26 DEC 2006 - 1 SEM CONDUCTOR ‘| NTEGRATED Cl RCU T DEVI CE, PRODUCTI &NoE N8
OPERATI ON METHOD THERECF BACKGROUND OF THE | NVENTI ON 5 This invention
relates to a sem conductor integrated circuit device, and a production and
operation nethod thereof. More particularly, this invention relates to a
technol ogy that will acconplish high integration density, high reliability
and | ow operating voltage of an 10 el ectrically progranmabl e/ er asabl e
non-vol atile sem conductor nenory device. Anong electrically

progr ammabl e/ er asabl e non- volatil e sem conductor nenory devices, a

so-cal l ed "f| sEMICONDUCIOR SINIREBRAATED & IRENDTTY DisAliQEe CEREEBI@ETIEIN 15
collectively erasing data. The flash nenory has excellent portability and
i npact resistance, and can AMNC{ORERATRON MRIHY) |T#HRREAH y erase the data.
Therefore, the demand for the flash nmenory has been increasing rapidly in

recent year gaaxcRIUNDE oEMEEY indewgen for conpact personal 20 digita

assi stants such as portable personal conputers, digital still caneras, and
so forth.sTo expand t henigr kekentiogfuckilareal ta B segldTonudte reducti on of
a nenory cell area is of utnost inportance, and various nenory cel

systens for adetedplats rg ddiiz elivede havel kegrouendsad st apadesadbed in,
for exanple, "Ohyo Butsuri (or Applied Physics)", Vol. 65, No. 11,
pl114-1124 pukithskiedherddfe NapanpSecietyaelyfApphiediRBhpgatisn Nevrambeer 10,
1996. On the other hand, JP-B-2,694,618 (Reference 1 26 DEC 2006

to a technology that will accomplish high integration

density, high reliability and low operatinélvoltage cof an
:i tjk 10 electrically programmable/erasable non-volatile
semiconductor memory device.

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

15 collectively erasing data. The flash memory has excellent

portability and impact resistance, and can electrically
and collectively erase the data. Therefore, the demand for
the flash memory has been increasing rapidly in recent
xﬁ'“ﬁ. years as a file {memory device) for compact personal

| 20 digital assistants such as portable personal computers,
digital still cameras, and so forth. To expand the market,
reduction of a bit cost by the reduction ¢of a memory cell
area 1is of utmost importance, and various memory cell
systems for accomplishing this object have been proposed

25 as described in, for example, “Ohyo Butsuri (or Applied

Physics)”, Vol. 65, No. 11, pl114-1124 published by the
Japan Society of Applied Physics, November 10, 1996.

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



- 2 corresponding to USSN 204, 175 filed on June 8, 1988) descri begs gec 2006
virtual ground type nenory cell that uses r three-layered polysilicon gate.
In other words, this nenory cell conprises a sem conductor region forned in
a 5 well of a sem conductor substrate and three gates. The three gates are
a floating gate forned on the well, a cogtrol gate formed on the floating
gate and an erase gate forned between the control gate and the floating

gate adi acepb.La-ea0H aLhee. uSaRN 8L, 4he Eiea OA! S8nEORP! 1588, 10

polysilicon and 1s"1so by an 1 nsul ator floating gate and the

well, too, amgsksebaked iier,8aChroQhReEybY ABmbRgULALAr thkkMusEle ~control
gate is connected in a rowdireCtion and constitutes a word line. A

sour ce/ drai ntdirbbusgareaypblsifil9egBdghied CDh UPEhdb Wbres) i @Riand shares
the diffusion layer with an adjacent nenory cell in a virtual ground type.

The pitch i nmekeryceklincdimpeitiegnal semiiténdadueedreghencfastedatia as in
parallel with a channel and is di sposed between the word |ines (control
gates) also welpapdl kekemithntihetwor dubshneate2@ndotbxeeuatpsogrnet he
menory cell in this Reference 1, nutually independent positive voltages are
applied to théreer dakteseaandat 61vheidgagater §opmeti val $he weille ®he wel |,
the source and the erase gate are kept at O V. |In consequence, hot

el ectrons de¢enspoilnggle &pansdl opsther fLEAtLATt Bater 8RANRRY ©sRSEhEadLai N,
the electrons are injected into the floating gate and the threshold voltage
of the menorfogBeR PpsweenTsher S9BLERS ﬁéﬁﬁr9ngoﬁpénﬁ}°§tlﬁasE?F€e vol t age

is applied to the erase gate while th 6 C 2006
PP adjacent to 8ac other. fégh £¥Ethe three gates comprises

) ) 10 polysilicon and is isolated by an insulator film. The
floating gate and the well, too, are isolated from each
other by an insulator f£ilm. 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 To execute program the memcory cell in this
Reference 1, mutually independent positive voltages are
applied to the word line and to the drain, respectively,
while the well, the source and the erase gate are kept at
0 V. In consequence, hot electrons develop in the channel

25 portion in the proximity of the drain, the electrons are
injected into the floating gate and the threshold voltage
of the memory cell rises. To erase the memory content, a

positive voltage is applied to the erase gate while the



3 word line, the source/drain and the well are kept at 0 V. CbnseﬂHﬁgfhmﬁ
the electrons are ejected fromthe floating gate to the erase gate and the
t hreshol d vol tage drops. JP-A-9-321157 (Reference 2, |aid-open on 5 Decenber
12, 1997), for exanple, discloses a split gate type nenory cell. A large
overlap area is secured between a diffys%op | ayer and a floating gate so
that the potential of the diffusion |ayer increases the potential of the

floating gatg, 4 i%vol;aéggom@c@pakagﬁ bRdacHer deif skeek%gtaﬁtt@ {prove
t he generation of hot electrons and the injection effect data is

watten Fur thgsaghent I { Nt eheaéi epakofk egté 085 eveéaesroeehkngl1deehngcal
Digest", 1989, pp. 603-606 (Reference 3) discusses a nethod that controls a

floating gat gapet ept thé dbaby gaverendi bheatireonbial sodtapki irepannel by a
third gate that is different fromboth floating gate and control gate.
SUMVARY OF THE | NVENTI N-A+94 3201 HowReferdhee | yehd Ddsopéntbe present

i nvention have found that several problens devel op when a higher

i ntegration HDenembgri $32solfhT) i nfoheenamply, céisslodescai bpdinbgate
Incidentally, the problens that follow are noticed by the present inventors
and are not 28ppareRenyareylkndwnidnoe hwenkap Fren iy reepuesd thetwedmt uri ze
a nenory cell, scale-down in a direction verti cal to an extendi ng

direction of aadéhfasiphelaynnt and, at hEO@FiREt 9aRe 050t HB2DELREC 2006

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 improve the generation of hot electrons and
the injection effect when data is written.
Furthermore, “International Electron Devices
Meeting Technical Digest”, 1989, pp. 603-606 {(Reference 3)
discusses a method that controls a floating gate potential
15 by a word line and controls a split channel by a third
gate that is different from both flocating gate and control

gate.

SUMMARY OF THE INVENTION

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

25 particularly known in the art.

First, in order to miniaturize a memory cell,

scale-down in a direction vertical to an extending

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



4 arrangenent of the data line) as well as scale-down in a directbPpec 2006
vertical .to an extending direction of a word line (that is, the direction
of the arrangenent of the word |line) nust be achieved. Reduction of the
word line 5 width and the word Iine gap is effective for achieving the
reduction in the word |ine arrangenent direction. However, when the word
line width is decreased, the resistance value of the word |ine increases

W th the resyt drfte of i8R Qfaddhe (wRNnd Jd MR 1MOlLA4R 1% JRKAT defl avhen the
data is 10 witterm or read out. This invites in turn the problemof the

drop of the Qp&/Aldim SREQd.callo tT0late dtichdin@PlBPect i o ¥FKed Wdddn of a
polysilicon filmand its netal silicide film(that is, a so-called

"pol yci de filiine nedhdte idsedHen diplered of dfhe heolaySidrigeerrti R atfd I m as a
word line 15 material. The polycide filmprovides a filmhaving a | ower

resi stance valarel tlhare)t reigolbgsiddid@veld. nRedutngohhefsahe wbrbmliheckness
and can restrict the rise of the word line resistance. Wen mniaturization
further pBoceedih rarfdittiree wand tihimenvgag liisne fifieictive fequiacdd etvirige tdrenl | er
2 20 than as it nowis, a stacked filmof the polysilicon film and a netal
film (that i seductdaraliredhepoiontetldne i@nrangerentbalirsstiothe Powgneral
filmcan further |ower the resistance value than the polycide film having
the same fi|Wherhitdinessdadd naividdpe i decreaseght fde regigta®ref 25 the
word line width. However, the faollow ng problens devel op when the polycide
filmor the pRifARetel the mMord ddd® adATF@sher ¥1th fdendEsyild that the nenory

cell described in the . .
élse og]the word line voltage is retarded when the data is

T ) 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 polysilicon single film as a word line

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

20 than as it now is, a stacked film of the polysilicon film
and a metal film (that is, & 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



26 DEC 2006 5 reference cited above, the erase gate and the word ,kipp@ 2064 ©
so arranged as 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 ni mum feature size, 5 it is necessary to pattern continuously the word
line and the floating gate, then to formcthe insulator filmbetween the
floating gates so fornmed, and to formthefeafter the erase gate. However,

metal s contaiped bckhe; PRLYahEGeOr tnbNekBeePghyBREAL Ehasebya d4hing a
cleaning step as a pre 10 step for formng thé insulator film between the

floating gakeeaBd hheafpagcagats. exhendi sgotnendimetalsnagarhicadhere to
the sidewalls of the floating gate and are entrapped into the insulation

filmduring the gsbsequast diktecmRbhoN Bt eprddr the revutatohie fgapm As a
result, the 15 defect density of the insulatot filmincreases and
reliability betepenl ede ®egcdndintbetoenwiyecehk néacmbhedebnutrkesabeye-
menti oned reference enploys a nenory cell structure called a "split channel
type" in ®hidh ttkentkeatsanyg gat patbesnnobntinhof®lgxtbe wbrd pane ehdt he
channel portion. Control of the split channel in this nenory cell is

achi eved as the fpoetangababde.t hbepohker Sbryatbe( dosdleknr) fékinsbetyesn t hat
split channel is controlled. Therefore, the word line has also the function
of the splitthat loasipacpatasabpyforpedyi 8Bdt he farm rhesephberefbfy cel |,
it Is necessary to increase the occurrence quantity of hot electrons and

i nj ection ef FraFéng§teTo HAMRYSF ¢ Higtals contained’in the polycide or

in the polymetal dissclve 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 floating gate and are
entrapped into the insulation film during the subsequent
formation step of the insulator film. As a result, the
15 defect density of the insulatot film increases and
reliability is spoiled.
Second, the memory cell described in the above-
mentioned reference employs a memory cell structure called
a “split channel type” in which the floating gate does not
20 exist at a part of the channel portion. Control of the
split channel in this memory cell is achieved as the
potential of the control gate (word line) existing on that
split channel is controlled. Therefore, the word line has
also the function of the split gate.
25 Incidentally, to write the data into the memory
cell, it 1s necessary to increase the occurrence gquantity
of hot elecfrons and injection efficiency. To attain this

object, it is effective to increase the potential of the



object, it is effective to increase the potential of the 26 DEC 200§ pec $vos
floating gate so as to increase the electric field in the vertical
direction of the channel portion, and to lower the potential of the split
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 rd line voltage. Therefore, the

voltages of e diRAldNE G QLM i roldd Rl L1AMAL 18 LONLEPLARS

i ndependent | y. there 1s no way but to 10 control t

vol tages of Rkatht fdpatdiNe Gate ¥ 13 idnapled ddvald!) thes Wy d dudie

vol tage. In consequence, the generation of thé hot electrons and injection

efficiency caothadiEyr redhd Byitianepus o Wiritdd e daie diectyriegr ammed,
therefore, an extrenely large current with 15 respect to the injection

current flowstieddl drherdataharmmayindio die qivtedr atbredtsionul t aneously into a
plurality of nenory cells. Furthernore, a high programm ng rate cannot be
acquired. 51 Means descilirbedhel metroeryReedledesc? ibey he gded Refe2@nae tlhe

met hod that sinultaneously increases the generation of the hot el ectrons
and i nj ect i orhadeved etdye ivpliteges it ttheclspdiidl gafse imemantredlied However ,
this method involves the problemin that that overlap between the diffusion
| ayer and t h&faumh iqiegatarbddatey g f Thegrfors 25hge¥gléagpshof

scal e-down. It nay be possible to control the floating gate
the floating gate and the split gate cannot be controlled

independently. In other words, there is no way but to
) 10 control the voltages of both floating gate and split gate
through the word line voltage. In consequence, the
generation of the hot electrons and injection efficiency
cannot be improved simultaneously. When the data is
programmed, therefore, an extremely large current with
15 respect to the injection current flows, and the data
cannot be programmed simultaneously into a plurality of
memory cells. Furthermore, a high programming rate cannot
be acguired.
Means described in the Reference 2 may be used
20 as the method that simultaneously increases the generation
cf the hot electrons and injection efficiency in the split
channel type memory cell. However, this method involves
the problem in that that overlap between the diffusion
layer and the floating gate becomes more difficult to
25 secure with scale-down.
It may be possible to control the floating gate
voltage through the word line and to control the split

channel by using the third gate different from the



vol tage through the word line and to control the split channel by yshpg,dobe
third gate different fromthe 26 DEC 2006 7 floating gate and the control
gate, on the basis of the technol ogy described in the Reference 3. However,
this technol ogy does not take scal e-down into consideration. It is
therefore an object of the present 5 invenfion to provide a sem conductor
integrated circuit device suitable for mniaturization and having a high

operation speefhbuind &%/1& defectnddensidyol atk & REPAUL 104k 3 ges o of such a
ve and Ot he

devi ce. The abo r objects and novel features 10 of the present

invention wilfe P s APIE N n FEUN R fer dridd O N@IRlRS@, Piik@y of the
specification when taken in connection with the acconpanyi ng draw ngs. The

seni conduct ort KA S Ll d bt (love Cfca RCCcdwh Nchd® ddies @S on Nventi on
enpl oys the 15 construction wherein third gates having different functions

fromthose of floating aties aneirelargalte)edite ofowheepdasdrde gaps bet ween
word lines (control gate, second gate) and floating gates (first gate)
exi sting iBn aidveht ot iton prestidala semaraidwitdo irdeegurtted iciescui 0
Qutlines of the present invention will be recited below. 1. A seniconductor
i ntegrated cidewte dovittable nMdudesniatwetizagfion fandthavinfuce ividly type
formed on a main surface of a sem conductor substrate, a sem conductor 25
regi on of a seR®wRLicondirasd iRyt t3 powdgingedensitds RNA a rredugtion
extend in a first direction, a first gate
method of such a device.
The above and other objects and novel features
T ) 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
15 construction wherein third gates having different

functions from those of floating gate and control gate are

buried in the gaps between word lines (control gate,

second gate) and floating gates (first gate) existing in a

direction vertical or parallel to the word lines.
20 Outlines of the present invention will be

recited below.

1. A semiconductor integrated circuit device

includes a well of a first conductivity type formed on a

main surface of a semiconductor substrate, a semiconductor
25 region of a second conductivity type so formed inside said

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

formed over the semiconductor substrate through a first

insulator £film, a second gate formed over the first gate



formed over the sem conductor substrate through a first insulator $4hie 2
second gate fornmed over the first gate 26 DEC 2006 - 6 through a second
insulator film and a third gate forned and insulated fromsaid first gate
through a third insulator film wherein the third gate is so forned as to
extend in the first direction and is buLi%d_in a space 5 between said first
gates. 2. In a sem conductor integrated circuit device according to item1,

the first gat@soigh f20/@RbnSHHRIERH |68 1%, RndeSPedli dd ddre tiyrndat e,
and the third gates are fornmed symetrically with respect to the 10 first

gate. 3. A sefiddmdmQiadled Mregl aladdl dircti igadevittgougdiclaudesiral wel | of a
first conductivity type formed on a main surface of a sem conductor
substrat e, aisemvlamdudiidm, megirenirsdhfeotiEdd geitde ishesondldrmesd tas éxt end i n
a first 15 direction, a first gate forned over the sem conductor substrate
t hrough a fi restteingsulnattdre fiilngt aigecdidngamnsl ifsobwrd egyam tehepaaest gate
through a second insulator film and a third gate, wherein end faces of the
third gaté ahetwesnh fsadsek fopisdsigafeshe first gates adjacent to each other r
J 20 between the first gates, and are so formed as to oppose end faces of
the first gate existingli @ SERACLBOLELER fRECTrRted GRFe8iitoReVREBugh t he
third insulator film 4. A sem_conductor inte%rated circuit, device includes
a well of a BYELEHUER ibFY lry & SFirsd 78S 2T endiof™eH f ace of a

i con r r. , i con r .
sem co dUCtosfﬁﬁg¥Ef§é lfaé?%g(¥%§%g%%0to the third gate, and the

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

through a first insulator film, a second gate formed over



region of a second conductivity type forned inside the well, a fi r?é Bt de
formed over the sem conductor substrate through a first insulator |?n] a
second gate fornmed over 26 DEC 2006 9 the first gate over a second
insulator filmand a third gate fornmed and isolated fromthe first gate
through a third insulator film wherein gn _upper surface of the third gate
exists at a position |lower than the upper 5 surface of the first gate. 5. A
sen conduct ory Nt SOrAt efhe Lidvaltl ta dRHAGR BAOIAQI AL fiddems 1 to
4 has any one of the follow ng constructions: a first construction wherein

the first gajfrd ssrnddarnd g GAldted Franeaditd Hats idate hepmn ol gate and
the third gate is an erase gate; a second construction wherein the first

gate is a flogtimp gRhBatdhe iSeGonthegRiia ish aippdt rsalr fgajee aMdHehe third
gate is a gate for controlling a split channel; and a third construction
wherein the finistd grite iexistfd Gat iangpagaite onl 3 dwer sheondthgatuppexr a cont r ol
gate and the third gate is a gate having the functions of both erase gate
and gate fBor swofdaeldi nthea fSiplstt gatannel . 6. I n a sem conductor integrated
circuit device according to item5, a part of the third gate exists over

20 the seni cdnduct or r égisemisondue toac dmdegradest iodivop ity slevize In a

sem conductor integrated circuit device according to any one of itenms 1 to
4, the first apaErding to |agat iang ¢t tanfe sdécorid @nYs oGt rtdie gate and
the third gate is an erase gate; and an entire surface of the 25 third gate
exi sts over tiRMIMHNDIARTIUGEQGT & Gt construction wherein the

first gate is a floating gate, the second gate is a

i_) 10 contrel gate and the third gate is an erase gate; a second
construction wherein the first gate is a floating gate,
the second gate is a control gate and the third gate is a
gate for controlling a split channel; and a third
construction wherein the first gate is a floating gate,

15 the second gate is a control gate and the third gate is a
gate having the functions of both erase gate and gate for
controlling a split channel,

6. In a semiconductor integrated circuit device

according to item 5, a part of the third gate exists over

—
R

20 the semiconductor region of the second conductivity type.
7. In a semiconductor integrated circuit device
according tec any one of items 1 to 4, the first gate is a
floating gate, the second gate is a control gate and the
third gate is an erase gate; and an entire surface of the

25 third gate exists over the semiconductor region of the
second conductivity type.

8. A semiconductor integrated circuit device

includes a well of a first conductivity type formed on a



second conductivity type. 8. A semconductor integrated circuit devjGfc 6
includes a well of a first conductivity type formed on a 26 DEC 200€ - 10
mai n surface of a sem conductor substrate, a sem conductor region of a
second conductivity type formed inside the well, a first gate fornmed over
the sem conductor substrate through a first insulator film a second gate
formed over 5 the first gate through a s&dbrd insulator filmand a third
gate forned i f.o N e a _thi i r
Prim whor oi dRe SPeEese BECT, s8R, cbhphRBke sLBLEUAReD o BeRECLRRNCEE: for

control ling éga%int ofcaageebndflep%dulzeli@igwsﬁt??ed@emédi nheghat gfleCi rouit

device accordi'ng to any one of itens t he third insulator filmis a

silicon oxidgehirl mdepedtWybhenitbrfgaNovd®. theS8BhELBAUGERb I BLBYERERE
circuit device includes a"well of a first conductivity type formed on a 15

mai n surfacet@iroaghedi garduciasuldlslr &iem, aasescengdgater foefednocotra
second conductivity type fornmed inside the well, a first gate fornmed over

t he sem condegleorrizglhsgagbethirbughgh aetbndt insalbkaber filmmand sechiddgat e
formed over the first gate through a second insulator filmand a third
20 gate forngdtendorsedated fisodrutkd frost that €irktoggheathtrbigt Bnsul at or
film wherein a filmthickness of the first insulator filmis greater than
that of the $bdoddiosulehiordfidsul aherefinl khelthisdsgaiceohdacfonctaregrat ed
circuit device ) _

of both erase gate and gate for controlling a split

channel.
f“) 10 9. In a semiconductor integrated circuit device

according to any one of items 1 to 8, the third insulator

film is a silicon oxide film doped with nitrogen.

10. A semiconductor integrated circuit device

includes a well of a2 first conductivity type formed on a

15 main surface of a semiconductor substrate, a semiconductor
region of a second conductivity type formed inside the
well, a first gate formed over the semiconductor substrate

through a first insulator film, a second gate formed over

the first gate through a second insulator f£ilm and a third

N
R

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

11. A semiconductor integrated circuit device

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

well, a first gate formed over the semiconductor substrate



25 includes a well of a first conductivity type forned on a main siyf@cRedf
a sem conductor substrate, a sem conductor region of a second conductivity
type forned inside the well, a first gate formed over the sem conduct or
substrate 26 DEC 2006 - 11 through a first insulator film a second gate
formed over the first gate through a sgqﬁpq_insulator filmand third gate
formed and isolated fromthe first gate through a third insulator film

uherel n Lhe SSEoG ﬁ.imefig%gp{-irfs%aa% Fiagked | SLELAL gab@l ¥SkhegopyELl m and

a netal silicl e third gate exists as if is buried Into a

space between Hhe ifdgtStgAat @hrobdh lah s2copd GARIUGHRr IMLR0EMEdgidLuit
device according to item 11, the netal silicide filmis a 10 tungsten film

13. A seni coni+@ @Formle gt aGoQiat@d Frdayitde fiiRetudeted tildugef aa first
conductivity type forned on a main surface of a sem conductor substrate, a
seni conduct orthireyiigsulfatdrsEddn] adrdedn thiey skypad gated cdorpirdeetsha 15
well, a first gate fornmed over the sem conductor substrate through a first
i nsul at or 5f i lsnackeskeddrich gt @ fpaliyed loven ftile kindst getelt lsidughdes second
insulator filmand a third gate fornmed and isolated fromthe first gate
through a 1 tfilmd jamslultdeort hiiridngamee exilstish@ssdtond Hardedonpitiosas a | 20
stacked filmcontaining a netal_ film 14. In a sem conductor integrated
circuit devi éPacgdetdiesy ttds famst3 Jates -second gate conprises a | amnate

filmof a polysilicon film a barrier nmetal filmand a , ,
12. In a semiconductor integrated circuit 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 semiconductor 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.

16. In a semiconductor integrated circuit device



metal film 25 15. In a sem conductor integrated circuit device ac§§5ékfmk
to item13 or 14, the third gate exists as it is buried into the space
between the first gates. 16. In a sem conductor integrated circuit device 26
DEC 2006 12 according to item 13, 14 or 15, the barrier netal film
belongs to a group of a tungsten film a gtitaniumfilm a tantalumfilm a
netal filmmade of a transition netal Tts®elT or its nitride filmor its
silicide film_an I Nyt | A bal |I| fi a
nnlybdenunlsﬁcé%'géﬁa:ﬁ%lgg |t§ﬁ|§%\tﬁLg§te%%% %ﬁ%&? gﬁ%laFﬁgb filmns.

L7. A seri copglclors i QULALEd G QUickurdRilate £:aac 0BT anmu?nnmae af itens

11 to 16 has any OW ng constructi ons: irst construction

wherein the tsa%faq tquﬁln s il 4 19AtRYe D rdaf It&%@hstah%rﬁdna‘e%%qs of the
fi.-rst gates parallel to t he extending direction of the second gates anpng

the end faces Qfeitf@f iikSt nddteste F1dmd orSe@@N@i1QRSWeUGtI1R) Wherein the
space between the first 15 gates is defined by end faces of the first gates

vertical s5toadihieximenditidddi Fedi,0a @bbahe seearddeatréimgnang the end
faces of the first gates. 18. A sem conductor integrated circuit device
i ncludes a weldivdidemuld B3t icddeudtiilm,t v thipenfiommedngstan A lsewirconduct or
substrate, a sem conductor region of a second conductivity type forned
i nside the walHeid @ddloy $odmse | ines and | ocal data |lines formed by
connecting the sem conductor region, select transistors for selecting the
17. A semiconductor integrated circuit device
according to any one of items 11 to 16 has any of the
j ) 10 following constructions: a first construction. wherein the
space between said first gates is defined by end faces of
the first gates parallel to the extending direction cof the
second gates among the end faces of the first gates; and a
second construction wherein the space between the first
15 gates is defined by end faces of the first gates vertical
to the extending direction of the second gates among the
end faces of the first gates.

18. A semiconductor integrated circuit device

) includes a well of a first conductivity type formed in a

N

20 semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, loczal
source lines and local data lines formed by connecting the
semiconductor region, select transistors for selecting the
local source line and the local data lines, a first gate

25 formed over the semiconductor integrated substrate through
a first insulator film, a second gate formed and isolated
from the first gate through a second insulator film, word

lines formed by connecting the second gates, and a third



| ocal source line and the local data lines, a first gate 25 forned ?é’ﬁécitf&g
sem conduct or integrated substrate through a first insulator film ™ a second
gate forned and isolated fromthe first gate through a second insul ator
film word Ilines forned by connecting the second gates, and a third 26 DEC
2006 - 13 gate forned and isol ated fr;nﬂgrgefirst gate through a third
insulator filmand having different functions from the first and second

gates and, whghel rfo%m%an%hhnqse%&legmfr% the kg gales tRtoRlyh et ween the

word line exi'sting 5 at the nearest position to the Select transistor inside

a nmenory celdhi@doql{lgsaqmbirs iFAgmt RS BlOShgt HARTeTLARS randtibhe Gabs of the

sel ect transistor. In a sem conductor integrated circuit device

accordi ng to tHeemikBt AndURBY-ocadl gat¥isShadheneesinha bliddhungl pagtRemnt i on
of the third gates and the word |ine existing at the nearest position to the

sel ect transicdt @he ithdirde ghltesmexasy scbeltwbeackhe2Word detec erdsetting
integrated circuit device according to item 18 or 19 has any one of the
foll owi ngs latcahet heatriesns poaikibat coonher sefipon whransistalrl iokiteeat hird
gates existing inside the nenory cell are bundled at either one, or both of
the ends of wesorymoey lcbliochl cokprésdnganticasedechdteenststorisoandher ei n
every other of the third gates existing inside the nenory cell block are 20
bundl ed at th&ensigsey ofelthebisedrcen@rapsishoseni conductor integrated circuit
device according to item 20 has any of the follow ng,  constructions: a
first constrdétion whefBi & EBRESEPAHEFEE 1ntegrated Circuit device

according to item 18, a dummy gate exists between the

\7) 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 semiconductor integrated circuit device
according to item 18 or 19 has any one of the following

13 constructions: a first construction wherein all of 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 wherein every other of the

) third gates existing inside the memory cell block are

N

20 bundled at the memory cell block end.
21. A semiconducter integrated circuit device
according to item 20 has any of the following
constructions: a first construction wherein contact holes
are disposed at the bundling portion of the third gates;

25 and a second construction wherein the third gate and the
dummy gate are connected through a contact hole and a
metal wire.

22. In an operation method of a semiconductor



are disposed at the bundling portion of the third gates; 25 and a sgGaRhoos
construction wherein the third gate and the dunmmy gate are connected
through a contact hole and a netal wire. 22. In an operation nethod of a
sem conductor 26 DEC 2006 - 14 integrated circuit device includes a well
of a first conductivity type fornmed on q4nan surface of a sem conductor
substrate, a sem conductor region of a $econd conductivity type forned

inside the wehtegRatbfStiPc0at €aéPioBUi Q¥ BLabEE, SEEL E0PEUST B rapbstrate
through a first insulator film a second gate forned over the first gate

t hrough a segefdutosuhaiotypel formed enthikdigaserréeened and isolated from
the first gate through a third insulator film the well of the first
conducti vi t ystypeohdudOoof sabptiype; areogmbovhdgectsrmegiby apphying a
positive voltage relative to voltages of the third gate, the well and a
source as onseobntiheondgcbvhsivy thpesEormeddinsbde thegiealis appirst to a
control gate as the second gate and to a drain as the other region of the
seni conduct ogaté fegmed; owad thassemyicsnduadeobysubptyshg thposghi #e vol t age
relative to a voltage of the control gate to the third gate. 23. In an
operati on nefhodtoinauserbrohiils: or degprd gahel formed Qeer bheafirpst
conductivity type fornmed in a 2 20 main surface of a seniconduct or

substrat e, agégﬁiébﬁﬁHEPoF seeghenibfubaseEohélBondidt #vFRYTEyBREEOr Ned

inside the well, a first gate_formed over. the sem conductor supstrate
formed and fso ated from the first gate tﬂrough a tgfrd

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
to a drain as the other region ¢of the semiconductor
15 region; and erasing i1s made by applying a positive voltage
relative to a vecltage of the control gate to the third
gate. )
23. In an operation methed of a semiconductor device
o includes a well of a first conductivity type formed in a
/ ") 20 main surface of a semiconductor substrate, a semiconductor
region of a second conductivity type formed inside the
well, a first gate formed over the semiconductor substrate
through a first insulator film, a second gate formed over
the first gate through a second insulator film , and a
25 third gate formed and isolated from the first gate through
a third insulator film: the well of the first conductivity
type is of an n type; programming is made by applying a

negative voltage relative to voltages of the third gate,



through a first insulator film a second gate formed over the firsf fi@dtRos
t hrough a second insulator film, and a 25 third gate fornmed and isol ated
fromthe first gate through a third insulator film the well of the first
conductivity type is of an n type; progranmmng i s made by applying a
negative voltage relative to voltages of ,tthe third gate, 26 DEC 2006 - 15
the well and a source as one of the regl& s of the sem conductor region to

a control gatgeagelheaggcondogate agndnéood Qﬁ@'Pe€§oﬁBeo?t9§é region of the
sem conductor region; and erasing is nade by applying a positive voltage 5

relative to thei¥ehtageoef réf§eosonbral cgateol oghbe £5i tHe gak6nd24atén an
operation nethod of a sem conductor integrated circuit device includes a

wel | of a figsH teoaddetini &y thpeothesedegion oA theusémieonfiuatdd

sem conductor substrate, a sem conductor region formed inside the well, a
first gate feoegednpvendt8eassrgi tonmadeobysapsliyang &hposghiwefvostage
insulator film a second gate forned over the first gate through a second
i nsul at or5 andedathivedtgatbef vohtdgandfi théatedtfobngahe 185 thesthiynde
through a third insulator film the well of the first conductivity type is
of an n typegapeegramming is nmde by applying a positive voltage relative
to voltages of the third gate, the well and a source as one of the

regi ons of tRé- senlconH@c@%roP%ﬁ¥6h°%om%t%%%t?%lag%&@#%@@ Yotehe second

ate; and erasin de in |t|ve voltage r latlve to the
O Caga or L netadrerel Conebi FrBeKLOY, PagPades H SRl (805 L

conductivity type formed in a main surface of a

fr) 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 one of the
regions of the semiconductor region to a control gate as

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

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

gate formed over the semiconductor substrate through a



25. In an operation nethod of a sem conductor integrated circuit dRWIKS006
includes a well of a first 25 conductivity type forned on a nain surface of
a sem conductor substrate, a sem conductor region of a second conductivity
type forned inside the well, a first gate fornmed over the sem conduct or
substrate through a 26 DEC 2006 - 16 _fi% t insulator film a second gate
formed over the first gate through a second insulator filmand a third gate

formed and i salaled Jdamddie dilins! Aedl Yaalk Gl ovetsub @ fdd m the

wel | of the first conductivity type is of Ta p type; programmng I s made by

applying a poaidd W rotRff adedRrd ivela el trades a0fd henihid ¢agat e and a
source as one of the regions of the sem conductor region to a control gate

as the seconceiafed il iz A dedl Fram the MARer gake ehrughhe semiregonduct or
region; and erasing is 10 made by applying a negative voltage relative to

the voltage jafsdlzrarelfilm tthe e@lllr @f giiee filtiste deerpictd i twlet dge of
the third gate at 0 V. 26. In an operation nethod of a sem conductor

i ntegratefl ciofcd tp dexece priogirattintignga iseimadef by fappdtyintd ac poduictime ty type
formed on a main surface of a sem conductor substrate, a sem conductor
regi on of a wedege cwidudcivieyitioy violgedies: wdd thesitdd richgane! landaafirst gate
formed over the sem conductor substrate through a first insulator film a
second gate fsoumme drerncheff ithet r2@igase ofhtheyisemisonsiwe tiors wegion fil m
and a third gate formed and isolated fromthe first gate through a third
insul ator filtf & KOSl GREEhES ithet SeERdc Tidkiet @mcg/g@ ias drain” as the

other region of the semiconductor region; and erasing is

T ) 10 made by appliying a negative voltage relative to the
voltage of the well to the control gate while keeping the
voltage of the third gate at 0 V.
26. In an operation method of a semiconductor
integrated circuit device including a well of a first

15 conductivity type formed on a main surface of a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, a first
gate formed over the semiconductor substrate through a
first insulator film, a second gate formed over the first

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

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

erasing is made by applying a positive voltage relative to



of a p type; programming is made by applying a positive voltage re]gii ot 0
vol tages of the third gate, the well 25 and a source as one of the regions
of the sem conductor region to a control gate as the second gate and to a
drain as the other region of the sem conductor region;, and erasing is nmade
by applying a positive voltage relative ty, 26 DEC 2006 - 17 the voltage of
the control gate to the well. 27. In an operation nethod of a sem conductor

i ntegrated Ckhﬁuwblq§§§csfiEﬁbuebagpalwgbheoﬁoatﬁgraéllconductivity type
formed in a nmain surface of a 5 senm conductor substrate, a sem conductor

region of a zgecond comngughi ¥pb¥atype ©ethHBd oPsadeembeon@httod second gate
formed over the first gate through a second insulator film and a third

gate forned andegzakatediteaitt Hevgaeeinthndiigh a whildoEnsulfater film the
wel |l of the first 10 conductivity type is of an n type; programm ng is nade
by appl yi ngcandegativieyvalypagéormedt ineat mainl sagfscefofhe well and a
source as one of the regions of the sem conductor region to a control gate
as the setongegacendaptiorosabdtapteasat Rempcppdurtgronegionhefsani conduct or
15 region; and erasing is made by applying a negative voltage relative to
the vol tage 6BcPRE ®wERAUEsivAEYCcEHPROEOEREE infifde tRe vBliage 6BCPRE third
gate is kept at 0 V. 28. In an_operation nethod of a sem conductor

i ntegrated cPO2&Ri £odBPACRVPACEDE A§TaTWERFeoFREOPPRsE S8BORBNANELLFFPY type
formed in a nmain surface of senicgnductor aubst&ate % sen conduct or

region of a fs¢Pond@PEoRdGBLEG B9tEy HETREFneRdi ASPLBtEHe TR thE PRFE(
through a third insulator film: the well of the first

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

15 region; and erasing is made by applying a negative voltage
relative to the voltage of the well to the control gate
while the voltage of the third gate is kept at 0 V.

28. In an operation method of a2 semiconductor

: integrated circuit device including a well of a first

) ') 20 conductivity type formed in a main surface of a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, a first
gate formed over the semiconductor substrate through a
first insulator film, a second gate formed over the first

25 gate through a second insulator film and a third gate

formed and isolated from the first gate through a third

insulator film: the well of the first conductivity type is

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



gate forned over the sem conductor substrate through a first insul&m¥c 006
film a second gate forned over the first 25 gate through a second i nsul at or
filmand a third gate forned and isolated fromthe first gate through a
third insulator film the well of the first conductivity type is of an n
type; programming is nade by applying a nRegative 26 DEC 2006 - 18 voltage
relative to voltages of the third gate, the well and a source as one of the

regions of theisagbceaddetioe tbayeltkges 66nthel tgata gatéhetreceallgate and
to a drain as the other region of the sem conductor region; and 5 erasing

is made by appbyengoarpesiesi veevokt age regadbnseofothéhsembbbadecobrt he
control gate to the well. 29. In an operation nmethod of a sem conductor

i ntegrated ciiegert tdewi centncludanhg aswehé sécandli gate soddbet avdrginype
formed in a main surface of a 10 sem conductor substrate, a sem conductor
regi on of a asetbadotbaduregipnyofyphef sembdondgrtert heghehf, andfirst gate
formed over the sem conductor substrate through a first insulator film a
second gate PSRARHYO¥ErmpHE PYraPPlyane e&hpPosghivesvedhadensalatévef tPm and
athird gate 15 forned and isolated fromthe first gate through a third

i nsul ator fi FRf VRetRBEI 06f thReCPRFEPLcBAbBCEPVEDS ¥§hd-is of a p type;
programm ng IS nmade by_applying a -positive, voltage relative to voltages of
the wel | and?d-source 58 g%n%p%¥th£nr%%?%%§ %? ?h%eﬁéﬂ?% Wat2for region to

0o 95K A5 SE0E0CA0L £ 0N R L8 i Lhe, BABEE redton of
vol t age relaEBKﬁuEQibQ@y type formed in a main surface of a
f—) 10 semiconductor substrate, a semiconductor regicn of a
second conductivity type formed inside the well, a first
gate formed over the semiconductor substrate through a
first insulator film, a second gate formed over the first
gate through a second insulator film, and a third gate
15 formed and isocolated from the first gate through a third
insulator film; the well of the first conductivity type is
of a p type; programming is made by applying a positive
voltage relative to voltages of the well and a source as
y one of the regions of the semiconductor region to a
'—') 20 control gate as the second gate and to a drain as the
other region of the semiconductor region: and erasing is
made by applying a positive voltage relative to the
voltage of the control gate to the third gate.
30. In an operation method of a semiconductor
25 integrated circuit device including a well of a first
conductivity type formed in a main surface of a

semiconductor substrate, a semiconductor region of a

second conductivity type formed inside the well, a first



vol tage of the control gate to the third gate. 30. In an operation gglhos.ef
a sem conductor 25 integrated circuit device including a well of a first
conductivity type forned in a main surface of a sem conductor substrate, a
sem conductor region of a second conductivity type fornmed inside the well,
a first 26 DEC 2006 - 19 gate forned,pgﬁ;_lhe sem conduct or substrate
through a first insulator film a second gate forned over the first gate

through a segard irdswladt okeki Ithe sefidohBuedottababsteatedtapdughokat ed from
the first gate through a third 5 insulator film the well of the first

conductivity fliyge iifisudbtarp fiype; apsegoadngagel Sormed byeapphgi fgrat
positive voltage relative to voltages of the well and a source as one of
t he regi ons oftehéehyemghoadsetondr egisadatorafidont eold gatéias gheesecond
gate, to the third gate and to 10 a drain as the other region of the

sem conduct oforagidoand asdletad dgoms thadéibgtagpitei nhraugbgat thérdol t age
relative to the voltage of the well to the control gate. 31. In an

oper at i onS netithsgletos faamsondecwedl Pt 8hrafdgsti confuciavisy tuPEudisng a
well of a first 15 conductivity type forned in a main surface of a

sem conduct oPfs@h®t tyPe; RISEFREBAAGC LS MREGI BY 8PPAY1iSFcanBCESRAUELi vity
type forned inside the well, a first ate formed gver the sem conductor
substrate thVeddRIg rF#P§ﬂVPn§8IHP&FaﬁanPfatgécUﬁ&lgépg RoPREACEVEF t he

™ ol S B A BB SR, LRSS Babl o e formed

control gate as the second gate, to the third gate and to
f') 10 a drain as the other region of the semiconductor region:
and erasing is made by applying a negative voltage
relative to the voltage of 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
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, a first
gate formed over the semiconductor substrate through a
first insulator film, a second gate formed over the first
20 gate through a seccnd insulator film, and a third gate
formed and isolated from the first gate through a third
insulator film: the well of the first conductivity type is
of a p type; programming is made by applying a positive
voltage relative to veoltages of the well and a source as
25 one of the regions of the semiconductor region to a
control gate as the second gate, to said third gate and to
a drain as the other region of the semiconductor region;

and erasing is made by applying a positive voltage



insulator film the well of the first conductivity type is of ap %y

rr .  Cf : B¥e 200
programming i s nmade by applying a positive voltage relative to voltages o

the well and a source as 25 one of the regions of the sem conductor region
to a control gate as the second gate, to said third gate and to a drain as
the other region of the sem conductor regjon; and erasing is nmade by

appl ying a positive voltage 26 DEC 2006 <020 relative to the vol t age of

t he control graetlea%tiq’ t h:'eo \qﬁ_lé 'volé‘_%ﬁgel %@rﬁq%ogoq’tgr%rlr gatt@gqooft 'lconduct or

i ntegrated citcul evice Inclu a we a onductivity type

formed in a np n surfagg af, %_p%r%‘?:’Iio‘?P ek r_o§ulasts|éﬁﬁ%,on@u%@grconduct or
or me

region of a 'second conductivity type inside the well, a first gate

formed over the SermdCoNAUGLQl: SURSHA & dRUHY & WJdIiStod nsuliatar film a

second gate fornmed over the first gate through a second insulator film and

a third gate ddhdipitma anad ol sk d rigind heifn lssir slee dfhrzpugh a third

insulator film the well” of the first conductivity type is of a p type;
programm Ky i Seffelhdie @D HUBHE i tRqsid iseni cevldrge  deafiiate dfo avol t ages of

the well and a source as one of the regions of the sem conductor region to
a 15 control gmiendssdriimceicany gatpes fcornteldk itnfsiinek gdiee wardd ,t @ A mbtai n as
the other region of the sem conductor region; and erasing is nade by
appl yi ng a pogte vienmsd ager rdieatsem danduorsint sypdstiratise tdomuadl agate to
the source or the drain. i 20 33. In an operation nmethod of a sem conduct or
first insulator film, a second gate formed over the first
gate through a second insulator film, and a third gate
) 10 formed and isolated from the first gate through a third
insulator film: the well of the first conductivity type is
of a p type; programming is made by applying a positive
voltage relative to voltages of the well and a source as
one of the regions of the semiconductor region to a

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

- the drain.

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

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

gate through a second insulator film, and a third gate

formed and isolated from the first gate through a third



integrated circuit device including a well of a first conductivity,tyne,..
formed in"a main surface of a sem conductor substrate, a sem conductor
region of a second conductivity type formed inside the well, a first 25
gate fornmed over the sem conductor substrate through a first insulator
film a second gate fornmed over the first, gate through a second insul ator
film and a third gate forned and i solat®H fromthe first gate through a
third 26 DEC 2B acdl 4:13H Y WdliTod bRl A doiaddelith Gondysd 1d LY
type is of an n type; programmng 1s nmade by applying a negativ vol t age

relative to i (4063 nqﬁpé,-h?r\ggjﬂamduga IOWRR Y a‘iﬁﬁéﬁfngt he deRgitane of the

sem conductor region to a ntrol gate as the second gate, to the third
gate and to 1A @S & OIhRe V8GR ff e SRIICEHHIA ourk® @y  and
erasing is made by applying a positive voltage relative to the voltage of
the control giee 30 e dddjilchs @t ehel Gedd.contivait capelediica veetshod of a

sem conductor integrated circuit device including a well of a first
conducti vty dofrrdlorgere ias ahmisecond aereqf to thenttdndlgate amdsttcate, a
sem conductor region of a second conductivity type fornmed inside the well,
a first 15 gat elfaomrexs dher cifhe rsemgiondwdt dhes sesticansludicougltega orfii r st
insulator film a second gate formed over the first gate through a second
i nsul at or filand @&rksinciisd mggtee by GRAEY iagd & Poisdttdye vohtalge first gate
through a third 1 insulator film the well of the first conductivity type is

i J relative to the voltage of the control gate to the third
gate.
) 10 34. In an operation method of a semiconductor

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

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

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

25 and erasing is made by applying a negative voltage
relative to the voltage of the well to the control gate.
35. In an operation method of a semiconductor

integrated circuit device including a well of a first



20 of an n type; programming is nmade by applying a negative voltagg pec 2006
relative to voltages of the well and a source as one of the regions of the
sem conductor region to a control gate as the second gate, to the third
gate and to a drain as the other region of the sem conductor region; 25 and
erasing is made by applying a negative_ng%qge relative to the vol tage of
the well to the control gate. 35. In an eration nethod of a sem conductor

|t egr at ed ClcaicrdoUhge chgel UBAgR sHell nilhnshirk3ke26DEC 2006 - 22

conductivity type forme a main surtrace o sem conduct or substrate, a

sem conduct OlshRGRRuRk 02 sBBeRRAreoNduekincbyah¥R8 ! eeBREni BEi de the well,
a first gate forned over the sem conductor substrate through a 5 first

insul ation fiddBond teaandtdateyf @.yged fovaedt hasfidesthegabell haogghsa second
insulator film and a third gate ormed and isolated fromthe first gate

through a thigate ifogtiedt oteti ke tkaivehduetorheubskshteontuoughi by type is
of an n type; programm ng is nmade by applying a negative 10 voltage rel ative
to the webl dhidsa saswdetasnofielof theecpedi gateotformedseneconblecttarskegi on
to a control gate as the second gate and a drain as the other region of the
seni conduct ogategitbmoughdaesasong isswadsoby fapplyeng a tposdt gasevol t age
relative to the voltage of the control 15 gate to the well. 36. In an
oper at i on netiiegthedf aadsémiréanedctapm theediassdgatectihrouahi aethéedrding to

any one-of items 22 to 35, an absolute value of the third gate is snaller
than that ofiPShdafert &4émof thReWednt Pl thSt £1g8Fi AGNEHETIVILY type is

of an n type; programming is made by applying a negative
) 10 wvoltage relative to the well and a source as one of the
regions of the semiconductor region to a control gate as
the second gate and a drain as the other region of the
semiconductor region; and erasing is made by applying a
positive voltage relative to the voltage of the control
15 gate to the well.
36. In an opération method of a semiconductor
integrated circuit device according to any one of items 22
to 35, an absolute value of the third gate is smaller than
) that of the voltage of the control gate during the
} 20 programming operation.
37. In an operaticn 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 38B. A method of producing a semiconductor integrated
circuit device comprises the steps of: (a) forming a well
of a first conductivity type in a semiconductor substrate;

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



20 programm ng operation. 37. In an operation nmethod of a sem condusgsic 2006
integrated circuit device according to any one of itens 22 to 36, a
distribution of the threshold val ue generated by the progranm ng operation
is at least four levels. 25 38. A nethod of producing a sem conduct or
integrated circuit device conprises the sfeps of: (a) formng a well of a
first conductivity type in a sem conductor substrate; (b) formng a
stripe-like pRlretfet QeiBlovRdastarf shbstdate 26rbagh2@06irdd 1@%@1&6&

sem conductor substrate through a first insulator film (c) formng a

sem conduct orfinegi qe)off oamsagoad semdidnduicebly reypeni B de selkendel | in such
a manner as to extend in parallel with said pattern; (d) formng a third 5
i nsul ator filconductieisgacgpeefinsédebyheheedlr ipeshickea pannernasame buryi ng
athird gate into the space of the pattern; and (e) form ng a second gate
pattern in sgetead dmanperaddeflowexbesdidnpatderact i(dn ermiagl at ghid
stripe- like pattern. 10 39. In a nmethod of producing a sem conductor

i ntegrated cilnsuilet@evitddmadootliengresei demingd bbfetg?r iSgriperdipgttern to
function as the first gate is patterned in such a manner as tq be symetric
with respect PRGtERE /t BNEdbugxEag anghike PREPJigACethe SRECEr REAEPR such a
manner as 15 to be symmetric with respect to the stripe-like pattern. 40.

In a nethod @Ptﬁﬁéﬁucﬁﬁg'éeée§PEHHBHCFOFecPﬁgegﬁéﬁeBagtPEﬁlﬁndéVFEe

according to |ten139 ate s forned in_sel | i wi th the
stri pe- i ke mﬁk gl dlrecglon vertica % q e S ripe-

Eo exten
like pattern.

) 16 389, In a method of producing a semiconductor
integrated circuit device according to item 38, the strip-
like pattern to function as the first gate is 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.
4G, In a method of producing a 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 semiconductor integrated
circuit device comprises the steps of: (a) forming a well

of a first conductivity type inside a semiconductor
substrate; (b) forming a first gate over the semiconductor
substrate through a first insulator film; (c¢) forming a

25 semiconductor region of a second conductivity type inside
the well; (d) forming a third insulator film in a space
defined by the first gate, and forming the third gate in

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



20 41. A nethod of producing a sem conductor integrated ci

rcuit d%llﬁﬁj 2006

conprises the steps of: (a) forming a well of a first conductivity type

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

over the

sem conductor substrate through a first insulator film (c) formng a 25

sem conductor region of a second conductiyity type inside
formng a third insulator filmin a space defined by the f

the well; (d)
irst gate, and

formng the EBEﬁﬂngaéeséBonéuégté‘, NRRELE 1 ASsd Od bk Yrd h@atPare of the

pattern; and (e) 26 DEC 2006 "- 24 formng a second gate,

wherein said

third gate i?at’@éi‘héﬁngé tRat hohet Bersaicé ase e ttigitdi gargaie 1swépver

than the surface of the first gate. 42. A nethod of produci

ng a

sem conduct othant egeasedfabecof cthé flevstegaceording to any one of itens 38

to 41, conprises any of the follow ng nethods: a first met
the third gat2.so thatatihetket i of-purdacingfa tdemi¢dnaut et
sem conduct or region of the second conductivity type; and

hod of formng
cdrsegtatever the
a second net hod

of formrfg 10irbeithidedigateceordhng topary ofethd 1veme Jatkoeklsts over

t he sem conductor region of the second conductivity tgfe.%
B

of produci ngcamBEAFRONAUEtOf theit Egt hPRHNE| PeheeVR C

43. In_a nethod
Jrek R t®f any one

of items 38 15 to 41, the third gate is forned in such a nanner that a part

of the thirdfgaRenexFRestbbed FARS sERi ERRbUERDrentE8 ofubF 2t R Sektpid

conductivity uctor re

, dth i i
type is forﬁ%ﬁggyggg?t%ﬁf?B%eg%%ggﬁ %1?%Wﬁcggéggt°r region

of the secong gggductivity

o]

10

15

20

25

second conductivity type; and a second method of forming
the third gate so that a part of the third gate exists
over the semiconductor region of the second conductivity
type.

43. In a method of producing a semiconductor
integrated circuit device according to any one of items 38
to 41, the third gate is formed in such a manner that a
part of the third gate exists over the semiconductoer
region of the second conductivity type, and the
semiconductor region of the second conductivity type is
formed by tilted ion implantation.

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

43, 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
semiconductor substrate, a semiconductor region of a

second conductivity type formed inside the well, a first



20 44. In a nmethod of producing a sem conductor integrated circuit,qa\d %66
according to any one of itens 38 to 43, the third insulator filmis a
silicon oxide film doped with nitrogen. 45. In a nethod of producing a

sem conductor 25 integrated circuit device including a well of a first
conductivity type forned on a main surfa? of a sem conductor substrate, a
sem conduct or region of a second conductivity type formed inside the well,

a first 26 EggigogérmedzévegaﬁﬁefQéﬂﬁéoﬁaﬁétébesﬁﬁgtﬁéﬂéU€h96u§Hb§trate
through a first insulator film a second gate forned over the first gate

through a segopdti Dashatesrf Eill, andedohdi gdt@aferméar sedrathei s0kated from
the first gate through a third 5 insulator film the second gate conprises a
lami nate fil gatef tArpoghsal seoondi insabdtarneidh si&ndi dethitd) gand the
formati on of the second gate is conducted after the formation of the third
gate. 46. I|nfarmetihaddoispiatedi igom skel fonsiticgate} thboughegraheddcircuit
devi ce according to item45, the netal silicide filmis a tungsten silicide
film 47.51niaswkahod 6ilprothei agcandegatendompoisesnaegaainatei fLlmt
device including a well of a first conductivity type formed on a main
surface of acfsaspairsndlucenr fsimsandte matabnfbhaudeofiildgi apdothea second
conductivity type fornmed inside said well, a first ate forned over the
seni conduct of°5URLLfPat eft RReugRcandf gake %ﬁsﬁ?%@%?t?glﬁftﬁrsEE%nd gat e
formed over %he first gate throughggtgecond insulator filmand a third gate

ormation of the thir
46. In a method of producing a semiconductor
) 10 integrated circuit device according to item 45, the metal

silicide film is a tungsten silicide film.
47. In a method of producing a semiconductor
integrated circuit device including a well of a first
conductivity type formed on a main surface of a

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

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

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

integrated circuit device according to item 47 or 48, the



20 formed and isolated fromthe first gate through a third insul atefpfé¢ bdie
the second gate conprises a lamnate film containing a nmetal film 48. In a
nmet hod of producing a sem conductor integrated circuit device according to
item 47, the second 25 gate conprises a lamnate filmof a polysilicon
film a barrier nmetal filmand a netal ii%€1_49. In a nmethod of producing a
sem conductor integrated circuit device cording to item47 or 48, the 26

DEC 2006 26 4t:hi X il Lo d I ' n said
First gates. B Pa harRat br proudd oy A o CongUt oGP g S e
circuit devicgafcordingdidtem47, the 5 barrier netal filmbelongs to a

group of a tungsten film a titaniumfilm a tantalumfilm a netal film
made of a trgmsition met @l nidt¥RS oFf priciivdiiing @e slimiMoRiduicter Silicide

film an alumnumnitride film a cobalt silicide film a nolybdenum
silicide fil Mmntedrdtdd WRAdIGStRIVifdd Mcckrdiing e ritadnd ay7,fidnes. 51. A
sem conductor integrated circuit device includes a well of a first
conducti visty bameidmomeadchl fidm derlicegysduct @ gxuhsgt rodt & tasrsgstiecorfduat,or
region of a second conductivity type forned inside the well, |ocal 15
source |ines andidaciaim datlan,| inesrftalved folmpomnasttiadg fiden mestd edhduct or
region, select transistors for selecting the Ilocal source |ines and the
| ocal data | iteEnsitidr setgdt dtSgvin®y i nifte istenifddM @t ditSsubstrat e
through a first insulator film_ a second gate forned and _isolated fromthe
silicide film, an aluminum nitride film, a cobalt silicide
film, a molybdenum silicide film, a titanium tungsten film
) ) 10 or their zlloy films.
51. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a
semiconductor substrate, a semiconductor region of a
second conductivity type formed inside the well, local
15 source lines and local data lines formed by connecting the
semiconductor region, select transistors for selecting the
local source lines and the local data lines, a first gate
formed over the semiconducteor substrate through a first
insulator film, a second gate formed and isclated from the
20 first gate through a second insulator film , word lines
formed by connecting the second gates, and memory cells
existing on the local source lines and the local data
lines divided by the select transistors forming a memory
cell block, the memory cell blocks being arranged in the
25 direction of the word lines and constituting a memory cell
array, wherein: one each power source line is disposed on

both sides of the memory cell block to interpose the

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



20 first gate through a second insulator film, word lines fornmed RWpEC 2006
connecting the second gates, and nenory cells existing on the |ocal source
lines and the local data I|ines divided by the select transistors formng a
menory cell block, the nmenory cell blocks being arranged in the 25
direction of the word |ines and constltu?fuleinennry cell array, wherein:
one each power source line is disposed o both sides of the nenory cel

bllock to intgth%ﬁet@ aﬁegeﬁ¥ceehhnalaﬁh leBhﬁoééﬂethéeiihQnaéé the word
| i nes; 26 DE 006 7 and the |l ocal source line and said |ocal data |ine

are Connect%@nheceaa b bhe BeWweheSpuwee kbleseaddnke andi gbah shigral
arranged in a direction vertical to the word line, or to both of the power

source |ines)ihkravglnyBa sal actibetranai sketica2. td she eopdutiae, or
integrated circuit device according to item51 has any one of the follow ng
constructiongo dothr 8f chaspoueri spunber dinespethtotibk thecakldata lines is
connected to both of the power source 10 line and the signal |ine through

t he sel ect traamsisisapyr. and a second constructi on wherein one of the | ocal
data lines is connected to the signal line at one of the ends of the
menory cel | BReck throbghemheogdhetortinheysabed canduah deyacent |ocal data
| ine adjacent to the one local 15 data |line is connected to the signal |ine
at the ot her 268¢rddngt ke ABRBrylcBRF Bh@cRNehpdulhet RE136KWEBE transi stor.

53. In a sem conductor integrated circuit device according tg item 52 one
of said | ocaFoR&tEFEARESHsa EbﬁﬁécFQHsPBUFHéoglgﬁﬁFeFPnEngtOSnEth t he ends

of the local data lines is connected to both of the power source
\-> 10 line and the signal line through the select transistor;
and a second construction wherein one of the local data
lines is connected to the signal line at one of the ends
of the memory cell block through the select transistor,
and an adjacent local data line adjacent to the one local
15 data line is connected to the signal line at the other end
of the memory cell block through the select transistor.
53. In a semiconductor integrated circuit device
according to item 52 one of said local data lines is
‘ ) connected to the signal line at one of the ends of the
] 20 memory cell block through the select transistor and to the
power source line at the other end of the memory cell
block through the select transistor.
54, In a semiconductcr integrated circuit device
according tec item 53 which includes a first select
25 transistor for connecting a signal line disposed in a
direction vertical to the extending direction of the word
line to an pth (n: integer) local data line, a second

select transistor for connecting the power source line



20 menory cell block through the select transistor and to the powefsFUHGE
line at the other end of the nenory cell block through the sel ect
transistor. 54. In a sem conductor integrated circuit device according to
item 53 which includes a first select 25 transistor for connecting a signal
line disposed in a direction vertical togdhe extending direction of the
word line to an nth (n: integer) local data |ine, a second select

transistor fEEsEBQEECEhngnEthpeﬂﬁreﬁ@§r6§ thBem@RoPFCo8096p188x dhsposed at
one of the ends of the nenory cell block in the sane direction as the word

line to (n+lthb baﬁé|dQQb@tlbhn@s ahkhivbddseliret tbr ansiptar 1besicaanect i ng
the signal line to the (ntl)th local data line, and a fourth select 5
transi stor fainepnaechirg shiéepowerassister| foe doapesedngatheheighhr end
of the menory cell block in the sane direction as the word |ine to the nth
| ocal data |ilmee thethgat(e+3) ghalscel dhtaflise, aaddsecbndrthaselstbrs are
the sane signals; and the gate signal of the third and fourth 10 sel ect
transi st dFs &rensheteantosi gaahecssingAthenpewaduscvrcenl épeadedpeseduit
device according to item51 has any of the follomjng _constructions: a
first constratttba ahbecsi and git &hsi gamPIyorelhebserkcint FAAsFaMer connect ed
to the local source 15 line and a gate signal of the select transistor
connect ed télfﬁétFSEaPSdéba WPH@ iBet ke §5ﬁen§hgﬁ8FalaﬁBté $dBBAdthe
construction wherein g gg % of all of the select %ran5|storﬁ
connect ed t o98hE F383F+S0Bfc eISh, @nfhaecendetEpgRypLors are the
same signals; and the gate signal of the third and fourth
) 10 select transistors are the same signal.

55. A semiconductor integrated circuit device

according to item 51 has any of the following

constructions: a first construction wherein a gate signal

of the select transistor connected 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 isclated from the first gate



20 56. A semiconductor integrated circuit device includes a well of;@edigst
conductivity type fornmed in a sem conductor substrate, a sem conductor
region of a second conductivity type formed inside the well, |ocal
source/data |ines forned by connecting the sem conductor 25 region, select
transistors for selecting the |ocal sougﬁf/data lines, a first gate forned
over the sem conductor substrate through™a first |nsulator film a second

gate forned %%Qoh%ﬁ' at %@céhﬁ”‘lh%lﬁhb& £93k6 aﬁdDEQraOQQnes 28rmkAr gygh a

t
second insulator film an 1 nes forned connecting the second gate,

wherein ”E”DEbn%@EE§n@nthbnseE@ﬁa|?Eeércﬁhdééﬂn|m€ﬁ§r§lEEQQQ By the sel ect
transistors constitute nenory cell blocks, and the nenory cell blocks 5 are

arranged in tlheawsdurcegddteetihes dagidedsbit uthe aeleenvryaneliktarsay, and
when the | ocal source/data lines function as the |ocal source lines of the
menory cel |, cohBeytuttecheanrgscehé bdoaksdatadl the mémbhe meddrploekks \

adj acent to the nenory cell, the sem conductor integrated 10 circuit device
i ncl udi ng5 f uetree e roaegedchnpoher weodr ¢énel dheesbidnspodedopatbbuhesades of
the nenory cell block as to interpose the nenory cell bl ock between themin
the sanme di medoirgncesdlt Rerays danhfdnwheandhei gnakl| ppucce/dpdsedinga a
direction vertical to the word lines, the |local 15 source/data |ines being
connect ed t o fEPEREPTIOAS éhesépéalpéﬁéFc§o&FBE5IPﬁeEhanﬂeFQrﬁoFﬁléf t he
signal lines through the select tran tor. 57. A sgﬂéconductor |ntegrated

circuit deV|G€eYaé88F&Fﬁ§ 85 FPems?ahasahAyldne of PETPENI A§LL

adjacent to the memory cell, the semiconductor integrated

‘7) 10 circuit device including further one each power source
line so disposed on both sides of the memory cell block as
to interpose the memory cell block between them in the
same direction as the word line, and signal lines disposed
in a direction vertical to the word lines, the local

15 source/data lines being connected to either one of said
power source lines and to both of the signal lines through
the select transistor.
57. A semiconductor integrated circuit device
according to item 57 has any one of the following

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

25 memory cell block through the select transistor; and a
second construction wherein an nth {(n: integer) local
source/data line i1s connected to the power source line at

one of the ends of the memory cell block through the



20 constructions: a first construction wherein nth (n: integer) | ogabhrc 2006

source/data line is connected to the signal |line at one of the ends of the
menory cell block through the select transistor and (n+l)th | ocal
source/data line 1is connected to the signal |line at the other end of the 25

menory cell block through the select trangistor; and a second construction
wherein an nth (n: integer) local sourcé/data line is connected to the

power sourceséiaetaﬁraﬁgfse$rthsn@ngﬁ @$+1h€hnﬁa@ay §§u£c@y@55atb£9@gh the
26 DEC 2006 - select transistor, and an (n+l)th local source/data line

i s connect ed1§0cbhﬁe@@é\@rt50ﬂﬁ@epbw@§ sbutbe Dikeraenghefothde apaovsy cell
bl ock through the select transistor. 58. In a sem conductor integrated

circuit devi ereSméeéoydtayl tblotembbongh Sthe oseloft t beahoiatosour ce/ dat a
lrnes is connected to the signal |ine at one of the ends of the nenory cel
bl ock through8the sel et 4 rsemsictmiyct@ndintedieteabwerrsolt cdeviae at t he
other end of the nenory cell block through the select transistor. 10 59. A
sem conduct oaccoréinat ed ttemubé devbie omecof dilg iocal eneBBce (daber
includes a first select transistor for connecting the signal line wired in
a directionlieesital connepeedotd thaestgrRrhnline b onenefgehs evdal
source/data line, a second select 15 transistor for_connecting the power
source |ine frEleafemene e¢lt Hel @RkistBYOERR %%%Dﬁ%l%%ﬁltﬁﬁ%%ksFﬂrthe same
direction as the word line and an %n+l%th | ocal source/ Ilne athird

sel ect transP8EoFOT bRe CBARBE FRYECE hb1RF gl th rREBRE &N +¥ 5¢h I ocal

source/ dat a "HS:? gell block through the select transistor.

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

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

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

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

60. A semiconductor integrated circuit device

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



20 a fourth select transistor for connecting the power source Ilnezwbﬁggmﬁt
the other end of the nmenory cell block in the sane direction as the word
line and said nth local source/data |ine, wherein: the gate signals of the
first and second select transistors are the sanme signal, and the 25 gate
signals of the third and fourth select frgpsistors are the sane signal. 60.
A sem conductor integrated circuit device according to any one of itens 56

to 59 has anydnewing e MEEC 2006 a fBkstf Jdrewrie ta@s Whétidignsnea first
construction wherein one of the signal lines wired in a direction verti cal

to the worddf nthd Ssisparled ines wd refd tilme d efialectdwnc efedatizali nes;thea second
construction wherein, when the | ocal source/data 5 line is connected to the
signal |ine tdrmiidhrtehe ssaedhexted thyansics todr thiehd coarin ecuiree /gartta dd nest;ween
the sem conductor region of the select transistor on the side different
fromthe | oca smonsk/ctatstHuate canavhelreigi,gndien Itihee liocagdhscad dey dana@ of t he
menory cell blocks; and a 10 third construction wherein the power source
line is shar eﬂdebyLSt wergfeatied rendihe &dlanag| déine throughs diec Ged@sttor
integrated circuit device includes a well of a first conductivity type
formed in a WaRAdidot dhes FRSNERTtd Ong POSHICHN SeSHEe™ &dicon of a 15 second
conductivity ty formed inside the |l.ocal = sour.ce/data lines fornmed by
connecting tk?eeﬂg‘ecrﬁ I8y nV\%esee’Ieé(,etCtt LERSSISEPE POy T8 é&tdieng t he
| ocal source fi e farnmed qver, .t he conduct
substrate thr Equréﬁ ﬁ¥ﬁ1§t5%'|IQHr9§/%£% 1108° andf Tre” 13 4RaY"
line is shared by two of the memory cell blocks; and a
) 10 third construction wherein the power source line is shared
by two of the memory cell blocks.
61l. A semiconductor integrated circuit device
includes a well of a first conductivity type formed in a
semiconducteor 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



20 second gate formed and isolated fromthe first gate through a seg¢@eé 2006
insulator film word lines formed by connecting the second gates, and a
third gate formed and isolated fromthe first gate through a third
insulator filmand having a different function fromthose of the 25 first
and second gates, menmory cells on the Iocgh source lines and |ocal data
lines divided by the select transistors Constituting nenory cell blocks,

the memory cgbhsPlOgksnded Nerd FRNGEH | A fe, Wiidhdime gligeedl ofyand 26 DEC
2006 - 32 constituting a nenory cell array, wherein: a bundling portion

of the third gatesoeXbsStchdetneed darce sl 3dHeberdes i tige atotdel par est
position to the select transistor inside the nenory cell block and the gate
of the sel ectebistimsi st orhe evesye ot hessition gattEse exe btdcmnge rarss detdhe
menory cell block are bundled at one of the ends of the menory cell bl ock;
one each poweinside cehe¢ imsnare coll dibposethd rthdhagattereo i thetsoleds t he
word lines on both Il sides of the nenory cell block as to interpose the
menory 10 cettamb$bekobetswery tdldmgr i xd griies iewbs Uinpobrside the
direction vertical to the word lines; and the |ocal source/data |ines are
connected to ®émhEY emkl bfopotare gundlrd Afymne 19hdshe mide ehelpwer
source line through the select transistor. 15 62. A sem conductor

i ntegrated ciPRUPEY deft £ 1eREorRH LI iIRWMEB IS WECANAHBHEH The fol | owi ng

our col dat & 1$HPTESTGHA IS E T (R ST GHEN 57 1R ot ol ST HEA RId of 1t he

menmory cel | béfﬁé3t£¥(%ﬁg]memory cell block as to interpose the memory

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

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

ﬂ ) line at one of the ends of the memory cell block through

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

memory cell block through the select transistor.



20 the select transistor, and an (n+l)th local source/data line iS,¢prc2006

connected to the signal line at the other end of the nenory cell bloc

t hrough the select transistor; and a second construction wherein an nth (n:
integer) local source line is connected to the power source line at one 25

of the ends of the nenory cell block throggh_the select transistor, and an

(n+l)th local source/data line is connected to the power source line at the

other end of ¢ghe nenorpn Geldenttlcadddycrudhntdie atele @i tduansiddvilice 26 DEC

2006 - 33 63. In a semconductor integrated circuit device according to
item 61 or 6Zacesmedirigtte jwemlelsour o6d dadree dff nese | oaanneniwte fdatade
signal line at one of the ends of the nenory cell block through the sel ect

transi stor, 5limek iiss coynrettert tio ttee pEovgeralsduimee dt mneatof Htheotdrats end  of
the menory cell block through the select transistor. 64. A sem conductor

i ntegrated ciofuihe desnary clcortliank ttdhidaugh e wEalagt itEnRIST QA i r st
select transistor for connecting a signal line wwred in a 10 direction
vertical ®o tardwoy ccannactad Hh Hish Raver isquifs )linsc At ddig biraiend i ne,
a second select transistor for connecting the power. source line wired in
the sane diref it ey it 1BIRCK Fhrfddy thee SHRCHItTae story cel |

bl ock and an (n+l)th |l qcal source/data .15 line, a third se]ect transistor

for connectin@fthe sigﬁh@eW%Qﬂ?@ﬂﬁfﬁﬂu&Wﬁ?ﬂ?Fﬁﬁdl&&QCQﬁﬁj ¢ f&te line and a
same. di roct | GPSETTHE Vit d 19 e A ATE T C TR S auredy BT ne to the
other end of ggghgggqgﬁlfé%lconnecting a signal line wired in a
xn) 10 direction vertical to the word line and an nth (n:
integer) local source/drain line, a second select
transistor for connecting the power source line wired in
the same direction as the word line to one of the ends of
the memory cell block and an (n+l)th local source/data
15 line, a third select transistor for connecting the signal
line and the (n+l}th local source/date line and a fourth
select transistor for connecting the power source line
wired in the same direction as the word line and the gth
local source/data line to the other end of the memory cell
20 Dblock, wherein: the gate signals of the first and second
select transistors are the same signal; and the gate
signals of the third and fourth select transistors are the
same signal.
65. A semiconductor integrated circuit device
25 according to any one of items 61 to 64 has any one of the
following constructions: a first construction wherein one
of the signal lines disposed in a direction vertical to

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



20 bl ock, wherein: the gate signals of the first and second sel ect,¢prc 2006
transistors are the sane signal; and the gate signals of the third and
fourth select transistors are the sane signal. 65. A sem conductor
integrated circuit device 25 according to any one of itens 61 to 64 has any
one of the follow ng constructions: a_jhéit construction wherein one of

the signal lines disposed in a direction rtical to the word line is
shared by t .of the | seurceldatq 26 2006, 134 £hkN8%ca3 second
construction ﬁ%ﬁ?éi%,s%%ghdtﬁg %ggal gouﬁce?ﬁaté rpne gh ?hgasignal l'i ne

are connect ed fH-QUahtat B8 ngekaet theaRsiynhar 11hke a¢aneepheet eBOthirgRghet ween
the sem conductor region of the select transistor on the side 5 different

from the | ocahes@enegtdatankiBeoandthie congaakiohi perisonhaeedely ke of the
menory cell blocks; a third construction wherein the power source line is
shared by twemiktohdecteioregiehnl olfl ahks sedet@utitAneassbruchi ahe wiaeei n t he

| ocal source/data |line is connected to the 10 signal line wired in a
di recti onsverdiifdalrena tfhemvahe lopel sbuoeglidehe dehectntr ahei stignala sense
circuit is connected to the signal |ine, the sense circuit connected to an

nth (n: inteddmp disgsakreidneyi swoondethedmamooyecell biecksdsaothardenory
cell array conprising a plurality of 15 nenory cell blocks, and the sense
circuit connecinsgructann @herptih ShgniRbweirnsousceonnset é¢ sharkd dbvher end
of the nenory cell array; and a fifth construction wherein a_ swtch is

i nterposed bé&MResk the SegralN FRAé PRFESFed fOUrtReCPBSiFUSSErde/ data |ine

t hrough the sel ect transistor ) ,
wherein the local source/data line is connected to the

\7) 10 signal line wired in a direction vertical to the word line
through the select transistor, a sense circuit is
connected to the signal line, the sense circuit connected
to an nth (n: integer) signal line is connected at one of
the ends of a memory cell array comprising a plurality of

15 memory cell blocks, and the sense circuit connected to an
(ntl)th signal line is connected at the other end of the
memory cell array; and a fifth construction wherein a
switch is interposed between the signal line connected to
the local source/data line through the select transistor

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

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

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

region, select transistors for selecting the local



20 and the sense circuit, and one sense circuit can be shared by &¢prc2006
plurality of the signal lines when the switch is changed over. 66. K

sem conductor integrated circuit device includes a well of a first
conductivity type formed in a 25 sem conductor substrate, a sem conductor
region of a second conductivity type forged_inside the well, |ocal
source/data lines fornmed by connecting t sem conduct or region, select

transistors for. selecting fde, | pcal 26 HRG 2hed fer Sai ce/ data lines, a

first gate fornmed over the sem conductor substrate through a first

insul ator fildm;idondecd Sale: £ Didreeh S0l giadt figatdeatad hrough a
second insulator film word lines formed by connecting the 5 second gates,

and a third ga¢end ofaesl Boehdd @md etkdYarad tiheorf s @ate tHraugh & third
insulator filmand having a different function fromthose of the first and
second gat esgcomdroiys Chticr ofi e waodhl lisees deodnate dyambrirdertiracalhalat a
lines divided by the select transistors 10 constituting a nenory cell bl ock,
the nmenoidy ce¢tomd opkises beinmd) arttambdrdte tfernest dand e aliatad i fromand
constituting a nenory cell array, wherein: a bundling portion of the third
gat es exi st stietfeest tFatsworrdugte axihirhdnaulaior tesinhdw@Evingh @ o t he
select transistor inside the 15 nenory cell_ bl ock and the sel ect transistor;

every ot her diffeEeRfatioineidan i HiPh AheRe (He AR TelandbIRICH e bundl ed

rranged | n IHESaTETRTE TN 480 4o WRAE I OIS S e the S gna

lines wired 15E§H data lines divided by the select transistors

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

15 memory cell block and the select transistor; every other
third gates existing inside the memory cell block are
bundled at the end of the memory cell block; one each of
the power source line arranged in the same direction as
the word line and one each of the signal lines wired in a

20 direction vertical to the word lines are so disposed on
both sides of the memory cell block as to interpose the
memory cell block between them; and the local source/data
line is connected to both of the power scurce line and the
signal line through the select transistor.

25  67. A semiconductor integrated circuit device
according to item 66 has any one of the following

constructions: a first construction wherein the local

source/data line is connected to the signal line through



20 direction vertical to the word lines are so disposed on both siggsfoos
the menory cell block as to interpose the nenory cell block between them
and the local source/data I|ine is connected to both of the power source
line and the signal line through the select transistor. 25 67. A

sem conductor integrated circuit device ,according to item 66 has any one of
the following constructions: a first co%gtruction wherein the | ocal

source/data |} 0esi e CONPLLL SO EOr | Nengi O céﬁ::{k?céﬂéﬁuﬂﬁ 20) QRLgL006 36

the select transistor, and the connection is a made at one of the ends of

the nenory cght 8Fogke énds do5eEdtnek@PPtdelLl iPTodber£hd 4 heedosal
source/data line is connected to the power source line wired in the sane 5

direction ascbheteteibn ehéteDmeripd 1deapnsisupte tder£eline biock through the
sel ect transistor, and the connection is all rmade at one of the ends of the
menory cell bbaskcté&8. tdntive SeowEO NSt 1ieorpted O rhe tsaswi ce
according to item 66 or 67 one of the |ocal source/data 10 line is connected
to the signafiiteoeicat anetlod woued ehihse it dree ooy emedd df octke tdebligh t he
select transistor, and is connected to the power source line at the other
end of the bkookytkedhghl tok séletmghtrdes setert andmlisternng9tiom bs

sem conductor integrated circuit device 15 according to item 68 which
further inclabksmadeiastione|eEtthe rends ebrtiermenpmrectehy BIrckignal |ine

wired in a direction vertical to the word line and an nth (n: . integer)
| ocal sourcefBata |inell & SRORPRBTQRr intagiakesdt FiFcwidnf&tisR) t he

. . s

signal line 2@30?9158 % t{Eem 66 or 67 one of the local source/data

) 10 line is connected to the signal line at one of the ends of
the memory cell block through the select transistor, and
is connected to the power source line at the other end of
the memory cell block through the select transistor.

69. In a semiconductor integrated circuit device

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

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

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

transistors are the same signal; the gate signals of the



20 local source/data line, a third select transistor for connecti ng oo
power source line wired in the sanme direction as the word line and the nth
| ocal source/data Iline at the other end of the nenory cell block, and a
fourth select transistor for connecting the power source 25 line and the
(n+l)th local source/data line; the gates-signals of all of the first select
transistors are the sane signal; the gate signals of all of the second

sel ect trangh§§9r§nér§eEB§dS§€Eeétgﬂﬁbn519€09§t§r§'HDEEérQBttgﬁgﬁﬁlpEC 2006
37 first and second select transistors are different signals and e gate

signal s of ahhdotnkhgathi kdgaghechr hlansestmestniedt bglsane signal; the
gate signals of all of the fourth select transistors are the sane signal;

and 5 the gateagsksgsabssofréhenthsatleantighalrtbhgayersi gighslaref diiferent
signals. 70. A sem conductor integrated circuit device according to any one
of itens 66 b6 6Behfisuanh sateof thensistbosi agecvthstsamei shgnad;fandt
construction wherein two 10 of the |ocal source/data |ines share the signa
line; a Secthd gehetsugnhada whethéenthahdnantefoorth gateceidngds &ree and

said signal line are connected through the select transistor, the
connecti on pdiffenept sheN8&A+ conductor region of the select transistor on
the side different from 15 the | ocal source/data line and the signal line is

shared by tWB-of the %Eﬁ%myc%%@mc%?Bck%te§F§¢ﬁ¢cF%%ﬁ%%?u@?Y%ﬁP wherein two
of the menory cell bl ocks share thg gomer o a four

ur c
const ructi on®®ABFELAIt he PB¥aPResBhr cEFBS:L & IFﬂeg?shﬁﬁnﬁ%¥tgﬁethtF%e5|gnal

line throthfollowing constructions: a first construction wherein two
\ ) 10 of the local source/data lines share the signal line; a
second construction wherein, when the local source/data
line and said signal line are connected through the select
transistor, the connection portion of the semiconductor
region of the select transistor on the side different from
15 the local source/data line and the signal line is shared
by two of the memory cell blocks; a third construction
wherein two of the memory cell blocks share the power
source line; a fourth construction wherein the local
source/data line 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 ¢onnected to nth
(n; integer) signal line is connected at one of the ends
of the memory cell array comprising a plurality of memory
cell blocks, the sense circuit to be connected to (n+l)th
25 signal line is connected at the other end of the memory
cell array; and a fifth construction wherein a switch is
interposed between the signal line connected to the local

source/data line through the select transistor and the



20 the select transistor, the sense circuit is connected to the sigRglc 2006
line, the sense circuit to be connected to nth (n: integer) signal line is
connected at one of the ends of the nenory cell array conprising a
plurality of menory cell blocks, the sense circuit to be connected to
(n+l)th 25 signal line is connected at _tRg other end of the memory cel
array; and a fifth construction wherein a switch is interposed between the

signal line goneectedcife! hend o6 s&0sk cof fahpe | i feshiroyabytie select
transi stor and the 26 DEC 2006 38 sense circuit, and one sense circuit is

shared by a ppheadit}Yoof thdes sgganl 1lneesagsthideswitiighis scehngged over.
71. A sem conductor 1ntegrated circuit device 5 includes a well of a first
conductivityotgpe forned in a main surface of a sem conductor substrate, a
sem conductor region of a second contuctivity type formed inside the well
in such a nahher as t R esgamiwbnductdy risttaradntd onreauitf idestigmt e f or ned
over the sem conductor substrate through 10 a first insulator film a second
gate forred tnetudds afvell ghte fhrsugbendeetnity neypet oermedpinwbrd | i nes
formed by connecting the second gate, and a third gate formed and isol ated
fromthe firseigaserfacough a semiconductiontsbstrates R seMicoRREEt®Ri ng
buried in a space of 15 the first gate existing in a direction vertical to
the word |iBEeIiomePtia: SaceRe odRPtYOFLGHEY | FipPe hECTTRY (i3t de ¥R di sposed
in the extending direction of the word |ine. em conduct or intggrated

72. A
cireuit devitellatRoPUFhg (BEPREM 35 HRSEEPONER ot THEST Gt RRF HiPD

first gate formed over the semiconductor substrate through

"> 10 a first insulator film, a second gate formed over the
first gate through a second insulator film, word lines
formed by connecting the second gate, and a third gate
formed and isolated from the first gate through a third
insulator film, the third gate being buried in a space of

15 the first gate existing in a direction vertical to the
word line, wherein: a decoder for driving the third gate
is disposed in the extending direction of the word line.
72. A semicenductor integrated circuit device
according to item 71 has any one of the following

20 constructions: a first construction wherein the decoder
for driving the third gate is disposed at one of the ends
of a memory cell array; a second construction wherein the
decoder for driving the third gate is disposed adjacent to
a block decoder for selecting memory cell blocks each

25 comprising memory cell arrays existing on a plurality of
word lines encompassed by the select transistors; and a
third construction wherein the decoders for driving the

third gates are disposed on both sides of the memory cell



20 constructions: a first construction wherein the decoder for driydit 1098
third gate is disposed at one of the ends of a nenory cell array; a second
construction wherein the decoder for driving the third gate is di sposed

adj acent to a block decoder for selecting menory cell blocks each 25
conprising nmenory cell arrays existing oqﬁg_plurallty of word lines
enconpassed by the select transistors; third construction wherein the
decoders for @il aatb%os&hgr @hﬁahéﬁxoi*ﬁrecéﬁ.ipﬁiQd OBek@bBnskHem ahdt he
menory cell 26 DEC 2006 | e i nterposing tﬁe menory cell array

bet ween t hemaaRdcead] dceat bllock Hb@@lﬂeQ‘EEadeEsefl@f:t&ﬁl;(EQhén&efubeyﬁeﬁmﬂy cell
bl ocks. 73. In a sem conductor integrated circuit device 5 according to
item 20 the bhlioettsgate is fornmed as it is buried into the space between the
first gates extending in a direction vertical to the word line; and-a
decoder for 7driving the ahsediganhductodi spvegdatadanieguenhdiaygicdirection
of the word line. 10 74. A sem conductor integrated circuit device

accor di ngSt o accemdiBgh&e anpmor€ &het Bhitrdl pekengs Eonmeduesi éfisisa first
construction wherein the decoder for driving the third gate is disposed at
one of the eR#siedf inke KBRoFPaEE| PEAHPED; thesEEERAY GBRSEr BXEPBALIRACERI n 15

t he decoder for dr|V|n% the third gate is dlsgosed adj acgnt to a _bl ock
decoder for ePdEehd® hgeﬁéﬁﬁP} & IFhebVBEQ aR87 a2Pfi Pd9esRSeFuéPFon

wherein the decoders E hdr|V|n% the t d te are so. di Eosed on both
sides of th&TA¥HBEy LRI FhaFFafatss 1o Fﬁ?@ﬁ s&t AB RERGPFLLE
direction of the word line.
) 10 74. A semiconductor integrated circuit device

according to item 73 has any one cof 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 semiceonductor 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



20 array between them adjacent to the bl ock decoder for sel ectinggipie 2006
menory cell block. 75. In a sem conductor integrated circuit device
according to item 18 or 19 wherein all of the third gates existing inside
the nenory cell  block are bundled at 25 either one, or both, of the ends of
the nenory cell block, the selection signal_ of the third gate is generated
froma selection signal of the nenory cell block. 76. A sem conduct or

i ntegrated CEEEHEHiHEVtgelgémDE§ 80069, - whHlredsCRL Ui B8 ﬁﬁelﬁﬁﬂta8?gte&9,
wherein all of the third gates existing inside the nmenory cell block are

bundl ed at ekiBeingne€ns@lebehs, méhotheceblsbbéckhereeponyleeal htbl ock, has
any one of the follow ng construction: a first 5 construction wherein the
sel ection si ghghedf ohbe bbi bdthgab€ tsegendsabEdtheomemosel eelloblstipal of
the menory cell block.and a signal for further halving the menory cel

bl ock; and ahaecang onastfutheofiochhewing tbestsehetiopn si fnaktof the third
gate is generated froma 10 gate selection signal of the select transistor.
BRI EF DESCRI BThENrOEtThiE PRAVENGStRegselectianpatghnal pfabhei ehisdowi ng an
exanple of the sem conductor integrated circuit device according 15 to
Enbodi nent 198ket h& Eﬁé@éﬁ?eﬁnﬁéﬁmlénse¥$§§l°QA§19EﬁhnafZthar@eﬁééylonal

vi ews taken along lines A- A - B and C - in Fi , respectively;
| Figs. 3A t&°3E F@C§e69?oﬁaﬁl?P%%sfgﬁoﬁPﬁbh%ﬁ habVé&angP% BEMPRY

production nggggdbgockveangn]nggggéoéonstructlon wherein the

selection signal of the third gate is generated from a

\rj 10 gate selection signal of the select transistor.

BRIEF DPESCRIPTION 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. 22, 2B and 2C are sectional views taken
along lines A - A’, B - B’ and C - C’ in Fig. 1,
respectively;

. Figs. 3A to 3E are sectional views showing an
20 example of the production method of the semiconductor
integrated circuit device of Embodiment 1;

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

25 Figs. 3A to 3E are sectional views showing an
example of the production method of the semiconductor
integrated circuit device of Embodiment 1;

Fig. & is a circuit diagram showing the



integrated circuit device of Enbodinent 1; Figs. 4A to 4D are sectigngleaee
views showi ng an exanple of the productlon net hod of the sem conductor
integrated circuit device of Enbodinment 1; 25 Figs. 5A to 5E are sectiona
views showi ng an exanple of the production nethod of the sem conductor
integrated circuit device of Enbodi ment %d Fig. 6 is a circuit diagram
showi ng the 26 DEC 2006 41 construction™of a nenory cell array of

Enbodi ment 1. tgchJ.iDﬁ afpéaﬂeedbew éQPW Qgrégyayt}:ﬁﬁoamaattﬁge appl i ed
area of a thlr gate electrod Fi g. is a plan view show ng | ayout of the

5 voltage applied areagp tflelghérﬁll@at@l@d,egwm 1&y&ut ofsaa plan view
showi ng | ayout of the vo tage applied area of the third gate el ectrode; Fig.

10 is a planvuneﬂgéh@ppmgehaagaé of ahehivel age epptteddarea of the third
gate el ectrode; Fig. 11 is a plan view show ng | ayout of the voltage

applied area of the thrigl. g8t es e eplande]ewi shoviing slay@itano®ieve show ng

| ayout of the voltage applied area of the third gate electrode; Figs. 13A
to 13C show soptageaapphijedperati ofi the ibhifdbositecaledtrofierein Fig. 13A
shows an equivalent circuit diagram and Figs. 13B and 13C show tim ng
charts; Fig. 14A and 1BB3ish®wi aind epbat ngieweshewing ofay®oef nere 1, wherein
Fig. 14A shows an equivalent circuit diagramand Fig. 14B shows a tlnlng
chart; 20 Fiygsltasa epribedsanaaact eblie nghopdradtencopctrode;

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

?73 10 Fig. 11 is a plan view showing layout of the
voltage applied area of the third gate electrode;

Fig. 12 is a plan view showing layout of the
voltage applied area of the third gate electrode;
Figs. 13A to 13C show a programming operation of

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

Fig. 14A and 14B show an erasing operation of
Embodiment 1, wherein Fig. 14A shows an equivalent circuit
diagram and Fig. 14B shows a timing chart;

20 Figs. 15A to 15C show a reading operation of
Embodiment 1, wherein Fig. 15A is an equivalent circuit
and Figs. 15B and 15C are timing charts:

Figs. 16A to 16C are sectional views showing an
example of the semiconductor integrated circuit device

25 according to Embodiment 2 of the present invention;

Fig. 17 is a sectional view showing a production
method of the semiconductor integrated circuit device

according to Embodiment 2;



Enbodi nent 1, wherein Fig. 15A is an equivalent circuit and Figs. k3%®ds
15C are timng charts; Figs. 16A to 16C are sectional views show ng an
exanpl e of the sem conductor integrated circuit device 25 according to
Enbodi nent 2 of the present invention; Fig. 17 is a sectional view show ng a
production nethod of the seniconductog_u%gqgrated circuit device according
to Enbodi nent 2; 26 DEC 2006 - 42 Fig is acircuit diagramshow ng the

construction of a mempgygcels graycofcEPOM §BPAM 25hElO8g 4R& to 19G shows
t he progranm ng operatlon of Enbodi ment 2, wherein Fig. %QA is an

equi val ent cicheiittuctidhagfam ﬂaﬁloEyg&e119Brtay18£5 BRbvdimghtgzeharts; Figs.
20A and 20B show an erasing operation of Enbodinment 2, wherein Fig. 20A
shows an equival ent ciFegst lBhagoabb@nshéwg. tRdBosbonsmaing nopgratast; Fig.
21A to 21G show the erasing operation of j 10 Enmbodi nent 2, wherein Fig. 20A
shows an equicfaEmbbdé¢menti £, wdhageam Bnd.Fif3. i2l8nteqRidianw Cipmtngt
charts; Fig. 22 is a partial plan view show ng an exanple of the

senmi condutt odiagrenr anddFégsculPBdevi 68G abewr timyngockatbdi nent 3 of the
present invention; 15 Figs. 23A to 23C are sectional views taken al ong

lines A- A, B- B aR43€ -20h apdre@l ohowraBpREasiRd yoPeragion2af and 24B
are sectlonal vi ews show ng step-wi se a 8roduct|on met hod of the

seni conduct oF™PPREBERAL d EPPEEFP §é0r c8VBf SERNB IR freREUBV238NE| §1I981khouns

the COHStrUC%hggrgR gnHEF1§¥ 58% 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. 21B to 21G show timing charts;

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

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

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

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

Figs. 26A and 26B show an erasing operation of
Embodiment 3, wherein Fig. 26A shows an equivalent circuit
diagram and Fig. 26B shows a timing chart;

25 Figs. 27A to 27E are sectional views showing
step-wise a production method of the semiconductor
integrated circuit device of Embodiment 4;

Fig. 28 is a partial plan view showing an



array of Enbodiment 3; Figs. 26A and 26B show an erasing operation Qfprc 2006
Enbodi ment 3, wherein Fig. 26A shows an equivalent circuit diagramand Fig.
26B shows a timng chart; 25 Figs. 27A to 27E are sectional views show ng
step-wi se a production nethod of the sem conductor integrated circuit

devi ce of Enbodinment 4; Fig. 28 is a partgzl- pl an view show ng an 26 DEC

2006 - 43 exanple of the sem conductor integrated circuit device
accordi ng toekahpdeneft theobkemieoptdasent invegtreted Eigsui2948etac29C are
sectional views taken along lines A- A, B- B and C- C in Fig. 28,

respectivel ypccbriigyg. t80Bmbod3densr & sécthenpresepts isnentagnan exanpl e of
the production nethod of the sem conductor integrated circuit device of
Enbodi ment 5; Figs. 31Rig6-338Rafe 38EtabvRafevtaBaLhBhPNg hakeaxahpne of

t he production nethod of the sem conductor 10 integrated circuit device of
Enbodi ment 51iPR§s® 32A’+oB32DBar 8ndekt iroRal 10i EWG-shBwi RESRACLéXEABF e of

t he production nethod of the_sem copnductor integrated circujit device of
Enbodi nent 5; Figs. 33A198-33PRate %%Et?ﬁﬁaFeQFégBaéhﬁhFﬂﬁ SROw3iBJeRAnpl e of
t he production ne&hod of the s niconductoh in%egﬁated circgit devi ce of
Enbodi ment 58%BPgiessfj &hg preqichofnngethedc8hstPrECPRBACBPAHC REnDry cel
array of Enbodinment 5; Fi.gs. .35A to 35C_sho .programm ng operation of 20
Ebodi nent SLPGREPEFRSFFYECHER AevaRSeah: DaPRRLPERF AT

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 sectional views showing an
15 example of the production method of the semiconductor
integrated circuit device of Embodiment 5;
Fig. 34 is a view showing the construction of a
memory cell array of Embodiment 5;
| ) Figs. 35A to 35C show a programming operation of
20 Embodiment S, wherein Fig. 35A is an equivalent circuit
diagram and Figs. 35B and 35C are timing charts:
Figs. 36A and 36B show an erasing operation of
Embodiment 5, wherein Fig. 36A shows an equivalent circuit
diagram and Fig. 36B shows a timing chart;
25 Figs. 37A to 37C show a reading operation of
Embodiment 5, wherein Fig. 37A shows an equivalent circuit
diagram and Figs. 37B and 37C show timing charts;

Fig. 38 1s a partial plan view showing an



di agram and Figs. 35B and 35C are timng charts; Figs. 36A and 36B 3 A
erasing operation of Enbodinent 5 wherein Fig. 36A shows an equi val en
circuit diagramand Fig. 36B shows a timng chart; 25 Figs. 37A to 37C show
a reading operation of Enbodinent 5, wherein Fig. 37A shows an equi val ent
circuit diagramand Figs. 37B and 37C_§q8yhjin1ng charts; Fig. 38 is a
partial plan view showi ng an 26 DEC 2006 * 44 exanple of the sem conductor

i ntegrated circuit dew i E i 6 ] t

nvent fon: FepetelsBY, PSSRl eEhaic R TR TR Ee T BERIEE . a6

- B and C - JCcdrliifigd to38mbb@3Reali beby: the PregentOAntend@bnare sectional
vi ews showi ng an exanple of the production nethod of the sem conduct or

integrated circuit devirggsQf 36abedi Be0t abe Ebg8ioAdA voeddCtakensatbhgnal
views showi ng an exanple of the production nmethod of the sem conductor 10
i ntegrated ciligwist adeviace of -Eabodnaent -6’ Figs Fi42A38¢ 426peceisedilyi;onal
views showi ng an exanple of the production nethod of the sem conductor
integratefl circuit devidgsof 4BRbodi ABDt abe Begsiod3A vDewSCsbbwmsgaan
progranm ng operation 15 of Enbodi ment 6, wherein Fig. 43A shows an
equi val ent eixeopile difaghempapduEtgeon meBhaddof3Chehsemicandyctharts; Figs.
44A to 44C shows an erasing operation of Enbodinent 6, wherein Fig. 44A
shows an exanpitegskted ceqeuidl esvicer ofi Embprdgmant Big. 45B shows anot her

exanpl e 20 of the equivalent circuit_and Fig. 44C shows a timng
Figs. 41A to 41C are Sectional views showing 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 of the semiconductor
integrated circuit device of Embodiment 6;
Figs. 43A to 43C shows a programming operation
15 of Embodiment 6, wherein Fig. 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
S equivalent circuit diagram, Fig. 45B shows another example

20 of the egquivalent circuit and Fig. 44C shows a timing

chart;
Figs. 45A to 45C shows a reading operation of

Embodiment 6, wherein Fig. 45A shows an equivalent circuit
diagram and Figs. 45B and 45C show timing charts;

25 Fig. 46 is a circuit diagram showing an example
of the semiconductor integrated circuit device according
to Embodiment 7 of the present invention;

Fig. 47 is a circuit diagram showing the



chart; Figs. 45A to 45C shows a readi ng operation of Enbodi nent 6,5WiRr R0
Fi g. 45A shows an equivalent circuit diagramand Figs. 45B and 45C show
timng charts; 25 Fig. 46 is a circuit diagramshowi ng an exanple of the
sem conductor integrated circuit device according to Enbodinment 7 of the
present invention; Fig. 47 is a circuit_ giagram showi ng the 26 DEC 2006 -
45 arrangenent of a nenory cell array, a block decoder, a sub-decoder

etc, of EmbodirwaRbementi gf 48memozyt tElDgachayi shbloby HBeodem,ng of the
progranm ng operation in the sem conductor integrated 5 circuit device
havi ng a sel eab-teansest oetsl r o€t Bmbodimekobddi nent 7; Fig. 49 is a timng
chart showing the timng of the erasing operation in the sem conductor
integrated circuit deVige HBviagat himimfechartasbowing theutimiergobf 10
Enbodinent 7; Fig. 50 is a timng chart showing the timng of the
programn ng Gper aricgnamminge operatontuénorhenseniaraductprciuntedeated having
the select transistor structure of Enbodinent 7, 15 Fig. 51 is a circuit

di agram uBef GLIFBAL éﬁﬁﬁ&?nhﬁylﬂﬁeaaéﬁéﬁﬁﬁgé§aéﬁlétOFrﬁgﬁpcﬁpéﬁnﬂftype
menory cell _array equigped with an assist gate; Figs. 52A and 52B are
circuit diagF@Pﬁd&§§Pﬁl ‘for explaining the necessity for the select

transistor; J | . L . .
’ Fig. 49 is a timing chart showing the timing of

the erasing operation in the semiconductor integrated

circuit device having the select transistor structure of

N

10 Embodiment 7;

Fig. 50 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 of a virtual ground type memory
cell array equipped 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 is a circuit diagram showing the



20 Fig. 53 is. a circuit diagramuseful for explaining pitch relaxa&h&ﬂ%ﬂk6a
sense circuit; Fig. 54 is a circuit diagramuseful for explaining pitc

rel axation of the sense circuit; Fig. 55 is a circuit diagram show ng 25
conceptual |y an exanpl e of the sem conductor integrated circuit device
according to Enbodinent 8 of the present ¢ nvention; Fig. 56 is a circuit

di agram showi ng the 26 DEC 2006 46 arrangenent of a nenory cell array, a

bl ock decodegyrangémdntlespiermeby &1 Do PN Blodk Wedddés, aati m ng
chart useful for explaining a programm ng operation in the sem conductor

integrated Subtdetbliedpevete, heFi Dbodiréeect8iransi stor structure according
to Enbodinment 8; Fig. 58 is a timng chart useful for explaining an erasing
operation in the sem coiglucidris rd egimaireyl chd ric uide flelvifxer hep Jegi tiey sel ect
transi stor structure 10 according to Enbodinent 8, Fig. 59 is a timng chart
useful for eappbrdoraymisgrecpelaglopeiatilon semidendwrieontutearated egr at ed
circuit device having the select transistor structure according to

Enbodi merft 8cinsuit gdewdcs shaving cai $epalyrimrhbskon streewmie®nduct or
integrated circuit device_ according to Enbodinent 9; Fig. 61 is a circuit

di agr am showrRgCERDRHeFC TReppi®edt 8he sem conductor integrated circuit

devi ce of
Fig. 58 is a timing chart 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
circuit device having the select transistor structure
according to Embodiment 8;

15 Fig. 60 is a circuit diagram showing a
semiconductor integrated circuit device according to
Embodiment 8; .

Fig. 61 is a circuit diagram showing another
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. €3 is a circuit diagram showing a

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

applied to the semiconductor integrated circuit device



20 Enmbodinent 9; Fig. 62 is a circuit diagramshow ng still anothe&”ﬁ%gﬂﬁke
of the sem conductor integrated circuit device of Enbodi nent 9; FigQ. I'S
a circuit diagramshowi ng a 25 sem conductor integrated circuit device
according to Enbodinent 10 and is a block circuit diagram show ng a

sel ection system of an assist gate and_a,bl ock that can be applied to the
sem conductor integrated circuit device ﬂ DEC 2006 - 47 explained in

Enbodi ment 9ax518ind4 1S Brbddokdit dbagram showi ng another exanple of the
sem conductor integrated circuit device of Enbodinent 10 and is a bl ock

circuit diagram show rngiqn 4 assificgahd 1AMl sy noGhdwialg Gaibeeapplied to
the sem conductor integrated circuit device explained in Enbodi nent 9;
Fig. 65 is askamplétofli tigs avemihoomdigesdt |intenmdted exaople dfvide of
sem conductor integrated circuit 10 device of Enbodinment 10 and is a bl ock
circuit di agimbodimeningl @ ared ecs | drbbysk e ofuidn dissdsam getiaw gl an bl ock
that can be applied to the sem conductor integrated circuit device
expl ai ned i naEabotdi pate MMd R lesk i that ctarc e abrigredn thowkerg a 15
sem conductor integrated circuit device according to Enbodinment 11 of the
present inveRenbrondigton7integratied FireidyrdagN i iRl akrrdeln exanpl e of
the sem conductor integrated circuit device of Enbodi nent 11
Embodiment 9;
Fig. 65 1s a circuit diagram showing still
another example of the semiconductor integrated circuit
) 10 device of 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 explained in Embodiment 9;
Fig. 66 1s a circuit diagram showing a
15 semiconductor integrated circuit device according to
Embodiment 11 of the present invention:
Fig. 67 is a circuit diagram showing another
example of the semiconductor integrated circuit device of
Embodiment 11;
20 Fig. 68 is a circuit diagram showing still
another example of the semiconductor integrated circuit
device of Embodiment 11;
Fig. 69 is a circuit diagram showing the
semiconductor integrated circuit device according to
25 Embodiment 12 and is a block circuit diagram showing a
selection system of an assist gate and a block that can be

applied to the semiconductor integrated circuit explained

in Embodiment 11; and



20 Fig. 68 is a circuit diagramshow ng still another exanple of tR®gc 2006
sem conductor integrated circuit device of Enbodinent 11; Fig. 69 is a
circuit diagramshowi ng the sem conductor integrated circuit device
according to 25 Enbodinment 12 and is a block circuit diagramshow ng a

sel ection system of -an assist gate and_agql ack that can be applied to the
sem conductor integrated circuit explaine i n Enbodi nent 11; and 26 DEC

2006 48 Fig. 70 is arcglcuptisdi agtamrshondiggaant Sieswieyaapbehot t he

sem conductor integrated circuit device of Enbodinent 12 and is a bl ock
circuit di ageaamphewbfigthe semécbndncsyst entefrahedssistught demndeaockbl ock
that can be 5 applied to the sem conductor integrated circuit device
expl ai ned i nEEbbddnapht 121anBESERE PFL ok OF1i THEL EMBOBY MENTSh et naf t er
preferred enbodi ments of the 10 present invention will be explained in
detail with seépeténbesystemecicadnpafifhgidiawrhdsa bherliehhalr| ganthe sane
reference nunmeral wll be used throughout the drawings to identify a
constitueht ABRbédhEQi het REMigRRduFtpAEt iBReaRatpdpetFErdR BBVERDI anati on
of such a nmenber 15 will_be gmtted, [Enbodinent 1) Fig. 1 is a partial
pl an vi ew sh&8%PhiBRdexAnpMROdePeRhelseni conduct or integrated circuit device
according to Enbodinent 1 of the present invention. Figs. 2A 2B and 20 2C
are sectional views taken along lines A- A, B- B

DESCRIPTION OF THE EMBODIMENTS
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 semiceonductor 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 - Bf
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, a first gate (floating gate)



and C- C in Fig. 1, respectively. In the plan view of Fig. 1, hafGiicd s s

applied to each nenber for ease of illustration and a part of nenbers iIs
omtted. The sem conductor integrated circuit device of 25 this enbodi nent
has a menory cell of a so-called "flash nenory". The nenory cell includes a

source/drain 105 inside a well 101 focngd an the nmain surface of a
sem conduct or substrate 100, a first gate (floating gate) 26 DEC 2006 - 49

103b, a secomg3gpte £66P5H804atat edohtldl afiged) thi14 gwdea d97Ad Jheecontrol

gate (second gate) |Illa of each nenory «cell is connected to other in a row
direction (xi1d7aectihen)cantdbrgatea (ewabrdd rtd). [ 1Ehef lezatt meergatye (first
gate) 103b and the well 101 are isolated fromeach other by a gate

insul ator fitell(fisrstnnesteédtvr éthey 102z oo dheed¢tbami g gate 103b and
the third gate 107a, by an insulator film(third insulator film 106a. The
floating gatditegbiand and Horms|anecgdibigeomksol gate) Illa are isolated
fromeach other by an insulator film (second insulator fil 110a, and the

third gdte 107a and tTRe wokertinge qaue, (Hirsh g3l abIb fandnthegielEach
source/drain_diffusion |ayer 105 is so 15 arranged as to extend in_a
direction (ylOireei bhplatedt fEAF 23CE NBERKE Y HIHFP eLBFOIAYRT af ¥Rt on)
of L1t 0ot § L ge, L, 20d, POEL] o as, 2l S62) cPOMIES, It aide chgcal
col um di reCkhanchyodi Lecli opda, '8y 20 RUGTa VL %3114 PEcRERh CEREYEL £5-
film) 106a. The floating gate 103b and the word line
Y 10 (contrel gate) 1llla 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.
Each 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 1lla, and functions as a local source line and a
local data line for connecting the sources/drains of the
) ) memory cells in the column direction (y direction). In
20 other words, the semiconductor integrated circuit device
of this embodiment comprises a so-called “contact-less
type” memory cell array that does not have a contact hole
for each memory cell.
Two end faces of the third gate 107a oppose two
25 end faces of the floating gate 103b, that are vertical to
the word line 1llla and a channel, among the end faces of

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

respectively.



of this enbodi nent conprises a so-called "contact-less type" nmenori s Joos
array that does not have a contact hole for each nenory cell. Two end faces
of the third gate 107a oppose two 25 end faces of the floating gate 103b,
that are vertical to the word line 111la and a channel, anong the end faces
of the floating gate 103b through the,jqﬁﬁLgtor films 106a, respectively.
26 DEC 2006 - 50 The third gate 107a is buried into the gap of the

floating gates 103b exirpki R@ilrA Hheedi0gat ienplyiedi LAELI @RE ¥aPt bgal to the
word line Ila and to the <channel. The floating gate 103b exists

symmet ri cal | yHeo fi daltd nighigiad egatl® 30 éx iand nghe nt hhed ddaketid®ha (§Xi st's
symmetrically to the floating gate 103b. The third gate 107a is di sposed on
t he diffusi oriidemyrdron}0yererittadaltioy the woedwindel ldie lahnkatandheo t he

channel or, in the colum direction (y direction), in the 10 sane way as the
di ffusion | aydrant@s.. EVea fheatihg ghtedlgdbecetdFbsesimnetbichtiey the
floating gate 103a and the control gate 11la, this construction can

i ncrease Phe thet dlhdsd watiee LAJRd anidnah@y thdirde gaiten 104 adexdétiSon) and t he

| ocal data line direction 15 direction) twice the m ninumfeature size.
Therefore, tHEMPEFSARE1dd [t &dratd nBe§a8€d 108 ni num 4F2 (F:  ni ni num

[ature size) 11 OrORRPOLOL HBe 2UhaL NNl coble PRRCHELT SUCUELIR of |
20 to 5 are %%?gé”fﬁs %E%W%é% ‘¥ 3 %%eeé%gglﬁigg Hqia 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 11lla, 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 to minimum 4F? {F:
minimum feature size) in a cross-po;nt type array.

Next, the production method of this memory cell
will be explained with reference to Figs. 3 to 5. Figs. 3

20 to 5 are sectional views showing an example of the
semiconductor integrated circuit device accerding to
Embodiment 1.

First, a p type (first conductivity type) well

101 is formed on a semiconductor substrate 100. A gate

25 insulator film (first insulator film) 102 is then formed
to a thickness of about 12 nm on the well by a thermal
oxidation process (Fig. 3A).

Next, a polysilicon film 103, that is doped with



sem conductor integrated circuit device according to Enbodinment 1.,fcSlhos @
p.type (first conductivity type) well 101 is forned on a sem conductor
substrate 100. A gate 25 insulator film(first insulator film 102 is then
formed to a thickness of about 12 nmon the well by a thermal oxidation
process (Fig. 3A). Next, a polysilicon_f% m_103, that is doped with 26 DEC
2006 - 51 phosphorus (P) and is to funcfion as a floating gate 103b, and

a silicon ni %ﬁbéﬁh&kﬁ@ 181, aﬁaelsie@Qwa@tﬁ@ﬁI@ély f1&d¥ingBate The3b,
polysilicon Tilm 103 and the silicon nitride film 104 can be dep05|ted by

CVD (Cheni cahn¥agosil bcbepestii@e)filmriexanpte. ddpesstéd coarpaiiyde film
104 and the polysilicon film 103 are then patterned by |ithography and dry

etching techrdgogBep. Tiie mreitsariniovn cariwerlios tahel side cdiiiddrride film
104 and the polysilicon film103 to a silicon nitride 10 film 104a and a
pol ysilicon hitmd@3ailki Y04 3G n bespeptsiety. bIHEVEi [Chemical rVagofi| m 104a
and the polysilicon film 103a are patterned into a stripe shape so that

t hey exteénd Pepehetyodl r efer oexampbenic (As) is inplanted by ion
inplantation to 15 forma diffusion |ayer_ 105 that functions as

source/ drai n of the mePhr yskkigoy F'Pgtns{ﬁ fie 14 rang gihe IPERIJeYSlIJO’BZOR
functions as_a_source or drain line of the nenory cell. The silicon nitride

film 104a anél%%e10%o¥§§lF?%%hP?F¥%¥Q%%abYuh%?@QﬂF%Eth%n%HQRYd%??%bngh|s

ton 20 i npl ant a}tlﬁgfégfgg thr%ldsl fpfautstleorr}ulna ecron%PeSrtlss tfhoer Tili'don nitride

film 104 and the polysilicon film 103 to a silicon nitride
") 10 film 104a and a polysilicon 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 direction.
Arsenic (As) 1s implanted by ion implantation to
15 form a diffusion layer 105 that functions as a
source/drain of the memory cell (Fig. 3D). The diffusion
layer 105 functions as a source or drain line of the
memory cell. The silicon nitride film 104a and the
polysilicon film 103a function as the mask during this icn
20 implantation, and the diffusion layer 105 is formed in
self-alignment with respect to the polysilicon film 103a.
Incidentally, the diffusion layer 105 is so formed as to
extend in the y direction because the silicon nitride film
104a and the polysilicon film 103a are so formed as to
25 extend in the y direction.
Incidentally, the members etched in this process
(silicon nitride film 104a and polysilicon film 103a) do

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



self-alignment with respect to the polysilicon film 103a. | ncidentyglgpeaobdre
diffusion layer 105 is so forned as to extend in the y direction because
the silicon nitride film 104a and the polysilicon film 103a are so forned
as to 25 extend in the y direction. Incidentally, the nmenbers etched in this
process (silicon nitride film 104a and pelysilicon film 103a) do not

contain a netal filmor a netal compound. Therefore, 26 DEC 2006 - 52 the
netal does ngle HsE0l bdd rbtC| EEdrStap Afdtaditey Sl«ghidext aghand does
not either adhere again to the wall surface of the etched nenbers. In

consequence, etidtleindissd & aind iddaslGfot e irhexpdiaed ayadn daesthwtwalantain 5
the nmetal (inpurity) Defects of the insulator film 106 can be restricted to
a low | evel surfacd i@bidhd yetochredenenbgrovedn tohasequenaeer thiel m 106 for
isolating the floating gate 103b and the third gate 107a is then fornmed 10
in the fol | cimswlatyr (FHilgn B .tArbemxplaineab nent ags gidt coontdinde film
is deposited by LPCVD (Low Pressure Chem cal Vapor Deposition) . The
silicon &xidehd inefdk (imRuritwat e@efgcss @fntheaiaswdasieer £ids 186r oduce
nitrogen into the silicon oxide film A wet oxidation 15 treatnent is then
conduct ed foran e sTeStEoiFtBd de 13 | 1RV i ¥ winch TRkiakjeni §% Gaf Rluced.

This is to renove hydrogen that is introduced into the silicon oxide film
by the heatl®RER{§/®nt in anmoni a. The charge trapping quantity is small in

the 20 i nsul ator {11108 foried by e oG5S Jegqriined qove.

floating gate 103b and the third gate 107a is then formed
j ) 10 in the following way (Fig. 3E). An about 10.55 nm-thick
silicon oxide film is 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 film. A wet oxidation
15 treatment is then conducted for the silicon oxide film
into which nitrogen is introduced., This is to remove
hydrogen that is introduced into the silicon oxide film by
the heat treatment in ammonia.
The charge trapping quantity is small in the
20 insulator film 106 formed by the process described above,
and this film 106 has good programming/erasing endurance
characteristics. If the charge is trapped into the
insulator film 106, the electrons so trapped move under
the left-standing state into the third gate. If the
25 guantity of the mobile electrons is great, the probability
of the occurrence of a retention degradation becomes
greater. Since the gquantity of the mobile electrons

increases with the trap density, the probability of the



and this film 106 has good programm ng/erasing endurance characterjcdccsos
If the charge is trapped into the insulator film 106, the el ectrons so
trapped nove under the left-standing state into the third gate. If the 25
gquantity of the nobile electrons is great, the probability of the
occurrence of a retention degradation beggngs greater. Since the quantity
of the nobile electrons increases with the trap density, the probability of

the 26 DEC 2006urredmse &FCthd endeardfidihaid@iAid ih dagadal ironyhecones
higher if the trapping quantity in the insulator film106 is great. In

this enmbodi memg , t Ppyemes , quidrer charige tHapping aumntfiydn 106 tie Jddmi s
restricted. Therefore, this enbodi nent can S restrict the retention defect

and can accolmpl tisis gemishd megr armmwey/ear asibeg arttganceapdiaracterrntsitiys. The
insulator film 106 does not contain netal inpurities as described above. A
P- doped pol ysm | tlenf ik Mg 0festrisarade afherefdorehi thigaeabd@iamend caen
deposited in such a manner as to conpletely bury the gap between the

f | oat i ng Sgatxeper it nshe MOXeHan ect @ypl dagt aseampldsh gagkd for
formng the polysilicon film 107. Anistoropic etching is conducted to etch
back 15 the PORYSIMMEEH §73 541D RNIUF ANHIS GRBLAFHRE 43 ¥ gafBe107a having a
predeterm ned thjckness is formed in the gap . between the floating gate
patterns 103U LNt 9957 194 rﬁqq'fﬁpacll{hé%estagf YRR RARS 13%on film
(the third qgte %ﬁgz§) remai ning after etch-back is preferably smaller than
20 the fil mtHTTkTRES 3°YHe floating gate polysilicon 103a.

A P-doped polysilicon film 107 to serve as a
.b) 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, is used for forming the
polysilicon film 107.
Anistoropic etching is conducted to etch back
15 the polysilicon film 107. In this way, the third gate 107a
having a predetermined thickness is formed in the gap
between the floating gate patterns 103a (Fig. 4B). Here,
the film thickness of the polysilicon film (the third gate
N i07a) remaining after etch-back is preferably smaller than
20 the film thickness of the floating gate polysilicon 103a.
When the film thickness of the third gate 107a is smaller
than that of the floating gate 103b, the internal
operating voltage can be lowered at the time of the
erasing operation.
25 A silicon oxide film 108 is deposited in such a
fashion as to completely bury the gap between the floating

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

for depositing the silicon oxide film 108.



When the filmthickness of the third gate 107a is snmaller than thals sdc Jobe
floating gate 103b, the internal operating voltage can be |owered at the
time of the erasing operation. 25 A silicon oxide film 108 is deposited in
such a fashion as to conpletely bury the gap between the floating gate
patterns 103a (Fig. 4C) . CVD, for exanpl is used for depositing the

silicon oxide film108. 26 DEC 2006 - 5 Next, the silicon oxide film 108
is polished by CMW (Ghegtgcathdbshanierl oXodéshing)108tis pbeishédcop
nitride film 104a is exposed (whereby the silicon nitride film 104a and the
silicon oxi dembi l(CRheth6adnHedB8nigah PolbshDAdy) “AbGalandHelBBaicoaspectively)
(Fig. 4D). Next, the silicon nitride film 104b is renoved by using a hot
phosphoric acidradeetidmsdDéei 0n, ekposedxdwpéeebantheéheidicbaceibtidhe
polysilicon 103a is exposed (Fig. 5A). A P-doped polysilicon film2109 is 10
deposi ted (FifglmsBp4andndsthhenisichadonnidsofiopscalbyandwheBebyroheo
polysilicon film1109 turns to 109a) (Fig. 5C). This polysilicon film 109a

i s el ectrfcallPgbeohRéat addt 08aherpapgstivedn) 108ag- afB) these two | ayers of
polysilicon formthe floating gate, The polysilicon 109a increases the 15
surface area of the flBeXtngthatelbhecor neteasds BiL® 10Eb tsupeme¥edatio of
the nmenory cell. In this way, the internal operating voltage at the tinme of
t he progrannPHgPéﬁﬁgiﬁghBBePEPFBHOEéﬁ BEldIB&E?@H$ gﬁlﬂEkP,'a 8Fli con oxide

fi'”‘(haVingeiaﬁ9585”§%§ the surface of the polysilicon 103a is
exposed (Fig. 5A). A P-doped polysilicon film 109 is
) 10 deposited (Fig. 5B) and is then etched anisotropically
(whereby the polysilicon film 109 turns to 109%a) (Fig. 5C).
This polysilicon film 109a is electrically connected to
the polysilicon 103a, and these two layers of polysilicon
form the floating gate. The polysilicon 10%a increases the

15 surface area of the floating gate and increases also the
coupling ratio of the memory cell.

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

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

A stacked film of a polysilicon film, a tungsten

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

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



of about 10.5 nm 110 for isolating the floating gate and the wordgbEn@odes
formed (Fig. 5D) by the sane nethod as the one shown in Fig. 3E. A stacked
filmof a polysilicon film a tungsten 25 nitride filmand a tungsten film
or a so-called  "polynetal filnm', is deposited, and is patterned by
l'ithography and dry etching technol ogi esglso_formword Ilines 1lla.
Patterning in this case is conducted so that 26 DEC 2006 - 55 the word

lines Il1a exhengdobl {hRe¥ diigCtkoBndt DAtLhE. x| AirébLiGA] CERAONIEX in
direction) vertical to the extending direction of the third gate 107a (y

direction). fhe gikbeencAxideditréstidh) avdrtheapotysthécontehdingns 109a and
103a are etched to conplete the floating gate (whereby the silicon oxide
filmturns taitéfeiendofhehepohysd| gabe 103a apddip®atiomnh.to 103b and 109b,
respectively) (Fig. 5E). In this etching process, etching is conducted
under the condition inThéishlidensékideonfilnoklleadd| thegoeselioden, in the
stage where the silicon oxide film110 is etched. In the stage where the
polysilicon films 109a and 103a are etched, taooeveicte ethei hoatinonduct ed
under the selective etching condition where polysilicon can be etched but
the silicon @&téle (Vherebs thandilbecntentde frlmhtyrndytorhila madatls film
108a as the silicon oxide film functions as an_etching. stopper and the
third gate 1D7aYBel&GPRNe0PAsaNE: 6P %) FrFroBa +Q3Roendel®PRd. In ot her

Gi'rect i on andePRECFHBEHVhg (565 gark 10 |G SRR AP SESid S et | ons,
form ng is conducted under the condition in which the silicon
L') 10 oxide film can be etched, in the stage where the silicon
oxide film 110 is etched. In the stage where the
polysilicon films 109a and 103a are etched, however,
etching is conducted under the selective etching condition
where polysilicon can be etched but the silicon oxide film
i5 cannot be etched. In this way, the insulator film 108a as
the silicon oxide film functions as an etching stopper and
the third gate 107a below the insulator film 108a is not
etched. In other words, the third gate 107a keeps the
stripe shape extending in the y direction and the floating
20 gate 103b is split in beoth x and y directions, forming
thereby island-like flcoating gates.
Thereafter, an intermetal insulating film, not
shown, 1is formed and contact holes reaching the word line
ll1la, the source/drain diffusion layer 105, the well 101
25 and the third gate 107a are bored. Subsequently, a metal
film is deposited and is then patterned to form wires. 1In

this way, the memory cell can be completed.

Fig. & is a circuit diagram showing the



thereby island-like floating gates. Thereafter, an internetal insulgtgettoos
film not shown, is fornmed and contact holes reaching the word line Illa,
the source/drain diffusion |layer 105, the well 101 25 and the third gate
107a are bored. Subsequently, a netal filmis deposited and is then
patterned to formwres. In this way,_tgg menory cell can be conpl et ed.
Fig. 6 is a circuit diagramshow ng the DEC 2006 - 56 construction of

the menory cgbhs@Fidy:oNer dHd usdrry |@ver Sady ( The B3fZ2usPRnl. Dn. Dn+l,
Dn+2, .) to serve as the source/draln extend in the direction (y direction)

vertical to 1heefld ress i on. (x.-dj rmet, ay), of..thener d)l itkeseT vVl acE\VWkhe WI,

.. , Wn) , and play the role of the wires for connecting the nenory ceIIs
adj acent to smeredodiein igktdred in dilectimrct idre heniyeceldrs) adj acent to
each other in the x direction (in the extending direction of the word |Iine
W) share thesdifidakiton theyetiddds iBel brtdiMes:tlilon)r afsiSteorwfdrlsedect i ng
the source line or the data Iine are disposed at both ends of each
di ffusi o wiWe OfLd,nWlhe ..y, d¥igot iand pley rdw orelencihfds et 185 ther sel ect
MXS is called an "array block". The third gate (assist gate) AG is so
di sposed as ¢enRSGEH ithe Heenony reliorfdRFent 1B I EITRE e rdif on at
t he upper and | ower ends (both ends in_the y direction) of the array bl ock.
Figs. 7 to 12 %#ﬁﬁ@?*ﬁpia&@@tm@WOFHeC@6P§a§€Ja§6BF|é@ §PER Gthere ithird gate
107a. In the sem conductor integrated circuit, K device of this enbodi nent,

the portion B%¢ ¢h SR bt HE G AL EHNGAYFREEAR QAL TN Dr s for

line WL) share the diffusion layer 105. Select MQOS

) 10 transistors for selecting the source line or the data line
are disposed at both ends of each diffusion wire Dn in the
y direction. The region encompassed by the select MOS is
called an “array block”. The third gate (assist gate) AG
is so disposed as to extend in the y direction and is

15 Dbound into one region at the upper and lower ends (both
ends in the y direction) of the array block.

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

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

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

In the semiconductor integrated ciréuit device

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



selecting the local data line or the local source line constituteSdfi& 2006
menory cell array block. The third gate pattern 107a is forned in
self-alignnment with the floating gate polysilicon pattern 103a (which is
turned to the 25 floating gate 103b after etching) when any nethod is

enpl oyed. In the sem conductor integrated-circuit device shown in Figs. 7
to 9, the polysilicon 103a is patterned 26 DEC 2006 - 57 so that all the
third gates @7anaxtandi Bgei Bhibe getesniovbresténaihy dhr eBki e8lumn both
sides of the array block can be bundled into one. In contrast, in the

sem conduct oHireBteghat{gddérectibnfeshcboshosihdes Efgshel@rtaylﬁlothe 5
polysilicon 103a is patterned so that every other third gates 107a

ext endi ng i ncehebeobunmidlddr éstoonnéy din evintrgst orironchefsamecondisstgupper
side or lower side) of the array block can be bundled into one. In either
case, the bandegdapedtconceiy devine shovd gat Bsgss UPspoeseéd, beheeen 10 the

word line Illz and the gate 113 of the select transistor at the bl ock end.
| nci dent af | ypPodvaddipopal PérnisnRaEteF eAeS3ahBakm@ERF ¥l OCBBEFhER1EE the word
line Illa may be interposed between the word line |Illz and the bund|ed

portion 114 SPt?ﬁelPﬂPrGxﬁﬁP@é“915nCER?aEPIHEFegliﬁgtiﬁﬁcﬁYnﬂlFﬁﬁtbaﬂHI|ng
portion 114 of the d gates 107a are,forned, and wres 116 are
connect ed t 0°Fh87Eof aEE thQES iugﬁﬁﬁl§lﬁ8mgf }BW?ﬁe518ﬁ?rang?Es 107a. The
ol 0w, 2L 00ds, £a R cURCHe! BaSRUNEELL G 1 P AR ol s pp e
bundled 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 1llla
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 116
are connected to the contact holes to supply power to the
third gates 107a. The fecllowing methods can be used for
connecting the contact hole 115 and the metal wire 116.
20 The first method disposes one or a plurality of
contact holes 115 at the end portion of the bundling
portion 114 of the third gates 107a and takes them out
from the memory array by the metal wire 116 as shown in
Figs. 7 and 10. This method has the advantage that layout
25 of the metal wires on the memory array is easy.
The second method disposes the contact holes 115

in substantially the whole region of the bundling porticn

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



contact holes 115 at the end portion of the bundling portion 114 ofs gdtS006
third gates 107a and takes themout fromthe nenory array by the netal wre
116 as shown in Figs. 7 and 10. This nethod has the advantage that |ayout
25 of the netal wires on the nenory array is easy. The second net hod

di sposes the contact holes 115 in substggtially the whole region of the
bundling portion 114 of the third gates 107a, connects them by the netal 26

DEC 2006 - pfreWi1e ddd w@dikd alitsm thamitsasvs hawFids Figsand and 11.
This method has the advantage that the voltage drop due to the resistance

of the bundl T pesthed Hagt e tddvddiddge it an el tass rdededud tidhe
third nmethod di sposes the contact holes 115 in substantially the whole

regi on of thghdurshisgames téo Hehel Wurafl ire gdrvibrgdtles of ttheeghiatdy gaps
between themin the sane way as in the second nethod, and al so di sposes
the contact dmteescarl &e nrestrsicedal |y the whol e region of 10 the dummy
pattern 112 with certain gaps, too, as showmn in Figs. 9 and 12. The netal
Wi re 1165connects the Thenttdcitrd imgtdwd B8 spodebl & heo comg agtothiedres Silifce t he
polynmetal film having a |ow resistance is used for connecting each third
gate in thisinretdestantield tHhpe Woe regian mf ffhemhwndiing easiiate of
the bundling portion 114 of the third gates can be restricted in the sane
way as in thetsonhdthor Jadist &iHe WER S3RT ReGVeste R &t hol es
115 and 118 _is small, the |length of the netal 're(%éﬁ.can,be decr eased,
and | ayout of% MATRUAY T o Ko SRS Ftofr APE AL 3R HRRPIER |y i n
the same VaY: e ééhéggkfﬁgfgs 118 in substantially the whole region of
\') 10 the dummy pattern 112 with certain gaps, too, as shown in
Figs. 9 and 12. The metal wire 116 connects the contact
holes 115 and 118 to one another. Since the polymetal film
having a low resistance is used for connecting each third
gate in this method, the voltage drop resulting from the
15 resistance of the bundling portion 114 of the third gates
can be restricted in the same way as in the second method.
Since the distance between the contact holes 115 and 118
is small, the length of the metal wire 116 can be
decreased, and layout of the metal wire on the memory
20 array can be made easily in the same way as in the first
method. In other words, this method has the advantages of
both first and second methods. The methods shown in Figs.
7 to 12 can be selected appropriately in accordance with
the target specification of the semiconductor integrated
25 circuit device.
Next, the voltage application condition and the

operation method of the memory cells produced by the

method described above in the programming operation, the



met hod. I n other words, this nethod has the advantages of both firgtppindos
second met hods. The nmethods shown in Figs. 7 to 12 can be selected
appropriately in accordance with the target specification of the

sem conductor integrated 25 circuit device. Next, the voltage application
condition and the operation nmethod of _tRg menmory cells produced by the

nmet hod descri bed above in the progranm ng operation, the 26 DEC 2006 59
erasi ng oper gtk 90ingdndpthst {1 6Rda NPt RE | BEadli bpe PEL £XP| @ DEGbe Ve kP1E BREI ENCE
to Figs. 13 to 15. Fig. 13 shows an exanple of the progranm ng operation.
Fig. 14 showgighn estepéeceftothiger assd ngo oper atiion &y stiaws Hn shawplan
exanpl e of the 5 reading operation. In each of these drawi ngs, A shows an
equi val ent cbfcthé, padgr&woing spenst doni nmfigy.cHar tshdws RrgexEwple df5A, t he
respective operation is carried out selectively in the cell enconpassed by
dotted |ineshel@r&sisg, opdirapioyrandi Rygopkd ashows vah | ebampbapbhi teel. |t
w Il be assuned thereby that the selected nenory cell is acell M A
positive ol ragéiog epevetiony, I gaddxafplthess dyayings .t ® tHeoworah | i ne
Wn (selected word line) of the selected cell M and a positive voltage 15
of about 5 VedR&VakRREPFEICREtappPiel 6 ¢ hEheWs (st HRING a5R2IBNn as the
drain of the selected cell M The difgusion | ayer Dn-|1 to serve as, the

source of the selecteth det9s M34 KRpto23n W&/ ISPEHE W IR H™H Hhd t he

word line are_kept .at the predeterm ned volt s in 20 this wa ho

el ectrons deb8fd e?no?ﬁes%ﬁ%ﬁEbYe 2gtBnthE cétf “encompassed by dorded
lines.

) ) 10 First, the programming operation will be

explained. It will be assumed thereby that the selected
memory cell is a cell M. A positive voltage 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 diffusion
layer Dn as the drain of the selected cell M. The
diffusion layer Dn-1 to serve as the source of the
selected cell 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 layérs Dn-2, Dn+l and Dn+2 are at 0 vV, 5V

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

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



the nenory cell Mand are injected into the floating gate. At this %ip¥e,206d |
of the third gate AG the well and the unselected word |ine W.n+l are kept
at 0V, and the diffusion |ayers Dn-2, Dn+l and Dn+2 are at 0 V, 5 V 25 and
under the floating state, respectively. Therefore, the diffusion |ayers
Dn-2 and Dn-1 are kept at the sane voLt%%e_(O V) and the diffusion |ayers
Dn and Dn+l are kept at the sane voltage (5 V). Further, the voltage 26 DEC

2006 - 60 Qh%ESESHE@ BSEW@SB the difEusion Layers Ph+l and Pa¥Z hardly
exi sts because the diffusion layer Dn+2 is under the floating state. In

consequence, nhaedhot erlieekr pacadeyetngsdi pftheoshpapetspaé2t be araery cells
M1, M1 and 5 M+2, and mi ss-programming to the adjacent nenory cells M1,
Mrl and M+2 ene lBeoptemensedteThelmhatoredeapiemoe, medotorelexiorns in only the
menory cell M As the electrons are injected.to the floating gate of the
sel ect ed nenmdeyetepbk iM thbechaneshs| df vbhé amgemofyt belben¥ry, cBtl andes and
10 progranm ng i s conducted. In this way, the sem conductor integrated
circuit devi MéZusesdfvissadfageanmiraory theladjacenhemempry selést¥-bne
cell anmong them and executes progranm ng. Therefore, this enbodi nent

execut es t heM+pr égﬁa?h’r?ngaépbﬁaPFéﬁeaﬁeﬁeas?hef hAt 1S IRGLEQD PRGN | 15
the cells on one word line. Figs. 13B and_13C are timng charts show ng
exanpl es of PREUEPNLRgOBLYt hBEVBEPAEY %%bil%air%ﬁl%Q?tQﬁ?CEﬁQQiHQﬁP\Mer line
Wn and to the. diff There, are two_exanp iéSh wn

e O aniRagcrgt to0they El8aPhat  Gatiah (A e ea S Fa ReRrra CaLor od

M, the threshold 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. Therefore, 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.



word line W.n at the timng tOas shown in Fig. 13B, +5 V is applighdccobde
diffusion layers Dn and Dn+l at the timng tl (t0O <tl) . After this
voltage is kept for a predetermned progranmng tinet (t =t2 - tl), the
25 voltage of the diffusion layers Dn and Dn+l is returned to O V at the
timng t2. Wen programmng is executed g4 such timngs, drain disturb can
be mtigated because the drain voltage application tinme is short. 26 DEC

2006 - 61 AlternativglyerRiterely, VakeAPPS i R0id Oappe;edi£édUshon |ayers Dn
and Dn+l at the timng tO as shown in Fig. 13C +1 is applied to the

sel ected wordikkpgi¥hniagbrihent aAENOntl &tOtKettimiAGt€0 &Bi Shywhtage is
kept for 5 a predetermned programnmng tinet (t =t2 - tl), the voltage of
the sel ect edrigrdiBCpe+YEnvi ssrepplned t6 Ohy saletbedtwotdglire Wha vol tage
of the diffusion layers Dn and Dn+l is then returned to O V at the timng
t3 (t2 < t3pt vhentpmbgganii 1gli s eXpcutZftem this welaye e s vicepk 1fbr

di sturb can be mtigated because the word line voltage application tine is
short. Next, at heedetgimgnepgepacgoammihg bemexpl &t nedt2 Astthewbhén Fig. 14A,
a negative voltage such as -13.5 V is applied to the selected word line
W.n, and a repategel 9f15hgnaeltepbg¢itWVédvgmagTéLguéﬁ neterned e QpPlied to
all the third gatesz The diffusion layers Dn-2 to Dn+2, the well and the
unsel ect ed WBEdERENBIRERT| tar e Be (vaitagp e diihtdif g iqn i Ry RS e

el ectrons occurs_fromthe floatin gate tothe third gate in all the nenory
cells on 20 2Re RBFY FFnEhﬁﬁanEBrg% the BoW &k- \Redh&PmPeype (t2 <

t3). When programming is executed in this sequence, word
¥_> 10 disturb can be mitigated because the word line voltage
application time is short.
Next, the erasing operation will be explained.
As shown in Fig. 14A, a negative voltage such as -13.5 V
is applied to the selected word line WLn, and a relatively
15 small positive voltage such as 3.3 V is applied to all the
third gates. The diffusion layers Dn-2 to Dn+2, the well
and the unselected word line WLn+l are at 0 V.
Consequently, ejection of the electrons coccurs 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 phenomencon with the result that the threshold
value of the memory cells drops and the erasing operation
is conducted.
Incidentally, it is also possible to apply
25 simultaneously a negative voltage such as -13.5 V to a
plurality of word lines and a relatively low positive
voltage such as 3.3 V to all the third gates AG while the

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



tunnel i ng phenonenon wth the result that the threshold value of tReptewmwy
cells drops and the erasing operation is conducted. Incidentally, it is

al so possible to apply 25 sinultaneously a negative voltage such as -13.5 V
toa plurality of word lines and a relatively |ow positive voltage such as
3.3 Vto all the third gates AG while Lh% diffusion layers D and the well
are kept at O V. In this 26 DEC 2006 - 5 case, the cells on the word |ine

to which the-pggatiNg c¥PiEags theapplicdi gONEYChnibR eﬁ@sh@ﬂaepeéation- 't
is further pOSS|bIe to apply a relatively large voltage such as 17 V to al

the third gaygst&eand apploe8etonlilict heh#wetatingsopatatise. di ffusion

| ayers D and the wells to O V. In this case, all the nenory cells inside

t he bl ock conduct the Btabs nfuppesatpensibie tte sappbwda neetativelerase rate
strongly depends on the oxide electric field. Therefore, as 10 explained in
t he paragraphaofet elpagdustcbnaseti hod bd a2hk thenohyrdegsteshhdGfandn

t hi ckness of the gate insulator film 102 for isolating the floating gate
103b frordtheo sefri abhdtbeovosdbsirese abd the gebbfesiomahayersp|and

t hi ckness of the silicon oxide film 110 for isolating the 15 floating gate
103b from t heheonetds g® el V1 a Iandhilfe Risiem alfi dhseFEMOE R ¥@14iS | con oxi de
film2106 for isolating the floatin ate 103b fromthe third gate 107a.

| nci dent al | yinghee pERerbapekt eeRABFbghhesesas HnI sORRr2B%eR t he silicon oxide

film that i's formed by 20.fherelly, ox diglng Lhe, f1oaling gas, pol ysilicon

depends on the oxide electric field. Therefore, as

) 10 explained in the paragraph of the production method of the
memory cell, the film thickness of the gate insulator film
102 for isclating the floating gate 103b from the
semiconductor substrate 100 is greater than the film
thickness of the silicon oxide film 110 for isoclating the

15 floating gate 103b from the control gate l1lla and the film
thickness of the silicon oxide film 106 for isolating the
floating gate 103k from the third gate 107a.

Incidentally, the prior art technology uses in

some cases the silicon coxide film, that is formed by

20 thermally oxidizing the floating gate polysilicon film, as
the tunnel film of the electrons between the floating gate
and the erase gate. However, the thermal oxide film on the
polysilicon has large quantities of traps and the
electrons are caught into the oxide film as the number of

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

applied to the erase gate with the increase of the number



the tunnel filmof the electrons between the floating gate and the,Si@sfine
gate. However, the thermal oxide filmon the polysilicon has |arge
guantities of traps and the electrons are caught into the oxide filmas the
nunber of 25 tinmes of programm ng increases. Consequently, the electric
field applied to the oxide filmdrops §ug§tgnti ally and the erase rate
drops. A nethod of increasing the voltage™ applied to the erase gate with

the increase,pfyifes Wbﬁfoéﬁan%g%% thé fHe HdBS Pfo M aMHg has

t heref ore been proposed.” On" the her hand, the silicon oxide filmforned

by the met hoge obtiidd Shandodinend s Tasord Nex tdelPf TRt ddved oy Nene fi | m equal
to that of the oxide filmon the well. 5 Therefore, even when progranmng is
repeat ed, thReEi®$eof reties dagsodinhertt trs Rilge tIrp iquandity npn ctteet showi ng
an exanple of the voltage application timng to the selected word line Wn
and to the thiln eaiel Ao teAfderthd kbide i &iappdn eche oveéhe. sel ect ed word
line Wen at the timng tO as showmn in Fig. 14B, +3.3 Vis applied to the
third gatte Ahaetefdmeet iewaem wher tregdnminghis nepaestyed, sthkeprdse a
predetermned erase tinet (t = t2 - tl), and the voltage of the third gate
AG is then 15atetdeeeden drapat the tinmng t2. Thereafter the voltage of

the selected word Iine Won is returned to O Vat the timng t3 (t2 <t3) In
such an erasing operatfigh, 14fe is/@ tHFE S et Hhayige enex@micolaf t he
erase tine. In this case, the v%{éa%w dth to be switched of the third 20

gate AG is sHRfIEPLltagsh IBRIIATY T iR SRR (SRECLRY word line

WLn and to the third gate AG.

) 10 After -13.5 V is applied to the selected word
line WLn at the timing t0 as shown in Fig. 14B, +3.3 V is
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 is then

15 returned to 0 V at the timing t2. Thereafter the voltage
of the selected word line WLn is returned to 0 V at the
timing t3 (t2 < t3). 1In 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 sherter. In other words,
the erasing operation of this embodiment that directly
controls the erase time by the third gate AG is superior
in controllability of the erase time. In addition, disturb

25 to the unselected memory cells by the third gate AG can be
reduced.

Next, the reading operation will be explained.

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



the swtching tinme can be made shorter. In other words, the erasingpgc 2006
operation of this enbodinent that directly controls the erase tinme by the
third gate AGis superior in controllability of the erase tine. In
addition, disturb 25 to the unselected nenory cells by the third gate AG can
be reduced. Next, the reading operatiaon gglj be explained. As shown in
Fig. 15A, a positive voltage of 3.3 V, for 26 DEC 2006 - 64 exanple, is

applied to theappng,lijRe WN el khe thel eokad1igel hlLM 8#d rRePahkloteqvol tage

of 1V, for exanple, is applied to the diffusion layer Dn to serve as the

drain of theesgl ectagd Cae|[p|othi'G|éevd>ilftfa@%i oF hayer rba- bxbhapiervesas 5 the
source of the selected cell M all the third gates AG the wells and the
unsel ect ed weiggplilses oWkl ddfgulsdph dlye@ ¥n tThe sdirfbuaisomhkayieias nDef2,

Dn+l and Dn+2 are kept at O V, 1V and under the floating state,

respectivel y,tHeo seficevent ceildsM.ealhendihtusaoe hayernsDnnlthe peogeaawi ng 10
operation. In this way, the sem conductor integrated circuit device of this
enbodi nen$ uséde fsomrcadjodcshe selllesteds cedd Mni Bllsshectdigde getetshd® and
executes the readin operation. Therefore, the reading operation is
executed at Hhgastelisuand wbe vHseIREGEE WREdr ddpesl WLnnd @&kl ¥eps 8fie 15
word |line. Figs. 15B and 15C are_tim ng_charts show ng_ exanples of the

vol tage appl i%cdt-i oRhEi i AGUEEORheRERF 8cPRTZ, WBRH! | #P@sPITH ake kePEnat

di ffusion |layers Dn and Dn+l . Theri are two _exanpl es as shown in these

drawi ngs. 20 9AY rshdwdnidn uec§r 158, faredringssiayer s T8SpRFEaVESY, to

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

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

15 word line,.

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

20 As shown in Fig. 15B, after +3.3 V is applied to
the selected word line Wln at the timing t0, +1 V is
applied to the diffusion layers Dn and Dn+l at the timing
tl {(t0 < tl1). This voltage is kept for a predetermined
read time t (t = t2 - tl) and then the voltage of the

25 diffusion layers Dn and Dn+l is returned to 0 V at the
timing t2. The voltage of the selected word line WLn is
returned to 0 V' at the timing t3 (t2 < t3). When the

programming operation is conducted with such timings,



the selected word line Won at the timng to, +1 Vis applied to thgpgcao0s
diffusion layers Dn and Dn+l at the timng tl (t0O <tl). This voltage is
kept for ‘a predetermned read tinet (t =t2 - tl) and then the voltage of
the 25 diffusion layers Dn and Dn+l is returned to O V at the timng t2.
The vol tage of the selected word |ine Wn is returned to O V at the timng
t3 (t2 <t3) . Wien the programm ng operation is conducted with such

timngs, 26 QEG;20065:63y dhal ESS%ﬁE%PQtSanQ@aHEEi gaked-Reqayserhle drain

voltage application tine is s ternatively, after +1 Vis applied to

t he diffusigPphgﬁgﬁgantgmg Eg+;hé§tthe timng tOas showmm in 5 Fig. 15C
+3.3 Vis applied to the selected word line Wn at the timng tl (t0O < tl).

This voltage is kept fgrtarnRtedel¢f nhpedrprdgvamsi agplied to(the t2 - tl),
and the voltage of the selected word line Wen is returned to O V at the
timng t2. TherfoktiagelaketrBeDdi thdsDarll ayetheDaih@ingnd0Dasl shswhhén
returned to O Vat the timng t3 (t2 < t3). Wen programmi ng i s conducted
Wi th suchsti miags15@pr é3.48i ¥t usbapphibd tel akedsbdeated whedwdidel Wbe
voltage application time is short. The sem conductor integrated circuit
device of 1Btthhs &abodgntat (E8n<sél)théThivevoltade 1wckeprdafer|ane
direction and in the word line direction to the size twice the mninmum
feature sizePFedetRsngRethPraeRarfiingl FiNehas (tt fiet€hir 8lgat @an8t RBR than the
floating gate and the control gate. Therefore, the nenory cell area can be
20 reduced t JoAtgaespicehenpelerbsdi HeRE dibe Wk p8l yREpEped to 0 V

at the timing t2. The voltage of the diffusion layers Dn
| ) 10 and Dn+l is then returned to 0 V at the timing t3 (t2 <
£3). 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 floating gate and the
) control gate. Therefore, the memory cell area can be
20 reduced to 4F°. Since this embodiment uses the polymetal
structure for the word line, the delay of the transition
time of the word lines in the programming and reading
operations can be reduced. Furthermore, the defect density
of the silicon oxide film between the floating gate and
25 the third gate can be reduced because the word line having
the polymetal structure is formed after the formation of
the third gate. The maximum value of the absolute wvalue of

the internal operating voltage in the programming/erasing



structure for the word line, the delay of the transition tinme of tlaerpcoes
lines in the programm ng and readi ng operations can be reduced.
Furthernore, the defect density of the silicon oxide film between the
floating gate and 25 the third gate can be reduced because the word |ine
having the polynetal structure is forqpq; fter the formation of the third
gate. The maxi num val ue of the absolute value of the internal operating

vol tage in the pLegLAME.RILer askBged6 tBEE3280¢, 66 operation can be | owered
to 13.5 V. Unlike this enbodinent, it is also possible to enploy the nethod

that conprises form nguhheké! ent knempatiemepa} t etnisf @LBbNPokbEPLIENEOL hird

gate in the gap defined by 5 the floating gate pattern, form ng the word

line verticalempi@yt el me@hibdg thate cpapreses Patineéngi npef fivhedinghgate

fl-oating gate with the word line as a mask-, and formng the diffusion

| ayer to serypataednth€oxmingetticai nhel mhiiltkdsgatasén the ghpndefiaed bge word

| ine cross each other at 10 right angles, and the third gate oppose the

fl oati ng Hat eheof ila¢ ipgagetpapakieln; o formiobanhel wardndginkeventdifades of

the floating gate. However, this nethod needs ion inplantation of the

di ffusi on | ajer thet §loakénghigagegrasters, f pavbernhagcéurtherf 8hfation of the

diffusion layer 15 below the third gate becones difficult. To connect the

di ffusi on | ayeratingr §aseewithe t88NHREE RéPE ASsE BBSK) oPREdISRBIRAe

conductor nust be cagnnected for each nennr¥ cell, and tgg cell areahbecones
gn 1s

greater than i GRIESISERROoAPYERt EOTGSEVRUPRENEBES PPULEEY SFF1Bot IR ©
mniaturizati on 20 of the MRYPLY (Cehl 3004 FIUS! 083" LR dRhegt Jgensity,
) 10 right angles, and the third gate oppose the floating gate

on the plane parallel to the channel among the end faces
of the floating gate. However, this method needs ion
implantation of the diffusion layer after the third gate
is formed, hence, the formation of the diffusion layer

15 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 1in this embodiment.
[Embodiment 2]

Fig. 16 is a sectional view showing an example

of a semiconductor integrated circuit device according to



the arranging direction of the third gate nust be such that its twgmithoos
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 fornmer, respectively, as described in this enbodi nent. [ Enbodi nent

2] Fig. 16 is a sectional viem1shomﬁng_ag7exanple of a sem conduct or
integrated circuit device according to 26 DEC 2006 - 67 Enbodi nent 2 of

the present Ems@a&meﬂt Fhgeptae yrevent mhenﬁ@ahconﬂs@tﬂaﬂ N £k ad £d
circuit device of this enbodinment is the same as Fig. 1 of the first

enbodi ment. thegsemibénddibBoandntégratedsectconal dgvewe bakenisl ong 5 |ines
A- A, B-B and C- C in Fig. 1, respectively. The sem conductor

i ntegrated cembutdimdrvi ce thecsamengstBighi 3 efibvtdenEntstsenbbfiément.from
the sem conductor integrated circuit device of Enbodinent 1 in only its
sour ce/ drai nFdigbf udbdn LaBean@056CThrenaeetiahagl' viewsf takhnr akenpers, their
structures and arrangenent, etc, are the sane as those of Enbodi nent 1.
Therefore} thénesxpl anatioB wi Bl #RdgfvenConinnFigt hd, drespeehivpodyti on,

and the explanation of other nenbers will be omtted. The source/drain

di ffusion layer 205 isTh¢sposegongductherinesrated tqbrowit devécel1la and
exists as a local _ source |ine and a |local data_line for connectlng t he
sour ce/ dr ai n26FCFA&NHeRBr YhEd| PEOPHLITRRE cbf uAhI ERFRREI HRO™(%P8i recti on)

Thi s construction i S 0 have-the
cont act ol 65PBr CBARKE BB noNEFgTRERR. CTHFE-T o5av bt car BRPoRgRERR 1 ots
array”. only its source/drain 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 disposed
15 wvertically to the word line 1llla and exists as a local
source line and a local data line for connecting the
source/drain of the memory cells in the column direction
(x direction). This construction is the same as that of
Embodiment 1 and does not have the contact hole for each
20 memeory 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



This contact-less array can inprove the menory cell -formation densigpid fbos
the sanme way as in Enbodinment 1. Therefore, the sem conductor integrated
circuit device can reduce the nmenory cell area to 4F2 (F: mninmmfeature
25 size) in the same way as in Enbodinment 1. In the source/drain diffusion

| ayer 205 of this enbodinent, on the ot ggr _hand, a pair of diffusion |ayers
205 for form ng the source/drain has an ymmetric 26 DEC 2006 - 68

posi t1onal rgait ooall Prudlll CRSPES!yLn t FEsfeORILD0NR! £1oPALAS! $ad03a, and

an of fset structure Is enployed in which one e diffusion Tayers does

not overlap pitbhetheloBhoabhdlafaberse ErboctaRatid, ehpEopadiig whimce of
the 5 third gate that is to function as the erase gate exists on the

di ffusion | ayge 4O5theltdinfhdisn elbpei sedbes thet tdvelagatetHOfwe and t he
diffusion | aver 205 exist in such a fashion that their part overl aps

mut ual ly. | nftoasengenses. tlre Enahiedernits If,orthed eadtsiorda rsurfaseldf bdleow t he
third 10 gate 107a in this enbodi nent, and the third gate 107a of this
enbodi nert funttdogstaothanl ys asot frenetbcr gatthduerase sgate exjate dor
controlling the channel existing therebelow The occurrence quantity of the
hot el ect ronshe adtlf fueeni bayeff1¢y doely imcrthbscembodirent nethe ulsird
programmi ng, and programm ng can_be nade in a region where the channel
current is seare.lAéeoradngny, dpbfasien l@Y%r%@rﬁiW%‘f B¢ fhunber of
menory cells _above a kilo-byte order can be made by using an internal power
\ source haviaghicrubraht tRebpIBRERpREFTI2RUTR EMR L RY 1 y I CERSEQPANSSe t hat

of the prlortgétcggghgfsis formed also in the well below 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 quantity of the hot electrons
and injection efficiency increase at the time of

15 programming, and programming can be made in a region where
the channel current is small. Accordingly, parallel
programming of a large number of memory cells above a
kilo-byte order can be made by using an internal power

2 ) source having a current supply capacity substantially

» 20 equal to that of the prior art devices.

Next, the production method of the semiconductor
integrated circuit device of this embodiment will be
explained. The production method of this embodiment is the
same up to the process step shown in Fig. 3C as that of

25 Embodiment 1.

As shown in Fig 3C showing the first embodiment,

the silicon nitride £film 104a and the polysilicon film

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



Next, the production nethod of the sem conductor integrated circuihfpgedhde
of this enbodinent will be explained. The production nethod of this

enbodi ment is the sane up to the process step shown in Fig. 3C as that of
25 Enmbodinent 1. As shown in Fig 3C showi ng the first enbodi nent, the
silicon nitride film 104a and the polyqjkgpqp film 103a are formed. Next,
as shown in Fig. 17, arsenic (Ar) 26 DEC 2006 - 69 1ions are inplanted into
the wel | 101 ;bysaatll tggdi1kaRed TREANEALI QB1TRYDRALL0AF @ Magdibhusi on |ayer
205 that is to functionh as the source/drain of the nmenory cell. Since the
di ffusion | ayep 12682 akts ochomeRHoBY tbh&okhl kedif@isbonmmbgatatoenthathad, the
inplanted ions are cut off by the silicon nitride film 104a and the

pol ysilicon fid Muk@3aon asdthke sdutrtegdeaihayér tR@5memorngt ckadnedsince he
entire region between the polysilicon filnms 103a. Since the ions are

i mpl ant ed fr atiet ke fdhblsigue ldiyeeci0on ist ferdefif bgi ahel@illagdr i2@5 is fornmed
partly below the polysilicon film103a. 1In this way, the third gate 107a
and the dfffusipdantayeon 2@5hade tbenedpilantedhiantashieonuthafft byytpartly

overlap wth each other, and the channel is fornmed inside the well 101
bel ow t he t hisidiganenigrade15itnedf4nrt apd the préresdisecapdidm ERBadi ment 1
shown in Figs. 3E to 5E are carried qut, and the nmenmory cell is conpleted.

Fig. 18 i s a2&d &her dafageanrshaxrhg2PRe 15cBRSt FREFPEN1BS thie*REABFY cel

s brio egTR bTENben 2R TBELTLIIYROR I THE" 0380 (since Thé 1aBat P

are implanted from the obligque direction, the diffusion

..) 10 layer 205 is formed partly below the polysilicon film 103a.
In this way, the third gate 107a and the diffusion layer
205 are formed in such a fashion that they partly overlap
with each other, and the channel is formed inside the well
101 below the third gate 107a.

15 Thereafter, the process steps of Embodiment 1
shown in Figs. 3E to SE are carried out, and the memory
cell is completed.

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

20 The diffusion layers 105 ( .. Dn-2, Dn-1r Dn, Dn+1sr Dnszs . ) to
serve as the sources/drains, the word lines WL (WLo, WL, ..,
WL,), the select MOS transistors for selecting the source
lines or the data lines and the array block are the same
as those of Embodiment 1. In this embodiment, the

25 polysilicon 103a is patterned so that every other third
gates 107a extending in the column direction (y direction)
can be bundled on one of the sides (upper side or lower

side) of the array block for the third gates (AG) in the



serve as the sources/drains, the word l[ines W (WO, W1, ..., Wnkped®os
select MOS transistors for selecting the source lines or the data |lines and
the array block are the sane as those of Enbodinment 1. In this enbodi nent,
the 25 polysilicon 103a is patterned so that every other third gates 107a
extending in the colum direction (y direﬁ%ion) can be bundl ed on one of

t he sides (upper side or |lower side) of e array block for the third gates
(AG in the = i : iJEent h i igs. 10
to 12, and é%ggngép%%lﬁébégmggﬁﬂggﬁgép%%gggtg%gggﬁgﬁoﬁﬁ%5§%ﬁ%gdaﬁﬁgtes

107a (AG so éy#gcya% Jéméa%%t Y bel RRH1YRY ith0 e RV i¥hel413frd he third

gates can be 1 nterposed between 5 the word Iine lila“at the end of the bl ock

and the gate g3 afo e az8l & HurdlYst OfnkNdbRea$2Pe WAY BankMingmbodi ment
1. The bundling portion 114 of the third gates 107a; the contact holes 115

and the netalpgdtien 116G afe cHeharsae Rtelshese ok Emtedipmrld betleNext, the
vol tage application condition and the operation nmethod of the nenory cells
produced by tde wichadndesqnisbed ahevenidn dft her @Qoakriang, tdeasjatg and
readi ng operations will be explained with reference to Figs. 19 to 21. Fig.
19 shows t he Jdrogrfamhengedpertattirams ibEoE gdn 2hesisane Way emsadinng operati on
and Fig. 21 does the reading operation. In these drawi ngs, A shows an
equi val ent ciBEmhgidimeartd. 1B t $h& bhoddingi pgrthant $141 afFthe. thigd gat@sA the
menory cell enconpassed by dotted |lines executes selectively the respective
operations. 207&.pddiet iopatasitt dgd esudd Sagngodine retal mgires 116 are

the same as those of Embodiment 1.

ph—

10 Next, the veoltage application condition and the
operation methoed of the memory cells produced by the
method described above in its programming, erasing and
reading operations will bé 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.
194 to 21A, the memory cell encompassed by dotted lines
executes selectively the respective operations.

20 A positive voltage such as about 12 V, for
example, is applied to the word line WLn of the selected
cell M and a positive voltage of about 5 V, for example,
is applied to the diffusion layer Dn functioning as the
drain of the selected cell M in the programming operation.

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

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



exanple, is applied to the word Iine Wen of the selected cell M ang Bec 2006
positive voltage of about 5V, for exanple, 1is applied to the diffusion

| ayer Dn functioning as the drain of the selected cell Min the programm ng
operation. 25 A voltage approximate to the threshold val ue of the MOS

transi stor constituted by the third gat_es,, such as about 2 V, is applied to
the third gates AGe of the selected cells™ Mand Mt2. The diffusion | ayer

Dn-1 functi Ogbﬁgcasoffh%hZGSQEQC%@&chen?ﬂa sAUr Ge1of ahaetﬁel ﬁﬁ&@@ee%éh M
the well and the unselected word |ine W.n+l are kept at V. | ar ge

electric fieyodd NinBoWnntnagseeksptand veyli cmllsirq@c:éw@grics ﬂﬂélecﬁaixed in
t he channel bel ow the boundary between the floating gate 5 and the third

gate due to bhenbitaanegediski anddeseribed dabeveiofenseqyentkjtetihgn
occurrence quantity of the hot electrons and injection efficiency are

i nproved, andhe chiagheipbedopr ageabvundaopebatiweancahebéloaténgl ghoagh t he
channel current is small. Even when an internal power 10 source having
current d¥ivabd ithe ahiabdogaté dnei soutsbd, bizherehditiopadaktelibpdogr anmmi ng
of the nenory cells of K- byte or nore can be made. Incidentally, the third
gates AGO ar @bkept afonseguemtlhe WRROPGCURTSRCOIAUAHEL N 10BdfRE Mt 0 t he
selected 15 cell M Even if at |east one of the nenory cells Mand M2 is
under the pr@éﬁ&ﬁﬁpﬁé §P§tén3?ﬁélPﬁlPéf6596§CKCEFPn1FHé°Vﬁ8n0P9 célls M1
and Mrl adja% to the forner E y the role of the s E ﬁn the result
that the chaRt8R FESEEFrPrAdanGLedr PBﬁFaFF'BWSCPHrBﬁgﬁa k HH@P the

Therefore, thg 20 ot el geL T 9 (LS, "oty JENSAL T AN, pLOGI AT g, 1 5 ot

) 10 source having current drivability of about 1 mA is used,
therefore, parallel programming of the memory cells of K-
byte or more can be made.

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

15 cell M. Even if at least one of the memory cells M and M+2
is under the programming state, the third gates AGO in the
memory cells M-1 and M+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
circuit device of this embodiment uses two adjacent memory
cells as one unit, selects one of them and conducts the

25 programming operation. Therefore, to program zll the cells
on one word line, the programming operation can be
completed when the programming operation is conducted at

least twice, and the number of times becomes smaller than



executed. As described above, the sem conductor integrated circuitysGe¢H %66
of this enbodi nent uses two adjacent nenory cells as one unit, selects one
of them and conducts the 25 progranm ng operation. Therefore, to program al
the cells on one word line, the progranm ng operation can be conpleted
when the programm ng operation is condqptﬁp_gt | east twi ce, and the nunber
of tinmes becones snmaller than 26 DEC 2006~ - 72 in Enbodiment 1. High
efficiency hat, ehgehiRRrkNhection brought forth by the third gates AG (Age,
Ago) and prevention of m ss-programm ng of the adjacent cells can increase

the 5 programm ng unityagd é@ﬂibﬂaﬁeyehbbeepé@gfamﬂgeeawntb_abughs

i ndi spensable for a large capacity flash nenory. Figs. 19B to 19G are tim ng
charts show ggrtexagpkias ehitrbeguektage appki cagbpnahibnmprgseheibheofsel ected
word |ine Wen, the diffusion layer Dn and the 10 third gate AGe. As shown in
t hese draw ngdsst-pepgrammiagxofexaspbkdjacAstshelsi naki gnct@8seather +12 V
is applied to the selected word line Wen at the timng t0, +2Vis applied
to the thbrdpgagead@engt unhé tndi ngnt improve the. pibgkemmingsr¥testhppli ed
to the diffusion layer Dn at the timng t2 (tl <t2) . After this voltage
is kept for as pndderenmiahéd frogradmirgg cepectityt frasB mempyry.the voltage
of the diffusion layer Dn is returned to O V at the timng t3 and the

vol tage of the third ghi@sAGEIBsto0lPEt aFhetiimndng Shartshahevinag t4 (t3 <

t4). Further, the : : L
examples of the voltage application timings to the

selected word line WLn, the diffusion layer Dn and the
f ) 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 t1 (t0 < tl}.

15 Next, +5 V is applied to the diffusion layer Dn at the
timing t2 (tl < t2). After this voltage is kept for a
predetermined programming time t (t = t3 - t2), the
voltage of the diffusion layer Dn is returned to 0 V at
the timing t3 and the voltage of the third gate AGe is

20 returned to 0 V &t the timing t4 {t3 < t4). Further, the
voltage of the selected word line WLn is returned to 0 V
at the timing t5 (t4 < t5}. Alternatively, after +2 V is
applied to the third gate AGe at the timing t0, +12 V is
applied to the selected word line WLn at the timing tl (tO

25 < tl). Next, +5 V is applied to the diffusion layer Dn at
the timing t2 (tl < t2). After this voltage is kept for a
predetermined programming time t (t = t3 - t2)}, the

voltage of the diffusion layer Dn is returned to 0 V at



vol tage of the selected word line Wen is returned to O V at the ti2ebDEG 2086
(t4 <th). Alternatively, after +2 Vis applied to the third gate AGe at
the timng t0, +12 Vis applied to the selected word Iine W.n at the timng
tl (t0 25 < tl). Next, +5 Vis applied to the diffusion layer Dn at the
timng t2 (tl <t2) After this voltage_isskept for a predetermnned
programming time t (t =t3 - t2), the voPtage of the diffusion layer Dn is

returned to ghe/ @im2fy DEC 206he vVl tdde df NinyW 43 eed ho Mol tage of the
selected word line Wn is returned to O V at the timng t4 (t3 < t4).

Further, theLyols aget@wfnddnerd o nd gatehdAGeiming efdir g3l ¢ e 4 V aturthert,i ni ng
t5 (t4 < t5). When programming is conducted at 5 these timngs, drain

di sturb can tise wé¢litgaded badamisehite gabraiAGe/ol g aget appd ot iV tate i s
short. As shown in Fig. 19C, +12V is applied to the selected word |ine Wn
at the tim nghe ofiming then(H \K iS5} apphead prograamdingf dsi eondagsedDatat t he
timng ti (t0 < 10 tl). Next, +2 Vis applied to the third gate AG at the
timng t2 (tthese Aimgnaes, tdaivclisgeh saehe it igattrefacaumadde
progranmng tinet (t =t3 - t2), the potential of the third gate AG is
returned to FALnxtVeHeade | FRMG T R B3R Vot tHE tof the diffusion |ayer Dn
is 15 returned to O V. at the timng t4 %}3 < t4). Further, the voltage of
the selected word |ind*SASRWR ridt Lfgrlrged G0 4 ith&@RRey Y thes < t5) .

Fayer bn at SHRETTSR MEPED, LAS W Sge Gunehd i s dhBb et d Tie 20
Wn at the taipn?:fgeéltcg t191e< é:ﬁi)fus[\:l?ﬁ’la-" rV If)ns a‘?{pm_ﬂeeq:itn?ing tl (t0 <
\'T) 10 tl). Next, +2 V is applied to the third gate AGe at the

timing t2 (tl < t2). After this wvoltage is kept for a
predetermined programming time t (t = t3 - t2), the
potential of the third gate ARGe is returned to 0 V at the
timing t3 and the voltage of the diffusion layer Dn is

15 returned te 0 V at the timing t4 (t3 < td4)., Further, the
voltage of the selected word line WLn is returned to 0 V
at the timing t5 (t4 < t5). Alternatively, as shown in Fig.
19E, after +5 V is applied to the diffusion layer Dn at
the timing t0, +12 V is applied to the selected word line

20 WLn at the timing t1 (t0 < tl). Next, +2 V is applied to
the third gate AGe at the timing t2 (tl < t2). This
voltage is kept for a predetermined programming time t (t
= t3 - t2), and the voltage of the third gate AGe is
returned to 0 V at the timing t3. The voltage of the

25 selected word line WLn is returned to 0 V at the timing t4
(t3 < t4) and the voltage of the voltage of the diffusion

layer Dn is returned tec 0 V at the timing t5 (t4 < t5).

When programming is executed at these timings, the voltage



the third gate AGe at the timng t2 (tl <t2). This voltage is kep}ﬂ%ﬁz@ﬁ
predeterm ned programmng tinet (t =1t3 - t2), and the voltage of the
third gate AGe is returned to O V at the timng t3. The voltage of the 25
selected word line Won is returned to O V at the timng t4 (t3 < t4) and

t he voltage of the voltage of the diffusk n layer Dnis returned to 0 V at
the timng t5 (t4 < t5). \en progranm g Ts executed at these timngs, the

| t 26 - i |5 t i
et 2o s e D A9E il v E R ke O e
width to be smidehad thandde gordhd it MOIAE Me Hde Hidifaisian | ayer

voltage in this case, the swtching 5 tinme ‘can be shortened. Consequently,

the operati oppOfagdivROid W VY rllddied Rhad AHAWERD Lidee doltadded hird
gate AGe is superior in controllability of the progranmng tine. As shown
in Fig. 19F tied tereedsior Sl iwd daye LG thd diddsesi and aywaredbrimg t he
timng to, +2 Vis applied to the third gate AG at the timng tl (t0 <
tl). Next, tik \tdrs tepplHoattdred.heCsakeqtedtiwy dthenepdkatabntheé tinmng t2
(tl <t2) This voltage is kept for a predetermned programring time t (t =
t3 - t2), thiddérntioh tcage mfl iting sdleegrdinammd. nig e mé it iy rdteurtitddd o 0 V
at the timng t3 and the voltage of the third gate AGe is returned to 0 V
at the tim rgptel XGe3 is tsiiperfign Hay canteoM@hidgd yofofi Hdediffmagriagmingyer Dn
is returned to.0 Vat the timng t5 (t4 <t5). Aternatively, as shown in
Fig. 20 19GtH!®er +2 Vis applied to the third gate AGe at the

As shown in Fig. 19F, after +5 V is 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 to the selected word line WLn at the
timing t2 (tl1 < t2). This voltage is kept for a
predetermined programming time t (t = t3 - t2), the
15 voltage of the selected word line WLn is returned to 0 V
at the timing t3 and the voltage of the third gate AGe is
returned to 0 V at the timing t4 (t3 < t4}). Further, the
voltage of the diffusion layer Dn is returned to.0 V at
, the timing t5 (t4 < t5}. Alternatively, as shown in Fig.
20 19G, after +2 V 1is applied to the third gate AGe at the
timing t0, +5 V is applied to the diffusion layer Dn at
the timing tl1 (t0 < tl). Next, +12 V is applied to the
selected word line WLn at the timing t2 (tl1 < t2). After
this voltage is kept for a predetermined programming time
25 t (£t = t3 - t2), the voltage of the selected word line WLn
is returned to 0 V at the timing t3 and the voltage of the
diffusion layer Dn is returned to 0 V at the timing t4 (t3

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



timng to, +5 Vis applied to the diffusion layer Dn at the tim'ngzlélDEEt.g <
tl). Next, +12 Vis applied to the selected word line W.n at the tining‘ﬁ?
(tl <t2). After this voltage is kept for a predeterm ned programmng tine
25t (t =t3 - t2), the voltage of the selected word line W.n is returned
to O Vat the timng t3 and the voltage ofgsthe diffusion layer Dn is
returned to O Vat the timng t4 (t3 < t4). Further, the voltage of the
third gate AGetusn28 DPECO. V636 the7fimieturfedtéio<0t¥)at Whentiming t5 (t4 <
t5) When programmng is conducted at these timngs, word disturb can be
mtigated bepaogeamhéngoid tbndugtktags applsecatimangsti mends dsheontzb 5 Next,
the erasing operation wll be explained. As shown in Fig. 20A, a negative
vol t age of -¢3n5by, mibigagrdnpeeatisse &ppl Weddt é irke vodltagre@padriddtimen W.n
while a relatively small positive voltage such as 3.3 V, for exanple, is
applied to arfbmehést Bhedtgates AGe and AGO. 10 Each diffusion layer Dn-2 to
Dn+2, the well and the unselected word line W.n+l are at 0 V. In
consequente, ejection®ktthelg| BERFORY BEBHREIPRoMthe PRl 63PILRG S e to

the third gate due to.the.Fo r.- Nordhei m.t ype tunneling hengpenon with
the result tfidt SPREYt APe ﬁargggérué SFgﬁﬁév%Svﬁéﬁﬁﬁ? & Irlﬁrgbgmaﬁﬁnihe

orasing obergiianiLe qniEtedy LIGHeIILbhe  Lors BO3U S YPig i, o
rord 11055 20E3LELEL VALY SR 08T e L LB o aby Sas to it e
large VO'ta98x§HBEe?si%7a¥§lied to all the third gates AGe and AGD.

10 Each diffusion layer Dn-2 to Dnt+2, the well and the
unselected word line WLn+l are at 0 V. 1In consequence,
ejection of the electrons occurs from the floating gate to
the third gate due to the Fowler-Nordheim type tunneling
phenomenon with the result that the threshold value of the

15 memory cell drops and the erasing operation is conducted.

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

20 possible to apply a relatively large voltage such as 17 V
to all the third gates AG and to keep all the word lines,
each diffusion layer D and the well at 0 V in the same way
as in Embodiment 1.

It is also possible to apply a negative voltage

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

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

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

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



to all the third gates AG and to keep all the word lines, each diffust©@%hoe
| ayer D and the well at O Vin the sane way as in Enbodlnent 1. It 1s also
possible to apply a negative voltage 25 of -9 V, for exanple, to the word
line W.n and a positive voltage of 4 V, for exanple, to each diffusion
|layer D while all the third gates AG _thg well and the unselected word
line W.n+l are kept at O V. In consequence, ejection 26 DEC 2006 - 76 of

the el ectronst agrurs ddwmBidheddoat iNgmpaite: tdde ngiddasitan tieyer D in all
the nenory cells on the word line W.n due to the Fow er-Nordhei mtype

tunnel i ng phianffeneon ldyeer thrieshdlld tiad ueerairyt hee ey tded [wo ot opsnend t he
5 erasing operation is conducted. Fig. 20Bis a timng chart show ng an
exanpl e of Wire dud ttage rap Hawdati-MNotdhding typd hearsed leiotee bhwarandnaore, Won
and the third gates AGe and AGo. The erasing timng is the sanme as that of
Enbodi ment Tlendliredicslal esqilud med the mknEnbadi InentdropsTancache he data, a.
positive voltage of 3.3 V, for exanple, is applied to the word |ine Wn of
the sel éct exraseing Mpa¥hta Posis iqandusitesye of 1 V, for exanple, is applied
to the diffusion layer Dn that is to function 15 as the drain of the
selected cell M A volfti&ge 268 dSodt t131131quh§ra¥p|§lhoé@f’tgo FhexInle gl e AGe
of the selected cell Mand the cell and the channel below the third

gate is conpté& QVQ%&P@%CW%?W%ﬁQ HE T3hacted wuttiigie as the

source of the select dc the well 20. and the unsel ected word |ine
W.n+l are k r1§F1 <§$% gates AGe and AGo. The erasing timing is

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; is appiied 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
3.3V is apblied to the third gate AGe of the selected
cell M and the cell M+2, and the channel below the third
gate is completely turned ON. The diffusion layer Dn-1 to
function as the source of the selected cell M, the well

20 and the unselected word line WLn+l are kept at 0 V. On the
other hand, the third gate AGo is set to 0 V in the memory
cells M-1 and M+l that are adjacent to the selected cell M.
In this way, no channel is formed in the memory cells M-1
and M+l and miss-read can be prevented even when at least

25 one of the memory cells M and M+2 is under the read state.

As described above, this embodiment uses two
adjacent memory cells as one unit, selects one of them and

executes the reading operation of the memory cell.



other hand, the third gate AGo is set to O Vin the menory cells Mdp@ashos
M+l that are adjacent to the selected cell M In this way, no channel Is

formed in the menory cells M1 and M+l and mi ss-read can be prevented even
when at | east 25 one of the nenory cells Mand Mt2 is under the read state.
As described above, this enbodi nent uses;4wo adjacent nenory cells as one
unit, selects one of themand executes the reading operation of the nenory

cell. 26 DEGnh2@@6ore, 7fo TBanehoOnernhkockead ahl ohBeweel 3ige,onr@eword |ine,
the reading operation is executed twi ce, and the nunber of tinmes of the

readi ng operakh@hgi sperakienh tbasxthateal twEaboduAENthe. nambegs 0Z1B to 21G
are timng charts that show exanples of the voltage application timng to
t he sel ectedimwer dfl kthe Yadand btberbhivd gat emAGkerThese ahetsiof exanples
as shown in Figs. 21B to 21G As shown in Fig. 21B, after +3.3 Vis applied
to 10 the 8&mbedtmgntwoid |line W.n at the tinming to, +3.3 Vis applied to
the third gate AGe. at the timng tl (tO < tl). Next, +1 Vis applied to
the diffusion |ayer DRias.ZhB tejAlfAgare timirgthaptsethehi showltage is
kept for a predetermned read timet (t =t3 - t2), the voltage of 15 the
di ffusi on | granPhbasi §fr shar Hedtegeoapprat cehéon Hingng3toakdet Belestedge of
the third gate AG is returned to OV at the timng t4 (t3 <t4) . Further,
the vol t age¥eFdt hénesliaceed wBPdtPirE WRHS| CFet UFRREEtBLD $£%t the tining
t5 (t4 <t5). A ternatively, as_shown_in Fig, 21D, after +3.3 20 Vis
applied to EXETPRPPJ2§afBORBe 18t FLAS -t PAPNGOt 6816+3. 3

As shown in Fig. 21B, after +3.3 V is applied to

) 10 the selected word line WLn at the timing tO, +3.3 V is
applied to the third gate AGe at the timing tl (t0 < tl).
Next, +1 V is_éppliéd to the diffusion layer Dn at the
timing t2 (tl1 < t2). After this voltage is kept for a
predetermined read time t (t = t3 - t2), the voltage of

15 the diffusion layer Dn is returned to 0 V at the timing t3
and the voltage of the third gate AGe is returned to 0 V
at the timing t4 (t3 < t4). Further, the voltage of the
selected word line WLn is returned to 0 V at the timing t5
{(t4 < t5). Alteérnatively, as shown in Fig. 21b, after +3.3

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

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

gate AGe is returned to 0 V t the timing t5 (t4 < t3).



Vis applied to the selected word line Wen at the timng ti (t0 < %QE#%%E,
+1.Vis applied to the diffusion layer Dn at the timng t2 (tl < 1t2). 'S
voltage is kept for a predetermned read tinet (t =t3 - t2), and the
voltage 25 of the diffusion |layer Dn is returned to O V at the timng t3.
The voltage of the selected word line is f@tyrned to 0O Vat thetimng t4
(t3 <t4), and the voltage of the third gate AG is returned to O Vt the
timng t5 (t4yed @ro%x%nﬁ-ﬁ(ﬁ Q06 mad AMNEMAVOHIMINGY] IdratRdQ il dibese
timngs, drain distur can be restricted because the drain voltage
application dddmhd Seftdfilctdd Hetaalswo thes dddlie vlapRjey appll Mdtien he 5
selected word line Wen at the timng tOand +1 Vto the diffusion |ayer Dn
at the tim ngine (I shddt). as shown in Fig. 21C. Next, +3.3 Vis applied to
the third gate AGe at the timng t2 (tl <t2). This voltage is kept for a
predeterm ned read ti mgtt it aisp3postsipleatid tapplyokiageV 10 shethe third
gate ACGe is returned to O V at the timng t3. The voltage of the diffusion
| ayer Dn Bbs rsstlgated tworl \Lirgt Wine ati riheg ttimifgs tO tand +dnd e thel t age of
the selected word line Won is returned to O V at the timng t4 (t3 < t4) .
Al t er nat i vel ififusiemdsyias &n gtaghey timivg ¢1 130 e tdilf AFsiShOWNayd Dn at
the timng tOand +3.3 Vto the selected word line Wen at the timng ti (tO
< ti). Next, Fies ZW¢4 sNgppri &d-BoVt k8 RRPL4Sgate Bbe HRirfedefdi AGetat (ti
< t2) This valtage is kept faor a predetermned read. tinme .t _(t =t3 - t2)
and the voltéﬁﬁ’%ﬂqﬁﬂgt 'rﬁggéiéﬁﬁce %glFstgFﬁgﬁeastkeﬁtvféf fhe timng
t3. The voltade Qi dfifned read time t (t = t3 - t2), and the voltage

L") 10 of the third gate AGe 1s returned to 0 V at the timing t3.
The voltage of the diffusion layer Dn is returned to 0 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 < t4). Alternatively, it is possible to apply +1 V to

15 the diffusion layer Dn at the timing t0 and +3.3 V to the
selected word line WLn at the timing t1 (t0 < tl). Next,
+3.3 V is applied to the third gate AGe at the timing t2
{tl < t2). This voltage is kept for a predetermined read

. time t (t = t3 ~ t2) and the voltage of the third gate AGe

R

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 < t5).

As shown in Fig. 21F, +1 V is applied to the

25 diffusion layer Dn at the timing t0, and +3.3 V is applied
to the third gate AGe at the timing tl (t0 < tl}. Next,
+3.3 V is applied to the selected word line WLn at the

timing t2 (tl < t3). This voltage is kept for a



selected word line is returned to O V at the timng t4 (t3 < t4), #vked s
voltage of the diffusion layer is returned to O V at the timng t5 (t4 <
t5). As shown in Fig. 21F, +1 Vis applied to the 25 diffusion |ayer Dn at
the timng to, and +3.3 Vis applied to the third gate AGe at the timng tl
(t0O < tl). Next, +3.3 Vis applied toiﬂybselected word line W.n at the
timng t2 (tl <t3) . This voltage is kept” for a 26 DEC 2006 79

predet er M ned legRdelhifel chaf time t2)raldebhe vohtgag ohe LBYragLopked

word line WL i's returne Vat the timng t3. The voltage of the third

gate AGe is RreleUlsRedctb@ QoYdatihBewnmiBgredurhdd<tb4D. vihe vektage of the
5 diffusion layer Dn is returned to O V at the timng t5 (t4 < t5).

Al ternativel tinihg $3R0SBhd| €olPagepPby tie 3dhitdidete tAGE digaterhbreat the
timng tOand +1 Vto the diffusion layer Dn at the timng tl (t0 < tl).
Next, +3.3 Vtios fappkicedheotihéngekdct(€d word)l.i nEhélvobhtadgdeofi thag t2 (ti
10 < t2). After this voltage is kept for a predetermned read tinet (t =
t3 - t2),5thadifdusage dbyeleDselisctretdumned tbi AeVVWL ither ¢tiomingd tat (tHe
timng t3 and the voltage of the diffusion layer Dn is returned to 0 V at
the timing t4& té03 <Alugrmaeivelyagetoistpesshblel yatappe +3-3éttente 15 to
O Vat the timng t5 (t4 <t5) . Wien programmng is conducted at these
timngs, wor¢rdirst gelsecAfebatr &ber tdméag BEcande¥in¥ ker §hei A f¥ysiage
application tinme is short. Incidentally, in the enbodi nent descrlbed above,

i | the same lfdPFagd® P& ébﬁlFéHlPS §9e4§oofhéﬁ)thly%ﬁﬁait iR V2BSt he

programm ng and 5839, 39, AR°L21.20% wBEeC19he whiCat the timing t2 (t1

}_) 10 < t2). After this wvoltage is kept for a predetermined read
time t (t = t3 - t2), the voltage of the selected word
line WLn is returned at the timing t3 and the voltage of
the diffusion layer Dn 1is returned to 0 V at the timing t4
{(t3 < t4). The voltage of the third gate AGe is returned

15 to 0 V at the timing t5 (t4 < t5). When programming is
conducted at these timings, word disturb can be restricted
because the word line voltage application time is short.

Incidentally, in the embodiment described above,
the same voltage is applied to every other third gate in

20 the programming and reading operations. Therefore, the
layout of the voltage applied area of the third gate must
be such thag every other third gate (erase gate) 107a
extending in the column direction above and below the
array block can be bundled.

25 In addition to the effects brought forth by
Embodiment 1, this embodiment can increase the program
size and the programming rate. In other words, every other

third gate 107a (AGe, AGo) 1s disposed and separate



| ayout of the voltage applied area of the third gate must be such $7c 2006
every other third gate (erase gate) 107a extending in the colum direction
above and below the array block can be bundled. 25 In addition to the
effects brought forth by Enbodinent 1, this enbodi ment can increase the
program size and the programmng rate._IlJ) other words, every other third
gate 107a (ACGe, AGo) is disposed and separate 26 DEC 2006 - 80 voltage can

be applied tqfihese Lhir §.93085 1R LB $hesBbedi¥BNhacERehef @hgs t he nunber
of tinmes of operations necesSary for the programrmng and readi ng operations

can be redugathodSimes® .t Nehehanset, r e8é ORumbe f 06 Fredlinés Ao pabpe Pabebpyy each
third gate 107a, the third gate 107a can be wused not only as the erase gate

but al so as taeeE@RIROIforgahe bebgeaniniokl and readihanegkeratienef ease, the
third gate 107a can control the electric field inside the channel

i ndependent | peofreidueegant § Dhcgat ke 1dHannahdrdipn ops afinrmegdedti gi pacy can be
inproved. As a result, an efficient and hi gh-speed progranm ng operation
can be aBcomplliosheadcht thisxnklér d¢Rdaneltheuthemt. ghErbddi’eercan3peFig. 22 is
a partial plan view showi ng an 15 exanple of the sem conductor integrated
circuit devi csedatodr dndy BS EhRBogirasst g8tef bulte agsesant theyveanitgel and
Figs. 23A, 23B and 23C are sectional views taken along lines A- A, B- B
and C - C i gategfoxs copsspddingetfe chagngént afh§regaed neidekhisdshown
hat ched with sone _20 nmenbers being omtted for ease of illustration in the
pl an gate 107a can control the electric field inside the
channel independently of the control gate 1lla, and
) 10 programming efficiency can be improved. As a result, an
efficient and high-speed programming operation can be
accomplished at a smaller channel current.
[Embodiment 3]
Fig. 22 is a partial plan view showing an
15 example of the semiconductor integrated circult device
according to Embodiment 3 of the present invention, and
Figs. 23A, 23B and 23C are sectional views taken along
lines A - A", B - B’ and C - C' in Fig. 22, respectively.
Incidentally, each member is shown hatched with some
20 members being omitted for ease of illustration in the plan
view of Fig. 22. Figs. 23A, 23B and 23C are sectional
views taken along lines A - A’, B - B’ and C - €' 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.



Vi
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view of Fig. 22. Figs. 23A, 23B and 23C are sectional views taken slmEt2006
lines A- A, B- B and C- C in Fig. 22, respectively. The construction
of the sem conductor integrated 25 circuit device of this enbodinent is
substantially the same as that of Enbodinent 2 with the exception that the
filmthi ckness of the insul ator filn1696§bgetmeen the floating gate 103b

and the third gate 107a is increased. 26 C 2006 81 The materials,

constructi ONgpe ok FEPEHER! Scofb Erult i QAL ar PRAEERSn S £ SLOSIGAtoBhLY the
sanme as those of Enbodinent 2. Therefore, the explanation will be given on

only the dighégpept ppet s@Pstandiaily H6e 0samé esls OPh®sdes £ NERHSE Bmedt The
filmthickness of the insulator film606a of this enmbodinment is increased

to about 30 pin Teref®ssyl tthe alxliar@t iejrectiildn bes giada faromrtie theoat i ng
gate 103b to the substrate (well 101) in the erasing operation in this
enbodi nent. dhéfeftene, pdoheidns nandiwkhksse odmitieed nonl atloer Iferfilvéns 102
between the floating gate 103b and the substrate (well 101) is 10 nm This
point, tdo, is differchheffom ErbokhieshtoD, thEhelnpwhiad ot kmetdbek oif t he
sem conductor integrated circuit device of this enbodinment is the same 15
up to the prtbéssembegingpinis niftreasqdi e Bt nghtnr- (Bisga 2esulovnever,
the gate insulator film 102 cited in Enbodinment 2 and shown in Fig. 3A of
Enbodi ment 1eh@staonfeliacthekkhesReds &POtthe hhealnd izt beiPRbeve.
Thereafter, a nitrogen-doped sjlicon oxide film®606 is 20 forned in the same
way as in EnbBai FRRFti2keoleth b} Lk the erasing operation in this

embodiment. Therefore, the film thickness of the insulator

f.) 10 film 102 between the floating gate 103b and the substrate
(well 101) is 10 nm. This point, too, is different from
Embodiment 2.

The production method of the semiconductor

integrated circuit device of this embodiment is the same

15 up to the process step shown in Fig. 17 in Embodiment 2
(Fig. 24A). However, the gate insulator film 102 cited in
Embodiment 2 and shown in Fig. 3A of Embodiment 1 has a
film thickness of about 10 nm, as described above.
Thereafter, a nitrogen-doped silicon oxide film 606 is

20 formed in the same way as in Embodiment 1 shown in Fig. 3E
so as to isolate the floating gate and the third gate from
each other. To eject the electrons built up in the
floating gate to the semiconductor substrate, the film
thickness of the silicon oxide film 606 is relatively

25 large, that is, 30 nm. Since the N-doped silicon oxide
film 606 is used in the same way as in Embodiment
2,ejection/trap of the electrons into this silicon oxide

film during the programming operation can be restricted.



so as to isolate the floating gate and the third gate from each ot jiehec Ifs
eject the electrons built up in the floating gate to the sem conductor
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 sanme way as in Enbodi ment 2,ejectjon/trap of the el ectrons into this
silicon oxide filmduring the progrannlﬁg operation can be restricted. 26

DEC 2006 - B2 The praggss, SLeDs @pabooghsibgoble:S! RS SPOUD chBuhl 0s. 4A

to 5E of Enbodi nent 1 aré ctarrre sanme way as I'n nment 2,

and the membhy %h a8 8 skheg ﬁasehehsﬂt h”SerEEgEgéd blie ih'hﬁ@” oxi de

filme606 5 |s etc urlng the process steps descri above and Is

converted togkhe @kl 69N ;AXEABOHIMELE0EA. aﬁagth35maﬁew§ tBeicedst pdction of
a nenory cell array. The diffusion |layers Dn (Dn-2 to Dn+2) to function as

t he sources/ dhaisngomphetedrd thaeseMal WO tiwe D) i céheotDds ef £ eslo §/0S
transistors and the array block are the sane as those of Enbodinents 1 and

2. The thjrdigakech&di suthag sasepascebat seépEntiedcrebed2abbext antdhésvol t age
application condition and the operation condition of the nenory cell forned
by the 15 netbadedesdr itbetdhabsidiconi bgigeofiammbA§aoperati on, erasing
operation and reading operation will be explained. Fig. 26 shows an exanpl e
of the erasing operatiBbng.F2§. sheea thewsonsategatvanenf 2imeubryandlFig. 26B
show a timng chart. In Fig. 26A, the cell enconpassed by dotted lines 20
execut es sel @ctivel hehdi&fasing éé&ﬁéﬁl@ﬁ (PRcRdént Bpt¢) to function

as the sources/drains, the word lines WL (WLO to WLm), the
. ) 10 selected MOS transistors and the array block are the same
as theose of Embodiments 1 and 2. The third gate AG is the
same as that of Embodiment 2.
Next, the voltage application condition and the
operation condition of the memory cell formed by the
15 method described above in its programming operation,
erasing operation and reading operation will be explained.
Fig. 26 shows an example of the erasing operation. Fig.
26A shows an egquivalent circuit and Fig. 26B show a timing
chart. In Fig. 26A, the cell encompassed by dotted lines
20 executes selectively the erasing operation. Incidentally,
the explanation of the programming and reading operations
will be omitted because they as the same as those of
Embodiment 2.
In the erasing operation, a negative voltage of
25 -16 V, for example, is applied to the selected word line
Wn and all the third gates AGe, AGo, each diffusion layer
D, the well and the unselected word line WLn+l are kept at

0 V, as shown in Fig. 26A. 1In conseguence, electron



the expl anation of the programm ng and readi ng operations wll be @ihitSehs
because they as the sane as those of Enbodinment 2. In the erasing
operation, a negative voltage of 25 -16 V, for exanple, is applied to the
selected word ine Wi and all the third gates AGe, ACGo, each diffusion
layer D, the well and the unselected word | ine Wn+l are kept at 0 V, as
shown in Fig. 26A. In consequence, electron 26 DEC 2006 - 83 ejection

occurs from Eﬁscueat beeﬁgt@}] grsfa the f@batgﬂﬁeg&etbﬁofﬂw stloaéQe'tm type

tunnel i ng phenonenon wt result that t thres d value of the nenory

cell drops and FBRleraRbREheRRr aypentiine0NHYCHRENohEnbAI FivAYthéhe 5
erasing operation is conducted for each sector having the word |ine as one

uni t. Incidereghlly, thatt BReetBseBgodpevaliionofi thesmembsy pessi bkepso apply
a negative voltage of -16 V, for exanple, sinmultaneously to a plurality of
word |ines wandethe akhsihe btperdtiahessASondactedi f flrsitonis ayey, Dtend t he
well are kept at O V. In this case, the erasing operation 1is conducted in
all the c®ll ereasihbecoperdthioneisocohduhtethéonegathveegbbtrabavisgapbeied. It
is also possible to apply, during the erasing 15 operation, a positive

vol tage of 1leovd floneeranphe, utdtthe well while all the third gates AG and
each diffusion layer D are kept_at O V. In this case, when the word line is
set to 0 V and the unbefederbahbyd iPnEhetorasing eprrati@ingit ob®ration is

conducted in all the cells on one or a 20 Eluralitg of word _|ines.
also possible to apply a negatlive voltage of -16 V, for

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. 1In this case, the erasing operation
is conducted in all the cells on the word line to which
the negative voltage is applied.

It is also possible to apply, during the erasing

15 operation, a positive voltage of 16 V, for example, to the
well while all the third gates AG and each diffusion layer
D are kept at 0 V. In this case, when the word line is set
to 0 V and the unselected word line, to 16 V, the erasing
operation is conducted in all the cells on one or a

20 plurality of word lines.

It is further possible to apply, during the
erasing operation, a negative voltage of -9 V, for example,
to the word line WLn and a positive voltage of 4 Vv, 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. 1In consequence, electron ejection occurs from the
floating gate to the diffusion layer D in all the memory

cells on the word line WLn due to the Fowler-Nordheim type



It is further possible to apply, during the erasing operation, a ngggtéd Ye
voltage of -9 V, for exanple, to the word Iine W.n and a positive voltage
of "4V, for exanple, to each diffusion layer while all the third gates 25
AG, the well and the unselected word line Won+l are kept at O V. In
consequence, electron ejection occurs Lr%q1ghe floating gate to the
diffusion layer Din all the nenory cell's on the word |ine W.n due to the

Fow er - Nordhﬁﬁﬁh%YPﬁgzﬁh%&QQ@ witB4cnd Upoehi po RRENERENER YL R 1 §he resul t
that the threshold value of the nenory cell drops and the erasing operation

i's conduct edyafi,g. 026Bhé Smémbi i 881 LhAFbpShaMli NnEhdne £X80RG CoPérabibhe
vol tage application timng to the selected word line W.n. Since the third

gate AG doesjipotohdiieté@n as the erase gate in this enbodi ment, the erasing
operation is conducted by only the operation of the selected word |ine W.
As shown in Fig. 26B, Fi®V 26&B appla eriming hehaet esliodind) awrekdmmbe H at
the timng tO and the voltage of the selected word Iine W.n is then
returned 3o Oh¥ wtlthge &ppihgatBoftOiming)to Thhe sebediednvopdolines the
effects simlar to those of Enbodinments 1 and 2. 15 [Enbodi nent 4) Fig. 27
is a partial Weeet i Direte vitew tSHiow rip tin AG s et fune trard gt itdve net hod of

t he sem conductor integrated circuit device according to Enbodi nent 4 of
the presentera§engabh. IThehEdnSTPRCETORt of LR ERPIBINORRYDELOD ift egr at ed

circuit device of this enbodi nent, the vpltqge ,
conducted by only the operation 6f 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 t3 (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 production method of the semiconductor
integrated circuit device acceording to Embodiment 4 of the
present invention. The construction of the semiconductor

20 integrated circuit device of this embodiment, the voltage
application method of the third gate, the array
construction and the operation method are the same as
those of Embodiment 2, and their explanation will be
hereby omitted. On the other hand, the production method

25 of this embodiment is different from that of Embodiment 2.
This difference will be explained step-wise with reference
tec Fig. 27.

First, a p type well 101 is formed on a



application nmethod of the third gate, the array construction and t{rc 2006
operation nethod are the sane as those of Enbodinment 2, and their
explanation will be hereby omtted. On the other hand, the production

met hod 25 of this enbodinment is different fromthat of Enbodinent 2. This
difference will be explained step-wi se w_th reference to Fig. 27. First, a
p type well 101 is forned on a 26 DEC 5086 ~ 85 seniconductor substrate

100 (Fig. 27§%mié9 Egggggt¥8§g§£H§go§oae&g9€él?ﬂ%gon i npl ant ati on met hod,

and so forth; "can be use ormng t 1. 5 Next, a photoresist

film(not shown), for nexamphe;r{SqaPRELEI&EOMEsa] Nen SEsH conduct or
substrate 100, and arsenic (As) " is inplanted with this photo resist film

as a mask. Thera3kfeRteoh RetheAs an8 bAPEALtRY canbséantéal tyrvestmeagly to
t he senlconduc?or substrate 10 100. A diffusion layer 205 to function as a

sour ce/ drai nthefwalmemony cell is thus formed (Fig. 27B). A gate insul ator
film2102 is then forned to a thickness of about 12 nm by thernmal oxidation,
for exan@ e, in the skertway pisotordsbedi fitlnh (notNeshiowm) P-floped 15
polysilicon film 103 and a silicon nitride film104 as a first gate are
deposited seekaipye(Fig. p2TCrrnFHecveti tha aémicdrdictor 19ubahdateel00,
polysilicon film 103 are then patterned by |ithography and dry etching
t echnol ogi esanfiorregaipl éAs) nishempdaptedywathi kh29 Fhobdi resist fwkereby
the silicon nitride filmand the _ )

as a mask. The arsenic (As) ions are implanted

substantially vertically to the semiconductor substrate
) 10 100. A diffusion layer 205 to function as a source/drain

of a memory cell is thus formed (Fig. 27B).

A gate insulator film 102 is then formed to a
thickness of about 12 nm by thermal oxidation, for example,
in the same way as in Embodiment 1. Next, a P-doped

15 polysilicon film 103 and a silicon nitride film 104 as a
first gate are deposited serially (Fig. 27C).

The silicon nitride film 104 and the polysilicon
film 103 are then patterned by lithography and dry etching
technologies, for example, in the same way as in

20 Embodiment 1 (whereby the silicon nitride film and the
polysilicon film are converted to 104a and 103a,
respectively) (Fig. 27D). This patterning is conducted
with mask registration so that one of the end faces of the
polysilicon film 103a comes near to the center of the

25 diffusion layer 205. In other words, the diffusion layer
205 is so disposed as to bridge both polysilicon film 103a
and a third gate that is to be later formed.

Next, an N-doped silicon oxide film is formed to



polysilicon filmare converted to 104a and 103a, respectively) (Figpidide
This patterning is conducted wth mask registration so that one of t%e end
faces of the polysilicon film 103a conmes near to the center of the 25
diffusion | ayer 205. In other words, the diffusion layer 205 is so disposed
as to bridge both polysilicon film 103a %ng athird gate that is to be

| ater fornmed. Next, an N-doped silicon ofide filmis fornmed to 26 DEC 2006
80 2 thi ckngsenplxddss BE 20. 85nh0sbSaLatE Asb1 0L 1 207084 Lind Gade Nl 1 d

gate from each ot y the nethod simlar to one shown™in Fig. 3E of

Enbodi ment 1,4Fi g. tRTE}- gSHOSLAYRNEa Bk O6€BEr S BPSt RE méPRo§AFBmASat NOSE 5
of Enbodi nent 1 shown in"Figs. 3Eto 5E, in the sane way as in Enbodi nent

2. Theref or eghbhgnexphawat iRNF1% | | 3becf OPhbé&Ume AECDY UF . t DTENI S

enbodi ment, the gate insulator film1D2 is forned after the diffusion |ayer
205 is formed. 10 Thesghosguenthipsrerdosli abaps Care | s oyame ed s athdsdy of the
gate insulator film 102 and the yield of the sem conductor integrated
circuit devi of. ERbotibmenor g, shdws enmbPigsen3E tanSEedimethdesame ewanl
operating voltage, and can increase the progranm ng speed. 15 Incidentally,
the erasing spetat Ennoduyehe 2corfhensfibnsy, s yExpganatalon iwidlly He gh

vol tage such as - 17 Vto the.word line Won while all the third dates AG

each diffusiemittagdr D, the well and the unselected word I|ine Wn+l are
kept at O V. Electron ejection thus occurs 20 fromthe floating gate to the
well in all the nenoryReepyding to this embodiment, the gate insulator

film 102 is formed after the diffusion layer 205 is formed.
_? ) 10 Therefore, this embodiment can improve reliability of the
gate insulator film 102 and the yield of the semiconductor
integrated circuit device. Furthermore, this embodiment
can reduce the internal operating voltage, and can
increase the programming speed.
15 Incidentally, the erasing operation may be
conducted by applying a relatively high voltage such as -
17 V to the word iine WLn while all the third gates AG,
each diffusion layer D, the well and the unselected word
line WLn+1 are kept at 0 V. Electron ejection thus occurs
20 from the floating gate to the well in all the memory cells
onn 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. 2B is a partial plan view showing an
example of the semiconductor integrated circuit device

according to Embodiment 5 of the present invention, and



on the word line W.n due to the Fow er-Nordhei mtype tunneling pheppsRR%bs
with the result that the threshold value of the nenory cells drops and the
erasing operation is conducted. 25 [Enbodinent 5] Fig. 28 is a partial plan
vi ew showi ng an. exanple of the sem conductor integrated circuit device
accordi ng to Enbodinent 5 of the present d-nvention, and 26 DEC 2006 - 87
Figs. 29A 29B and 29C are sectional views taken along lines A- A, B- B

and C - C ipikkQ. 28R, p98p8AkI ¥otYare! BebheoRhaNvYERYW 0hKkERhJa1d8g €ach
menber is shown hatched w th part of nenbers being omtted for ease of 5

illustrationliAesshownarpn BEi gsB’ 28ndnd 29C’t be FegOrgscekkspbctibiesy.

enbodi nent includes the source/drain diffusion |ayer 306 inside the, well
101, the fir3h ghtepldfdbiando3lbbhg.(EBoakhanh mpamber thesbewontagahed3l2a
(control gate) and 10 the third gate 308a. The control gate 312a of each
menory cel | wishcpanecvédmembehe bewndi emitted frrdeeseetpén) and forns the
word line. The floating gate 304b and the well 301 are insolated from each
ot her by ¥ heigauetiratabator film 303. The floating gates 304b and 310b and
the third 15 gate 308a are isolated fromone another by the insulator film
307. The floating gat eAaoahodndinhBiglr a8 aRd £23onthe| mgEPEY S84 afe

i solated fromeach other by the. insulator film31lla. The third gate 308a

and the wor dthtAe®™B899am8PE 186148 FPSnF%HEﬁe6?5@Fnb9lFﬁESFﬁ§uE§¥8F film
20 309a. 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 of each memory
cell is connected in the row direction (% direction) and
forms the word line. The floating gate 304b and the well
301 are insoiated 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 another by the insulator
film 307. The floating gate 404b and the word line
{(control gate) 3l2a are isolated from each other by the
insulator £ilm 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 is disposed
vertically to the word line 312a and exists as the local
source line and the local data line that connect the
source/drain of the memory cell in the column direction (y

25 direction).
In other words, the semiconductor integrated

circuit device of this embodiment comprises a so-called

“contact-less type” array that does not have a contact



The source/drain diffusion |layer 306 is disposed vertically to thez¥ﬁﬁ€ 006
line 312a and exists as the local source |ine and the |ocal data |ine ﬁat
connect the source/drain of the menory cell in the colum direction (y 25
direction). In other words, the sem conductor integrated circuit device of
thi s enbodi ment conprises a so-called _"ggntact-less type" array that does

not have a contact 26 DEC 2006 - 88 hole disposed for each nenory cell.

The channel }§18081B8oséd the dicchimbryesdiral e tdRridif Usd ofbdminer 306
(x direction). Two end faces of the third gate 308a oppose two 5 end faces

exi sting in thetNerdicatt dofieediroicdD thernordiffincodlPayandive the
channel , respectively, anong the end faces of the floating gate 304b,
t hrough t he disateion) .fil ms, respectively. The third gate 308a is forned
and buried into 10 the gap of the floating gates 304b existing in the
direction vertical to Tvwe ew?ddder S Xhamhind tdete cHimedpRysai teeti on)
The floating gate exists symetrically with the third gate 308a, and the
third gatte o08afagestextymimyrivatiy verhicak divacthen gheetBO4¥ords5 Unli ke
Enbodi nents 1 and 2, the diffusion |ayer 306 of the nmenory cells adjacent
in the word line 3872 e2dokoi vhe rharndbdi FesPe gk Evekpar amerd bihe eRdi ce
i solation region 302 conprising a silicon oxide film The, third gate is
di sposed in 53€®S a°f aShf ohl eAEI N 1 $2 &Rt F9EP 20 RTP VSR et iR eF P BPEAWPE D the
devi ce isola%ifn region 302 afd
ilms, respectively.
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

isclation region 302 comprising a silicon oxide film. The

third gate is disposed in such a fashion that its entire
20 surface overlaps with the device isolation region 302 and

with the diffusion layer 306.

Next, the production method of the memory cell

of this embodiment will be explained with reference to

Figs. 30 to 33.
25 After a p type well 301 is first formed on a

semiconductor substrate 300, grooves are formed by

photolithography and etching technology. A silicon oxide

film, for example, 1s deposited by CVD to bury the grooves.



with the diffusion layer 306. Next, the production nethod of the nepppyc sis!
of.- this enbodinent will be explained with reference to Figs. 30 to 33. 25
After a p type well 301 is first formed on a sem conductor substrate 300,
grooves are fornmed by photolithography and etching technol ogy. A silicon
oxide film for exanple, is deposited_b)éQC\_/D to bury the grooves. 26 DEC
2006 - 89 The silicon oxide filmon the sem conductor substrate 300 is

renmoved by GMie £01i&32"PkEfde IR G8VERE s8R AbAOHCtELIEMsB8P2c£09PHi Sing a
silicon oxide filmis formed (Fig. 30A). 5 Next, a gate insulator film 303

is formed byjsthenewdd oy datpP PNfoN $NEMPPEE ARY @Sdéwi&ebodbrepiod, and a
P- doped polysilicon film304 to function as a floating gate and a silicon
nitride fil ma@bomre0setimpbtystheposi $ eticéhri gxid3OBfilMOidheosheédconigitri de
film305 and the polysilicon film304 are then patterned in the same way as
in Enbodi mred®Al. (whereby the silicon nitride filmand the polysilicon film
are converted to 305a and 304a, respectively) (Fig. 30C. 15 Arsenic ions
are theninpl anted by Nestthg & Eatieoningyd tont atilom dcesstormett fyisi on | ayer
305 to function as_ the source/drain of a nenory cell is formed (Fig. 31A).
An insul at orthermaBorxidatien| bt i Hae t FRNG | WRY | 3% ipkmbedonent thi randate is

formed in the sane way as the 20 step of Enbodinent 1 shown in Fig. 3E (Fig.
31B), and a p_P-doped "polysilicon film 304 to function as a floating

gate and a silicon nitride film 305 are serially deposited
(Fig. 30B).

S 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 film and the
polysilicon film are converted to 305a and 304a,
respectively) (Fig. 30C).

15 Arsenic ions are then implanted by using the ion
implantation process. A diffusion layer 305 to function as
the source/drain of a memory cell is formed (Fig. 31A).

An insulator film 307 for isolating the floating
gate from a third gate is formed in the same way as the

20 step of Embodiment 1 shown in Fig. 3E (Fig. 31B), and a P-
doped polysilicon film 308 to function as the third gate
is deposited in such a fashion as to completely bury the
gap between the floating gate patterns 304a (Fig. 31C).

Furthermore, the polysilicon film 308 is etched

25 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



doped polysilicon film308 to function as the third gate is deposiEgﬂEégmm
such a fashion as to conpletely bury the gap between the floating gate
patterns 304a (Fig. 31C). Furthernore, the polysilicon film 308 is etched

25 back in the sanme way as in Enbodinent 1 to forma polysilicon film 308a
that is left to a predeterm ned thicknegs in the gap between the floating
gate patterns 304a (Fig. 32A) . Here, the filmthickness of the 26 DEC 2006

90 pplysiligemyékhﬂb398e;&ﬁ soBh! €5 tManiébhatngh therfbeathadr18aténg
pol ysilicon 304a and the internal operating voltage can be |lowered in the

progranm ng gReEapbORsiliDcbhe3sasgeanvayhdésihbeilddbpenkitingThelLeagéer, a
silicon oxide film5 309 is deposited in such a fashion as to conpletely
bury the gapanfbthtowkoati by ghteppaytanmsngOdperatibin, sanethaysams in
Enbodinent 1 (Fig. 32B) and is etched by a chem cal nechanical polishing
met hod (CVP weyhed) innEmbotihmest| L corThendafitter f id ns B05zon soxegposiedlng wher eby
the silicon nitride 10 fil m 305a and the silicon oxide film 309 are
converted t 030305b deposibad irspechi #efgyhifhgas3RC)comheetelicburynitride
film305b is renoved using a hot phosphoric acid aqueous solution and the
surface of pbhesgpPcof BhdafigatéRpolete (Fagtenny) 3048 AnpthepsamPoV§¥ili con
film310 is deposited in the sane mag as in Enbodinent 1 (Fig. 33A) _and is
then patter@8diboETBPHASREI YsiFigon3£P) n#Rdohs (rFghedahy aThpgmical
polysilicon film3l0a_is ilectricall onnected to. . polysilicon 3$4a, and
these two | a}8FR2BFCpdI i FRORTFBEMI2B {HHF rR8LRPHY \jﬁgé.l PafySii+EBR 310a

provi des then?%igggsfilm 305a is exposed (whereby the silicon nitride

‘u> 10 film 305a and the silicon oxide film 309 are converted to
305b and 309%a, respectively) (Fig. 32C). The silicon
nitride film 305b is removed using a hot phosphoric acid
aqueous solution and the surface of polysilicon 304a is
exposed (Fig. 32D).

15 A P-doped polysilicon film 310 is deposited in
the same way as in Embodiment 1 (Fig. 33A) and is then
patterned to form a polysilicon film 310a (Fig. 33B). This
polysilicon film 310a is electrically connected to
polysilicon 304a, and these two layers of polysilicon form

20 the floating gate. Polysilicon 310a provides the effects
of increasing the surface area of the floating gate and
the coupling ratio of the memory cell. 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 £ilm,



of increasing the surface area of the floating gate and the coupli Rgpgetioss

of the nmenory cell. In this way, the internal operating voltage can be

| owered in the programm ng/erasing operation. 25 Next, an N-doped silicon

oxide film311l is formed for isolating the floating gate fromthe word |ine

in the sane way as in the step of Enbodi r@gt_l shown in Fig. 3E (Fig. 330
Alamnate filmof a polysilicon film DEC 2006 - 91 a tungsten

nitride fil maandngdstungntienibiel Mi1Qr aRasa- teagkedn” B eLR! af islodt 312, is
deposited (Fig. 33D). The polynetal film3127is patterned by the

| i thography aadiddy*petghietglt €ehmol ggices isndebessaed way gas 33m)Enbodenent 1
5 and a word line is forned (whereby the polynetal film312 is converted to
312a) . Next potllymesialli cadmoBil@e iki pacittnednthyt haepdliysiokiraphyf ianes d30a and
304a are etched to conplete the floating gate (whereby the polysilicon
films 304a atdh3ib@atecbnodrgéesednt $hg0sbmgndaglels, 1h0Embogeneintelly)

After an internmetal insulating film not shown, is formed, contact holes
reachi ng $heansr @ wome 13npaist Aersedr dehgrsby dbef poilometayef 1306 31f2he wel |
301 and the third gate 308a _are forned. A netal _filmis_ _subsequently
deposited, and ICONYERITEAnES B532Rdrm BeWkrethassihiepnsovage fhetndhbry cel
is conpleted. Fig. 34 shows .the construction of _the nennr¥ cell array. The
di ffusi on | aféfs ThE PERAYELEACRE REMSsdtPEePBFair48xB&Rd StRNERe t@i rection (y

direction) vertical tot ext.endi ng direction directiqn) of the 20 word
i hes and pl SpTPHE teol-Beof S8 imag: BRge: Hebrargry the polysiitecd £ilhs

304a and 310a are converted to 304k and 310b,

n) 10 respectively}. After an intermetal insulating film, not
shown, is 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 In this way, the memory cell is completed.

Fig. 34 shows the construction of the memory
cell array. The diffusion layers to function as the
source/drain extend in the direction (y direction)
vertical to the extending direction (x direction) of the

20 word line, and play the role of connecting the memory
cells adjacent to one another in the x direction. Unlike
Embodiments 1 through 4, the device isolation region is
formed between the cells adjacent in the x direction in
this embodiment. Therefore, the diffusion layer is not

25 shared between the cells adjacent in the y direction, and
the functions of the source liné and the data line are
fixed to the diffusion layer Sn (source line) and the

diffusion layer Dn (data line), respectively. 1In other



celI's adjacent to one another in the x direction. Unlike Enmbodimentgspnl-,an6
through 4, the device isolation region is fornmed between the cells agjacen
inthe x direction in this enbodinment. Therefore, the diffusion layer is
not 25 shared between the cells adjacent in the y direction, and the
functions of the source line and the data,liLne are fixed to the diffusion

| ayer Sn (source line) and the diffusion’layer Dn (data |ine),

respectivel yyolfs Ot PEL s ZRebey 20061 1s ot WoF UShe tH] St HEIDEYoER4H | t{Se NOt  Of
t he virtual ground type. Select transistors for selecting the source line

and the data |ine are ghBposethais iotdr enfisr ode Idwer thd fiisé obbyerl e es Sn
and Dn in the y direction. The 5 select MOS for selecting the source |ine

i s disposed atd the dpperlpaetatrad dhepdse ag aeh téredsebBcthdOS f or
selecting the data line, at the lower part; In this way, the select MOS are
not forned adibbobioppkayendwioserSenasd Df imethiefyudioactager, The every
other select MOS are 10 forned alternately at the upper and lower parts in
each di fX¥ ussehettydes Theretbeetinhethe esotnee f bime ns t espesedcat MOS can
be mtigated. The regi on enconpassed by the select MOS is called the "array
bl ock”. The the¢rdrpRreBaryabBishe gdraying axd crriseinet yMaSréerion, and are
15 bundl ed into one at the u per and | ower ends (both ends in the vy

di rection) o?e%ﬁ%thPGayh%I%% Nexe s %%etQ%l%%ﬂ%ra®$¥FcaﬂFbﬁhﬂﬁuﬂ%an and

t he operatlon netgod of menory_cell for d by the netho descrlbed

above in its* B¢ ofF 2Rt e?ﬁil%ﬁtaﬁﬂrT%%d?ﬁ opRPef i 3nd WPYEL pends
expl ai ned mﬁé? EgéeégPESs£8nFlgyer?5but every other select MOS are

fw) 10 formed alternately at the upper and lower parts in each
diffusion layer. Therefore, the area for forming the
select MOS can be mitigated. The region encompassed by the
select MOS is called the “array block”. The third gates
fassist gate) AG extend in the y direction, and are
15 bundled into one at the upper and lower ends (both ends in
the y direction) of the array block.
Next, the voltage application condition and the
operation method of the memory cell formed by the method
. ) described above in its programming, erasing and reading
20 operations will be explained with reference to Figs. 35 to
37. Fig. 35 shows the programming operation. Fig. 36
shows the erasing operation and Fig. 37 shows the reading
operation. In each of these drawings, A shows an
equivalent circuit and B and C show timing charts. 1In Figs.
25 35A to 37A, each of the operations is conducted
selectively in the cell encompassed by dotted lines.
In the programming operation, a positive voltage

of about 12 V, for example, is applied to the word line



37. Fig. 35 shows the progranm ng operation. Fig. 36 shows the erasjpfc 2006
operation and Fig. 37 shows the reading operation. In each of these
drawi ngs, A shows an equivalent circuit and B and C show tinmng charts. In
Figs. 25 35A to 37A, each of the operations is conducted selectively in the
cell enconpassed by dotted lines. In thegyagranm ng operation, a positive
vol tage of about 12 V, for exanple, is applied to the word |line 26 DEC 2006
- 93 Wn ofwtheosetnet gdieetbdMeand B pAAdI bi pesY6litrageo0tagbodf aboVti s
applied to the diffusion |ayer Dn to function as the drain of the sel ected
cell M The di¥fasi applagar tbnthéodifificsion adsyeheDasoupcéunttiibe ael ected
cell Mis kept 5 at the voltage of 0 V. As the source/drain and the word
|l i nes are kepheatrahe pfetbeesailastedotedyel.debe i betifuabovelayde Dot
el ectrons develop in the channel region of the nenory cell Mand are
i nj ected intbot Aenttdani ag heesourpe sbutbessaiarnedorelheMunseckebted cell s
(diffusion 10 | ayers Dn-1, Dn+l, Dn+2, Sn-1, Sn+l, Sn+2), all the third
gates, the méFltéﬁdVPhéaﬁﬁs@fe@tEd vt Ehe reowase{drain anptthe woxd
Consequently, hot electron injection occurs,  in onlg t he sel ected nenory
cel| M the ¢iBBFrare APBt Bhi FheuBreAefREm™ingd: vA4tades, dererikreshol d
val ue of the 15 nennr¥ cel | iises and Ero?rannin S conduite ..In the

e deve ,

senicopductoﬁ??ﬁ?egFa BOEi? BFETARY| OPhi8 Hﬁoﬂpﬁﬁﬁ? rgﬁéOBeQ'ce
50l a1 on 1 oghan 02, SLELS Db ek SRR, £FED EnERRERP e "
cells do not;gQ ghaleeLng JLLEuUSEOPLLaYRE1800R" Q5 2UM B9 £ER0;:RE Made
") 10 layers Dn-1, Dn+l, Dn+2, Sn-1, Sn+l, Sn+2), all the third
gates, the well and the unselected word line WLn+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 floating gate, the threshold value of the
15 memory cell rises and programming is conducted. In the
semiconductor integrated circuit device of this embodiment,
the device isolation region 302 exists between the memory
cells adjacent to each other in the word line direction (x
direction). Therefore, the adjacent memory cells do not
20 share the diffusion layer, and pregramming can be made
simultaneously to the memory cells adjacent to each other
in the word line direction.
Figs. 35B and 35C are examples cf timing charts
showing the voltage application timings to the selected
25 word line WLn and to the drain diffusion layer Dn. There
are two examples as shown as shown in these drawings. The
timings shown in Figs. 35B and 35C are substantially the

same as the timings of Embodiment 1 shown in Figs. 13B and



sinmultaneously to the nenory cells adjacent to each other in the MQ{EE&ENﬁ
direction. Figs. 35B and 35C are exanples of timng charts show ng e

vol tage application timngs to the selected 25 word line W.n and to the
drain diffusion |ayer Dn. There are two exanples as shown as shown in these
drawi ngs. The timngs shown in Figs. 35%4aqd 35C are substantially the

sane as the timngs of Enbodinent 1 shown in Figs. 13B and 26 DEC 2006 - 94

13C. However j3the yohdwdie, appd ivat 4 0k tAgp N 410 drh e dipd ) c&li dlaishoni 4 ayer
Dn in this enbodinment is the substitution of the timng to the diffusion

| ayers Dn andiPfwkishomayep Dhi g8. tA3B emboddfenihesetheesubbeiexnphianati on
of the 5 application timng and the effect is the sane as that of
Enbodi nent lo&ndhestiméngf ovethel i éfdusiont heyerasbngangebatllonhoanngégati ve
voltage of -13.5 V, for exanple, is applied to the selected word line W.n
and a rel ati ¥ébgyg.si@Bl apdsifve Ttafmraf the axpfaratien exfinphe, is
applied to all the third gates AG Each diffusion |layer (Dn-1 to Dn+2, Sn-1
to Sn+2),5theppéliratadn theinasehdcthd @bfdcti he Vhe+bameeakephatitob V.
Consequently, electron ejection fromthe floating gate to the third gate
occurs in al Emprdimentr} eBfl §sorherefappdomstiefe Wn due to the
Fow er - Nor dhei mtype tunneling phenonmenon with the result that the
threshol d val ue of thellnE®r§reetts SPBPIL AW t HeNRIASIVG Bpetadeopfis
conducted. Fig, ﬁGB is atimng chart show ng an exa ke of . the voltage
appl i cation fgﬁf gvyO%Pﬁee§@WBg?edlﬁo?8pE?ﬁa t?OtVEngg 8ctre FRFAdigate AG
The appllcatkgg gh Qgréia£93ely 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+2, Sn-1 to Sn+2), the well and

the unselected word line WLn+l are kept at 0 V.

Consequently, electron ejection from the floating gate to

the third gate occurs in all the memory cells on the word
15 line WLn due to the Fowler-Nordheim type tunneling

phenomenon with the result that the threshold value of the

memory cells drops and the erasing operation is conducted.

Fig. 36B is a timing chart showing an example of

the voltage application timing to the selected word line
20 WLn and the third gate AG. The application timing is the

same as that of Embodiment I shown in Fig. 14B, and the

explanation will be therefore omitted.

In the erasing operation, a negative voltage

such as -13.5 V is applied simultaneously to a plurality
25 of word lines, and a relatively small positive voltage

such as 3.3 V is applied to all the third gates AG while

each diffusion layer D, S and the well are kept at 0 V. 1In

this case, the erasing operation is conducted in the cells



same as that of Enbodinment 1 shown in Fig. 14B, and the expl anati opg ¥k booge
therefore omtted. In the erasing operation, a negative voltage such as
-13.5 Vis applied sinultaneously to a plurality 25 of word lines, and a
relatively small positive voltage such as 3.3 Vis applied to all the third
gates AG while each diffusion layer D_ ggand the well are kept at 0 V. In
this case, the erasing operation is conducted in the cells 26 DEC 2006 - 95

on the word 4hinené owdhd Chi hber pegridlyer vl hager 1 Se PPl ¢ £6e iétaﬁsflﬁééo _
possible to apply a relatively large voltage such as 17 Vto all the third
gates AG and to keep Hilig helswrgbdditels wacpsl ¢ faisiolat ey D angk t he
well at 50 V. In this case, the erasing operation is conducted in all the
menory cel | svohsage $hehbiock? Wotcomdlcthe hehieddgapes adG oand at pokeepve

vol tage of about 3.3 V, for exanple, is applied to the word |ine W.n of the
sel ected cel4&lM amel wopdslines, 1€aobldaffusiombbayed V, afhdrthaanpllk, ats
applied to the diffusion layer Dn to function as the drain of the selected
cel | Mwdilelthe dirf fasisorcdseperthn ar@stipgeopsratdeon He smndie ted time
selected cell Mis kept at 0 V. On the other_ hand, the sources/drains

(di ffusion |ayershermmamony gplls ppsbde Sphg bhpa¥. sSn+2), all the third
gates AG the well and the unselected word |ine W.n+l are kept at 0 V.

Since the voltage i s KEDICTHUH: SCRAECIINTF 1 Me 2 ARFHe V& an be
det ect ed dependi ng on_t he exi stence/ gbsence of the electrons inside the
floating gat¥lHHee Rk geo‘i”ﬁfirﬁa\f‘i 0 OEa‘?f‘?JEer‘:é'adl%u?Ppheg to the
word line WLn of the selected cell M and a positive
\) 10  voltage of about 1 V, for example, is applied to the
diffusicon layer Dn to function as the drain of the
selected cell M while the diffusion layer Sn to function
as the source of the selected cell M is kept at 0 V. On
the other hand, the scurces/drains (diffusion layers Dn-1,
15 Dn+l, Dn+2, Sn-1, Sn+l, Sn+2}, all the third gates AG, the
well and the unselected word line WLn+l are kept at 0 V.
Since the voltage is kept in this way, ON/OFF of the
channel can be detected depending on the existence/absence
of the electrons inside the floating gate, and the
20 information can be read out.

Figs. 37B and 37C are timing charts showing
examples of the voltage application timings of the
selected word line WLn and the diffusion layer Dn. There
are two examples as shown in Figs. 37B and 37C. The

25 timings shown in these drawings are substantially the same
as the timings of Embodiment 1 shown in Figs. 15B and 15C.

However, the voltage application timing to the

drain diffusion layer Dn in this embodiment is the



Figs. 37B and 37C are timng charts showing exanples of the voltagsspec 2006
application timngs of the selected word line W.n and the diffusion [ayer
Dn. There are two exanples as shown in Figs. 37B and 37C. The 25 tim ngs
shown in these drawi ngs are substantially the sane as the timngs of

Enbodi ment 1 shown in Figs. 15B and 15C ggHowever, the voltage application
timng to the drain diffusion layer Dn in this enbodinent is the 26 DEC 2006
96 substit ugisdt Ofutien appldreatdpyl 1¢48 ngh toimirey did futsd o £ fwyiss Dn and
Dn+l in Figs. 15B and 15C. Therefore, the explanation of the application
timng and tleyefd et arsd Drivel siameFigss { HfiB afndEniio@i ndhiere fae , i $heer eby
omtted. 5 According to this enbodi nent, the nenory cell produced by the
met hod descréxehraioian usesthiheagml At izdn tsimiyey g fidre tiefawt dig i ne, and
can therefore reduce the transition delay tine of the word Iine during the
progr amm ng Bel FaReli &y YRt af Frtodimrit theanbris Ihereby omidt4ed): t he

pol ynetal structure is forned after the third gate is forned, the defect

density &f the silicofcBardEng jfon Petsvempaidentoating MpRE Yark® tthe third

gate can be reduced. It is also possible to reduce the nmaxi numval ue of
the absol ut PXRFUREDLY H§ ﬁ‘E‘-‘e‘%‘H&CF WFRAEGSH AR EeR U (AR YIS bof
progranmm ng/erasing to 13'§1va8i ce this embodi nent includes. the h
pol ysi | i con SBAHFTE & Part oMM ﬁ'fbémg%ﬁré, ?féeg%ﬁj%sréecp‘éqeeat et ween
L0, L0t T80, 200 e SPTLLRL SBUSARISERe SRS D0, bt e,
vol t age incr§¥3§¥%ﬁﬂgkg and reading operations. Since the word line
'> 10 having the polymetal structure is formed after the third
gate is formed, the defect density of the silicon oxide
fiim between the floating gate and the third gate can be
reduced. It is also possible to reduce the maximum value
of the absolute value of the internal operating voltage at
15 the time of programming/erasing to 13.5 V.
Since this embodiment includes the polysilicon
310b at a part of the floating gate, the opposed area
between the floating gate and the control gate increases,
hence coupling between both electrodes increases, too. In
20 consequence, the margin of the erase voltage increases and
the margin for reducing the erase voltage increases, too.
[Embodiment 6]
Fig. 38 is a partial plan view showing an
example of the semiconductor integrated circuit device
25 according to Embodiment 6 of the present invention, and
Figs. 392, 39B and 39C are sectional views taken along
lines A - A', B - B" and C - C’ in Fig. 38, respectively.

Incidentally, each member is shown hatched in the plan



the margin for reducing the erase voltage increases, too. [Enbodi mefihrEboeos
Fig. 38 is a partial plan view showi ng an exanple of the sem conductor
integrated circuit device 25 according to Enbodi nent 6 of the present
invention, and Figs. 39A, 39B and 39C are sectional views taken along I|ines
A- A, B-B and C- C in Fig. 38, regpectively. Incidentally, each
menber is shown hatched in the plan 26 DEC 2006 - 97 view of Fig. 38 for
ease of illugieatoonFiyt h3a partesfe aENDEISsbeatgonnwitRda Parshevn in
Figs. 38 and 39, the nenory cell of this enbodi nent includes source/drain
di ffusion | agemsed95bebngnomiteed. 401, first gates (floating gates) 404a,
second gates (control gates) 409a and third gates 407a. The <control gates
409a of the menory celds shewmolmeties. i 38 aand o3P di teethemorx dékkcefon) and
forma word line. The floating gate 404a and the well 401 are isolated from
each 10 ot hethby emgadémentuiREbrdes | apunse/drainhdiffeaipnglaness 408 and
the third gate 407a, bX an insulator film406a. The floating gate 404a and
the word 4 i nén(8ovetdl 48kt efirabogatee (SbraterdfeareehchObenefes9ndn
insulator film408. The source/drai@ di ffusion quer 40? | s disposed 15
vertical ly t82FRe WBPUCFPhedabes) ahtP 2 xR sthkEd a97 6231 404Bur E'9 i ne and a

| ocal data |ine that conne é thef source/drain f% t he nennré Eell.in t he

col um direcFPBEr?$ IYteRCEPR)Of WG HAAARTY | €2+4F n2tei RPAPEFFERt iBn2

vertical ‘to Lhig, giLfyson, | AYEL-A05) 2ndNEotdl £ G5k 4022 Higps contact

floating gate 404a and the well 401 are isolated from each
) 10 other by a gate insuiator film 403, and the floating gate
40a and the third gate 407a, by an insulator film 406a.
The floating gate 404a and the word line (control gate)
40%a are isolated from each other by an insulator £film 408,
The source/drain diffusion layer 405 is disposed

15 wvertically to the word line 40%2a 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 406éa at the end
face of the floating gate 404a that is parallel to the
word line 409a 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



floating gate through an insulator film406a at the end face of the
floating gate 404a that is parallel to the word line 409a and the éhBRR&M06
anong its end faces, in the formin which the third gate 407a is buried
between 25 the floating gate patterns 404a. The third gate 407a of this
enbodi nent is disposed on a field oxide fé m 402, and is disposed in

parall e

with the word |ine 409a and with

the channel, that is, in the

memirvein

col um di r ecti @Rq;einitke 126 .DEC 2006 98 Enbodi nents 1 to 5. The production
I

met hod of the nmenory ce

of this enbodinment will be described with

reference to Figs. 40 fge g%odﬁcEﬁbﬁtme%thtBEetﬁ@|heﬁg%yiéeﬁ@rgﬁdthﬂsa

sem conduct or substrate 40
devi ce i sol almpddig@n®n wiig 1f Genadser ibled withy pe feelehc40tcbyik@COZ0( lkecal

and a field oxide film402 to function as a

Oxidation of Silicon) (Fig. 40A). 10 Next, a gate insulator film403 is
formed by a d4tzhernmal oxidation process, for exanple, (Fig. 40B), and a

P- doped polysilicon film404 to function as a floating gate is deposited
(Fig. 400. The pol ysi Fiicen,f &l m 49pe welpatDér medfbymbdt hogeaphy and dry

etching technol ogies, 15 for exanple, and the floating gate 404a is forned

(Fig. 40D semisomidpctAs) subssrate i49P ande@ Byeddi ngidee fildm 4i0@pitant ati on

process,

for exanple, and a drain |ayer 405 to function as source/drain of

a menory cel funstionmag a( feViskowsP1laza ofn regderat6r fPitmed408 the Psol ating

the floating

Cy

10

15

20

25

type well 401 by LOCOS (Local Oxidation of Silicon) (Fig.
407} .

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 floating
gate is deposited (Fig. 40C). The polysilicon film 404
is patterned by lithography and dry etching technologies,
for example, and the flcoating gate 404a is formed (Fig.
40D) . Arsenic (As) ions are implanted by using the ion
implantation process, for example, and a drain layer 405
to function as source/drain of a memory cell is formed
(not shown).

An insulator film 406 for isolating the floating
gate from the third gate is formed by the method shown in
Fig. 3E of Embodiment 1 (Fig. 41A). A P-doped polysilicon
film 407 to function as the third gate is deposited by CVD,
for example (Fig. 41B). The polysilicon film 407 is then
patterned by lithography and dry etching technologies, for
example, and the third gate is patterned (whereby the
polysilicon 407 is converted to 407a) (Fig. 41C).

An N-doped silicon oxide film 408 for isolating



gate fromthe third gate is fornmed by the nmethod shown in Fig. 3E 9f pgc 2006
Enbodinent 1 (Fig. 41A) A P-doped polysilicon film407 to function as the
third gate is deposited by CvD, for exanple (Fig. 41B). The polysilicon
film407 is then 25 patterned by |ithography and dry etching technol ogi es,
for exanple, and the third gate is pattened (whereby the polysilicon 407
is converted to 407a) (Fig. 41C). An N-doped silicon oxide film 408 for

i sol ating 26tRECF2006in§9%atbertbrathagwgaiiel {nem & heovwed b%'_nﬁhésséﬂém?d by
the sane nethod as the nethod shown in Fig. 3E. A lamnate tilm 409

conpri sing ameohydi hscohe héethodashowgsienFpgtrBde filmand a tungsten film
or a 5 so-called "polynetal filnf, is deposited (Fig. 42B), and is then
patterned by the |ithoyrbphinave O imetehi ogmptesimyl ®gpebysoliorm t he word
line 409a (Fig. 42C). After an internetal insulating film not shown, is
formed, cont &timhokesungaténngithedeof dlhni ard49otungsten10isouror/drain
di ffusion layer 405 the well 401 and the erase gate 407a are forned.
Subsequerft | ysoacabiad Ypohynetadeposit ediandepespbedelhied-t 62BbrneBdwire. In
this way, the nenory cell can be conpleted. Next, the voltage application
condi ti on an#St heen 1B2bpeFREHoRY nEhf o4l bBRogRRPREN®RY €EYI F6RERE by the
met hod described above in the grogrannigg ,erasbgg and regging oper ati ons
will be expl BPRBRCHWPEHES cFRr EAER FHeFYgEd 4sneo?048. (Figs. 44%) -44 and 45
show t he programm ng opgeration,. the erasing operatiop. and the reading
operation, 20 respect i NEFSE T TRESEMT S HORT TR SHovi B ot VR
is formed, contact holes reaching the word line 408z, the
fﬁ) 10 source/drain diffusion layer 405, the well 401 and the
erase gate 407a are formed. Subsequently, a metal film is
deposited and is patterned to form a wire. In this way,
the memory cell can be completed.
Next, the voltage application condition and the
15 operation method of the memory cell formed by the method
described above in the programming, erasing and reading
operations will be explained with reference to Figs. 43 to
45. Figs. 43, 44 and 45 show the programming operation,
the erasing operation and the reading operation,
20 respectively. In these drawings, A shows an equivalent
circuit and B or C shows a timing chart. In Figs. 43 to
453, the cell encompassed by dotted lines conducts
selectively the respective operations.
First, in the programming operation, a positive
25 voltage of about 12 V, for example, is applied to the word
line WLn of the selected cell M and a positive voltage of

about 5 V, for example, is applied to the diffusion layer

Dn to function as the drain of the selected cell M, as



circuit and B or C shows a timng chart. In Figs. 43:to 45A the c C 2006
enconpassed by dotted lines conducts selectively the respective operations.
First, in the progranm ng operation, a positive 25 voltage of about 12 V,
for exanple, is applied to the word line Won of the selected cell Mand a
positive voltage of about 5V, for examp@,_ is applied to the diffusion

|l ayer Dn to function as the drain of the selected cell M as 26 DEC 2006 -

100 shown ign&i8- iA3Biqg Thesai f fusd o f AslorPYalyd 0 driMICti dNEdsct fidie axpur ce
of the selected cell Mis kept at O V. In this "way, mss-progranm ng can be

prevent ed i nthdessafee Way tlse sal&tbodi c@nl M. isnkepoisgguence, Tottielsectron
injection 5 occurs in the nenory cell Malone, and the electrons are built
up in the flway) ngigaterogtamtieg resulibe tpaeveineedt in eshel samel yageasf t he
menory cell rises and programm ng is conducted. On the other hand, all the
third gates NG Embbadimeht hnd Irheansssheoteed wortd dliewtdim+njmaticapt at 0
10 V. Furthernore, the diffusion |ayers Dn-2, Dn+l and Dn+2 are kept at O
C, 5 V aid upderrs hianft@%tmmOEYafF%,{l ¥ezherei vang. the ebeckroed above, the
sem conductor integrated circuit device of this enbodi nent uses four

adj acent celPeibt @phellinthe 5EPREingoPRtefWikanthRdrasutbniietsth® ogrammi ng.
To programal]l the cells on one word |ine, therefore, the progranm ng

operation nuSRreRNeHE rYebtagtitOht TR ABENPBYrCet hesl P g3 ABECGRYAS ar e
LLTLng char (o, shomh g o 1ol 53, 0L e YolLoos apalicalion, UIao3d o the 29
the well and the unselected word line WLn+l are kept at 0
.Li) 10 V. Furthermore, the diffusion layers Dn~2, Dn+l and Dn+2
are kept at 0 C, 5 V and under the floating state,
respectively. As described above, the semiconductor
integrated circuit device of this embodiment uses four
adjacent cells as one unit, selects one of them and
15 conducts programming. To program all the cells on one word
line, therefore, the programming operation must be carried
out at least four times.
Figs. 43B and 43C are timing charts showing
examples of the voltage application timings to the
20 selected word line WLn and the diffusion layers Dn and
Dn+l. There are two examples as shown in these drawings.
The timings shown in Figs. 43B and 43C are the same as
those of Embodiment 1 shown in Figs. 13B and 13C.
Next, the erasing operation will be explained.
25 As shown in Fig. 442,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



Dn+l. There are two exanples as shown in these drawings. The tim ng@@@gm
in Figs. 43B and 43C are the sane as those of Enbodi nent 1 shown in gs
13B and 13C. Next, the erasing operation will be explained. 25 As shown in
Fig. 44A,the third gate Agn+l is selected and a positive voltage of 16 V,
for exanple, is applied to this gate._ E h diffusion |layer, the well and
all the word lines are kept at 0 V. Consequently, electron ejection 26 DEC

2006 - 101 OMSfxfdxﬁmﬁéﬂefﬂdé)@ﬂ%qﬁagﬁé &d GHdhaHivd GOat & d nehdie gy
rows of nmenory cells M1 to M2 an 1' to M+2' (portions enconpassed by

dotted | i nesjowaslj A emdmend drariad nvedl teo he drd - 1gates AGPM e ritQ dolse
Fow er - Nor dhei mtype tunneling 5 phenonenon, so that the threshold val ue of

the menory &etdmpadans mndiditedriaviey) opejaddmn drsd qundilcield. td ntheet her
words, the erasing operation is conducted in the wunit of two word lines. In
this instancshitdeysed exdredl due rib gdtee FAG Teay-Neerdilaimaltypd tAnoidlerngr asi ng
nmethod is as follows. As shown in Fig. 44B, a negative voltage of -13.5 YV,

f or exanpl e,phéromgrpin edsa dhate e ddrirabholrd vdwe Wh thel mematwt i vel y

smal | positive voltage of 3.3 V, for exanple, is applied to the adjacent
third gate ABRlEacraRs fand 6he Brsing (IRe s st [ismPndictftdel d8t ed word
lines W.n+l are kept at 0 V. Consequently, electron ejection occurs from
the floati n R FAFHThdRniTRYGRE IRRE T e iR L9 stn-hhe wor d

line W.n and the erasing operation is conducted. Fig. 44C is a. timng chart
Shovi ng a VoIt apglq MR b 1158 ng 1o E6 5t B S5aREE o ihito S8 LEGTEMLn and

the third gagﬁiﬁg‘ga%en%% may be plural.

\43 10 Another erasing method is as follows. As shown
in Fig. 44B, a negative voltage of -13.5 V, for example,
is applied to the selected word line WLn and a relatively
small positive voltage of 3.3 V, for example, is applied
to the adjacent third gate AG. Each diffusion layer D, the

15 well and the unselected word lines WLn+l are kept at 0 V.
Consequently, electron ejection occurs from the floating
gate to the third gate in all the memory cells on the word
line WLn and the erasing operation is conducted. Fig. 44C
is a timing chart showing a voltage application timing to

20 the selected word line WLn and the third gate AG. Since
this application timing is the same as that of Embodiment
1l shown in Fig. 14B, the explanation will be omitted.

Still another erasing method is as follows. A
negative voltage of -13.5 V, for example, is applied

25 simultaneously to a plurality of word lines and a
relatively small positive voltage of 3.3 V, for example,
is applied to all the third gates AG while each diffusion

layer D and the well are kept at 0 V. In this case, the



this application tinmng is the same as that of Embodinment 1 shown by ke Shos
14B, the explanation will be omtted. Still another erasing nethod 1s as
follows. A negative voltage of -13.5 V, for exanple, is applied 25
sinmultaneously to a plurality of word lines and a relatively small positive
voltage of 3.3 V, for exanple, 1is appligghto all the third gates AG while
each diffusion layer D and the well are kept at O V. In this case, the 26
DEC 2006 - dfZsiregaspégaiopen ats otonducoadutt eche ncébes ceh | shenwbhé wor d
line to which the negative voltage is applied. Next, the reading operation
will be explhimedio wzishowme i medqiygivesroloapesisiappiotdage of 3.3 V, for 5
exanple, is applied to the word line W.n of the selected cell Mand a
positive vol tage of 1 Nexforthsargading opsppiien Moll Hee de*piained| ayer Dn
that functions as the drain of the selected cell M The_diffusion |ayer
Dn-1 to fun®®idfOw’ ihefsPurt@Pofathestelvteeleads ®f 2tF Yhefad third
gates AG_the wel| and the upselected word Ijne Wn+l are kept at Q V.

Fur t her noY e, SXHBPHF £ 13 PP 2§2r &0 'E?F-’2‘,‘°ﬁ1|+jrl%‘?lcmﬂﬁ+<2fa?%ek%%%e%’t‘e@ vV, 1V

ond under e Ll gaiadg sial e, respertinel e foprevent msserend I the

ni € it he SERES0a5 BT not RV B Bl COFTh o RREreY | BN Rhe S e Bt i one of

e 0ooorHEL A e ERY, QPELBLLI Tk ! i JLUEt e Ry

conduct ed at¢)gasiof 04 {hdBSource of the selected cell M, all the

‘> ) 10 third gates AG, the well and the unselected word line
WLn+l are kept at 0 V. Furthermore, the diffusion layers
Dn-2, Dn+l and Dn+2 are kept at 0 V, 1 V and under the
floating state, respectively, to prevent miss-read in the
same way as in Embodiment 1. 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 one of
them to conduct the read operation. Therefore, to conduct
the reading operation in all the cells on one word line,

20 the reading operation is conducted at least four times.

Figs. 45B and 45C are timing charts showing

examples of the voltage application timing to the selected
word line Wln and the diffusion layers Dn and Dn+l. There
are two examples as shown in these drawings. The timings

25 shown in Figs. 45B and 45C are the same as the timings of
Embodiment 1 shown in Figs. 15B and 15C.

In this embodiment, the memory cell employs the

polymetal structure for the word line. Therefore, this



Figs. 45B and 45C are timng charts showi ng exanples of the voltagesprc 2006
application timng to the selected word line Wn and the diffusion |ayers
Dn and Dn+l. There are two exanples as shown in these draw ngs. The tim ngs
25 shown in Figs. 45B and 45C are the same as the timngs of Enbodiment 1
shown in Figs. 15B and 15C. In this enbodiyrent, the nenory cell enploys the
pol ynetal structure for the word line. Therefore, this 26 DEC 2006 103
enbodi ment  cafbs@mnset tden t Fedistd | g det@ys it idn cdelde i ot itiein the
progranm ng, erasing and reading operations. Since the word |ine having the
pol ynmetal stetttliree i Sn froheraor adtanmimeg, tdrashigatend sréadimegl, the 5 def ect
density of the silicon oxide filmbetween the floating gate and the third
gate can be ¢psmaetonFhi $ingebddierewirdcdnral $@viogetheheoiaxienah val ue of
the absolute value of the internal operating voltage in the

progr amm ng/ ¥ et eope? af¢ored rites the Ihimdaierek Prred, Weeis a
circuit diagramshow ng conceptual ]y an exanple of the sem conductor
integrat &d <¢efech tdeRyiee e cihRli Tl IPE ereht 1y RREYIRD Pkl ent
invention. 15 As shown in Fig. 46, npq?r cells 85 are disposed in matrix
and form a nEhfyLR2I92Ls radeg Hey. L d Fve AR 'l?r%ﬁo?‘ile’é { dhsy divi ded
into blocks. The, nenory cells explained in Enbodinents 1_tq 5 can be
applied to tFEPHLHBTSC c%‘-i”F saJS‘*‘SU oﬁ)“f?ﬁ' sﬁémfa’f%‘m“z@’%x 3% US?On layer wires

D00 to DO4 taa'éo uéga¢£ ugquegﬁet{§%ernal operating voltage in the

programming/erasing operation to 13.5 V.

) 10 [Embodiment 7]

Fig. 46 is a circuit diagram showing
conceptually an example of the semiconductor integrated
circuit device according to Embodiment 7 of the present
invention.

15 As shown in Fig. 46, memory cells 85 are
disposed in matrix and form a memory cell array. Fig. 46
shows one memory cell array divided into blocks. The
memory cells explained in Embodiments 1 to 5 can be
applied to the memory cells 85 of this embodiment.

20 Diffusion layer wires D00 to D04 that mutually connect the
memory cells 85 in the column direction (y direction) are
formed in the memory cell array. A source line SS is
connected to the diffusion layer DOQ, and each select
transistor (select MOS) 70 is disposed at each of the

25 upper and lower ends of the diffusion layer wires D01 to
D04. The drain of the select transistor 70 is connected to
the diffusion layer wires D11 to D04 and the source of the

select transistor is connected to either one of global



menory cells 85 in the colum direction (y direction) are forned i?
menory cell array. A source line SSis connected to the diffusion [ayer
D00, and each select transistor (select MOS) 70 is disposed at each of the
25 upper and | ower ends of the diffusion layer wires DOL to D04. The drain
of the select transistor 70 is connected,4p _the diffusion |ayer wires Dli
to D04 and the source of the select tranS|stor is connected to either one
of global 264PES 2006 DInlfAd dahackéi Dendlpsandisarse, |vien SShe Hoyeyes
when the source of the select transistor 70 is connected to the gl obal

data |ine D afathéhselpperteadsotdhe7di {§usoonetagér towthesgbobéDOL t o
D04), the source of the select transistor 5 70 at the | ower end is connected
to the sourcdatangiss. Dixhaeh thei sppennecdeditbthehdi§busten! iagesdS at t he
upper end of the diffusion layer wire Dn (DOL to DO4), on the contrary,
the source oWirhe Bel éB01lttanBPélorthe seurhe ofotke BA¥eFrt E5ANBESBET(O the
gl obal data line DLn at the 10 | ower end. This arrangenent is repeated
alternately fBratetkeylevasrenff iasFronneayed QPré@etﬁ°u¥ﬁ?slaﬂﬁaggenent
constitutes the virtual ground type nenory array, The word |ines W.n (W.OO
to W.O) arewﬂﬁgpreHS FﬁnPﬁgt?GmgalFE%tF%Hr%% ipecPPoAf BRE YPBeEZhared as
the 15 control e of

i oot on. TRESAetSFghbt S PROLEYES Fo-CnIolial b Pﬁg?fiﬁﬁéﬁﬁr nthe
70
oot dhgeihgoent Lo ple-Eneh ek BeldBcneidhe O HACHEI O b1 o

One gl obal df&%ek'gngEQ connected to the global data line DLn at the

2006

i ) 10 lower end. This arrangement is repeated alternately for
every other diffusion layer wires Dn. This arrangement
constitutes the virtual ground type memory array.

The word lines WLn (WLOO to WL0Oj) are disposed
in the row direction (x direction) and are shared as the

15 control gate of the memory cells B5 adjacent to 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 direction), and two gate wires ST00 and

20 STO0l are disposed for each block. One global data line DLn
is shared by two diffusion layer wires Dm.

In such a construction of the select transistors,
only two gate signals of the select transistors adjacent
in the word line direction exist for each block. Therefore,

25 the increase of the area of the select transistor portion
can be inhibited, and the chip area can be restricted to
minimum. Since two diffusion layer wires share one global

data line, the arrangement of the global data line and the



is shared by two diffusion layer wires Dn. In such a construction ofsbh€2006
sel ect twransistors, only two gate signals of the select transistors
adjacent in the word line direction exist for each block. Therefore, 25 the
i ncrease of the area of the select transistor portion can be inhibited, and
the chip area can be restricted to mmni M _ Since two diffusion |ayer wires
share one global data line, the arrangenent of the global data |ine and the

26 DEC 2006 sendd-is@nse EhhkddtedonegiLdsd fndNepd@imes despresreasy. In
ot her words, the pitch of the global data Iine and the sense circuit can be

rel axed. Furétgroierdsherhalpitdie o fretis ygrehd S @atstlige cdndnecheword |ine
are programmed or 5 read, the operation can be conpleted by the operations
made tw ce, ddrade areranit nuan recassbayed n Flue thiertueale, gihewnc 1tly pdrerenor y
cell array. Hereinafter, the sem conductor integrated circuit device of
this enbodi meemowy | ¢e bbs escpl o regl o tdne Mo reéfeirencere Erogeammeé@dxi rcui t
di agram and an operation timng chart. Fig. 47 is a circuit diagram show ng
the arrangeriad, ofhe ePerdprgn ce3n ke regmpleteed ke kiR corRFEL 10R%e
sub-decoders, etc, in Enbodinment 7. In Fig. 47, the construction of the
memory cel | M3 riesEifts AL AR THERIM 519 ¢RS DN deld svbitbodi nents 2
to 4, in which the third gate 107a (AG functions also as the assist gate
for control J59HPE NeYReITEIYEY charfeieYare applied. Figs. 48 to 50 are

oper ati one. of 1 he 20 JARCHTRARTYr TR ARGl 1 R vl ng the -
sel ect circuit device of this embodiment will be explained with
-) 10 reference to a detailed circuit diagram and an operation
timing chart. Fig. 47 is a circuit diagram showing the
arrangement of the memory cell array, the block decoders,
the sub-decoders, etc, in Embodiment 7. In Fig. 47, the
construction of the memory cells represents the case where
15 the memory cells of Embodiments 2 to 4, in which the third
gate 107a (AG) functions also as the assist gate for
controlling the split gate channel, are applied. Figs. 48
to 50 are timing charts useful for explaining the
programming, erasing and reading operations of the
20 semiconductor integrated circuit device having the select
transistor construction of this embodiment. Incidentally,
Fig. 47 shows the memeory cell arrays for two block, in
which two word lines WL and two global data lines DL are
shown disposed, for ease of illustration. The sub-decoder
25 60 has the inverter construction, but it is not
particularly limited thereto.
The semiconductor integrated circuit device of

this embodiment includes memory cell arrays 80, assist



transi stor construction of this enbodinment. Incidentally, Fig. 47 mzdgpe
menory cell arrays for two block, in which two word Iines W. and two ¢ al
data lines DL are shown disposed, for ease of illustration. The sub-decoder
25 60 has the inverter construction, but it is not particularly limted
thereto. The semi conductor integrated_cijpguit device of this enbodi ment
i ncludes nenory cell arrays 80, assist 206 DEC 2006 - 106 gate decoders 40,

bl ock decodeyateb@echiditrdcaajens kk RVRierdcGujesuiectrlea® do,angitet ors 70
and sense circuits 30. To inprove the processing speed, the word decoder

has a hi er aiticeRIr sc @St rseQicican teampiissiong tite apldGendec adarc s 30 .he
sub-decoder 60 and the gate decoder 20. Though the sub-decoder 60 is shown
di sposed on Toornmprdve Itéfet psicae safinchepeesmpr \eheeorar dpcRef dGrasease of
explanation, it is so disposed in practice as to divide and sandw ch the
menory cel | heerachgEalTivion sitg uad ioed weapkd stilng [téeg il astk decags 30.ne W
and its load by dividing the nenory cell array 80 when the nenory capacity
becones Sgr dde Fddesddergth end fdengadd ideeofieri #fr-eases to invite the
increase of the load of the word Iine W.. The high processing eed can be
thus acconpl i shed. 15TRREI&r FQﬁgéh‘PnPe\ﬁﬁ’Qteél ﬁot A&~ ShBYde ddGO0S 968

di sposed on b th sides of the ry cel | array .80 rovj des the foI W ng
two effects?® é:tsh gﬁfé:h Sltdé tlh(ﬁ’n TMER? He é(%yat Othéo

bet ween the rd li.ne W. and the sub-decoder 60 |nverter |c{1 t ds 20
drawi ng) . tﬂ&%ﬁdéF 66 i°® SRS Sredds PIAF {@#fe Lo divide

and sandwich the memory cell array 80. This is to reduce

) 10 the length of the word line WL and its load by dividing
the memory cell array 80 when the memory capacity becomes
great and the length of the word line WL increases to
invite the increase of thé load of the word line WL. The
high processing speed can be thus accomplished.

i5 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 1s disposed on one of the sides of the memory
cell array 80,the word line WL and the sub-decoder 60 must
be connected in match with the pitch of one word line. In

25 contrast, when the sub-decoders 60 are disposed on both
sides of the memory cell array 80, even-numbered word
lines may be connected to the sub-decoder 60 disposed on

the right side of the memory cell array 80 with odd-



word line on the 1:1 basis. Therefore, when the sub- decoder 60 is g 5pROsRY
on one of the sides of the nenory cell array 80,the word |ine W. and the
sub-decoder 60 nust be connected in match with the pitch of one word line.
In 25 contrast, when the sub-decoders 60 are di sposed on both sides of the
menory cell array 80, even-nunbered wardg4ines may be connected to the
sub- decoder 60 disposed on the right side of the nenory cell array 80 with
odd 26 DEC Z0&bered Odorduriiesedhamrig ddrrescted ngo ceiwmesileddd coddre 60
sub-decoder 60 disposed on the left side of the nmenory cell array 80. In
ot her words,dismoswt b ites laf thes iobmne ttgte treendwey sebl 1 decozierd0 60 Imay be
divided to the right and | eft segnents 5 and every other word |ine nay be
connect ed t other wasdectihe wrsd dedmriert@de (epamgctedyto | Hydutultesi gn of
the junction portion between the word Iine W. and the sub-_ decoder 60
becones easi@&codgrt et Tdy ke dkvided e dibatidht And hee Y RIBEREHent of
t he sub-decoders 60. The sub-decoder 60 nust essentially be disposed for
the word3l i ANSFEYHEY 10BhehHGEd JLIRR AT R]Y) WRRRCLERE R R, when the
sub-decoder 60 is di sposed, on one @i the sides of the nenory cell rray
80, one. sub-TRARRIT B0 TISTOHRP I S pitbed IrndPas MR »15 34831t (50 Bh & wor d

| ine. When the sub-decoders 60 ar.e . di sposed on h sides of t.he nory
cel | array g0°®ih"Tomt? £ 65U té%tbweoeégo%ﬁ YBOF e WU HE T nsn‘ﬁﬁ"e

becomes easi SEITHE 40 o B AR o a1 usion layer wires
: , yer wres
Another effect is pitch relaxation of the
\ ) 16 arrangement of the sub-decoders 60. The sub-decoder 60
must essentially be disposed for the word line on the 1:1
basis as described above. Therefore, when the sub-decoder
60 is disposed on one of the sides of the memory cell
array 80, one sub-decoder 60 must be disposed inside the
15 region of one word line. When the sub-decoders 60 are
disposed on both sides of the memcry cell array 80, in
contrast, one sub-decoder 60 may be disposed in the region
of two word lines, and the layout design of the sub-
decoders 60 becomes easier.
20 In this embodiment, two diffusion layer wires
(for example, D01 and D{02) 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



(for exanple, DOL and DO2) share one global data |ine DL (for exanp%ﬁEcg%ﬁa
and rel axes the pitch of the data |ine. Therefore, one global data |ine

and one sense circuit 30 connected to the former may be w red and di sposed
by 25 using the regions of two nenory cells aligned in the word line W
direction. In this enbodi nent, the gate ghgnals of the select transistors
70 aligned in the word line W. 26 DEC 2006 - 108 direction are all the
sane signal dbdetbeonuaberadl the sgatessgnaal sndaf thensebecet ofr ahei stors 70
in one block is only twd. In consequence, the increase of the area of the
portion of tbetsekiéghalsanfi sherse¥Octanrépsietotrsci@diandnd® bheckhip area
can be limted to mnimum As described belowin detail, the operation can
be conpl et edohyycodnductin mprIrquantet i O tiiereashaf itghe taweeai of nt® nunber
of times necessary when the programm ng or reading operation is conducted
to or from aPPrEheni10fneher 9eééFFstéﬁﬂ§%ﬁh§r§n76n§aﬂoga FeRErifteReddr t ual
ground type nenory cell array. Next, the programmng operation wll be
expl ai ne Ffhe ﬁ%lpsaéeﬁiﬁPﬂnghé%@lgﬁgwﬁﬂgm%ﬁémening of the progranm ng
operation. 15 It will be assuned herepy that the penory cells .~ as the object
of programmi ng are MOP%in R@%?b?grg?fgwhbn ?%???gf TRF tAWRTJFLAR | SR gnal s

15 0,V "Xt DECRUEUS 51 0RLEC B0 B0% 61 BEoLIPy SRR, UECdRrE0: 21

reliably settﬁg QiXimum number of times necessary when the programming

or reading operation is conducted to or from all the

-> 10 memeory cells existing on one word line in the wvirtual
ground type memory cell array.

Next, the programming operation will be
explained. Fig. 48 is a timing chart showing the timing of
the programming operation.

15 It will be assumed hereby that the memory cells
as the object of programming are MOl and M0O3. First, the
initial voltage of all signals is 0 V. Next, the output
signals GO and Gl of the gate decoder 20 are set to 12 V
at the timing t0, and all the word lines WLOO to WL1ll are

20 reliably set to 0 V.

Next, a PMOS power source BOP of the sub-decoder
60 in the selected block is set to 12 V at the timing tl.

The output signal GO of the gate decoder 20 is
set to 0 V at the timing t2.

25 Consequently, the selected word line WLOO inside
the selected block is 12 V, the unselected word line WLO1

is 0 V and the word lines WL10 and WL1ll inside the

unselected block are 0 V.



Next, a PMOS power source BOP of the sub-decoder 60 in the sel ectedsPk€sks
is set to 12 V at the timng ti. The output signal GO of the gate decoder
20 is set to O Vat the timng t2. 25 Consequently, the selected word |ine
W.QO inside the selected block is 12 V, the unselected word line WOL is O
V and the word lines W.10 and W.11 insidgpg he unsel ected block are 0 V. 26
DEC 2006 - 109 The output signal AGOL of the assist gate decoder 40 is
set to 2 V at the ti mTige tcutanat tdiegessi BEG01 gaf etli¢ hassi gatgatd) of the
menory cell as the object of programmng is set to 2 V. 5 Next, a voltage
is applied atletbgetifdngstdetrom 2tVieatebbe timtngtt30and the gbsbat data
lines DLO and DL1 by the data to be programred. Wen the progranm ng data
is programedteo{therdegatry 2@ | ofipihefpemexdnpeel apethrodbhliectars |ine
DLOis set to 5V, and to 0 V when_the data is 10 not progranmmed. The gl obal
data |ine DLRIPSramning Ls\SehhBR £h¥- programming data is programred to the
menory cell M3 and to O V when the data is_ hot ggqtranned, Next, the gate
t0-8

signal SROO of the sel®RFL: 3 At 9 FRPLERA at1PHRI t F i FEPT 5.
Co tl 15 th d DO03.of th Mol MD3
Che_ progr amthe TEH SRt SaTeith: P otd theattornb TaFtabeietoPblsPORPRY to t he

progranm 19, G9' Byl SyBR Ll oeL05cafhanTs 08, 30, R 4G ALY TS,
I's applied tgréggaﬂﬁ@&ntgngheaﬂgmgry Eél?pﬁbi?dfg@egxéﬁﬁle, the global
data line DLO is set to 5 V, and to 0 V when the data is
'f ) 10 not programmed. The global data line DLl is set to 5 V
when the programming data is programmed to the memory cell
MC3 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 t5. Conseguently,
15 the sources D01 and DO3 of the memory cells Mol and M03 as
the programming object are set to 0 V, and the voltage
corresponding to the programming data is applied to the
drains D02 and D0O4. When it is desired to program the
programming data to the memory cell M0Ol, for example, 5 V
20 is applied to the drain D02, and 0 V is applied when the
data is not programmed. A 5 V voltage is applied to the
drain D04 when the programming data i1s to be programmed to
the memory cell M03, and 0 V is applied when the data is
not programmed. The programming voltage is applied under
25 this state to the memory cells MO0l and M03 as the
programming object, and arbitrary data is programmed.
To complete the programming operation, the gate

signal ST0O0 of the select transistor 70 1s set to 0 V at



data is not programmed. A 5 V voltage is applied to the drain D04 ‘ﬁ@ﬁﬁc%ﬁ%
programmi ng data is to be programed to the nenory cell M3, and O I'S
applied when the data is not progranmed. The programr ng voltage is applied
under 25 this state to the nenory cells MOL and M)3 as the progranm ng
object, and arbitrary data is programed.;gia conpl ete the programm ng
operation, the gate signal STOO of the select transistor 70 is set to 0 V
at 26 DEC 206ie tidifg the aManGdsultAs the edins tH0R diral 0 OEX atgk D04 of
the nmenory cells MOL and MD3 as the progranm ng object becomes 0 V. Next,
t he gl obal datmotlyneslDi@hdamil IMGE easethe Sprogfakining t diej¢cwi bgcodmes The
out put signal AGOL of the assist gate decoder 40 is set to O V at the
timng t8,-ahdVthe assist gates of the nmenory cells as the programi ng
object are set to O V. 10 The output signal GO of the gate decoder 20 is
set to 12 V at the tirfewft+ Ehaarglabl @t tlenenorRbd ignd Rlo@sessefe t he
sel ected bl ock becones 0 V. Next, the PMOS power source BOP of the sub-
decoder 60 i®otHeVsat ckhedt Bk F4-set to O Vat the 15 tining tlO

Finally, the out put Sijﬂ{]al s GO and. G1 of_ the ];gate decoder 20 are set to O V
at the timng til, and3heP HYyriFhity ltﬁ)(glraﬂ' on§ LI A2E  When

programri ng . J89 48 fhe renpryooplLe M04 20409k A0%A8 e B ng
gates of the memory cells as the programming object are
set to 0 V.

Y 10 The output signal GO of the gate decoder 20 is
set to 12 V at the timing t9, and the selected word line
WL0OO inside the selected block becomes 0 V.

Next, the PMOS power source BOP of the sub-
decoder 60 in the selected block is set to 0 V at the

15 timing t10.

Finally, the output signals GO0 and Gl of the
gate decoder 20 are set to 0 V at the timing tll, and the
programming operation is completed.

When programming is made to the memory cells MOl

20 and M03 in the programming operation of this embodiment,
the programming voltage is applied during the timing t5 to
t6 in which the gate signal ST00 of the select transistor
70 reaches 8 V. The gate signal STO00 of this select
transistor 70 is the signal for controlling the drain

25 wvoltage of the memory cell. In this embodiment, therefore,
the application time of the drain voltage becomes the
shortest among the word line voltage, the assist gate

voltage and the drain voltage applied to the selected



the programming voltage is applied during the timng t5 to t6 in Wighl.066
gate signal STQO of the select transistor 70 reaches 8 V. The gate signal
STOO of this select transistor 70 is the signal for controlling the drain
25 voltage of the nenory cell. In this enbodinent, therefore, the
application tinme of the drain voltage be¢pqges the shortest anong the word
line voltage, the assist gate voltage and the drain voltage applied to the

sel ected 26 RERo2906e11.1ldor MENDE Yré£tdn, Fetie tdritlSod BR6ON, cdhebenbodd ment
can be said an optimal systemfor relaxing the drain disturb. Various

vari ati ons aae ppsimblesgstthefappketakiag thei dgach thetuwbrd Vaneowsl t age,
the assist gate voltage and the drain 5 voltage applied to the sel ected
menory cell aarémpiannedreappeadiplenaEnbbdi appiscattion6rimndgt by thave the
respective features. Therefore, the systemof this enbodinent is not
particul arl yweedt Lioei veltwgen phegraswshggasenudétaget Badnkiver greénl s MOO
10 and M)2 and all the nenory cells on one word line are programed, the
programmihg ¥pétagroAraéseri bedthboselrayedbBeBpPAY| 6RLy AEpesPédingd MOO and
M)2. In this way, this méeten1can conpl ete the gro rannln% operation to al
the menory ééFP§d5n16n§ AgmenkE By teoRdudffoANBY PARES15DEr ogr ammi ng
operation tw ce. Therefore when t he r ogr anmi_ng eration is, repeated
twice, a secEGFPeGhaVEt fsat PEﬁé vvor?:]"eﬁp HA T Operhitt i %%t?%eﬂ t he

progr ami ng u%bgd_ erasing unit = rea unit into account becones

feasible. Af 688P5t?8nn9ﬁa9355é§u ngior?§B€éthH§ program ng operation

but changes the When programming is made to the memory cells M0O
_) 10 and M02 and all the memory cells on one word line are
programmed, the programming operation described above may
be similarly repeated for MO0 and MO2. In this way, this
system can complete the programming operation to all the
memory cells on one word line by conduction of the
15 programming operation twice. Therefore, when the
programming operation is repeated twice, a sector
operation {one-word line) operation, 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 toc 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



programming unit to a 1/2 sector (1/2 word line) can also be nade. yﬁ Eamm
the erasing operation wll be explained. Fig. 49 is atimng chart s

the timng of the 25 erasing operation. It will be assuned hereby that the
menory cells as the erasing object are MOL to M)3 existing on the word
line WOO. First, the initial voltage isy{p L for all the 26 DEC 2006 - 112
menbers. Next, the output signals GO and GL of the gate decoder 20 is set
to -13.5 V atethersinmng to, and all the word lines WOO to W11 are set
reliably to O V. 5 The gate signals STOO and STOL of the select transistor
70 are set to 3.3 V atNa:he, ttihe ngutpyt asidhgndes Gbuamkidral nsheofgdte nenory
cells MOto M)3 as the erasing object are set reliably to 0 V. The NMOS
power sour cedBadief 2heisupetictodel3 6D V18t iphe heimir@cted dhdcokll}sthket to
-13.5 Vat the timng t2. The output signal GO of the gate decoder 20 is
set to 3.3 \woxdthbnes nih@0t 8o Whlgoﬁ%q%%c@l%%lxet%c@ ed-word |ine WOO
inside the selected bock is -13.5 its unselected word line WO is 0V
and the word |ines 151‘%1‘1)3%&%&113113: nsi He angd eIk tide b?%]cﬂé:tare 0 V.
The out put S|gnals AGE[)@nd GOl of thf sSi st ate decode{ @ set to
3.3 V at thet ‘?‘?ﬁh@t‘?ﬁ TAndrs. Lt \F9 5 a%le%EI"E ©hELRE § €the

porrycel g e TS phLec Dt e o e grdge v 10
erasing object are set reliably 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 timing t2.

The output signal GO of the gate decoder 20 is
set to 3.3 V at the timing t3. In consequence, the
selected word line WL0OO inside the selected bock is -13.5
V, its unselected word line WLO is 0 V and the word lines

15 WL10 and WL1l1l inside the unselected block are 0 V.

The output signals AGOQ0 and GOl of the assist
gate decoder 40 are set to 3.3 V at the timing t4, and 3.3
V is applied to the assist gate of the memory cell as the
erasing cbhject. Under this state, the erase voltage is

20 applied to the memory cells MOl to 03 as the erasing
object and the data is erased.

To complete the erasing operation, the output
signals AGO0 and AGOl1 of the assist gate decoder 40 are
set to 0 V at the timing t5 and the assist gate of the

25 memory cell as the erasing object is set to 0 V.

Next, the output signal GO of the gate decoder

20 is set to -13.5 V at the timing t6é. As a result, all

the word lines WLO0O to WL 11 are set to 0 V.



object and the data is erased. To conplete the erasing operation, theppehpjt
signals AGOO and AGOL of the assist gate decoder 40 are set to O V at the
timng t5 and the assist gate of the 25 nenory cell as the erasing object
is set to O V. Next, the output signal GO of the gate decoder 20 is set to
-13.5 V at the timng t6. As a. result, ahk _the word lines WOO to W 11
are set to 0 V. 26 DEC 2006 - 113 Next, the NMOS power source BON of the

sub- decoder 60 in thensgtectrd RMOoskpbReseboti®c® BOHNt ofh€het kibRg t7. The
gate signals STOO and STOL of the select 5 transistor 70 are set to 0 V at

the tim ng tdecoBeralklyint heeostpettedgbibskCDsasdtGtood Vhatgahe decoder 20
are set to 0 Vat the timng t9, and the erasing operation is conpleted.
When the erasiimgngpéiation is conducted for the 10 menory cells MOto M3
in this enbodinment, the erasing voltage is applied during the period t4 to
t5 in which the assisThgagatei ghgnalenbTARdapdOETPeack 8he welpgtihis
system the voltage application time of the assist gate voltage is shorter
than the hwor §riengesteirt d§eadpprrtatPol Ysati he TRBRABHoLE. this system can
be said nost optimal for relaxing disturb by the assist gate for the nmenory
cells connected to thEilaséYectbs RBFH“FiﬁégnﬁﬁstﬁpsaQHbgéiﬁﬁnFFethe

erasing voltage is appli during.the period t4 to.t5 in ich the assist
20 gate si gndPSCABRECERY igtﬁrﬁeégﬁ §938VV ?ﬁeF@FoFéPlPﬂetg@ and the

erasing operation is completed.
When the erasing operation is conducted for the
) ) 10 memory celis MO to MO3 in this embodiment, the erasing
voltage is applied during the period t4 to t5 in which the
assist gate signals GO0 and AGOl reach 3.3 V. In this
system, the voltage applicaticon 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 AGOO and AGOl reach 3.3 V. Therefore, the
voltage rise time and the voltage fall time of the assist
gate signals determine the erasing time. Since this
voltage switching width of the assist gate signals is as
small as 3.3 V, the rise/fall time is fast. Therefore,
25 this system can be said as a system having excellent
controllability of the erasing time. As to the timing of
the word line voltage and the assist gate voltage to be

applied to the selected memory cell, however, other



voltage rise tinme and the voltage fall time of the assist gate signghgce0e
determ ne the erasing tine. Since this voltage swtching wdth of the
assist gate signals is as small as 3.3 V, the rise/fall tinme is fast.
Therefore, 25 this system can be said as a system havi ng excel | ent
controllability of the erasing tinme. As t9,the timng of the word |ine

vol tage and the assist gate voltage to be applied to the selected nenory

cel |, howevekar@bRebndbmBECpd086ssinitdasvaekeatinas ERYeR@yPa%Si bl e as
described already in Enbodinments 1 to 6, and they have respective features.

Therefore, tEmbogyskamsi 3 itH B0 way taeyr haveveespben itvke feaasireg .operati on
is conducted for the 5 nenory cells MOL to MD3 in this system the gate
signals STODhermefStE] ahisheyseékeactist iansbsway aedtirhetayesi.st gate signals
AGOO and AGOL are operated simultaneously. To erase all the nenory cells
exi sting on one word | Whes, theheratong, ophcatiasi hg opsducted fam bbe
conpl eted by one 10 operation, and the sector (1 word |ine) operation that
t akes t hed pr ogramyi eglési M0 &padldginnthis py&demg Ghet Jatet 6 igoedent
becones feasible. Incidentally, the voltage values used in this explanation
are merely i BTASt paE $E0BLPLI hheo SRAPCts traspiskpryanANERe, aSKd StedditRy
operation wll be_explained. Fig. 50 is a timng chart showing the timng
cofe i o

of the read SdfF8fafi 6700 engi A 33&sOREGRLR melieRsPysdd-l sT8s the 20

reading obj ect ate Yl 200 M3y, FLiits bRSsLOhY 8h ¥RE!89%d 1ines,

therefore, the erasing operaticn can be completed by one
>> 10 operation, and the sector (1 word line) operation that
takes the programming unit = erasing unit = reading unit
into account becomes feasible.

Incidentally, the voltage values used in this

explanation are merely illustrative but in no way
15 restrictive.

Next, the reading operation will be explained.
Fig. 50 is a timing chart showing the timing of the read
operation.

It will be assumed that the memory cells as the

20 reading object are MOl and M03. First, the initial voltage
of all signals are set to 0 V.

Next, the output signals GO and Gl of the gate
decoder 20 are set to 3.3 V at the timing t0, and all the
word lines WLOO to WL1l are reliably set to 0 V.

25 The PMOS power source BOP of the sub-decoder 60
in the selected block is set to 3.3 V at the timing tl.

The output signal GO of the gate decoder 20 is

set to 0 V at the timing t2.



of all signals are set to O V. Next, the output signals GO and G ofy the 146
gate decoder 20 are set to 3.3 Vat the timng to, and all the mnrg 1 nes
W.OO to W11 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 timng tl. The
out put signal GO of the gate decoder 20 {$5 set to O V at the timng t2. 26
DEC 2006 - 115 As a result, the selected word |ine W.OO of the selected

bock is 3.3 V, its unsgiegtegsynr d thoesdiddted Swdrd Viidadnthe 9orehéi nes
W.10 and WL11 inside the unselected block are O V. 5 Next, the output

signal AGOL pélébeedsbosk gatd.3decotles dfiseSeseédtwoBd3lVnatwLbe fsnbng t 3,
and 3.3 Vis applied to the assist gate of the nenory cell as the reading
obj ect. NextV, laMdi shappbrédlinesh@Lylobntd dhta insede tBeDutsahdcbDed from
the sense circuit 30 at the timng t4. Further, 1 Vis applied fromthe
sense circui b1@80ktarehe global data lines DLO and DL1 at the timng t4. The
gate signal STQOO of the select transistor 70 is set to 3.3 V at the timng
t5. The r%adi ng vol t agiexs, 1Bhappi iRt upieral RGOkt af cthe aneisendrVecel | s
MD1 and MD3 as the reading object and the data is read. Wien_the threshold
val ue of thedRERBRY 88| ESMPEtakOt Redr¥adt niheobiBERT| &3} 0dPHn3t Ai ¥ &8se, the
menory cell M1 is turned ON and the current flows. As resuLt, the drain
vol tage 20 DABPbEeEhECnEhBr §SELFF ¥BECant tRE HEBBLY Gﬁ%g fEnEPBLO

reading object.
Next, 1 V is applied to the global data lines
7f ) 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 is
15 applied under this state to the memory cells MOl and M03
as the reading object and the data is read. When the
threshold value of the memory cell MOl as the reading
object is low in this case, the memory cell M0l is turned
ON and the current flows. As a result, the drain voltage
20 D02 of the memory cell MOl and the global data line DLO
connected to the memory cell MO0l change to 0 V. When the
threshold value of the memory cell MOl as the reading
object is high, the memory cell M0l is turned OFF and no
current flows. In consegquence, the drain voltage D02 of
25 the memory cell MOl and the global data line DLO connected
to the former are kept at 1 V. When the threshold value of
the memory cell M03 as the reading object is high, the

memory cell MO3 is turned OFF and no current flows.



connected to the nenory cell MOL change to O V. Wen the threshol dyygEkdeoeRf
the nmenory cell M)1 as the reading object is high, the nenory cell M1 is
turned OFF and no current flows. In consequence, the drain voltage D02 of
25 the nenory cell M)1 and the global data |line DLO connected to the former
are kept at 1 V. When the threshold vaJ_Uflg)f_ the menory cell M3 as the
readi ng object is. high, the nenory cell M3 is turned OFF and no current
flows. 26 DEEh@b@bore, liBe dhgirfobbtayibendsabn voétmgerobPpiceliithesnenory
cell M3 and the global data line DL1 connected to this nenory cell M3
are kept at 4n¥. tlbegsebsk datsulin80DIisconnentédstot heivohemgeychahge of
this global data |line DL or its 5 current change. In this way, the reading
oper ati on i sMO3oadeckedt b tovpl eife tdengeadimpidpeiGidigsrimianag®e si gnal
STOO of the select transistor 70 is first set to O V at the timng t6. As a
result, the thaivelbDegeandamaa of thisheleokabrgatel lingRLapd MS as the
readi ng object are cut off fromthe sense circuit 30. Next, the global data
| i nes DLAQ angupeentrehaege.t dm Wik “3e thihe MPadinarRPORPAN signal AGOL
of the assist gate 15 decoder 40 is set to O V at the timng t8, and the
assist gateC®RrdEREeHenory cell as the reading object is set also to 0 V.

Next, the output sign Q&0 of the gate decoder 20 is set_to 3.3 V at the
timng t9. In conseque %e?OT%EtQO'g%‘:éI"é%? HHotRETE MR 3B'F i3t t he

sel ected blo§§g%§?”§%§0 of the select transistor 70 i1s first set to 0
V at the timing té. 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 DLO and DLl are set
to 0 V at the timing t7.
The output signal AGOl of the assist gate
15 decoder 40 is set to 0 V at the timing t8, and the assist
gate of the memory cell as the reading object is set also
to 0 V.
Next, the output signal GO of the gate decoder
20 is set to 3.3 V at the timing t2. In conseguence, the
20 selected word line WL0OO inside the selected block changes
to 0 V.
The PMOS power source BOP of the sub-decoder 60
in the selected block is set to 0 V at the timing t10.
Finally, the output signals 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 MOl and MO3 in this embodiment, the reading



to O V. The PMOS power source BOP of the sub-decoder 60 in the selgggﬁézoﬁ
block is set to O Vat the timng tIO Finally, the output signals an
GL of the 25 gate decoder 20 are set to O V at the timng tll and the
readi ng operation is conpleted. Wien the reading operation is conducted for
the nmenory cells MOL and M)3 in this enhedi aent, the reading 26 DEC 2006 -
117 voltage is applied during the period t5 - t6 in which the gate signal
STQO of the seleeiyet iansipplldked’Qureaghehe3pdrYod e -gatse isi ghdlchSTER of
this select transistor 70 is the signal for controlling the drain voltage
of the menoryatecalilgnalln StTidi0s ofy shemsetlke tappinsatitonr {7i0me eafchieise 3d3aivin
voltage is the shortest anong the word line W. voltage, the assist gate

vol tage and tThe dedien sugnedgéTOd o thppsl seders thansdls¢ored Ondsorthecel | .
Therefore, this systemcan be said nost optimal for relaxing drain disturb.
10 As to the stiigmiadg fof clhatwerdd ingné&heodrade, vol&agesioft thgt &empalnt age and
the drain_voltage to be applied to the selected nenory cell, however,

vari ous véri&@ﬂgns ARethpsssVpFemastBR prRPhEEa T ROENBOEENRAL 5he €538D and

t hey have respective features. Therefore, this systemis_not 15

parti cul arl y Ped@Gec ity énewsERTtRe tr 830NAg T8 MREFor i1e Wnd@ditédSror the

menory cells and a cells on,_ one word |ine

are read, thé%g§%%%ﬂ§¥8§@F%?%8&t&@?c%%g;g%eggggé%nﬁ?lﬁégﬁeﬁﬁhF@H for the
merory cell S MR M2 20 LIS L ATROIY o1 10°SFREBER, ARV En; L thi s vy,
system can be said most optimal for relaxing drain disturb.
7) 10 As to the timing of the word line voltage, the assist gate
voltage and the drain voltage to be applied to the
selected memorf cell, however, various variations are
possible as explained in Embodiments 1 to 6, and they have
respective features. Therefore, this system is not
15 particularly restrictive.

When the reading operation is conducted for the
memory cells MO0 and M0O2Z, too, and all the memory cells on
one word line are read, the reading operation described
above may be repeated for the memory cells MO0 and M0Z in

20 the same way as described above. 1In this way, the present
system can complete the reading operation to read all the
memory cells on one word line by two operations. As the
reading operations are repeated twice, the sector {1 word
line) operation that takes the programming unit = erasing

25 unit = reading unit into account becomes feasible. A page
operation that divides the reading unit to a 1/2 sector

(1/2 word line) becomes possible without repeating the

reading operation. Incidentally, the voltage values used



system can conplete the reading operation to read all the

operation that divides the reading unit ipga_1/2 sector
becones possible without repeating the reading operation

and to the source line through the selector, transistor,
gate that priUERTEAERE GFEFW VoRE%Hee f P o Bet hg 4% a{‘) |

ot her nenory ce

| s, adj in the word |jne diregction_wh
Vol tage 15 ABbETa! TEOURG WYEF HMOrobRe Fhoty: £b Fhe e 4eer &

menory C%kbig%&m

one word line by two operations. As the reading operations are repeate
twice, the sector (1 word line) operation that takes the programmng unit =
erasing 25 unit = reading unit into account becones feasible. A page

(1/2 word line)

. Incidentally, the
vol tage val ues tised @RpDECaR006 are lid8relyn ékamprxpl andtionnareaperel y
exanples and in no way restrictive. Next, the advantages of the virtual
ground type resupnigtiteeél array equi pped with the assist gate will be 5
explained with reference to Fig. 51. The sem conductor integrated circuit
devi ce shown in Fig. SNeitnclthiesadvamagemlofridendviypea hegmeyndetypear ray
that shares the drains/sources of the nenory cells adjacent to one another
in the word Meémeryi ¢etl apravreeebred vithstReorssisk datewithilhg the

vol tage of the diffusion |ayer wwre to the drain voltage VDn and the source
vol tage SS. FHRlIAIPEEsYHRR FalRFenrset?sFtdnnett ed o S AEHMEHat a | i ne
apd has an assi st

1R YIeF h2 sources of

e drain

Yates are

bundl ed abovg and. bebow.Lbeo bl ek egoppasseds bysi heon el gcsudr gsisbers for

every ot her Nenory adj acent i

ine dirfrection.

in the word line direction, and select transistors for

) 10 switching the voltage of the diffusion layer wire to the

drain voltage VDn and the source voltage SS.

The diffusion

layer wire is connected to the global data line and to the

source line through the selector transistor, and has an

assist gate that prevents the drain voltage from being

15 applied to the sources of other memory cells adjacent in

20

25

the word line direction when the drain voltage is applied
to the drain of one memory cell. The assist gates are
bundled above and below the block encompassed by the
select transistors for every other memory cell adjacent in
the word line direction.

To program or read all the memory cells existing
on one word line in such a semiconductor integrated
circuit device, the operation can be completed by the
operations made twice that are minimum necessary in the
virtual ground type memory cell array.

The operation of this semiconductor integrated
circuit device will be explained. In the virtual ground

type memory cell, the drains and sources of the memory



To programor read all the nmenory cells existing on one word |ine 59D§59@ma
sem conductor integrated circuit device, the operation can be conplete y
the operations nmade twice that are m ni mum necessary in the 25 virtual
ground type nenory cell array. The operation of this sem conductor
integrated circuit device will be explajfngd- In the virtual ground type
menory cell, the drains and sources of the nmenory 26 DEC 2006 - 119 cells
adj acent to es@lanatihetenhn tbheower dnbktherdinetheowordr @isbkadedecthenef ore,
when the different voltages are applied to the drains and the sources as in
t he programimng ashdredadi Thpopbrnaeti onsen ttiee diaf fexett agel tdoes and t he
source voltage SS nust be switched by the swwtch (select transistor) . To
program or rénpgtlaet thethendrgingebnd ERESEPHYCOA 8Aeiwotdel ine, therefore,

t he operations nust be conducted at |east tw ce. Assum ng that the_ assi st
gates (AGDO REBIAEDT}NH02ABt TERAINIaARCTARLOPRe Hh&I AT28DVEPLEGES YDappl i ed
to D02, for exanple, the drain voltage is agpliedﬁ%o the drain of hhe
menory cel |l 8R9t hBe| 8PPTCE| HalbpIB0SSalSht PEhEVWESFBeH RY¥, TPReSUALFR vol t age
is applied to the source,of the nory cell on the right_side, too. To

bri g Lhe: meifSPySEs! FEaR8: Rt bour b RACHHIEICE oS HFh RS JTemehY | s
applied, intg e unselected state, the,.same,yolt mu b Iy to the
drain side (Eﬁg$§ ?5ég£l$heP8f8P8,w Sgp%éégaan?r?gggeal?hthpﬁgﬁ%%§ggelIs

eri ot 70 o0 BUSIBECc bR LSaREeatoBay TSt Resugonguctse Lourats. g
sem conducCt Ogates (AGOO and AGOl) do not exist and that the drain
- ) 10 wvoltage is applied to D02, for example, the drain voltage
is applied to the drain of the memory cell on the left
side of D02 and at the same time, the drain voltage 1is
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, into the unselected state, the
same voltage must be applied to the drain side (D03), too.
Therefore, to program or read all the memory cells
existing on one word line, the operations must be
. conducted four or more times and are not suitable for the
20 high-speed operation. However, the semiconductor
integrated circuit device of this embodiment includes the
assist gates (AGO0 and AGOl). These assist gates (AGO0O and
AGO1) play the role of the switch that applies the drain
voltage to only the cell on the left side of D02 when the
25 drain voltage is applied to D02. 1In other words, when the
drain voltage is applied to D02, the assist gate (AGO0) of
the cell on the right side of D02 is turned OFF lest the

drain voltage is applied to the cell on the right side of



integrated circuit device of this enbodinment includes the assist gégﬁiczmm
(AGDO and AQJ1). These assist gates (AGOO and A®)1) 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 DO2. In other words, when the
drain voltage is applied to D02, the assisph gate (AGO of the cell on the
right side of D02 is turned OFF lest the drain voltage is applied to the
cell on the DDght GoneegieRbl DEGI2O06a11 4126 c&DPs £onhseimendhyonaheoradl |
the cells existing on one word |ine are programmed or read out, the
operati on cahibe acenpretedmpedt he opedabitms thadepewateonhganabe nmi ni num
necessary in the virtual ground type nenory cell array. 5 The nechani sm of
such assi st gampderedapiyl tBd eperphédoBeninadrdiriee theSgraLeAiBiMEmi t device
of this enbodinment, too. Next, the necessit¥ for the select transistor

will be expl BRREESArYhipefBReNéEt¥BLlFPEOUBY. tEpPg. mMEPArYIGedRhofETAYei r cui t

di agram when the select transjstor is_disposed, and Fig. 52B shows a circuit
diagram when it is noth® REERRNLEH eEndY FO?SFHFEggaFga EFréHPglangee

shown in Fi 52A, .the drain/source 0 to Dli) ,of .each r cel

conpri ses thghﬁiF?H§F8HdP8 8rF &PfsgéﬁggahFérEF%EﬁPFV1E§ Pﬁgﬁggég the sel ect

transistor for cgttingro%f the diffusion |ayer wire of the sel ected bl ock
e

fromt hat ofemPﬁ RS P8d bl ock. When the circuit includes such a select

trans stor (Fo. S2A) wlpe |eRd bcLbe: fifEus! Ohe LBYEE MEENCaRPER T educed
gh- speed operation can e conduct ed. Because e nunber of the
menory cellsyt9) pe explained with reference to Fig. 52. Fig. S52A
\.) 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 Dl11) of each memory
cell comprises the diffusion layer wire and this circuit
15 includes the select transistor for cutting off the
diffusion layer wire of the selected block from that of
the unselected block. When the circuit includes such a
select transistor (Fig. 52A), the load of the diffusion
layer wire can be reduced and the high-speed operation can
20 be conducted. Because the number of the memory cells to
which the drain voltage is applied, though they are the
unselected memory cells (the memory cells existing on the
unselected wore line) becomes smaller, the drain disturb
can be reduced. In this way, this embodiment (and other
25 embodiments, too) disposes the select transistor and
obtains the effect described above. Though the explanation

is given about the virtual ground type memory cell array

sharing the drains/sources of the memory cells adjacent to



which the drain voltage is applied, though they are the unselected

cells (the nenory cells existing on the wunselected wore |ine) becones
the drain disturb can be reduced. In this way, this enbodi nent
(and ot her 25 enbodi nents, too) disposes the select transistor and obtains
the effect described above. Though the-expi anation 1is given about the
ground type nenory cell array sharing the drains/sources of the
menory cel | sondj acebhet 0126t DECVQOQ61ine 1@ireohiomnoti herfi aouheewbeddsi ne
di rection,
acconpl i sh prred el akderoadrra¥sSthe gl obal word |ines, hence pitch

snmal | er,

vi rt ual

rel axation of the 5 sense circuit, as described above, This feature wll

expl ai ned with referentel CTEPEECRE GARY 3pCONRL i REHFR ofRARFIFLON
integrated circujt d

i C h .in Fig. 53, the . sense circuit connected to
the 10 gl obaPtdhkg ‘Ff%}lé\a&w‘gﬁ%mgé}‘ﬁ?sb SR yregr‘?"%tel%? cirﬁet%%i des of

t he nenor

to the

sense circuits

circuit can be used i nygOoMRONG AR OYndWe: & oM o
t he sensor

)

10

15

20

25

cell arra

every ot ter §FBBEI CH

€ semcon ed ¢circu

shown in Fig. 53, the sense circuit connected to the
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
four bits of the memory cells.

In the semiconductor integrated circuit device
shown in Fig. 54, switch MOS transistors YS are interposed
between the sense circuits 30 connected to the global data
lines DL so that one sense circuit can be used in common
by two global data lines DL. In this way, the sensor
circuit 30 connected to the global data lines DL can be
dispeosed in the region of the four bits of the memory
cells.

When the systems shown in Figs. 54 and 53 are
combined, the sense circuit 30 connected to the global
data line DL can be disposed in the region of the eight
bits of the memory cells.

[Embodiment 8]

devi c

it of course holds true of other arrays. This enbodi nent can

r
e

1E9EY Mo

be

but can_ be di sed alternately and above and bel ow
g?%ltfiﬁﬁsée?ﬁrfﬁgg gB?Yethe sense circuit 30 connected

gl obal data |inpe. j i j u
bits of the nenory celcﬂgl.g):_fng Pee ﬂiff%%%%{ﬁ%%ﬁg%ﬂ? Péfépg?&és {8
shown in Figg: b4, i transistors YS are interposed between the

'Flégb g%%%%@tgggto the global data l|ines DL so that one sense

Sl @ed i Aescble dévibds way,



circuit 30 connected to the global data lines DL can be disposed incthe on6
region of the four bits of the nenory cells. Wen the systens shown in
Figs. 54 and 53 are 25 conbined, the sense circuit 30 connected to the

gl obal data line DL can be disposed in the region of the eight bits of the
menory cells. [Enbodi nent 8) 26 DEC 2006122 422 Fig. 55 is a circuit

di agram showi ng conceptual ly an exanpl e of the sem conductor integrated
circuit device accordiFggt oSEnbodk nehrcgibfdidergneskowingnvention. 5 The
sem conductor integrated circuit device of this enbodinment is different
from Enbodi neanceptnalhg anr pEAGRARNPLotheheesererdurEaRsiBEBP52RAM-t heir
operation, but the nmenory cells remain unchanged fromthat of Enbodi nent

7. 10 Ther ef 6LECULhedBYBFENAEFBRIOPTIt he FRRBAYTERE| 888f thRePRRABRY cel
array 80, the nenory block, the diffusion |ayer wires DOO to D04 and the
word |ines VﬁﬁvﬁPélgﬂe same as those of Enbodinent 7 and will be hereby
omtted. One each sel ﬁt transis%or %select MOS d70.is d{s osed at _the 15
upper and | oner ends of "BaRFHFPFALTBRAT I EYETINA TR BT TH C XY ANT The drai n
of the selec [ ansi [ L _ t ' LoR Lay wires Di
to D04 in théhégngaééégggzgiﬁgEﬁggggﬁéﬁg §¥8W%§ﬁbgﬁékgggrgehgfgﬁﬁe sel ect

transistor 70.L5,canpechedihe LhecgtopalndatasLingnklpnat rt BfeiRPEHN20 end
of the diffusion ?ayer wre Eh %%Eﬁ to g%ﬁg, Eomever,

but the memory cells remain unchanged from that of

Embodiment 7.

:7) 10 Therefore, the explanatiocn of the memory cell 85,
the memory cell array 80, the memory block, the diffusion
layer wires D00 to D04 and the word lines WLn are the same
as those of Embodiment 7 and will be hereby omitted. One
each select transistor (select MOS) 70 is disposed at the

15 upper and lower ends of each diffusion layer wire DOl to
D40 and the drain of the select transistor 70 is connected
to the diffusion layer wires 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 (D01 to D04}, however,
the source of the select transistor 70 at the lower end is
connected to the source line S5S. When it is connected to
the source line SS at the upper end of the diffusion laver
wire Dn (DOl to D04), the source of the select transistor

25 70 is connected to the global data line DLn at the lower
end. In other words, the sources are unified inside the

block unlike the arrangement of Embodiment 7 wherein the

source is disposed repeatedly for every other diffusion



the source of the select transistor 70 at the lower end is connectggnkezage
source line SS. Wien it is connected to the source line SS at the upper end
of the diffusion layer wre Dn (DOl to DO4), the source of the select
transistor 25 70 is connected to the global data line DLn at the | ower end.
In other words, the sources are unified ypgide the block unlike the
arrangenent of Enbodi nent 7 wherein the source is disposed repeatedly for
every other diakbiswenred6pREC 2006 123 |ayer wires Dn. The sane signal is
inputted to the gates of the select transistors 70 adjacent to one anot her
in the word |ine diretTheonafx digesli don)ihputeedr yoothergdtébusifonhd | ayer
wires, and different signals are applied between the diffusion |ayer wires
adj acent to sedegtotiensiFtorsgdfeadjrrestSTOOONe 8mO8hareidi $peswdrHor each
bl ock. Two diffusion |ayer wires Dn use in common one gl obal data |[ine
DLn. 10 I n sdéReadésastiapt i(Bndérerhdose| der evanyi otves, diffasgane si gnal

of the select transistor conprises for gate wres for _each bl ock, and the
appl i cati®n ﬂﬁﬁﬁﬁgwéFesthé“909ﬁ5§e€8PFa§égaﬁéstﬁéeaBBP#éﬁglBﬁtﬁﬁﬁﬂné §f the
drain volta%g can be set arbitrari I n_other words, since_the 15 drain

vol tage can gﬁﬁFPBdléVﬁérwﬁﬁgsséggééeVBIFQaner@PPgﬂﬁﬁ r eBeREsIBE®, the

t abl t ted. ,Si t di ff

Somon Oﬁﬁéagil%%afgﬁQB tpi ggggg ﬁ%eaf*ﬁ'éﬁégﬁs“?%'f cehB BigsH Gara i ne. and

Lhe sense ci peuil GRANSCLEd 1,0, Lol OLTE s RPERRS:28n£318ba0 ke PIL"
Fed

can be relaxgﬂ ran1or
line DLn.

) 10 In such a constructicn of the select transistors,
the gate signal of the select transistor comprises for
gate wires for each block, and the application timing of
the source voltage and the application timing of the drain
voltage can be set arbitrarily. In other words, since the

15 drain voltage can be applied after the source voltage
reliably reaches 0 V, the stable operation can be
conducted. Since two diffusion layer wires use in common
one global data line, the arrangement of the global data
line and the sense circuit connected to the former becomes

20 easier (or the pitch can be relaxed). To program or read
all the memory cells existing on cone 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



all the nenory cells existing on one word line, the operation can B prc 2006
conpleted by two operations that are mninum necessary in the virtual
ground type nenory cell array. 25 The sem conductor integrated circuit
device of this enbodinment will be explained hereinafter with reference to
a detailed circuit diagramand operatioms>jfining charts. Fig. 56 is a
circuit diagramshowi ng the 26 DEC 2006 - 124 arrangenent of nenory cel
arrays, blockrdengdrest sBbmesdecodees] etcaysf BDboHi aeobd8rs)nskbg. 56, the
menory cells of Enbodinents 2 to 4, in which the third gates 107a (AQ
function al sdeasdéhse, asscst ofjabmbodimenppBi edlin Fide 6 neme ymemdty
construction of this enbodinent. Figs. 57 to 59 are timng charts useful
for expl ai ni agliheofr Bybadiiagts 2rbei g andwhéali hheopbiadi gatesf 1PAa

sem conductor integrated circuit device having the select _transistor
construction(8F)t AlBCBABBIRREAt 25| Kepdapsdstydateg. 258 3DP3RBAsta RBfory
cell array 80 for two_blocks, and word_|lines WL in one block is two while

t he globé¥ dBEHCF¥nEehbL CPRSERRCtIAR Slipthed oBBPOBHMRRS - anf iRert brto
construction__but is. not Iigited thereio in particular,. In the ,

seni conduct or%i AFBgFAFERIFRREFE BEGFEL 95 ngiﬁ?glﬁﬁbﬁﬁﬁn@ﬁPgEﬁﬁmhnﬁn Fig.

56, the nennr£8cell ar t he as e bl ock decoder

Lay 9 istsga e_decoder 49 the.
S0, the subchBohe: 260 YeRa nu: SOREEotar= o0t the SeReEChEPANGEstor 70, the
A R R R e CIGRLERE B o
sandw ch thecBﬁEkruction of this embodiment. Incidentally, Fig. 56
: ) 10 shows a memory cell array 80 for two blocks, and word
lines WL in one block is two while the global data line DL
is two. The sub-decoder 60 has an inverter construction
but is not limited thereto, in particular.
In the semiconductor integrated circuit device
15 of this embodiment shown in Fig. 56, the memory cell array
80, the assist gate decoder 40, the block decoder 50, the
sub-decoder 60, the gate decoder 20, the select transistor
70, the sense circuit 30 and the word decoder are the same
. ) as those of Embodiment 7. The arrangement in which the
/ 20 sub-decoders 60 can be s0 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.



array 80 and which can thus achieve pitch relaxation of the sub-decgdgt Jbss
al so the sane as that of Enbodinent 7. Further, two diffusion |ayer wres
share one global data |ine DL and pitch relaxation of the data |ine can be
25 achieved, in the same way as in Enbodinent 7. Incidentally, the sense
circuit 30 connected to the global data {3®iee DL can relax the pitch by the
nmet hod explained with reference to Figs. 53 and 54. 26 DEC 2006 - 125

Each block in this emepgktieiodls th Stiosedemisydamént cod | §ispdded espect to the
X axis (word line formation direction) In this way, tw bl ock share one
source |ine SgumadridelIprwhth onespeat ofot tiee nEndxys cévbrdslaneay 80 can be
reduced. In this enbodinent, the gate signals of the select transistors 70
aligned i n thermatdohideretteerl on Inartdiidi fWaat.eriwd drlaskershagtehernali f f usi on

| ayer wire, and each block conprises four word lines. 10 Therefore, the
appl i cati on 8¢ureg binehessadceheviPrmgelandare® apprheame®aryi @8Ry of the
drain voltage can_be set arbitrarily. Since the drain voltage can be
appl i ed aft eRT¥ae 8BuFee DRI ¥egece@aches reliably 0 V, the stable operation

becores pass bl e, Mhen, 1 e S A5, Ceha e St SPeter L e

e oo, shaLe 3 FuILLIN AReERLIC e LR Shguat Lypep Ty

explanation of .t 8¢ PRELAL T POy &0 Fy Yot Ry SBPPELLNEN 1 000 9] L NeaRE09r ammi ng

each block comprises four word lines.
f ) 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 veoltage reaches reliably 0 V, the
stable operation becomes possible. When all the memory

15 cells existing on one word line are programmed or read out,
each operation can be completed by the operations made
twice, that are minimum necessary in the virtual ground
type memory cell array 80, as will be explained in detail
in the paragraph of the explanation of the operation.

20 Fig. 57 shows the timing of the programming
operation, and the programming operation will be explained.
The memory cells as the programming object are assumed to
be M0l and M03. First, the initial wvoltage of all the
signals is 0 V.

25 Next, the output signals G0 and Gl of the gate
decoder 20 are set to 12 V at the timing t0, and all the
word lines WLOO to WL 11 are reliably set to 0 V.

Next, the PMOS power source BOP of the sub-



operation, and the progranmi ng operation will be explained. The Mmengmp¥c 2006
cells as the progranm ng object are assuned to be MOL and MD3. 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 timng t0O, and all the
word lines WOO to W. 11 are reliably set250-0 V. Next, the PMOS power
source BOP of the sub 26 DEC 2006 - 126 decoder 60 in the sel ected bl ock
is set to 12d¥catetrhé0 tinnthg tklefhedoblpuk ssgnat €O 0P vhetgahe decoder
20 is set to O Vat thetimng U 5 In consequence, the selected word |ine
W.OO insidettihéngekécted block is 12 V, the unselected word line WOL is O
V and the word lines W.10 and W.11 inside the unselected block are 0 V. The
out put signal AGOL of The avtbut ghgeal 160defotlee 4@tesdeepdes 20Viat the
timng t3 and 2 Vis apglied to the assist gate of the nenory cell as the
progr ami ng 8Bfte&f. ONExat Bh@oliBEBIi §2applied fromthe sense circuit 30 to

the global data lines DLO and DL1 at the 15 timng t4 gﬁgending on the data
that is td be progrann%ﬂ.cV%%ﬁqPﬁ%CﬁatEh?ss?ﬁeBEegrﬁﬁFa pet BLtfe menory

cell, MOL, T ShsERaTEhE shIg-gbaDR o ) Loy DB ouaEL I S gllen the
to the memory,cel | 403, ot hey20ng! oha' wd2ka1bhag Rhlo' 8n3Chile Sn¥sqlhen the
the unselected block are 0 V.
The output signal AGOl of the assist gate
\') 10 decoder 40 is set to 2 V at the timing t3 and 2 V is
applied to the assist gate of the memory cell as the
programming object.

Next, a voltage is applied from the sense
circuit 30 to the global data lines DLO and 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 to 5 V. When
the data is not programmed, it is set to 0 V. When the
data 1is to be programmed to the memory cell M03, 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 STOC of the select transistor 70
is set to 8 V at the timing t6. In consequence, the
voltages corresponding to the data to be programmed are

25 applied to the drains D02 and D04 of the memory cells MOl
and MO3 as the programming object. When the program data

is to be programmed to the memory cell M01l, for example, 5

V is applied to the drain D02 and when the data is not



programmed, it is set to 0 V. The gate signal STOO of the sel ect tragyeet9hs
70 is set to 8 Vat the timng t6. In consequence, the voltages
corresponding to the data to be progranmed are 25 applied to the drains D02
and D04 of the nmenory cells MOL and M)3 as the progranm ng object. When the
programdata is to be programmed to thexenory cell M1, for exanple, 5 V
is applied to the drain D02 and when the data is not 26 DEC 2006 - 127
programed, @Rrdgrammgpl i@dV Mhexpmhieegr ogiham ditea progranbela e dgy ammiet t o
the nenory cell M)3, 5 Vis applied to the drain D04 and when it is not
programmed, Progizmgdltedihe Themeprporedd W iagesV are applied to e nenory
cells M1 5 and MD3 as the progranmm ng object under this state, and
arbitrary dadgeil €M RpAMRRE o DM letRrIRATIYr Y nES P bi¢dn, the
gate signal STOO of the select transistor 70 is set to O V at. the timng
t7. Consequelit yPTYHAM R HATRD a7 3R 7 tHe P mReRRTY cefiss Mﬁﬁl and M3

as the progranmm ng object are set to 0.V, xt, the gate signal_ SJ02 of the
sel ect tr an%r?ngt%(?a iéq%egr?%rw%q ?%efhfﬂf'?%q 8‘?19#‘?1?5“!‘%%3@ ta |ines
DLO and DL1 are.get to OtV 15 at the ti@' ng t9. The output signal AGOL of
the assist ate “HRCHFAPRTE BE913FY at the timing t10 and the assi st

O e el Y e G PTG S eI Loh® Shd'odl The
signal STOD of the select transistor 70 is set to 0 V at
the timing t7. Consequently, the drains D02 and D04 of the

\ ) 10 memory cells MOl and M03 as the programming object are set
to 0 V.

Next, the gate signal ST0Z2 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 is set
to 0 V.

20 The output signal GO of the gate decoder 20 is
set to 12 V at the timing tll. In consequence, the
selected word line WLOO inside the selected block changes
to 0 V,

Next, the PMOS éower source BOP of the sub-

25 decoder 60 is set tc 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 tl1l3 and the

programming operation is completed.



set to 12 V at the timng tll. In consequence, the selected word |iperihoss
i nside the selected block changes to O V. Next, the PMOS power source BOP
of the sub- 25 decoder 60 is set to O Vat the timng t12. Finally, the

out put signals GO and GL of the gate decoder 20 are set to O V at the
timng t13 and the programm ng operati-onzigs —conpl eted. 26 DEC 2006 - 128
When the programm ng operation is conducted for the nenory cells MOL and
M3 in this enbodi nent Whiehe that @rogrgnalin§Toperhtiba sel eonducarsi gcor 70 i s
first raised and then STOO is raised. Therefore, the drain voltage is 5
appl i ed aft erthehanesmunic ealdlst &fds agid M8 vy sc @mbodmENtand D Jateach
reliably O V. Therefore, the operation can be conducted stably. Wen the
progranm ng cpanal &T02% ofortdectsed &t s shskory "Eeliss INTBtad@IMEH in this
enbodi ment, the 10 progranmi ng voltage is applied during the period t6 to t7
i n which t he 3st &hayfA00sECOTGH ot sEhBERLPFENnsFEEOATRAN VRALRES 8SV. The

ate signal STOQ of this select transistor 70 i he signal far c rollin

?he draign5 vAR DbR4YE P EES .Voiﬁélg@rsorog,s en(’:'rbe"g’rfé' f‘?cﬁa%psplcqbt(;ati on ]

time of the drain,vplta i_s . t.he .sh st ., anm t he rd_lLine.valtage, the

assi st gate \ﬂﬂ# gboeaoér?c?%%[ FE PR \%ItvtB'aggh%eggrgppﬂquOPSrfaﬁéogelcgct ed

menory cellﬂ|1tgy&%eﬂg§xg€§g#y the systemof this enbodi rent can be said
5 T el axi ng dra

as nost optina T in disturb. As to 20 the application timng

of the word line VOlta%%entQ%e programming operation is conducted to

the memory cells MOl and MO3 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 controlling the drain
voltage of the memory cell. Therefore, since the
15 application time of the drain voltage is the shortest
among the word line voltage, the assist gate voltage and
the drain voltage to be applied to the selected memory
cell in this embodiment, the system of this embodiment can
be said as most optimal for relaxing drain disturb. As to
20 the application timing of the word line voltage, the
assist gate voltage and the drain voltage to be applied to
the selected drain memory cell, various variations are
possible as explained in Embodiments 1 to 6, and they have
respective features. Therefore, this system is not
25 particularly restrictive.
When programming is conducted to the memory
cells MO0 and MOZ2, too, and to all the memory cells on one

word line, the programming operation described above may



assist gate voltage and the drain voltage to be applied to the sel agippe 2006
drain nmenory cell, various variations are possible as explained in

Enbodi ments 1 to 6, and they have respective features. Therefore, this
systemis not 25 particularly restrictive. Wen programring is conducted to
the menory cells MOO and M)2, too, and ipgall the nenory cells on one word
| ine, the programm ng operation described above nay 26 DEC 2006 129 be
repeat ed forbdxepastdB2foFoMP ognanmal tThe prgram zlEl |thetieismng on word
line W. in this way in this enbodi nent, the operation can be conpl eted when
the operatioatlarexcondugted vordeliddeWkf bnethivmemayhen5thisgr anm ng
operation is repeated twice, the sector (1 word |ine) operation that takes
t he programmemgodizhent, theastpgrahien=—Caeabengonpieteédtvhancbbat can be
done. The page ogeration t hat does not repeat the_ progranmn operation
but divi des ePerpEbgrant agcondectadotvhee 1/ Therefior e dline) is
al so feasible. Incidentally, the voltage values used in this enbodi nent are
merely il9 usPFREFIBMHLE PRERBLIRY 17 eEEPPREFItWERt, ERPGSeSBOENbhs t he
timng of the erasin 15 operation, and the erasing operation.wll be
expl ai ned  wWeRdr %%gbn% et tfﬂ?stﬁ?ﬁmfﬁﬁgsTﬂgen@ﬁ%&§a§@fP§ YBithE erasing
object are assuned to be MJL to. MD3 ex{sti on_ the word |line W Fi rst
the initial SETTRgEs atE alFeRdtioBTbE\ino8 FreoBUt pit sPEndricco M & of

the gate decBQSé operation that does not repeat the programming
operation but divides the programming unit into the 1/2
) 10 sector (1/2 word line) is also feasible.

Incidentally, the voltage values used in this
embodiment are merely illustrative but in no way
restrictive.

Next, Fig. 58 shows the timing of the erasing

15 operation, and the erasing operation will be explained
with reference to this drawing. The memory cells as the
erasing object are assumed to be MOl to MO3 existing on
the word line WL00. First the initial voltages are all set
to 0 V.

20 The output signals GO0 and Gl of the gate decoder
20 are set to -13.5 V at the timing t0 and all the word
lines WLOO to WL1l are set reliably to 0 V.

The gate signals ST0C and STO0l 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 M0O3
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



20 are set to -13.5 V at the timng t0O and all the word |ines WOO §Gpbde
are set reliably to O V. The gate signals STOO and STOL of the sel ect
transistor 70 are set to 3.3 V at the timng tl, and the 25 drains/sources
D00 to D04 of the nenory cells MOL to MD3 as the erasing object are
reliably set to O V. Next, the NMOXS powersgource BON of the sub- decoder 60
in the selected block is set to -13.5 V at the 26 DEC 2006 130 timng t2.
The out put siwgnalng3@20f the gate decoder 20 is set to 3.3 V at the timng
t3. In consequence, the selected word Iine W.OO inside the selected bl ock
is 13.5 5 V and its un9elecouegunorsdgnaie GOLOE ithel g¥tenwkicdoadelre 200rid | i nes
W.10 and WL11 inside the unsel ected block are O V. The output signals AGO
and AQD1 of tdes axsi®t3 gatexr dewodemidyy arde s&h ton8edu¥nae,t hbeti m ng t4,
and 3.3 Vis applied to the assist gate of the nenory cell as the 10

erasi ng obj ectelettednrasichd sl G iin =i itde tse it areddockald S3M5 to M3
as the erasing object, and the data is erased. To conplete the erasin

oper ation? tHhe ang pll]:ts W S o sAGEO tghd iRGOI LA tiffe Oaggi gihigs ¢hee 40
are 15 set to O Vat the timng t5, and _the aSS|st gates of the nenory
celI's as the ldmes f§-ldbjact Wrld dasids ¢hg wse eqtr?éi Q}toﬁ]‘t agiegrfalV-GO of
the gate decoder 20 is set to -13.5 V_at the tim consequence, al

the word |ines WOO to W1 PUPEts i3 1s @Gozénﬁeﬁ@ 1tﬁ€ NWE83§§W§F sour ce

BON of the Su%ﬁe 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 MO3 as the erasing object, and the data
is erased.
To complete the erasing operation, the output
signals AG0O0 and AG(0l 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 t6. In consequence, all
the word lines WLOO to WL1l are set to 0 V.

20 Next, the NMOS power source BON of the sub-
decoder 60 in the selected block is set to 0 V at the
timing t7.

The gate signals STO00 and STO0l of the select
transistor 70 are then set to 0 V at the timing tB.

25 Finally, the output signals GO0 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 M0O3 in this



decoder 60 in the selected block is set to 0 Vat the timng t7. ng g8bLBos
signal s STOO and STOL of the select transistor 70 are then set to 9 at
the timng t8. 25 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 finished.
To erase the nenory cells MJ to M3 in 144 s.26 DEC 2006 131 enbodi nent,
the erasing voltage is applied during the period t4 to t5 in which the
assi st gate engsaiseSOD 8RE e A&Elngeashesgd. Bs Vapphiédi dquephgdinent, the
application tinme of the assist gate voltage is shorter anong the word 5
line W. vol tpgeiaddt 4 hecasSi 52 ghiehvohe agesappl gatet sighelssébécerd nenory
cell. Therefore, this systemcan be said as nost optiml for rel axing

di sturb of th@lassésthgate.3f¥r tlve tlermrempelinerunnediedrpl idwtiomsel ect ed
word line. In this enbodinment, the erasing voltage is 10 applied during the
period t4 t oti®ei af vhhehashidshsgate vghtagei ghatRoAEED andnachereacd 3.3 V.
Therefore, the erasing tine is determned by the fall and rise of the

vol tage df thénésﬁLsYOgﬁ gesppgatBe spptettgetyovehbeIesaPPEheAgtai 8RR of
the assist gate signals is as spall_as 15 3.3 V, the rise and fall time is
fast. Theref é?éec‘éﬁiisme@%?eﬁ?%én P ek P zey t%%yss‘zt%rﬁnﬁ el ike S&t  ent in
controllability of the erasi tine. As the timn the word line W
vol tage and ®Re™3sti CPtERe @gFtE@%axbﬁﬁlgéﬂt?Ebtﬁg g%?eé?%ﬂsﬁeﬂBFﬁ cel |,

gf"“’e"er other, 20, YarLatlons 21 .posSLELE 85 &L 308t LP.Ehodymeoss to
In this embodiment, the erasing voltage is
"_) 10 applied during the period t4 to t5 in which the assist
gate signals AGOO 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 1s 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 AGOO0 to AGOl are operated simultaneously.

Therefore, all the memory cells existing on one

word line can be erased by the operation made one time,



and they have respective features. Therefore, the present systemis¢hRc36be
way restrictive. To erase the nenory cells MOto MI3 in this enbodinent,
the gate signals STOO to STO3 of the select 25 transistor 70 inside the

sel ected bl ock and the assist gate signals AGOO to AGOL are operated

simul taneously. Therefore, all the nmenoyy,cells existing on one word line
can be erased by the operation nade one tine, 26 DEC 2006 132 and the
sector (1 woafldl tne) sepesvat Dnwbhat 1iakpsopbeat poROtAATI bgkesi the erasing
unit = reading unit into account becones feasible. Incidentally, the
vol t age val upsogsemmingt inst 5 enbsilngenbitre neaeéiygi bhistiatove but in no
way restrictive. Fig. 59 shows the timng of the reading operation, and

t he readi ng aperantopeaphesbéeagpbiéned. The nenory cells as the reading
object are assuned to be 10 MOL and MD3. First, the initial voltages of al
the signals are set tbrgidenthblyutphe CPLrege G weR Gledfin hehidit e
recorder 20 are set to 3.3 Vat _ the timng tO and all the word l[ies WOO to
W.11 are et emepiipepttare NerebyNekivusthat PROPPBWER BBUFBE BOP of the sub-
decoder 60 in the selected block is set to 3.3 Vat the timng tl. The

out put si gnaFeeErdFtine- gate decoder 20 is then set to 0 V at the tining

t2.20 Consequently. the, selgclied vord,|ine, WQO I ASLde, g g

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 WL1l are set reliably to 0 V.

15 Next, the PMOS power source BOP of the sub-
decoder 60 in the selected block is set to 3.3 V at the
timing tl.

The output signal GO of the gate decoder 20 is
then set to ¢ V at the timing tZ2.

20 Consequently, the selected word line WLOO inside
the selected block is 3.3 V, the unselected word line WLO1l
is 0 V, and the word lines WL10 and WLl11 inside the
unselected block are 0 V.

Next, the output signal AGU0l 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



the selected block is 3.3 V, the unselected word line WOL is 0V, apgd-tb6s
word lines W.10 and W.11 inside the unselected block are 0 V. Next, the

out put signal AGOL of the assist gate 25 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. 1 Vis then appliedjggomthe sense circuit 30 to 26 DEC
2006 - 133 the global data lines DLO and DL1 at the timng t4. The gate
signal ST02 ehet Beodallediatr Aisiest OL07@nd PIdetatt @hd. FiMialg the timng t5,
and the sources DOL and DO3 of the nenory cells MOL and M)3 as the reading
object 5 are set reli @hkyghoeOsYgnzheSGateosi ghal s8IeBtotreheisebectiO
transistor 70 is set to 3.3 Vat the timng t6. The reading voltage is
appl i ed underst sies sae 3t ¥ alie timentriypicg ts,MahdantieMdduraest b 1r eadi ng
objects and the data is read out. Wien the 10 threshold val ue of the nenory
cell MOl as DB odadhegmesbirgcteld sl dilagndhMé 3t iawe thehaemsimgy obdlEictVOL i s
turned ON and the current flows. As a result, the drain D02 of the nmenory
cel | MOL @nd amiee sgtosall iakdy tond B-O connected to the former change to 0O
V. Wien the threshold value of 15 the nenory cell MOL as the readi ng_qgbject

is high, the nenory céPP 8B%e| §lEBFﬁeéT@ﬁFognHhﬁoséﬁ?FénFrPP5&§t°r 70
Therefore, D02 of e o0l el Ml 2t Lhe olgbal dala, Lhfgagentected to
o0 the memry 130 e ¥P2ni% SPaRed oSN e helbs o Re3T M1 AU Mes | oW
as the reading objects and the data is read out. When the
\I> 10 threshold value of the memory cell MOl as the reading
object is low at this time, the memory cell MOl is turned
ON and the current flows. As a result, the drain D02 of
the memory cell MOl and the global data line DLO connected
to the former change to 0 V. When the threshold value of
15 the memory cell MOl as the reading object is high, the
memory cell MOl is turned OFF and no current flows.
Therefore, D02 of the memory cell MOl and the global data
line connected to the former are kept at 1 V. In the
memory cell M0O3 as the reading object, too, the memory
20 cell MO3 is turned ON when its threshold wvalue is low, and
the current flows. As a result, the drain D04 of the
memory cell MO3 and the global data line DL1 connected to
the former turn to 0 V.
When the threshold value of the memory cell M03
25 as the reading obiect is high, the memory cell M(03 is
turned OFF and no current flows, Therefore, D04 of this

memory cell MO3 and the global data line DL1 connected to

the former are kept at 1 V.



the current flows. As a result, the drain D04 of the nenory cell MgpRRdis
the gl obal data Iine DL1 connected to the fornmer turn to O V. Wen the
threshol d value of the nmenory cell M)3 25 as the reading object is high,
the nenory cell M)3 is turned OFF and no current flows. Therefore, D04 of
this menory cell M)3 and the global datasline DL1 connected to the forner
are kept at 1 V. 26 DEC 2006 134 The sense circuit 30 discrimnates the
vol tage change or theTgarsense cbangei of 30 hdssgt Dhdhatias athéneobDbageand the
readi ng operation is conducted. To conplete the readi ng operation, the gate
5 signal STCtnahgthersehectutransi shang@0cfsthissglebtlt daGa Viae Dhe tim ng
t7. In consequence, the drains D02 and D04 of the nenory cells MOL and M3
as the readi agdobhecteadéngcapevéftibnonst hendentedeircuit 30. Next, the gate
siignal ST02 of the select 10 transistor is set to O Vthe timng t8. The

gl obal data |ines DLO Badcornleare thenreading operatiobhet®engaget9. The

out put signal AGOL of the assist gate decoder 40_is set to O V at the
timng t1°0, ahangheSELLigf ths QﬁgécéftFﬁéshﬁﬁﬁFy7eeFP 83rEReSPEABPNY obj ect

is set also _to O V. Next, the output signal GO of the gate decode Ois
set to 3.3 \WattRhBet FAPABIt FI -wit ??ﬁﬁé&%ﬁﬂqetrﬁﬁe Fé&%%l%ﬁ%l&PéwPé%line
VEQO insi de g?etﬁgl%ggggybégi55280§hgggeﬁogoag ¥£e reading object are
cut off from the sense circuit 30.
Next, the gate signal ST02 of the select
\H> 10 transistor is set to 0 V the timing t8.
The global data lines DLO and DL1 are then set
to 0 V at the timing t9.
The output signal AGOl of the assist gate
decoder 40 is set to 0 V at the timing t10, and the assist
15 gate of the memory cell as the reading object is set also
to 0 V.
Next, the output signal GO of the gate decoder
20 is set tc 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 tl1l2.
Finally, the output signals GO and Gl of the
gate decoder 20 are set to 0 V at the timing t13, and the
25 reading operation 1s completed.
When the memory cells M0l and M0O3 are read in

this embodiment, ST00 is raised after the gate signal ST02

of the select transistor 70 is raised. Therefore, the



The PMOS power source BOP of the sub-decoder 60 in the selected block is
set to 0 Vat the tinming t12. Finally, the output signals GO and G126J1E¢ 3986
gate decoder 20 are set to O V at the timng t13, and the 25 reading
operation is conpleted. Wien the nenory cells MOL and MD3 are read in this
enbodi nent, STOO is raised after the ggt; gignal ST02 of the sel ect
transistor 70 is raised. Therefore, the 8°DEC 2006 - 135 drain vol tage is
applied after # vQql_t .Qf r | s Qﬁ% reach
reliably O, gﬁgnﬁhg%gfégﬁeqso%% gﬁ%ghgggﬁrgg%%bﬁgﬁgkgd. g%%%hggﬁéﬁ%?y

cel I's M1 and M3 A 1neagin St bos s RNt arhhe of eadi@ neoldkaga o S
applied duriﬂg thgac%%r%od tGato t7 in which tﬁg ggfe'signal STOO of the

sel ect transicyedatiQn €aehee 3odd¥ctile gate signal STOO of the select
transistor 70°is the signal for controlling the drain voltage of the nenory

cell. In this system #Behhenef aeforiyheeappl Moat aaa MoBeagk thadddiai n
voltage is the shortest anong the word |line voltage, the assist gas

vol t age afd tthd sdieabadialeinage the hreaapipla edltagehds apipddieed duwnimgy thel | .
For this reason, this systemcan be said as nost optinmal for relaxing drain
di sturb. As perild 1% ttionitAg iof whiehwithé Igane sdlgnade STe cdstihet gate
timng and the drain voltage to be applied to the selected nenory cell,
however, var iselscratiranisdsscar § Oavsialchiglse 3as8 VexpTaengdtens Eghadi 80Afs 1 to
6 and they have respective features. Therefore, this systemis in no way
restrictive. oZ0 thge s etlies tndrang isglolrs 700dsamtreVsigaed dlogo cogddolling
the drain voltage of the memory cell. 1In this system,
) 10 therefore, the application time of the drain voltage is
the shortest among the word line voltage, the assist gas
voltage and thé drain voltage to be applied to the
selected memory cell. For this reason, this system can be
sald as most optimal for relaxing drain disturb. As to the
15 timing of the word line voltage, the assist gate timing
and the drain voltage to be applied to the selected memory
cell, however, various variations are available as
explained in Embodiments 1 to 6 and they have respective
) features. Therefore, this system is in no way restrictive.
20 When the memory cells MO0 and M02 are also read
to read all the memory cells on one word line, the reading
operation described above is similarly repeated for the
memory cells MO0 and M02.
To read all the memory cells existing on one
25 word line, this embodiment needs the operations to be made
twice., Therefore, when the reading operations are repeated

twice, the sector (1 word line) operation that takes the

programming unit = erasing unit = reading unit into



to read all the menory cells on one word line, the reading operati 0gpgc 2006
descri bed above is simlarly repeated for the nenory cells MOO and M)2. To
read all the nenory cells existing on one 25 word line, this enbodi nent
needs the operations to be nmade tw ce. Therefore, when the reading
operations are repeated twce, the sectgr (1l word line) operation that
takes the progranmng unit = erasing unit = reading unit into 26 DEC 2006

136 account GRS HeRdwell FeaHi®1RAJCTRRBEPAGEOBPERAL jBACShAGt dokePaat t he
readi ng operation but sets the reading unit to the 1/2 sector (1/2 word

| i ne) can be regiRGuUCtted rie@elingneipdanritdldry butheetal tthge realdiesy usad itd this
enbodinent 5 are illustrative but in no way restrictive. [Enbodi nent 9]
Fig. 9 is a diecui/2 dieagoam (Sh@wiwrgd He ned e mato beu ctomrduatteslyr atoed circui t
devi ce according to Enbodinent 9 of the present invention. This enbodi nent
10 expl ai ns dmcexamilad lof, tthe dedddagre aelmegemsed in Adiidemilddimentte nenory
cell array 80, the assist gate 40, the block decoder 50, the sub-decoder
60, the gate agecdddustaativiee b3l dot Nor &8yl SESEYAGtANE -t he sense circuit 30
are the sane as those of Enbodinments 7 and 8, and their 15 explanation wl|
be omtted. |Emgdimemodiinent, one each of the block decoder 50 and the
assi st gate decoder 40_is disposed gn qne of the sides of the nenory cel
array 80. Since the af<fst 9gafe3sicgRsMdti ALRFE2BNENEWIER &€ two, the 20

operati on needs be repeated tw ce to pr.ogramor read all )
P semlcondJ%tor qntegrated %1f%d%t device according to

Embodiment 9 of the present invention. This embodiment
::7) 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
deccder 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.



the menory cells existing on one word Iine. Fig. 60 shows the circuiprc 2006
diragram of two bl ocks for ease of explanation. In the sem conductor
integrated circuit device of this enbodinment, the nenory cell array 25 80

i nside one block is divided into two parts, and the sub-decoders 60 are so
di sposed as to interpose the menory celi3zarray. Needl ess to say, the nunber
of division of the nenory cell array 80 is not limted to two, in
particul ar. 26 DEC 200Bhe-suB7dedbdesabéUegneedsspOsadeodi bpbBedidashot h
sides of the nenory cell array, and the assist gate decoder 40, the block
decoder 50 amrf the mapod¥cedét BOrave GP@péb@daSBhSFhQaéﬁtéﬁépﬁgrdﬂﬁect|on
of the word line. 5 The assist _gate signals inside one block are two, that
is, AGOO andtheokleckadgecdrd AE12ndTh gﬁPE gﬁsﬁé% 68t argedispesed

transistor 70 inside one block.are two STQO and STO1 or ST10 and
ST11. The PVER bBRer*§80ABISAIREFEREP BF EFP Hﬂadtﬁénelo NMVOS pomer source

si gnal or BIN that_are the out s,of . the bl oc coder

generate he addLess Theedts §an $t%5f}g$%fsseP§% ?nﬁn?gngF ﬁrﬁstvﬂeh
TOl 1
seloct tranarbebr 170 BERLr SP8 ERETaGn, Bss0sarechotl o i g ridadinct i ng
the block andct @ﬁgaggﬁé% §&9[ﬂ%£sté‘§[§a— %F S@n&%l&%&b?g fckébl@fxatthe
e s

bl ock as the i npu e assi st ignals or AGLO

20 and AGL1 ggnegabe EHS ghegkosekeeh §h9”§&1@?0 or BDl and
The PMOS power source signal BOP or BIP and the
'f—) 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 STO00 and ST0l or ST10 and ST1l
15 of the select transistor 70 generate the address select
signal ABDi for selecting the block and the address signal
ABDST or ABDSB for halving further the block as the input
signals.
The assist gate signals AGO0 and AGOl or AGI1O
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 BDl generated inside
25 the block decoder 50, and the assist gate decoder 40 is
disposed adjacent to the block decoder 50.
The assist gate decoder 40 and the block decoder

50 are disposed on either the right side or the left side



the address sel ect signal ABDST or ABDSB for halving further the blgekcases
the i nput signals. The input signal to the assist gate decoder 40 wuses the
bl ock sel ect signal BDO or BDL generated inside 25 the bl ock decoder 50,
and the assist gate decoder 40 is disposed adjacent to the block decoder
50. The assist gate decoder 40 and the-bhggk-decoder 50 are di sposed on
either the right side or the left side 26 DEC 2006 138 of the nenory cel
array (on theil éhe giegeriyn cRild. a8Frvbuon tthei deddsistiidendin F&loat i6dnsivs may
be reversed. Since various variations are available for selecting the

assi st gate d8€ddePosdtindalhaediaddiongdddddry besgeyenfed. be descri bed

| ater, the flow of each signal need not be limted to this_enbodinent. This
embodi ment hal ves the ReR6PyVEELPUS VAY18810Psspd8 &NElBPELR &RJ di sposes

t he sub-decoders 6Q in such g manner as to, interpose. the ry. cel] array
80. 10 Ther efS§l&C RIS GESHENt J8LT PEFRCET HY PaRy RS q%ﬁ&'qﬁEQ? Yine as
well as its l.gad, and.can inprove th oper ati on.speed of the .sem.conductor
integrateé ci’ c&ﬁtWIgév%@é§e§Fﬁ&§ePhga§&5?d é@ngQQGGEéﬁgc $388&4 on bot h
15 sides of t ry cel.l .arr 8Q,..t.h rd _lines inside the nenory cel
array 80 conﬁ%%¥£§E¥6¥Fh§l§ﬁ%9 e§8d3P1€O%H%g§Hggn§§sorted to the right and

left of the menmory cel by ; rEﬁ¥ﬁggpgggu§ggggsokggrm%ﬁégftkggﬁoﬁg%sgesbaken

out. This arrangenent “makes esign at portions
bet ween the word dd Ree #1QKNenikridecader $h80 sub-decoders 60 in such

a manner as to interpose the memory cell array 80.

:.) 10 Therefore, this embodiment can reduce the length of the
word line as well as its load, and can improve the
operation speed of the semiconductor integrated circuit
device.

Since the sub-decoders 60 are disposed on both

15 sides of the memory cell array 80, the word lines inside
the memory cell array 8C connected to the sub-decoder 60
may be assorted to the right and left of the memory cell
array 80 and every other word lines may be taken out. This
arrangement makes the layout design at the junction

20 portions between the word lines and the sub-deccders 60
easier (or can relax the word line pitch).

Since the sub-decoders 60 are disposed on both
sides of the memory cell array 80, the sub-decoder
elements can be disposed in the region corresponding to

25 two word lines, and the layout design of the sub-decoders
60 becomes easier.

Only one each of the assist gate decoder 40 and

the block decoder 50 is disposed for one block. Therefore,



easier (or can relax the word line pitch). Since the sub-decoders 6Q@e 2006
di sposed on both sides of the nenory cell array 80, the sub-decoder

el enents can be di sposed in the region corresponding to 25 two word |i nes,
and the | ayout design of the sub-decoders 60 becones easier. Only one each
of the assist gate decoder 40 and the-big@gk-decoder 50 is disposed for one
bl ock. Therefore, 26 DEC 2006 - 139 the area of the decoder can be reduced
to m nimum Shacareheofisshst dgabdedecaderedPedndetiheobindskmudecoder 50 are
adj acent to each other, the output signals BDO and BDl1 of the bl ock decoder
50 as the input to theSEnggstRe Fasistegaberdacodeeddhorndetgtioheell far.
Since two assist gate signals exist in one block, the operation needs be
repeat ed onl $eERfes P8 BFsgRdARrERNtrEBAdear PRBeRenbh§ EBFPYteRiGRARY on one
word line, and,. this nunbgr of tineg i.S tae nhﬁinun1necessary nupper of 10
times requir880f 8Rdt RRBLvPEL BBE §EBG6RAIEGBESRentr §ScEPE 1BPPRhYLOBERFdes the
arrange t described_abqve, .the, . .arrangenent of the .decoders may be the one
shown in ig?sséikogaéﬁ.gfgbﬁﬁrtﬂg 8& cﬁﬁgug?o?x&ﬁPgﬁgagaa‘circuit devi ce
shown in Fig. 61, one gach o h k_decoder 50 angd.the._assi e
decoder 40 is disposedgﬁﬁc?héw%p%%g#?g %ggé gﬁﬁ?ggsi% %%%o%?n%g?ﬁ%lgégbry

Col L 8] PheSabe e i hantl PECHERBELIUCHRRY L icssogRegtabgEe Shown
read all the memory cells existing on one word line, and
this number of times is the minimum necessary number of

:') 10 times reguired for the wvirtual ground type memory cell
array.
Besides the arrangement described above, the
arrangement ¢of the decocders 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 construction is the same as those shown in Fig. 60.

20 This semiconductor integrated circuit device
provides the following effect in addition to the effects
described above. The output signals (AGO0 to AGll) of the
assist gate decoder 40 need be wired to the memory cell
array 80 and the output signals (ST00 to ST11l) of the

25 Dblock decoder need be wired to the select transistors.
However, since the assist gate decoder 40 and the block

decoder 50 are disposed on the opposite side to each other

while interposing the memory cell array 80 between them,



provides the following effect in addition to the effects describedzglg,(ﬂ:egz006
The output signals (AGOG to AGL1l) of the assist gate decoder 40 need be
wired to the nenory cell array 80 and the output signals (STOO to ST11l) of
the 25 bl ock decoder need be wired to the select transistors. However,
since the assist gate decoder 40 and theillgpock decoder 50 are di sposed on
the opposite side to each other while interposing the nenory cell array 80
bet ween t hemtZ6 dDEWROGE gna 10 STiHe tautStl )sighdlhe (SR tderkl) X4 t he
bl ock decoder 50 need not be extended onto the assist gate decoder 40 or

t he out put singed NQLAGROExeAGED) it o Hdieagsissistyamade dmantinr 4P meed not

ei ther be extended onto the block 5 decoder 50. Consequently, |ayout of the

assi st gate tEcEIPWO GInHeE HIAGIE dec ddEr 15® hddenes sddy 92hehci dent al | y,

the positional re|ationship between the assist gate decoder 4Q and the bl ock

decoder 50 L APeSEE PRF 18 HIRF SEnmice S RE b PR YR &gt T rcui t
device shown. in Fig. 62, one each of the bl ock _decoder 50 and the assi st
gate decoger‘@RF94;é%§ﬂpos88n8ﬁq888ﬁ9¥fd agpufpgt ﬁgﬁDPﬁs&EFlgﬁfﬁay 80. The
rest of the cpnstruct,jon _is.th sane, as fho f the sem conductor

i ntegrated ci ecctﬁc{erlgodé’\ﬁ cs%les%olv%qﬁ rﬁie%og.e%éeo I%nect%n}ess Seri*conduct or

integrated circuit deviIPQ]l%,SiId EQ%13§§L§%ﬁg%%%$q§§ﬁ%§rr%qa g%ng | ock decoder

50 are disposed on bot es o0 array erefore, the

wiring |engt ri)(fé:fx.\retezr?'ﬁ' R %‘étcfi%.tgrbaalt% (RHIde20 4P 238 bhe BRcBIRHAY BIN

of the bl ock coder 50 an
50 may be reversed.

)10 In the semiconductor integrated circuit device
shown in Fig. 62, one each of the block decoder 50 and the
assist gate decoder 40 is disposed on each side of the
memory cell array 80. The rest of the construction is the
same as those of the semiconductor integrated circuit

15 device shown in Fig. 60.

In this semiconductor integrated circuit device,
the assist gate decoder 40 and the block decoder 50 are
disposed on both sides of the memory cell array 80.
Therefore, the wiring length of the output signals (STO00

20 to ST 11, BOP, B1P, BON, BIN) of the block decoder 50 and
the output signals (AGO0 to AGll) of the assist gate
decoder 40 becomes a half and the load can be reduced.
Therefore, the operation speed of the semiconductor
integrated circuit device can be improved.

25 [Embodiment 10]

Figs. 63 to 65 are block circuit diagrams
showing the selection system of the assist gate and the

block that can be applied to the semiconductor integrated



the output signals (AGOO to AGLl) of the assist gate decoder 40 becghge sdus
hal f and the |oad can be reduced. Therefore, the operation speed of the
sem conductor integrated circuit device can be inproved. 25 [ Enbodi nent 10]
Figs. 63 to 65 are block circuit diagrans show ng the sel ection system of
the assist gate and the block that can bgjapplied to the sem conductor
integrated 26 DEC 2006 - 141 circuit device explained in Enbodi nent 9.
These drawi ngsrculkugerate ekpeaiapdt ensEmbydumgnof Jexalipkes dnawiensal |y,
Figs. 63 to 65 shows the signals of one block for ease of explanation. 5
First, the seélécositontsyshemeshyganemn, Fby. w68 ofi ekabplexpl BhaedenThklnssi st
gate signals (AGOO AQJ1l) are generated b{ converting the voltages of the
signal BDO &eébs&ctéd tor 6bhehbWsckhgndigha §igﬁapn§ebg@?édfby ekeée sifgnal
ABDST/ ABDSB for further halving the block, by the 10 AG| generation
circuit. Sine&pPi@baiésnst gate signals exist inside one block, the
programm ng or readi ng_, operatjon of all the nenory cells on _one word |ine

can be conpleted by tﬁéréberéP?oﬁ§ ﬁﬁHéoPmPE%temnsB?H%r1RDFH§ PAe bl ock
| ect | t.ed d he bl ock d d f th
Thbut s: gnal MatLche BEEISEhgre WK ke LD SANR %ﬁ%%er&’g‘?%bs.%@‘if& AGDO
d AGOL t d b t .th |t f _th |
Sel ected for 2ReOBTGER By ABOMOMURACIRA SPEnaPTLanes: of By EQ%HPSDEP"
ABDST/ ABDSB .95 -2Q.HuhBetnRalying LA8 PhackigRY1t D81 E9kbqdBgetAL On

circuit.
signal ABDST/ABDSB for further halving the block, by the

:ﬁ) 10 AGij generation circuit. Since two assist gate signals
exist inside one block, the programming or reading
operation of all the memory cells on one word line can be
completed by the operations made twice,

In other words, the block select signal BDO

15 generated inside the block decoder 50 is used for the
input signal of the assist gate decoder 40. The assist
gate signals AGO0 and AGOl are generated by converting the
voltages of the signal BDO selected for the block by ABDi
and the signal selected by the signal ABDST/ABDSB for

20 further halving the block, by the Agij generation circuit.

Since the signal BDO and the signal ABDST/ABDSB
are the signals of the power source voltage Vcc system,
such a system is effective when the voltages necessary for
the assist gate signals AGOO0 and AGCl are approximate to

25 the power source voltage Vcc. Since two assist gate
signals {AG00 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



Since the signal BDO and the signal ABDST/ ABDSB are the signals of >t Bgc 2006
power source voltage Vcc system such a systemis effective when the
vol t ages necessary for the assist gate signals AGOO and AGOL are
approximate to 25 the power source voltage Vcc. Since two assist gate
signals (AGOG and AQRD1) exist inside oneijppock, the progranmm ng or reading
operation of all the nenory cells existing on one word |line can be
conpl et ed byopheaZfioPECma686twicé42thapeaati mhsaimattenteessaryyhdbratien ni num
necessary for the virtual ground type nmenory cell array. Next, the

sel ecti on systetushogmoundFigpebhemckl cbélerpkavned. The assist gate
signals (AGOG and A1) are 5 generated when the AGj generation circuit
converts the voltages Beéxthethateeseghids $BTUEMafAOBT01] Bigi hedsel it
transistors. Since the assist gate signals inside one block are two, the
progranmi ng Be ﬁéaéﬁhgeéper%@?oﬁﬁ%#sﬁjgat?rﬁ#%@%%ﬁy(%%@@sa%&l%@@%b %ﬁeone
word |ine can be 10 co | et ed béGthe o erations nade.twice.' |In O&Fer wor ds,

tEe assi st g9EBeIPGRYI ¥ ﬁ@iﬁﬁﬁn LAGEf 5F3t¢8HeFéFEHanCPﬁgeFBFI5 ng way.
T STi | :

SeTecten 1 or SORBaBRR.R Ens MRnBREAng pRa AT (HAPDLANA. FaA Ey oFs LA ss?oﬁal
ABDST/ ABDSB Egr fu Egﬁhhaéyﬁ ec%§$ £!§§%%g$3tgeﬁﬂéﬁ%£§tﬂﬁéSégn STOO and

STOL (gate S|gnan ransT si generation circuit
0T ASoTUTERR, BUR YOLLoAR BEobIERR,UONR! o BIERe kR ok Sogofie " 1
voltages forinhe memory cells existing on one word line can be
) ) 10 completed by the operations made twice.
In other words, the assist gate signals AGO0O and

AGOl are generated in the following way. The STij

generation circuit converts the voltages of the signal BDO

selected for the block by ABDi and the signal selected by

15 the signal ABDST/ABDSB for further halving the block to
generate the signals ST00 and ST0l (gate signals of the
select transistor). The AGij generation circuit further
converts the voltages of these signals ST00 and STO01l to
obtain the assist gate signals AG00 and AGO1l.

20 In such a system, the reference wvoltages for
generating the assist gate signals AGO0 and AGOl are the
gate signals STO00 and ST01 of the select transistors.
Therefore, this system is effective when the voltages
necessary for the assist gate signals AGO00 and AGOl are

25 approximate to the gate signals STOC and STOl 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



generating the assist gate signals AGOO and AGOL are the gate signakprohbde
and STOL of the select transistors. Therefore, this systemis effective
when the voltages necessary for the assist gate signals AGOO and AGOL are
25 approximate to the gate signals STOO and STOL of the select transistors.
Since two assist gate signals exist, thegprogranm ng or readi ng operation
of all the nenory <cells existing on one word |ine can be conpl eted by 26
DEC 2006 - té43ddueeiducthegopkeatpenativiret thae tbatindmomninegessacgssary

in the virtual ground type nenory cell array. Next, the selection system
shown in Fi gin6shei Virtbelegpbandedyp®heecgatry sediaksr@8TOO and ST01) of the
5 select transistors are generated when the STij generation circuit
converts the voltages BexthethsskeleghienspyabPs sha®OGLan8igcObp. wSlhce two
assi st gate signals exist inside one block, the programing or reading

oper ation of beaekpiBénganor The eF2 ke efi g2 b b%T%%eanr%T@iheOEaﬁh%e 10

conpl eted by the operations nade twi ce. The gate signals STOO and STOL of
the sel ec? ~traRSEstERESAPEOFENEFSt 8GTPRALRE VBFPo%gﬁgSWéQ g6REFArYofo  the

case shown in Fig. 64. The AG | generation circuit converts the vogltages of
Cho signal's SFELAEICPEYCERS ThenyGuk 265 SABD 0Ad 2CRESY GALE SePRELsd by the

i gnal ~ ABDST/ ARDSB_f het . hal vj he. bl ock A d” AGOL
(adsist gatc GFORaRER PERA) rneo SHPT GRRCTALHOh SRHT CEFENEbRVF LS f ur (her Lhe

vol tages of thes@.a33LSh192ke +ReSheBarammdfy! Bro¥eladnGAeBe kit oheber ence

vol t ages for
all the memory cells existing on one word line can be

jw> 10 cbmpleted by the operations made twice.

The gate signals ST00 and STO01 of the select
transistors are generated in the following way contrary to
the case shown in Fig. 64. The AGij generation circuit
converts the voltages of the signals selected for the

15 block by ABDi and the signal selected by the signal
ABDST/ABDSB for further halving the block to generate AGOQO
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 STCl of the select
transistors are the assist gate signals AGO0 and AGOl.
Therefore, this system is effective when the wvoltages
necessary for the gate signals ST00 and ST01l 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



generating the gate signals STOO and STOL of the sel ect transistorgﬁﬁﬁ@&ﬂﬁe
assi st gate signals AGOO and AGOL. Therefore, this systemis effective

t he vol t ages

necessary for the gate signals STOO and STOL of the select 25

transistors are approxinmate to the assist gate signals AGOO and AGOL. Since
two assist gate signals exist, the progfggming or reading operation of al
the nmenory cells

2006

vi rt ual
syst ens

Enbodi

gate

exi sting on one word I1rne can be conpleted by the 26 DEC

- 144 opﬁgé@ibﬁﬁsmﬁaéetﬁ}l\béethﬁatiksmﬁﬂhﬁm%éeéggéaﬁYfBQrth@e
ground type nenory cell array. Incidentally, the t
expirartedli grbohhd eppedmematycaalbeaappiied arbitrarily to 5

ree sel ection

ment 9. [Enbodinent 11] Fig. 66 is a circuit diagram show ng the

sem conduct or integratEdctienudilyevite titree dsabecvioEnbpdtemat 11 of the
present invention. _ _ _
decoder arrafyphehned Encrhéatarbodimept neanrhecapplipdagrBotranelisspst

decoder 40,

Thi s enbodi ment 10 expl ai ns anot her exanple of the

the bl ock decoder 50, the sub-decoder 60, the gate

decoder 20, Embodémert Pransistor 70 and the sense circuit 30 are the sane

as those of Enbodinments 7 _and 8, 15 and their explanation will be omtted.

One each of {RBPBA&ERNHeébler 50 and the assist gate decoder 40 is di sposed

on one of the sides of_the gEﬂDr% cell arr 80. Since,one_assist gate
PRckS %h

si gnal
erase

o)

exists inside Bhe'b

gat e.

e RSt 5t HATEAT sSRREHNGs BRI y the 20

semiconductor integrated circuit device according to

Embodiment 11 of the present invention. This embodiment

10 explains another example ¢of the decoder arrangement.

Incidentally, the memory cell array 80, the assist gate

decoder 40, the block decoder 50, the sub-decoder 60, the

gate decoder 20, the select transistor 70 and the sense

circuit 30 are the same as those of Embodiments 7 and 8,

15 and their explanation will be omitted.

One each of the block decoder 50 and the assist

gate decoder 40 is disposed on one of the sides of the

memory cell array 80. Since one assist gate signal exists

inside one block, the assist gate is used as only the

20 erase gate.

Fig. 66 shows only two blocks for ease of

explanation. The memory cell array 80 inside one block is

divided into two blocks, and the sub-decoders 60 are

disposed in such a manner as to interpose the memory cell

25 array

80 between them. Incidentally, the number of

division of the memory cell array 80 need not be limited

to two.

The sub-decoders 60 are disposed on both sides



Fig. 66 shows only two bl ocks for ease of explanation. The nenory ggbh 2006
array 80 inside one block is divided into two bl ocks, and the sub- ecogers
60 are disposed in such a nanner as to interpose the nmenory cell 25 array
80 between them Incidentally, the nunber of division of the nenory cel
array 80 need not be limted to twd. Thegsub-decoders 60 are di sposed on
both sides 26 DEC 2006 - 145 of the nenory cell array 80. The assist gate
decoder 40, ofhehbl mekodgecodel &Prapd8the Bhub-aecislerg®f: adecaiisposed in

t he extending direction of the word |ines. The nunber of the assist gate

si gnal insidehenbloBkblleckdes bfeanthbhei spbAGSCoder ABDlar&hdieposed t he
assist gate is used only as the erase gate. The nunber of the gate signals
of the sel ecin thansktendsngndigecbhenbpbdckheswend, 1ihgs-is, STOO and STOL
or ST10 and ST11, and they are the output signals of 10 the bl ock decoder
50. The PMOS power soufke RuBhar gOPtbhe BIFist Fake SiGLaAkcHUR}AB0CRRd t he
NOMS power source signal BON or  BLN 8enerate t he address sel ection signal
ABDi for el B&PFhgist ABepl BERE A8:t ABCP npat ASPfnal'Teustotry Hhe aF9hel s
STOO and STOL or ST10 and ST11 of.the select transistors generate the

addr ess seIeEFFSnlssPaﬁaloﬁ Bi 2FoFPEeFERPFNG2Ffe bl ocks and the address

sel ection signal ABDST,or ABDSB fo rther _halving th | ock, as, the input
signals. 20 The assistT%%t%u%%%ﬁa?EA o %?£%(ibgg%ﬂ%r fegge $&188¢

transistors inside one block is two, that is, STC0 and
ST0l or ST10 and ST1l, and they are the output signals of

) ) 1¢ the block decoder 50.

The PMOS power source signal BOP or BlP of the
sub-decoder 60 and the NOMS power source signal BON or BIN
generate the address selection signal ABDi for selecting
the blocks as the input signals.

15 The gate signals STO0C and STC1 or ST10 and ST11
cf 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 AGOO0 or AGl0 generates
the block selection signal BDO or BDl1 as the input signal.

The block selection signal BD0 or BDl generated
inside the block decoder 50 is used as the input signal of
the assist gate decoder 40, and the assist gate decoder 40

25 is disposed adjacent to the block decoder 50.

The assist gate decoder 40 and the block decoder
50 are disposed on one of the right and left sides (on the

left side in Fig. 66) of the memory cell array 80. However,



t he bl ock selection signal BDO or BDl as the input signal. The blOSEDEc 006
sel ection signal BDO or BDl1 generated inside the block decoder 50 i$ use& as
the input signal of the assist gate decoder 40, and the assist gate decoder
40 25 is disposed adjacent to the bl ock decoder 50. The assi st gate decoder
40 and the bl ock decoder 50 are disposegd,pn_one of the right and left sides
(on the Ileft side in Fig. 66) of the nendory cell array 80. However, 26 DEC

2006 146 thgepgsittoBakirebakt9B88hPpbBEVREENnt BRea8SESEtTghee decoder 40
and the bl ock decoder 50 nay be reversed. Since various variations are

avai | abl e fodetbaesekhecihanthet bodcwrf debedassbst mgat pedegsodesed) and the 5
bl ock decoder 50 as will be described | ater, however, the flow of each
signal needs not be |ifited taritresfvanizbiondi srendodiheinte f£dhi sheecoder
arrangenment provides the following effects. 10 The nenory cell array 80

i nsi de one bketkcksonhmetvbhddand the sabidbcodtesdéooder 46 dhdpbbed as to
interpose the nenory cell array 80. Since the word |line can be shortened
and the |padbéaskbderedacedl &hewidpebat PBAcEpbed bptehe bBenp¥eRduther
integrated circuit 15 device can be inproved. Since the sub-decoders 60 are
di sposed on BéfH ©§i adshofigRBLnBREAS Bef| PariaPpiBed tRetiBr §1PFne8 inside
the nmenory cell array 80 to be connected to the sub- decoders 80 nay be
assorted to théSrFGRPIAME Feft, and 20 every other word |ine may be taken

out. Therefore, the This decoder arrangement provides the following

effects.

.i-) 10 The memory cell array 80 inside one block is
halved and the sub-decoders 60 are so disposed as to
interpose the memory cell array 80. Since the word line
can be shortened and the load can be reduced, the
operation speed of the semiconducteor integrated circuit

15 device can be improved.

Since the sub-decoders 60 are disposed on both
sides of the memory cell array 80, the word lines inside
the memory cell array 80 to be connected to the sub-
decoders 80 may be assorted to the right and left, and

20 every other word line may be taken out. Therefore, the
layout design of the junction portions between the word
lines and the sub-decocders 60 becomes easy (or pitch
relaxation of the word lines can be achieved).

Since the sub-decoders 60 are disposed on both

25 sides of the memory cell array 80, the sub-decoder
elements can be disposed in the region corresponding to
two word lines, and the layout design of the sub-decoders

60 becomes easy.



| ayout design of the junction portions between the word |ines and HYAfEgc 2006
sub- decoders 60 becones easy (or pitch relaxation of the word |ines can be
achi eved). Since the sub-decoders 60 are di sposed on both 25 sides of the
menory cell array 80, the sub-decoder elenents can be disposed in the
region corresponding to two word |ines, jgad-the [ ayout design of the
sub-decoders 60 becones easy. 26 DEC 2006 - 147 Since only one each of

t he assi st gate decodesiné4@ andyt beebkack décetler aS8iiss diatposedotier one

bl ock, the area of the decoder can be |imted to the m ninum area. Since

t he assi st gdtle adelc adber bd@cikndetihdel ddk 15 décpodesrdsEoar ongl $posdd adieacent
to each other, the output signals BDO and BDl1 of the bl ock decoder 50 as

t he i nput oﬁrﬁhe0é3§m§td@@@§ede@@@ebe4OlmeéGdn¢P fdeemiaddas Baea -Besi des
the arrangement of the decoder described above, the decoder arrangenent
shown in Figs. 67 and 68N%e kB¢ BESHSEIatEoderRIeRe t9eAndollacPoPC
integrated circuit device shown in one bl ock decoder 50 and one

assi st gabe d&é@@&ér5@0aéﬁed§§9ﬂ5§ﬂo§éda&ﬁ“ﬁuﬁ@a@@fhoﬁ§8§Fvet§ﬁd8§t§§t to
t th | 80 bhet h Th t of .th
const Fuct i on%lgngﬁ%y?ﬁea&?” ¢ 1 HPeBLo6H LoOGEEY AReGT R SR cui
d h Thi dyct t t ed t d
br v des ¢ he SEolSWARE oFr SRCE FeaRact: A PEerhac Pecratepled 58y apove.
The output signals (AGEQSEQeéG%%L 9L rLAGenaRt 28t thedabRoHEEOAELF9AGEd be

connected to the nenor
above, the decoder arrangement shown in Figs. 67 and 68

: ) 10 may be used, too.

In the semiconductor integrated circuit device
shown in Figqg. 67, one block decoder 50 and one assist gate
decoder 40 are so disposed on mutually opposite sides as
to interpose the memory cell array 80 between them. The

15 rest of the construction is the same as that of the
semiconductor integrated circuit device shown in Fig. 66.
This semiconductor integrated circuit device
provides the following effect in addition to the effects
) described above. The output signals (AGO0 to AGll) of the
20 assist gate decoder 40 need be connected to the memory
cell array 80 and the output signals (ST00 to 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 is not necessary
to wire the output signals (ST00 to ST1l) of the block
decoder 50 onto the assist gate decoder 40 and the output

signals (AGOO0 to AGll) of the assist gate decoder 40, onto



cell array 80 and the output signals (STOO to ST11l) of the block degpgerss
to the select transistor. Since the assist gate decoder 40 and the bl ock
decoder 50 are disposed on the nutually opposite sides while interposing
the nenory 25 cell array 80 between them however, it is not necessary to
wire the output signals (STOO to ST11l)_ofsghe bl ock decoder 50 onto the
assi st gate decoder 40 and the output signals (AGOO to AGL1l) of the assi st

gat e decoder +#8, b0BtR 36cBEEr2906 Therotdie Idywmnkk detodes Hdsistheseior e,
| ayout of the assist gate decoder 40 or the bl ock decoder 50 becones easy.

I nci dent al | ydethéepodDt oonaherblatkodsbogebeblekacthesasssgt gate decoder 40
and the bl ock decoder 5 50 nay be reversed. In the sem conductor device
shown in Fig. 68, onelmattentalthe, bthekraetbiena borehat idreshspi st gate
decoder 40 is disposed on each side of the nmenory cell array 80. The rest
of the constP@tveen thetasssahedatet dacodeorofOt aedsehecbhaakt decpdesgrat ed
circuit device shown in Fig. 66. Besides the effects described above, this
seni condutt oPCj BeBgP&t EAVEFFedit device provides the follow ng effects.

Since the assist gate decoder 40, and. 15 the_ bl ock decoder 50. are_di sposed on
each side of the nenoty ©RFISHP+TBECEIe IFFIFY g@ﬂﬁ?hl%fg%%e %&tput

oL 9nal o, (STO0 koo 814 1o Oy 515+ ShhoBLY 10" ghlioc ks dpcadeg =0 and, the
and the load;L5,20 " gu¢gdy; JDSLELOLS: LD 9PSLALEOPEPSEL0L LES)
array 80. The rest of the construction is the same as that
i ) 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 ST1l, BOP, B1lP, BON, B1N) 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 1l1. Two systems can
be illustrated as shown in Figs. 69 and 70. Incidentally,

Figs. 62 and 70 show the signals of one block for ease of



sem conductor integrated circuit device can be inproved. [Enbodi meggpgéhoos
Figs. 69 and 70 are block circuit diagrans show ng the sel ection systens of
the assist gate and the 25 block that can be applied to the sem conductor
integrated circuit device explained in Enbodi nent 11. Two systens can be
illustrated as shown in Figs. 69 and 70.1jgcidentally, Figs. 69 and 70 show
the signals of one block for ease of 26 DEC 2006 - 149 explanation.

First, the segkptahevisyistem shown in Fig. 69 wll be explained. The AG i
circuit converts the voltage of the signal BDO for bl ock selection and
generates the 5 assi stFgase, stignatel&SX)n Systemt hipoassist Fhat e63i gnal

i nside one block is one, the assist gate is used only as the erase gate. In
ot her words, wihd béoekpiairedi orfls il BDOWeheren e fisthe thktagack
decoder 50 is used for the input signal of the assist gate decoder 40. The
AGj 10 genephttba eigoaltBebniertblenk geleageonfapfegsngrateBDEhef or bl ock
sel ection by ABD and generates the assist gate signal AGOO Since the

si gnal BBO i 8sehetspahal Séfnghe (PEAR! - SHUICR KRR 1Rl e 93yt hi s
selection systemof this. 15 enbodinment is effective when the vglta e
necessary forPPhECaCRFsPLlgakelsi GRGI BEBFFE1ahpPRkEmafe P69 RBIYoRr source

The AG | genbPat PEACE: PREFT CHIRTISY THE B0 Jiie dASoh THES HRRD pebdie Sour ce
signal of thEDaugégggggg& inside the block decoder 50 is used for the
input signal of the assist gate decoder 40. The AGij
-j ) 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 BD0 is the signal of the power
source voltage Vcc system, this selection system of this
15 embodiment is effective when the veltage necessary for the
assist gate signal AGOO i1s approximate to the power source
voltage Vcc.
Next, the selection system shown in Fig. 70 will
) be explained. The AGij generation circuit converts the
20 voltage of the PM0OS 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 AG00 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



60 and generates the assist gate signal. Since the assist gate sigRabgec 2006
i nside one block is one, the assist gate is wused only as the erase gate. In
ot her words, the assist gate signal AGOO is generated in the follow ng way.
The 25 Bi P generation circuit converts the voltage of the signal,that is
sel ected by the signal BDO selected for ;bhock selection by ABD, and
generates BOP (the PMOS power source signal of the sub-decoder 60) The AG |
generation 26iPEGi20BGrthel50onckteni thkurbheageonyethsst Berveligage.of this
BOP signal. 1In this selection system the voltage as the reference for
generating the assist OatehssgsaledfiXhi systée, PMUIS polkeagsoascehsi gnal BOP.
Therefore, this 5 selection systemis effective when the voltage necessary
for the assi sefgaescsi §nal gpGRESngpphoxkAaliett gathesPyDsl PGWEr isour ce
signal BOP of the sub-decoder 60. Al though the invention conpleted by the
present i nvEheoFMABSPPHES BeBRCEeSEANBEdBEBacrEIRTSLIAFeh ke 10 preferred
enbodi nments thereof, the invention is not of course |[imted thereto, but
can be cH%ngéBlSFtﬁﬁalFVéHeWnlSVSﬁ?BGE1Mﬁy§hﬁptHBﬂtVBébagﬁlHﬁcﬁﬁéﬁFVhe scope

t hereof. For _exa Enbodi nents 1 t? _gae the | am nate r|S|ng
the pol ysi |1 €0R FHPRSERSCL BRES SASRRLr A6 15 RPPRPARGSEReCPURGS: BHOB! | mas

h | _of th d I fil h
2 Ti1m of aPPFERSEOLoRerBtaN>) BAENCLI FoBl PO dacg%'ﬁgépm “citantumor
t ant al fil f the trid trid
antalum 111 of thehf oAbt desof ?ééﬁggageém%wcgg By ghumbpuLLALLTi des,

cobalt silicide and no I Ci ungs en and
the like, 'nlnventor has thus been described concretely with some

”;7) 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



pl ace of the tungsten nitride film Simlar effects can be obtai ned;reGo06
when the filmis a lamnate filmof a polysilicon filmand a netal silicide
filmor a so-called "polycide filnl. 25 Enbodinents 1 to 6 use the |am nate
filmof the polysilicon film the tungsten nitride filmand the tungsten
filmas the material of the word line W;jgkowever, simlar effects can be
obt ai ned when the lamnate filmof 26 DEC 2006 - 151 a polysilicon film
and a netal sibboiydeliAchygical agagphetadf sihecaakal Bitiypides &galple

tungsten silicide film Enbodinents 1 to 6 use the N-doped silicon oxide
filmas the iofisthat oethill siflacideel asi agtuhgsteoatinigcdaee fiSnf.romthe third
gate. When the sem conductor integrated circuit device of the present
invention is applied tBmhodpmedtst 1haei Aguaestbe| Nndabed sfilicppsopfide
progranm ng/ erasi ng, however, the enbodi ments can use the silicon oxide
filmthat isfidmag bhet hasindbrtoxi dadmofosr 1sedatynatder dilegtiodct Bateri or
art. Enbodinents 1 to 5 use also the N-doped silicon oxide filmfor the
i nsul at ordf i E¥PMoihpsghatfAngathe Theat iR IRAECIPIRCEPE tBREFHRLGAte, but a
| am nate film of a silicon oxide filmsilicon nitride filmsilicon oxide 15
film or a sGiEsPiEddeviert PEntthe; REIESRAS JAVABHIQ witde 2PRYPEACALi 6n in the
past, may be used gn t he interﬂgl 0 eratinﬂ.volta e at the tinme of
progr anm ng/ EF§SPRG 8RViPRe3prBd nﬂFﬁgférggi J"§5e8d is not nuch inportant.
Enbodi nents 1 to g ar. xpl. ai,ned out the_p- 20.channel _typ nory _cell in
which the n P§8gr Pgﬁﬁg?82a51ng, %gwgvek, tHe egboglments YRE TRIPIYe
silicon oxide film that is formed by thermal oxidation or
/ 10 CVD according tec the prior art.
Embodiments 1 to 5 use also the N-doped silicon
oxide film for the insulator film for isclating the
floating gate from the contreol 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 é& 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 memcry cell in which the well is of the n
type and the diffusion layer is of the p type. In this
25 case, the voltages of the control gate, the third gate and
the drain in Embodiments 1, 2 and 3 are relatively

negative values with respect to the well voltage at the

time of programming. In Embodiments 1, 5 and 6, the



| ayer is formed in the p type well, by way of exanple. However, si Mglmdc 2006
effects can be also obtained in the p- channel type nenory cell in which the
well is of the n type and the diffusion layer is of the p type. In this 25
case, the voltages of the control gate, the third gate and the drain in
Enbodi ments 1, 2 and 3 are relatively .negative values with respect to the
well voltage at the tinme of programming. In Enbodinents 1, 5 and 6, the 26
DEC 2006 - hhdtaudd agestlod ddrecmwmintgaie gatd e dieelrdrisesonEecdne t he
relatively negative voltages with respect to the well voltage at the tine
of programm neldiivdies agstisye ttheltdass ofiddt rogspeEharatthel ezt on
injection. 5 In Enbodinents 1, 5 and 6, the control gate voltage can take a
rel atively postltiaae \aii ttdie ik the PHYEl T iGId agd ncaherak€agesel dhevel vy
negative value, with respect to the well voltage, at the tine of

progranm ng Wftere ket FAhDrdena e fleGFrAhelpeHaifiel type. In this 10
case, the electrons are i&iected by the inter-band tunneling phenonenon. In

all of thé foregoing enBoditatiEentfe Lrelfedorts ithife&WtH5%k ¢attte f1oating
gpt e must have lagl ool L 14 e of SRl e, SN0 PLOSLAITL 00 dpnever. 19
o1, he | ovel e oh gty eashod Ml ach s AL WA gt st 0
D Tt OISO L SIEE A i P AP USRI ve 20
when the memory cells are of the p-channel type. 1In this
_:;) 10 case, the electrons are injected by the inter-band
tunneling phencmenorn.
In all of the foregoing embodiments, the
electrons injected into the floating gate must have at
least two kinds of status during programming. However,

15 these embodiments may be applied to so-called “multilevel
storage” that forms the levels of at least four kinds of
status and stores at least two bits in one memory cell.
Conventional multilevel storage involves the problem that

) the voltage difference between the lowest threshold value

20 and the highest threshold value becomes greater than two-
level storage even when the quantity of the electrons
injected into the floating gate is controlled highly
accurately and the threshold value distribution of each
level is compressed. In consequence, the

25 programming/erasing speed becomes lcw or the programming
voltage becomes high in Fowler-Nordheim type

programming/erasing. The present invention can lower both

programming and erasing voltage below 13.5 V, or in other



| evel storage even when the quantity of the electrons injected intagplRe 2006
floating gate is controlled highly accurately and the threshold val ue

di stribution of each level is conpressed. |n consequence, the 25
progranm ng/ erasi ng speed becones | ow or the progranm ng voltage becones
hi gh in Fow er - Nordhei mtype progrannLng%%rgsing. The present invention can
| ower both progranm ng and erasing voltagé below 13.5 V, or in other 26 DEC

2006 - 153 S, GAN inPRiovee tmep%@&raamn@g/e%ra%%in@g spheed.  Therefore,
the present invention is extrenely effective or nmultilével storage. Wen

progranm ng ithefed®refniod perisend dntehtiPrafRl YxthenRasi tdafatdhiage,
relative to the control gate voltage, to the third gate to generate the
el ectron e eeir aulftridrevighe sfrloaaigeng gate to the third gate, and Enbodi nent
3 applies the negative voltage to the well of the first conductivity type
with the vol tage of th#hehi paof@agatiegbesngakept Eaboldivendsgenemnat @ t he
el ectron ejection fromthe floating gate to the well. However, the electron
ej ection bmy dpplgerndicared iftive Mvod talgeat ined agdtve tto tthe comhmed/ gradien whi l e
overlap between the source or drain diffusion layer with the floating gate
is secured 1¥oldlagsi,vdloy theediiiyd PgEeptes geneinakentthen slecipsin ed to not
only the sem conductor integrated circuit device having only the so-called
"flash nenor EIasEion 608 $he dHioRtHnGr §8dHp et he( $&ircoid@i& o devi ce)
equi pped with the nenory cell ,array 20 portion 8Q having ngn-volatile
sgniggnducto iment % applies g%e né%ative vagtage é% gﬁe wefi of
the first conductivity type with the voltage of the third
N; ) 10 gate being kept at 0 V to generate the electron ejection
from the floating gate to the well. However, the electron
ejection may be generated from the floating gate to the
source/drain while overlap between the source or drain
diffusion layer with the floating gate is secured
15 relatively greatly.

The present invention is applied to not only the
semiconductor integrated circuit device having only the
so-called “flash memory” but alsoc a one-chip microcomputer

) (semiconductor device) equipped with the memory cell array
20 portion 80 having non-volatile semiconductor memory
devices {(flash memories).

The effects obtained by the typical invention
among the inventions disclosed in this application are
briefly as follows.

25 The present invention can reduce the memory cell
area of the semiconductor integrated circuit device.

The present invention can improve the operation

speed of the semiconductor integrated circuit device.



devices (flash menories). The effects obtained by the typical inventjsGikc 2006
anong the inventions disclosed in this application are briefly as foll ows.
25 The present invention can reduce the nenory cell area of the

sem conductor integrated circuit device. The present invention can inprove
the operation speed of the seniconducgog iL,ntegrated circuit device. 26 DEC
2006 - 154 The present invention can d é#ease the defect density of the
insulator filmfor isokggi Bgegaﬁtggh%nt&eﬁl dent Be-PRHREY 8! bekcthe

sem conductor integrated <circuit device, and can inprove the yield of the 5
senm conduct OelnBt@gr aredhel hewhl adey ¢eimlFerPiesenl indvend Qatean | ower the
internal operating voltage of the sem conductor integrated circuit device.
26 DEC 2006 ink39eCltAeMbembryAcedni edndtet ceminbaduated dintediratdevice
including a well of a first conductivity type forned in a sem conductor
substrate, acdemudtandectae,r egidoraal iapreeeontiecgieidt iofi tthet ype for nmed

inside said well, local source lines and |ocal data |lines fornmed by
connectingy samdcsediuctrdudndegregiedncirsaliécteviarsi stors for selecting
said local source lines and said |local data lines, a first gate fornmed over

sai d sem conductor suBberrresehtoughentipnscannsawarothei Lnteangdcond gate

operating voltage of the semiconductor integrated circuit

device.



formed and isolated fromsaid first gate through a second insulatorzgi){,‘(t‘nmo6
word lines formed by connecting said second gates, and nenory cells

exi sting on said local source lines and said |ocal data |ines divided by
said select transistors formng a nenory cell block, said nenory cel

bl ocks being arranged in the diregé%gn of said word lines and constituting
a nenory cell array, wherein: one h power source line is disposed on both
sides of said nenory cell block to interpose said nmenory cell block in the
sanme direction as said word lines; and said |local source |line and said |ocal
data line are c@hAd¥bed to one of said power source lines and to a signal
line arranged in a direction vertical to said word line, or to both of said
power source |imes, throughlsesdiabndselitect integsiasedr ciZeuphECA2UE6e - 156 2. A
sem conductor integrated circuit device according to claim1, which has any
of the foll owi ngncadistq Uctvwelis:ofa o frists tc oresdupdtLivérn ywivere f ogmedofiNs i d

|l ocal data lines is connected to both of said power source line and said
signal |ine threeghcaaiuttset entbstrzatsi,s ttosersfPrausdesnd e8e®st Qdc i on
wherein one of said |local data lines is connected to said siqhal line at
one of the endseoéndaichdmstoryi el tyas dormes dughH ogais@ isemedtl - P& st or,
and an adjacent local data |ine adjacent to said one |ocal data line is
connected to sasoustgnhings mnd gtodae Ftferl fE JOEE e fFIVESET DI ock

t hrough said select transistor. . .
said semiconductor region , select transistors for

selecting said local source lines and said local data
C) lines, a first gate formed over said semiconductqr
substrate through a first insulator film, a second gate
formed and isclated from said first gate through a second
insulator film, word lines formed by connecting said
second gates, and memory cells existing on said local
source lines and said local data lines divided by said
select transistors forming a memory cell block, said
memofy cell blocks being arranged in -the direction of said
word lines and constituting a memory cell array, wherein:
one each power source line is disposed on both
sides of said memory cell block to interpose said memory
cell block in the same direction as said word lines; and
said local source line and said local data line
are connected to one of said power source lines and to a
signal line arranged in a direction vertical to said word
line, or to both of said power source lines, through said

select transistor.



3. A sem conductor integrated circuit device according to claiml, MwhHeeoos
has any of the following constructions: a first construction wherein a gate
signal of said select transistor connected to said |local source line and a
gate signal of said select transistor connected to said |local data line are
t he sane signal; and a second construction wherein gate signals of all of
said select transistors connected to said |ocal source lines are the sane
signal. 26 DEC 2006 -157 4. A senicondr%épr integrated circuit device
according to claim2, wherein one of sa | ocal data lines is connected to
said signal line at one of the ends of said nenory cell block through said
select transistor and to said power source |line at the other end of said
menory cell block through said select transistor. 5. A sem conductor
integrated circuit device according to claim4, which includes a first
select transistor for connectigg a signal | i pe disEosed i, a direction
RGhost

vertical to tKe extendfng<BiFa 3LpdrabRd FEAEYED 9RVAER (n: integer)
| | data line, . d | t i f ti i d
source Iine SHCSFOIIE 46 GHEIT the AL BRSSENY Fonbrs CERIOBROEK In the

sane directionnggﬁS%gdcyond line to (n+l)th local data Iline, a third sel ect
transi stor f&f"¢ Hegﬁiﬁg'said signal line to said (n+l)th local dataline,

G sposed af the ot her “ord oF S5 Fansy c el - RrhcRREnSr St Eotare
data lines is connected to both of said power source line
and said signal liné through said select transistor; and

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

at the other end of said memory cell block through said

select transistor.

3. A semiconductor integrated circuit device

according to claim 1, which has any of the following

g

constructions:

a firsf construction whe;ein a gate signal of
said select transistor connected to said local scource line
and a gate signal of said select transistor connected to
said local data line are the same signal; and

a second construction wherein gate signals of

all of said select transistors connected to said local

source lines are the same signal.



direction as said word line to said nth local data line, wherein: tﬂﬁ%&?ﬁﬁ6
signals of said first and second transistors are the sane signals; a t he
gate signal of said third and fourth select transistors are the sane
signal. 26 DEC 2006 -158 6. A sem conductor integrated circuit device
including a well of a first conductivity type forned in a sem conductor
substrate, a sem conductor region o _ second conductivity type forned
inside said well, local source/data™l'ines formed by connecting said
sem conductor region, select transistors for selecting said |ocal
source/data lines, a first gate fornmed over said sem conductor substrate
through a first insulator film a second gate forned and isolated from said
first gate through a sesontcondutedorifdtddnawadl siarahilt rrssifay ned by
connecting said second gate, wherein: nenory cells on said |ocal source/data
lines dividedcbydsagdtsetesimt r apsivséve sncomstof udei drelmral cidda bl ocks,
and said nenory cell blocks are arranged in said word line direction and
constitute alfreasryscebhnactay; toasdivhengsal dlimeadt s aef ddiea drides
function as the local source lines of said nenory cell, they function as
the | ocal dabé kandé mémsaydcebhobyockl thradjacenid teeleadti dmemrstael | ; said
sem conductor integrated circuit device including further:

and to said power source line at the other end of said

memory cell block through said select transistor.
5. A semiconductor integrated circuit device

) according to claim 4, which includes a first select
transistor for connecting a signal line disposed in a
direction‘vertical to the extending direction of said word
line to an pnth (n: integer) local data line, a second
select transistor for connecting said power source line
disposed at one of the ends of said memory cell block in
the same direction as said word line to (n+l)th lccal data
line, a third select transistor for connecting said signal
line to said (n+l)th local data line, and a fourth select
transistor for connecting said power source line disposed

at the other end of said memory cell block in the same

direction as said word line to said pth local data line,
wherein:
the gate signals of said first and second

transistors are the same signals; and

the gate signal of said third and fourth select

transistors are the same signal.



one each power source line so disposed on both sides of said nmenory.gebkhoos
bl ock as to interpose said nenory cell block between themin the sane
direction as said word line, and signal lines disposed in a direction
vertical to said word lines; 26 DEC 2006 -159 said |ocal source/data |ines
bei ng connected to either one of said power source lines and to both of
said signal lines through said select transistor. 7. A sem conductor
integrated circuit device according to-c%i-m 6, which has any of the
following constructions: a first construction wherein nth (n: integer)

| ocal source/data line is connected to said signal line at one of the ends
of said nennry cell block through said, select transistor and (n+l)th | oca
source/data lifne is cAnAEPEEANEYCEArdiBEgRARIEANBIBFUERedBYRER end of said
menory cell block through said selecgt transistor; and a second construction
wherei n an. nERcANdingngegely Pdcal fda8tcEPASPEEEVALY] §YBEnheEREE £B &ai d
power source line at one of the ends of said cell. block through
sai d sel ect CFHASP §%8Ft°§n&u§ﬁt€ﬁﬁﬁ)tﬁ FS@&FOH?@GFE%/H&E&OPiH% Bs connected

t d I t .. th th f i d I

L hr oagh ool 0 SeCoPECoPERE sy CaDeATORTE oﬁaaiﬁ%rs?ﬁﬁ"aﬁﬁzdﬁelcﬁ it

devi ce accord|n§§/§ g ai-m_6, ﬁhereln wone 9 source/da a i nes
i i

i s connect ed *5* g&épell rmF g C8P“Fﬁ§lgﬁd§a&P g54 < ﬁgﬁBF °Lel

bl ock through %%B% S% ct transistors for selecting said local

source/data lines, a first gate formed over said

:
e

semiconductor substrate through a first insulator film, a
second gate formed and isolated from said first gate
through a second insulator film, and word lines formed by
connecting said second gate, wherein:

memory cells on said local source/data lines
divided by said select transistors constitute memory cell
blocks, and said memory cell bklocks are arranged in said
word line direction and constitute a memory cell array;
and

when said local source/data lines function as
the local source lines of said memory cell, they function
as the local data line of said memory cells adjacent to
said memory cell;

said semiconductor integrated circuit device

including further:

one each power source line so disposed on both
sides of said memory cell block as to interpose said
memory cell block between them in the same direction as
said word line, and signal lines disposed in a direction

vertical to said word lines;



transi stor, and to said power source line at the other end of said,gpeBh¥oe
cell block through said select transistor. 9. A sem.conductor integrated
circuit device according to claim®6, which has any of the follow ng
constructions: 26 DEC 2006 -160 a firdP9onstruction wherein one of said
signal - lines wired in a direction vertical to said word line is shared by
two of said |ocal source/data |ines; a second construction wherein, when

said | ocal source/datgild N@daS GOHIREl/BAtE0 19Red Bednadl cbhAecthrodgh said
sel ect transistor, the connection portion between the “sem conductor region

of said sel egttidAnsnStOr o d v deoudidd arignts farMmzaibdthoedl ssedr ce/ dat a
line and said signal 1line is shared by two of said nenory cell blocks; and
a third consgsgiedl oni nherai gt tpenese sty agandigdrs shared by two of
said nmenory cell blocks. 10. A sem conductor integrated circuit device
according to T aim8, miettidardurernrd Heltedes ted icisicuiseldeet ceransi stor for
connecting said signal line wired in a direction vertical to said word |ine
and an nth (accordiregerd dlocal sSpunde/chatted iamg, o sdeorfdldeéaty transi stor
for connecting said power source line wired at one of the ends of said
menory cel |l ddoehkrugtidressame direction as said word line and an (n+l)th

| ocal source/data line, a third select transistor for connecting said
signal line and said (an+hxsth doocalrusgucceigraini ndh dnd antegeth sel ect

transistor for connecting said power source |ine wired at the other end of
sai d nenory ke¢3l source/data line is connected to said signal line at

one of the ends of said memory cell block through said

\\\_/

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

integer) local source/data line is connected to said power
source line at one of the ends of said memory cell block
through said select transistor, and an (n+l)th local
source/data line is connected to said power source line at
the other end cf said memory cell block through said
-> select transistor.

8. A semiconductor integrated circuit device
according to claim 6, wherein one of said local
source/data lines is connected to said signal line at one

of the ends of said memory cell block through said select
transistor, and to said power source line at the other end

of said memory cell block through said select transistor.
9. A semiconductor integrated circuit device
according to cléim 6, which has any of the following

constructions:



bl ock in the sane direction as said word line and said nth [|ocal 36pEc2006
source/data line, wherein: the gate signals of said first and second sel ect
transistors are the sanme signal, and the gate signals of said third and
fourth select transistors are the sane signal

-160-

a first construction wherein one of said signal
lines wired in a direction vertical to said word line is
shared by two of said local source/data lines;
a second construction wherein, when said local
source/data line is connected to said signal line through
said select transistor, the connecticn portion between the
semiconductor region of said select transistor on the side
different from said local source/data line and said signal
line is shared by two of said memory cell blocks; and
L a third construction wherein said power source
line is shared by two of said memory cell blocks.
10. A semiconductor integrated circuit device
according to claim B8, which further includes a first
select transistor for connecting said signal line wired in
a direction vertical to said word line and an pnth (n:
integer) local source/data line, a second select
transistor for connecting said power source line wired at
one of the ends of said memory cell block in the same
direction as said word line and an (n+l)th local
source/data line, a third select transistor for connecting
said signal line and said (n+l)th local source/data line
and a fourth select transistor for connecting saild power
source line wired at the other end of said memory cell
block in the same direction as said word line and said gth
local source/data line, wherein:

the gate signals of said first and second select
transistors are the same signal, and the gate signals of
said third and fourth select transistors are the same

signal.



