁc%eég%§%§'V%%éiﬁﬂ)?eﬁ fo al

the third gg%e§PFIg§%Eh%rg§iQQolQy%ﬁ§_DnA§té9 Eﬂf%1vBT§a L5 @%Qitg%r

unsel ected word are at 0 V. Consequently, ejection o

el ectronsg ocguULS HEQELHAG o of LORLIAGARLE thiQet he (hird gat & qin alls the
menory cé?ls OE %O t he ﬁo?g Finngln dEg ﬁoethe(FomAer-hbrdﬁein1f;pe

tunneling phepergRaN W tRet Re1tesult wbhat 1tihe thneshkoldr malde f ¢ he
menory cells drops and the erasing operation is conducted. Incidentally,

it is also pgssibkettgiappky. 25hsi vyl tageous! yna nAegatkvenvaktage such as
-13.5 Vto a plurality of word lines and a relatively |ow positive
vol t age suchaas Bn31Vikotakh tkeuthiedd tgattey AG whiel & ittheng diF f us? on | ayers
D and the well are kept at O V. In this 12 AUG 2004 - 62 -
t3). When programming is executed in this sequence, word
10 disturb can be mitigated because the word line voltage
application time 1is short.
Next, the erasing operation will be explained.
As shown in Fig. 144, a negative voltage such as -13.5 V
is applied to the selected word iline WLn, and a relatively
15 small positive veltage such as 3.3 V 1s applied to all the
third gates. The diffusion layers Dn-2 to Dnt2, 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 1s also possibkble 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. In this




0 case, the cells on the word line to which the negative voltage is?: AUG004
appl i ed conduct the erasing operation. It is further possible to apply a
relatively large voltage such as 17 Vto all the third gates AGand 5 to
set all the word lines, all the diffusion |ayers D and the wells to O V. In
this case, all the nenory cells inside thé block conduct the erasing
operation. In this enbodinment, the erase rate stragngl .depends_on the

oxi de el ect r F@5Fi eltdS FReret §Fe,tNes “BF Bxlp ™S et 1 t?‘ﬁetrbe‘ar%f’gc-faa'bJrf"%f t he
producti on net@gd of .t he qgngf¥x§elj thgafigénilﬂ ckness of the gate

i nsul ator filf 182 £&r “Pol"at ng THE 108 ieng Sglaﬂ% RYE5 Fr8M t he

sem conductor substrate, 1 i ter t fi t.hi - f the
silicon oxide filn1110?Fo?gi§§Fg§%%g Pﬁéq%ge?ﬁghf¥%ghba é%ﬁgg?ﬁéaﬁnthe

control gate;111a 3d:bie CUM Lhickness of L hasilicen gxdle {d1amdos for
i sol ating the | oating gate 103b fromthe third gate 107a. Incidentally,

the priorsartot gehnalogy nese® Adn 1i5E Gases Hde:isd dd£h opd ¢le-4 ih mn 4 hat
is formed by 20 thernmally oxidizing the floating gate polysilicon film as
the tunnel fiche @kblttke ebect vonsihetmeenchbe, f hoat tng @ainervandltlke erase
gate. However, the thermal oxide filmon the polysilicon has |arge
gquantiti es ofinkiaps taedrtlhbe kelcectiuans tdree scaughtyg iddexr dtheoroxi de fil mas the
nunber of 25 tinmes of programm ng increases. Consequently, the electric
field applied to the oXndéhfisl pmérdpsesthsttamt icalase arde tHearsdse rate
drops. A nethod of increasing the voltage applied to the erase gate with

t he increasedgpPeniée manthée PXiAGGeAGE4ric field. Therefore, as

10 explained in the paragraph ¢f the production method of the
memory cell, the film thickness of the gate insulator film
102 for isolating the fleoating gate 103b from the
semiceonductor substrate 100 is greater than the film
thickness of the silicon oxide film 110 for isolating the

15 floating gate 103b from the contrel gate 1lla 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 flcocating gate
and the erase gate. However, the thermal cxide film on the
polysilicon has large guantities of traps and the
electrons are caught Iinto the oxide film as the number cof

25 times cof 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 cf the number




| L - 63 of tines of progranm ng has therefore been proposed. On the, 00

ot her hand, the silicon oxide filmforned by the nethod of this enbddiﬁgag“

has the trap quantity in the filmequal to that of the oxide filmon the

well. 5 Therefore, even when progranming is repeated, the erase rate does

not drop. Fig. 14B is a timing chart showPAg~an exanpl e of the voltage

application %gninglto the sel ected rd line Wn and to the third gate AG
&L es_ o

10 After -13 S appiﬁﬁf%%?qqﬁfgxa%ﬁx%y Word e 1P PR Sthe 1 ing tO

as shown in g, 4B £33V jis, 2ppligd 40 dhe thirdgalg AG g the timing

tl (tC<tl). hi's voltage is kept for a predetermned eras et (t t2

- t1), and tgfet#ﬁ%&e @fi 4 hed i ifh gates AG s ¢ hen %ga%%gsﬁnfﬁ tRs0 V at

the timng t2. ereafter the voltage of the select lTne Wen is

returned to GMratedte dd N to¥ (de odBe 4MBUSH @R er&@sing operation,
the voltage of the third gate AG controls the erase tinme. In this case,

the vol t age wirdire figrdhe eswid Gheth rddf@adnidg 20 gatea sl scsamblgget han
that of the word |ine voltage, an the switching time can be nade shorter
I n ot her wordsite thesermasi nir@peration of this enbodi nent that directly
controls the erase tine by the third gate AGis superior in
controllability of theFemasd4d ns d niaddid idmrdigstarihn@sn eetdmeple of
unsel ected nenory cells by the third gate AG can be reduced. Next, the
readi ng oper dthicory oditldaehes rexdpl @ e AT iSHbWie | e g L asred avpodi tine
voltage of 3.3V, for _

WLn and to the third gate AG.

10 After -13.5 V is applied to the selected word
line WLn at the timing 0 as shown in Fig. 14B, +3.3 V 1is
applied to the third gate AG at the timing tl (t0 < tl).
This voltage is kept for a predetermined erase time t (t =
t2 - tl), and the voltage of the third gate AG 1s then

15 returned to 0 V at the timing t2. Thereafter the wvoltage
of the selected word line WLn is returned to 0 V at the
timing t3 (t2 < t3). In such an erasing operation, the
voltage of the third gate AG controls the erase time. 1In
this case, the voltage width to be switched of the third

20 gate AG is smaller than that of the word line voltage, and
the switching time can be made shorter. 1In other weords,
the erasing operaticn 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 Vv, for




- 64 exanple, is applied to the word Iine Wan of the selected cell, N
a positive voltage of 1 V, for exanple, is applied to the di f f usi on' §3éﬁmb
Dn to serve as the drain of the selected cell M The diffusion |ayer Dn-1
to serve as 5 the source of the selected cell M all the third gates AG

the wells and the unsel ected word |ines"WeA+F are kept at 0 V. The

di ffusion | ayers -2,. Dn+l_and Dn+2 are kept

d und
floating st abd 2 RdSsects VHIR. LD T dYeht i l]r’é%d‘%rrh thet ot b Lad
t he progrannlgg_ %? ?BFEPtH§”Et1ve véf% QF %9Q5?5%51 |n£§grated
f i % ur a ace

circuit device o iI's € nent uses as’ one unit,
sel ects one qf, hem qnd t%e t | NG, O&?r&%f&é‘ aJh‘?r'Zc_?fﬁE&ntQ?
r eadi ng operaf1on I's execute eas our tine o conduct t read al

the cells ongpe se]i%é/t‘%rcﬂ c!élrle M F' e Jeﬁ@f%%‘io%5@a%fe% tdnmln&oc@xtv% sfiowi ng
exanpl es of the voltage application timng to the selected word |ines Wn

and to the didfusiondeaysr s b dingd .ceThate are dnw exardl gscas sHoWN
in these drawi ngs. 20 As shown in Fig. 153, after +3.3 Vis applied to the

sel ected wor dHd Rel\Ws sld tfhe timddigedthd o i Binappiied toré heedt fAusi on
| ayers Dn and Dn+l at the timng tl1 (t0O <tl). This voltage is kept for a
predet er mi ned Ww.ealGhti defffuction tl2yerts| Pnadd tDmenl tmel olH2age cofketphe 45
diffusion layers Dn and Dn+l is returned to O V at the timing t2. The
vol t age of t e Vsellétcteadi wordked itee VILiratsing etttatned tos@edtatethe témng t3
(t2 <t3) . Wien the progranmm ng operation is conducted with such tim ngs,
12 AUG 2004 Pprevent miss-read in the same way as in the programming
10 operation. In this way, the semiconductor integrated
circult device of this embodiment uses four adjacent cells
as one unit, selects one of them and executes the reading
operation. Therefore, the reading operation 1s executed at
least four times to conduct the read all the cells on one
15 word line.

Figs. 15B and 15C are timing charts showing
examples of the voltage application timing to the selected
word lines WLn and tc the diffusion layers Dn and Dn+l.

There are two examples as shown in these drawings.

20 As shown in Fig. 15B, atfter +3.3 V is applied to
the selected word line WLn at the timing td, +1 V is
applied to the diffusion layers Dn and Dn+l at the timing
tl (t0 < tl). This veltage 1s kept for a predetermined
read time t (t = £2 - 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,




- 65 drain disturb can be mtigated because the drain voltage apg&h&qhhon
time is short. Alternatively, after +1 Vis applied to the diffusi )

| ayers Dn and Dn+l at the timng tOas shown in 5 Fig. 15C, +3.3 Vis
applied to the selected word line Wnn at the timng tl (t0 <tl). This
voltage is kept for a predetermned progfanming tinet (t =t2 - ti), and

the voltage of .the .selected rd line Wen iis returned to 0.V at _the
Liming 2. TRENGI Cage BP CHE QT FUSIGH ISty id DA L0 i DHAL Yo ERER
returned to Q V.at the timng.t3 (t2 < t3) Wen progranmming is conducted
wi th such tiﬁPﬁé&FaﬁﬁP Ydi"St ar'b °Can e rel axed because the word Iine

voltage application tiy -ekﬁaﬁqg%ﬁgéT%%5§?WQPQQ%%;%§4f¥€§"ﬂ%fa ircuit

device of 15 this enbodi ment can t the size inth ocC i ne

di r ecti on andie NS WILY NSl N 1 e S8 i 0 o8 henBlpl oy

feature size F although the nenory cell Mhas the ITd gate other than

the floatingrgateiand tihe 3 gonts Alpdats) cthangf ydedhas RIRE Y1 e8| warea
can be 20 reduced to 4F2. Since this enbodi nent uses the pol ynetal

structure fortt hgewericihigne,: the deldy .of Thhe Loarsighi o Kdpre @fr the word
lines in the progranm ng and reading operations can be reduced.

Furt her nor e, pireeledefredhede peicky amofidhe isid itcort oxitde fit M beimeenhehe
floating gate and 25 the third gate can be reduced because the word |ine
havi ng the pollymgealo fstthgctsgrledtsed oramt lafiteerWlirthe f oraatirord ofo €he€ third
gate. The maxi num val ue of the absolute value of the internal operating
vol tage in t RE phegramingg/terasiig Y2laBge2064the diffusion layers Dn

10 and Dn+l is then returned to 0 V at the timing t3 (t2 <
t3). When programming is conducted with such timings, word
disturb can be relaxed because the word line voltage
application time is short.

The semiconductor integrated circuit device of

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

20 reduced te 4F?. Since this embodiment uses the polymetal
structure for the word line, the delay of the transition
time ¢f the word lines in the programming and reading
operations can be reduced. Furthermore, the defect density
of the silicon coxide film between the flcating 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




- 66 - operation can be lowered to 13.5 V. Unlike this enbodinent, jt iﬁnn
al so possible to enploy the nethod that conprises formng the f1 oat ifr";%;I 200k
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®§ate with the word line as a

mask, and fornin the diffusi.on | ayer. to. serve and the source/drain. In
this case, CRE Ciraitel®Endd H@W%Iﬁ%éi‘r%s‘g each other at 10 right

angles, and the third gate,oppose the fl.oating .gat.e n the plane parall el
to the channel anong t%%lér}fgpgglc‘ess em%fm{ rrleer%‘tl’oa%l nlgS gaa % ‘sbelre‘? Yhi s

nmet hod needs | J a i f i ffusi y. . 1 hi ate
is fornmed, hglﬁn%g,ogt @ef (%e?rcgioggnt%oaftt [%ﬁdﬁfjfﬁés?%bnlln?lan;{erﬂg%e{)lecf%%%%eé%ﬁlgrd
gat e becones _di.ffi.cul te nect i i | ay, r t
contact hol ep%}éctelrglé ffoc;:;gfr%en?oand th%ﬁgotnrglu{c{ t)!;rsél t%quslirabtg{eco&ngr}gccf%gif%cri k?agch
menory cgl | cnand e i6Rf lgAeapacones a-eatey dfiand  this eobodigent.

To simultaneously satisfy both mniaturization 20 of the nmenory cell and
reduction of tbhendefractatdensidate gdteaard angihgdHieetiontofr thigethird gate
must be such that its two end faces oppose the two end faces of the
fl oati ng gat € lexitdtigngyatre tWierdigtectwoard dfidehes avar dnddine arahdf ¢ heicdannel
and in the direction vertical to the 25 forner, respectively, as described
in this enbodheert.f fysEmodiayent 21 Figye Bhd she seotianalradrew showiings an
exanple of a sem conductor integrated circuit device according to 12 AUG
2004 case, the channel and the word line c¢ross each other at
10 right angles, and the third gate coppose the floating gate
on the plane parallel to the channel ameng 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 lavyer
15 below 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




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

semi conductor integrated circuit device of this enbodinment is the shpetlagil
Fig. 1 of the first enbodinent. Figs. 16A, 16B and 16C are sectional views

taken along 5 lines A- A, B- B and C-_C in Fig. 1, respectively. The

sem conductor integrated circuit device™ @écording to this enbodiment is

diff t f t i duct i nt ted ci. it i f .Enbodi t 1
R S e o R
nmenbers, thej t . . 1 th f
Erbod ment 1P LRGP ETEReT dRs R ton S e S ST o i the e °

different porti . d.th xpl.anati.on.. t {fpeg‘qiqr i .omtted.
The source/ d‘rgglaoﬁaafn??igsfltgn%lhgygragﬂ%oési s@ﬁl |'sgotsz)gf{j 1 ve%%mcéa#?é)&%@% e word

line 11la and;gxist$aas 1apl Qe@dl 1630Uee ddie Ahd & ilogalc dada digggfor
connecting the™ source/drain of the nenory cells in the columm direction

(x directd on}; nefhihs -c@nst BUCt igON 4ing: Ithe $amMy ag-jthat) ,0fre Jgehodi vengy . 1 and
does not have the contact hole for each 20 nenory cell. This is a so-called
"contact-less array" TheSsefntactiukess antayreamrd rarevea tt kewerory cel l

formation density in the sanme way as in Enbodiment 1. Therefore, the
sem conduct oacntegnat ed cihricuietbdelimestcarn diddiscertthe memorty= cel |l area to
4 F2 (F: mnimumfeature 25 size) in the same way as in Enbodinent 1. In
t he sour ce/ degimacdinfiigsicon indper 2265 ofi achils canbcd mentEnied intn ot hern
hand, a pair of diffusion layers 205 for form ng the source/drain has an
asymmetric 19nAMG&t§0g@urce/draln diffusion layer 205. The materials
10 of other members, their structures and arrangement, etc,
are the same as those of Embodiment 1. Therefore, the
explanation will be given on only the different portion,
and the explanation of other members will be omitted.
The source/drain diffusion layer 205 is dispesed
15 wvertically to the word line llla 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
(¥ direction). This construction is the same as that of
Embodiment 1 and does not have the ceontact hole for each

L3S

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




- 68 positional relationship with respect to the floating gate pattern
103a, and an offset structure is enployed in which one of the diffus?dds il
| ayers does not overlap with the floating gate. In Enbodinment 1, the

entire surface of the 5 third gate that is to function as the erase gate
exists on the diffusion |ayer 105 but n®fhi’s enbodinent, the third gate

107a and the diffusioq_“gyfr 205 exist.i,n such a fashion ;hg%i%heirtgart

over | aps nutJEFVqu??conséﬁﬁ§%§§lpt7ﬁf%ﬁgﬁﬁﬁc|st?orne aso iR Fhe"wel |

bel ow the thifet A0 02t 107304 4 5 sbod Aer,- 2N, Uhe 14024 gat gndgfa of

thi s enbodi m unctions’ not onl e erase gate but also as a gal
for controlling the ghanpete@xi St i NG o thegebel oy Jher ogouri@ncenguantity

of the hot electrons and injection efficiency increase at the tine of 15

programm ng, @ PrQgreiE Ng 16aRRR JIBEeH N, a thegion iwherse r e chrannal

current is small- Accordingly, parallel progranm ng of a |arge nunber of
menory cekl s @ahiove gatKidixbyi£e ©f delinE©aibbhes drage: byrase ngaed ¢ 01 et vabn
power source having a current supply capacity substantially 20 equal to

t hat of the pHeordiaffudiew cesyeMNeXd5 Hie jpr oduct | @nborkimed: of thdethird

sem conductor integrated circuit device of this enbodinment will be

expl ai ned. ThEte dditt iord netchott Dfushis embodi HEntesxssthen Same ap to the
process step shown in Fig. 3C as that of 25 Enbodinment 1. As shown in Fig
3C showi ng t Heaghiian Erodiliet Patheo s iaon Hityabey fi TR PO4S SHERGR

polysilicon film 103a are forned. Next, as shown in Fig. 17, arsenic (Ar)
12 AUG 2004 the channel is formed also in the well beldw the third

10 gate 107a in this embodiment, and the third gate 107a of
this embodiment functions not only as the erase gate but
also as a gate for controlling the channel existing
therebelow. The occurrence guantity of the hot electrons
and injection efficliency increase at the time of

15 programming, and programming can be made in a region where
the channel current is small. Acccerdingly, 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 f£irst embodiment,
the silicon nitride film 104a and the polysilicon film

103a are formed. Next, as shown in Fig. 17, arsenic (Ar)




- 69 ions are inplanted into the well 101 by a tilted ion inpl antqt,}igurhm
nethod to forma diffusion |ayer 205 that is to function as the
source/drain of the menory cell. Since the diffusion |ayer 205 is forned
by the tilted ion 5 inplantation nmethod, the inplanted ions are cut off by
the silicon nitride film 104a and the pofysilicon filmI1C3a, and the

di ffusion | ayer S205ris.nn t I_{tog d é@ Etl?ee ‘g@ﬂrf u ign b?E en_t he
Its L0346 Ik n$gd Fe

pol ysi licon 198 cetheions arée 1npla fromt el88quue

direction, t i f i 4 ro 205, o) I o] h -
pol ysi licon pﬁ%al%%l%hl :lnpet ‘?és/&m%%,é? HZ %hcﬁﬁ%g?éﬁl%%gggn%\b%hghaitf flasi on

| ayer 205 arg, fofimd dn icth JashioMthar dheynparthyrovetian 9iAbeeach

ot her, and the channel is fornmed insi t he wel 101 below the third gate

107a. 15 Thergaf tgrsrdeProcpss 54 epss ofo Erbodh fephe 1o i shownibp Figs. 3E
to 5E are carried out, and the nenory «cell is conpleted. Fig. 18 is a

circuit dpagriapishodticd e ticonstriuet i Oftddei srsoiye ceht arfayyi ahthi s
enbodi ment. 20 The diffusion layers 105 ( ... D,,-2, Drj-j, Dn, Dn+lf
Dn+2, - ) to ssidriverasiitthel douff cles/ diga nend tthiee woo dy 1 hesoMLE { VOl CREL ,
W.,), the select MOS transistors for selecting the source lines or the
data |ines amdd Héreardidfif usdiook et el sahe nas fhosedoin Enbedéntarel. In
this enbodi ment, the 25 polysilicon 103a is patterned so that every other
third gates CEGALTe@E RSy e tH%lﬁéi)’rh#ﬁPrdigb%W ohl 8§ - diTetds of)e  £amS be
bundl ed on one of the sides (upper side or lower side) of the_array bl ock
for the third@Fatd® FAH=q nf*{%g e Rkt wptm ditection, the alfrisish

10 layer 205 is formed partly below the polysilicon film 1903a.
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 5FE are carried out, and the memory
cell is completed.

Fig. 18 is a circuit diagram showing the
construction cof the memory cell array in this embodiment.

20 The diffusion lavers 105 ( .. Dn-2, Dn-1r Da, Dnsrsr Dpezs ...} to
serve as the sources/drains, the word lines WL (WLg, WLy, ..,
Wi,}, 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




70 sanme way as in Enbodinent 1 shown in Figs. 10 to 12, and separate o
vol tages can be applied to every other third gates 107a (AG so bund! édidi 0%
Incidentally, the bundling portion 114 of the third gates can be

i nterposed between 5 the word |ine 111a at the end of the block and the

gate 113 of the select transistor in the’8ame way as in Enbodi ment 1. The

bundling portion 114 of the third gates O7a, the_conta hol 115 and
Che et al P 1$99 16425 1R B EE E nbse ot EMboRrABNt L1. L30T RexeA% e

| t licati diti d th [ thod of the r |1
br oduced by 1T MBI hOF HESETT bEtr: dBovVESY PLrT < b D4 A7 RGT* oFAEFRG and

reading operaijons Wil becexplalned dith Lelerenss Lo FIO%.08 19,21

Fig. 19 shows € progra ng operatton. he  erasi

operation and,flg02T fdpese U, ciead g, operal) ofe 1A Lhese.dr AuLNgs A

shows an equivalent circuit, and B to G showtimng charts. In Figs. 19A

to 21A, the neiory,celliencomassedy dotted Lhoescexesuliesnsebgetively
the respective operations. 20 A positive voltage such as about 12 V, for

exanple, is app}ied ¢ thel awr e tanei War of n thiee sehrstedy g€l lnM and a
positive voltage of about 5 V, for exanple, is applied to the diffusion

| ayer Dn fundnmeidingeas 1 he Thir adunddficheosealiect dd «celfl tMd ntHied gates
programm ng operation. 25 A voltage approximte to the threshold val ue of
the MOS transistortioonsentatiedhdies held hhrd glat esstsuchiagsabbbtale V, is
applied to the third gates AGe of the selected cells Mand M2. The

di f fusi on | ayre Drarde famcthont ngt asmpeinen UG 2004

10 Next, the wvoltage application condition and the
operation method of the memory cells produced by the
method described above in 1ts preogramming, 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.
19A to 21A, the memory cell encompassed by detted lines
executes selectively the respective operaticns.

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 peositive voltage of about 5 V, for example,
is applied to the diffusion layer Dn functicning as the
drain of the selected cell M in the programming cperation.

25 A voltage approximate to the threshold value of the MOS
transistor constituted by the third gates, such as about 2
V, 1s applied to the third gates AGe of the selected cells

M and M+2. The diffusion layer Dn-~1 functicning as the




- 71 source of the selected cell M the well and the unsel ected mQLdAﬁjﬁﬁ
. . . U AUl
W.n+l are kept at O V. Alarge electric field in both transverse and
vertical directions is generated in the channel bel ow the boundary between
the floating gate 5 and the third gate due to the bias condition descri bed
above. Consequently, the occurrence quantity-of the hot electrons and

injection efficiency are inproved, and a high-speed programm ng operation

can be nade &PHHSTGITt ﬁg‘e g&rﬁ% ¢ irTent stg%‘:'T‘raWpefl.l E{\?‘é‘ﬁ %%n”%%eigpé?ﬁal

power 10 source havin urrent_drijvabilit f aboqut 1 mA is used,. .

Lher e](‘jor ei pggé:ld][ g:;“ﬁ?&%g&ﬁﬁgﬁge SR eatrreér/m\fr)‘y ?‘ézﬁl%ggz ?—e%ﬁlec %“h]ﬁ ettan
e made. Inc : i S are. kept_ a e. nenory

cells M1 an:? &?11%a(%¥1§(‘:}een%et or}cﬁ;‘k?etl%eccaﬁg?l 15 cecio"fs M > eer}le%%]t%f? téast one

of the nenor eld neL V2, 15 el ddu S S . the_third
gates ARO i nxth%e Ch%élyg?y%cel l's tihﬂ 1 andn I\%r:% 251 acent dt}g3 ti%%%lrﬁrg%F%y t he

role of thie swdt eaWithh rddheaeswde thattHde ichamnglail i S Rie &0 POgcur rent
fl ows through the channel. Therefore, the 20 hot el ectrons are not

generated andbpiegr acthBgqgignnol, execudtedrrAscdegobinbed yabavend ot
sem conductor integrated circuit device of this enbodi nent uses two
adj acent nenefyctoelnss aast omg euniiton s feigtisrone aofe tihgnr@rel coanaddicks t he 25
progranmm ng operation. Therefore, to programall the cells on one word
| i ne, the programsicegdopecgticomican dpe radomsl etaad whemdsher Ppriogrammi ng
operation is conducted at |east twice, and the nunber of tinmes becones
smal | er t han<hanpgl zeggent 1s small. Even when an internal power
10 source having current drivability of about 1 mA is used,

therefore, parallel programming of the memory cells of K-

byte or more can be made.

Incidentally, the third gates AGC are kept at 0
V in the memecry cells M-1 and M+l adjacent to the selected

15 cell M. Even if at least one of the memory cells M and M+2
is under the prcocgramming state, the third gates AGO in the
memory cells M~1 and M+l 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
circult 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 cone word line, the programming operation can he

completed when the programming cperation 1s conducted at

least twice, and the number of times becomes smaller than




in Enbodi nent 1. High efficiency hot electron injection brought fbrtitbyn
the third gates AG (Age, Ago) and prevention of m ss-programm ng of the
adj acent cells can increase the 5 programm ng unit and can inprove the
progranming rate that s indispensable for a |arge capacity flash nenory.
Figs. 193 to 19G are tim ng charts showing= éxanples of the voltage
application t.i m'(g‘qr%s e tt'{e 1 selected word line W.n, the diffusion | aver Dn
and the 10 thi'y at e "AGs. “As shown in these drawi ngs, there are six

s, 5 oo, By Wi, W i sl g el

word |ine Wen at the tim'ng

the tim tl I s N . ; i ¢ . ; on
at the Lim RSHD (81 BB L ATt MG U rage T eptT o A on bRV

predet er m negh iYW IYHNG B A dde adFRcedR)aethe M0l {296 0Et PE
di ffusion |ayer S?)nq:ri S retulrr?;ld%) to 0OV a}:ecthe Qtelm ngct3 and theevoltteage of

t he thirdsgats oAuning nd0 Jretturaied d=h Ond@ivd hend igddigr 4o MBy <c 82 . that
Further, the voltage of the selected word line W.n is returned to O V at
the timng t3stihod ddeinsabAld eigratd Velnge afdprc ity flissh aphded. to the
third gate AGe at the timng tOQO +12 Vis applied to the selected word
line W.n at the tim ngFEtiks(t @925 to tlSG aNextt,imiBigV dis rppldtedviog t he
diffusion layer Dn at the timng t2 (tl <t2) . After this voltage is kept
for a predete@rimed priodgiteamimg ademapp l(icat 1@ -t 12)ngs hed vkt age of the
diffusion layer Dn is returned to O V.at - 73 the tim'nthS and the
vol t age of t 15¢ leQtEG e tiorld NS 80, the diffusion layer ©n and the

10 third gate AGe. As shown in these drawings, there are six
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 < tl).

15 Next, +5 V 1s 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 1is

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 < t£3). Alternatively, after +2 V is
applied to the third gate AGe at the timing tC, +12 V is
applied to the selected word line WLn at the timing tl (tQ

25 < tl). Next, +5 V is applied to the diffusion layer Dn at
the timing tZ (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




Wn is returned to 0 V at the tinming t4 (t3 < t4). Further, the vol{t&dge 9f
the third gate AG is returned to O V at the timng t5 (t4 <t5) . Wen
programming i s 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 selectfed?word Iine Wn at the timing to,

and then 5 V_i applied.taq t di ffusion | r.Dn at the timng, tl (t0 <
10 t1). Next che,t Rﬁlélgag& 2o B0 RS g Og%?‘eheAc%ealaetht%% P nyE2 (t1 <

t2). After this val tage kakenl o of A RLASLAIE ned ALLar A ng (. (t

=t3 - 1t2), the potential of the third gate is returned to

timng t3 andpkheoveliage of Hhe rdidd usin ddyers Dd S pley 1gd ug ngd, o 0V
at the timng t4 (t3 < t4). Further, the voltage of the selected word |ine

Wn is returpgd t9m@ny @b tlte td Mg t Ghehd probPhmAlihgr Rat kveldnct@s Hown
in Fig. 19E, after +5 Vis applied to the diffusion l'ayer Dn at the timng

t0, +12 \6istappki edntiagtshe dseliectiad tmatd damere 20 M\gn tadd the-ddd8 nghél (t0
<tl). Next, +2 Vis applied to the third gate AGe at the timng t2 (tl <
t2). This vdrhagevicsd tkgpt afpgrl imapriedettemd ned gyraagramming tinme t (t =13
- t2), and the voltage of the third gate AGe is returned to O V at the
timng t3. The vol t ageAef shhen25nséliget edCword 2Vi ne Wbpliied dtcurtded to 0 V
at the timng t4 (t3 <t4) and the voltage of the voltage of the diffusion
| ayer Dn is FeL&Fheq terd Vige fe Ethitdg (5 £ &.5)2nd Whah pr ograsmi ng
is executed at these timngs, the voltage 12 AUG 2004 - 74 of the third
gate AGe confPBHL4eEh&Opite§r &mfitn§ e ayer Dn at the timing tl (t0 <

10 tl}. Next, +2 V is applied tec the third gate AGe at the
timing t2 (tl < t2). After this voltage is kept for a
predetermined programming time t (tL = t3 - t2), the
potential of the third gate AGe is returned te 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 shoewn 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 1is applied to
the third gate AGe at the timing t2 (tl < t2}. This
voltage is kept for a predetermined programming time € (t
= t3 - t2), and the voltage of the third gate AGe 1is
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 (td4 < t3).

When programming is executed at these timings, the wvoltage




Since the voltage of the third gate AGe has a snmaller voltage width to be
switched than the word line voltage or the diffusion |ayer voltagé7i ki Hiis
case, the switching 5 tinme can be shortened. Consequently, the operation of
directly controlling the programm ng tinme_t by the third gate AGe is

superior in controllability of the progfaffing tine. As shown in Fig. 19F,

after +5 Vis | i to, 1Q the diffusion | erTDnatthetim'chgtO, +2 V
is applied té)t?%glet %S]rlcfdga?tagceA “eatc%r#er%qibmt%e tEf“?c%f)a@mfrﬁ.tJl\%XtF' +12 V

is applied t%i%@%O%%%eq’to c%_l\é\(%ra%é i %\\%ﬂ A rﬁtng]:ﬁeg %#ér?e}pé?s E% E(‘:[%%]Sf?p). Thi s

vol tage is kept pre rm ned progra t2), the

15 vol tage Ofvotﬂ&%eg%e'ﬁ &d paprgl 1d.ne W i Jretirnedh 1o D; ¥e \%lﬁﬁget&ﬂq ng
t3 and the voltage of the third gate AGe is returned to O V at t tirmng

t4 (t3 < t4).cnurdifet,sitdhe 1M1 age ofqd hey diffdsion | ayies Dpiésnigyurned
to.0O Vat thetimng t5 (t4°<t5). Aternatively, as shown in Fig. 20 19G

after +2 ¥ i g jaRpldsed He0 dhhe-tididdl gabesAGReatk 1hhe tHd BRG AdtGortDV 1S
applied to the diffusion layer Dn at the timng tl (t0O < tl). Next, +12 V
is applied taitrket1selesitad Mardy |dhee Moy @tntirey ti mag t12y (tthe <th 2yd After
this voltage is kept for a predetermned programming tinme 25t (t =1t3 -
t2), the vol tage &G4 he selpectied vior d-dritme Miabilisty et Uripleel poo@ramatnghe
timng t3 and the voltage of the diffusion layer Dn is returned to 0 V at
the timing t44yme3 < t4). Further, the voltage of the third gate AGe is 12

AUG 2004 -- 75 returned to O V.at the timing t5 (t4 < t5) Wen
As shown in Fig. 19F, after +5 V 1s applied to

10 the diffusion layer Dn at the timing t0, +2 V is applied
to the third gate AGe at the timing tl (t0 < tl}. Next,
+12 V is applied tc the selected word line WLn at the
timing t2 (tl < t£2). This voltage is kept for a
predetermined programming time t (t = t3 - t2}, the

15 voltage cof the selected word line WLn 1s returned to 0 V
at the timing t3 and the voltage of the third gate AGe 1is
returned to 0 V at the timing t4 (£3 < t4). Further, the
voltage of the diffusion layer Dn i1s returned to. 0 V at
the timing t5 (t4 < t5). Alternatively, as shown in Fig.

20 19G, after +2 V is applied to the third gate AGe at the
timing t0, +5 V is applied to the diffusion layer Dn at
the timing tl (£t0 < tl). Next, +12 V is applied to the
selected word line WLn at the timing t2 (tl < t2}. After
this voltage is kept for a predetermined programming time

25 t (t = t3 - t2), the voltage of the selected word line WLn
is returned to 0 V at the timing t3 and the voltage of the
diffusicn layer Dn is returned to 0O V at the timing t4 (t3

< t4). Further, the voltage of the third gate AGe 1is




programming i s conducted at these timings, word disturb can be miti gatedils
because the word line voltage application time is short. 5 Next, the
erasing operation will be explained. As shown in Fig. 20A, a negative
voltage of -13.5 V, for exanple, is applied to the selected word |ine Wn
while a relatively small positive voltagé®such as 3.3 V, for exanple, is

applied to all the third gates AG and AGO. 10 ch diffusjon layer Dn-2 to
ori2. 1 he welE THIGEEnE S (b ic S Wobt 11 e Vil < dr ot TS0 | h

consequence, __ejectiaon of. the electron curs fromthe floatin te to
Che thiTd gaPEoRIa TS e oM BRI i1 TS ing BehORERER i ¢ h

the result t e t.hr. | d v of LY, r
erasi ng oper gt%:}lotr?@i énltclol%&%t&ejé).eaé#ﬁsc? 6%1%131#131, n]ﬁf}Pel( S é[;lgés&lsqeglag&?%%gtigg
si mul t aneousl.y . apRl %@ Negative vol tage such as -13.5 Vto a plurality of

word lines and a rel ative y smal | positive voltage such as 3.3 V to all
the thirdsgates AG angeAeQ. thte s fUHepedQ tARSSIWIE 2 ap Va fhed.

relatively large voltage such as 17 V to all the third gates AG and to
keep all theaworsthokinngs, rieacteodi f faisicamdayervd wngk tde wed s ar, Ocdyrin the
same way as in Enbodinent 1. It is also possible to apply a negative

vol tage 25 efkam®l¥, fier sgxanpde,td chdesanoratdd neeMnl iand Wiposintleea
voltage of 4 V, for exanple, to each diffusion layer D while all the third
gates AG thealeltivaid tdre lingetsidtiste woktthdg reaidNL el Bre kepioat 0 V. In
consequence, ejection 12 AUG 2004 - 7~ of the electrons occurs fromthe
floati ng gat €xasrtlige is applied to all the third gates AGe and AGO.

10 Each diffusion layer Dn-2 to Dn+2, the well and the
unselected word line WLn+l are at 0 V. In conseguence,
ejection of the electrons cccurs from the floating gate to
the third gate due to the Fowler-Nordheim type tunneling
phenomenon with the result that the threshold wvalue of the

15 memory cell drops and the erasing operation is conducted.

Incidentally, it is possible to simultaneocusly
apply a negative wvoltage such as -13.5 V to a plurality of
word lines and a relatively small positive voltage such as
3.3 V to all the third gates AGe and AGo. It 1is further

20 possible to apply a relatively large voltage such as 17 V
tc all the third gates AG and to keep all the word lines,
each diffusion layer D and the well at ¢ V in the same way
as in Embodiment 1.

It is alsc possible to apply a negative voltage

25 of -9 V, for example, to the word line WLn and a positive

voltage cof 4 V, for example, to each diffusion layer D

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

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




diffusion layer Din all the nmenory cells on the word Iine Wn due Yo A 0
Fow er - Nor dhei m t ype tunnel i ng phenonenon, the threshold value of the
menory cells drops and the 5 erasing operation is conducted. Fig. 20Bis a
timng chart showi ng an exanple of the voltage application timng to the
selected word line W.n and the third gatés§ AGe and AGo. The erasing timng
is the sane as that of Enbodinent 1 and is also explained in 10

Enbodi ment 125 heedd @He Ukt £° A Tosh 13V e- Mol § e 019 JB/E®/, tof BReexanpl e,
is applied to .t word |ine n of the selected cel]] Mand a positive

vol tage of 1 XI9GSkl ,\glil's“a?plpll i S (N TFFLSiOh FRSeYoerd LRAE is
to function as, th drtgqi ngofwlt he_NseI cted cell M A voltaigﬁ of about 3.3
Vis applied ¥ (HE 19 r'd' Qb Lace "5 The s et @t et BRe YRS RE |

M2, and the ghannel, hel.ow.Lhe d s 4, 031645, compl etel y furped G The
r %n-l to Q¥V l}‘% The &

di ffusion | aye unction as e source o e ected 1&%II M the

wel | 20 agd tJ I wor d d ing Mnglyare kept at 0 V. On the other
hand, the thir Sgatr?%goi%toﬁldcsl set to O Vinthe menory cells M1 and M+l

that are adjacent to thegsebected Geld;Mng Idhdd SHBY NP A Lhanngh1dsor
formed in the nmenory cell's M1 and Mrl and m ss-read can be prevented even

when at | east-n25 @& Rfe the NRrmscellsi M and 2 48 dndey theqr eadest ate.
As descri bed above, this enbodi nent uses two adjacent nmenory cells as one

unit, sel ect $ilenemf thkemmand gexecutds tdel readi ngheperatsion afistihe; nesory
cell. 12 AUG 2004 - 77 Therefore, to read all the cells on one word |ine,
t he the same as that of Embodiment 1 and is also explained in
10 Embodiment 1.
To read the data, a positive voltage of 3.3 V,
for example, 1s applied to the word line WLn of the
selected cell M and a positive voltage of 1 V, for example,
is applied to the diffusion layer Dn that is to function
15 as the drain of the selected cell M. A voltage of about
3.3 V is applied teo the third gate AGe of the selected
cell M and the cell M+2, and the chanrel below the third
gate 1s completely turned ON. The diffusion layer Dn-1 to
function as the scurce 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+1 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 cf 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.




readi ng operation is executed twice, and the nunber of tines of the, Al
readi ng operation is smaller than that of Enbodinent 1. 5 Figs.21B té‘ 51@‘
are timng charts that show exanples of the voltage application timng to
the selected word line Wen and the third gate AGe. There are six exanples
as shown in Figs. 21B to 21G As shown tn’Fig. 21B, after +3.3 Vis applied
to 10 the selected word line W.n at the timng tO, +3.3 Vis applied to
the third gaf&eAedode t e todichg ity teD <eklp on g word \Hine apdtg ed t o
the diffusion layer Dn at the timng t2 (tl <t2) . After this voltage is
kept for a prEFESr FPREd Hoad 1S r?é‘etcu(ttEd— G- ae z?)n %m%%ﬁ 15 the
diffusion layer On is returned to 0 V he tim t3,.and t vo%tage of

the third gate™&e %fs B& &Edd o O(?e\?a Ont He 3 g & 413 t<h%t21 Furt her,

t he vol t age ;nto%l %Ieicted word line Wn is returned to 0 V at the tlmng
t5 (t4 <1t5 {61 ati'vely, as shown in Fig. 21D, after +3.3 20 Vis

applied to the third g AGe gat. t tinmn Q.+ i p to the
sel ected %ord l'ine V\Ln%gg t%at |ttrcr)1 236 aIrPe Qétm =" )%h%e?\é t%laaCV%:HsO%gppl ied to

the diffusi O@xaﬁl 8le gt hel %ltt'a@engiﬁpal(éajtlﬁﬁ DimidY SV UHAGE 1 Sc ket

for a predeterm ned rea and the voltage 25 of the

di ffusion | aygl-gDn iin ﬁpﬁjnura&%ﬁ *th% Qh\i@t gtah;% tp!d@ NgTnkde Zhe walt age of the
selected word line is returned to O V at the timng t4 (t3 <t4), and the

vol tage of tbhgatlilked agatshoMee iirs miefsur mad ttw @1t the timing t5 (t4 <
t5). 12 AUG 2004 - 78 Wen progranmng is nade at these timngs, drain
di sturb 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 1is kept for a
predetermined read time t (t = £3 - tZ2), the voltage of
15 the diffusion layer Dn is returned to 0 V at the timing €3
and the voltage of the third gate AGe is returned to 0 V
at the timing t4 (t3 < td4). Further, the veoltage of the
selected word line WLn is returned to 0 V at the timing t5
(td < 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 (tl1 < t2}). This voltage 1is 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 1s returned to O

V at the timing t4 (t3 < t4), and the voltage of the third

gate AGe is returnad to 0 V t the timing t5 (td < t5).




can be restricted because the drain voltage application tinme is short "ItU \
is also possible to apply +3.3 Vto the 5 selected word |ine W.n at thI'—J‘-- AUG 2004
timng tOand +1 Vto the diffusion |layer Dn at the timng tl (tO< tl) as
shown in Fig. 21C. Next, +3.3 Vis applied to the third gate AGe at the
timing t2 (tl <t2) This voltage is kept fér-a predetermined read tine t

t =t3 - t2 d the voltage 10 of the third gate AGe i turned to 0 V
S The tim g8 PREAOTUR00 oW T f LR OnC ) RP Dl Feltradd to 0 v

h im 4 (t3 4. h I .of . th AN W
s roturned 180 A UHET IR i S ) P Re PRy r e

possible to -+ 13 the diffusion layer Dn at the timng tO and
+3.3Vtothgﬁmséelllesclztseé%v)\co'rd line W.n at the timng tl (tO < tl). Next,

133 vis applied to the Uil fats Al dhedimng (2 ¢ (th eni2) This

voltage is kept for a predetermn read tine t3 - t2) and the

vol tage of theithivdgh gal-e; AGL0iis detuided: dond Moaknghertintpgehd. The
voltage of the selected word |line is returned to O V at the timng t4 (t3

< t4), and thg smaldiage ofydhepdidif usionimyes t5 fetuened) &6 Oh¥wat ithe
timng t5 (t4 <t5). As shown in Fig. 21F, +1 Vis applied to the 25

di ffusion | ayerg Deiat. t Nexti, m+ig 3t @ iasndpEd.iedV/ tics tappltteidd tartderGdhiad
gate AGe at the timng tl (tO<tl). Next, +3.3 Vis applied to the

sel ect ed wor dtHe neinilig at2 t el €itd g ThiE Ivod te@)e FhikeRiol fageri s kept
for a - 79 predetermned read tine t (t = t3_- tZ% and the voltage of the
sel ect ed wor dPAgdREaFH e regdd nelme ot 0(V attihe t2), and the voltage

10 of the third gate AGe is returned to 0 V at the timing t3.
The voltage of the diffusion layer Dn 1s returned to Q0 V
at the timing t4 (t3 < t4}, and the voltage of the
selected word line WLn is returned to 0 V at the timing t4
(t3 < td). Alternatively, it is possible to apply t+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 {t£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 vecltage 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 (td4 < t3).

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

te 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




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 returnqdqtaa.,m.,m,;
O Vat the timng t5 (t4 < t5) Alternatively, it is possible to apply:+’ M
+3.3Vto the third gate AG at the tim'ng tOand +1 V to the diffusion

layer Dn at the timing tI (tO<tl) Next,’$3 3 Vis applied to the

sel ected word Iin& Wn at, the timng t2 (tl t]30—<t':[ ter thjis voltgge

. Af
s Kept for £T5rBGEaIRed Tead e £ (1 D 13 T2 A7 HE vttt op Fene
| ect ed | i ' ned .at_t. i J7 f
Fol ccted vordil 10 ki 5, et Ued it e LR A ghe, velane of
vol tage of tQ%nﬁP%%ﬁﬁﬂathéﬁgo %a?@tg%n%ﬂeléhﬁgdoggt@tAh@ei%'Tég$%§éét4 <
t5) . Wen progra ng is conducted at these tim'ngs, word disturb can be

restricted ReCRUSL AAche aoRd i vwol (B0& appl i cahkoRhitiRel  Shard -
I ncidentally, in the enbodi ment ‘descri bed above, the sane voltage is

applied te evarretiker 1thidd rgaties ifecidhddie Proogr anmidige aith 1eadi g (4
operations. Therefore, the layout of the voltage applied area of the third
gate nust be 33gh t hateeveryvether ithikdpgateb(er ase agatlg) +BORY textwendi ng
in the colum direction above and bel ow the array block can be bundl ed. 25
I n addition tthitre geftffeedtGe Brougtet Hfioritry By aEnbodi erto 1tha hilsf Badodn nent
can increase the program size and the progranmng rate. |In other words,
every other lehierrd Dgated T0iEa tiAGR 9 Ado) (ik ditdposedestd depar &t €512 AUG

2004 - 80 voltage can be applied to these third gates in this enbodi nent.
Theref ore, tREMtRSer-ofthE fes st shetaid oriie WLn at the timing t2 (tl

10 < t2)y. After this voltage is kept for a predetermined read
time t (t = t3 - t£2), 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 pregramming 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 cother third gate (erase gate) 1l07a
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) 1is disposed and separate




necessary for the progranm ng and readi ng operations can be reducedﬁ,ﬁhg§qm;
the channel region is fornmed at a part 5 below each third gate 107a, t T
third gate 107a can be wused not only as the erase gate but also as the
control gate for controlling the channel. Therefore, the third gate 107a
can control the electric field inside thed2hannel i ndependent|ly of the

control gate 1lla, and 10 pr rannlng eff|C|e cy can be i roved As a
result, an EP#FéggnFa&n@emﬂﬁi Ihnféiﬁﬁ%ﬁ? ceht Be

| i shed | h t Enb t 3]
o e ety i TR 2 8&%2%F§”W Fh et e B on ot i b
i t d d E d
AL P A R RS
D and C - Coel Rebh@edtZ SLASRECHLYELY ! ngbgﬁ%a'ﬂsy sagh mRher,d 5 shown

hat ched mnth somne menbers being omtte ease 0 |IIustrat|3% In the

plan vi ey OBeE'ogr e%%h Elhqsd %%e 238 And 123G AR spptd ongta ¥ gwset aken

al ong lines - in Fig. 22, respectively. The

constructi onu@.fedt fa@tS@m@ora@uctw éﬁﬁgr@itﬁd pdb Lidewd devicenofolhis
enbodi ment is substantially the sane as that of Enbodinent 2 with the

exception thatatkh€orf idomttddilakmessef dimriaisul aherefficlrm, 6@6& betiveen t he
floating gate 103b and the third gate 107a is increased. 12 AUG 2004 - 81
The mat eri al gateonstiructkinonsn tarrlangenentes; t it , f iofl bt hresiderentbers are
substantially the same as those of Enbodi nent
channel independently of the control gate llla, 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 & - &', 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.




2. Therefore, the explanation will be given on only the different portLl;qns
and will be omitted on other menbers. 5 The filmthickness of the indubatdy:
filme606a of this enbodinment is increased to about 30 nm As a result,

el ectron ejection is made fromthe floating gate 103b to the substrate
(wel |l 101) in the erasing operation in thBs -enmbodi ment. Therefore, the
filmthickness of the insulator 10 film 102 between the floating gate 103b
and the substrt 25K 310 15°FF 14 R ™ hi B Pt TR oy, $5Cdi PFePBRAETf rom
Enbodi ment 2. The J:{)r oductign nethod of the sem condyct or ;en e rgt ed
circuit devi CETBEThi¥ ertttl it 3 s hd S 15 Ui th E:i?%% s8°8ftep
shown in Fig., 17 i Fi_g..  24A) . . ver,. the gate .insul ator
film 102 ci tezd i Ehgégboggﬁen%?%%é(%&aglﬁgé%r% r‘flE?\S%eSngfenE oc(l)lnr%’eyntt ® has a
filmthickness Ahgut : Cf 4 The

ni t rogen- dopzj}ﬁgilfei i con poi‘%dlemﬁ ?a?nlcggél%lsqg% (?%{r)e/rrtteae ionﬁt%tgéés%ﬁﬁeer\?\g?raé in

Enbodi ment 1 shown in Firg 8By 02540 d s0f ate tihe fil0ald rﬁmt@%éydokhe
third gate from each other. To eject the electrons built up in the

floating gateaHio e SERGANUCHOc SUDStd al® addie: fid M higkness af1 ¢ he
silicon oxide filme606 is relatively 25 large, that is, 30 nm Since the

N- doped sil i earaxidde e fddtMGO6 d sndesed idm tdree sEIme: vy asatid Hbedigent
2,,ejection/trap of the electrons into this silicon oxide filmduring the
progranm ng aper atubort eare bevearldstirdict eich thie AUG 2007 opB2atildre jnockess
steps anal ogous to the steps shown in Figs. 4A to 5E of Enbodinent 1 are
carried out iEmbdsament. 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 semiccenductor 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 cperation can be restricted.




same way as in Enbodinent 2, and the nenory cell can be thus conpleted.
Incidentally, the silicon oxide film®606 5 is etched during the proc SfAUG 2004
steps descri bed above and is converted to the silicon oxide film 60

Fig. 25 shows the construction of a msrmr cell array. The diffusion

| ayers Dn (Dn-2 to Dn+2) to function gﬁe sources/drains, the word |ines
W (WO to Wm), the 10 sel ected MOS tranS| tors and the array bl ock are

the same as those of ERSo&iFéits £rawd 20 i r' P Jdte HEHS T same

t hat of Enbodi. t 2. t | | t dit th
g;er a?i O(I’)l corjfél]iO 'lg%’n‘of&t & %‘{)%O C}Jf E‘Lpb%/g?hlgﬁ%f%t%%%ogréggg?beg
above In its qpr %9 a4y 1(?‘P%rrrﬁ:]._dcﬂr?ﬂ £ ﬁs'ﬂ% aReL arﬁérﬁ@rgg %J‘Ffagéﬁ?gb

operation WI ™1 ?nl ai ned OWS an exa e eraslng

operation. an I I LWt imn
tgl% %@%%C@ Iﬂalﬂa\éat@ﬁ yC L tegﬂ] JA Bx 1268 Show éo d g

chart. In Fi encorrpasse I nes 20 executes

sel ectivety tl@e RBIASI NG PRGIALITEN pﬂmﬁrg@éésy dedde: gxpl anadd oangf s the
programm ng and readi ng operations wll be omtted because they as the

sane as those Rfre ERodigraMe 2511Ilrtdrhea>elrca§lvmq1r@pw@é.l on, a negative
voltage of 25 -16 V, for exanple, is applied to the sel ected word line W

and all the third gategifCGez2s5AGhoweaathadiddntsioncdiayerof B rdeoyeldennd the
unsel ected word line W.n+l are kept at 0 V, as shown in Fig. 26A In
consequence, aelrect.r Anel 21 1AUG 2004 -aE3 s djrectior? coeups+2 r one t frenft dani ng
gate to the well due to the Fow er-Nordhei mtype tunneling phenonmenon with
t he as the sources/drains, the word lines WL (WLO to WLm), the
10 salected MOS transistors and the array block are the same
as those of Embodiments 1 and 2. The third gate AG is the
same as that cof Embodiment 2.
Next, the voltage application condition and the
operation condition of the memory cell formed by the
15 method described above in its programming operation,
erasing operation and reading operation will be explained.
Fig. 26 shows an example of the erasing operation. Fig.
26A shows an equivalent circuit and Fig. 26B show a timing
chart. In Fig. 26A, the cell encompassed by dotted lines
20 executes selectively the erasing operation. Incidentally,
the explanation of the programming and reading operations
will be omitted because they as the same as those of
Embodiment 2.
In the erasing operation, a negative voltage of
25 -16 V, for example, is applied to the selected word line

Wn and all the third gates AGe, AGo, each diffusion layer

D, the well and the unselected word line WLn+l are kept at

0 VvV, as shown in Fig. 26A. In consequence, electron




result that the threshold value of the nenory cell drops and the e;ashag ,
operation is conducted. In this way, the 5 erasing operation is conddcied
for each sector having the word line as one unit. Incidentally, in the
erasing operation, it is also possible to apply a negative voltage of -16
V, for exanple, sinultaneously to a plur&fity of word lines while 10 al
the third gates AG_each diffusion. |ayer D .and the well

[

t. 0 W
N Lhi s Case® G IO aQiTy cr it QTS | oL Qe AE T ol 175 e bl P45 oROt e
word |ine to&q]elh%“'ltet}e_b]%e tive voltage is .ap Iﬁheedﬁ%nlb?t i also sible to

apply, durin € erasing oper-ation, a positive age of 1 , for
exanple, to I, ] i - thi.r t and. I fusi | ayer
D are kept at %L\}\.%eltrllmtveﬂitsh%c?ge‘,et eoelnCht hag%r%ﬁlﬁ%%e IS s n:e{jiol Oa%sg%d t he

unsel ect ed ward; lrae.e 10 116 Vpd & @IASI NG o RREAL ON 1irs reqrdygted di al |
the cells on one or a 20 plurality of word lines. It is further "possible to

apply, dugingthe nerpdna ieperiad idhdahegatd Vel tage of rH Mg foke
exanple, to the word line W.n and a positive voltage of 4 V, for  exanple,
to each diffusiren lliagers whiree Wit the third gates 25 AG the well and the
unsel ected word |ine Wn+l are kept at O V. In consequence, electron

ej ection occurs fromthecitkoatiliy, gdte the thesdidd ugicomtliayer i s all the
menory cells on the word Iine W.n due to the Fow er-Nordhei mtype 12 AUG
2004 - 84 twimel ipegsphdrorrenaPpdist R tivwatasid tvaliatge hef threshol @erval ue

of the menory cell drops and the erasing operation _ ‘
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 wvoltage 1s applied.

It is also possible te 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 toc 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 ccnsequence, 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




is conducted. Fig. 26B is a timng chart showi ng an exanple of 5 the o
vol tage application timing to the selected word Iine Wn. Since the!{Hiedi
gate AG does not function as the erase gate in this enbodinment, the

erasing operation is conducted by only the operation of the selected word
line Wi As shown in Fig. 263, -16V is applied to the sel ected 10 word

line Wen at the timng tO and the voltage of t el ected word line Wn is
t hen returneBuFBe%lVgaPkﬁﬁgmePPHiHdtpst eo*gsfg%.t i éﬁﬁxﬁﬂ?ﬁﬁﬂoﬁfovides

the effects simlar .t th of Enhodi nents 1 d 2. .15 (Enhodinent 41
Fig. 27 is avﬁg#?ig g&%tW%%gfvaé%Hsﬁéﬁﬁﬁg%gﬁ %gfa%pﬁélg%gt é”%§§'détion
nmet hod of thgssgghgggggator integrated circuit device according to

the S

Enbodi ment 47 of present invention. The construction of the

sem conduct or 20 int egﬁ@%wz_@hrggi L deviicg ehathi snemhodi MBhxdnie /ol age
application nethod of the third gate, the array construction and the

oper ati ors net had. 8l € ahRe 2$aM8 cas i hhes ey Erbadismenl e2tandidheirine
explanation will be hereby omtted. on the other hand, the production
met hod 25 of wthis erbedi pratthsrdi fhesent Hooem hbat foficErbadagerte2. This

difference will be explained step-wise with reference to Fig. 27. First, a
p type well &0isksghaenmtd ahia ERbAMGH20(4 -th85 erasemicc@pauctarorsulbstrate
100 (Fig. 2?A). An inpurity diffusion nmethod, an ion

conducted by only the operation of the selected word line

Wn. As shown in Fig. 26B, -16V is applied to the selected

10 word line WLn at the timing t0 and the voltage of the

selected word line WLn is then returned to 0 V at the

timing £3 (t0 < t3).

This embodiment provides the effects similar to
those of Embodiments 1 and 2.

15 [Embodiment 4]

Fig. 27 is a partial sectional view showing an
example of the prcduction method of the semiconductor
integrated circuit device according to Embodiment 4 of the
present invention. The construction of the semiconductor

20 integrated circuit device of this embodiment, the voltage
application method of the third gate, the array
construction and the operation method are the same as
those of Embodiment 2, and their explanaticn 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




i mpl antation nmethod, and so forth, can be used for formng the well 101. 5
Next, a.photoresist film (not shown), for exanple, is patterned ovef ?th& (%
sem conductor substrate 100, and arsenic (As) is inplanted with this photo
resist film as a mask. The arsenic (As) ions are inplanted substantially
vertically to the sem conductor substrate?10 100. A diffusion layer 205 to

function as a source/drain f a memyry cell is_thus fornmed (Fig- 27B). A
gate insulatB?mFFPﬁPfﬁﬁoFsSFE@EIFGFggg%t6%gg't%ﬁ@?ness of about 12 nm by

thermal oxidation, for_exanple i n.the _sane s in Enbodi nent 1. Next,
a P-doped 15 pol ysil i coh ngHF36§ §ﬁ IﬁséppiggﬁxﬁgfrﬁﬁeLﬂq m 104 as a

first gate are_deposite ally_(Fg. 27C).. The sil] idl i 104
and the polyép g%ﬁﬁatﬁP n&%é@ggfea%ﬁe%OngggPﬁegggyk%iﬁﬁ%ﬁ?éﬁtngﬁéﬁ%gé
etching techpal ggigs,shor exanple, in the same way as in 20 Enbodi ment 1

(whereby the srlicon nitride filmand the polysilicon filmare converted

to 104a and 103a, respectivel photbirdsi3¢DkiimThingtPAHLRMI, NEJs conduct ed
with mask registration so that one of the end faces of the polysilicon

film 103a copgsmpeal, te pheeenter odk rt he 2% tiifdorsient dmyrmn 205 td n1 ot her
words, the diffusion layer 205 is so disposed as to bridge both

pol ysili con fhbdmat@3aicandsa tiki ndpdatnectchati tihs tha sbeHaterr farated: 1 Next ,
an N-doped silicon oxide filmis forned to 12~ AUG 2004 - 86 a thickness
of 10.5 nm sesas tresiksol @bhe arfévati nsyatensandeaimhirdtgdte from each

ot her, by the nethod simlar to .
substantially vertically to the semiconductor substrate

10 100. A diffusion layer 205 to function as a source/drain
of a memory cell is thus formed (Fig. 27B).

A gate insulator film 102 i1s then formed to a
thickness of about 12 nm by thermal oxidation, for example,
in the same way as in Embodiment 1. Next, a P-doped

15 polysilicon film 103 and a silicen nitride film 104 as a
first gate are deposited sérially (Fig. 27C).

The silicon nitride film 104 and the polysilicon
film 103 are then patterned by lithography and dry etching
technologies, for example, in the same way as in

20 Embodiment 1 (whereby the silicon nitride film and the
polysilicon film are converted to 104a and 103a,
respectively) (Fig. 27D). This patterning is conducted
with mask registration so that one of the end faces of the
polysilicon film 103a comes near to the center of the

25 diffusion layer 205. 1In other words, the diffusion layer
205 is so disposed as to bridge both polysilicon film 103a
and a third gate that is to be later formed.

Next, an N-doped silicon oxide film is formed to




the one shown in Fig. 3E of Enbodinent 1 (Fig. 27E). Subsequent process

steps are the sane as those 5 of Enbodinent 1 shown in Figs. 3E to SE Alifion,
the sanme way as in Enbodi ment 2. Therefore, the explanation will be
omtted. According to this enbodinent, the gate insulator film102 is
formed after the diffusion layer 205 is f®snmed. 10 Therefore, this

enbodi nent can inprove reliability of the gate insulator film 102 and the

yi el d of the2séhicbREG6t 6F Pntedfattéd 36 FCuilt déficd PR M I thi s

enbodi ment can reduce the internal operating voltage, and can increase
Che programmf Ay SpEla 18 i a6t S S or 691 rig o iAo P Mty B CO

conducted by plying.a rel.atively hi ol t age suc - 17, M .to the word
line Wn mhiFggaPﬁet%goﬁﬂif& 5&9653%G%Q ﬁggﬁ%%ﬁ?gﬁéﬂoﬁ%Péyegﬁi]the vel

and t he unsel ected wor Li n+l__are_k t V. .El ron _ej.ection thus
occurs 20 fromthe f|o§PPﬁ8a§§x% Péoﬁﬁgsmgﬁ%pgnagﬁltpgegégﬁogﬁsgéﬁﬁ%f on

the wordd i nSF:/\E{AﬁE!H‘?LmEQtt he s %\Mneri'n’\'@‘l'i%%‘?i el ¥RE s unneldag fhengpepon

with the resu at the threshold value of the nmenory cells drops ‘and the

erasi ng operati @0 chdceepduct ed. 2h-FErbedi neat 8kpkhHat28ni §iaipaktial
pl an view showi ng an exanple of the sem conductor integrated circuit

devi ce accopgdipgetiQ Enbodi nent 5 of the present invention, and 12 AUG 2004
- 87 Figs. 29A, 29B and 29C are sectional views taken along lines A - A
B- B and C- C in Fhgcec28ingespechivekybodiment, the gate insulator
film 102 is formed after the diffusion layer 205 is formed.
10 Therefore, this embodiment can improve reliability of the
gate insulator film 102 and the yield of the semiconductor
integrated circuit device. Furthermore, this embodiment
can reduce the internal operating voltage, and can
increase the programming speed.
15 Incidentally, the erasing gperation may be
conducted by applying a relatively high veltage 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 circuilt device

according to Embodiment 5 of the present invention, and




In the plan view of Fig. 28, each nmenber is shown hatched w th part of
menbers being omtted for ease of 5 illustration. As shown in Figs. 28, and
29, the nmenory cell of this enbodi ment includes the source/drain diffusi

| ayer 306 inside the well 101, the first gates 304b and 310b (floating
gate), the second gate 312a (control gate$’and 10 the third gate 308a. The
control gate 312a qf each nenor cell is connected in the row direction (x

ry.
direction) afd95-ormdt WG 14%He. 2 The> 33 otiay Ghe s 30252 Randa PRE wel |
301 are insol.ated from each ot her by, the e, i nsul at film303. The
floating gates™$648 and* 31 _athj tiﬂﬁd t#i_rgca'tISlrbaEtsJeg 30%%’ ar @°PEoF 4t 8dYfrom
one anot her l}|¥1the i_nsul at.or fé’ IEni1 307, , The floatr;ln gat e_404b gcqgcbg wor d

line (control d:e}ftee a are 9sol’al 'eozq’r oerﬁce%c -0 rerl%ySI'—t“I?f’én I'Astl ator

film31lla. The .thi t - i he 1 re-isolated from
each ot her bfﬁttt?e plra%stglaoaf‘tegr%q@%%n%oé%;&ﬁ%%égo%?%e%%gi ﬁ: di ffusion |ayer
306 is di §pos_ng_uSvCerratgi ly to the word line 312a and exists as the | ocal
source line and the |local data line that connect the source/drain of the
menmory cell in the col yan shigheCtirori@s . 28 ddectd Ohe IMkert hercawr dss the
sem conductor integrated circuit device of this enbodi nent conprises a
so-cal l ed "aontsacimdeBsdmpe ndrydys tdted doescaod rdaved ar ot aat 143 rAUG
2004 88 hole disposed for each nmenory cell. The channel is formed in the
direction verdiecalnsigie hehedivfdflisiloht | apter BOs xgates 304b and 310b

'H 20

{floating gate), the second gate 312a (contrcl gate} and

10 the third gate 308a. The control gate 312a of each memory
cell 1s connected 1n the row direction (x directicon) and
forms the word line. The floating gate 304b and the well
301 are insolated from each other by the gate insulator
film 303. The floating gates 304b and 310b and the third

15 gate 308a are isolated from one ancther by the insulator
film 307. The floating gate 404b and the word line
(control gate) 312a are isolated from each other by the
insulator film 31la. The third gate 308a and the word line
312a are isolated from each other by the insulator film

20 309a.

The source/drain diffusion layer 306 1s 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 semiccnductor integrated

circuit device of this embodiment comprises a so-called

“contact-less type” array that does not have a contact




direction). Two end faces of the third gate 308a oppose two 5 end faces
existing in the vertical direction to the word |ine 312a and to thet / Al 2in.
channel , respectively, anong the end faces of the floating gate 304b,
through the insulator filns, respectively. The third gate 308a is forned
and buried into 10 the gap of the floati A§ gates 304b eX|st|ng in the
direction vertical to the word line 312a anqniﬁ Qﬁ] annel (y q%rect on)
The floating Yat® %‘E%Edsif%eef?%aT‘?‘WWt% e thid gaeﬁréels %me?
third gate 308 eX| ts s nnetrlcallglm%th t he ngatlng g% 3969

Unl i ke Enbodient's® 1 aﬂ%: ST RE T 15451 oh Tayet =30 refor'y ceIIs

adj acent in the. d,lyne direction in this enbodi ment are separated by a
device isolation region 302 conprising a silicon oxide film The third

gate is disposed in such,a Jashiandhat dis &nltf&qgg@e swé@C@pgagéI@pé Wi th
t he device isolation region 302 and wth the diffusion |ayer 306.

the produsti qihdret frads oafxiél@l@enpfﬁytﬁ@hber@{céhl&@@@@%ﬁea@ Mhé'w@@d _
expl ained with reference to 30 to 33. 25 After a p type well 301 is

first formed pma BMMduﬁttgﬁe stihstfial £ BOpe@f DOVES, aseohQr bR byd
phot ol i t hography and etching technol ogy. A silicon oxide film for
exanpl e, is deposs tefl tye QD A0Llyryatdel@dloovesrodgl tARBiI2OuLaB89r The
silicon oxide filmon the sem conductor substrate 300 is renoved by CMP,
for exanple, fandns devspecisothti on
The third gate 308a is formed and buried into
10 the gap of the floating gates 304b existing in the
direction vertical to the word line 312a and to the
channel (y direction). The floating gate exists
symmetrically with the third gate 308a, and the third gate
308a exists symmetrically with the floating gate 304b.
15 Unlike Embodiments 1 and 2, the diffusion layer
306 of the memory cells adjacent in the word line
direction in this embodiment are separated by a device
isolation region 302 comprising a silicon oxide film. The
third gate is disposed in such a fashion that its entire
20 surface overlaps with the device isolation region 302 and
with the diffusion layer 306.
Next, the production method of the memocry 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.




region 302 conprising a silicon oxide filmis fornmed (Fig. 30A). 5 Next, a
gate insulator film303 is formed by thernmal oxidation in the same !Wajlmg’:
in Enbodi nent 1, and a P-doped polysilicon film304 to function as a
floating gate and a silicon nitride film 305 are serially deposited (Fig.
30B). 10 The silicon nitride film 305 and®Phe polysilicon film304 are

then patterned in the sane . in Enbodinent 1 (whereby the siligcan
i Er o £11 e e OIS Gt [ Gre TOraAet S S5 Brat 0450
respectively). (Fig. 300). rsenic ions, are then i nplante ing the
i onIo i mpl an%/ths’l( air rvoecdeéjsff. j(‘iﬁﬁ\l Fiifsi O Thayer %Jbﬂg %odﬁr(glnci ilogog%tyé Iﬂeg
source/drain of .a menpr . 1.9. .3 . insu fi,lbm. 307
for isolati ngr%tghlgm1t |"oat %/Cr?gn%églaét%@f (r%{)glgl%%r?cp)éic@e %igl o?éne%g%rﬁé?he(%é e
way as the 20, jshep of Enbodiment 1 shown in Fig. 3E (Fig. 31B), and a P-

doped polysilicon film308 to function as the third gate is deposited in

such a faghion as to ceppketel W v {ha agap detwess tihe £d.oaddngygate
patterns 304a (Fig. 31C). Furthernore, the polysilicon film 308 is etched

25 back in theeyaE W @s idh Brbadidremind d0y fay mm Eqedyshénecon, f ahm 308a

that is left to a predetermned thickness in the gap between the floating

gate patterna EBdpedipgnl 32A)icorHerielm tHed fid mMiddttcknesss od f heai2r4UG

2004, - 90 polysilicon film 308a is smaller than that of the floating

gat e pol ysil igesre 304h aand tilver ntigrmiale opierratity amwt t3rpelally deposited
(Fig. 3CB}.

10 The silicon nitride film 305 and the polysilicon
film 304 are then patterned in the same way as in
Embodiment 1 (whereby the silicon nitride £ilm 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 1isclating 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 back in the same way as in Embodiment 1 to form a

polysilicon film 308a that is left to a predetermined

thickness in the gap between the floating gate patterns

304a (Fig. 32A). Here, the film thickness of the




can be lowered in the programm ng operation, in the sane way as in

Enbodi nent 1. Thereafter, a silicon oxide film5 309 is deposited |a sg (1,
fashion as to conpletely bury the gap of the floating gate patterns ‘304a
in the sane way as in Enbodinent 1 (Fig. 32B) and is etched by a chem cal
mechani cal polishing nethod (CMP nethody GAtrl the silicon nitride film
305a i s exposed (whereby the S|I|con nitrjde 10 film 305a_and the silicon

oxide film 3(5‘5’1ei’r5e1;lclcirrﬁﬂerﬁtleldl'l 3’ 83305h %{?ﬁjl%‘%)gat 3laspett |?/”é|§/l}e(Fll@at3Q@)
The silicon ni tr film 3052! u5| a hot phosphor i clam d
aqueous sol utdadt 3far1‘ehs‘ﬁ3r”f aofa%g SERRS LR 2 exXpdsEat
32D). 15 A P-d | film310 d t th

) c(a%f)g) gnﬁgls' cllorg ttrLe $rop%ﬁn§mme chséezféjt'@n, e §t?”es§’% as in

Enmbodi nment ern orm a poI ySiTi con fi I m

310 Fi g. 3 T f I t II
pol gsi(l : gon S‘g)i’a gn tEﬁ%scye&t gL elrlsTWg%%%glt;/zl |el g%nrl c%ir%m %;689{1!52 ‘TJI oat| ng
gate. Polysi '30690%31&%”%1% des, téLecr?fef eed shi agﬂcwaécsmls@@w%u@ e area

of the floating gate e coupling ratio of the nmenory cell- hi s
way, the int@fnagjapper atddor ol @@&Q%dw@mmtm the same wa
programmi ng/ erasi'ng operation. 25 an N-doped silicon oxide film 511

is fornmed fors iispl@middrg ddre: fil O@tllgl.g gaﬁ e dionmd hecwosdl by ne chemibelisane
way as in the step of Enbodinent I shown in Fig. 3F (Fig. 33C) A laninate
filmof a polnysiddrciom ) igalishi9lk neethowst@P mérhad fudtm andha $ubgsben
film or a so- called "polynetal film 312, is deposited (Fig. 33D). The
pol ynet al fi Imht3LiZia sf iplat tErved hyetimsad t ography @l giryicon nitride

10 film 305a and the silicon oxide film 309 are converted to
305b and 309a, respectively) (Fig. 32C). The silicoen
nitride film 305b is removed using a hot phosphoric acid
aqueous sclution and the surface of polysilicon 304a is
exposed (Fig. 32D).

15 A P-doped polysilicen f£ilm 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 ratioc of the memory cell. In this way, the
internal operating voltage can be lowered in the
programming/erasing operation.

25 Next, an N-doped silicon oxide film 311 is
formed for isolating the floating gate from the word line

in the same way as in the step of Embodiment 1 shown in

Fig. 3E (Fig. 33C). A laminate film of a polysilicon film,




et ching technol ogies in the sane way as in Enbodiment 1 5 and a wor d 7| Ate!ld:
is formed (whereby the polynetal film31l2 is converted to 312a) . Next,
the silicon oxide film311 and the polysilicon filnms 310a and 304a are
etched to conplete the floating gate (whereby the polysilicon filnms 304a
and 310a are converted to 304b and 310b; 94D Tespectlvely) After an

i nternet al |nsulat|n film a hown, i s forned, contact hol es reaching
the word |iné ts&‘ﬁat h81§6& /fdﬁai GG Ff &éﬁ”&ﬁﬁeéyerl 6,°% He S</§?e| | 301
and the third Q?t Z fo% d,, é taI fi In1| &gequ

deposi ted, ah@*i§% PP YRE a&o f-ofm nenDry cel

| et ed, h
it uson | af 8&%{8 3t et atas l%‘h’%%‘t%%ﬁfﬁ"%%?é%. L@Zx{‘?ﬁgﬁ e R i on
(y direct Ongacxﬁhg alnb8 L2 o2 ending AieeGl,on o isiReld o ofy the 20

word |ine, e role connectlng t he nory cells adjacent to
one another Lpgthe, % di 186kl 98 rUikidke (WERbediyTRMS pbitMauah 14 e Zevi ce

isolation region is formed between the cells adjacent in the x direction
in this enbedi meRtertber ebonerathe dHektystna kayeeonsorate2%ishanad
between the cells adjacent in the y direction, and the functions of the
source line and the datlgsliilneocar &1 lfsxed 0tz0 atrhie diff usicoreticdyet tSn (source
line) and the diffusion layer Dn (data line), respectively. In other 12
AUG 2004 92 cwopdstet hhe mBoartyngeldaties (niterefovt Hdneviprald @ Igraemd t ype.

Sel ect transistors for selecting the source line and the data line are

di sposed at B6th ends3éfat kge converted to 304b and 310k,

10 respectively). After an intermetal insulating film, not
shown, 1is formed, contact holes reaching the word line
312a, the source/drain diffusion layer 306, the well 301
and the third gate 308a are formed. A metal film is
subsequently deposited, and is patterned to form a wire.

15 1In this way, the memory cell 1s completed.

Fig. 34 shows the construction of the memory
cell array. The diffusicn layers to function as the
source/drain extend in the direction {y direction)]
vertical to the extending directicon (x directicn) of the

20 word line, and play the role of connecting the memory
cells adjacent to cne another in the x direction. Unlike
Embodiments 1 through 4, the device isolation region 1is
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 liné and the data line are
fixed to the diffusion layer Sn (socurce line) and the

diffusion layer Dn (data line), respectively. In other




diffusion layer wires Sn and On in the y direction. The 5 sel ect far.
selecting the source line is disposed at the upper part in the dra ﬂ@“éﬂ@t
the select MOS for selecting the data line, at the lower part. In this

way, the select MOS are not formed at both upper and | ower ends of the

di ffusion layer, but every other select- M3 are 10 formed alternately at

t he upper and Iomert%%éts in each_diffusion layer. Therefore, the area for

forming the “8&F&ct PERBE fttilgated® tTRE It TIPS By e
select MOS is called the,"arr bl ock™. The third gates assi st _gate) AG
extend i n the y direct Peheohnd aRs L T8obanAPad FHES Sahg P RE Een L
| ower ends (bthtgnd% kn Eﬁ% . ir§%t%%gh %E %Q%harnﬁy b%p Kkahbxt, t he
vol t age applF@atloﬁ condi ti-on an tdhep oper at’i on method of 3he menory cel

formed by thg;uethod, qggg&iaﬁqe@ngeaga iphS 5 Rr QgI2 'dﬁ%ee%g?ﬂ.nggﬂgg

readi ng 20 operations w be explained with reference to Figs 37.

Fig. 35 shows.fihe:ppegrapy Bg10RenakL QRe Eb@rc36 1:5R0VS THe RIas] g
operation and Fig. 37 shows the reading operation. In each of these

drawi ngs, A shewspahr pgwicvahenheCireuihganaaBrard sG1shawMognimg charts. In
Figs. 25 35A to S?A, each of the operations is conducted selectively in
the cell enceapassedgbyhdotited liines. akn thhe lpivegr p@XNg 0peratisokayd
positive voltage of about 12 V, for exanple, is applied to the word |ine
11 2 AU -, , thelgseterpt MOS3ar@ noaf folreesielkected hcelpdpeM amd a pesi tarvds
voltage of about 5 Vis applied to the diffusion |ayer Dn to function as
the drai n of ofhéhseléétedical LamMerTheudi Evgsivor thgyesedgct MOS are

10 formed alternately at the upper and lower parts in each
diffusion layer. Therefore, the area for forming the
select MOS can be mitigated. The regicn encompassed by the
select MOS is called the “array block”. The third gates
fassist gate}) AG extend in the y direction, and are

15 bundled into one at the upper and lower ends (both ends in
the yv direction) cof 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 cperation and Fig. 37 shcows 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 372, each of the operations i1is 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




to function as the source of the selected cell Mis kept 5 at the Q!/él’t"%g'«gn"
of O V. As the source/drain and the word Ilines are kept at the

predet ermi ned vol t ages descri bed above, the hot el ectrons develop in the
channel region of the nmenory cell Mand are injected into the floating
gate. The sources/drains of the unsel ect éd cells (diffusi on 10 | ayers
Dn-1, Dn+l, +2, S +2 I the third, ates t he
unsel ect ed V\D%Il Imerkﬁnﬁ eacrtee é]flaM (ii/ C%nsslebn‘g%tt/ t%%‘? V\?eép%g

I nj ection e g rgtp%ﬂl_JyeCE ne, ﬁ&céﬁres ML %é r%’:% %ﬁef%ce,{‘%ﬁ”isare

built up in I'ng gate, nenory cel |
rises and progfamyng i$r canductied. 44 &@Fl t@emt@@"%yfﬁﬂod Nt Lol At e

circuit device of this enbodinent, the device isolation region 302 exists

between the mRMTOMACiCRId S RdirCcen, {4 eaehs ot heg1d P ddec4pr dyl i Bexdbrection
(x direction) . Therefore, the adjacent nenory cells do not 20 share the

di f fusi onsl ayer ,trand;ragfandt g €an e vmdecwsicafdraneously die therdrenory
cells adjacent to each other in the word Iine direction. Figs. 35B and 35C
are exanpl es lafndd Mg lohar tesr  Show ngdd hervohddgeo bpph ¢ sadié oaribatngs to
the selected 25 word line W.n and to the drain diffusion [ayer Dn. There
are two exanplesraas Siwvirase stwwrenh ddreskeoplriow Nigs. ciThenel | reggsnshéwn in
Figs. 35B and 35C are substantially the sanme as the tim ngs of Enbodi nent
1 shown in Fitge MEBB &N 2 MARNd -2 imt%mm thpef Vohthge gate.
application timng to the drain diffusion |ayer in this enbodinent is
the substitutiéh SHFrdae didithy o tHhe W??%@WI%@M% i BhdS BAT1 shown

in
10 layers Dn-1, Dn+l, Dn+Z2, Sn-1, Sn+l, Sn+2), all the third

gates, the well and the unselected word line WLn+l are
kept at 0 V. <Consequently, hot electron injection occurs
in only the selected memory cell M, the electrons are
built up in the flcating gate, the threshold wvalue of the

15 memory cell rises and programming is conducted. In the
semiconducter integrated circuilt device of this embodiment,
the device isclation 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 laver, and programming can be made
simultaneocusly 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 diffusicn 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




Figs. 13B and 13C. Therefore, the explanation of the 5 application timng.
and the effect is the sanme as that of Enbodinment 1 and is therefore!/? A A
omtted. In the erasing operation, a negative voltage of -13.5 V, for
exanple, is applied to the selected word line Wn and a relatively snall
positive voltage of 3.3 V, for 10 exanpl &% is applied to ail the third

ates AG Each diffusion layer (Dn-1 to Dn+2, Sn-l1 ta Sn+2), t | I, and
S tneel cor b Cuor HOPERBTw e SPATREE: BB 8 0T L BBy ChE G
ejection from.t f.l oat.in e to_.the third gate occurs in all_ _the menor
cjel l's on the%sfé)q i]r’f‘e’%\/@?\I‘andulen t%hlt%eer?%%ﬁgler?e-rl\%rld%e%n%t%/%%SJEJUEHEWHQ Y
henomenon wi t,h .t he .r.es. : shol f :
grops and theOfgrtelfts.él nég’;ﬁilg{e(i atEC?(;attnt’leiI gﬁcfoﬁjd%c%}gdﬁale—%ge%rgfr?é;e%n{?nn?l%wgﬁgﬁ

showi ng an e e vl t age aRrlcat ign tining 49 4h ted word
line 20 \/\Ln)%:}iL 1 hlngt haltrng gate %Ge Thgrap')plti cat ixg;n ?llam r?g i%ft rg&sama as

that of Egbodigmntc k shiownidihdithd 148 angdhe s expl anatd ons Wehk e bge
therefore omtted. In the erasing operation, a negative voltage such as
-13.5 V is applied mddult aneous] wHorarplarahidyed 25 of word lines, and a

relatively small positive voltage such as 3.3 Vis applied to all the third
gates AG while each dififf usicor daayerg BpeSanichrt,hes weddatairee kepitage Oo¥. I n
this case, the erasing operation is conducted in the cells 12 AUG 2004 , L
- 95 on thedgr.d [V,nefdm astrnghi € /hel hegatived viod tdge sslapptiedordi ting
al so possible to apply a relatively | arge
WLn and a relatively small positive voltage of 3.3 V, for
10 example, is applied to all the third gates AG. Each
diffusion layer (Dn-1 to Dn+2Z, 5n-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 memcry cells on the word
15 1line WLn due to the Fowler-Nordheim type tunneling
phenomenon with the result that the threshocld 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 1s 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 simultanecusly 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, 5 and the well are kept at 0 V. 1In

this case, the erasing operatiocn is conducted in the cells




vol tage such as 17 Vto all the third gates AG and to keep all the,wogg 10,
lines, each diffusion layer D and the well at 5 0 V. In this case, the
erasing operation is conducted in all the nenory cells inside the bl ock.
To conduct the read operation, a positive voltage of about 3.3 V, for
exanple, is applied to the word line Wn?2f-the selected cell Mand a
positive 10 voltage of about 1 V, for exanple, is applied to the diffusion
| ayer Dn to POnEPFoHOES tRESFR W oflt e §§QQﬁ%¥?(géqtﬁQQMﬁﬁ(?Rﬁﬁﬁed'

diffusion layer Sn to function_ as the source of .the sel.ected.cell. Mis
cept at 0 V- 0 the ofhot Shand® PRESBure e AP o SLPPIS St dyeres bn- 1,

ls el Dvvg Snck oSmal oo Ss2ly (A1 Lnhe thisd 9at.es AGsd he, vel l and the

unsel ected wo Fne n re kept” at 0 I'nce e voltage is kept in

this way, ONGEF, QL LB2q qhaunel Lcam BE [detached denending ¢hd M1 at

exi st ence/ absence the el ectrons 1 nsi ng gate, and the 20

information gag bergead; 9utasEi 9sne34B28ndg38C-areibhmiBgcehantsshaW ng
exanpl es of the voltage application timngs of the selected word |ine Wn

and the diffysihornhkayemnoPyd cEhake indreld wheexamyes as shown in Figs. 37B
and 37C. The 25 timngs shown in these drawi ngs are substantially the sane

as the timngs of Enbodbneshdlcshewa ireal gperkSBoand alpCsitHewever, the
voltage application timng to the drain diffusion layer Dnin this
enbodi ment i solthegtScZ0%b@'u:t Sullsti,t Uttirorx@imtlme dpplacgdtiegh tta ey to t he
diffusion layers Dn and Dn+l in Figs. 15B and 15C. Therefore, the
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 tc 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+1, Dn+2, 5n-1, Sn+l, Sn+2), all the third gates AG, the
well and the unselected word line WLn+l are kept at O 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 embediment is the




expl anation of the application timng and the effect is the sanme as &hdlga}ﬁ],;
of Enbodinent 1 and is hereby omtted. 5 According to this enbodi neht, the
menory cell produced by the nethod descri bed above uses the pol ynetal
structure for the word line, and can there-fore reduce the transition
delay time of the word line during the prdgrammi ng and readi ng operations.

Since the word line 10 having the polynetal structure is forned after the
third gate isélbrs&rlr’fé*&,l%@fdérq“&ta%&fs)i/%vodf THRL T | §2 o X3 okl UF + P

bet ween the fl oating _gate the third gate ca reduced- It i s also
3 %ﬁl Sl A 05 eaé'bcgoﬁb%'e \}g‘lelfg%@fret'het “ht er nal

possible to rleagt?é:e e Saxiiim val ue 7of 1

operating vol : t t : r 1.ng/ e i 0 5.V..Since
this enbodi m‘ae%?)qi%ﬁ%ltt&%g)]s Oﬁghﬁfgﬁﬁ%aﬁ%wﬁé }SAp&;?Etéeofel%%%C? | ©at i ng
gate, the oppesed gfeas hetweer tﬂ&ﬁ)JdiQt?etr{l@Q gl e and dhg, control gate

i ncreases, hence coupling between both el ectrodes I ncreases, too. 1n 20

consequense, the nargi Acebrbhegerasenval age diRtereasashantndne s@yrgin for
reduci ng the erase voltage increases, too. [Enbodinment 61 Fig. 38 is a

partial planptioelceliowyNg han meehatp e Ofr itiel a1 ontied orhd @Dy €41
circuit device 25 according to Enbodinment 6 of the present invention, and
Fi gs. 39A, 39BranduleC fare t$ecticonnll Mieewsricakem alrong: fdtanaeseduce ALLheB -
B' and C- C in Fig. 38, respectively. Incidentally, each nenber is shown
hat ched in theaplsanith AEGay2004e o7 thh ewm g B8 froy Base of
illustration wth a part of nenbers being omtted.
programming and reading operations. Since the word line
10 having the polymetal structure is formed after the third
gate 1s formed, the defect density of the silicon oxide
film between the floating gate and the third gate can be
reduced. It 1s also pecssible to reduce the maximum value
of the absoclute wvalue of the internal ogperating voltage at
15 the time of programming/erasing toc 13.5 V.

Since this embodiment includes the polysilicon
310k at a part of the floating gate, the opposed area
between the floating gate and the control gate lncreases,
hence ccupling between both electrodes increases, too. In

20 consequence, the margin of the erase voltage increases and
the margin for reducing the erase veoltage increases, too.
[Embodiment 6]

Fig. 38 1is a partial plan view showing an

example cof 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 - &', B - B" and C - C’ :in Fig. 38, respectively.

Incidentally, each member is shown hatched in the plan




As shown in Figs. 38 and 39, the nenory cell of this enbodi ment includes
source/drain diffusion layers 405 5 in a well 401, first gates (floati dgs 20%
gates) 404a, second gates (control gates) 409a and third gates 407a. The
control gates 409a of the nmenory cells are connected in a row direction (x
direction) and forma word line. The fFodting gate 404a and the well 401

are isolated fromeach 10 her by a gate jnsulator film 403, and the
fl oati ng gate"lezi'baoin%Qhejoé hitd Tate Qljbfai,ﬂ LR UF Rt @ fPRRF 48Ba.  The

floating gate 404a and the word line (control gate) 409a are isolated from
each ot her bﬁneé[gbelrnssu ot Cfmlulgntﬂ%& The source/drain diffusion | ayer 405

s disposed 15 verticald ylo.t e, wardl | inie 400aqind, iexizsls, anda  ogal

source line and a local data line that conne sour ce ino

menory cel | idh it g dme 4 recdi e Yso LS 0om qi Arehannel abs forgrd in
a direction vertical to this diffusion |layer 405. 20 The third gate 407a

keeps contactjMd hedihe 4l oating: gates4 hy ough aly isd &t ofpfd | mdPsaqat the
end face of the floating gate 404a that is parallel to the word Iine 409a

and the chanrgltesanuightAsl entt daces)9d nd hen ff mdteshi@ha t heddird gate

AO7a is buried between 25 the floating gate patterns 404a. The third gate

407a of thi scernhadi repnted st s posSeth®manddelckloxd derd idoadd2ted@ntn &S

di sposed in parallel with the word line 409a and with the channel, that

is, in the colawmdidigagcitaron(x utl 1eet Ioh AUGR00rm |a wdjd ~Lind. - T 5
floating gate 404a and the well 401 are isolated from each

10 other by a gate insulator film 403, and the floating gate
40a and the third gate 407z, by an insulator film 406a.

The floating gate 4042 and the word line (control gate)
40%a are 1isoclated from each other by an insulator film 408.
The source/drain diffusion layer 405 is disposed

15 wertically to the word line 40%a 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 40%a and with

the channel, that is, in the column direction, unlike




10 Enbodinents 1 to 5 The production nethod of the nenory cell of this
enbodi nent will be described with reference to Figs. 40 to 42. Filrisfit é['-n"p
type well 401 is formed in a sem conductor 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 Sili?€om) (Fig. 40A). Next, a gate

i nsulator film403 is forned a thermal oxidation process, for exanple,
(Fig. 40B), ﬁ Oalrﬁ%spe)getb%%'silicon film404 to function as a floating

gate is deposited (Fig- 03}) The polysilicon film404 i erped b
lithography and dry etc h|4en rioedcl%ﬁ:o Oor{giries%hofg ?%rt%?amn%ﬁl%r,gaﬁgitihcé*f %%‘1 i ng

gate 404a is SRR 051 AR 4o HSHOLE (S d}é’f‘é A L1 Op ?E%gd by ¥sing
the ion inplantation process, for exanple, and a drai n | ayer 5 to
function as sgurce/drain of a nmenory cell is formed (not shown). 20 An

insulator film406 for isolating the floating gate fromthe third gate is
formed bysthe nethod shoawxd,na | &yp3E f: Evpodiinentodnddign 41A). A

P- doped polysilicon film407 to function as the third gate is deposited by
CVD, for examplicedfdgtddBubsthecpolysidncon fidmi40Lids them 252 to
patterned by |ithography and dry etching technol ogies, for exanple, and
the third gatfeirics ipat taay rrediq wiher ebyoldeiopotysidn con AO7meéd convbeted to
407a) (Fig. 41C). An N-doped silicon oxide film408 for isolating 12 AUG
2004 type well 401 by LOCCS (Local OCxidation c¢f Silicon) (Fig.
404) .
10 Next, a gate Insulator film 403 is formed by a
thermal oxidation process, for example, (Fig. 40B), and a
P-doped polysilicon film 404 to function as a flcating
gate 1s deposited (Fig. 40C). The polysilicon f£ilm 404
is patterned by lithography and dry etching technoleogies,
15 for example, and the floating gate 404a is formed (Fig.
40D) . Arsenic (As) 1lons are implanted by using the ion
implantaticn process, for example, and a drain layer 405
to function as source/drain of a memory cell is formed
(not shown).
20 An insulator f£ilm 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 functicn as the third gate is depocsited 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 patternsd (whereby the

polysilicon 407 is converted to 407a) {(Fig. 41C).

An N-doped silicon oxide film 408 for isclating




99 the floating gate fromthe word line is forned by the sane rrethogh,aﬁn.
the method shown in Fig. 3E. A laninate film 409 conprising a pol ydid Pdon ™
film a tungsten nitride filmand a tungsten film or a 5 so-called
"polynmetal filni, is deposited (Fig. 42B), and is then patterned by the

| i t hography and dry etching technol ogies t9%¢ formthe word |ine 409a (Fig.

42C). After gn internetal inpsulating film not shown is formed, contact
hol es reachi ng ¢ he- Wor !9 | ?l%t%fogﬁ?mtﬂ%e 1Y5°§‘3ufi:‘é? dt 2i Ao BPER UBY ohPFayére40s,

the well 401 he._erase e, 407a are forned,_Subsequently, a netal
filmis deposi e%daansd ?@gpﬁgﬁ?%eghgﬁgfﬁ?mpégw ‘F’Eei In this way, the

menory cell can be co ted. ts. {.he I | cat | onditjon and
the 15 operation net %elo trh%@(nefrﬁ)%@ %éé?lé%%r?ﬂ%?ﬁ%/ %f%&rbﬁchggé& escri bed
above in the prograiming,seLashng-and readi Dgs operAations will bg.expl ai ned
with reference to Figs. 43 to 45. Figs. 43, 44 and 45 show the progranm ng
operations tdie €{BE:NT SPEYREEHN ANt he; & eadbHgi oPer akign, 420y, and
respectively. In these draw ngs, A shows an equivalent «circuit and B or C
shows a tim ngs citegr .pdttdigsd @3 tioe AbBhodhepieel neneoppassednyy dotted

| ines conducts selectively the respective operations. First, in the
programm ng opertaielongias posifoxe ti2b wotdageneof4@abouteil@. VA2€pr exanpl e,
is applied to the word Iine W.n of the selected cell Mand a positive

vol tage of about 5 V, Aigrerxanple;eire bppl irnghlat ire i ffusion $agyen, Dn

to function as the drain of the selected cell M as - 100
is formed, contact holes reaching the word line 40%a, the

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 memocry cell can be completed.

Next, the voltage application ceondition and the

15 operation methced 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 eguivalent
circuit and B or C shecws 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 c¢f 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, 1s applied to the diffusion laver

Dn to function as the drain of the selected cell M, as




shown in Fig. 43A. The diffusion layer Dn-1 to function as the solut deiafl

the selected cell Mis kept at O V. In this way, mss-programm ng can be

prevented in the same way as in Enbodinment 1. In consequence, hot el ectron

injection 5 occurs in the menory cell Malone, and the electrons are built

up in the floating gate with the result-th&f the threshold voltage of the

menory cell rises andmgrggranni i nducted, On the other _hand, all the
i‘._ .

third gates ABOWREhE" aﬂaAtRgmﬁ%géfgﬁY%ﬁaﬂo$ﬂy?Fn%“V&nQ? SYBCkeph 4f o

10 V. Furth t he di f£fusi Dn-2, Dn+l Dn+ k .at 0

& 5V and andEF $RENER OBt heoRat B EoTeBhet ety K2RE B8er Fhedlln60sS t he
i duct i nt ted ci L1 _deyi i i t f

20 acent cel | 546 TReS LT pok el LhecBEheBsr brhlsnsE 18 ThRysHRES s

progranming. o EﬁQQ&EﬂéRL'%FhGI§Q£$%Fé’ & Wor e é%ggtf5ge£§59%?g§5h§35

progranmn ng operation nust be carrie ut at’ l'east four tines.

and 43C arse t)aENgs CPArEfeSROMLERY cexanpl g3oak, t Reavehbage «aRRbinGaki-en
timngs to the 20 selected word 'ine W.n and the diffusion |ayers On and

Dn+l . There apgilwougxanptes asoshowg pAtkhesendeaw rgsultTh@atki Kinkgs shown
in Figs. 43B and 43C are the sane as those of Enbodinent 1 shown in Figs.
13B and 13C. f{exéshthe epashog operhti aamorl| cbelexpkasnadd p2bghAamshiomn in
Fig. 44A, the third gate Agn+l is selected and a positive voltage of 16 V,
for exanple, is appiuedetio GrhitshgateheEavdndi fdLbi ome | Qyerd ¢heeseh, and
all the word I|ines are kept at 0 V. Consequently, electron ejection 17 AUG
2004 - 101 the well and the unselected word line WLnt+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 cf this embodiment uses four
adjacent cells as one unit, selects one of them and
15 conducts programming. To program all the cells con 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 cperation 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




occurs fromthe floating gate to the third gate in the two rows ofqnﬁggfwm.
cells M1 to M2 and M1' to Mr2' (portions enconpassed by dotted |inesy**
adj acent and parallel to the third gate AGh+l due to the Fow er-Nordhei m
type tunneling 5 phenonenon, so that the threshold value of the nenory
cells drops and the erasing operation i-sléddnducted. In other words, the
erasing operation is conducted in the wunit of two word lines, In this

i nstance, th8CSEFEcEEq™ thier d :Gate "By 5 AhF N1 3D ot he? Erashig
nmethod is as follows. As sho in Fig. 44B, a tive vol e of -13.5 YV,
for exanpl e, *°Fs 8%?)[“?5‘8%3’00[‘3 éssévﬁ_éct%é’dW\*grc?rlcﬁg_al\i[nt%ﬁ%%a?e(lpﬁﬁwv
smal | positive voltage .of 3.3.V, far. ex le, is .applied _to the adjacent
Third Gare ABTCERRROGET 68 o0 HERTbr B e ss Tal i THE Wbl Eat biovor d

lines VLn+1 gpe kepl At 0V QANSBIUERt Ik, 0l QI QML S RULIOD OGEHES: REOM

the floating gate“to the third gate 1n a e menory cells on the

line Wn and hRRoREASHNY <@P@MAld ¥R d $ HGNAALL D a Fid o A4e | Befo bl M NY
chart shomnng a voltage application timng to 20 the selected word |ine Wn

and the thirdegate hSpsShanee t Hehics :aAPlg Gatd it i Ng dSndiersame @s t hat
of Enmbodiment 1 shown in Fig. 14B, the explanation will be omtted. Stil

anot her erasbRgereibedsi,s tas oldsaws; Aemegaln vies vaddagecof 143tkeV, for
exanple, is applied 25 sinultaneously to a plurality of word lines and a
relatively smaklk pdsictioveoval tldgesof 3n3tWisf ansexanpl,ethd sedpplieed to all
the third gates AG while each diffusion |ayer D and the well are kept at O
V. In this cabéerdt hete 2G mayHbe @lunal.. 102
10 Another erasing method is as follows. As shown
in Fig. 44B, a negative voltage of -13.5 V, for example,
is applied to the selected word line WLn and a relatively
small positive voltage of 3.3 V, for example, is applied
to the adjacent third gate AG. Each diffusion layer D, the
15 well and the unselected word lines WLn+1l are kept at 0 V.
Consequently, electron ejection occurs from the floating
gate to the third gate in all the memory cells on the word
line WLn and the erasing coperation 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.
S5till ancther erasing method is as follows. A
negative voltage of -13.5 V, for example, is applied
25 simultaneously to a plurality of word lines and a
relatively small positive voltage of 3.3 V, for example,

is applied to all the third gates AG while each diffusion

layer D and the well are kept at 0 V. In this case, the




erasing operation is conducted in the cells on the word line to which the
negative voltage is applied. Next, the reading operation will be explu} ngd. .
As shown in Fig. 45A, a positive voltage of 3.3 V, for 5 exanple, is
applied to the word Iine W.n of the selected cell Mand a positive voltage
of 1V, for exanple, is applied to the‘dl@?usion | ayer Dn that functions
as the drain of the selected cell The glffu5|on I -l to function

as the sour cETFSHHe WEEeted cJe?ICWdlé(F"fe he 18P EnFE éaPEStﬂS "ORE wel |

and the unselected word. lin W.n+1l are E ernore, the

di ffusion |ayer's -4 %h fh%nda%%aﬁv%r Eéﬁ?eats "and under the
fl i
oating state, respec%s%gty tﬁ%5££§ S ucf sLead | plihg ggggu¥?¥%as.|n

Enbodi ment 1. in this way, ‘the sem C |ntegrate evi ce

of this embodisrenlo, ises foyr agiacento ey 98tt§g@s?9n§ ynit g the same

way as in the progranmm ng operation, and selects on fhem f o conduct

the read gper&td e,Thfte%;sts@lect%@%%orahelﬁeaﬂtngoepe&et k@NetReal | the
cells on one word |ine t he readi ng operation is conducted at |east four

tines. Figs.c4bB anehd5C gé€itive ngoThagd soshowrpgroexapppseof ikhe _
voltage application timng to the selected word line Wn and the diffusion
| ayers Dn andagitHed Therehe adef fuwi @xahpyes Bs shewnfinctheae dsawhags. The
timngs 25 shown in Figs. 45B and 45C are the sane as the timngs of
Enbodi nent | ctwim ofh Fhigsse ISBamdcd bl M| n ThHe sienbothorent ayeheDmehoty
cell enploys the polynetal structure for the word line. Therefore, this 12
AUG 2004~ - 1siction as the source of the selected cell M, all the
10 third gates AG, the well and the unselected word line
WLn+l are kept at 0 V. Furthermcre, the diffusicn layers
Dn-2, Dn+l and Dn+2 are kept at 0 V, 1 V and under the
floating state, respectively, to prevent miss-read in the
same way as in Embodiment 1. 1In this way, the
15 semiconductor integrated circuit device of this embodiment
uses four adjacent memory cells as one unit in the same
way as in the programming operation, and selects cne of
them to conduct the read operaticn. Therefore, to conduct
the reading operation in all the cells on cne word line,
20 the reading coperation is conducted at least four times.
Figs. 458 and 45C are timing charts showing
examples of the voltage applicaticon timing tc 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




embodi ment can reduce the transition delay time of the word line4pathe;
programm ng, erasing and reading operations. Since the word the haV|ng Qhe
polymetal structure is forned after the third gate is forned, the 5 defect
density of the silicon oxide filmbetween the floating gate and the third
gate can be lowered. This enbodi nent canl@Pso | ower the maxi num val ue of

the absolute value of the internal operating voltage in the
proqrann1ng/eﬁ%@?%ﬂ“%%%r%%?oﬁe?B istgevt”TBSEEHBdeﬁéﬁV BIPeFRg. tH6 is a

circuit diagr W ng. ceptual ly an _exa e_semi.conduct or
ntegrated 9%% FlR vt e e Br ORGSR ERbBGRRERE. 3701 TERA resent
e N oo 2hoMs i N Eltke Ao TRIREY, S8l 15 S5 @ ed%§$9a59 in matrix

and forma ne array hows™ one ne array divided

into bl ocks. The,.oeppry cg&% gxgkgggegﬁgoaﬁqyadbgggt 1ebendgan he

applied to the nenory cel ft I ment u5|on | ayer wires

DOO to D04 thﬁéf@@éU&é$¥1€9n8§0£héhgllﬂﬁﬂﬁr¥x93é|%1@% b@tkh%nCQ%%”“
direction (y direction) are forned in the nenory cell array. A source line

SS is connectesatOndhgadifhing onel ayercDEE:candnepehisakeet. transi stor
(select MOS) 70 is disposed at each of the 25 upper and | ower ends of the
di ffusion | ayatbwifesnD0dahoal BO941okbe dhai nagimtihevselectft ramsi stor 70 is
connected to the diffusion layer wires DIl to D04 and the source of the
sel ect transiastsrlisecoaheetell tbeeitherneheopérgkobal ve2rageGiz0@he 104

proegramming/erasing operation to 13.5 V.

10 [Embodiment 7]
Fig. 46 is a circuit diagram showing

conceptually an example of the semiconductor integrated

circuit device according to Embodiment 7 of the present

invention.

15 As shown in Fig. 46, memory cells 85 are
disposed in matrix and form a memory cell array. Fig. 46
shows one memory cell array divided into blocks. The
memory cells explained in Embodiments 1 to 5 can be
applied to the memory cells 85 of this embodiment.

20 Diffusion layer wires D00 to D04 that mutually connect the
memory cells 85 in the column direction (y direction) are
formed in the memory cell array. A source line SS is
connected to the diffusion layer DB00, and each select
transistor (select MOS) 70 1s disposed at each of the

25 upper and lower ends of the diffusion layer wires D01 to
D04. The drain of the select transister 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




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 (DOL to 004), the source of the sel edt Ala (%
transistor 5 70 at the lower end is connected to the source line SS. Wen
it is connected to the source line SS at tHé vpper end of the diffusion

I i Dn. (DOL. t 4), th t th f th I

TanGi Stor TOHEE e | o 2BR e P r B herEehSt o SRS Ehat Bt BN RECBER at
the 10 | ower epd Thlé arra ggngngt $ ggpggtggng E%r akglthorl Svery ot her
di ffusion Iayer mnre fhc E arra% enenf CONSt |tupes t e Svirrtual ground

t T d h
ype menory aa%@g( The ¥oL aangﬁare =6 eggagg W,a %@rffﬁs%%p% p N the

row directio |rect|on) s the control te of the

menory cells 8b-adjgecepsof orgngoanot bt LpuLhe ESfd'th@CEbQ@ctTfﬁ%a%@l%t%zgna'
is inputted to the gates of the sel ect transistors -70 adjacent to one

another im theowor dendi ngwdkreetii 08 ExndiEesti €8) chandotiwesgati@niges STOO
and 20 STO1 are disposed for each block. One global data line DLn is

shared by twowgkdfusi D8 teyrecrvetesoDohel Bosueh aieenstruct kbl afpddre
select transistors, only two gate signals of the select transistors

adj acent in tdwedwof dchée néidinectnohagrrswiter DeadhObl ook DOEher efortene 25
the increase of the area of the select transistor portion can be

i nhi bited, andothezchi pthageaccancsbefrekerbetedtt sransastam 78 ade tthao

di ffusion layer wires share one global data |line, the arrangenent of the
gl obal data |}peeanindhes 120AUE-PBA4L0 0§ global data line DLn at the

10 lower end. This arrangement 1s repeated alternately for
every other diffusion layer wires Dn. This arrangement
constitutes the virtual ground type memory array.

The word lines WLn (WLOO to WLCJ) are disposed
in the row direction {x direction} and are shared as the

i5 control gate of the memory cells 85 adjacent toc one
another in the x direction.

The same signal 1s inputted to the gates of the
select transistors 70 adjacent to one another in the word
line direction {x directiocn), and two gate wires STOO and

20 8T01 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 glcbal data line and the




sense circuit connected to the forner beconmes easy. In other mordsw<}hﬁrqn,
pitch of the global data |line and the sense circuit can be rel axed.: RS 1%

Furthernore, when all the nenory cells existing on one word line are

programmed or 5 read, the operation can be conpleted by the operations

made tw ce, that are mnimum necessary rnlfhe-virtual ground type menory

cell array. Hereinafter, .the senic&gducto%oigt rated circuit device of
=r

this enbodi ment™ Wl F*bskekprarAgaart h° & Pg_éﬁcEEEBmﬁédgééﬁvedIEircu@t
chaoram and ag.oeer abLe0, LLLG BN Ly, EL0 pflel RSl Ut diaprgm show ng

the arrangenent e~ hrervor arr

sub- decoder's, sgige L0 ETPOULORNL.Ty o 0,ELD. AT, fheno £ONSEEUGtLop gf the

menory cells represents the case ere the nmenory cells © I'ments 2
to 4, in whichehbheythitds QQ&@t%Q%aon(éﬁ% LHP&th?Hé ghso Qégkgﬁmééﬁ' gate
for controlling t%e split gate channel, are applied. Figs. 48 to 50 are
timng chatsreisef Ukhé oppexptabAi REnt B8 cBhEYEBBHI BY, t&EASHRG @NGeadi ng
operations of the 20 sem conductor integrated circuit device having the

sel ect transhsderteonstrusktoaref mihisuenhedesenty iAckdentalklyal Fig. 47
shows the nenory cell arrays for two block, in which two word |lines W. and
two gl obal dagechndesypk aemorghowhldaspeged, for ease of illustration. The
sub- decoder 25 60 has the inverter construction, but it is not

particularly limted t h2etbnaiher serieosiuttordintegr anedgcatedit device

of this enbodinment includes nenory cell arrays 80, assist AUG 204 - |06
circuit device of this embodiment will be explained with

19 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 sase of illustration. The sub-decoder

25 60 has the inverter construction, but it is not
particularly limited thereto.

The semiconducteor integrated circuit device of

this embodiment includes memory cell arrays 80, assist




gate decoders 40, block decoders 50, sub-decoders 60, gate decoders 2 ,
sel ect transistors 70 and sense circuits 30. To inprove the proces&ihﬁus?m#
speed, the word decoder has a hierachical construction conprising the

bl ock decoder 50, 5 the sub-decoder 60 and the gate decoder 20. Though the
sub- decoder 60 is shown di sposed on only&the |eft side of the menory cell

array 80 for ease of I ti , ot di i ti t

Gl vite and SRMGwcEr T abr I S SE e Sty e Sk B0 0ot P

| ength of the word Ii W._ and .its |oad by dividi th .cel

80 when the NETS rc?;@ci tsfqﬁecctgr‘}%sansglrse% rsa:\-}éd talhrg Ise%%%e%n%?‘g %%g%ﬂ?”ﬁg
WL increases.to._invite.the inc . f I i . Th
hi gh processF%glglgéﬁkiéﬁgbéh?ﬁ%%%ggggﬁ%%#%ﬁegﬁﬁ?ghyﬁgqg%gggaéhgﬁ?v%here?n

the sub decoggrs ORiaa dpased b Roldh sidasy ofnd her JBADAYCSELL Bpray 80

provides the followng two effects. First, pit rel axation can

achi eved at the jurcidRnpdlet wRenddahawys-d idie-dle ANt t he sub- decoder 60
(inverter, in this 20 drawing) . The sub-decoder 60 is always necessary for

the word line on the Thbubasithe Bigi-efc@iRie N ithestsdn diegostesd 66ni s

di sposed on one of the sides of the nenory cell array 80,the word line W
and the sub- dedgdeme6Q aftstsidee cOMrectredndry Mt ch ad tdy t$e pot chaod ofe
word line. In 25 contrast, when the sub-decoders 60 are di sposed on both
si des of theenpimamatdeld, artr ays 8 dvagesrarbier gurawr dee | d melse nayv bee
connected to the sub-decoder 60 disposed on the right side of the nenory
cell array 8@ng tsensidd ch thg memorpozell array 80. This 1s 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 cne 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-




nunbered word |ines being connected to the sub-decoder 60 disposed @:%
| eft side of the nenory cell array 80. In other words, the word I|n

be connected to the sub- decoders 60 may be divided to the right and | eft
segnents 5 and every other word |ine may be connected to the respective
sub-decoder 60. In this way, |ayout desigi¥’of- the junction portion between

i R i ST S R B
0 Rl S T, S L, it LB L s

o e s S S 20 4 ot i
e S o) gt e oy e el rg A A caigsty one

layout desi g%n%f (ftJéer ‘bt{bequQQQf S 160 hecpmhs @asi@ited0d neidi s

enbodi nment , i ffusion ayer wires (for exanple, DOl and DO2) share one

gl obal data |ﬂé},6pé3{m(é‘ uexaier B and thelsaxay,t he veiuttchieaf i grhes flat a
line. Therefore, one global data line DL and one sense circuit 30

connected to thd & JrytiRm MRy e ibeathaand dispasetl hynL5iusamg the sebions
of two nmenory cells aligned in the word line W. direction. In this
enbodi ment, tdeeoghre & dgrealgned ddmeiersel ect transistors 70 aligned in the
word line W. 12 AUG 2004 - 108
Another effect is pitch relaxation of the
10 arrangement of the sub-decocders 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, cne 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, DOl 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




direction are all the same signal and the number of the gate signal 19f0;
the select transistors 70 in one block is only two. In consequence, the
i ncrease of the area of the portion of the select transistors 70 can be
restricted and 5 the chip area can be limted to mninmum As described
bel ow in detail, the operatlon can be COﬂ% efed by conducting the

t t that i nb th
o ogr anmi ng G £ FERATRG: 5bef ot I i - Eonatared PO or Fr OHarF bhe -1 memory
cel | s exi sti ng, on Qﬂgqm obi D1 D108 VLLLHAL 5 cgLoung {XPEIEIOLY,Cold
array. Next, ranmi ng operaftion wr expl arned. °Br

timng chart d 'aer%oqienﬁﬂe a{@%ﬂmoaggee WPEr A Oglre&%ktt%' |

be assuned here that t e nmenory ce as t programm ng are

M1 and M3. Ffsionthe th@igéﬁéc¥0££§S§i9£oggl7§'QQﬁ|§e'§e9tYicN%ﬁtathe
output signals GO and G of the gate decoder 20 are set to 12 V at the

timng tOs angha@ldhipeawos dchhnes WHOcé@ VBlhiai@um20 reliably set to 0 V.
Next, a PMOS power source BOP of the sub-decoder 60 in the selected bl ock

is set to 12 V at the tagndgsdtibed e Dotk plt 8¢ ganl , Ghof opbeagabe deeoder
20is set to O Vat the timng t2. 25 Consequently, the selected word |ine
WLOO i nside kédecoabbeted by ockndsciliMg the opsebectedowdrd, | thetWEBL s
0 V and the word lines W.10 and W.11 inside the unsel ected block are 0 V.
ui3 'or), Uthgpuinimum number of times necessary when the programming
or reading operation 1s conducted to or from all the
10 memory cells existing on cne 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 preogramming are MOl and MO3. First, the
initial veoltage of all signals is 0 V. Next, the output
signals GO and Gl ¢f the gate deccder 20 are set to 12 V
at the timing t0, and all the word lines WLOD to WL11l are
20 reliably set to 0O 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 WLOO inside
the selected block is 12 V, the unselected word line WLO1

is 0 V and the word lines WL10 and WL11l inside the

unselected block are 0 V.




- 109 The output signal AGO of the assist gate decoder 40 is set to 2 V
at the timng t3 and the assist gate (third gate AG of the nenory, pg \it @5
the object of progranmng is set to 2 V. 5 Next, a voltage is appli‘e

the timng t4 from the sense circuit 30 to the gI obal data |lines DLO and
DLI by the data to be programed. Wen 't hed progranm ng data is progranmed

to th N f dat a_|] DLO t to 5
. and to 0 v Sﬁen e Tt 000 W6T b oGy At *The* 3P bk J0AFa | ne DL

t t x
:VSSSgnd ?o 0 (%?C\:/ﬁ"nen t‘ﬂg Pr?%é?g@rjlg gféérgﬁﬁgéﬂgkgmgt %gdggﬁg"gg‘%;étcgroo

oil the selec rans S t LNgyL5 e ntly,
15 the sourcei E%l %jﬁt[l)o(% Lj% A(Ele ﬁ%n%?@srg%/ﬁn?%y B?lan l\/[g)%gagb?%g% e Y
progr anm ng gaﬁﬁ&?eﬁt@eg \, ang_the voltage corresponding to the

programming data is applied to the drains D02 and DO4. Wen it is desired
to program the programdhg data toadde: seapsyisel he Mie foniggamnl €rol V

20 is applied to the drain D02, and O V is applied when the data is not
programred. Ape \barodd 3@;9r¢1$l‘ﬁp3)ﬂ]l'ecﬁ| tioetHeobdl adatBO4inbhenDLAe apHo@LANT ng
data is to be programmed to the nmenory cell M)3, and O V is applied when
the data i s lottips odpiaamed. bd her pg ogmaadi ngiheot ttdye psoappin 2oy udaes 25
this state to the nmenory cells M)1 and MD3 as the programm ng object, and
arbi trary datprésranogd aberedhe Toenonpl eebl t el pr bgraftitnplepethei aaobieHe
gate signal STOO of the select transistor 70 is set to 0 V at - 110
data line DLO is set to 5 V, and to 0 V when the data is
10 not programmed. The global data line DLl is set to 5 V
when the programming data is programmed to the memory cell
M032 and to 0 V when the data is not programmed.
Next, the gate signal ST00 of the select
transistor 70 is set to 8 V at the timing t>. Consequently,
15 the sources D01 and D03 of the memory cells Mol and MO3 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 1s desired to program the
programming data to the memory cell MO1l, for example, 5 V
20 is applied to the drain D02, and 0 V is applied when the
data is not programmed. A $ 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 vecltage is applied under
25 this state to the memory cells MOl and MO3 as the
programming object, and arbitrary data is programmed.

To complete the programming operation, the gate

signal ST0O0 of the select transistor 70 is set to 0 V at




the timng t6. As a result, the drains D02 and DO4 of the nenory cells M1
and MD3 as the progranm ng object becomes 0 V. Next, the global datald ilfies
DLO and DL1 are set 5 to O Vat the timng t7. The output signal A1 of
the assist gate decoder 40 is set to O V at the timng t8, and the assi st
gates of the nenory cells as the prograamih@ object are set to 0V, 10 The
out put signal GO of the gate decoder 20 is set to 12 V at the timng t9,
and the sel ecth® WoteRdine: VOB iGR3 e t HE St B ok Bttt 0‘%‘0’?
Next, the Pl\/m%g)omer SPUI G OEOD (?f ¢] e_sup- decoder 60 in the se|ected

bl ock is set T X Hth 52RF ! g 900 ®i REPF §2TPRBI 0BPPEE T sPGRAMES @D
and GL of th ate decoder 20 are set to O V at the timng tl1l, and the

pr ogr ami ng goper'ati on is conpleted. Wien programring is made to the nmenory

cells M1 20 and M3 i%)g,{]eetg{éég#mPgﬁ)?grﬂljlé) 519 %tgl%% %P%%%ﬁg%ﬁe t he

progranmi ng vol tage is appl’i Ing the timng

gate signal ST0G, of 5@et§@I@§rEi[g<5]a{I$istor 70 reaches 8 V. The gate signal
STOO of this select transistor 70 is the signal for controlling the drain

25 vol tage of the memorahLeldspdtn 41saembosi entshd hesef of egacd he
application tinme of the drain voltage becones the shortest anong the word

i ne vol tage,dddeiassiGtigader wol ¢ ageaanschs heidi agnt¥pl sagecapphsedsto the
sel ected 12 AUG 2004 - 111
gates of the memory cells as the programming object are
set to 0 V.
10 The output signal GO of the gate decoder 20 1is
set to 12 V at the timing t9, and the selected word line
WLOO inside the selected block becomes 0 V.

Next, the PMCS power source BOP of the sub-

decoder 60 in the selected block is set te 0 V at the
15 timing t10.

Finally, the ocutput signals GO and Gl of the
gate deccder 20 are set to 0 V at the timing tl1l, and the
programming operation is completed.

When programming is made to the memory cells MQO1

20 and MO3 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 transisteor
70 reaches 8 V. The gate signal 3T00 of this select
transistor 70 is the signal for contreclling the drain

25 wvoltage of the memory cell. In this embodiment, therefore,

the application time of the drain voltage becomes the

shortest among the word line veoltage, the assist gate

voltage and the drain voltage applied to the selected




menory cell. For this reason, the enbodi nent can be said an optiml BSydatéen:
for relaxing the drain disturb. Various variations are possible as the
application timng of the word |ine voltage, the assist gate voltage and
the drain 5 voltage applied to the selected nenory cell as explained

already in Enbodinments 1 to 6, and they halVke the respective features.
Therefore, the systemof this enbodinent is not particularly restrictive.

Waen progr amfF 5% FRdde t & the PiemdifR 811 SINoG Ry ik Mo ke af ¢ 1 € he
menory cells on one word line are rogranmmed, the progranm ng operation
described abdVe Fhfy "be BIHHIArISL r %%%Tbﬂgf e g dgNEE?rPn t YRS 94,

t hi t nmpl ete th 1 i t | th

col 15 on one Wrd TIHE 6y COREUET n Of THo SEE bt 6o 4 ht bier 8FT SH=Yvi ce.
Thorefore: whfkd NS n PIANAINE PG OPCLALI O 5. L epeAledl L Gec 8 SELLRN
operation (one-wor 15 ne operation, that takes e programm ng unit =

erasing Uﬂit~66f6§H¥'HbﬁﬂﬂédiiE(%hé“%éﬁgEte@QQﬁﬂ?§yf@@@ibé@- Q?Pégﬁed
operation that does not 20 repeat the progranmm ng operation %u changes the

progranm ng Widedd; anl/mEusattindd/2 vorgd, 1ine)rcap Rbso the made. Next,
the erasing operation will-be explained. Fig. 49 is a timng chart show ng

the timng ofrddteddb wr asdaigieper at Taarelfbra, | lkhbe sgssemed therghy that the
menory cells as the erasing object are M01 to M3 existing on the word
line W.OO. Figmsdoditrtent nid iradt vidttageuisr Oy Mdotradtitde - 112 nenbers.
When programming 1s made to the memory cells MO0
16 and MJI2 and all the memory cells on cone word line are
programmed, the programming coperation described above may
be similarly repeated for MO0 and M02. In this way, this
system can complete the preogramming cperation to all the
memory cells on one word line by conduction of the
15 programming operation twice. Therefore, when the
programming operation 1s repeated twice, a sector
operation (one-word line) operaticn, that takes the
programming unit = erasing unit = reading unit into
account, becomes feasible. A page operation that does not
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




Next, the output signals GO and Gl of the gate decoder 20 is set to -13ﬁ§
Vat the timng tOQO and all the word |lines W00 to W.11 are set réﬁié$¥ﬂy“
to O V. 5 The gate signals STOO and STO1 of the select transistor 70 are
set to 3.3 Vat the timng tl, and the sources/drains of the nenory cells
MOto MD3 as the erasing object are set ¥eliably to 0 V. The NMOS power
source BON of the sub-decoder 60 10 in the selected block is set to -13.5
V at the tini™EREES- The out put signal GO of the gate decoder 20 is set to

3.3 Vat the timng t3._1In cansequence, the selected | Lne WLOO i nsi de
the selected bock s - P VT (R THiCe ST Horl THhE WD | D aRa t he

word lines 1p W10 and ML1L I nside; dhe ynsel geted bl ock are. Ve They .

out put signal's 0 e assis gat e decode are se

at the timngd.4 A3 dod 15 APPLISML 0o Lo 259080 gate of the Meory

cell as the ‘erasing object. er this state, _ ase voltage is 20
applied tg the nenory celd ;MU 40,03 asstde grasirg objecd and-the data

is erased. To conplete the ‘erasing operation, the output signals AGOO and

A1 of the assipdigade Hecodersdd ese3.set 40 Hhy aimihe tim Agat Bhand the
assist gate of the 25 nenory cell as the erasing object is set to 0 V.

Next, the outfuirsdgnataiXy off tiiee gadreotecoders R0 ts @B 49 tA8.5 V at the
timng t6. As a result, all the word lines WOOto W. 11 are set to 0 V.
12 AUG 2004 -erHdsS8i ndNexit edthea NMCS: povel L sloliy ceo BONV of t he sub-
The NMOS power source BON of the sub-decoder 60
10 in the selected block is set to -13.5 V at the timing tZ2.
The output signal GO of the gate decoder 20 is
set to 3.3 V at the timing t3. In conseguence, the
selected word line WL0O inside the selected bock 1s -13.5
vV, its unselected word line WLO is 0 V and the word lines
15 WL10 and WL1l inside the unselected block are 0 V.
The output signals AGCO and G0l 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 1is
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 Q0 V.

Next, the output signal G0 of the gate decoder

20 is set to -13.5 V at the timing t6. As a result, all

the word lines WL0OO to WL 11 are set to O V.




decoder 60 in the selected block is set to 0 Vat the timng t7. The gate
signals STOO and STO1 of the select. 5 transistor 70 are set to 0 V -ahjs he.
timing t8. Finally, the output signals GO and Gl of the gate decoder® 20
are set to O Vat the timng t9, and the erasing operation is conpleted.
When the erasing operation is conduct ed"fbf3the 10 menory cells MOto M3

in thi nbodi t, th ir N ol i ed i h iod t4 t
[0 NI oo Tent | hSugtesing, RIS, Lo appLLedyr LR e perl o0 14 to
t th | j i i | i hor t
Prsiem the velLags, oppl(gallon L, gh LhEassioLgate oo bageyls shorter

be said nost optipal for relaxing disturb by the assist gate for the
menory cells connécted to the unselected word line. In this enbodi nent,

the erasing voltage is rppkied dushngstbeopeshQdstdit grt bhbnswhbeh the
assist 20 gate signals A and A1 reach 3.3 V. Therefore, the voltage

rise tinmesandcthesveotéageofalé tepecofotheaasshst tigahg signal s determ ne
the erasing time. Since this voltage switching width of the assist gate
signals is as small asFin3adlMW, theerdosepfial bighaksi sOf astl. GThefetare, 25
this systemcan be said as a system having excellent controllability of

t he erasing tgaee dsctdeth2dtanengedftot BeVwerdthenéimohgagé ,andd hidreassi st
gate voltage to be applied to the selected nenory cell, however, other 12
, AUG 2004 - I1d¥asyagiepeohtlianylibecpoBsebie-as described already in

When the erasing operation is conducted for the
10 memory cells MO to MC3 in this embodiment, the erasing
voltage 1s applied during the period t4 to t5 in which the
assist gate signals GO0 and AGCl reach 3.3 V. In this
system, the voltage application time of the assist gate
voltage is shorter than the word line voltage application
15 time. Therefore, this system can be said most ¢optimal for
relaxing disturb by the assist gate for the memory cells
connected to the unselected word line.
In this embodiment, the erasing voltage is
applied during the period t4 to t5 in which the assist
20 gate signals AGO0 and AGCl reach 3.3 V. Therefore, the
voltage rise time and the voltage fall time of the assist
gate signals determine the erasing time. Since this
voltage switching width of the assist gate signals is as
small as 3.3 V, the rise/fall time 1s 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




Enbodi ments 1 to 6, and they have respective features. Therefore, this
systemis in no way restrictive. Wien the erasing operation is condudified
for the 5 nmenory cells M)1 to M3 in this system the gate signals ST0O
and STO1l of the select transistor and the assist gate signals AQO and
A1 are operated sinmultaneously. To eradédald the nenory cells existing
on one word lines, _therefore, the erasing operation can be conpleted by

one 10 oper at V8A 1 24r@"EhEYe BoPICE Wbred A3 1795 Gpdicat idhFatit 1 akes t he
progranmm ng unit =.erasing unit = readin nit 1into accou becones
feasible. | ncﬁﬂ%ﬁfjéf“ﬁﬁ%st ﬁre t\?oIGt'aﬁ‘éw@aﬁhL?g’s &d GRS VX H G Dn are
merely illust &%%ié\égﬁ’%%t iﬁg]&r%o S\|/¥va e}quLrSesltnri ct iwva%. rNeEls)gfié hlever eadi ng
operation will ai . ig. IS a timnrg chart showi'ng the timng
of the read operation. ik t hat. th menmo. I e 20
readi ng object are M1 gh%n%é.e E?F‘g??ﬁtnﬁger%iﬁéiogl q\?ol taé%lcgt daffloarzi%r{r%al S

are set tog0 MorNext ~ohhe eutpy, sipgnals &0 and, GLof dhe &£ sdggpder 20
are set t853.3e\r? a? 'Ecﬁel tim'r%g t0, and aItI th%q{sword Iinesgglaﬁllcﬁ’%to W.11 are

reliably set 900 ¥nd2gTbhe RMIBpea SOWGRBR LI ddie wih-daciodergH0= i n
the selected block is set to 3.3 V at the timng t1l. The output signal GO

of the gate decadens20Gio® aset Ao 10 a¥eatogdia dddnisigdiZarAldusly 1150 As a
result, the selected word Iine W.OO of the
erase all the memory cells existing on one word lines,
therefore, the erasing operation can he completed by one
10 operation, and the secteor (1l word line) operation that
takes the programming unit = erasing unit = reading unit
into account becomes feasible.

Incidentally, the voltage values used in this

explanation are merely illustrative but in no way
15 restrictive.

Next, the reading operation will be explained.
Fig. 50 is a timing chart showing the timing of the read
operation.

It will be assumed that the memory cells as the

20 reading object are MOl and MO3. First, the initial voltage
of all signals are set to 0 V.

Next, the output signals G0 and Gl of the gate
decoder 20 are set to 3.3 V at the timing t0, and all the
word lines WLO0 to WL1l are reliably set to 0 V.

25 The PMOS power source BOP of the sub-decoder 60
in the selected block is set to 3.3 V at the timing tl.

The ocutput signal GO of the gate decoder 20 is

set to 0 V at the timing tZ.




selected bock is 3.3V, its unselected word line WOL is O V, and the word
lines W.10 and W11 inside the unselected block are 0 V. 5 Next, thedls 0,
out put signal AGOL of the assist gate decoder 40 is set to 3.3 V at the
timng t3, and 3.3 Vis applied to the assist gate of the nmenory cell as
the reading object. Next, 1 Vis applied il the global data lines 10 DLO
and DL1 fromthe sense circuit 30 at the timng t4.  Further V_is
applied fromthe sense’d raClﬁetSLg(f’t Fihe Yot dit s 1 e B arb B¢ at

the tim t4. T t i T, f th | t .t i st V4 i t t
3. g VI 21t r]tghe St%%ﬁ%gecgg?oeﬁ%:algﬁngéadfn\g’ovlgﬁ alélgsa?ge(%e%p%?? hfhﬁ%e‘?}g%: gsgt%at eO
to th i i t i

Co e e, oo e IO ane M % e feaha, ool rk o IE gt L

object is lowy idrithi,s gase, the menory cell M)1 is turned ON and the
current flows. As a result, the drain voltage 20 D02 of the nmenory cell

M)1 and the gl obal datadyide tldOoagnnecdeg 410 Adel nenorye cebdi MD1gghange
to 0 V. Wien the threshold value of the menory cell M)1 as the reading

obj ect is higlcddier mEnory el 1tdMA. 3 sviar nege CFmang 08, engreng /1 ews. In
consequence, the drain voltage D02 of 25 the nenory cell M1 and the gl obal
data |ine DLQppnnrected tio dhei forgere ase Keptmatody Vee Wheast heet hreshol d
value of the nmenory cell M3 as the reading object is high, the nenory
cell M3 is tngawichdOFbjprxt no current flows. 12 AUG 7?7004 - 111-6
Therefore, the drain voltage D04 of the nenory cell M3
Next, 1 V is applied te the gleobal data lines
10 DLO and DLl from the sense circuit 30 at the timing t4.
Further, 1 V is applied from the sense circuit
30 to the global data lines DLO and DL1 at the timing t4.
The gate signal ST00 of the select transistor 70
is set to 3.3 V at the timing t5. The reading voltage 1is
15 applied under this state to the memory cells MOl and MO3
as the reading object and the data is read. When the
threshold value of the memory cell MOl as the reading
object is low in this case, the memory cell M0l is turned
ON and the current flows. As a result, the drain voltage
20 D02 of the memory cell MOl and the global data line DL{
connected to the memory cell MOl change to 0 V. When the
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 conseguence, the drain voltage D02 of
25 the memory cell MCL and the global data line DLO connected
to the former are kept at 1 V. When the threshold value of

the memory cell MO3 as the reading object is high, the

memory cell MO3 is turned OFF and no current flows.




and the global data Iine DL! connected to this nenory cell M3 are kept at
1 V. The.sense circuit 30 discrimnates the voltage change of this! bl%‘ﬁéﬂm
data line DL or its 5 current change. In this way, the reading operation is
conducted. To conplete the reading operation, the gate signal STOO of the
select transistor 70 is first set to 0 -\ a% the tinming t6. As a result,

the drains D02 and_ D04 of 10 the nenpr celé 1 and MD3 as th% r eadi ng
obj ect are Clﬁhe’bef*fo??Orﬁ?q’ledjé%h%ev‘gf?%%?tD %.O %£S TRBOGY obal d@ | i nes
DLO and DL1 are,set to O Vat . the tin t 7. The oqutput, signal AGOL af the
assi ot gate T¥ Uobuci AT S5 [h'0 VLot AR FnGot B AndePRAasEidt

gate of the r e s_the readi ject . : So. . 0. xt,
t he out put sigrmr:%lg{% }%)%p‘?haeE ggt\é' d?chdrpaes%ms%o Cllsrscs]’gjtq} t%d ff%fo%r?l%/%réygl m ng

to. In consequence,, Lhe. 20, ebect pd:yor dul fney WOD, i ok dept he,sekect ed

bl ock changes to O V.” The power source BOP o e sub-decoder 60 in

the sel ected hlocknt Scis£igd 0 &V ati d Reuyt,i N Akis g nald dar tdie put put
signals GO and Gl of the “25 gate decoder 20 are set Tto 0 V at the timng
t11 and the s&Eadidgeperation is conpleted. Wien the reading operation is
conducted for the nenory cells M)1 and MD3 in this enbodi nent, the reading
-- 117 voltage is applTeddusidag titee parddithd SopetHimm whiied hee gate
signal STOO of the select transistor 70 reaches 3.3 V.
signal ST00 of the select transistor 70 is first set to O
V at the timing t6. As a result, the drains D02 and D04 of
10 the memory cells MOl and MO3 as the reading object are cut
off from the sense circuit 30.
Next, the global data lines DL0O and DLl are set
toe 0 V at the timing t7.
The output signal AGOl of the assist gate
15 decoder 40 is set to O V at the timing t8, and the assist
gate of the memory cell as the reading object 1s set also
to 0O 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 WLO0 inside the selected block changes
to 0 V.
The PMOS power source BOP of the sub-decocder 60
in the selected block is set to 0 V at the timing t10.
Finally, the output signals G0 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 MO03 in this embodiment, the reading




The gate signal STOO of this select transistor 70 is the signal for
controlling the drain voltage of the nenory 5 cell. In this system kel
application tine of the drain voltage is the shortest anong the word |ine
W. voltage, the assist gate voltage and the drain voltage to be applied
to the selected nemory cell. Therefore, "tht$ ~system can be said nost

optimal for relaxing drain disturb. 10 o the timng aof the word I|ne
vol tage, the %%ggi?gga§eap9 F?ﬁgguéﬁagtﬁgedPEFﬁogoFPaget@olﬁewgﬁﬁ

h I d I bl

e S et gy chel vt et L g2 o
Th f t t t di
Toorsioe, s SYSLEM 3,00t o3h0 ARt LAULALLY LIS LB, Yoon e oact g

menory cells e r r r oper o] i bed
above may be ?g%%ﬁ?eg$90§0%tggﬁggggyggg dgggfrﬁgggg%ﬁzeﬁnﬁgg tE%% ;Le way

as described abpyve. 1 dii$ WpYhed N e8Pt : cSYSELM LAD SPNPhEt g-Lhg
readi ng operation to read all the nenory cells on one word line by two

operations. Asolhegereading operattensmang tBpeabed twheewLthelseelqr (1
word |ine) operation that takes the programm ng unit = erasing 25 unit =
readi ng unit the casscounyabecoskesafeashtl eheAdpagae voperati @p blkat divi des
the reading unit to a 1/2 sector (1/2 word line) becones possible wthout
repeating theappeadiingoopbeeatedactedcindental byl lt heTlvor¢ bgeevatbes used 1 2
AUG 2004 - 118 in this explanation are nerely exanples and in no way
restrictive. system can be said most optimal for relaxing drain disturb.
10 As to the timing of the word line voltage, the assist gate
voltage and the drain voltage to be applied to the
selected memory cell, however, various variations are
possible as explained in Embodiments 1 to 6, and they have
respective features. Therefore, this system is not
15 particularly restrictive.

When the reading operation is conducted for the
memory cells MOO and MO02, too, and all the memcry cells on
one word line are read, the reading operation described
above may be repeated for the memory cells MO0 and M0OZ 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 cperations. As the
reading cperations 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




Next, the advantages of the virtual ground type nenory cell array equi pped
wth the assist gate will be 5 explained with reference to Fig. 51. Thﬁj[{’{]ﬂ,
sem conductor integrated circuit device shown in Fig. 51 includes al e
virtual ground type nenory cell array that shares the drains/sources of
the nenory cells adjacent to one anot her 3%# tthe word line direction, and

sel ect transistars for .10 switching the voltage of the diffusion |ayer
wire to the dr gihnlsvoﬁﬁpe%‘gaen%opanadr*t e Sour ceex%ﬁf%%ea%.mrﬁéo df#¥usi on

layer wire is eqgt.ed to the global data line and to the source line
t hrough the selector transistor, and has an assist gate that prevents the

drain voltage from bei rg,15 apRl iLd & 128 SQURGES \pjrt{q}ﬂergm%ﬁﬁg%l st .

adjacent in the word line direction when the drain voltage is ap

the drain of reae ey GBlday A5 St 08 ashar$s s Pund}od appyve god bel ow
t he bl ock enconpassed by the select transistors for every other nenory

cel | adj asentedglai2fed he twont ddmevdl nectiion. sho. progr admlicomert@d the
menory cells existing on one word |line in such a sem conductor integrated
circuit devi detedre tamerainon  ate e« atplveat edh Bid hes1 aperaidofnsa made
twice that are m ni mnum necessary in the 25 virtual ground type nenory cell
array. The operdatiadn gfourd & wemmeonductarll rtegrat8ht cihaugs dewvice wil |
be explained. In the virtual ground type nmenory cell, the drains and
sources of t K& YR ISPUIrZeAUGR0Ge memeyy @l s ad] baeant tio> oI advoR e ri n

the word line direction _are shared. Therefore, when the different voltages
ar e in the word line directiocn, and select transistors for

10 switching the voltage of the diffusion layer wire to the
drain voltage VDn and the source voltage 55. The diffusion
layer wire is connected to tne glcobal data line and to the
source line through the selector transistor, and has an
assist gate that prevents the drain voltage from being

15 applied to the socurces of other memory cells adjacent in
the word line direction when the drain voltage is applied
to the drain c¢f one memory cell. The assist gates are
bundled above and below the block encompassed by the
select transistors for every other memory cell adjacent in

20 the word line direction.

To program or read all the memory cells existing
on cone 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 ¢f the memory




applied to the drains and the sources as in the progranm ng and readi ng
operations, the drain voltage VD 5 and the source voltage SS nust bé&7 AUG 200
switched by the switch (select transistor) . To programor read all the
menory cells existing on one word line, therefore, the operations nust be
conducted at |east tw ce. Assuming that-thk%assist gates (AGOG and A®)1)

do not exist a that.the drain 10 voltage i lied to.D02,. .f | e,
the drain vol% 3 3%&ﬁﬁ?eﬁPt?ﬁ?h@“8F§gﬁ %? ?ﬁ hgﬁgrgl 8IP15%%fﬁ§%F2f?

side of D02 and at, the sane ti t he .drain voliage i ' t he
source of thea]‘?reerrsok?%/r%%l I r&%lr?lielr'?gdl}ef’gh“fhesr?dt ,e t%lo. oé%?iﬁgg)ﬁ%ggﬁe%ﬁ%y
to the source ! t b i o ge. i pLie iLnato the
unselectedfﬁ%gé%%Q%gaasgﬁ% %b??%gegﬂ%s%ﬁ egg%gf?gdg%othEH%rain si de
(D03), too. JherelQfeng tgn@rpgéémero,ggagt%hs; henh8eAREY nCebh s agexivet i ng
on one word |1 ne, the operations nust be conducted four or noretines and
are not sugitabie e dherdd Hbohagheed @petabeopwitioneveby the switch

sem conductor integrated circuit device of this enbodi ment includes the
assi st gates (M XzantAPil3toThesaTassisirgates (AE0G AhdthAGBdhoplay t he
role of the switch that applies the drain voltage to only the cell on the
| eft side of &Rl shenithen@bodrana vordagenes bppreédree DD2. obmrethems
words, when the drain voltage is applied to D02, the assist gate (AGOO of
the cell on tieskikphtcendeceddDaR ieastr AEHCOFF A3yt ke Chitai BhooRagetis
applied to the cell on the right side of 12 AUG 2004 - 120 DO2. .
Consequent | y, 9%kReh &F0¢ hendelfeloxfst A BHidheaor 8N2Fi RBEarfE3progr ammed

or read %%t’ $§ft££§rfélggpffgdb€o D02, for example, the drain voltage

cell,

is applied to the drain of the memory cell on the left
side of D02 and at the same time, the drain voltage is
applied to the source of the memory cell on the right side,
too. To bring the memory cell, to the source of which the
15 drain voltage is applied, intc the unselected state, the
same voltage must be applied to the drain side (D03), too.
Therefore, to program or read all the memory cells
existing on one word line, the operatiocns must be
conducted four or more times and are not suitable for the
20 high-speed operation. However, the semiconductor
integrated circuit device of this embodiment includes the
assist gates (AGOC and AGOl). These assist gates (AGCO and
AGOl) play the role of the switch that applies the drain
voltage to only the cell on the left side of D02 when the
25 drain voltage is applied to D02. In other words, when the
drain voltage is applied to D02, the assist gate (AGQO0) of
the cell on the right side of D0Z is turned OFF lest the

drain voltage is applied to the cell on the right side of




conpl eted by the operations made twice that are m ninum necessary in the
virtual ground type nenory cell array. 5 The nmechani sm of such assi st ?ghg
is applied to the sem conductor integrated circuit device of this 1 0%
enbodi ment, too. Next, the necessity for the select transistor wll be
explained with reference to Fig. 52. Fig.l182A- 10 shows a circuit diagram
when t he selecé transistor i s disposed, and Fi 52B shows a circuit

di agr am when P21 s CHBEUS the Tt ghidhict iyt é%&%@r%fbﬂth?gcﬁptOH@VW@éd
shown in Fig 52A, the drain/squrce of each nenory_ cel
conpri ses the H??f%g?oﬂr?%§%?m r%raﬁ%[§x$§tciFh% prgatﬁgpuggg e sel ect
transi stor for ng of f the dlfgvéhgnml ¥e£w¥%éet8f t he sel.ected bl ock
fromthat of Cofetthed 8, bl bontk G

CIrCUIt |nclﬁégs

sel ect transisiol, Ié{}gp1§2€ﬁe &P?tuQ?dg9£ %H §h80 YT MG, Ca” be

reduced and the eed operation c ucte ecause

nunber of sthe nmenory cepls rﬁé)ché[\"ﬂi% shesdrgi st9££a§§té§ égpgbs%ehh%gh
they are the wunselected nmenory cells (the nenory cells existing on the

unsel ect ed Wofge | §8@) cHELOPES: SRt EgratbhecdraintdistuEb o¢annhe reduced.
In this way, this enbodi nent (and other 25 enbodi nents, too) disposes the

sel ect transistiosdanent pbtaébns the effect descri bed above. Though the
explanation is given about the virtual ground type nenory cell array
sharing the drains/sourisst ofthdenseapsytcefds vl asehtctottadsABGo2004 -
121 one another in the word line direction, it of course holds true of
other arrays.will be explained with reference to Fig. 52. Fig. 52A
10 shows a circuit diagram when the select transistor is
disposed, and Fig. 52B shows a circuit diagram when it is
not. In the semiconductor integrated circuit device shown
in Fig. 52A, the drain/source (D00 to D11) of each memory
cell comprises the diffusion layer wire and this circuit
15 includes the select transistor for cutting off the
diffusion layer wire of the selected block from that of
the unselected block. When the circuit includes such a
select transistor (Fig. 52A), the load of the diffusion
layer wire can be reduced and the high-speed operation can
20 be conducted. Because the number of the memory cells to
which the drain veltage 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




Thi s enbodi nent can acconplish pitch relaxation of the gl obal “Drd1¥¥P§?2m6
hence pitch relaxation of the 5 sense circuit, as described above.

feature will be explained with reference to Figs. 53 and 54. In the

sem conductor integrated circuit device shown in Fig. 53, the sense

circuit connected to the 10 gl obal data IiZle DL can be di sposed not only on
one of the sides of the nenmory cell| array, but can be di sposed

alternately &R€ &@@\F@%nd%él%“&}@r VIS R TR dat of |‘F1%%r5‘1" n¢ ks

way, the sense circuit 30 connected to the global data |line DL can be

di sposed in th&er &fi AT BfE S four bits of the menory cells. In the

sem conduct or |ntegrat§g6C|rc i t,.device shomn

transistors YS are int argssEFCBERESH Tk 3 ecr%[}? cﬁ%’rglfjta;dréorec]b%ae%* Y to

th | obal dat I t; t
20 by two ol BBl s e B T 8 Ay ERS CeACar o eut

connect ed5tostet;l%eglcq_t}:q}ulcj:at aﬁg I&%en teﬁ:grbg@ve d| sposed in the region of the

four bits of the nenory systems shown in Figs. 54 and 53

are 25 conbined, the S:%ri%e selatGid w30 1cHnastad tiad he 1ol ohate i@ | ige DL
can be disposed in the region of the eight bits of the nenory cells.

[ Enbodi nent &kqk2 AUGa2R044. 122 Fig. 55 is a circuit diagram show ng
conceptual |y an exanpl e of the sem conductor integrated
In the semiconductor integrated circuit device

shown in Fig. 53, the sense circuit connected to the
10 global data line DL can be disposed not only on one of the
sides of the memory cell array, but can be disposed
alternately and above and below every other global data
lines. In this way, the sense circuit 30 connected to the
global data line DL can be disposed in the region of the
15 four bits of the memory cells.

In the semiconductor integrated circuit device
shown in Fig. 54, switch MOS transistors ¥YS are interposed
between the sense circuits 30 connected to the global data
lines DL so that one sense circuilt can be used in common

20 by two global data lines DL. 1In this way, the sensor
circuit 30 connected to the glcobal data lines DL can be
disposed in the region of the four bits of the memory
cells.

When the systems shown in Figs. 54 and 53 are

25 combined, the sense circuit 30 connected to the global
data line DL can be disposed in the region of the eight

bits of the memory cells.

[Embodiment B8]




circuit device according to Enbodi nent 8 of the present invention. 15 &g,
sem conductor integrated circuit device of this enbodinent is different
from Enbodiment 7 in the arrangenent of the select transistors and their
operation, but the nmenory cells remain unchanged fromthat of Enbodi nent
7. 10 Therefore, the explanation of the nefdry cell 85, the nenory cell

array 80, the nenory bIEo.ck, 5tg'uei digfulsriolp. Ic@/errw'r S MIIDOO to D04 and the
word lines W.n are the st Hose o " Enboti FERT 7' R¥E /i 11 be her eby

omtted. One _e e i e t i i t he 15
upper and Iom%c?nacg%déu%ff%a%ﬁla%?%lﬁ%g% oéﬁl g@%rsém@%o%%lhgggl %ﬁgggg\la@%ﬁe drain
of the sel ect_transi : i t Lffusko a i.res Di |
to D04 in theCls%ne mgl&ééggi%é%£%%?%eﬁ€ %@B%%ﬁe?%eésggrgggoﬁg%ﬁ\éﬂnsl&el ect

transistor 70shcunected to the global data line DLn at the upper 20 end
of the diffusion layer wire Dn (DA to DO04), however, the source of the

sel ect transistor 70 atrHdesdomein@itkds iconnested ¢ordher saeyceel bpe SS.
When it is connected to the source line SS at the upper end of the

di f fusion | apafis vérisodmd ¥ 1§ ocdDOddretbef sonr E@bofiihbet sel eat theansi st or
25 70 is connected to the global data |line DLn at the lower end. In other
wor ds, the scurcesgarentundf igdei ssleettheanblstkranbndethbérappangenent, of
Enbodi ment 7 wherein the source is disposed repeatedly for every other

di ffusi on 17 \AUG 20043 v | agkks wiersi Dminghangadef spynihaksofnputted to

the gates of the
Embodiment 7.

10 Therefore, the explanation of the memcry cell B85,
the memory cell array 80, the memory block, the diffusion
layer wires D00 to DO4 and the word lines WLn are the same
as those of Embodiment 7 and will be hereby omitted. One
each select transistor (select MOS) 70 is disposed at the

15 upper and lower ends of each diffusion layer wire DOl to
D40 and the drain of the select transistor 70 is connected
to the diffusiocn layer wires D11 to D04 in the same way as
in Embodiment 7. When the source of the select transistor
70 is connected to the global data line DLn at the upper

20 end of the diffusion layer wire Dn (DOl to D04}, however,
the source of the select transistor 70 at the lower end is
connected to the source line S5. When it i1s connected to
the source line S5 at the upper end of the diffusion layer
wire Dn (DOl to D0O4), 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 1is disposed repeatedly for every other diffusion




sel ect transistors 70 adjacent to one another in the word |ine dirkt®Al6Rll
(x direction) for every other diffusion 5 |ayer wres, and different
signals are applied between the diffusion |ayer wires adjacent to one

anot her. Four gate wres STOO to STO3 are disposed for each block. Two

di ffusion layer wires Dn use in conmon oneZglobal data line DLn. 10 In
such a construction of the select transistors, the gate signal of the

sel ect transis Y cOMFTses - for gate wires for each block, and the

licati tim f h . vol d t ljcati im f th
arain Vol tage can be SH{S HIT eI Th bifar CearEe. 6P ee e heStothbain
voltage can he. Applledallololhe;golisecRl! 8g%oaLehhabhy T €aCAS QoY the
st abl e operation ¢can 'be ~conduct ed. ncé two diffusion l'ayer wres use in

commn one giﬂ?@'dfiﬁé@tiéﬁe(xt@%@;w@g?ng& Qt,ekggoghe_bahi@@h@iohi ne and

the sense circuit connected to t or mer becones easier (or the pitch

can be relaxed),dp PIOOEAMPQE HeAHeraht tDNGnABHDLYeC8bbS i8I BhENEAN tORE
word line, the "~ operation can be conpleted by two operations that are

m ni mum necessaf Huéfod hEayér twake gr aundcehpersesneyafskherar rayur 25atfbe
sem conductor integrated circuit device of this enbodinment will be
expl ai ned hereinad t&ToMi th sTefeseaceispoasedefar| edchi btatk. diBgsam and
operation timng charts. Fig. 56 is a circuit diagramshow ng the 12 AUG
2004 - 124 atrfahgehentlafenewdbryscehl uaer agssobhoskodecgdebs ]l daba

line DLn.

10 In such a construction of the select transistors,
the gate signal of the select transistor comprises for
gate wires for each block, and the application timing of
the source voltage and the application timing of the drain
voltage can be set arbitrarily. In other words, since the

15 drain voltage can be applied after the source voltage
reliably reaches 0 V, the stable operation can be
conducted. Since two diffusion layer wires use in common
one global data line, the arrangement of the global data
line and the sense circuit connected to the former becomes

20 easier {or the pitch can be relaxed}). To program or read
all the memory cells existing con one word line, the
operation can be completed by two operations that are
minimum necessary in the virtual ground type memory cell
array.

25 The semiconductor integrated circuit device of
this embodiment will be explained hereinafter with

reference to a detailed circuit diagram and operation

timing charts. Fig. 56 is a circuit diagram showing the




decoders, etc, of Enbodinent 8. In Fig. 56, the nenory cells of 7 AUG 2004
Enbodinents 2 to 4, in which the third gates 107a (AG function al so aé

the assist gate, are applied to the 5 nmenory cell construction of this

enbodi nent. Figs. 57 to 59 are timng charts useful for explaining the
programing, erasing and readi ng operatilis of the sem conductor

integrated circuit device havin the ]gfl ect tran%i st or structign of

this enbodi mEHEANITHTENH NENE 19" 5hots ?r%lﬁo??lcg‘g?f:sar PHY ™80 for
t bl ocks, | bl t t dat
I}Mr)\e DEC ;Ss tc%’fov%fes séotn%Zc\c%eﬁ‘”&%%ée O:’:lé(l In\sllenr\t@gL cognég’t rtﬂg :il%ér){ﬁ’@%t alg

t limted th t t he d d t
Govice 16 of %%hl%sodefmé"aooﬁlnf’%es i 10 PSR LR CHEL DEn L PACHRBLEC 16N

t he assi st t q h q 3.
; tﬁe seJ1 ect ltgr}gn%géf:%er §§§9§{ % J gresgggpgggg €b 699

gat e decoder sense circuit 30 and the
word decoger i, ! eceglaﬁ.n'ecor?sstﬁﬁ@.sﬁoﬁ)fognmﬂé nBhbodimdRE. argfﬁ%gen?ﬂtwn
c

whi ch the 20 sub-decoders 60 can be so di sposed as to sandw t he cell
array 80 and svhighe Gamidyscrachi evesPitChes el @xplaoni 8§ thbepsuhrdacader, is
al so the sanme as that of Enbodinment 7. Further, two diffusion |ayer wires
share one gl chalsidat aand i neadinansbgtd chonel akathensehitbeddatarl i ne can be
25 achieved, in the sane way as in Enbodinment 7. Incidentally, the sense
circuit 30 canmesimddd ¢iwc\globddvidee ahéavieg Dihe camleet akraheiptpeh by the
met hod explained with reference to Figs. 53 and 54. 12 AUG 2004 - 125

Each bl ock i redrtstsrientbioni mefhtthss démpeodeent . Incidentally, Fig. 56

10 shows a memory cell array 80 for two blocks, and word
lines WL in one block is two while the global data line DL
is two. The sub-decoder 60 has an inverter construction
but is not limited thereto, 1in particular.

In the semiconductor integrated circuit device

15 of this embodiment shown in Fig. 56, the memory cell array
80, the assist gate decoder 40, the block decoder 50, the
sub-decoder 60, the gate decoder 20, the select transistor
70, the sense circuit 30 and the word decoder are the same
as those of Embodiment 7. The arrangement in which the

20 sub-decoders 60 can be so0 disposed as to sandwich the cell
array 80 and which can thus achieve pitch relaxation of
the sub-decoder is also the same as that of Embodiment 7.
Further, two diffusion layer wires share one global data
line DL and pitch relaxation of the data line can be

25 achieved, in the same way as in Embodiment 7. Incidentally,
the sense circuit 30 connected to the global data line DL

can relax the pitch by the method explained with reference

to Figs. 53 and 54.




symmetrically with respect to the X axis (word line formation direction) .
In this may, two bl ock share one source line SS and the formation area At 200
the nenory cell 5 array 80 can be reduced. In this enbodi nent, the gate
signals of the select transistors 70 aligned in the word line direction

are different for every other diffusionmr|B8®r-wire, and each bl ock
conprises four word lines. 10 Therefore, the application timng of the
source voltage and t hé&3FpIFQaH o thh hige®re Hr b VIR can be set

arbitrarily. Since the age can_be ied after e_source

dain.voltg appl t

vol t age reach?eyé“r?eewja‘bﬁ‘]y{b iR het SREAbI B9 opRT af | 3R BeldRES gb%}%i bl e. Wen

[l th 15 | | I Sti dli d

out, ach of A THoR PR LR ot o iy Thd bperal SR e Fhat
i ni o ] i | t 0,

W1 Tbo expl AOEEE i 57 el e £OERUEp  APE, TREDLMe ko BRI BKITE, S

operationg ZOafr_l%) & égrqvget{@%ﬁég&pg of the programm ng operation, and

t he progranm ng eration wl e explained. The nmenory cells as the

programmi ng obj ect are @assgEf dibodndd, afwk MBte Rigtald heri phéi al
voltage of all the signals is O V. 25 Next, the output signals GO and G

of the gate 4glexodgert2bharectses 10 dRiynad thethémvogdt Qinandiakktiba word
lines W.00 to W. 11 are reliably set to O V. Next, the PMOS power source
BOP of the subrd2dAtke200¥8 for 12véry debodedi60ushnoh hbageteefed, bhodk is
set to 12 V at the
each block comprises four word lines.
10 Therefore, the application timing of the source
voltage and the application timing of the drain voltage
can be set arbitrarily. Since the drain voltage can be
applied after the source voltage reaches reliably 0 V, the
stable operation becomes possible. When all the memory
15 «cells existing on one word line are programmed or read out,
each operation can be completed by the operations made
twice, that are minimum necessary in the virtual ground
type memory cell array 80, as will be explained in detail
in the paragraph of the explanation of the cperation.
20 Fig. 57 shows the timing of the programming
operation, and the programming operation will be explained.
The memory cells as the programming object are assumed to
be MOl and M03. First, the initial voltage of all the
signals is 0 V.
25 Next, the output signals GO and Gl of the gate

decoder 20 are set to 12 V at the timing t0, and all the

word lines WL0O to WL 11 are reliably set to 0 V.

Next, the PMOS power source BOP of the sub-




timng tl. The output signal GO of the gate decoder 20 is set to O V at, UG 200
the timng t2. 5 In consequence, the selected word line W.OO inside t éA 200k
selected block is 12 V, the unselected word line W01 is O V and the word
lines W.10 and W.11 inside the unselected block are 0 V. The output signal
AGOL of the assist gate 10 decoder 407 d%%et"to 2 V at the timng t3 and 2
Vis applied to the assist gate .of the .nenory. cell as t progranm ng

obj ect . Next 2e575% &5 4's q%plﬁee]tf?tr%%kflhcéc ehse®eti %urf \éoaYogﬁﬁe gl obal
data |ines D:;O ar{n}d 1 at the 15 timng t4 depending on the data that is

to be progra : n the data is to be programmed to the nenory cell MJ,

for exanple, the gl oba ata.line IS t \ data; L s not
programmed, it is set trg%o o@.taﬁﬁ{ensqtqr?eal (?zfaOfit g:rfeo c‘{)aefy%])(ra%%cr%&n%riredﬂ? olliihe
menmory cel | M3, tg,hq)_ 20 9! qhpl datad ime DLl is set to 5 V. Wen the data

is not programmed, it is set to O V. The gate signal STOO of the sel ect

transistog 70 is set tg ZoWstlgudird,i HHY db.eddeLansROUENCe wihe
vol t ages corresponding to the data to be progranmmed are 25 applied to the

drains D02 ancsB0% ahd he nemyy weldis 112 and MRS @ss¢ hecpsdgrapdi ng
object. Wen the programdata is to be programmed to the nenory cell MJ,
for exanpl e, 19neVWIDlapd ikd/ tand hehdrvad it DZhanddh@énasdeWldht ainsidet 1 7
AUG 2004 - 12 7 programmed, O V is applied. when the programdata is to be

the unselected block are 0 V.

The output signal AGO0l of the assist gate
10 decoder 40 is set to 2 V at the timing t3 and 2 V 1is

applied to the assist gate of the memory cell as the

programming object.

Next, a voltage is applied from the sense
circuit 30 to the global data lines DLO and DLl at the

15 timing t4 depending on the data that is to be programmed.
When the data is to be programmed to the memory cell MO1,
for example, the global data line DLO is set toc 5 V. When
the data i1s not programmed, it is set to 0 V. When the
data is to be programmed to the memory cell MO3, the

20 global data line DL1 is set to 5 V. When the data is not
programmed, it is set to 0 V.

The gate signal ST00 of the select transistor 70
is set to 8 V at the timing té. In consequence, the
voltages corresponding to the data to be programmed are

25 applied to the drains D02 and D04 of the memory cells MOl

and M03 as the programming object. When the program data

is to be programmed to the memory cell M0i, for example, 5

V is applied to the drain D02 and when the data is not




programmed to the nenory cell M)3, 5 Vis applied to the drain D04 ang .
when it is not progranmed, O V is applied. The program voltages ard 7 AU 20%
applied to the menory cells M1 5 and M)3 as the progranm ng object under
this state, and arbitrary data are programmed. To conpl ete the progranmm ng
operation, the gate signal STOO of the dél’ect transistor 70 is set to 0 V

t the tining t7. Co tly, drai ps_ D02, and D04 _of

cel | : ‘ﬁg%'ognE?wﬁﬁa&@eﬁﬁgﬁﬁﬁgdﬁémﬁ%@ﬁéE%f‘é@ﬁear EnEoP=oB5aD 05 Retc, Endate
si gna t : - _ AL,

The gl obal - dBFAIFARUSIDED ARS DT o4re £ 6§ Yt iyt

are se I mng . The

out put si gnalﬁiaégﬁéD%f‘I gtl:ll% %ggnstitgqtse noqe%g:(}?ra ejds’ ety 1 %d%/plage&.he

timng t10 a assi st ate of 'the me ce as the prodgramm ng

object is setrthet gg _\éangro;.lr.:&l%g%lét RY¥e Sipale SR PftHenBR)S, dacoderw@D is

set to 12 V a imn .~ I'n consequence, the selected word |ine W.OO

inside the sghachked hls0¢keCRARGESMAIP 0B xtunddie i raes, s ce BOP
of the sub- 25 decoder 60 is set to OV at the timng t12. Finally, the

out put si gnabspSPrand Qatef altke preatrandeender 20 are set to 0 V at the
timng t13 and the programm ng operation is conpleted. 12 AUG 2004 - 128

To complete the programming operation, the gate
signal ST00 of the select transistor 70 is set to 0 V at
the timing t7. Consequently, the drains D02 and D04 of the

10 memory cells MOl and MU3 as the programming object are set
to 0 V.

Next, the gate signal STC2Z of the select
transistor 70 is set to 0 V at the timing t8.

The global data lines DLO and DL1 are set to 0 V

15 at the timing t9.

The output signal AGOl of the assist gate
decoder 40 is set to 0 V at the timing tl1l0 and the assist
gate of the memory cell as the programming object 1is set
to 0 V.,

20 The output signal GO0 of the gate decoder 20 is
set to 12 V at the timing tll. In consequence, the
selected word line WLOO inside the selected block changes
to 0 V.

Next, the PMOS power source BOP of the sub-

25 decoder 60 is set to 0 V at the timing tl2.

Finally, the output signals GO and Gl of the
gate decoder 20 are set to 0 V at the timing tl3 and the

programming operation is completed.




When the progranm ng operation is conducted for the nenory cells MOl and
M3 in this enmbodinent, the gate signal ST02 of the sel ect transi;siiy o
is first raised and then STOO is raised. Therefore, the drain voltage is 5
applied after the source voltages of the nmenory cells MOL and M)3 reach
reliably 0 V. Therefore, the operation gahZ®pé conduct ed stably. Wen the

programm ng operation is, conducted to_th ry.cells nd, M3 dn this
Erbodi ment - the. 10 proglaim HcvEl PAGET TS a0 BPPERCaa 8 CRECHErSd AF 1o

t7 in which Eﬁq(gs@%gr?i g%ﬂssﬁ gfiqt p{@3s%e%i%r %Hm%iot%{]i%n%gné:lrh%faﬁ}% 8 V.

The gate signa 0 is select transistor 70 1s e si

control |ing theqdai 570¥0bEagReOkoI BELTRERAY s CRLE. TBNGCHAA: HiiGed he 15
application ti of the drain voltage is the shortest anong the word line

vol tage, the 288l shefateoyoltaggignd. theedspbie Vothaoarhonbeoappbkedst o
the selected nmenory cell in this enbodinent, the system of this enbodi nent

can be sa& d asphbsdl eptépathéosotekbaxivbgtdgasnodi $her bhemds vt @e2Q o b1
application timng of the word Iine voltage, the assist gate voltage and
the drain vol&aageM0d beaapptetdabdy Oh¥.selketelode ai nheeopeyateébh, caari ous
variations are possible as explained in Enbodinments 1 to 6, and they have
respective feaeurerduThedefbrblythis systemis not 25 particularly
restrictive. When programming i s conducted to the menmory cells MOO and
MD2, too, and to all thehe@nbRry REPPE2BAIBACCPRABRELIPINES EREIFFEGCakS ng

operation descri bed above may ? i AUG 2004 - 129 ,
the memory cells MCl and M in this embodiment, the

10 programming voltage is applied during the period t6 to t7
in which the gate signal ST00 of the select transistor 70
reaches 8 V. The gate signal ST00 of this select
transistor 70 is the signal for contreolling the drain
voltage of the memory cell. Therefore, since the

15 application time of the drain voltage is the shortest
among the word line voltage, the assist gate voltage and
the drain voltage to be applied to the selected memory
cell in this embodiment, the system of this embodiment can
be said as most optimal for relaxing drain disturb. As to

20 the application timing of the word line voltage, the
assist gate voltage and the drain voltage to be applied to
the selected drain memory cell, various variations are
possible as explained in Embodiments 1 to €&, and they have
respective features. Therefore, this system 1s not

25 particularly restrictive.

When programming is conducted to the memory
cells MO0 and M02, too, and to all the memory cells on one

word line, the programming operation described above may




be repeated for MO and MD2. To programall the menory cells existing on
word line W. inthis way in this enbodinent, the operation can bel? AUb 2084
conpl eted when the operations are conducted tw ce. Therefore, vvhen the 5
progranm ng operation is repeated twice, the sector (1 word line)
operation that takes the programming unitl2® ®erasing unit = reading unit

into account can be don The age o ation that does not repeat the
pr ogr amm ng e?%ﬁ?%‘he‘gu‘fo’diw(g g“‘fl h@géro&%rﬁﬁ%%ﬁ b it thRMATY 10

t 1/2 | i dent al | th | t |
ieed in ihi sWO et o ShAETy fwesw?gwﬁghﬁat%% S by

restrictive. %I@g(t &eshog\%réglmglégggo %We #gél ngen1§h perati on,

and the erasi e expl ai ne erence to hi s

draw ng. The cg?é@g l&&g'%rel cd 8 LLASLRG-OD] Ol AR ASSURE, [y De ML 1O

M3 exi sting e Wor First the initi ges are all set

to 0 V. 2@ The ﬁ%%wﬁééa@@nﬂs Géeg;éaﬁ@@ gat e decpdes-2Qrane set to
-13.5 V at the tlmng tOand all the word lines W.OOto W.11 are set

reliably to Oud4d Then@ptsosianads STED eare ST of réfieamel 86t unt Eansi st or
70 are set to 3.3 Vat the timng tl, and the 25 drains/sources DOO to D04

of the nmenoryeredisg I\@ﬂiﬁml\@@admgtmelermt@ga@bq)mt ate bel dahky stheto O
V. Next, the NMOS power source BON of the sub- decoder 60 in the selected
bl ock is set page IFpdratatn tteatl dAUG hONSrep&®aB0the preogramming
operation but divides the programming unit into the 1/2
10 sector (1/2 word line) is also feasible.

Incidentally, the voltage values used in this
embodiment are merely illustrative but in no way
restrictive.

Next, Fig. 58 shows the timing of the erasing

15 operation, and the erasing operation will be explained
with reference to this drawing. The memory cells as the
erasing object are assumed to be MOl to MO3 existing on
the word line WLO0O. First the initial voltages are all set
to 0 V.

20 The output signals GO and Gl of the gate decoder
20 are set to -13.5 V at the timing t0 and all the word
lines WL0OO to WLl1 are set reliably to 0 V.

The gate signals STOO and STOl of the select
transistor 70 are set to 3.3 V at the timing tl, and the

25 drains/sources D00 to D04 of the memory cells MOl to MO3
as the erasing object are reliably set to 0 V.

Next, the NMOS power source BON of the sub-

decoder 60 in the selected block is set to -13.5 V at the




timng t2. The output signal GO of the gate decoder 20 is set tog, mﬁ-ﬁ”at
the timng t3. In consequence, the selected word |ine W.OO |nS|dé t
selected block is 13.5 5 V and its unselected word ine WOL is 0V, while
the word |ines W.10 and W.11 inside the unsel ected block are 0 V. The
out put signals AG and AGOL of the assistlg@te decoder 40 are set to 3.3 V
at the timng t4, and.3.3 Vis applied to the assist gate of the nenory
cell as the ﬁfﬂ%ﬁ%s?%g object. The erasing voltage is applied to the

lls MOto M3 th t d the dat d T
gggg[etgethz eras?ng oﬁ@%ﬁt?€5§r€ﬁ%nﬁﬁ?gtgg gFaﬂg?s %Efgygﬁadﬁﬁcéazgstheo
assi st gate decodeg §0 a?eaQStﬁﬁttgng tgt tﬂ§ 555@ éb%g# he assi st

gates of the “nenory cells as e erasp g~ object are Next, the
out put si gnal é%%é%e&hﬁogétfl Scﬁﬂ?b lRQlaé §ﬁé EQle&%eé Mlékkthg HBW%”Q
t6. In consequence the word [1nes to W.11 are set to 20

Next, thesNMp i)f?él"eft§0&‘ﬁ§§l§tg:\le@fw&96 §§JHe degedes GO0vi N hheesehectesd
block is Set to O V at the timng t7. 25 The gate S|gnals STOO and STO01 of

the select tromssskoro7fndrrLibednsediet en@ ¥nakltheeti BilBgkt 8refFional.ly,
the output signals GO and Gl of the gate decoder 20 are set to O V at the
timng t9, and the erashaigopeiatsognadsfAG) shed. A0l evAsehthassesnry
cells M1 to M3 in this 1 7 AUG 2004

gate decoder 40 are set to 3.3 V at the timing t4, and 3.3

V is applied to the assist gate of the memory cell as the

10 erasing object. The erasing voltage is applied to the
memory cells MO to MO03 as the erasing object, and the data
is erased.

To complete the erasing operation, the output
signals AGO0O and AGOl of the assist gate decoder 40 are

15 set to 0 V at the timing t5, and the assist gates of the
memory cells as the erasing object are set to 0 V.

Next, the output signal GO of the gate decoder
20 is set to -13.5 V at the timing té. In consequence, all
the word lines WLOO to WL1ll are set to 0 V.

20 Next, the NMOS power source BON of the sub-
decoder 60 in the selected block is set to 0 V at the
timing t7.

The gate signals ST00 and STOl of the select
transistor 70 are then set to 0 V at the timing t8.

25 Finally, the output signals GO and Gl of the
gate decoder 20 are set to 0 V at the timing t9, and the

erasing operation is finished.

To erase the memory cells MOl to MO3 in this




- 131 - enbodinent, the erasing voltage is applied during the pe{z%g @ to
t5 in whiich the aSSISt gate signals GO0 and AGOL reaches 3.3 V Hi
enbodi ment, the application time of the assist gate voltage is shorter
anong the mord 5 1line W voltage and the assist gate voltage applied to the
sel ected nenory cell. Therefore, this systémcan be said as nost optinal
for relaxing disturb of the assist gate. for the nenory cell connected to

the unsel ect e8MABR ¢ he. CRR ERASIBHLEALARHE, thépBFé§ﬁn8uﬁépﬁa§§els 10
lied d th d h th t |

and ACOL T cackes: 5 FAtNTAERLET S R e e S

fall d t ft I | t

swi tehing w dbrObr CEReNERsTer fac et L gnat cr e Eha B %ggsgggfogge "

rise and fal 'tmgeoisstﬂ@sgss@ergse euptBhse SYSLARLEAD BRoAG 4B il

systemthat is excellent iTn con e erasing to the

timng of 5the; WorgLl {gec VQhBagﬁeaggsEB€ éﬁﬁbSBoQQEGengbég%d %Bpkm%ﬂ to
the sel ected nenory cell, however, other 20 variations are possible as

expl ained in E@D@Qt@@nﬁxémérﬂrocéll anthd fefo PaVeLh eSPeGtt ¥R ELAtWECSaid
Therefore, the present systemis in no way restrictive. To erase the

menory cells & wosd03ptimbbhi Sorerbodkimgt disherpabé shegnaksisStOQatte STO3
of the select 25 transistor 70 inside the selected block and the assi st
gate signal s AGOCche ASGirarecsbperahedcsenutbanbeushyelethedetore, lalde .t he
menory cells existing on one word |ine can be erased by the operation nade
one tine, 12 AUG 2004 In this embodiment, the erasing voltage is
10 applied during the period t4 to t5 in which the assist
gate signals AGOO0 and AGOl reach 3.3 V. Therefore, the
erasing time is determined by the fall and rise of the
voltage of the assist gate signals. Since the voltage
switching width of the assist gate signals is as small as
15 3.3 V, the rise and fall time is fast. Therefore, this
system can be said as the system that is excellent in
controllability of the erasing time. As to the timing of
the word line WL voltage and the assist gate voltage
applied to the selected memory cell, however, other
20 wvariations are possible as explained in Embodiments 1 to 6,
and they have respective features. Therefore, the present
system is in no way restrictive.
To erase the memory cells MO to MO3 in this
embodiment, the gate signals ST00 to ST03 of the select
25 transistor 70 inside the selected block and the assist
gate signals AGQOQ to AGQl are operated simultaneously.

Therefore, all the memory cells existing on one

word line can be erased by the operation made one time,




132 and the sector (1 word line) operation that takes the progranmm agAls Jon;
unit = erasing unit = reading unit into account becones feasible.
Incidentally, the voltage values used in this 5 enbodinment are nerely
illustrative but in no way restrictive. Fig. 59 shows the timng of the
reading operation, and the reading operatBen-wi |l be explained. The
menory cells as the readi ng object are assuned to be 10 M)1 and M)3.
First, the i nftRfaFnGofeabes of HPFdi héN&) gRRPE2APE $bett Saked. thRe out put
signals GO and J of the gate recor der %gigrg set to 3.3 at . the timng

et

tO and all t R ORAT s WETt 5" W11% FEFFABRY W04 0 P 015 Next,

t he PMOS power source BOP syb- decoder 60 in the selected block is
set to 3.3 V ar-the ??ﬁ?ﬁ%gtﬁgg?§§980tput signal GO of the gate decoder 20

|5 then set to 0V at 10e;4ifihoLl2. 20 CORESgUeLtest 88l RCLAG WOl d

line W.OO inside the sel ected 'S the unsel ected word |ine

WOl is @V eahdqtRenwwosde! hoea1 VL 101a8d ME1L.i Bsirdent e yasgel ect ed bl ock
are 0 V. Next, the output signal AGOL of the assist gate 25°decoder 40 is

set to 3.3 V atsthectivkng t3, and 3.3 Vis applied to the assist gate of
the nenory cell as the reading object. 1 Vis then applied fromthe sense
circuit 30 to 1 2 AUG 2004. 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 MOl 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 WL11l are set reliably to O 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 GO0 of the gate decoder 20 is
then set to 0 V at the timing t2.

20 Consequently, the selected word line WLOO inside
the selected block is 3.3 V, the unselected word line WLO1
is 0 V, and the word lines WL10 and WL1l 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




- 133 the global data |lines DLO and DL1 at the timng t4. The gate signal
STO2 of the select transistor 70 is set to 3.3 V at the timng t5, 1dn&i Hg
sources D01 and D03 of the nenory cells MOL and MD3 as the readi ng object
5 are set reliably to O V. The gate signal STOO of the select transistor 70
is set to 3.3 V at the t|n1ng t6 The reaé@ﬁg “voltage is applied under

h h b dth
BaLZ ?LaﬁgaBOBE gﬁgﬁ H?gs oId V§IRgﬁo%t?ﬁéeﬁgﬁﬂgﬁgkgﬁftioinasttﬁe
di bj I h [
ading object is Aswa%;%%?e A L i

the gl obal dafg E%Ei§5%§g§°0”8€tﬁﬂe Qi A§ E@r”EBdCQ %9% %%d%év he

t hreshol d val ue o menory cell M)l as the rea ect 1Is hlg

the menory cghh Mlihe humBeY OET1anghpRo sGur MRt flqm reEfaer Yty e £02 of
the menory cell M1 and the global data I|ine connected to the Torner are

kept at 19V. hnetbet mempapleekb BD¥.as the reading object, too, the menory
20 cell MD3 is turned ON when its threshold value is low, and the current

flows. As a result, theTHeagat®04ighalheTomendr yheekkibB3 amdntshe gl robxd
data |ine DLI connected to the forner turn to O V. Wien the threshol d

val ue of the mensey tel B.RDY aR5the theingadiéng Bbeeceadsngi ghltelge nenory
cell M3 is turned OFF and no current flows. Therefore, D04 of this
menory cel | MdBprameddt hadgrobhlsdatatki ke Dhe servest €¢lles MMe anst M3 are

kept at 1 V. 12 AUG 2004 . .
as the reading objects and the data is read out. When the

10 thresheld value of the memory cell MOl as the reading
object is low at this time, the memory cell MO0l 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 MO0l as the reading object is high, the
memory cell MC1l is turned OFF and no current fliows.
Therefore, D02 of the memory cell MOl and the global data
line connected to the former are kept at 1 V. In the
memory cell MO03 as the reading object, too, the memory

20 cell M0O3 is turned ON when its threshold value is low, and
the current flows. As a result, the drain D04 of the
memory cell MO03 and the global data line DL1 connected to
the former turn to 0 V.

When the threshold wvalue of the memory cell MO3

25 as the reading object is high, the memory cell MO3 1is
turned OFF and no current flows. Therefore, D04 of this
memory cell MO3 and the global data line DL1 connected to

the former are kept at 1 V.




- 134 The sense circuit 30 discrimnates the voltage change or the
current change of this global data line DL, and the readi ng oper af iyok\jbi %0k
conducted. To conplete the readi ng operation, the gate 5 signal STOO of the
select transistor 70 is first set to O V at the timng t7. In consequence,
the drains D02 and D04 of the memory cel}3?MI and M3 as the r eadi ng
object are cut off fr t he sense. ci rCUI:iP?,%eS Next, the gate S|gnal STO02

of the select 10 transi&tot 1% Celtr‘f“b“b Cffjrﬁlh@a'f%s ® YPobaPedat a

| i nes DLO and_,DLI aret en sel he he_out t i gnal
AGOL of the a%nsalms ga e %Ie%% ré)10 e etéfot% TV %? %%l g £ E ODiand

t he assi st agl{ae o;e Sllgecg?é%%gﬁl})}ltﬁ% Lheqhepdiyng obj ect |s set al so

to O V. Next, eoutp gate decoder 20 is set to 3.3 V
at the timng tll wthdhe ggsulde thad réiﬁﬁ | 64 £ yoK d {Egcgy%gx)'ns'de

t he selected bl ock 20 changes to O V. The power source BOP of the

sub- decoder 6 gridn theosed ectesd @ép@&lgr&@glg@oQ Yoatstherbtnkag €320
Finally, the output signals GO and Gl of the gate decoder 20 are set to 0 V

at the tim ngstdi3, tiende irieng 257 r eadi ngrofeefati ), | the aigd iated 0 hemd t he4
menory cells M)l and MD3 are read in this enbodinent, STOO is raised after
the gate signaf tSTO2Znemdry hoekkd el t aaisk@8 oas 70hesreadsed. obhecef ere, the
1'l AUR )4
cut off from the sense circuit 30.
Next, the gate signal ST02Z of the select
10 transistor is set to 0 V the timing t8.
The global data lines DLO and DL1 are then set
to 0 V at the timing t9.
The cutput 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 G0 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 tl3, and the
25 reading operation is completed.
When the memory cells MCl and M03 are read in

this embodiment, ST00 is raised after the gate signal ST02

of the select transistor 70 is raised. Therefore, the




- 13 5 - drain voltage is applied after the source voltages of the nenory
cells MJ and M3 reach reliably O, and the stable operation can b
conducted. \Wen the nmenory cells MOl and MD3 are read in 5 this enboé”“%ngﬂ
the reading voltage is applied during the eriod t6 to t7 in which the
gate signal STUD of the select transi stof370 reaches 3.3 V. The gate

signal STUD of the sel ect transi tor is the si naI controlli t he
drarn vol t ageeALe Ty e mdtﬂ?EegyEanfo BeEPLrSREs B the

I t t f th It h I
Sgﬁtégg I?Rer%%§?§¥ ast L@??aﬁo aﬁ%gtﬁ%a ra| gégége ?nn g épgﬁﬁgéqgolPﬁe
sel ected nenq; e§§410nF@éntgé5%5§§§8§5dth'S system can be said as nost

optimal for axing drain dis fo the 15 timng of the word line

vol tage, the assi st gatighdd Mg m&Rd: § Nee 0f @i Yo Y 0L1 2080 8 0a b 9@9!:1' ¢ to the
sel ected memory cell, however, various variations are available as

expl ai nedsi n ém?@démlsménﬁo @h@ngeéB@Mqh@M@tééép‘i‘@th}éﬁllé@aﬁuﬁ:@&g the
Therefore, this systemis in no way restrictive. 20 Wen the nenory cells

MOO and M2 aseradbsoc6ead ttoineadiahl thBegaeansygaell sToo odgetwerd |ine,
the reading operation described above is simlarly repeated for the
menory cells dXandcM2sidooread athchbe BefAovy Cehd sgexe s$iaggabnsSohe 25
word line, this enbodi nent needs the operations to be nmade tw ce.
Therefore, wheh tihe sebecngtopesastons/aresrepeasednaiwies, cohgéroddtion (1
word line) operation that takes the progrannln? unit = erasing unit =
readi ng unit e odgapn Avisl pagg 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 wvariations are avallable 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 M0Z 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 MOC and MO2Z.

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




- 136 account becones feasible. The page operation that does not %pgth
the readi ng operation but sets the reading unit to the 1/2 sector { ‘
word line) can be conducted, too. Incidentally, the voltage val ues used in
this enbodinment 5 are illustrative but in no way restrictive. [Enbodi nment
9] Fig. 9 is a circuit diagram show ng thé3ésem conductor integrated
circuit device according to Enbodinent 9 of the present invention. This
enbodi nent 103%9%P%Fn@eaﬁm%ﬁaﬁﬁﬁélﬁﬁethem%%c%ﬁ%? %P?éﬁbé%%n?hat does not
I nci dental ly, e nmenory ce arra t he assi st 8%8 . t he hl ock

t

h
decodgr 50, tﬁ%P%ﬁB H%%oﬁ%?déﬁg PR r@ﬁf@”dEEBdEFtsz @agépchnﬂFaﬁ§1stor
70 th t 30 th th f Enbod ts 7 d 8,
T thei 1 1o 08 B rEaiedr 1T bhees TaRelch i B8 RhoalReRE "ok “cach of
the bl ock defﬁgfﬁeégafﬁgélFﬁg?§81§éggag§198§°ﬁ§ 49n'§ disspesad; oy one of

t he sides of e nmenory a55|s gate srgna

i nsi de ong, bl ok gre,Lp, ctbe thOFﬁrﬁB' payneeds cbetepeat ed twi ce to

program or read nenory cells exi st ing on one word line. Fig. 60
shows the cireghbtodiaghamef two blocks for ease of explanation. In the
sem conductor integrated circuit device of this enbodi nent, the nenory

cel| array 25 80 insiderpge &l okaisigivifedi hgtamt WRoRangsthand the
sub-decoders 60 are so disposed as to interpose the nenory cell array.

Needl ess to ssymitbrdovtber intedidiadoniotut hedewrener yceekldiagr ap 80 i s not
limted to two, in particular. 1 2 AUG 2004
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.




- 137 The sub-decoders 60 are di sposed on both sides of the menory cell
array, and the assist gate decoder 40, the block decoder 50 and the
sub-decoder 60 are disposed in the extending direction of the word 25 2§04
The assi st gate signals inside one block are two, that is, AGOO and AGO

or AGLO and AGLl. The gate signals of the35etect transistor 70 inside one

bl ock are two, that isIEI STOO and STO1 or,. ST10 nd STl hla EgDS g

S(ﬁU{ ce si ?Egl BCPu;)r ] echOl%elo gao’f/%& Js%%?%‘:e s?lba P lanrBlest
are

tha Ofué%ll fme%ncgrefecef atl J‘ﬁe)Pb §1J1< €LQ §£s§gtggggé L& fbg%.]: a¢

sel ect signal of 'S Ioc as the 1npu he “dat e

si gnal s STQO and (JF C%T&é)raé‘@ Adlend 5500 (ggsoéskesg Lg?”ﬁ' Spakeld

generate the address s et s gnal ectin

address signal, ARBDSK ﬁnﬁ%ﬁi{%c@%ww {Hét@@fdtbgngl ock as the input
signals. The assist gate signals AGOO and AGOL or AGLO 20 and AGL1l

generate the block sel eglfe gt BRR Ors B di 4 Siegadgiesis1 sekeskesikgaal
ABDST or ABDSB for halving further the block as the input signals. The

i nput signal dhat hes, a6l Had eacieroderadNo asesathe. blTek setecéighgbal
BDO or BDl generated inside 25 the bl ock decoder 50, and the assist gate
decoder 40 i f ditsposedad)acent i4ioot hé0 bl nekdeleconeel 150k The awsi sthgat e

decoder 40 and the bl ock decoder 50 are disposed on either the right side
or the left sise SOQAUBPEAW1 or ST10 and STIl.

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 ST01 or ST10 and STI11
15 of the select transistor 70 generate the address select
signal ABDi for selecting the block and the address signal
ABDST or ABDSE for halving further the block as the input
signals.
The assist gate signals AGQO0 and AGOl or AGLO
20 and AGll generate the block select signal BDO or BDl and
the address select signal ABDST or ABDSB for halving
further the block as the input signals.
The input signal to the assist gate decoder 40
uses the block select signal BDO or BD1 generated inside
25 the block decoder 50, and the assist gate deccder 40 1is
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




- 138 of the nenory cell array (on the left side in Fig. 60) but Lhﬁﬁﬂ?%h
positional relationship may be reversed. Since various variations )
avai l able for selecting 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
linited to this enbodiment. This embodi mehgs hal ves the menory cell array 80
i nsi de one blogktgnd dis oseslihe §gb gcoders, 6 uch g manner %§ to

i nt er pose t he® Menor y ey yarray 80710 THe ?or% tﬁf SefBobiFent dakt

reduce the 'egﬁéﬁre%o£¥€%ﬂﬂgidréig€ ar ﬂ?b'm bES, %9893e8”d can inprove

the operation Spe 6~ sem conduct of rate Circuit device. Since
t he sub-decoders 60 areg dghéﬁo§§giggsb9£F a950§§d < 0f ;L he gepory cel | array
80, the word lines insi e nmenory ce f array connected to the

sub- decoder GQelééﬂlQﬁ @§§0£E§ﬂs£09596 8&988e§”@0'§£8 ehet BEoBRMBLY: oR)
array 80 and every other word |lineS nmay be taken out. This arrangenent

makes thesl aysutaglesign Bé H8eckupedi 0ALEY, POrti enswbeFwegBht Begwand | i nes
and the sub-decoders 60 easier (or can rel ax the word |ine pitch). Since

t he sub-decodessd6ioaredi sposed oa bhih esbdesmefitthe nmenory cell array
80, the sub-decoder elenents can be disposed in the region correspondi ng
to 25 two word |ines, dfli¢$henbayouwndesa gvesf thdenandr decotiérsrr6@ Bécones
easier. Only one each of the assist gate decoder 40 and the bl ock decoder
50 i s di sposetin$bie opee bbbekk Fherdispesez2tieGsgbogecoders 60 in such

a manner as to interpose the memory cell array BO.

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 B0 connected to the sub-decoder &0
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 &0
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,




- 139 the area of the decoder can be reduced to mninmum Since the assi st
gate decoder 40 and the bl ock decoder 50 are adjacent to each ot herl 2 bl 200
out put signals BDO and BD1 of the bl ock decoder 50 as the input to the 5
assi st gate decoder 40 need not be extended far. Since two assist gate
signals exist in one block, the operatiomtheeds be repeated only twice to

programor read all the nenory cells existing ,on one word, line, and this
nunber of tiﬁ@?i%§q4u?ﬁﬁ?ﬂ%ﬁﬁ%ﬁ%%%%é%ﬁ@'QRNﬁébu?ﬁéHEPtTh%%m?%quired for
the virtual ground type .nenory cell . grray. Besides t ar e t

descri bed above, the grlrné:r‘?g tasosfl"‘:takheq ecocgeecro'sdeei‘?'?ay earfigtr}g%ggg%%ﬁn in
Fig. 61 or 62. I e sen.co t I Cl L cuj i wn in
Fig. 61, one dgea?&%seoﬁ‘ njtctgirb ock % egjtr)%eér)é #%lﬁggﬁegp’ atl;slgigsét)&t 1\'e/ %g 8%2% 40

| s di sposed g @%O ] Side g1 MU | & dUEr POS Y Elfxﬁoﬂ'w@%ytse_thearfay

80, and the rest e construction is the sane as se shown InFig.

60. 20 Thgs SEUE;GANAUGLIONGdIHLA Ehadd Cbd wlevd cends@Vises the fol | owi ng
effect in addition to the effects described above. The out put signals

(AGOO to AGL1l) of the sasPeSttw@atssdeaodpitadl inged Pesidedd otdeb DBaR)Y
cell array 80 and the output signals (STOO to ST11l) of the 25 bl ock
decoder need the wigeathtiod heatd dod te@astad ossly tHoiwweto srogeamherassi st
gate decoder 40 and the block decoder 50 are di sposed on the opposite side
to each ot herreaghidld ithteempusimg ddkel fremoi L ced | oaremy VOrdel ween ahdm 12

AUG 2004
this number of times 1s 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.
61 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 constructicn is the same as those shown in Fig. 60.

20 This semiconductor integrated circult device
provides the following effect in addition to the effects
described above. The output signals (AGO0 to AGll) of the
assist gate decoder 40 need be wired to the memory cell
array 80 and the output signals (ST00 to ST1l) of the

25 block decoder need be wired to the select transistors.
However, since the assist gate decoder 40 and the block
decoder 50 are disposed on the opposite side to each other

while interposing the memory cell array 80 between them,




- 140 the output signals (STOO to ST11l) of the bl ock decoder 50 1@e§gh@8t
be extended onto the assist gate decoder 40 or the output signals ¥ "t o
AGl1l) of the assist gate decoder 40 need not either be extended onto the
bl ock 5 decoder 50. Consequently, layout of the assist gate decoder 40 or
the bl ock decoder 50 becones easy. Incidehfarly, the positional

| ati hi t th | st d 40 he. bl d d 50
el ot onsh p el vRgn, Lle, SS3LEL gt adecoder, 00_and g Block decatery o
i Fig. 62, h.of th I d 5 nd, t i t d
0 1% 52, OFef 5l o B BLagk decovero0. and.t e apsLat-geng dgeoder

construction &ﬁe.t@@ﬁgengbgé?iyo%ﬁs% thensem cordupLOLskaLeaLgked circuit

15 device shown in n this sem conductor integrate Ircuit

device, the a8sh&ir9dhendesodsr 49.R08 Lhe-ploskedescadsr tBA Bhgckdi sposed
on both sides of the nmenory cell array 80. Therefore, the wiring |length of

the outputs si@nebsef STEOO Wrdse Sy BORyEEP, o Be Bl i of §heebl ock
decoder 50 and the output signals (AGOG to AGL1l) of the assist gate

decoder 40 bedor®sen dHal drandethbiotbadecanebes>0edacedes &heyefore, the
operation speed of the sem conductor integrated circuit device can be
i nproved. 25 (Enbodi nentndderigsly 63che B5sareohhdbcketarconshdpagr ans
showi ng the sel ection systemof the assist gate and the block that can be
applied to theeteegtobtticaorlshnt egrat dgcagdepUE) 2604 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. &0.

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 (STO0O

20 to 5T 11, BROP, B1P, BON, B1IN) of the bklock decoder 50 and
the output signals (AGOO0 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




- 141 circuit device explained in Enbodi nent 9. These draw ngs i I{Atx?t,ﬂj@tzw
three systens, by way of exanple. Incidentally, Figs. 63 to 65 sho the
signals of one block for ease of explanation. 5 First, the selection
system shown in Fig. 63 wll be explained. The assist gate signals (AQO,
A1) are generated by converting the val4lages of the signal BDO selected
for the block and the signal selected by the signal ABDST/ ABDSB f or

further hal vicAd tHe Klesdice Bxrive e AG jEedrERTon’ ci AT Bt IS

assi st gate signals exist inside one bl ock, thi;e ro rf\mTi ng or readjn
operation of A SHE tfeddIiP el - FH oty Wit 95 n%‘%"glﬁ e Tt by t he

ti de twice. |n ot ds,_the bl | i gpal BDO. 1
gencrat 60 | neids | S b dURHLr: 60 TSR Torothas P RbutoSi GRAT BF t he

assi st gate gleec %enr tA:,LOO.m_The assist gate signals AGOO and AGO are

gener ated by cEnver i'ng the voltages of the signal BDO selected for the

bl ock by 48D and the :signal 38 egtiet dipd e, G0y ABDST] ABESB £or 20

further halving the bloc y the Agi] gene lon circult. ce the

signal BDO apd 1tihg,csignala ARRET/ ABRSE s a8 (e eSisdnAlas Of (Adir powsy: jsour ce
vol tage Vcc system such a systemis effective when the voltages necessary

for the assissle QRirR & 1HRlS, AT anth ASHIH AN BPRFOXi §Bt €hd 0s 2§nk hegpower
source voltage Vcc. Since two assist gate signals (AGOO and AQDL1) exi st
i nsi de one blseQlectdie fqu adieaamiliduk and eddh ngi peY adé bacoéddaby the nmenory
cells existing on one word |ine can be conpleted by the AUG 1MW4'
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 cone 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 1s used for the
input signal of the assist gate decoder 40. The assist
gate signals AGOO and AGOl are generated by converting the
voltages of the signal BD0O selected for the block by ABDiL
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 wvoltages necessary for
the assist gate signals AGO0 and AGCl are approximate to
25 the power source voltage Vcc. Since two assist gate

signals (AGOO0 and AGO0l) exist inside one block, the

programming or reading operation of all the memory cells

existing on one word line can be completed by the




- 142 operations made tw ce, that are m ni num necessary for the virtual
ground type nenory cell array. Next, the selection systemshown in Ei‘ﬂAUE}S“hﬂL
will be explained. The assist gate signals (ARO and A1) are 5 '° o
generated when the AG | generation circuit converts the voltages of the
gate signals (STOG and ST01) of the select42transistors. Since the assist
gate signals inside one block are two, the progranm ng or reading
operation of CRILARIRDTERAS 1T K3t i Hf I OHR O & F F HRL Kahohe thE

conpl eted by the operations made twice. In other words, the assist gate

ST ghal s AGOD Rt UINGEE A Jofiet AP Th TR 101 T8%i ng way. The ST |

generation circuit conyerts the voltages of the signal BDO _sel ected.for
T Gy s 1T A,

the bl ock by ABDI and the <i ghdl Sei%cted by &3 AEBDST f or

further hal ving %ts,%qe%noeg( tqhegggggggerﬁngEG%i%%'l% i&%@&%%é&%#gfﬁ%r

signals of the ransi st or) generation circul

converts the jugld Unddiage slanel eI A STOL, L0 coRYaLps! pReassi st

gate signal s "AGOO an n such a system the reference voltages for

generating thenBsyed dattehsigna s AN AN Olad esthe) gat ensi gaaks+STOO
and STO1l of the select transistors. Therefore, this systemis effective

when the vol tagesigeaessasy nker thike aassisst ggatee sSighlss iMRQashAGOL are
25 approximte to the gate signals STOO and STO1 of the select

transi stors. BSigwde dnd tasgsi Stheggimo g ginal sy exd steadihe pegaathngfoall
readi ng operation of all the nenory cells existing on one word |ine can be
conpl et ed by the2 miIEr200411ls 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 feollowing 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 S5TO0 and STO0l (gate signals of the
select transistor). The AGij generation circuit further
converts the vcltages of these signals ST00 and STOl to
obtain the assist gate signals AGOO and AGOL.

20 In such a system, the reference voltages for
generating the assist gate signals AGO00 and AGOl are the
gate signals ST00 and STOl of the select transistors.
Therefore, this system is effective when the voltages
necessary for the assist gate signals AGCO and AGOl are

25 approximate to the gate signals STOO and ST0Ol 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




- 143 conducting the operation twice that is mninmmnecessary in the
virtual ground type nenmory cell array. Next, the selection system shomw iyg 20}
Fig. 65 will be explained. The gate signals (STOO and STOl) of the 5

select transistors are generated when the STij generation circuit converts
the voltages of the assist gate signals- {AB0O and AR1). Since two assist
gate signals exist jnside one block, the rogrannin _or readi ng operation

of all the d@%%?@CE%T?St%ﬁig??ﬁ@tbﬂnoﬁglﬁgra FFnéscgh“b@uTOnES%ﬁﬁéfgd by

t he operations The gate,_si d_STOL of the select

de twice. nal s STOO
transistors at? %éYéf%ﬂa%n?fﬂ H?OFVB i g™ Ray SSﬁ rafy®¥o the case shown
e S The RO copsral o o feuLLconteds 1he ol s of el

signals selected for the blrock e Sighal “se

Scgnal  ABDSTLERHN 1 oh4 U RS ﬁeé/g%rwfs bl 9o LGSR A & AGHRL and

AGOL (assist gate gna?s), and generation circuit converts

further the voliages.pinihessrassiet g@akear8hoNakba. t89 kRisughna -easen the
ref erence voltages for generating t%e gate signals STOO and " STAO of the

sel ect transéstonst aEéntderasehst vgategssgnal shdGesand 4R, sighanefore,
this systemis effective when the voltages necessary for the gate signals

STOO and STOl(mf00® hengeh®el) 25 diransiSidrss &f € apprOxd |t £l § oot her assi st
gate signals AGOO and AGOL. Since two assist gate signals exist, the
progranm ng oinsedeli oge opeoak onhef pabbraheingnoryreetiisg ereshtagnowfone
word |ine can be conpleted by the 12 AUG 2004

all the memory cells existing on one word line can be

10 completed by the cperations made twice.

The gate signals ST00 and STOl of the select
transistors are generated in the feollowing way contrary to
the case shown in Fig. 64. The AGij generation circuit
converts the voltages of the signals selected for the

15 Dblock by ABDi and the signal selected by the signal
ABDST/ABDSB for further halving the block to generate AGOO
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 STO0l1 of the select
transistors are the assist gate signals AGO0 and AGO1l.
Therefore, this system is effective when the voltages
necessary for the gate signals ST0O0 and STCl of the select

25 transistors are approximate to the assist gate signals

AGO0 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




- 144 operations nmade twice that is m ninum necessary for the virtual
ground type nenory cell array. Incidentally, the three selection syst )
explained in this enbodi nrent can be applied arbitrarily to 5 Enbodi mUbﬁﬂﬂé
[ Enbodinent 11l Fig. 66 is a circuit diagramshow ng the sem conductor
integrated circuit device according to ~ Enbbdi nent 11 of the present
invention. This enbodi ment 10 expl ai ns anpot her . exanpl e of the _decoder
arrangement . CHHG FSMAITIAS t HE T3t cbf | “hR +RY" 8BS CeR82BEsFOr §hte
decoder 40, the block decoder 50, the sub-decoder 60, the gate decoder 20,
the select trafsi @ ord 7 Mhd e L&Y TFreuft* 3% are the sane as those of

Enbodi ments 7 and 8, 1 thelr explanat i % . d§g ne each of
’ 11y,
t he bl ock decoder 50 a%ﬁkhee assi sf g%fne d[gé(:eo\(lj\”d'e%i% @Jlé)rl;nl %g%%g on one of
the sides of et:g%ai'FﬁéH)ern celis AdYd B8ln S NER OPC 858188 9AH S 5509l Xl sts
i nside one bl ock, the assist gate 1s used as only ?ﬁe 20 erase gate.gf Fig.
66 shows @nl ey haeksy for ease of explanation. The nmenory cell array 80
inside one block is divided into two bl ocks, and the sub-decoders 60 are
di sposed in sumbadimseries to interpose the menory cell 25 array 80
between them Incidentally, the nunber of division of the nmenory cell
array 80 need not be |imig.ek6 tis tavairkhel tsub-apcotesisobhdrehdi sposed on
both sides 12 AUG 2005
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 B0, 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 1is 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 €0 are disposed on both sides




- 145 of the nenory cell array 80. The assi st gate decoder 40, g eﬂmjﬂgy
decoder 50 and the sub-decoder 60 are di sposed in the extending di‘rection
of the word |ines. The nunber of the assist gate signal inside one 5 block
is one, that is, AGOO or AGOL. Therefore, the assist gate is used only as
the erase gate. The nunmber of the gate si¥fhals of the select transistors

i nside one block .is two, that.js, ST nd_ . STO1 or ST10 and ST11, d they
are the out plﬁfcsti}b%érfeé“%rfy cl%lf[ h%r%ﬁ’@gdeg&?era%.s%r‘?@%% ‘gcgfurce

signal BOP or, . Bl R .of .the sub- oder 60 and the I\(Ig\/s wer source_si,gnal
BON or BIN ehr?erba OeC]? hcgecaoa&alerregggsaerlldec i%nsgi3 g%%?o %Ejé)@o?r%e‘?é%??ﬁad t he

bl ocks as the_Lri lncg_%tt %%la%@lgg&% eofih%pglﬁd?g'cpl g ST01 or ST10 and

ST11 of the se rs generate ess selection signal ABD

for selecting the bl ocksand,iie afdrass 1 sel&cty sd 1 ABRST3Or o ABDS3

for further halving the block as the i nput signals. 20" The assist gate

si gnal AGSO @1 RGO Denrr At the, Aosk selQeti on §ihnalo BRO e B s as: the

i nput signal. The block selection signal BDO or BDl generated inside the
bl ock decodergfi® iis UsRH asnlhead npndt SighalgpHfe. t he assi st gate decoder

40, and the assist gate decoder 40 25 is disposed adjacent to the bl ock
decoder 50. The assi st Tigat enddsaderf 4heaanrhtdes Birocks det odes sdl=@tr e
di sposed on one of the right and left sides (on the left side in Fig. 66)
of the nenorymeldisharsy 80:1idpweverhldok AUG R2OP4' that is, STO0 and

STOl or ST10 and ST1l, and they are the ocutput signals of

10 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 B1N
generate the address selecticn signal ABDi for selecting
the blocks as the input signals.

15 The gate signals STC00 and STO0l or ST10 and ST11
of the select transistors generate the address selection
signal ABDi for selecting the blocks and the address
selection signal ABDST or ABDSB for further halving the
block as the input signals.

20 The assist gate signal AGO00 or AGl0 generates
the block selection signal BD0O or BD1l as the input signal.

The block selection signail BDO or BD1l generated
inside the block decoder 50 is used as the input signal of
the assist gate decoder 40, and the assist gate decoder 40

25 1is disposed adjacenﬁ to the blcck 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,




- 146 the positional relationship between the assist gate decoder 40 and
the bl ock decoder 50 may be reversed. Since various variations arel? AUG 200
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 linmited to the flowih46this enbodi nent. This decoder

arrangenent provides.the f 1o effects 10 The nenory cell array 80
i nsi de one bl Utk PISHEIRA aﬁﬁY%Eg°§5E18e5885?§“66h8r§5§65&|§66§ed as to

s 0 oY T U AR Sl B SR o
i 15 S 60
My e e F PIAYSt e e b Senpdt

i nsi de the neamLy: £6h|nathay §?t£9eb§sgggeegsﬁg kacbhe.suf gsaoqws 80 ey

be assorted to the right and le every ot her wor ine may b

taken out.s Therefpreciher tayQutwdesi gp QbsthepkbHnehian, PRLLELQRS , Pethween
the word lines and the sub-decoders 60 becomes easy (or pitch relaxation

of the word Ifn&s €8nedehashieyedheeSsneert be suhidegoder she0 race dinsposed
on both 25 sides of the nenory cell array 80, the sub-decoder elenents

can be di sposel s nettthedireghon corresponding to two word lines, and the
| ayout design of the sub-decoders 60 becones easy. 12 AUG 2004

This decoder arrangement provides the following
effects.

10 The menmory cell array 80 inside one block is
halved and the sub-decoders 60 are sc 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 cut. Therefore, the
layout design of the junction portions between the word
lines and the sub-deccders 60 beccmes 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.




- 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 t hdUbi¥ek

5 decoder 50 are disposed adjacent to each other, the output signals BDO

and BD1 of the block decoder 50 as the rnpét -of the assist gate decoder 40

need not be extended far, Besidﬁg t he arrangenent of the decoder descri bed
0

above, the decoder arrany@nent”shoWRei ReENgSL B7eaR8S68t162RBY 6606,

too. | th i duct i ted ci it _devi h i Fig. 67,

bl ock. decoder 1805 AMd  BRePABEIStogaPE™ dBcoteR 1a8°FE S°dPeRobeatdn the
t ual | i Ld i th 'l .ar 80 bhet

them The 15 v5st Of the Ssrefetctfonors ALt SanconsiEnny Ropiyares "

sem conductor | ntegrat eg, Leciy 6168 SIPUNAL00LE. 4 50naTPES piock

sem conductor integrated circuit device provi ol 'owi ng erfect in

addition t0 the-shlects agésmssgeebg&gaczﬁg eyt pYtrsLenaks %@O%uteﬁ%ltﬁGll)

of the 20 assist gate decoder 40 nee e connected to the nmenory c

array 80 and &henauspeboshgnaksl (STOhEopShEk) aetobibe sbl agkrdecadgr,t to
the select transistor. Since the assist gate decoder 40 and the bl ock

decoder 50 aref dilsposedion ghbe autuakkys4oppesit gosi Hesewhehaeldntfarposi ng
the nenory 25 cell array 80 between them however, it is not necessary to
Wi re the output signal sB¢STE> tichSTddyanfetrdret bd bckhe déeodée r S8eontrabiehie
assi st gate decoder 40 and the output signals (AGOO to AGL1l) of the assi st
gat e decoder aovent bhe 2dapsigpodrrangement 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 ocutput signals (AGO0 to AGll) of the

20 assist gate decoder 40 need be connected to the memory
cell array 80 and the output signals (STO00 to ST1ll) 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 1s not necessary
to wire the output signals (ST00 to ST11} 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




- 148 the bl ock decoder 50. Therefore, layout of the assist gate decoder
40 or the bl ock decoder 50 becones easy. Incidentally, the positi drfaklb 0
rel ati onshi p between the assist gate decoder 40 and the bl ock decoder 5 50
may be reversed. In the sem conductor deV|ce shown in Fig. 68, one each of
t he bl ock decoder 50 and the assist gaté& 188coder 40 is di sposed on each

ide of th I T. t of th t th
2c that 10 of CoReERCORARRER, S0t obiat SHCEPr chfeotbub bt ShoRISta" ARGE

66. Besides the. g&égcgg QESEE%bﬁgogﬁoﬁchPectsosggk%%ggu% I, integrated

circuit device prOV|des t OW n I"CE the “assi st gate

decoder AO and 15 the biﬁ’@fdé’ﬁ%’ﬁfg 5%11@&%&%9853? 0B158¢ §'h?§T0f Lhe

menory cell array 80,the wiring of "t he output signa

ST11l, BOP, BlRtRN, Bid) agglghegQE@C!ﬂecgﬁéngb éQda@ﬂet *B@.o@]kt Ei‘étco%e&nal S
(AGO to AGll) of the assist gafe decoder 40 beconmes a half and the |oad

is 20 reduycedso Theyebher eevkhee@perati on speed of the sem conductor
integrated circuit device can be inproved. [Enbodinent 12] Figs. 69 and 70
are block circuit di agramsthsheswhihgothecsetedéironaesyrbensiaf Fihe a@ssi st
gate and the 25 block that can be applied to the sem conductor integrated
circuit devicenexphannetl fheEnbodknegatodér Tloasystersasanstbeaitd ustrated
as shown in Figs. 69 and 70. Incidentally, Figs. 69 and 70 show the
signal s of orde®Pedrk #9orieadésppsed AWG20D4side 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 S5T11, BOP, BlP, BON, BIN} of the block
decoder 50 and the output signals (AG00 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 klock for ease of




- 149 explanation. First, the selection systemshown in Fig. 69ﬁ¥$IQW@F

expl ained. The AGi circuit converts the voltage of the signal B Qo?'

bl ock selection and generates the 5 assist gate signal (AGOO . Since the

assi st gate signal inside one block is one, the assist gate is used only as

the erase gate. In other words, the bldtklé%léction signal BDO gener at ed

i nside the bl ock decoder 50 is used for the input signal of the assist

gate decoder 4% aﬂﬂ§ﬁ&§j 10 generation circuit converts the voltage of the

signal BDO for block | ecti by, \, .and er at e. i st te
%%ré% (ﬁii)%%ggaFf%n %§§E%ﬁi{ﬁhgﬁ 1@5§1 9@

si gnal AGOO. Since the signdl esigd ower ource

vol tage Vcc %,yﬁglﬁfﬂe t%ﬂ[ﬁlasﬁl@c?.ti R SYSHEMAQT LIS IR STONHE N 6 1S ge

ef fective when e volt'age necessary r the assist gate signal A S
appr oxi mat e tgr R, POVMBI, SHBEer oV B IRGE MlecNEXL  addleySR £EEEONL RYST M
shown in Fig. 70 wll ~be explained. The AG| generation circuit converts

the 20 vokt agssHfstt hes RMES pover (source Signal tofe e isib-gleeodsergnH0 and
generates the assist gate signal. Since the assist gate signal inside one
bl ock is one,iddielaaswistbigatle 1S ousedlonl ysasst hgates abe gade. ohbyokber
words, the assist gate signal AGOO is generated in the follow ng way. The
25 Bi P gener atHorem@ s yadteonver s hielre waldsage hef Hllvek segralt tdmatsignal
sel ected by the signal BDO selected for block selection by ABDj, and
gener at es BOBQQ rgerRNGES-gsbwers idurite kiqpal defodee bl glcedridr L60) theThe

AG | generation | 2 AUG 2004 , .
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 AGO0O.

Since the signal BDO is the signail 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 AGO0 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 wvoltage 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 AGO0 is generated in the following way. The

25 BiP generation circuit converts the voltage of the
signal, that is selected by the signal BDO selected for
block selection by ABDJ, and generates BOP (the PMOS power

source signal of the sub-decoder 60). The AGij generation




- 150 circuit further converts the voltage of this BOP signal. In this
sel ection system the voltage as the reference for generating the asddiEt(d
gate signal AGOOis the PMOS power source signal BOP. Therefore, this 5
selection systemis effective when the voltage necessary for the assist
gate signal AGOG is approximte to the PMDSJ power source signal BOP of the

sub- decoder 60Q. Alt oggh hhe i_nventi on ong%?ted by the present . inventor
has thus been-HESEFFbERTEBREr EPBIYG it T NE0fe 11696 felPéd &WodiRs:

t hereof, the invention kg QQRSogelggg&ﬁgh%%gkggga&Ferggngggtﬁéagggge

changed or nodified in “various” Way Fn

t hereof. For gégg?%ﬁ$eEﬁ§9?%gg@E§tlnbotgggggfggﬁibgq%ng&gﬁg@lﬂed%pnprising

the polysilicon t ngsten nrtr m-an tungstéﬁ‘film

25 e TRt erl ghe obubliepyed LbiecllsiGouvane othgs bagtier cipLal fil s

such as a film of a transition netal "el enent itse tungsten,

titanium o tgatabtibnf 5L EseRl ikheirkeBittkbdasear toil Ve19age nlldat® Oy
alum numnitrides, cobalt silicide and nol ybdenum 20 silicides, or all oy
films of tungséenthadabbestiketei Bigphacacoh theapprosiertei ihi ded idMos

Simlar effects can be obtained also when the filmis a lamnate filmof a
pol ysilicon fpéweansgoaroet aigskeli BDdeofi kheosub-8eceaklred." pol yci de fil nt
. 25 Enbodinents 1 to 6 use the lamnate filmof the polysilicon film the
tungsten nitride film ahbthdreght tpgsteventionasonpéenatebiyakhef presendr d
line W.. However, simlar effects can be obtained when the lamnate film
of 12 AUG 200bnventor has thus been described concretely with some
10 preferred embodiments thereof, the invention is not of
course limited thereto, but can be changed or modified in
various ways without departing from the scope thereof.
For example, Embodiments 1 to 6 use the laminate
film comprising the polysilicon film, the tungsten nitride
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 film, the tungsten nitride film and the

tungsten film as the material of the word line WL. However,

similar effects can be obtained when the laminate film of




- 151 a polysilicon filmand a netal silicide. A typical exanple 5 ﬂmﬁmu
metal silicides is a tungsten silicide film Enbodinments | to 6 use'the
N- doped silicon oxide filmas the insulator filmfor isolating the floating
gate 5 fromthe third gate. Wien the sem conductor integrated circuit
devi ce of the present invention is appliedbtoa product having a small

nmb foti f prot 1 ng/ ing, h , Ih di nent
the  silicon bl TThithat: 18 467 mbd By | hat kS SRt ddt I 'O tre | 10 CVBLS
according to the pri t.. [ ts. 1 to 5 .t he_N: doped si |
i do 11 m {61 CHE I e mu o 11109 oF -1 ST SOFRET RBL TP odCs Ry t0aLe 17 om  he
de film (6t (Eibactt ¥ of ol STRGTne FrOdT g Bace trom
Control oetel it o lompais 41 O1a £\ 1e o detdd sl s alic oo
wde applicaign in (e HashadBY bey e when dend R Nal o PRREALLDY

voltage at the tine progranm ng/ erasi ng or e programm ng/erasing

speed is Bot fugh POt A gEnbodiiR $hbk t2f iR Al et @boutqt he n-

20 channel type nenory cell in which the n type diffusion |ayer is forned
in the p typewehlit ewade off extedmb CesedioWevesint bl 1 arappf eetistean be
al so obtained in the p- channel type nenory cell in which the well is of

the n type ambdie: didfirsy on dreyler nemodr tde pingpectIn this 25 case, the
vol tages of the control gate, the third gate and the drain in Enbodi nents
1, 2 and 3 arErostatiive]Aerawgali Vveowavers Wie hemiespooents the wek| thel t age
at the tinme of programming. In Enbodinents 1, 5 and 6, 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. 1In 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




12 AUG 2004 - 152 voltages of the control gate and the drain becone the
rel atively negative voltages with respect to the well voltage at?¢hidbtiiie
of programm ng. In these cases, the hot electrons generate el ectron
injection. 5 In Enbodinments 1, 5 and 6, the control gate voltage can take
a relatively positive voltage and the drh?# voltage can take a relatively
negative val ue,. w ect to vol t at .the tine o

progr amm ng Wﬂﬁ#%%%% %gs S %%T?%Qgrigg% #hd gﬁghﬂﬁﬁéP P?ﬁBWeIﬁLFhis 10

case, the electrons are injected b he inter-band tunpeli henonenon.
Tnoei of the ety adeseiiE Y taTet " FLA Pltee b ES) ERE, RATIONE

However 15 tHose et i S50 b Pa s Enta® S iR MR REFT R "
st or age” tr““qéé”é@ééé%bﬁ?Vﬁéﬁiﬂ%%ﬁfei&@éEoﬂOPE%%gpgénOf status and stores

at least two bits I n one nehor Convent | mul til evel storage

i nvol ves the probl emthat cdiwaMidage didference bet wegn-the fowvest
t hreshol d val ue 20 and the hi ghest threshold val ue becones greater than

two- level stayageyevedn wheke therguanivéyyobosheiebect1oage hAHeehed into
the floating gate 1s controlled highly accurately and the threshold val ue
di stribution dfaracloltayelcas cokeressedatlnetpnsegaence, vahee25with
programm ng/ er asi ng speed becones | ow or the progranm ng voltage becones
hi gh i n Fow eredyradheion tlypeve bk oge bnagag/ @t ashagt idheoprpsegtrammuent i on
can |l ower both programm ng and erasing voltage below 13.5 V, or in other
when the memory cells are of the p-channel type. 1In this

10 case, the electrons are injected by the inter-band
tunneliling phenomenon.

In all cof the foregoing embocdiments, 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 wvalue 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




12 AUG 2004 - 153 words, can inprove the progranmm ng/erasing speed.
Therefore, the present invention is extrenely effective for mul fi?l &ibeldls
storage. Wien programm ng i s nmade, Enbodinents 2 and 4 5 apply the
positive voltage, relative to the control gate voltage, to the third gate
to generate the electron ejection fromthedfioating gate to the third
gate, and Enbodi nent 3 applies the negative, volta e to the well of the

first conductiQAdsy tSATe WHRIP oheRidI REGEF JFt e/ ?Hn‘ioslij%?% bei ng kept at
0O Vto generaeth electroneectlon fromthef oat i 9 gtothe wel | .
Hovever , t he G s ity T ey B8 PRORFERbY TP BSFFRbVBat e t o

the source/ al n gﬁ?l IH overl a betvveen the source or drain diffusion

| ayer with t FEcured 15 rel ati vel y greatly. The present

invention is appl ied tg % t %g)ééwrﬁ] r’J?gelrg (}Y%[HEJ’S'[ bd LIl esl g}l%cyl t

devi ce having only the h menory ut al so a one-

mi croconpyt er, pﬁsﬁmrf‘eory&clt fy&ledd 08l eequwpae@ly\étibtﬂ@e BIRE Yo €€ ét@rray

20 portion 80 haV| ng non-vol atile sem conductor nenory devices (

menories). Thgafdpct sobia nad by ddes typi gadet vent hONe 1 8APAGN L he
i nventions disclosed in this application are briefly as follows. 25 The

present i nverdjedtican Meducthd el sy ¢eld tareee othihe geoecoadact or
integrated circuit device. The present invention can inprove the operation
speed of the BeddiomthuctdOrappitieny atred regauite devitege 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 fleoating 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 flcocating 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
briefiy 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.




12 AUG 2004 - 154 The present invention can decrease the defect density
of the insulator filmfor isolating the gates inside the menory cejb @%
the sem conductor integrated circuit device, and can inprove the yield of
the 5 sem conductor integrated circuit device. The present invention can

| ower the internal operating voltage of e seni conduct or i nt egrated
circuit device. 12 AUG,2004 - 155  CL seniconqggtor?%ntegrated

AIMS : 1. A
circuit device having a HomVBiHt ' oS, CTonprisTaye = weffiofta first
conductivity e for on a majn rfa f_a. 1 cond or substrate, a
plurality of é'sé/erfﬁlctc}ﬁdjtr}g?tok}e rlerbsl%in%t% %l%gcg%l %%%g‘g](::f‘ﬁ%i F@ t?‘f‘) “Sformed in
said well an 1 i i fi i o) 1 I i ne
anot her; a pﬁﬁ%ﬁf&?&hg?1%¥¢§%yd%§%% %?%%% %%@?9%%€??g%g %§£%§%59§§|!
located betvean sal Gl idal idyd dfaseimeondlctRf {egignsrthrough a first
insulator film and arranged in matrix, a plurality of second gates each

formed over aferd@asidsad ofntsayehfdd Stirgaiesqariagged in identical lines
t hrough a second insulator filmand extending in a second direction
crossing said first dirmeetiggesand snyintiadn taamflddd r delgat astexagndi ng in
said first direction, wherein: a plurality of nmenory cells, each including
one of said fagestatgates;olraege e £cthie cadrhicominetcd edinnepasadd etibetiiveen
adj oining pairs of said sem conductor regions, and each of said third
gates is buridmiiae.a space between two of said first gates adjoining each
other as viewed in said second direction in such a manner t hat




an upper surface of said third gate is at a |lower |level than that of an
upper surface of said first gate, and a third insulator filmis ffF 104
bet ween a side surface of each of said first gates and a side sur ace of”
each of said third gates. 2. A sem conductor integrated circuit device
according to claim1, wherein two of said first gates adjoining each ot her
as viewed in said second direction are formed symetrically with respect
to one of said third gate s |ocate(] between said adjoining two first

gat es, and adjoining pairs of said third gates are formed symetrically

W th re M 0 sone of said first gates between said adjoining pairs of
sai d thi 1 2 AUG 2004 -- 156 3. A seniconductor integrated
circuit device accordi ng to claim11, which has any one of the foI I ovvi ng
constructions: a first construction erein said first S

gate sahd second A gawqrgﬂuat%*ht@amtmgQFQUM&V@&‘.W‘?ﬁ ﬁg“%fa%@e Qt”r”é?'ase
gat, ngd%:quconstructlon wherein said first gate is a floating gate,
said 56D e is acontrol gate and said third gate is a gate for
controlling a splid wahafinal frsarnduttvityd tymndomued | @n avheesi rsustEcd of rat
gate is a floatlng % t%, said second gate is a control gate and said third
gate i s SPYaPR dYEHoT l33?[1='H‘3'c|ons of both an ,.rase gate and gate for

controlling a splig éﬂ@%ﬂf}e'of éemﬁoﬁﬁﬂtt@ﬁﬁ@g@r@r of Nd egfcired centitidtiitydeyhse
according to claim wherein a part of said third gate exists over said

seni condooned in egrdcmelbﬂﬂ@ pstesdlina a B directian wdﬂfyaarallal WAhsPé?ﬁ BOAAGEL or
t ted t
I ntegrated circui aadpgeﬁ?gfzyongcf%f edéqsé %ﬁJné fe E’Bﬂro(?x's ofS&hifl WdiStod@e 1S

a floating gate, acon e and sal thlrd gate 1is
an erasepdgreen edid Fblbﬁah@ptdfrﬂnsluomcaﬂ&ome@ansi thmugdi gafirst emsgatorofler, amd d
sem conductor region of the second conductivity type. 6. A sem conductor

i nt egrat%’dﬁﬁf&g%kﬂlmaﬂ&/l ce according to claim 1, wherein

a plurality of second gates each formed over at least some of said first
gates arranged in identical lines through a second insufator film and extending in &
second direction crossing said first direction, and

a plurality of third gates extending in said first direction, wherein:

a plurality of memory cells, each including one of said first gates, are
electrically conneéted in parallel between adjoining pairs of said semiconductor
regions, and each of said third gates is buried in a space between two of said first
gates adjoining each other as viewed in said second direction in such a manner that
an upper surface of said third gate is at a lower level than that of an upper surface of
said first gate, and a third insulator film is formed between a side surface of each of

said first gates and a side surface of each of said third gates.

2. A semiconductor integrated circuit device according to claim 1, wherein
two of said first gates adjoining each other as viewed in said second direction are
formed symmetrically with respect to one of said third gatés located between said
adjoining two first gates, and adjoining pairs of said third gates are formed
symmetrically with respect to some of said first gates between said adjoining pairs of

said third gates.




said third insulator filmis a silicon oxide film doped with nitrogem AUG 2004

- 156 -

3. A semiconductor integrated circuit device according o claim 1, wmich
has any one of the following constructions: ‘

a first construction wherein said first gate is a floating gate, said second
gateis a control gate and said third gate is an erase gate;

2 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 & split
channel; and

4 third construction wherein said first gate is a floating gate, saig second
gate is a control gate and said third gate is a gate having functions of both an erase

gate and gate for controlling a spiit channel.

4. A semiconductor integrated circuit device according to claim 3, wheren
a part of said third gate exists over said semiconductor region of the second

conductivity type.

5. A semiconductor integrated circuit device according to claim 3, wherein
said first gate is a floating gate, said second gate is a control gate and said third gate
is an erase gate; and

the entire surface of said third gate exists over said semiconductsy

region of the second conductivity type.

6. A semiconductor integrated circuit device according to claim 1, wherein

said third insutator film is a silicon oxide film dopad with nitrogen.




