DESCRI PTI ON NON- VOLATI LE SEM CONDUCTOR MEMORY DEVI CE TECHNI CAL FI ELD
5[ 0001] The present invention relates to a non-volatile sem conduct or
menory devi ce. BACKGROUND ART [0002] As an exenplary non-vol atile
sem conductor nenory device, a type of non-volatile sem conduct or
menory devi ce has been 10 conventionally known that accunul ates

el ectric charges into a charge acBusRRIETIEN | ayer of a nenory cell

transi stor by neans B i tang 9%%{ ing effect in
order to execute(ﬁuégwf%ﬁéﬁg e_g_?o§§% 5@§bﬁ§2§§§{ y, as shown

in FIG 6, a non-volatile sem conductor nenory device 100 of this
type has ryct t hat hi gher order bit 15 lines 10l1a and 101b and
wor d Iiﬁ@§}§%§§itgfﬁﬁﬁh are disposed in an intersecting nmanner and a

plurd it yomflnenms ypreeéht thaast Sdrors1akA3 s @ irsResed:iid sanl @MaRdor
colum matrix with respect to the higher order bit Iines 10la and

101b and™¥HEYWEFYLFEnes 102a to 102h. [0003] The higher order bit
i ne 101gndisre6RM Aegl wth a plurality 20 of first sem conductor
swi tches 104a and 104c, while a single lower order bit line 105a,
105c i s tYHREct®d anocwamml iy spnserdaiddguetiorcondicthr IGery19uc.ce, a

Further, | t h:!@ %ﬁgﬂ)fg‘é’il@b%ﬁ{?ﬁhd?égﬁ: Ot{r@ﬁ'éfpl gg@xylc%r dﬁ{asbi tbeen

Il ine 10l bi"sal sosi m yprovi d aplurality of“first sem conductor
swi tlchescdiAimtanda 104 dnowhidhe taasiunglle tkewdrec25i orabergbs tidtione chabhe
105d is conneﬁtgd tg each_first sem quuctot sg&tch 10%b, 10.4d.t I n
such non2 VoI R PF&°4 /Y ehRAGI B o y - Vi 69168 "8RE K T dwidr-"b1-a8F e/
bit |ines lQkatuh0blnnclng, eib&ek fior BRdar nEeky¢cht ©dati0eait 1pbe.g.,
106c, 106d, whil e eachneporybl ock 106a, 106b, 106c, 106d has the
plural nESoFYy™ derl AGTEAST ¥t 8??%@.”36%064]5 e VeI pET LS SRTEHACE ST

SW t chesndiAd, adPAks 10046t ands104ctk are dereuprd.ef wedt i NeMBrder bit

(Met al - Oxi de- Sem conductor) transistors. Further, the first

senilGondbigt®sr 1Rt 104R BRd rHREEABRG HI%CKO1603N s dimRPATLAD RS

connect eﬂa@rs%%i{%?%&ﬁlefrhsﬁ&oé J10rhAet Pl GhGEmBE deke i b rhhBesda103
whi | e being connected at the drain thereof to the | ower
are disposed in a row and column matrix with respect to the higher

order bit lines 10la and i0lbk and the word lines 10Za to 1C2h.
[0003] The higher order bit line 10la is previded with a plurality

20 of first semiconductor switches 104a and 104c, while a single lower
order bit line 105a, 105c is connected to each first semiconductor
switch 104a, 104c. Further, in this exemplary embodiment, the cther
higher order bit line 101b is also similarly provided with a plurality
of first semiconductor switches 104b and 104d, while a single lower

25 order bit line 105b, 105d is connected to each first semiconductor
switch 104b, 104d. In such non-volatile semiconductor memory device
100, each lower crder bit line 105a, 1G5b, 105¢, 105d forms a memory
block 106a, 106b, 106c, 106d, while each memory block 106a, 106b, 106c,
106d has the plural memory cell ftransistors 103.

30 [00C4] The first semiconductor switches 104a, 104b, 104c and 104d are
herein formed by N-MOS (Metal-Oxide-Semiconductor) transistors.
Further, the first semiconductor switch 104z of the memory bilock 106a,
for instance, 1s connected at the scurce thereof to the higher crder

bit line 10la while being connected at the drain thereof to the lower
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order bit line 105a, and is al so connected at the gate thereof to a
first selected gate line 108a shared with another nenory bl ock 106b
aligned with the nenory bl ock 106a along a row direction. Thus, by
this configuration, a predeterm ned gate voltage can be equally
applied 5 fromthe shared, single first selected gate line 108a to
the two $¥dest biend Tenddéreransilschbse ro4acaner EJ4bhe pateatbeneritteda

o 10005 s FRe GURb Hand si Tl 13 3 S0 R ERGCE W ReNor s Bl GRS

106c¢c andz1fedalvigmethealmengry hﬁoac@wl tba edongna inowt Héréowem. pal’ltusof by

FIG 10 le first sel ate line 108b i s .connected t
Tuo 11 st et or ARt et S Th e Lo 2o s e e g e
gat e ol tageths starebe saonftgunred 44 d2ecaquald yirappbsedot thd bro tiwest
first sem conductor switches 104c and 104d fromthe shared, first
sel ect edS%C@“FiPﬁEOJi(%HtCTSfW@] apqd Hidh theh a6 F‘ﬂ?%teda Oﬁl Hh%rme&oéiér

source | hnenikl@8ech SaRd o\ieded: yhddba 1Rl halidderobasecmagent conduct or
switches 11la and 111b, while a single |lower order source |ine 112a,

112b is EOffidct @ the whek hegco s/ B idget iy tisvive Hemery Llochy. 106¢c
Further, ﬁ&1qo(%hhgil&{élh%rloﬂéd9{e %w gerlinenllbiis alse shm laflpye,

provi ded wth a plurality of second 20 sem conductor switches 111c
and W011d%, wheirgls Sirsgl eclowed gridet ihng ABSH 12ccomkRded Socomnbwd €d red

each second senmi.conduct h 1 L2111 er h on

o conaan RRHLEPOCUEL O e b0 ahd 1Dua bl o DAL b0S A8 MM age
t ransi st ¢ schhatoet heorfdaretly tohesee oéaisl iivheagadnedastd haJhe oftwb heirst
first sem conductor sw.tc JO a, 04c and.104d. 25 [00Q7

Her ei n, ‘E?{‘élqé’é‘ BHEIO%@MIESH c"tg %ﬁlgﬁﬁdl T b Pﬁ‘érﬁgw&%sgl cted
106a, fogaﬁ&atlaaceoskbs connected at the source thereof to the higher
order source line 110a whil e bei nq&ﬁonnect ed at the drain thereof to

t he JowelOUtder I8 80AEE 91 FHe th19a 2 TARer OTARE FOUBRARSA T LAR H5HRF Qyarigd

thereof 01925026004 sgbecdLddaddilcbRauddiasshadd W 1h AR08 R8T while
menmory 30 bl ock 106b aligned along the row direction in the ugper

part . Th@:§mal@rl@ﬂ@réwrﬁlieﬁ@d>uq§@elm@| tge b b%C@BW‘F"gﬁﬁr &d epghF@cond
equal | y do%@ui;wf" etc'%lhél'ﬁg $1 119 eFﬁ?ﬁ}‘?&d %ﬁJee%ft ﬁ%&éhr' RS der

113a to e two second sem conductor switches 111a an at are
nmount ed mundaaelmef fléPert a@rmsymbﬂaldiyspﬂcﬁﬁaieandtmmmsbmedf|s¢cphé

upp parl . 00 0 i rI Y al n the t
ol o SHEST R e R ORHE LGl S bhg TR PO I Pttt CFA o
| ower paI:tzc al Bl gs ecareotrst sekeaech edcgad eehi cendiE3brissricennadted 1tid.

the two second senm condu torsvvlt hesMcandl111d, d edet er m

Gt e vol S04 o BECEBR A BICT o Do SRty Bh Tafbt o rherada e
second sgrd GoRAUE I NBYS tiehesMEan rake otAhpshar ad; thereof ls the same
secondsel ect edgat el i ne1131D. [0009] Further, each nenory

transi st®? t2A8 WnthhélpehEEPLEPRAUC LPT6E I THES] ]r%taan%fé“bfl %O‘&Foﬁﬁ‘écltoéﬁ
at one tegaa-nal Héf@rneOfthEOSé&tﬁqd QURE c R AT i Tswl‘tcf}? 1183asphi ke el ng

connected at the other teLm nal thereof 10 to the |ower order source
li ne 112alocindOfausion hashamer .y i6etnnacinsl a8t dihe $03res dhgirspbsied tha

over o i e e e g3 g3 535 R =0
102d, shaw ettiebl)omtelreomrsgubd:&)dkn&(lﬂéaamhcamataliep aemecy el |adckhd @ébe
al'i gned %llé)rne%ggoears?gy:ocrjfdrseclec et gate line 113a shared with another memory
30 Dblock 106b aligned zlong the row direction in the upper part. Thus,

a predetermined gate voltage can be configured to be equally applied

from the shared, single second selected gate line 113a to the two secend

semiconductor switches 111a and 111b that are mounted on the different

memory blocks 106a and 106k disposed in the upper part.
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15 connected to control gates of the menory cell transistors 103 of
the nenory bl ock 106a. Due to this, a predeterm ned gate vol tage can
be configured to be equally applied, for instance, fromthe shared,
single word line 102a to one of the nenory cell transistors 103 of
the menory bl ock 106a in the upper part and one of the nmenory cel
transi st f@P80 Amsherarstired . mfemddyr by 3éRC L06H U F Ve RetCHr Phothe 106C

menor y Arﬁflyio%gt?l 000 1ey £y aetion dinihhadippee: pact, 100401

I nci dent a e nenory cell transistors 103 have the sane
st r uct ure=adrgt saelehaﬁﬁelgategll@nel élabspes@@nbecv\@cént@neheertmanaSIecan@I

the other ferminal,, \ f*har?lf Hg‘h & 38 eg?&? Qxege é‘{%'ltage

25 a seni condu Por stbs af ge ac |on
i nt erd ayen baswhéalgared ayee ea;mdlayca@lpﬂliedi tgate m@sse@megémﬁddnﬁuctor

| am nated throu tu nsul at i yer on th channel regiqn_of
he sem COHAREGH G TH SR80 ERE rAorS SEFPIY PARES Sropera b5 ld s
an N-chapomeiojt ypestreRd eden eapRab @0l exerukicsy W3 bercHéahanyry bilbgk
30 by |nJeqect| ng electric charges into the charge accunul ation | ayer

or data €ofsi AR BYSERRFRCLERPIRE Lo ekt PR (CREF GRS CACERAIE BRF iLATST

the chargeAacciimtad hea hayes b@{ng%%eeied’%tt@ﬁeoﬂh%rb@e&ﬁ%h @c@'le‘%:@of
the control gate and the regi on between the one term nal and

ot heC t efami v . 1ofeOO InjdeTheonons voLag | ﬂ&@emr@bnﬁu&ortmewruewéb
100 thus zsaﬁ{g%EHEE &agrgedf 2 éegiu'liﬁd]toéxpalvfellt ﬁod&%%é lRh8y ween, the

predet erm ned one of the ransi stors rea atafrom
a predeth:rﬂrmmeddem@mf liIhEe l@ém)arrgd cekl Mweemsirdéenrssmlee ldmg tidse Oata

witten in | ansi. st 03b uIatln | t.a
to be reb re%:ttﬂ Eéff’y g%plslloég’ ]oé%ch% %ﬁgtﬁgl’ s Ferles I%0}1 CHr gsga
101b, t%&ia@b&heﬁl’rﬁlﬁfer@Obl@@k I]J%bSalﬂ.@eecaladoﬂ:@Otheart@wt laermldml i Bes

1023 to 102h an controlling on/off states of the first
semCondtRGELE t't HBEtJi‘E)]A&aFSgl?ﬁ&gﬁrf&er‘l%é’ %%Jc]oﬁ&a%ﬁ%ﬁdﬂ;%d’rf the

sWi t chesndkbl® b0odid 1d6a 10[W0124 thi skl Hprédet SeniIMRIDEY L &b thEAnsinsbOr
103 in the first row of the menory block 106a is set as a selected

menory ceINLICHERS OIS S QWS VPRMHIER . daral 18- 2R/FFt fEAT taRdeasdalsinghe

remai ni ng, MEMRLY 16841 d Bﬁ‘é‘%'fsﬁlﬁ)ef ROy aL81 581033 PORs 385 et ek HRAB E%‘
cell transistors 116 in which data i1s not witten. 15[0013] It should

be hereilmlawdt éloa hiat therupder vake fd expl ahdther ferorvy eril énceanstilsgors
1 e ; r e I LS
di rs%(r)o}s/egi%cliglf %ggtrhe err edﬂf tg;'ig;é;ﬁai@ée:;f %gtlgg&gl%lg Ji]ﬁeifr{e\%r[%ﬁ%%%%é%é
menory bdlasigs the6how HiGecanon lﬁﬁdthenupmsbxctpamml y the non- sel ect ed
menory c SIS L OF S osed be. refer
non- ol ot Bd b1 8 H 0 AP RCERRTY yolh tCRES RSOl Gt P oo S8me
semi cond@mﬁmum‘enﬁ)@t daHeRel00qifor 16 nEtsphees bateBefaind tsrmdridll end
inonly the selected nepory cell transistor 115 in the first row_of

the sel edte@thfbcieMinaly "I‘ﬁ@l? F5F tERJE6f 29 7 F SR HIPIREd R ko
li nes120; (beheddrfukbebrr eliBsffttd,0 &1 a charge accumulation layer, an

interlayer insulation layer and a control gate are sequentially
laminated through a tunnel insulation layer on the channel region of
the semiconductor substrate. Such memory cell transistors 103 are of
an N-channel type, and are capable of executing either data writing
3¢ by injecting eiectric charges into the charge accumulation layer or
data erasing by extracting the electric charges accumilated into the
charge accunulation layer by means of voltage toc be applied to the
control gate and the region between the one terminal and the other

terminal.



25 a selected word line) that is the one connected to the sel ected
menory cell transistor 115 anong the plural word lines 102a to 102h,
whereas a |l ow voltage of 4[V] is applied to the selected word |ines
121 (hereinafter referred to as non-selected word lines) that are the
ot her remai ni ng ones anong the plural word |ines 102a to 102h. 30

[ 0015] FU¥GlHér,Tha nhntsvelatdlel nsemicondhctor atierergerdeydnduct@r thus
menory i , . it] I
T e (X b o
sel ect edths telnbne)cetliatrass tdteroneld 0 rehicdr ttshd roml & cirede tremoimedc ehé

transi st o 15 i s _connected, .where a _hi gh vol tage of 8[) S a
e o SORRErERY o eest ARSES 1 A e e A A P R P
123 (her@iin tefreyiistdrk d (3o aragn-adheciddabies tol eyeihait ivell Reponed
to which only the non-sel ected nenory cel | it)r]:ansi stors 116 are
connect P TREr BARST, OF AR I}?étn%ﬁi%llg}t/?laé‘dsé oGt STeRBYSE FevrEe

100, a geirRsveli29840f10p dfd Yhe WhHidChidess hhghet idm@NabdeyVeldiage 10k
the non-selected bit line 123, can be applied to the first

sem condAGE shitehed tbaaf birt FERBCPPGIAloResTFRtesséldaterl Igdreand
l'ine 108&1&%@@88&‘3&&%&198&@} E‘s‘%}i‘%@‘ggé ock o117, 1yhgreas a gate vol tage

of O[V] can be applied to the second sem conductor switches 11la and
11180 r orfGUze sbrdi@- sel sbeatbrgavecdldl ipendil3ar [0916] tiie ford ngwyof
in the nan-vol at.i i nduct or [ vice 100 firs

s condus Behgly FIRRE BARAORE BRY oD RN R kM5 hh L Bleor 115
SW t chedironwhiychnmeans dk whéettent | wigeyeaevedli aheveokhagei fa omrblie cell
non-sel ected .bit i 123 and the gat vgl%a e fromthe first 15

col ect ed TS PR LOBAS 4Rt ASWhTTINGopreq RTIOgH Toit S58n0T°Bpy] Lhn
be appl i £d Wwhachhgatwon-sabecteddmimory cell transistor 116 on the
non-selected bit line 123 that intersects with the selected word |ine

120.15at  tH1S )t i He shrHddsiae difF sd@nt @b U ST Tehi teth &S ke12h, S PEARAteY ¢

and 111d-cHen3¥ht&NedeOhdmddy; BPOEY 110Gad0 Y Ght 896 HRf & Mt dahpERs 8, Eeom
20 the higher order source lines 110a and 110b and by applying a

vol t age WfarBRyLor hkretls fiienetdte “ddéoprl maflegeeed-gate 3l PRESCTEIBRaAN
113b, angd,hmepg% et BE&:JIé 88 ,111h c HEhoshlde Andy A4 cAD
e 0017] Thu d

be turn into a oating state. S, I n the non-sel ect
menory celri-selansedmemonyl 6eal twhnehsi2st hkd set edspdsawrdl 1 braef20reacd

t he pon-sel ected bit_ line 123 i rsect wth each other, a voltage
di ffzg)r ence s nPIéd%e(:JI'eed:tt()egt 5’\%%%(% kr}tel%éont rol gate and the sem conductor

substrat gJ01and mstuamligsid the eabaetolat idhas@gesondnandr hemony detreck LO0O
the charge accunul ati on | ayer .wi t hout occurren of a quantum

Lunnel | T TefPEEEICS0MB6RE FuACHET: TR Lhi 1 BS THETFRgpenory cell
sem conduedr@h ssvtt1eh iH04a prnrdhensel egted1bbted bnecd 227 s nSyhivehedgen

by neans of the witing voltage fromthe selected bit line 122 and
the gat eV didlddels rBMILRE FPratwage dered dfatiBerpHatfGgarebprres to as

Wi tdng ¥kl ageePlioPh Mlinedn e APRhE&Md Sodiet38l &CtRE SMERBEYY %%h%ﬁ%

transistor 115 on the selected bit line 122 that intersects with
sel ect ed-sddr Br#nsies tpZ0l 1 Agnondithgl §iutal veed dahestlddankmdpPyhcelhereas

transistor %}.Svcﬁtta | gh h{[‘ﬁ] sel e&%@ﬁle‘&ort% 'th%%%%@o?%k? dd1a sghect esy
bit line 1 i ntersect w each er, a voltage difference is
i ncr easethdretineéhnet hefeordd od agatoa-aatleddr word lines) that are the other
remaining cones ameong the plural word lines 102a to 102h.
30 [0015] Further, at this time, in the non-vclatile semiconductor
memory device 100, a low voltage of 0[{V] as a writing voltage can be
applied to a higher order bit line 122 (herein referred to as a selected

bit line) that is the one to which the selected memory cell transistor

115 is connected, whereas a high voltage of 8[V] as awriting prevention
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5 sem conductor substrate by means of the witing gate voltage
applied fromthe selected word line 120. As a result, a quantum
tunneling effect occurs and el ectric charges can be injected into
only the charge accumul ation | ayer of the relevant sel ected nenory

cell transistor 115. Cbnseguently, in the non-volatile sem conduct or
menory Je¥dEeel10an P, armiipct ttrea Jelobet exf deeniptly Léee 1128 Hirgied norefrrged
can be s i.n At t t | l.e electrjc a
accunula?%d£$ﬁfgx¥h§§%%§§%%w%gb&%ﬁﬁzt?%%:ﬁgigﬁetﬁggeg%.w%?%ggﬁ%ﬁ Eﬁ%T
15 PATENTor-AsSEERATERECMOOY 9 L PTirbnsd aparne § &6 Rateerdnregitddopéoriover, in
H10- 144807 SUMVARY OF | NVEth%Mé{eCQ&QC%I PrgbleqbéO[QO%gL Hoyever

t he non- V8T AFTT 80 s¥ri ' Songuet St neﬁ%ry e ig% 1900 tHus §%ruc¥%re§'h8£
had & dranbackwhhett iisnhagpdry it Agn Whdl 00t fiyeevEntico Aonosd lage ctirioim thee
non-sel ected bit line 123 to the, non-se|lected nmenory cell transi r
176 on { HE s EPEREPROIGE FPIEe155T ForectitPad 16 AppI Y % T 4000
vol tage ofonl oMY st M Vcrvhigthel Siddl 0L chbhvdtiddMd thBGed2cted block

prevention voltage of 8[V] applied fromthe non-selected bit Iine

123, in bFder"E§e3di echidoh THE0Pr f SEW cCoHURS GPPIWFE cHP 18%b S¢Geto
the fir Séerﬁ%agegyftﬁ{it%}%gCgllljao_‘énhoiﬂ?& ﬂ%ma@hé'%&n'aaeté%%éz%d g30d

therefore, voltage is I1nevitably increased by that nuch.
Fur tifer , 1irnee flPpst sel ected gate line 108a is connected not 30 only

to the fisst..sem r.sw 04 t.he_ non-sel [
193 but | ST o ReiELy” SIS DaloT oAt SRS 56 RnBLy devBge
bit |ineld@2thbdtirappidrasontintiagswottladésbort hige sehestbe-tenibiy 1éet|

transi st 115, Iﬂ_rqjoreb a high ga evoI.ta_e o; %%#y% wh'chg _set

Lo Do relat iePy i G 0 PYWRTUR 4. 6i°tiie 1 Psb B aRAtEl GO aF Eeh

104b on tthe mePsseteedLdbiki Lihéne2125hd ean betal s -appl Fesh WHNGUEst

change to the first sem conductor switch 104a on the selected bit

i né%izzgelected.gate line 108a, and a writing prevention veltage of 8([V] can
be applied to the non-selected memory cell transistor 116 on the
non-selected bit line 123 that intersects with the selected word line
120. At this time, the second semiconductor switches 1ila, 11lb, 1llc
and 111d are switched off by applying a voltage of 0[V] thereto from

20 the higher order source lines 110a and 110b and by apvplying a voltage
of 0[V] thereto from the second selected gate lines 113a and 113b,
and the lower order source lines 112a, 112b, 112c and 112d can be turned
inte a fleating state.

[0017] Thus, in the non-selected memory cell transistor 116 at which

25 the selected word line 120 and the non-selected bit line 123 intersect
with each other, a voltage difference is reduced between the control
gate and the semiconductor substrate, and as a result, electric charges
cannot be injected into the charge accumulation layer without
occurrence of a gquantum tunneling effect.

30 [0018] Further, at this time, the first semiconductor switch 104a on
the selected bit 1line 122 is switched on by means of the writing voltage
from the selected bit line 122 and the gate voltage from the first
selected gate line 108a, and a writing voltage of C[V] can be applied

to the selected memory cell transistcr 115 on the selected bit line

5



[ 0022] Thus, gate vol tages having the sane voltage value are equally
5 applied to the first sem conductor switch 104a switched into an
on-state on the non-selected bit line 123 and the first sem conductor
switch 104b switched into an on-state on the selected bit [ine 122.

Hence, there has been a drawback that it is difficult to execute a_
f1exi bl el dethphgnteuehchs WiEpdit apyettagureatd Agne dsfectharorgarel woin

vol tagesgjn s%rlg%{:e&%é qg/ggeifet a‘?u!s&@QSrVﬁé’%% Qifaléﬂ‘etr{eeég%&é’ae «J2he

vol t ages, in applying e tric c arges to a selected nenory
transi st bine [10028}d Hércepledtiezpbesehing Avéntnmrshas @mﬂn1aaadeother, a

con5|derat on of e_above, and is intended t ropo nan-vol.atile
seni cond(¢ tagenéﬁ%?yr%3§?@§ r%F&Sye%o??ggfni%hgccgnﬁ tatis QC'elef:jttrt:n

char ges saiirchhuatselseetedat@my yeoed bft fransi st g qanebeglftulgter‘@rplled

reduced and c be.nmore flexibly set |n conmparison with a
Convent | DHt ‘S PEAECISH SEEONLHAF Prthi i FOGSAFLT0 S Gipethfetunneling

af or enent # enado@r okl &M e@é@ﬁﬂclc@érgel&.eca}f BS QR e2fed INENLLHOD thel MH:ege
to a non-vol atile sem conductor nenory device that includes: a

pl ural i t3°SFHBEBPY kBIAT 06| B WEVARS $Rlsmtedhrenehacgdl transistor
accunul af{ng M%é@eﬂf’en@ﬁy? frh%%enmltﬂé @en%%ﬁ@ﬂéﬁ&” m\éﬁlb&é‘gfevhée

applied; and a plurality of nmenory cell transistors having a
N- chidhnel CQy palst tluetaalecand mrsqms@élit ntnaansowtandlbfolqanmbﬁawn xXcoweh

respect 21‘? t%a&?ﬁvxﬁ.‘ negil éEé’t H“?g‘)é]}/ec%?: %rg{ggeﬁélar&%m@!ﬂg??d into

plurality causes a Se menor
tranS|sttMe|dhambe @¢¢umuhatyooflmgmmmyecebf.tranS|stors to accunul ate
el ectric charges
CITATION LIST
15 PATENT LITERATURE

(0019] PTLl: Japanese Patent Laid—open No. H10-144807

SUMMARY OF INVENTION
Technical Problem
20 [0020] However, the non-volatile semiconductor memory device 100 thus
structured has had a drawbkack that in applying writing prevention
voltage from the non-selected bit line 123 to the non-selected memory
cell transistor 116 on the selected word line 120, it is reguired to
apply a gate voltage of roughly 10{V], which is higher than a writing
25 prevention voltage of 8[V] applied from the non-selected bit line 123,
in order to switch on the first semiconductor switch 104b due to the
first semiconductor switch 104 formed by an NMOS transistor, and
therefore, voltage is inevitably increased by that much.
[0021] Further, the first selected gate line 108a is connected not
30 only to the first semiconductor switch 104b on the non-selected bit
line 123 but also to the first semiconductor switch 104a on the selected
bit line 122 that applies writing voltage to the selected memory cell
transistor 115. Therefore, a high gate voltage of 10[V], which is set

to be relatively high for switching on the first semiconductor switch
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based on a voltage difference between the charge accunul ati ng vol t age
and a voltage to be applied to the word Iines. The non-volatile 30
sem conduct or nenory device conprises: a plurality of first

sem conductor switches formed by PMOS transistors, the first

sem conduct or swi tches being provided for the respective nenory cell
col utm w84h@s; thadnensicdeabed yo6f ldeeohtf s @@nc bR duET0EPBM 8¢ HEd-hout

formed by, %cﬁEﬂ@sflscts%r§em£é&%d§8€9f“§r«?€&‘l GaRduCt Ore SWh L b @'ﬂge

provi ded e respective nenory cell colum w rings, ereln,

a non-sel&tted nmenory cell colum wiring in which only non-sel ect ed
menory c 4 r SIStOI‘ ex or t he .sel ect ed ran5|stor re
di sposed% Zn% fIvst ge gg‘ri]ggg?or W'Y HES A% Ron gﬁ?% qugﬁl

swi t chedagsl il reanseoffiastki rssm@carﬁcmc\t@h:t age-andita a@mlt;chrehe mhar ge

accunmul atin reven i on vol t he non-sel ct ed _menory cell
Franel st O hatE: Eagne Hpns Sl POt a gty e PP dgItuRr S PERGC TR R PEn

the sel eghatHTRODE YsuEelchelil A0S %hodsn4§ta¢lesﬁﬁ)$@@ skhecsRC oA 1ine 122
sem conductor switches are configured to be switched on b%/ means of
P

10 a secHRFgateeys| 1afgPgRda 1 aFPCy Errt diar§edaEkifitaF P e sFdIteage
to the sglectad NERAREY, Cels,hcﬂarggsgéﬁgfatéq’\/%%ggeyﬁg Eﬁégﬁa&l% gate

I nvention [0025] Accordl ng to the present “i nvention,” when
sel el&x edvoreramey 15 ocdbt tor apdia @hm@lc,tagsechmgsa@ﬁmhalr@tsa@eéteﬁ gBge

char ges. yBR! HOMING T LSLeeln spnuel of . Lebes,appl y g s,

charge accumil af i tion vo € non-se
cel | trah@@ﬁ]orIsendehetheqmmbmmnm@;mhohaswaemhmad@rm pmmdj:e:dituhat

are forne it pol arity. si.te to that of the fjrst .
semi con ttgn? vech%réc{ 3&&%%%8(261 to propose a non volaélfe semiconductor
memory device whereby voltage in accumulating electric charges into

15 a selected memory cell transistor can be further reduced and can be

nore flexibly set in comparison with a conventicnal device.

Soluticn to Preoblem
[0024] To sclve the afcrementioned problem, claim 1 of the present
20 invention relates to a nen-volatile semiconductcr memory device that
includes: a plurality of memory cell column wirings to which a charge
accumulating voltage or a charge accumulating prevention voltage is
applied; and a plurality of memory cell transistors having an N-channel
type structure and disposed in a row and column matrix with respect
25 to the plurality of memory cell column wirings and a plurality of word
lines, and that causes a selected memory cell transistor in the
plurality of memory cell transistors to accumulate electric charges
based on a voltage difference between the charge accumulating voltage
and a voltage to be applied to the word lines. The non-volatile
3¢ semiconductor memory device comprises: a plurality of first
semiconductor switches formed by PMOS transistors, the first
semiconductor switches being provided for the respective memory cell
column wirings; and a plurality cf second semiconductor switches formed

by NMOS transistors, the second semiconductor switches being provided
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20 the second sem conductor switches are configured to be switched on
by neans of the second gate voltage and to apply the charge

accunul ating voltage to the selected nenory cell transistor.
Accordingly, it is possible to separately set the first gate voltage
switching on the first sem conductor switches and the second gate

vol t age gw t Ehe nge2Beohl tshemgrihdcskbhi cohdwet Hitrsnd e .c hekeretimys, i t a
L5 aP0sSI B JQLIRLE ALEIPILD CLo K 30%h0. B UMY BLECIicEcca
charges 1nto the selected menory cell transistor in comparison W th a
convent i osmadrydewli T & rah UG r sFerddrer foatcbeorsdilegted reherpresent stor are

i nvention, faor ,nstance he first te vol e for switching on the
et SomsEsader oF St FEhosest S rRE SBEbRE s vortagunre, to' BE
SW t chi ngwidtHehieos egondase mfcantiiicitogasaivictiage canl be AHY sepahatrgky
reduced to have | ow voltage val ues capable of switching on the first

seni condifct B IE i P hBESHHth the VSEE8AR SEitEENAGEE BF L S HET Wt REGL

bei ng consdiAisheds Wheeagh, AnNelse1bbtéd rehBE§RL 10081 e L0 dedh R ian
vol tage difference between a substrate and a gate in each first

sem condtk? ofesafFteh grENargwiccdhedtbinsdrars arfd chaposet eathe secsrad
sem Condé&ﬁi@’ona‘ﬁ'l:\t::gf' SQJit@hég\‘ atrc‘e|1%gh9f'g1i§1t&$ €o ﬂ-@%’itfzﬁeé %nala?%%eans of

possible to further relax electric fields to be applied to

respéct i ¥sggane gaselatlitagef ahdrs-d arponpard soaree tdcuilebhvealdagk
device. [0Q27] _Yet further, a rdin he present invention, the
PMOS tra]lfl%?cs%ie]orsg?é?%e%tﬁnﬁﬁogﬁ (gtegl ﬁcé:agiség%érs'em conductor sw tches,
while the NMOS transistors are applied as the second sem conduct or

swi tches, Therefore, e first_gate.voltage for switching on the PMOS
transi st'ofe gESHSbFeg%fﬁﬁrggsgg’qn&\?ﬁP than the charge accunul ating

preventi pgu2al t ageiEavgng anheebaddevel ynhargh ovolirage tNalsee eclbdl Snemory
vol tage in accunmul ating electric charges into the sel ected nenor

cel 113 r ol s tERNEEH Pelf (RAREF TRaGEWHR S ﬁé%cmchﬁr%%ﬁma%%%%mm

with a conventisenabndeyi&fcor switches applying the charge accumulating
prevention voltage To the non-selected memory cell transistors, the
second semiconductor switches are provided that are formed with a
polarity opposite to that of the first semiconductor switches, and
20 the second semiconductor switches are configured to be switched on
by means of the second gate voltage and to apply the charge accumulating
voltage to the selected memory cell transistor. Accordingly, it is
pessible to separately set the first gate voltage switching on the
first semiconductor switches and the second gate voltage switching
25 on the second semiconductor switches. Thus, it is possible to more
flexibly set voltage in accumulatingelectric charges into the selected
memory cell transistor in comparison with a conventional device,
[0026] Further, according to the present invention, for instance, the
first gate voltage for switching on the first semiconductor switches
30 and the second gate voltage for switching on the second semiconductor
switches can be also separately reduced to have low voltage values
capable of switching on the first semiconductor switches and the second
semiconductor switches without being constrained by each other. It

is thereby possible to reduce a voltage difference between a substrate
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15 BRI EF DESCRI PTI ON OF THE DRAW NGS [0028] FIG 1 is a circuit

di agram show ng a circuit configuration of a non-volatile

sem conduct or device according to a first enbodi nent. FIG 2 is
a circuit diagram showi ng voltage values in the respective positions
in a data witing action of the non-volatile sem conductor 20 nenory
devi ce atrbrdials tio eweh ffilrst savgeandenior switclpof a Fvidchedron gitate

di agram $0oy,0g j%é?'teg@ﬂese‘é%'rutieéeﬂ‘%o%ﬂﬁcﬁgé %‘gﬁtcit:P{ eofpgsé'&iit%gédi—é‘n adata

readi ng action o e non-vol ati'le sem conductor nenory devi ce.
FIG 4 iBhws,cit caidlsdiragsabl stioviurgheolredge elakbtesc fheideto bepgetiive

25 positjions,. in_a _data. erasi action of t non:vol atile. .

son condticr SPeneasPohb cetY 3RELPR Mo | T HD EBher Sinomm it Ag
vol t age y@lwesibnal hewiespecti ve positions in a witing action
accordin a fi rilit exenplary nmpdificatjon. 30FIG, 6 is, a circuit

t
di agr am E@ﬂ%%/i}ngY%t WERE cBRFIGUNSt iF8n “8F BECTHrenVBRRj0n, the PEMOS
noN- Vol a¢ i@ 13@BT 5 ONEIGHR! BN Y-rdeyi 68 REFERENGE S GNSteAST, [£029]

1, 25 Non-volatile sem conductor nenory device 2a, 2b Menory cell

col utm wiis N§eDaranplis s axe RS 9 ah $18S6GCoPH iSest cerfH HoRdIEtehes -

swi tch) Therefore, the first gate voltage for switching on the PMOS transistors
10 canbe suppressed lower than the charge accumulating prevention voltage
having a relatively high voltage value. Thus, voltage in accumulating
electric charges into the selected memory cell transistor can be

further reduced by that much in comparison with a conventional device.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0028] FIG. 1 is a circuit diagram showing a circuit configuration
of anon-volatile semiconductor device according toa first embodiment.

FIG. 2 is a circuit diagram showing voltage values in the respective
positions in a data writing action of the non-volatile semiconductor

20 memory device according to the first embodiment.

FIG. 3 is acircuit diagram showing voltage values in the respective
positions in a data reading action of the non-volatile semiconductor
memory device.

FIG. 4is acircuit diagram showing voltage values in the respective

25 positions in a data erasing action of the non-vclatile semiconductor
memory device.

FIG. 5is acircuit diagram showing voltage values in the respective
positions in a writing action according to a first exemplary
modification.

30 FIG. 6 is a circuit diagram showing & circuit configuration of a

conventicnal non-volatile semiconducter memory device.

REFERENCE SIGNS LIST

[0029] 1, 25 Non-volatile semiconductor memory device
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15a, 15b, 15c¢, 15d NMOS transi stor (second sem conductor switch) 18a
Sel ected nenory cell colum wiring 5 18b Non-sel ected nenory cell
colum wiring 102a to 102hwbrd |ine 103 Menory cell transistor 115
Sel ected nenory cell transistor 116 Non-sel ected nenory cell

transi stor 10 DESCRI PTI ON OF THE EMBODI MENTS [ 0030] Exenpl ary

enmbodi mef.s 25f MeROqyr €sehtcolnmenviibhiodi | | be hereinafter explained in

det ai | h g ef gren i Py 311 . i bl;qte | ment
15(1-1) n’tigrbé ghu%fuébﬁeb%;&ﬁg%?%\% a’ts(ifllgergge#r%l(gr%&g%%% m)(rag5 Devi ce
In FIG 1I5shdwb, M id, tlel $@0e rtedrerience ssgumsdassingoedivatocosporerit s
correspog?i %% tottcgose in Fl 6,l anon:- vol atil e sem conduct or nenory
devi ce acbraifig-td THE B 83ent I HUBNT1OR'S s i ndi cated by a reference
signsl, BW Mnpkdlédtidy mefopprnadlyl eelhmeokiuingw ri ngs 2a and 2b and
20 a plurality of . word_ lines 102a to 102h are provided, while

pl ural i t4P<% tﬁeiﬂ?? celf?rd ldfsi stors 103 are di sposed in a row and

col um madd mgn-§ hed1aspestisio-dhe nenory cell colum wrings 2a and
2b and the word lines 102a to 102h. The two nenory cell colum

wi rings P &fdeobehardionyhesel ténsadecst ructure. Therefore, for the
sake of ﬂ(é)lNgHagQIé/cltl%% GeRYANi &nGe . -one Of,,t he menory cell wirings,

i.e., the nenory ce wring 2a 1s focused whil e explanation of the
ot hélO menory cell wiring 2b will be omtted. [0032] Actually, the

mermory CElderiohyaR G Hi9radob e by a bit

[C030] Exemplary embodiments of the present invention will be
hereinafter explained in detail with reference to the drawings.
[CO31] (1) First Embodiment
15 (1-1) Entire Structure of Non-volatile Semiconductor Memory Device
In FIG. 1 shown with the same reference signs assigned to components
corresponding to those in FIG. 6, a non-volatile semiconductor memory
device according to the present invention is indicated by a reference
sign 1, and a plurality of memory cell column wirings Za and 2b and
20 a plurality of word lines 102a to 102h are provided, while plurality
of memory cell transistors 103 are disposed in a row and column matrix
with respect to the memory cell column wirings 2a and 2b and the word
lines 102a to 162h. The two memory cell column wirings 2a and 2b herein
have the same structure. Therefore, for the sake of explanatory
25 convenlence, cne of the memory cell wirings, i.e., the memory cell
wiring 2a is focused while explanation of the other memory cell wiring
2b will be omitted.
[0032] Actually, the memory cell column wiring 2a is formed by a bit
line 4a and a source line 5a, and has a structure that the plural memory
30 cell transistors 103 are disposed in parallel to each other between
the bit lire 4a and the source line 5a. In the exemplary embodiment,
the bit line 4a is formed by a higher order bit line 7a and two lower
order bit lines 8z and 8c. The higher order bit line 7a is provided

with a plurality of PMOS transistors 9a and 2c¢, while the single lower
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line 4a and a source line 5a, and has a structure that the plural
menory 30 cell transistors 103 are disposed in parallel to each other
between the bit line 4a and the source line 5a. In the exenplary
enbodi ment, the bit line 4a is forned by a higher order bit line 7a
and two | ower order bit lines 8a and Sc. The higher order bit line 7a
i s proviederiweih b?@ﬁtﬁﬂalﬁ?yl%fcqwmgstﬁﬁa?ﬁnﬁﬁpbrBM@ﬁiQﬁ@@sgétoﬂwﬁQre9ﬂhe

single | SR Ofgesrhfagllés%é :}f\oté&a%oaﬁgt 1% %9@”?“ QQmEQaﬁgFQHP%her bit

transi stor 9a, 9c be noted 'that in
sim |l arlyiren 4anoet1 Heirghlgirt ot digre b4l lanehr“@hers wradededi vith mepTlbrdalsity of

d I I Ll e
Cingl e 1o Cefali e phapt Culie ik aBRtotten M B R o

trang st&d i9honddcasd aofdacst Pt camlisaioarckswed eb.a TII]DSI; semctcheiuctor
non-vol ati| e senlconduc g nmenory device 1, %ﬁhe two hi ordei b
lines 7858 7b HIE ptoviadr e anI%FFIPI’F UGLGRETS éIe i 14 hag
8a, 8b, 8 aNgh8d, onthir Bif MBI YabiRCkblte phORiddQGyithOdot sl forraRad
for each lower order bit line 8a, 8b, Sc, 8d. 10 The four nenory

bl ocks 1HReT1OBAT G takd ne0dS2 £ GHvedcf 87 tife FBSPRA PEOF Buow] 38R
bi t 1inegyBagg8b,; Bc;andRdg M%b@hﬁ%%rt@ﬁe%ﬁﬁ?tsﬂ rnlécéé” 8b, 8c, 8d.

Therefore f or fhe sake of explanatory conveni ence, one of the menory
bl oclks, Theefcgux memaeybdpchd dOR, 10, i o aedided, afr@dmetstrﬂoami@dremdteve

explanat 0 3 I

om tted. L%Eﬂi%ﬁ%%fbfﬁﬁ?ﬁggggéxgﬁﬁﬁgg %%ﬁéF%%%hgggféqgfﬁgéégé%§ﬁ$ Uetor
menory dBvéneéoieo fdrhEhe]@rakeoiﬂe@earEemr@/mmnenmy adevheenehory

accor di the resent inventi.on char terized in tha

Tl SLIEkS UL - Ehve RRE=REnci Gy 10805 GhoTBed aatlt GaPAP IS oNieg
as the fégpsltaneembﬁ@rfdﬂet @trhes_«/mérﬁdle;sbneimemm t e Bh@hes walder diitt tkedne

7a and 7b 20 and the | ower order bit lines 8a, 8b, 8c¢c and 8d. For
exanpl e, | YH¥ Ipvet Jt]ieaﬁéIesF&Pvg%tjo??atlhél%ﬁﬁjri‘/“blieocﬁ?“%a“?‘éc%%6@6‘968

at the SMJ.Q:% t by ek AR abi 0henbdttudtidr hémery/BeWhid @ heididiing
connected at the drain thereof to the | ower order bit |ine 8a, and is

al so confeEhedraserhényatelarhey 6BRra¢exippish Walte crEdNYT Braisistonga
ext ended, i tkaepmwtzéng'ié@&e Q8. dktheokifst 9aeIfectpe9v9@é@ alsl B8 Jf%et

is connected to the PMOS transistors 9a and 9b that are respectively
mount ed memitdeedaehor \swiltebks doaveand thobhkdhisgneddar dnig: tlheer dwvand 7b

di reqdiond @Bé H%wggpoexrde@g&tt 1%995”%]5 K ”58c %InBree et %J_“eg%q%%gt €he PMOS

vol tage can be ‘con e equal fromt
single fwaetsasebe@taecdn tat eeinon;eblﬂ&alOa is connected at the source thereof

tc the higher order bit line 7a while being connected at the drain
thereof toc the lower order bit line 8z, and is also connected at the
gate thereof to a first selected gate line 108a extended in the row
25 direction. The first selected gate line 108a is connected to the PMOS
transistors 9a and 9b that are respectively mounted on the memory blocks
10a and i0b aligned along the row direction in the upper part.
[0035] Thus, a predetermined gate voltage can be configured to be
equally applied from the shared, single first selected gate line 108a
30 to the two PMOS transistors 9a and 9b mounted on the different memory
blocks 10a and 10b in the upper part. Further, similarly also in two
memory blocks 10c and 10d aligned aleng the row direction in the lower
part, a single first selected gate line 108b is connected to the two

PMOS transistors 9c and 9d, and a predetermined gate voltage can be
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30 to the two PMOS transistors 9a and 9b nounted on the different
menory bl ocks 10a and 10b in the upper part. Further, simlarly also
in two nenory bl ocks 10c and 10d aligned along the row direction in
the lower part, a single first selected gate Iine 108b is connected
to the two PMOS transistors 9¢c and 9d, and a predeterm ned gate

vol t age eafiseiredont ifuradat by Berdgedlty thpptvedMPs thnsiwsoPyMis: and
transi st : shar fi e gate |line 108b.
[ 0036] Cgé ts%se%%o'?ﬂgrgﬁaa]{l%gnlk%pgﬁeg%fg%ﬁaéééér%%i ffr%n , the source

| i ne 5a f@F3AIngOa tpardthet Hame, nienone egethpl o entrodimenng tBa sosirterlied
by 5 a hi r_order sourc ine 12a and.iwo .l ower . order, source |ines
Tha’ and TACOTFREIN G G dbPe SFRY Frhe Sa b G dad i roried By
plurd ity rafghNVOSrdemrsiustorsirkbazanthd 56e Whide ot-ber sdoiglce Lover 13a
order source_line 13a, 13c is connected to each NMOS transi stor 15a,
15c. [00%3 1PE- sHEGI BETTREST IHHCS hne &2 15 BESVireR “ahbentuddi-¢de
line 10 obmv@shi ey 2bder1 0HhGE 9d, NN 2D the PrMicdedyad bhdadr source
plurality of NMOS transistors 15b and 15d, while a single |ower order
source | ¥ 138, 13@ i3 copnrpeee@da g2eRcHIMNMISapFansIstior, 158¢- 15d as
a_secondy &erm CoRIURLALa S ot kRt N PXCR Aty eibadbiRDl ook 1ipe
menory cell colum wiring 2a 1s disposed so that the higher order bit
| i nel07a, SK5 a heghewerramrdepubie linse 18k, 1% roviighérwigrider psewa iy iofie
12a and I [.order ur.c iLne.13a are_all .extend in the ..
o um ST ¢ R RE A ishat § s ho BNE "S55 BeRuddnen
t he row Uty.edtddonsi adrereseet wh tdadrheMbE gheansdrsder bid, llisneaday ddvend
| ower order, bit line 8a, the higher order source.line 12a and the

| ower or B SBIPEECT ist’f“eltfgma{;‘ ?gﬁﬁje PEY THREOER"t rAiTsMETOTY £54)
di sposedcaisuntrh@i8e6@NTh SENHEOPSRIGE @b SWat Chhebetween dhwrrhbgberiry dar
source line_12a and the | ower order source line 13a, is connected at
t he Sburte® tREFESIEE Phe lﬂpah%’rf bPadr 9868 r TEGN HEITFa LIAE Ilé-'ab%ril%&he

connect eth,alr bhgeArRhuRceS {len 89fat0at hedrenaEq onfehe SQUUNGE 4iNe 138,
and is al so connected at the gate thereof to a second sel ected gate

line 113 ieha Epeleduiral tieadr binedi @41 ion.02PhextsmdeAdln éhe croedd eacd-1on
line 113g, é:s%%@%@féé?‘éhé itAe - NR A E‘E'S_Uiﬁtiofa’s, %gé‘ 20l - 198t ¢ ange

respectively nounted on t menory bl ocks 10a ‘a 10b al i gned al ong
t he row &k r ¢oeiloighar phéeupparcparine 30a [H0Be Thusr arguredetersrilned

gat Ovolfgage can be configured to be equally applied fromthe shared,

si ngl'esecondsel ect edgatelinell3a to the two NMOS transi stors 15a and
15b nount®mBsgn Hdwse,di ther @mos memanyibtackssdQadasbdoddib an tthe uppend

art. Further, simlarl, | so on the t nenory bl ocks _10c and 10d
P tned SrenanElE it B ERsRor el S rids Spates af pE P adtnge

sel ect edi @gad:e driBe dddhrd sigennect ad tonhyvxMNVED transiuster shdbw rand
15d, and a predeterm ned gate voltage can be configured to be equally

appl i ed thp thﬁghpwmsppa%ilsip@rg 350 idRdPaBY FPBRFERY Shaklky drain
secoyl sghacdgdegatie hbner bl3Rr source line 13a, and is also connected at

the gate thereof to a second selected gate line 113a extended in the
row direction. The second selected gate line 113a is connected to the
NMOS transistors 15a and 15b that are respectively mounted on the memory
blocks 10a and 10b aligned along the row direction in the upper part.
30 [0039] Trus, a predetermined gate voltage can be configured to be
equally applied from the shared, single second selected gate line 113a
to the two NMOS transistors 15a and 15k mounted on the different memory
blocks 10a and 10b in the upper part. Further, similarly also on the

two memory blocks i0c and 10d aligned along the row direction in the
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5 [0040] The nenory cell transistors 103, provi ded between the bit
line 4a and the source line 5a, are N-channel nenory cell transistor
formed with an NMOS structure. Each nenory cell transistor 103 is
connected at one term nal thereof to the |ower order bit |line 8a

whi | e being connected at the other term nal thereof to the | ower
order sobewsr PRl 10 silaleatrfans faledicd gehaekinedladb tih?ecgatl@cted to
t her eof t ne I
remory cort VPRSP ERE s e A are o Prerar e rar s Daisarte
regi on |sard|®posnﬂl<j)mwew l@m@thethy mq;iplalad tdhehet hes Nl\@lSrrtnahSmtoas

i er | aybre (Ut ba AJer CARE A CORPFDI 98 JaP oot s SeRubhiral |y

| am rat edog4ulouthe achtinnekll nsuhat $105rd ay®) pesvidel shanrnel tiept oMine
Thus, the menory cell transistors 103 can_be confi q‘ured to accunul at.e

electric %ﬁ&?d’&e PR S hENTRAr G& St AL i I Yy Lof T 4L | fgmed

el ectri cychabgamARCSHIH LR YD hdieGhas OF taaryME AL | 08 ilsay&indd¥eq
means of voltage to be applied to the channel 20 region and the

control Yat®e teoritaliidersnl vt dthel dovehi euiedubibrlinemSayvwidels deing
thus strugtueddi s eARRRNE: Afermithl i AA. U8k 3 DU AEOHILLILLAGAGLECUT LE
charges into only the charge accunulation |ayer o esired one o

t he Jfenoi3e.celhd tsansitdeorsort@®tebr sugiheagdae aharetf nigp,adbomstance,
readi ng ta wWitt 5 i redeterm Qne o el |
{rans ot o PoBB B s e B EEFHE e b S By T s FE kS 103
char ges hawmthbesankas genataentt#t amhdnamer&gﬁonsm hlispo®Ed beekben one
transi stors 1(%3 Expl anat on will her ei nafter seque‘%}l al | é made
for a dat&Wrdi A &t 8F| “a t&éf“én? &t AgSHRYTBINUGhT & PEEa3EF adiig?

action ifife foAmekaibh @238 S 60BELICEON i iRIMALY ofleu € add a[&d2b:
It should be noted that in the non-volatile sem conductor nenory

devilde 193t AFAI TRHEHTERLL EXERPIATSA ShBBUTHEnEURTe Y RBSptaddent Laver on

i nventi ophe @1 Websign stahe, iendeldmed tor1beanstiaterd M3 can be
el ectric charges are accunul at ed into the charge accunul ation | ayer

of a preddticigrade arergflathelaehbiycheardes taistle chardodcawnldgdtian
is config de%ﬂnto : r%E §£~‘ Ve L LACHL Ge %hfcﬁJm%%OEég £hal 983 charge

accumul at e e accunmul atr1o wever, the prese

i nvent i opcdwsuietibn rﬂlau@@t bm ruemra oénwbhbageheo nenappl &td It@ the channel
semﬁ)ndugt or angmé];{e devi, the data witten state nay be

def ified To° 0 & stateﬁqn tr no r%ectric charge is accunulated into the
char ge atoaanil aThlas)nohaxytﬂratdfleaaenﬁedﬁdmﬂﬁmeﬁadr@edmﬁicbhetmjyumlrbd
transistors 103 and data.may, be conf ured.to

b :
accumul at¥ iGPePECPEi é“’r&ﬁéP%é’é‘tF‘rﬁYoa? ”clr?&rlag E‘ﬁ@&ﬁﬁh‘F &PPB%/F? agep only

10[ 0043] tKe -ahargat ac&iﬁmaldtgoAculpék id¥ Nomrewolad i deSer enndustdry cell
Menory Devi ce FIG 2, shown with the sane reference signs

assi gned ¥ T rpoRettS TEEPFES FoRarfg i 1PHo3e iR/ Fressiing gale grritten

I ndi gat es, Kol LRQR YAEHES ohB JNEnd REREEY I0LE1 RTINS 8RS Of 08 N@nd Further
non-vol atil e sem conductor nenory
erasing data by extracting electric charges Zfrom the <charge

accumulation layers cf such memory cell transistors 103. Explanation

will be hereinafter sequentially made for a data writing action, a

data reading action and a data erasing action in the non-volatile
30 semiconductor memory device 1.

[0042] It should be noted that in the non-volatile semiconductor

menmory device 1 according to the exemplary embodiment of the present

invention, a data written state is defined to be a state that electric

charges are accumulated into the charge accumulation layer of a
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15 device 1, where the nenory block 10a is set as a sel ected bl ock
117; the nenory cell transistor 103 disposed in the first row of the
sel ected block 117 is set as a selected nenory cell transistor 115;
and all the other nmenory blocks 10b, 10c and 10d are set as

non-sel ected bl ocks 118. 20[0094] Actually, in the non-volatile

sem condiacHteRanDey e ide the pRECHHr @l nNerangatephnett eadldt slathelis

gate of fhe; E%&(t}%a JEMDLYS 6 'e'xtﬁ:é S1SERL fe:i'%gt‘tf 88lr BEiS SQ

word |ine 12 witing atev tage o can e applie
t he sel evtted th@rdﬁdngfaeaigﬂnullamwhelayam t hevawr vohatddesent 1nventlon

sem conduct QL evice 1 witin oyl nt.i_on 25 te vol t age
of 4[ V] tedst Jf?;m er Y ll‘tsl'lgarbcgtlre1 1f/}%)ei { gevcglan lt%e %Fm]lco UE5CT ﬁﬂemgr
r emaisni nieviar- el eod e;tht\aomdlttmessth% ﬁxﬁem dfeﬁlinédﬂ&:cﬁbbestﬁdaﬁmrtﬂat

line 120 in_the selected block 117 b RSA Further at this ti

the non-VOIFAEFFES E%ﬁdﬁcf“d?wﬂéw?&? B2 £hag o3 1YL b Ea é‘YSF
O[V] (chafge p@@@éﬂwr@ﬂe@g o380 &plttr@g@)embﬁy apphi edat®i dtheshi ghemoudes
source line 12a of a mem)rg colum wiring 18a, i.e., the nenory

cel | colT#h PRI FITHG TREAMT T et?r’"ea%'?‘é’{ %%t%%%?%%@ﬁ?ﬁ?%@%%ﬁs ipko
i s di spoged &Q%glggg&ﬂlart%gqﬁ%rt o0 as a selected nenory cell colum

wiring), while a voltage of O[V] can be also applied to the higher
or dei0 bi t0043ie Virf Datvelr Selngchad omeimoiign vl tni ¢ Bagld@ulucAnd Memory
further in .the non-volatile sem conductor menmory device 1, a voltage
of 8[V] |s applled to the higher order source line 12b of a nenory
cel | col um BaGr ingsiddin witle thetdameneni@mrgnceldignel asaigned itegecdmpontzine b

only the hon- sel gct e(;lE #gckes .5 %ﬁ% e dd sposed C( t&erel fter ?/if eSrred

to as a ROTSEPEELEY YRedrs” d&i Wht 1€ 4 \?Fu‘f‘f j‘gﬁr‘é it OH

vol tage tHe 8fe¥petehas gsoziadunsl af i fige p’fcﬁﬁ#&ﬂlb@ﬂle\/@ehagehd@@tfbrbeaemory

appl | ed tgvfcgelhlwq'gerl;a glrlgerr{’emory block 10a is set as a selected block 117;
the memory cell transistor 103 disposed in the first row of the selected
block 117 is set as @ selected memory cell transistor 115; and all
the other memory blocks 10b, 10c and 10d are set as non-selected blocks
118,

20 [0044] Actually, in the non-volatile semiconductor memory device 1,
the word line 102a connected to the gate of the selected memory cell
transistor 115 is set as a selected word line 120, and a writing gate
voltage of 12[V] canbe applied to the selected word line 120. Further,
in the non-veolatile semiconductor memory device 1, a writing prevention

25 gate voltage of 4[V] less than the writing gate voltage can ke applied
te the remaining non-selected word lines 121 except for the selected
word line 120 in the selected block 117.

[0045] Further, at this time, in the non-volatile semiconductor
memory device 1, a writing voltage of 0[V] {charge accumulating

36 voltage) is applied to the higher order source line 128 of a memory
cell column wiring 18a, i.e., the memory cell column wiring in which
the selected memory cell transistor 115 is disposed (hereinafter

referred to as a selected memory cell column wiring), while a voltage

of 0[V] can be also applied tc the higher order bit line 7a of the

14



bit line 7b of the non-selected nmenory cell colum wiring 18b. [0046]
In addition to this, in the non-volatile sem conductor nenory 10
device 1, a P-side gate voltage of O[V] (first gate voltage) can be
configured to be applied to the first selected gate |ine 108a shared
with the selected block 117 in the same row (hereinafter referred to
as a sel &htxdep sercrvvgell adeondi Hepy, ArA Ewetinon-iseltbet eagnignmityLe
cel | col ugn wiKi,ng,180, eqPME, tir agsy, Oa .t i AW 0Lt

15 preventi on Vo tg%ge 5{}0’1—5}[ 'S ble'i %g (zipp g|ee§ff ?([)\\/n\ftl}%gahpg#egr ngr gg?
bit |inehtHErerherdsw schece dnne [12047] aTim®ryi eeltlheohem: wot g L8b, i.e.,
sem conduct or _nenory. .device 1.. with. the.P transistor 9b in e
on- sel ebtedeRERdro der iGr Sirthbriha Bl Dehg e Eired srd Hgeks
witisng prevert Hospyodd agereindftdr eafebseR2@ocappl & atbri-beoaghed henBWMIS
transistor. 9b tq the lower order bit line 8b of the non-se|ecte
menory ceftt CHITARA) wi Fithtf 13611t @fs BEEY gVt Wohﬁégge?jéﬁ ed mﬁcﬁ?"&rge
line 1203cAmi1Bics$nd ig@venBibhedieaysel et ed mmiay €6ldnCal ey WrbkRg
18b, the NMOS transistor 15b is svmgtched off while a voltage of 8[V]

i s appl i'ekF tHéfel® ¥ oSt REPNPYIRSTT6r BEFCORbHECE FPHERYTI2BY akitb-a
vol tage pfodH)V] 1 $aapRibdotharet &, LhoMdheosecondssel &sled gatlabipe
113a, and the potential of the lower order source line 13b wll be

t he anedeisiachat afP-tstide| ones vodtese ift OllVhe(Blxrst] 09u8|voAteot Hiawgl e

as to a -.sel ect Vi _Ce rapsi r i.e. .the oy,
cell tr a%@%s%glrr ggt&\?\ﬁf@g%]‘r%%s]é{) et(t: eeg%\%ér %ell%%geﬁgs%gol lanr?dlgﬁae Sl%\ﬁ%?
order biwidh nee8ikrlgfctelebhmrk 32V gt ede nemer yow elhle re bhahre wice fexgrelBbo
intersect with each other, the witing.prevention voltage of 8 i
wop! | od $D°GRESEeFRPRATERE} vof CPRF U, hi: PUEBOFT SHECLEOeBE Y Foty
the hi ghesiwmnderitint luisee ZheofpMbbe thens selact®d M ncelde GalitiRg
w ring 18b, although the hij gh ga,te vol tage_of 12[V] .is applied to.
t he Tgat PEIHEEIP DM IORLS BILEE 'SP Tord 2PP RS 26°M gy R Yieg, oFder bit

vol t age difd emenge iwpideduced. between the control gate and the
channel region, and electric charges cannot be injected into the
char ge at®Miil athsn Layée oot Réel EhaRerordyiteor MRdToudebccul r @REd

of a 5 quantuastunielikegy & e6tend QQéSAe%faﬁ%d 6 HME 1 ransistan-199

is used as the first sem conductor switch in the present 1nvention.
Ther ef orE3b baiingeswi tcase @f, Gbe ngriddniNISengnsh staditagehef BVDB can be

trangj st C swihtc even the. P-sj de gat t.a f
O VIZD wee g PR R RGP o b el U OB P ST o
be appl i 8dof a:Heheorseleet e araoty foed in ddiemhivghengardtei nfEAs el heg whth

is appliegd fromthe first. selecte te |ine 108a. Thus, .in_the

non- vl 51 G LBRT D NAEO U Cmbatr y Al TSt HTE b TSRO Gro e ROy
transi st es1198casma wswi hgh sbor trapRMYS REahbes ¥+ 1 EPG PERVEIHIDOBE ¥ aitiage
to the lower order bit line 8b of the non-selected 15 nenory cell_
col um wt l”ioﬁﬁa‘i%@fi fter %%@tpipﬁ@ewtthﬁrﬁﬁ% fTemeldtce dl Wi ™d OF ¥ Se2HC¢ tiABe

P-sigde gpdie aueld 38ecie 3V ENiBGLRN ithecRMEB ot FARS kL WecBRdCRAN Reed
reduced than the witing prevention voltage and the voltage of the

entire deicélpanl e, cendityer eate-isd eedicedonsr cader mmce busof3b
Further, 2t i $nll e 188 £RE: NON-1Q! aLLd £ SRILCENAUCLQN gp.

(0048] Accordingly, as to a non-selected memory cell transistor 1l6,
i.e., the memory cell transistor at which the selected word line 120
30 and the lower order bit line 8b of the non-selected memory cell column
wiring 18b intersect with each other, the writing preventicn voltage
of 8[V] is applied to one terminal thereof through the PMOS transistor
9 from the higher order bit line 7b of the non-selected memcry cell

column wiring 18b, although the high gate voltage of 12[V] is applied
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20 nenory device 1, with the application of the voltage of 8[V] as an
N-side gate voltage (second gate voltage) to the second sel ected gate
line 113a shared in the selected block row, the N-side gate voltage
can be applied to the gate of the NMOS transistor 15a in the sel ected
menory cell colum wiring 18a. The NMOS transistor 15a in the

sel ect edt@5heegpEy Eegdecdolfuam Wie iagdetBadivwrshiliohetlbn Rherefidre, a
writing I e i I 0 t.h I

hi gher o‘\F[ e%a%%o%ﬁfggl[al}aﬁ% : 2%90 de%ét&g%@&%eﬁ%%ﬁrg}y&%%o%né gﬁlgl rﬁt"lﬁ%nel
Wi ring 18spiwmi, | enthelMcsrie gatweyasoldeagetobe8fi¥fecisedapplticedieo dtaege
gate thereof flr%mt secand se%ec#gd g te l.ine 1g}§a.t 30[. 0051 Th%sa
in the ndM=VOratire Somcohdlct’s FERD 3%&9&& J e Wit TGS ©

vol t age @iar@uw] taanebma@pglteed. t hrough the NMOS transistor 15a to the
| ower order source line 13a of the selected menory cell colum wring
18a i nt eFSEE i nt Wit Fhg REOS Sraes et Workl LFiUTEC RO Al 1E Rt sep prndychor
the sel eghAGNTRADIN: GRkkef®l iHTRNM bhNY Th8R:rd e VAbiROQ cBbeUfVhuslifg
applied to the PMOS transistor 9a fromthe higher order bit line 7a,

whi | e t e WBIOPageantigoy) F5e 1S éqapaistnr P 2R sivdteRed T egAn
the firsfyselgeted gatgadd %Illgéé-ofTB%Ff Qf€chifle 1@&’9@1{5@&@% %%iaa

can be switched off and the [ower order bit Il ne 8a can be turne

i nt dla fpwatantgontatleage006H [VActorki reby iedstd ¢hehsowalcetheteafedopy
cell tr i 11 ich sel ect ed d line 120 and_the. | ower
or der sgﬁq?ecgﬁgl fie O%%EO% Eénésg] acted” §ﬁ%r y el tfhecghrjsrr% W refn%d P85~

i ntersectind tth8gachhothem théewdn-gbhlyol teagendtorkR{cVprasemorgatevice 1,
voltage is applied to_t ate. 10 thereof fromthe selected word l.ine
190, o TEE RRE L HI B o L aUR SO0 PUP S S ST T CRPLHE S ERE v ting
t er m nal pthemneebnfyamagberd ener dwdesr&aunce 1linaesl3a iy aughsdiReted
NMOS transistor 15a in the selected nenory cel] colum wring 18a.

Ther'eX oreemornest tlagel Wit FeF Bt &8P dNtREFRESIEY HEWERA SEh_CEYHTPER Ldate

and the ghanpgl s5egdi@NgaAS 31854 for SwiBNEYMA 2 HeUpRSY itRanefd@nt o
occurs and electric charges can be injected into the electric charge

| ayer freaf tige refagrfeltheggiba. Wwi059] PrefEniies, vehtadte angntiyo | vitlithae

sem condyet. gy PPLY vige.1, aacordicn eLlr g ﬁ{%l i pvent i he
witing pr evgntg?on o) tage s conf iogur%ai%ott%ebgpp‘?l e ,dB' tﬂﬁéttﬁgmﬁk‘/m
transi st 0308 bEungiesw tacheéthi20 tome, ASndehé r oomtinlsitifbe semitcdmipctor

vol t.age i s confiqured to. lied, with 't MOS t.ransi st 15a

et i sl e s R e er .5 o R asBhs b LSy dle b Tk e Al il ae

gat e volt-agelecgatdbeosepss dsetyns ehteordiavgeyaldt age sekabhd seflabteédgate

bet ween ihe wa%ti reventi on yol t%g va&(ue and the wrjtin vollt age

val ue so tfat ‘the® {PaHs SEOFCY @K hEPY25 TRROS 3980 87 5% ot 1485¢

can be thal ebyamilahes 1o, gatnd ceviats NBOH Hensebtd© 18aven vaktagecred

val ues | ess than those in a conventional device, [0054] Incidentally,

in the MY ettle BIMBCRE Bl af BY MMAS NP 6%k & by LN oricyed
t he npn-gel L6t 66l Petksn %@iﬁ@?lii%l F9ned Ched ?Jnn\ﬁ{ér?]%h%ﬁ{ﬁ%rtriﬁg JA t8§ea

t
non-sel ect ed bl ock row), P-Side gate 30 voltage of i s applied
to the fo¥ StlViclcaprligrite thimeocnosd thrared fypmt e hosbegeladerdource

first selak S Sar T as 080 San e Stan Ty Lo Lo i arr € Eakhtee,
t he non-s®leecbédadt ack§ (1184 epafiéadite tthe ymire sbkeeded rohmothe ramwend
vol tage of; QLY Ig, 2npljeq;hg, the second
30 [0051] Thus, in the non-volatile semiconductor memory device 1, the
writing voltage of 0{V] can be applied through the NMOS transistcr
15a to the lower order source line 13a of the selected memory cell

column wiring 18a intersecting with the selected word line 120. At

this time, in the selected memory cell column wiring 18a, the voltage
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selected gate line 113b shared by the non-sel ected bl ocks 118, and
all the NMOS transistors 15c and 15d connected to the second sel ected
gate line 113b can be equally switched off. [0055] It should be noted
in the non-volatile sem conductor nmenory 5 device 1, a voltage of

O[V] is applied to the respective non-selected word lines 121 in the

non- sel e2 éHVBIééka?RA&edmﬁPIEhﬁmPMﬂ§lFé@@54%$Q§p§P|E%Pm(ih?héﬂﬂé§bééﬁﬁVe
non- sel eﬁf@?;ﬁ@@rkhﬁ?_% t&ter@cgﬁfa q{§%er o) gb'i‘?eéi‘% S ﬁ\&‘dsegr%s%%'ﬁ%r

118 in the non-sel ecte , a quantum tunneling
ef fect doesfnot Wocufinsh alellethed 1@atm)nL33®I édBed nBheryfos,| the PMOS

tran5|stcw§%5£% orqgiele ri.c. qgnge?fareiggt]_ ecteg |Qtolhgg harge
accunul atioh I"ayers ronf?ﬁe channd regi ons OF% “Fhos
non- QDIameIumnmeﬂltmmﬁucﬁnbanmn@rgtaweV|ce 1, data Mﬁltl ng can be

executed ccunul ting electri¢c charges .into onl the char
sccumul al nEPY: <51 BRLOE Terors oo St S oro i OF 15 SAt

whi ch t heqfcﬂi eﬁéeéial\wt@dlwma 120cand bhe dreeswer deties HiGRel 1 e 138
of the selected menory cell column wiring 18a intersect with each

ot her, wpf Fee gatachid Ry cem! beo prevehtew Wa H&ﬁrseééaﬁﬁhmcﬁ@therr
electri Ct}‘?é"%ﬁagﬁsvbﬂﬁ%é %% ¢HaY P& AGCHELE ajd 101 ayyaﬁaﬁheé' Eotie obhe

non-sel ected nmenory cell transistors 116. 20[ 3) Data Readlng
Act ildh Wthérezmtﬂeesermleehemc&@d li/enerlﬁqzewheée the Mei 8 ing rvaslgehe
non-vol at i | em L

selectedS%gﬁg?yﬂ%gﬁﬁg#%g%S|g%gBE¥ig céﬁg %IF%% g%ﬁ?hihere ?Sﬁggorder
fol | ows. sdunciedeiteall By thasughtﬂmemms Br&’nmwtow' 1% thehsarml e2Bed memory

ref erence ns _assi.gned nts corr neli to those in F

22! expl k] AT P B haPar naPEeP T Hiite S BOEIE TTORGRGE ddi froreased
t ransi stigstwk@3, thhe @t ricS. gHisposeahds ahihe= T regio.onoh, relsQl.t| RSt amEen
t he nennry bl gck 10a in the first colum and first row position anpng

t he Four “HEHOrILHIAS AT T5108 S16ETAtd “TBEH? PR hoR] ot%t i 1E° §5e

sem condicd Al iFE AR Yodavee Erom SrdethAgtb RS- 3 ibgadout nmenory cell
transistor 20 for reading out data while all the other remaining

menory cE¥ISHr avd SO9Fs 10FNgr BoBETGdd lasSHbiondadber TeERsrY yieelqe 1
transi Sté)cfccbr%:ltng[ 995&]@: |pEe§Ql%'|ﬁx;e%tggﬁe'ﬁhé“?&?cglﬂ?%re%@ﬁggoﬂ h& 1tage

menory bl ocks 1 10c and 10d, the nmenory bif ock 10a on which
the r eadb@ponémgedcm betarpAd gt @rrltlzahlesPBstbmedswr Peferimadsvid-casda

readput bl OChs@@fngn't%l%hech%t NEL o g{*?éjgt}%%k{?ggﬁk‘#%lf%% %% pJIQL%d
and "10d are referred to as non-rea T nenofy
cel | colwirh whe NNQS transistor 15a being switched on. Therefore, the P-side
gate voltage and the N-side gate voltage can be separately set to have

voltage values falling between the writing prevention voltage value

and the writing voltage value so that the PMOS transistor 9b and the

25 NMOS transistor 15a can be thereby switched on, and even, can be set

to have voltage values less than those in & conventional device.

[0054] Incidentally, in the non-selected blocks 118 located in the

row along which only the non-selected blocks 118 are aligned
{hereinafter referred to as a non-selected block row), a P-side gate

20  voltage of 8[V] is applied to the first selected gate 1ine 108b shared

by the non-selected blocks 118, and all the PMOS transistors 9c and

9d connected to the first selected gate line 108b can be equally
switched off. Further in the non-selected blocks 118 located in the

non-selected block row, a voltage of 0[V] is applied to the second
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5 2a in which the readout nenory cell transistor 20 is disposed is
herein referred to as a selected nenory cell colum wring (readout
menory cell colum wiring) 18a. [0059] Actually, in the non-volatile
sem conductor nenory device 1, a fixed voltage of 2[V] can be applied
to the higher order source |line 10 12a of the selected nenory cell

col utm wielefgergaabadl itse LAPHheremcdey Soimsd-Siehecth bdpckpel 18, and
non-sel e getmg{ - I L] ( - o e

col um V\/lﬁrfia%g 18 Sﬁﬁﬁ%é@%ﬁé%é&&%%@ ta%cgt%gft{%ft rgc%g:}rén eg%alpep tiegd
to the hggterligedéi3hidand breefeaofy thetskeddoifdd nenory cell col um

wiring 1 urther fixed valtage of 2[ an 15 be applied to the
n Gher ord i Foi e obA TRl 10 Chel vl 15 SR OB S
W rirng 18bvidenl) hevabdbayobdtd g serppanddaicothaerepyceiexd aendselacted
P-side gate, vaoltag f.O[ is applied to_the first selected gate .
i e 1084 Eharei o] R2 LN R PR IRRBLH 19k B BRRob bIbaRC 98, T i eatad
(her ei nafgeri deker f188 ABpastdve aanpyk1 BLOSK rcWly 2011 Qe8AL: d4b0f hes
words, as to the PMOS transistor 9a on the readout block 22a, for

i nst anceSt t RBS prenchakefE ol tdg&sofl 18] V0 | ShappPretr o5 erRe Peoakcaow-
thereof fromdhe highennerder id: ihijn@rfa-cWhble the J%'c%:crd@m?%tlg the

voltage of O[V] is applied to the gate thereof fromthe firs
sel et edngyatselleiched 1@8ary Asld rexnditstorhd IBMIB! el apisiist ohagze28re ant

be switched on., .Thus,, i he t t bl ethe pre- I .
Vol tage DRSSP s il Bnfhe ER A et R e Sl A e ops
each | owedOFideThins t ihithe Ban-thrlatdhe tseei PMIB1d treansesirgr d&a,ceahd dahe
pre-charge, vol tage can be l.ied to one_gends .of the nmory cell
bransi ot Br s 165 CEBecrEa Lo0 R FAHIRE < breter BFETTT b 28452 30 (068
At this thdehaafe Ncsivbal gaien valbéages ohe HeVkcead reecappldiedttindiReor
second sel ected gate line_113a shared in the readout. bl ock row.

Accorti ngty,2lad ML 6" edeth SRVERT €7 aff¥iCstdPe 15 i3t e r S uP T8¢ o 6,

the fixed;iyohbags ehe AeVkcksd 3RO EHBLSPUE 8End MBS eoftelE08R theh
hi gher order source line 12a, while the N-side gate voltage of 3[V]

i s appl i @3F OthRE: glridetdrirrerF 1T FhTRRLS PEBVRN RS et igaFeumilading
113a. Asg B dBSW tnaddde NMB:LEaRS] E%cc%?h%lgé‘{'or?%\a/?&é ohedh 0an: THus,
on the readout block 22a, the fixed voltage of 2| can be applied
from t hendrigirdrecoedencrmoyr cell i pamrdstosthiec .| ower order source line
13a ro the_ MO i8S : | f.hX Y C
appléld;d r%ﬂe (S?h@r en‘%égip) lrf%zgétn%b%@ﬁgel‘fom%F é%%i%g{n (l)(%&%g'%or%m%%y
connect edeticzet he | ower order source line 13a. [0062] On the other
hand, a readout gate voltage of 2[ cab be applied to the, selecte
word |ine 126G €onheciEd 6 fﬁ%{ﬂ:dtlgl gF™ %%‘4%%86&{‘@%%%%%9‘9 cl [data
transi st @ritAdn Whi tiee asd1eatdedt ngicaveatil oy gaisa svokt Bge cah BE Vieddwait
than the readout gate voltage can be applied to the renainin

non- sel cERUP AVTORE FRBLOME2 1 BIHAENCRARYA RE "&PddCod RbPER I Ha thogame

Thusy5 asyd o ddieer £RFRUL é@;{ﬂé’dﬁ&%b}n bhansd sbpr dihe§ R endatgerc.
vol t age rof 3[\qecan be Sapp ied to o%e end theree%%nfro%the 15 hi gher
He

order bi#/ | ERelamatiionough it Hee PMOSinadis stiedeoahmie| éhehanemoxed cell

vol tage Q%ar‘gi\gto?afo € WAk 'i%dﬁﬁg%é%% Ehhﬁbog@gs{ nereof, ffrfgnlr‘iéj‘aea ce,

hi gher order source |1 ne a through the transi st or a, an

further, théi@emeadduiccgal @ ol tregéiost 2ioVjme smdcheiapplpeddashet et grfongm

the selegﬁéx%gﬁgw%e%bgg %ggéks 10a, 10b, 10c and 10d of the non-volatile

30 semiconductor memory device 1, is defined as a readout memory cell

transistor 20 for reading out data while all the other remaining memory
cell transistors 103 are defined as non-readout memory cell transistors
21.

[0058] It should be herein noted that among the memory blocks 10a,
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20[ 0063] When el ectric charges has been herein accunulated into the
charge accumul ation | ayer of the readout nenory cell transistor 20
and thus data has been witten therein, the readout nenory cell
transistor 20 remains in the off state while being affected by the

el ectric charges accunulated into the charge accunul ation | ayer, even
25 when %o réadend Hid-e thsl Temery Hlappl 1 & anowhheh dorm reRrdgal aremory

t her eof . c ' e: pre- Vv
mai nt ai n%#lvm%{r %%%l’% ratr%gelél)r?ﬁtsﬁggi(?gﬁe?é%r eﬁ%?%ﬁvkng@%jﬁ%l block 22a
conpar i senilsi thetdther weririogelectyi el atiar Yeb,hasc been] ot eurut clteetted

into the charge accu It ti'oo SI gyer Foftt he rt%aploutO menp _CC§II wirin
transi SUBY “2074hd THOE e Gata” has F36 BBk i TTt et bR L gihgrieing
readout reanmhicelthd rensi st dm2 ¢Sl 1swkiedied oeredys meapssed ikherein
readout gate voltage appljied to the control gate thereof, wthout
bei ng af FEEtERabyo et PPSCI BEESTH Ale SRATHSabCtiAEREN: Fer Y
Accordi ngly, dohemRrer€hangesyol tage of 3[V] can
[0059] Actually, in the non-volatile semiconductor memory device 1,
a fixed voltage of 2[V] can be applied to the higher order source line

10 12a of the selected memory cell column wiring 18a and the higher order
socurce line 12b of the non-selected memory cell column wiring
{non—-readout memory cell column wiring) 18b, while a pre—-charge voltage
of 3[V] can be applied to the higher order bit line 7a of the selected
memcry cell column wiring 18a. Further, a fixed voltage of 2{V] can

15 be applied to the higher order bit line 7b of the non-selected memory
cell column wiring 18b. In the non-volatile semiconductor memcry
device 1, a P-side gate voltage of 0[V] is applied to the first selected
gate line 108a shared in the row in which the readout block 22a is
located (hereinafter referred to as a readout block row).

20 [0060] In other words, as to the PMOS transistor 9a on the readout
block 22z, for instance, the pre-charge voltage of 3[V] is applied
to the source thereof from the higher crder bit line 7a, while the
P-side gate voltage of 0[V] is applied to the gate therecf from the
first selected gate line 108a. As a result, the PMOS transistor %a

25 can be switched on. Thus, in the readout block 2Za, the pre-charge
voltage of 3[V] can be applied from the higher order bit line 7a to
each lower order bit line 8a through the PMOS transistor 9a, and the
pre-charge voltage can be applied to one ends of the memcry cell
transistors 103 connected to each lower order bit line 8a.

30 [0061] At this time, an N-side gate voltage of 3[V] can be applied
to the second selected gate line 113a shared in the readout block row.
Bccordingly, as to each NMOS transistor 15a in the readout block row,
the fixed voltage of 2[V] is applied to the source thereof from the

higher order source line 12a, while the N-side gate voltage of 3[V]
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vary in the higher order bit line 7a by the ambunt of electric
current flow ng through the readout nenory cell transistor 20.
[0064] It should be noted that at this tinme, in the rowin which only
t he non-readout bl ocks 23 are aligned (hereinafter referred to as a

non-readout block row), a P-side gate voltage of 3[V] equal to the 5
pr e- char §& avﬁn%@ém@eawq eeererft heow Ekpeecpied sPESt¢d aﬁ§¢ dised1ge-

and 9d fxom {hg, i rglla %ﬁb§°&r%§’1s9§£ﬁe &'59 a]nOQE s ARARLRLEDYy e, dAD ME

transi stors 9c and can be swifc on the non-réa

bl ock r ovgaddve pl@elcfi@agethﬂ)lfuag@sroclftag{e\qf de@ﬂn Ctér]vebhl@:k;dnedrﬂmm bihe
i nes 7bha dr7br K e bl ocked d hIV[? nsi,stors 1@ and 1%d.thlo h
Accor di ngjr%’/et% epréo%%%er ge % F?aé’e% R %% OB%%SBPF%% t6°the "hrevd
non- readewd NMEBOtyarcelskokregisi sharthe? i ks posedqge ra:atnhlselapmﬁeartdfrche
bit lines Sc and 8d connected to the PMOS traﬁlslstors 9c  an

[0065] TAWRET £A pﬂ'fetéﬁd‘?e&@ré’o?@algérﬁﬁsb“et%ﬁp dFrEerhed ﬁuogh%? 16rgEr
bit |inesd@&apube:Ccoifd aured to be applied to only the readout
menory 15 cell transistor 20 from which data is |ntended to be read

out in thE&d o shemdhsE yagel |2 ERAmt 9759 Yol wee of £ ['Sheab deerddedd
that in Eé‘ecﬂéoeeigéﬁ&y%&hoﬁné 0o %Bn%é&éiﬁ 3t fe V&Héea%? Phe 3\le\£]doh%

applied to the second selected gate Iine 113b. Accordingly, the
t rand] stmgmeryscedhdtuBe igcersif + cinddeoa, r%ﬁ@wtheréve@domoga*agefqlsage

applied wtheyt ;6hapge, 1,0 @er' 8@@ Ordc%r V%E{:'agfe éa!n”%elgﬁ Jff oM tNee
hi gher order source |Ine F in e Non-vorati
sem condrmﬁmmgnnmy—sjael\ﬂcd:edlword laauas ble21:mt1h|egutlem tmebeeﬂed:teardriwned

whet her or nat,.datga has been itten,in the re

{Fane st S0 28y nEaSilr g TonE pr SRR Bo08E S of Ly ToT S FES e oo
order biprdidmarda, voltagh yazi[es deppadipgpgien wmeh@e;ndothémofefﬁ@ﬁ the
char es are accunmul ated i nt.o the charge accunul ation | ayer_ of th

rea Predfisity ot Pt dABF SRt I BB TOT £ TRt TP TheR HB%Je?jtPﬁérFthEd

this exaﬁ@i@ ESERIPET A KA piedsebtﬂhego@qew&a&*@ﬁw@owk&r@gﬁetﬂgﬁ@r
3[V] and of determ ning whether or not the 30 pre-charge voltage is

reduced PEART @sutdrR Kinced2® dihragehapis |N8195t‘é)ratr}?é5§@i-]r rdaedtBinther.
data in ghe f@ﬂa{ﬁf getL TEANSISIEr 2 #W“@é{ﬁf?tté‘pﬁglﬁl’ee %Hé‘f&l@o Vé}'oﬁna%e

is not necessarily higher than the fixed voltage. For exanple, it
al so possébiatedowded erimené2@het her or not data has been witten |n

the yeadpig ”%Eé/n call Lrang tg%r %9 bge 'eogslgy cEA LRy ea[ the
pre-c 8 ltage to ﬁf:%/} %J[% (rg" ermning vihethér

or not tdfmaq@reeacbam@bauimint ageer soﬁ m@eeasmbutommdsytdfealf ltxenisi/eoﬂdrage.

and thus data has been written therein, the readout memory cell

transistor 20 remains in the off state while being affected by the

electric charges accumulated into the charge accumulation layer, even

25  when the readout gate voltage is applied to the ceontrcol gate thereof.

Accordingly, the pre-charge voltage of 3([V] can be maintained without

change in the higher order bit iine 7a. In comparison with this, when

no electric charge has been accumulated into the charge accumulation

layer of the readout memory cell transistor 20 and thus no data has

30 Dbeenwritten therein, the readout memory cell transistor 20 is switched

on by means of the readout gate voltage applied to the control gate

thereof, without being affected by electric charges in the charge

accumulation layer. Accordingly, the pre-charge voltage of 3[V] can

vary in the higher order bit line 7a by the amount of electric current
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[0068] (1-4) Data Erasing Action of Non-vol atile Sem conductor Menory
5 Device Next, explanation will be hereinafter made for the data
erasing action in the non-volatile sem conductor nenory device 1.

FIG 4, shown with the sanme reference signs assigned to conponents
corresponding to those in FIG 1, is a schematic di agram show ng a 10
split weflownoughupedlt diwedeafout desprX-orll tORMF{PRT SRown in the
figure) i diiti t u o] n

e condiotar rerany et asPH Hibess T Flhdionn g he e e
sem condtict grenresadguidévbcks 153 tah:re aiﬁarmleyi bhackinaI@ar arefek@bdat e gized

al ong the row part 15.and th ry bl ock

o0 Snd SO CBREd MG he # durarreatt o LA IRt ol BT b tne
her eim fpfé%alr@edﬁcﬁ]f‘@rgenis lﬂjjﬁll\&ﬂl to S:ihl'eueésk{gﬁ@ﬁzl% ok W2ansistors 9c
respectively. Lt sh be noted that the unit well structures WL and

W2 have ¥ “SahEortt- Gc e, SENECtiererBr e nCekPFom AR ol sy behe FMOS

her ei naf ¢ &indraderbyod QaHSING2ANLORE i REREN}NE .1 - Bhus, 26n tihe Mok Lraseblic
structure W. For exanple, in the unit well structure W, the nenory

cel | trankidt 6Py, 105 BFR- TR IRMOB! t39sP510VE 15 aha Nisiear erdoLRed
on a sing - %'And“% M lkﬂotrﬂ%dph{@théa'@ﬁb§t9£§nsgfét%@g 90 ang oq.

formed on a single N-well. [0070] Such non-volatile sem conductor
menolrly dlemcv:éilllgd:an b@eZEpr@onhﬂgm edotvameecoimat deg aapphsicigtacthen

for eaCh e ﬁaﬁgbr%nilor e%e?i E 516\9,8ﬁes2lp r]ged 1&16 #{[ Js.gv(u)eur %rp:le

herein no atron WI r'ei nat Casé o0
erasi ng bhe ld.alba Ba atzhia Saenonyedicacks tha RO i@bném‘trmd; ba irlme adni t

VA TR R M R T IR - —
unit welpistiHetar €aV\Bei chriﬂlQ_]qu@mlBio pardool i bd shosthd, bRe nelaadut hatothe
pl ur185| ngglolr ytrngfsktsorlgg farno(E:In %ugat?clfl rd%rpav@sls Clr;ltended to be read out in the
selected memory cell column wiring 18a. It should be noted that in
the non-readout block row, an N-side gate voltage of 3{V] is applied
to the second selected gate line 113b. Accordingly, the NMOS
transistors 15c and 15d are switched on, and the fixed wvoltage is
20 applied without change to the lower order scurce line 13¢ from the
higher order source line 1lZa.
[0066] Thus, in the non-veolatile semiconductor memory device 1, it
can be configured to be determined whether or not data has been written
in the readout memory cell transistor 20 by measuring the pre-charge
25 wvoltage of the higher order kit line 7a, which varies depending on
whether or not electric charges are accumulated into the charge
accumulaticn layer of the readout memory cell transistor 20.
[0067] It shouldbenctedthat this example describes a case of setting
a pre-charge voltage to be 3[V] and of determining whether or not the
30 pre-charge voltage is reduced towards the fixed voltage applied to
the source due to the data in the memory cell transistor. However,
the pre-charge voltage is not necessarily higher than the fixed voltage.

For example, it is also possible to determine whether or not data has

been written in the readout memory cell transistor 20 by variously
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data is erased will be collectively referred to as an erasing bl ock,
whereas the plural nenory bl ocks 10c and 10d in which the data is
retained without being erased will be collectively referred to as a
non-erasing block. [0071] In this case, on the erasing block, an
erasing voltage of 9[V] can be applied to the P-well PW of the unit
wel | st r%n%ttﬁ}rf@ he pyg thargevistiitage tof 0 B V] L tanchetal so:dappiieeerniaian

N-wel | Hel bheio, oA g)rtehghggg%@tgt;g% ifefe e nfg@atfgg%é 2064

o[V] is apﬁtled to are st “sefect gate
t her eby, véhegRMOS tranS| stors 9a and 9b are switched off. Further, on

Sel oot odl DR |1t 124 LA Baruny T nEPRiE s FERerarare 1ox e

15b & e ]Bé\SJ(teSWI tched off. 10 Further, a gate vol tage of O[V] can be
applied to all the word |ines 102a to 102d. [0072] Hereby, on the
erasing bl oR*tt K RIFRSHAGR Vi tlale RATYPIELRS 20k Fel Ty PAE: maRsrg

PWL, whije:tdhe i¥othagePio@hV] 1d Ssadpbhadetid: theocepnidwlc0at e wrpoged
to the P-well PWL. Therefore, the voltage 15 of the P-well PW can be

hi gher t#ayt haithf thfe e8mer ofelggrace Theignsonashtonachsitg BPBrdnents
el ectricg &twg%adéﬁguwlt%gg inted he charge gﬂeﬁgt% CYER Qf{w%ﬁtn fa

the nenory ce transi stors 103 are aftract to the P-
whi cP hi ghlert well i agleruguappFéeuzd and zafecp dkerloubNibf (nofteshdrer ger the

accunul n Ia ether b onfi ured 0.,to_be er.ase
Thus, tﬁ% (ﬁ“ ra |%§ Pg&?étn e ccc}ﬁ ulﬁréeoéﬁ:tlgur e %ve eyn%?agoela a?%
from al Isérﬁle:dmﬁﬂbtyrc‘ﬁrdoryrdmicsédrs 103 forned on the P- wel |

[0073] OP%H&ﬁ ih hand, e non-erasing bl ock n whi gata is
ot ai ned W THoul™ REP RGP ALRH 1T SPR-T IR dFToLS: I TP EBErhaory
blocks 10a and 10b aligned along the row direction in the upper part
15 and the memory blocks 10c and 10d aligned alcng the row directicn in
the lower part are herein formed in different unit well structures
Wl and W2, respectively. It should be noted that the unit well
structures Wl and W2 have Lhe same structure, and therefore,
explanation will be hereinafter made by focusing on one of them, i.e.,
20 the unit well structure Wl. For example, in the unit well structure
Wl, the memory cell transistors 103 and the NMOS transistors 15a and
15b are formed on a single P~well PWl, while the PMOS transistors Sa

and 99 are Zormed on a single N-well.
[0070] Such non-volatile semiconductor memory device 1 can be
25 configured to execute a data erasing action for each of the substrates
of the P-wells PW1 and PW2. It should be herein neted that explanation
will be hereinafter made for a case of erasing the data in the memory
blocks 10a and 1Cb formed in the unit well structure W1l in the upper
part and of retaining the data, without erasing it, in the memcry blocks
30 10c and 10d formed in the unit well structure W2 in the lower part.
It should be noted that the plural memeory blocks 10a and 10b from which
data is erased will be collectively referred to as an erasing block,
whereas the plural memory blocks 10c and 10d in which the data is

retained without being erased will be collectively referred to as a

22



25 erasing block, the PMOS transistors 9c and 9d can be switched off
while a P-side gate voltage of 9[V] is applied to the first selected
gate line 108b; simlarly, the NMOS transistors 15c¢c and 15d can be
switched off while a voltage of O[V] is applied to the second
selected gate line 113b; and further, a gate voltage of O[V] can be
appl i ed rNATRS309 tieoSkor d | i nes 102e to 102h. In addition to this,
on the nf)(ﬂjﬁr aswg QE%%E, F@% etljgl%l %‘o tgno&l.‘ 8111 volta eof 9{V]
anera3|ngpreventlonvoltageo can configure e ap

t he P-wetdn I@\?\Bapg[l(i@?dAﬂ:o Abeor-tiaigl gyl cm? the uman- mldssnguctﬁtomkwlnmhlle

remory chlTO RS CYE 08 AP q RECRE kbl i° B BactT o EHargds o

accuraul atiesdl drdtant hel@hgr gepastianyaati omﬁaa;eebs ofvl he appDiyd ol khe
transistors 103 are retaj ned in an unchanggﬁ@condlt n wthout bej n%

at t r act 3§ %Y he' Pkel Fe'BRESaritf Ehet V1Y, dapra ?F‘F@H stafe Py
be mai nt g4 stdhYDa drid §$1§r5 QRcMeh 3kl € [$eEhePNEHG R = FIRITRE b1 ock,
device 1, through the regulation of the voltages of the P-wells PWM
and PW2, 2 gliagarrhd 1§91 ake FEPLA AT at @ddier saCeR SeRgChrd et enhite 1d§t3a
can be gl aikRedohy, AR URGRARGEHs Candid 1 on Jid hoyl.hel 16, eraseded e

t he non-erasing b)(ock ot her than the erasing block. 10[0075] (1- 5)
Act iddh amrtEfeﬂfec@ gate voltduwe pdnd VOl aehllee senlcehduce bl thenweyd déwkee
1 with't ga'ggtloned configuration, the nenory cell transistors
103 are spose rn"a rowand colum matrix with respect to the

pl ural nEMOI) cfeéﬁel:x;ol omthal eragenalank, hecanckding pbltade wor [l hes
102a to 10 15 a ta itten in.the se menory. cel |
ransi stSmiirs 2p i dhoBhe- Db ectidbutRa TodSeoet dryls A Saberode
menory cehd coakdsn gtd BppdSa itht ehs estwanlt byeachhetdmirehasrd vl thhe
vol tage difference between the volta g of the predeterm ned, selected

wor ot i nef £26 B ltna¥! Geng P NhrBaEt AR Hay: °§eT}é%f3€8tﬁ%h§ia§ecel Thus,

col um Wit i@ 288sird H100%6] e Hett&icl BhhPRgaGRVRLBLIdE 1%%81 Ql%lf&lﬁ&@é
nmenory device 1 according fo the present invention, the

transi stFBIYgatopn lgyeapadeDEhe giemegnt ¢t Fﬁan%bﬁﬁoé@el%ﬁlr?c%’ftﬁr@ﬁtﬁé
the memory ggl b &éﬁn%w%t 05 %AQ;% ﬁi&hé@%&%gg@lé BB BT %nGelle GOLUAN

wirings 2a and 2b. 1n accunulating el'ectric charges I nt'o the selected
rrermr y cedd o5 heradreigst arcun3 ahhomgathes mefoLy q@@lbe therediystorisigl@sd

%ﬁgs [ W LLES dagﬁué ”th%ﬁ%%hﬁ%?& ”{?Q}P% GEEL rre%{‘ér!) g{)?fec]tlv]ply

Transis e Wi revention vo
the non- sl secdadch firesmeayl q:ﬁblmemoh:ymel\hntmangléws $Ofa}ﬁpirm@ﬁipnlt$16 P-well
confi gurﬁg‘ﬁgto be switched on by neans of the P-side gate voltage and
the wit prevention voltage 30 is configured to be applied to the

non- sel ectiEms | MO heCethed haRg] Sdrothd Ifori-Ratsi g @18eqt 5n WhilBhtdeera is
selected word line 120. [0077] At this tinme, in the non-volatile
seni condtR N eRebEYC e Hed@I1 TR FRA PNOShEr ARYPE tRAT Tob SeBAL Hel ¥ it Ehed

on by applading B NsEt ©hapibS$ ik d8n8ad 1@ L0bd a8 dahain bs shevehed Bar Whhige
writing prevention vol t age
a P-side gate voltage of 9[V] is applied to the first selected gate

line 108b; similarly, the NMOS transistors 15¢ and 15d can be switched

off while a voltage of 0[V] is applied to the second selected gate

line 113b; and further, a gate voltage of 0[V] can be applied to all
30 the word lines 102e to 102h. In addition to this, on the non-erasing

block, unlike the erasing block, an erasing prevention voltage of 0[V]

can be configured to be applied to the P-well PW2.

[0074] Accordingly, on the non-erasing block, no voltage difference

is produced between the control gates of the memory cell transistors
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to be applied to the non-sel ected nmenory cell columm wiring 18b by a
threshol d voltage Whpl of the PMOS transi stor 9b. Therefore, the
P-side gate voltage can be set to be lower than the witing
prevention voltage, and reduction in voltage can be achieved by that
much in 5 executing a data witing action. [0078] Further, in the
present Hohap8l &g Fewsbhifendekt O ifedpiipcdedrednulatpfel Pos e dharee
vol t age i t I t I i :

2] st ock 15 PaTe e vorase val e (AT DLVT 1 Hor i S "ehge) of bt s As
or equal it @t hathagfgetheonvtltiagewitdidve appld edtractd thethd heel birgér
bit line_7 f _the | ected nenor el.l colum wrin 8a... Therefore,
an el ectarlrilcgt ieg?%y‘t (SJC%beegaatpaplwlrégE?o % aé:eg%afne nsu nattailﬁaéfi ITrIﬁuéanlrbghe
rel axed myn-swilhehiagsan dohauPMaS reiaigi déwirceOh , i bthidigynaRe Sed@ciaedon
menory cell colu Wi ring 18h, and sinultanegusly, by sw tching off
Tho. PUCESH ridirerF Gi9dm o a b -SB L cill ABROF Y ErEacliiy S84 g
18a, andifdaudihen oyadieduslsdx ! haiveldage cdhfieneneenbetivesn thanged
substrate and the gate in the PMOS transistor 9a. [0079] Further, the
present FRANILEt T WENPREIIGERSPD FERBrYRUBIN CRY 2B NG KyREEes (fEAD
that the NMXBLEagshaiars 15a, 15b, 15c and 15d for controlling

vol tage application to the nenory cell transistors 20 103 are nounted
on tHe nmePIY] célisdicdkcampnwind dg€eeh and 2b aside fromthe PMOS

transi Stor.sI%a’th%b’no%q—g%trl]gtgge é@:ﬁ'é&loﬁl@ﬁogo%}ﬁﬁk thle: sem condhctpr
menory device 1, when datfa is wi ten i the Sefett e menory cel'l
t r ansi st aforkifent i beed\-sirde ggateiogl tthge mesocpnde lgurtedns ds tersa@dmisi ede

to the NMOS transistor fraoamthe second se| ected te |ine.25 113a
hoi de- 1 rORARETII AEP 208 VoA T RGE bl b HeCRaCE &t Ha® BeRe T Metory

transi st es19bol1dhe MVORgE PANSHhS B ahdd thRepBetachet menes yiocel to agkum
wiring is thereby switched on, and the witjng vol ta%;a i s accordi nglf}y

configur & tBBeCApPIT ddL5F h dEreEf LICRENBIFTOERI $5 1t aRsPE D1 1

from t hea NWRS:H HARSH S0k ed 93 d30HA0BA] adliuse ddlcbhed ARADY¥PIALN @1 umn
sem conductor nmenory device 1, the P-side gate voltage for sw tching

on the PNESIYr afsilstersept aHdht prcINCE N8R yard eblthagee Fawesed fierienge

on the NME Jrapst ${Qtaded € ahe B RS PERIAME! ¥e 8Lt dLWHAYA 1h@WM 20 and
vol t age val ues capable of switching on the transistors 9b and 15a.

Hence, ithdts ofoshe brededeohingd fdedricbbe negwtryi ngsl stechmaswiedyrtlifen
invplta j C l ati electri r | e r

cel Izcdt raﬁ@?—}s@o?&iﬁui 1‘?]1]& cglgn%alrvlgrgo‘#lv%’nt Ega%%%ﬁ\é/(g%%c})tﬁgl %%é“?,’%%e%e%g‘gﬁ(
Furt her, acaprddiegpte et pnesenoliatehelgenitboneNey araneimrorss ddevakge 9k,

the N-side gate volta is,configured to he separately applied to e
NS 1 o187 S80r £780 P CFREL GOt T e R SERE oo Fami e PG gL
from t her saeardcsel B2 ade gat@tbkingn th3aneMWriyhcé e coonhh gurahyena he
N-side gate voltage can be variously adjusted to be a | ow voltage

capabl e 9P sWRtIHITYL8R1IRHE IIGBELE rAIfGI86ot N UB A NG Pttt epleMpgeTY cell

25 transistor 115 among the memory cell transistors 103 in order to write
data in the selected memcry cell transistor 115, the PMOS transistor
9b, to which the writing preventicn voltage of the non-selected memory
cell column wiring 18b is applied, is configured to be switched on
by means of the P-side gate voltage and the writing prevention voltage

30 is configured to be applied to the non-selected memory cell transistor
116 that intersects with the selected word line 120.

[0077] At this time, in the non-volatile semiconductor memory device
1, the PMOS transistor Sb can be switched on by applying thereto a

P-side gate voltage that is lower than the writing prevention voltage
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10 constrained by the voltage value of the P-side gate voltage to be
applied to the PMOS transistor 9a. In the present non-volatile
sem conduct or nenory device 1, the N-side gate voltage to be applied
to the second selected gate line 113a is adjusted to have a voltage
value (of 8[V] in this case) less than or equal .to that of the
vol t age i3 i pelappl fedheonehesHicgher BRI $641 cert e wiphndflodbhey

non- sel egted ABAPH Wy L&k CNtHrTnthrHengMéngraIQ%@Jﬁ@% %e%%%é' &he
field to be applied to he gate insulating filmof the

transi st BrsiBhoem vbetags a%edvebyefswpt%rlﬁgebrrhahetmvwrtlrr@nm@t@m%a
inthe s d colu 1 Iy t?iqu , <hy
sSwW t chi n\gé)g"%fg%m E%ﬁ{@ltopagél g?o%,g({ﬁ%gpné?h%&ﬁ%ﬁsgpg Lllrr@r(r:r)élr 3}9

cel | ECoIemu/ulmlgng d8tx mdlﬁgrad:teronby reduci ng t he voI t age

differen tween .t he substrate an e the t ransi st or

T5b. T 005 et B L A BB pPESEHT: CRBrPar s Bht i hERPe Tt etoy

non- vol agédiaesepitendusidy greaBiol tdeyiteebd d;fi)ld@&ltg:neﬂe suchtthdtecbe

25 PMOS transistor 9a .is npunted between the higher order bit |ine 7a

and t he PdvertigrakYShile pinestEs R hae ﬁeﬁﬁjr‘g/aglﬂ Jek1q oAV e ¥hdhis

NMOS trapsiSt Qfredbar ihadest anpdiibebvaen bhrechd gherage def LROoMFSEi dd RS
12a and the | ower order source_line 13a. [0083] Further, the nenory

bl ocks 10ke higher podeamd t1bnar e Fothespéetiskmgnaes p@hécﬁ@tlemnavémg

such str ur i 0 -
Govi oo TEd I Ene DGR, ddol O NONEANALS LE PR QRIS PR M acing

115, t hefwm tdamgbpr eebémect)rivyv@Wuag@r@amnbehapbm%d:na@smeor % in the

non- selected qengr cel | tragﬁlstor 116 fro nS|st r

of the non-selecred Menol col U W't TBEO’l%% lrmélu ﬁn?% B

order bi $wit1dhﬁn8|‘bﬂ/ﬂ‘ltl’heePM(b@ tEh/h‘BlsttrcﬂnSa $hmhegéhhe$tbe|mregloswde¢meﬁban

i iy SR AT E G GrEAgs G 6L Al G EDTT N SErEET RGPy

cel | trafisd sngstia,EefaranthaegMd raaspgdOrerkbaibréhraaugh the | owner
order source line 13a while the NMOS transistor 15a is being sw tched
on. [00811[? HEr eFUF o et HORE S35 4t 1T VO AT & bR GEBL B HHTROT I Y (e VECe

the witing galke uektags ehal2{nd wBsappideditdssVWa ! astherselaet edy
word line 120 while the witing prevention gate voltage of 4[V] is

appl i ed for &pnvweling e lhete serrddcadinbrieh |t|hﬁ=e@er1<2qy ceﬁéstrm&tovw

<9 i I i v i -

cont rdol Igfgket éﬁ%\ééral‘% gg%%@%%u&?% tLﬁne ‘QH |nes ?O%aggo&e%gg%

is set t‘ohebePMCé‘sstrtahamlefgﬁﬁ 9ai—ler9¢>e SMOoendr a@a sﬂtmtr s ok shmwmliartiﬂhe

figur es)seresfgu |Cvel |Orrlcl ng a gate |n%ul at |wrllcg a er, alec:ted
PEeE TSR 1A &S £

t hi ckness €s tan beuse erlp era
circuit mmdmuteuslmgnspem:alllmner HAsisd @I’aSer'\&S]pﬂ@bl i/:€|cy>r1|ﬁ§i§{1h1ﬂgi ao

atelnsulatln er with a large thickness in the her al
O ol 1 B Gmate e har s e oo FATT Be SR e Ber DA Gt g e

devioe 1113a aside from the P-side gate voltage to be applied to the PMOS
transistor Sb. The NMOS transistor in the selected memory cell column
wiring is thereby switched cn, and the writing voltage is accordingly
configured to be applied tc the selected memory cell transistor 115

from the NMOS transistor 15a.
30 [0080] Thus, in the non-volatile semiconductor memory device 1, the
P-side gate voltage for switching on the PMOS transistor 9b and the
N-side gate voltage for switching on the NMOS transistor 15a can be
respectively set to have low voltage values capable of switching on

the transistors %b and 15a. Hence, it is possible to obtain flexible
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the witing prevention voltage of 8[V] is applied as V61 to the

hi gher 20 order bit line 7b of the non-selected nmenory cell colum
wiring 18b, while the witing voltage of O[V] is applied as V32 to

t he higher order bit |line 7a of the selected nenory cell colum
wring 18a. Thus, \Till V32 < 9[V] is set as a voltage condition
and a voftHgeIs FHdy @nEeduet e EBAPL bRYedn RECHReL pekiphbrHiric ¢haroes
of the higher.ordek bids Zprddrfese7TR aNdiERrhs $0 40

9[ V]. Hence, tNC)S trgns(lg storsor?note shown i %t%ﬁe ﬁglure%%?g?gi%ﬁegﬁ%\t}eﬁy
i ncl udi ngeravegatienahsdgwtdeng | ayer with a thickness of |ess than
13[nm , be_used in.th eripheral circuit.w thout using special
VOB 1 1 ansT e dr ¥ Sabact 1Ay BT ERg A TRt SOT A6 BTG CPHIAr ok CirTg LY
| ar ges t hilekiness, the NReipegiphebatadd f enbhfi POJdONB6¢ sEpatderly dgpltike
non-vol atil e senm conduct or ry device 1, the witing prevention
Vol tage b BEVITOS TARBF i SPTad vaP (6ot e Fi-gHaTebrder bt N " 158
the non- s@l eebRdHESBEIL Skl e&QIgRLMIEHLAG 128D, Bt the Bateqyldiads
of the PMOS transistor 9a is adjusted. An gate-to-substrate voltage

VG of t hE'PRIOSIEP HIEPSTRONTATE F31 PReYRDYPUSEY 2GIeShedI GWeF 4 haH Thdage
Writing provantion ¥eldddey "é%{‘cﬂuel VRdos VERmLanbe sot a3,y 0ldagg

condition.” Thus, 1n the non-volatile sem conductor nenory device 1,
it ik poswidirainegdshppiles yalliegeoralage afothe Bppldeedate vhetdOSo be
transi st d f i nsul atiing..l.ayer with 5 a film
t hi cknesgsg%lf%téide?g) t h%n P?@F"n&ﬂqggg?%\g%fnﬁ e gfa %hgngygﬁeﬁgnéerrhg%gﬁo l?é:tlél)le
subst r at genicdnhiecPMOSicoansistiar 9p.theO0P8deHgate willengt e PMEBplied

transistors.9a and 9b are, sw tched. on ile a gat ol tage of 7 is
ool oo Theri: sohmne eefrer Sl Rt 650l Payss ShBbEat %k 398 Chihes
be 8[V],vdhe gaf &[tvo- Subsil s al= ey 0l dageBalorléqidiec PMERtt s AR SESEQARSgOa
and 9b becone 1 and electric fields to he apg%)ied to the gate

o D A P E RN e S AESSE SPET 03 19Ra DI Gartenperaiesses

reduced. n@iddyl akhy, cahem thei VOB .r ansd &dors, 188 andtd3b al&id to be
switched on while a gate voltage of 1[V] is applied thereto where the

subst r at @RoIccagesthherdst 1apelaomny seintef FoeCciiod siaameistor 150 can
gat e-t o- subshrate yeldades:nk &b%&:\/ﬁ@oé f@ﬁ%ﬁ%%ﬁ ﬂéﬁﬁp%&@a@%ﬁ%ﬁ

1[V], and electric Tields to"be applied to the gate insulating filns
of the NMI®my andl stdrgnlriaed 186b ayah sheuleameckably Weducednings cdf
resud, fel 'NgB%'érta%s%u%ﬁ%ga}nethg%}%! aLLng.{dd NE.SAD B¢ reqarkanly
enhanced. An hus, “id the non-voratii é sem conductior nenory device
20 1, vol@mgesd ofibehappbiyedetiocife tMMOSrdIranes stidferdbee amtwkeh can

be suppressed. Therefqore, it is possihle to formt gate insulating
filmw t?ﬁ%s iFin ?ﬁ‘?cﬁﬁe?@kgflﬁle ?\]ﬁgh SN tBEt Q\g%'n the gate and
the sem coosluct act st ratia | Rhthe pNVESHt r adisdnpliaty 15ambé@088l:, | Nthe

ot her words, such_remarkable relaxation of electric field 25 cannot
be achi eVEY K& &F 358 CRIVEE 1 TaREFT 0 A8V oFe PVES 45548 t1c8 Bhat the

configurgehd @ aRREyrHotda oF hbeHMd bhPedOlhR08 : gRE: tiRIW bit MGine 7a
prevention voltage as with a conventional device. In conparison with
this, inakhé&hprieasent orgrieht | dinectibinndtd Baadriubéosk LlpewipNESthe NMOS

transi storg Angd o Lhes NS.LL ANRIS HAL e SRR NE CHBIHALLY 4CPTULI AU £5 4D 125
and the lower order source line 13a.

[0083] PFurther, the memory blocks 10a, 10b, 10c and 10d are

30 respectively designed to have such structure. Hence, in the

non-volatile semiconductor memory device 1, when data is written in

the selectedmemory cell transistor 115, the writing prevention voltage

can be applied to the non-selected memory cell transistor 116 from

the PMOS transistor 9b of the non-selected memcry cell column wiring
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30 enhancenent in reliability of the gate insulating films. [0089] It
shoul d be noted that in the erasing action shown in FIG 4, the case
has been exenplified that the voltage of O[V] is applied to the

second selected gate line 113a, and thereby, the gate voltages of the
NMOS transistors 15a and 15b are set to be OL . However, the P-well
PWL on the éhashaly BlcoéRWeSs CIPGE Pithéiae e i bt e WHeh trresfatie b

vol t ages; el %Mh%aa&%' SERE S 158300l [O0IRA;Lher el Rars cote

hi gher than 0 he gate-to-substrate vol tages o
t ransi stmemprisaedhdolBhnarie ingweded thrdWiiting vhierasiey cpodsi bbeliad to

reduce 5 [ li | at.i filns e
NMOS tra%lgél S,bf%%rs ?L%?an%g%gyi%gl ?ﬁere E)tlrag 9?36?@3? {8@8% t\ﬂansmg%rc.tlga
for imstamoeghreye hewapplrded $@iddecl sec@fd wellectled Ngas e Hannésidl8asa
[ 0090] Accqrding to the af orenenti oned configuration, the

non- vol at7 I NnfEbhdit 6P menory device 1 is designed to be provided

10 with tdesIMI:Lid,ansi SHOhodSeotdidtl el @ﬁw@ah@ﬂop&emaeyaié‘mbﬁ rce&né
of the N-sjide gate voltage aside fromthe P-side gate voltage
swi t chi N o "gnda bt Ve Ipns 1l ¥hst S1©ePL 98d coninglif e éeéﬁj?ﬂ?%fj t‘"ﬁ’éd

writing Pfr?é’@@@'@ﬂl%%ﬁ@%@l%?ﬂ%@@@gé’ﬂtﬁﬁl S&E@%"ﬂ%ﬁ@é YCRH lgaab%ﬁteer
116 in accunul ating electric es into the selected nenory ¢

trans] stat Vi tp15heaw+ﬁaasle§tp@|va?mdt 91599015311 -e T, hdmn of Vche M@sw
transistor, 9h. [v%%%lg A@o‘h i glaYnd *E%rg%%‘if’&lr% iLe. sem ﬁ&%%
e e

nmenory device 1, the P e gate votag or switching ont
transi stioy 9le @adlpm@fa{\l- sﬂdeugatqf bkt aged flgmeswi § Z4itieg 16080t he SNMZBO

tranS|stor 15a .can separ.at el ust e

1 oxt bl yoSaE 350 ehe Ui i ol Therahes dorhet rhE B RER GRS dits T he

sel ect edrémmt)ivéejﬂ1ﬁdlalﬂlﬁh§t®rga]1ib5,lnfsﬁlattlnﬁ anger with %duﬁec]trhﬁs of
i arison wth a conventional ice by res ect veI

vol tage in co

set tﬁng J[%s P de (g3 e S0 Pageeant £he rs‘Pg‘Erﬁjatcé tyott dg PBt Wé\}@g
vol t age yaddies BSs HQWnaSsPOSSiMlsgewherely nbhendMOGaté ag_rigusbein&qa@ae
the NMOS transistor 15a 25 can be switched on. [0092] Further, in the

present ‘ot PolaEP$ et Eietiresadirct die rerbPYefevicdécditthe writing

preventi ogpaenl t Aga Hes, CORTIRUNEH- &&&ql@p%ﬁﬁ%nﬁgcwﬁ rﬁgﬂ{b&e&@&t&dl
nmenory cell transi stof 116 that intersects with the selectéed word

| i ne 120thswirkeinherPNES: tamrsl saas o918 [Mloliweirphi89 ashésvikd thagrigher
pr eV§d1t i c(J-)JpcheVrol:)E_{"}gle’_LnieS’f'élpo[fI 'tﬁg’ndns—s%%x:g&?%eﬁgry m%rleégflﬁnn wiring 18b,
while the writing voltage of 0[V] is gpplied as Vay to the higher order

bit line 7a of the selected memory cell column wiring 18a. Thus, Vg

- Vs € 9[V] is set as a voltage condition and a voltage difference

to be controlled by the peripheral circuit of the higher crder bit

25 lines 7a and 7b is set to be less than 9[V]. Hence, MOS transistors
(not shown in the figures), respectively including a gate insulating
layerwith a thickness of less than 13[nm], ¢anbe used in the peripheral

circuit without using special MOS transistors respectively having a

gate insulating layer with a large thickness in the peripheral circuit.

30 [0086] Further, in the non-volatile semiconductor memory device 1,
the writing prevention voltage of 8[V] is applied as Va; to the higher

order bit line 7b of the non-selected memory cell column wiring 18b,

and the gate voltage of the PMOS transistor %a is adjusted. 2An
gate-to-substrate voltage Vgy of the PMOS transistor Sb is thereby set
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the P-side gate voltage in switching on the PMOS transi stor 9b can be
suppressed to be lower than the witing prevention voltage. The

vol tage in accumul ating electric charges in the selected nenory cell

transi stor 115 can be thereby reduced by that much in conparison with
a conventional device. [0093] Further, in the non-volatile

seni condiue ber Legoithagdhiecer 1t 1na Preveiltd®rpvesiasice tenggri Yust Wen can

adj ust t@e?ﬁglﬁ%is%ev&%a VQUHAIE AT trﬂﬁs,’\' Hel Jv%EQEiﬂé??ﬁg%l{ﬂcﬂl%SQ

to apply the witing vVoltage io 5 the selected nenory ce umm
W ring l8srday Bevicd ow Molitggesssepartat ebypfesnthheoRisgdeqght eepplied

vol t age. 94 s, _l.n. the.present non-volatile.semconductor .
ooy dstics oY hand rlraly ERGTVo BaML MALLLLE (RS SR I el
menorsy cl Eildfi ansistyss1dFE oredshechion-isenedt edcwesdr yheebbktér angi sher
116 is shared 10 b%f_thg PMOS transi stor 9b and the NMOS transi stor

|

15a t hr otffh-REVED SERbR B RpFYPRE R R §hoVolt-age as t he

witing psevention, VehdRgRe oM driae s PMES -4 bansbsdsr&Bwanch&d on while
applying a |l ow voltage as the wri tlggq vol tage fromthe NMOS
r

transi stdUaisIhage Al Gt LAGREréet rihereharmiese eos i respataldaaes
menory celd dJranst St Lle- c580c®vlD {he I ROBSLOE LA SePH ARl of

adj ust the gate voltage and the source voltage of the PMOS transistor
Ob drid thosEMOE thenNMIBrsr ansarst G bsaomeardd Vi i natd yelecheic fields to

gate-to-substnalg volhagg,can be, SUPRL eSS '9Wth%0£%%] L, shaul d ?S
not ed tha‘% e a?or enent roned- exerrpFBa y eﬁ%o& ment has aescrl e&, or
I nst anceznd bie cease wHmaappbyy mgdtudxed mefmbnil 40 y¢ edHencolaMDINE ramg s2arsn
R R R RN TS W
di sposedcmdiidie bréng ther egbad-ate tOetdq@y dheeedi are HHOMREEE, td e Ov,
pres&t 1ié}?nev\%g:tiregggis not Iti m tled teo t?i S, andS! tri s al Ioovveij5at oan%pgl)lg)g
any lonhe obS~ TR LR eV P TEFCEnAT WS AYDSi hr Wi iSOt fe
become 1[V], and electric fields to be applied to the gate insulating
films of the NMOS transistors 15a and 15b can be remarkably reduced.
As a result, reliability of the gate insulating films can be remarkably
enhanced. And thus, in the non-volatile semiconductor memory device
20 1, voltages to be applied to the NMOS transistors 15a and 15b can be
suppressed. Therefore, it ispossible to formthe gate insulating film
with a film thickness of less than 13[nm] between the gate and the
semiconducter substrate in the NMOS transistor 15a.
[0088] 1In other words, such remarkable relaxation of electric field
25 cannot be achieved when either NMOS transistors or PMOS transistors
are configured to apply both of the writing voltage and the writing
prevention veltage as with a conventional device. In comparison with
this, in the present invention, combinatiocnal use of the PMOS
transistors and the NMCS transistors can remarkakly contribute to
30 enhancement in reliability of the gate insulating films.
[0089] It should be noted that in the erasing action shown in FIG.
4, the case has been exemplified that the voltage of 0[V] is applied
to the second selected gate line 113a, and thereby, the gate voltages

of the NMOS transistors 15a and 15k are set to be 0[V]. However, the
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25 higher order bit line 7a, the | ower order bit |ine 8a, the higher
order source |line 12a and the | ower order source line 13a are
arbitrarily disposed in either the colum direction or the row
direction in accordance with the arrangenent condition of the nmenory

cell transistors 103, the PMOS tranS|stor 9a and the NMOS transi stor
15a, 30 Porein&Farde thERAafdPAGe R Terr Y el | Therafrrew Fathg T WisthiteR

hi gher ogger v3QUEGE: ldfnese ai@sdi shRsedold e h@WsH E8&tdPRherein are
perpendi cul ar to the higher order bit line 7a, the |lower order bit

| i ne 8a akthamhethamer (8 del‘th§oLﬁﬂf@‘ltpn@kl%ératﬁoogﬂ]ta(%%)o@xéh@l ApPS
Modi f i Ca{f s%t)rgvll Iél I’Stf%;@é" 8&:63:%3 nggl:qts' ék?er%%?‘p%%@qgif%%% leléy

Devi ce According to ary odi nment hou be noted
t hat % hee bdonsreft.ebdedaexermol doy thﬁbgdt@emsmldgséxlrtwdaﬁ hehec a818S

of applyi n non-vol at.i sem conductor 5 d ce. 1l as a
non-vol a eSlsSerc?ir%cn)lrf%(;‘_]‘ucf-lor!Lrglrb\arrnlrﬂj evice con?l 4 reéf Ew]aﬁplflt arf ToF
N-si de g&t.ﬁ:&t@et, aney g:FGE&Ip@Illédilat[b aheegdabnd GeVatted \Gdtd 1inberEsagy

is the v e of the selected nenory cell colum wirin writing

vol t age) %Rﬁfﬂl PSRG9t hd hr Bhol ﬁg‘?/lbﬁ“te&éjéoﬁ?dt héoﬂﬁéﬁg‘]téﬁgr st 6PF
to the NMEXS- <12 $ L 8 tsinii c8RAGL AR Herdo Y SéR-Jat a@éi{%@@ 10 pkass4ikan
or ual to V52 IVuvl (where V52 is the volta%e of the non-sel ected

ety cetin EBPURNPSAVEFPRTL I EPAd etebe riisshod] angey, othiyensatip of's
the threghol;ds val &é@@v@ité&@af@fﬁ&n@ﬁ% §1ch)e {od @&f%@féﬂ ansishak

in witing data in the selected nenory cell transistor.
non- vol a®th | and @fifc dhe uty trmmriyt@e\ﬁkc@onfllsum ehon a@@hfﬂ‘g}uﬂe«ttlxﬁng

to: app'd%%é&%tlﬁﬁ' x%@g%%%eté’ QhLags, « %gl@[:é@d %ﬁ%‘}g r‘i é%{sdx%%?' 11€:in

V31+ | Vi transi stor a; and app € gate
vol t age @rﬁc@r[u\l]athsgselehamcoch@qwd intoe MB2 sk Vedipid Itl@ndﬂ}eceﬂl\mansmtor

t t th t d tot
Ao 1'oho. Bt RESNEAT dePRht B b FERGE. 1 1o BRI ednro Vb TRAEE 107 267
transi st progls gA@cactzemnaﬁ)yt hanties nequ%léul%Béérnﬂdﬂm&ucwt lenbhe vsicde

gate volta%%to be ap@f?étl ﬁo the PMOS transistor is |l ess than or
equal tolN3F'9 VORTSS (97 ENVEL aRIG s FBF Ty %Rn the BCS jeegatgror %

vol t age smy the rvaglldéugwe selthge %\l:esﬁiﬁ.&{m\éobﬁaﬂ% M2 @S ank 099 15a
Further, the aforenentioned exenpl ary enbodi nment has 25 eggl ai ned the

case t hatalVRE SeRmately] ¥4 ysiesh ea Wit it PoEsiddeunlnguengleaitaly set
vol tage Of. (Be: s&l %ﬁtaecf&um&Qtiﬂcfélé\@Hf‘c MR- d s %HFI %g%%@i‘e@cbﬁgx]emo y

prevention gate voltage of the nhon-sel ected wor I's estab
cell transister 115, for instance, to reduce the voltage in comparlson

with a conventional device by respectively setting the P-side gate
voltage and the N-side gate voltage to have voltage values as low as
possible whereby the PMOS transistor 9a and the NMOS transistor 15a
25 can be switched on.
[0092] Further, in the present non-volatile semiconductor memory
device 1, the writing prevention voltage i1s configured to be applied
to the non-selected memory cell transistor 116 that intersects with
the selected word line 120, while the PMOS transistor 9%b, to which
30 thewritingprevention voltage is applied, is switched on. Therefore,
the P-side gate voltage in switching on the PMOS transistor 9b can
be suppressed to be lower than the writing prevention voltage. The
voltage in accumulating electric charges in the selected memory cell

transistor 115 can be thereby reduced by that much in comparison with
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as a relational equation in accunulating electric charges into the
sel ected nenory cell transistor, and the condition that the voltage
30 difference between VWL and W2 is less than 9[V] is configured to
be satisfied by applying the witing gate voltage of 12[V] as Wl to
t he selected word Ilne 120 and by applying the witing prevention
gate vol # agRERTAPW £€WR8t o the non-selected word [ines 121.

However, [ #dtespr eseiied, nygn@ﬂeoaohsv@pgmluengéx@pc&fau%b:% meﬁmgfoa&v&% ghe
af or ementi oned condition of VW . 9[V] is satisfied,

vol t agesit olshélapppeetittle ﬁﬁe@@l@@tlefda@\m%t lthreNagErq M@tﬁom%@g@cpéd
word li ”Pn@%o%etgsﬁsf&o*}a‘iga %r¥8|% %g‘ige{!ﬁé »Bz[lg(l%ﬁ] vEHL e,

the af orenenti oned exenplary e rrent scri e case€e that
Vin -5 V8ihe %Mct(ewharemovslceMt heltmuarxg]erla&cuﬁal atwi g wol tagevdftaghe

sel ected rrerm I WII‘II’I wh|I is the charge
accunul at it ng 5%%%%\ |o(r)1Eh\(/eo tage o‘%the nong%sel ected nenory cell

col um wohay) Tﬁuﬁ,stﬁbjhlesﬂsmmm ror-@bak t bnakegOttaidu@it o finemory device
accurrulaln eletrlg iyges i othe se] cted rrenor cel |

10
transi st or, " ¥nd°tRe B ¥ 9EnECvoth B?f?ee]r g Bt mevs1

and V32 igadassoihan S Mhe h@nEQélifécﬁ@Ei%anyQ%lﬁaiﬂa%fshQQOPYI@EB's\Ha@Qd
the witing prevention voltage of 8 [V] as V31 to the higher order

bit 19 nebwb-tsy FRE ﬁéﬁn%ﬂeﬂt@ét el ARAOYRE CRIOE EBpRTHF ML iLAg TBHPUsHd thy
appl yi ngc&bﬁg%:b&aﬂ A/@'abgwu% aph[ﬂjh @élééﬁg% tQ the Jm@% l_gféi&erntl?_bh

15 line 7a of the selected colum w ring wever
t he presemttagsyénem dinei EM%ttanm$mr 1919 arl of a!@ﬂl}cmlg aslcwrmoltage as

oDt ooeth NP GARILLL OOl e heVREicS SLMe i iatienl L dachlifnacing

vol t ages e ap e se ecte menory ¢ col um "W ri
and the eﬂb&ttselc&dta&@emmloytmaesélemjedmmmmrmcra}ll&tanmytbe 1§ét tﬂmnhave

vari svolta 9 Further, the aforenenti

exeripl ar S DBAPRETE 1Es TR LY THE oG8 TH "aof Tahens i siTo6a°
to the sesreed betiod oMis Aoanseltect od samimihpseebt Gl WRMSW Ffaridd shk-Br
accurul ating electric charges into the selected nenory cell

transi stords aRefanehby ot dgec- E%pill‘lbé(ﬁr?Be "RéteFeFEB }qei HPRIESERR Lov-
non- sel eciesh jmem®r sneehh oQl URBLMUT ithGt the aforementicned exemplary

embodiment has described, for instance, the case of applying the memory

20 cell column wiring 2a in which the higher order kit line 7a, the lower
order bit line Ba, the higher order scurce iine 12a and the lower order
source line 13a are disposed while being directed to the row direction.
However, the present invention is not limited to this, and it is alleowed
to apply any one of various memory cell column wirings in which the

25 higher order bit line 7a, the lower order bit line 8a, the higher order
source line 12a and the lower order source line 13a are arbitrarily
disposed in either the column direction or the row direction in
accordance with the arrangement condition of the memory cell
transistors 103, the PMOS transistor %9a and the NMOS transistor 15a,

30 for instance, including a memory cell column wiring in which higher
order scurce lines are disposed in the row direction perpendicular
to the higher order bit line 7a, the lower order bit line 8a and the
lower order source line 13a.

[0096] (1-6) Exemplary Modifications of Writing Action of
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25 is set to have a voltage value, which is | ess than that of the
voltage to be applied to the bit line of the non-selected nmenory cell
columm wiring and is also greater than or equal to that obtained by
subtracting the threshold voltage Vthn of the NMOS transistor from
that of the N-side gate voltage to be applied to the NMOS transistor.
However , N"E’rh‘e"oﬁtaé%é‘ﬁga@@@%@&ﬁqr&iﬁm%y&ﬁv’iqerﬁqc@&dﬁmtti‘ﬁ ElrgEofxemplary
exanpl e, pabasafenthe followi ng conditions may be configured to be
satisfied: that voltage is applied to the bit line of the selected
menory cel | ItoFhemldvoei ngtet thgsurhd afrhgnettdenericexdenlgey smraslimgat

sel ected, %’Hl{]e rﬁB%Jﬂ [EANSIR! Qs 5 }é‘??yﬁgt N8.evaLLage: . ARRI Led; Lo 18 or

bit line sel ected nmenory columm wring, 1s set to have a
vol t dge natery, ddwicte |5 geeat emorn-hwiatthae @femm@dimuoagenem@rbe device
applledtontthe squrce | i eof thed cte % eII col um vvlrl ng
and i s at¥b 1%E§% Ha aBP Eqial T W& 0‘6‘% aﬁ%dg NP addF g CheSde

t hr eshol d.. vwol| vage (Vhépe af,; tHhaehRPME t=mansi Sh@rsetl.@ctdé’tﬁmBmStjﬂQe5lg§ﬁ1&mn
voltage to be agglled to.the PMOS transistor; that the source |line_ of

the non-$Erd& - Hetst yOLERYS ol timhewii iy e Soreplobd Yok tage gfekie

stat e i nuassHPalAl-itag) el-agld oL PR 38S tht AntiR@ps ¢lettadi-npiRy 164k
transistor; and that the bit line of the selected nenory cell colum

wiriky i sesetthed BE fEYah thdne st diersi n(detiamibatisnghel Bettage pf the

char ges h&ﬁ%etl'éﬁté&'rr%%?gxé&@&aﬁ&ﬂ b HRN$HB1 Ofng EP&Q&JU& @ollc)age
Witing Action in Firs enpl ary Modification or exanpl e,

FIG 5 showe Wish b sttee §an@slmfdemh@ayesogrt@ea@@Sghe@Stl@t@@meh@ §MOS
corr espog?ar{gq b thﬂ%‘ar % . aet%é'g s %@E éJ %%89‘% c%’l‘iuf%%sﬁ%?ry

device 2 ferent orenen one
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the respgstdae, Pasd brossnt Eaﬁeﬂlﬂ&mng%tmeﬁr&ea% bhosk kB 1dhe 44 kst
colum and first row position is set as the selected block 117 and

only t heNmEfisr gakelyolttpgAsie sy appBi¢t tohehe iNMES ?W%lfsttoﬁelﬁeﬁ@@ftéé
bl ocjy 1 sgl, S 5
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8[ V] can ee gﬁgﬁn%dgpget[\‘hegf%r ec%qggg n%aé’ i n"ga%‘iLngl}éha e%o Bgve
the sel estle rbotkge omalutse vol tage val ue of | ess than 8[V] 30 of the
P-side g voI her in the.one, set based on iting
prevent i SWI tg'b%?ﬁfr%[ ¢t o hRIHPPEA 0 THEEHPGKer © %P%%rme&tt PPie
7b ofs t hexpionneeal &6d edsaedmityvgel lvycal sipn wheng vighs afid actimeashaohd

voltage Vthp of the PMOS transistor 9b _in the non-sel ected nenory
cel | col ¥ WPLEREE PdbthamrlcstafserichdippeidegVe s tge ?cgléﬂu%fﬁdéa

a condi thQention gate voltage of the non-selected word line) is established
as a relational equation in accumulating electric charges intc the
selected memory cell transistor, and the condition that the veoltage

30 difference between Vi and Vg is less than 9([V] is configured to be
satisfied by applying the writing gate voltage of 12{V] as Vin to the
selected word line 120 and by applying the writing prevention gate
voltage of 4[V] as Vi to the non-selected word lines 121. However,

the present invention is not limited to this. As long as the
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of switching on the PMOS transistor 9b, i.e., a condition of witing
prevention voltage of 8[V] -> VP. [0103] The PMOS transistor 9b, to
the drain of which the witing prevention voltage of 8[V] is applied
fromthe higher order bit line 5 7b of the non-sel ected nenory cell

colum wiring 18b, is swi.tched gn when the P-side gate voltage V& of
less { haPt BIVIS T SORPD OB £ Hat 8o ant (hal ik i Y5 Bra6antTon Rici-Eage
of 8[V] eamebgoapRUi € the dheckewsiorartefe Bid then®BRe0bctdtewora 1ine

non- sel ect ed mam)r%/ cell colum wiring 18b intersecting with the
sel ect ed"®WOrRF ISEReta JRVeAVat hPeS tYHE298sVd3'9%he 10 non- sel ect ed

Menory cehdoo! MRt i NG rL8b . rar 4QIHAGROT SlMloila$ yPeERGoERRIHed b
the NMOS transistor 15b from the hi gher order sourcé |ine 12b, while

a vold agéedfrited] the bebagtiappl Veed—t ¥ext Ke SANOS(WhartsiVet ofs 18ke fohamge
t he seco : i 3a, r N ransistor

195 1o SO TIRAa R BAreR e e T s R ARy ot et RO EhT oBee
sour ce | VaaeislBbe bdmonesadheugatren@erehatt ofn vhetdgaer wredaon-bidlddtada
8b. [0104] Accordi ngl as.to the non-se]ected nenor el |l transistor
Y26 bt PR B L e EEE M6 e b S5O LA Enas) B iR L e
8b of thennescselectad rmeBtyi€etbhat@ummi rig d8heduatiengeet yWdkeh1
each 20 other, the witing prevention voltage of 8 is applied to

one t%r nFFRNSISHEF e N FlitnoRel highéRabridisr Vol tags HEL%/]%W@Fet}H%tween Vp1

non- sel e&ﬁ@dfsgrelrgowsge&ﬁarp@!wgniwcrdn@ggéééu thy 9H08a £ e i BMOSy applying
transistor 9b, although a high voltage of 12 [V] as a gate voltage is
appl i ed the tHétEvmrereght @ tVReEed® offr BV e Yol ety Mo préer ot

Ther ef or g & ¥0ldAgedhbHELENGE S mérof-ducad Detpren;: 11, oot ok »
gate and the channe?l reglion, an el ectr ¢ Y
applying the writing voltage of Q[V] as Vp: te the higher order bit

15 line 7a of the selected memory cell column wiring 18a. However, the
present invention is not limited to this. &As longas the aforementioned
condition of Va: — Vg < 9[V] is satisfied, the voltages to be applied

to the selected memory cell column wiring 18a and the non-selected
memory cell column wiring 18b may be set to have various veltage values.

20 [0099] Further, the aforementioned exemplary embodiment has
described the case that voltage is applied to the source line of the
non-selected memory cell column wiring in accumulating electric
charges into the selected memory cell transistor, where the voltage,

applied to the source line of the non-selected memory cell column wiring,

25 1is set to have a vcltage value, which is less than that of the voltage
tc be applied to the bit line of the non-selected memory cell column
wiring and is alsc greater than or equal to that obtained by subtracting

the threshold voltage Vin, of the NMOS transistor from that of the N-side

gate voltage tobe applied to the NMOS transistor. However, the present

30 invention is not limited to this. For example, any of the following
conditions may be configured to be satisfied: that voltage is applied

to the bit line of the selected memory cell column wiring in

accumulating electric charges inte the selected memory cell transistor,

where the voltage, applied to the bit line of the selected memory cell
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charges cannot be injected into the charge accunul ation |ayer from
t he channel region w thout occurrence of a quantumtunneling effect.
[0105] Further, at this time, in the non-volatile sem conductor
menory device 25, an N-side gate voltage of greater than O[V] can be

30 applied to the, second selected gate line 113a shared in the
sel ect edc‘g}%w?—ﬁwgfrﬁé Yot £9gR3 b %g?’%]attaegre VRGNS O[N] BT AESREST d&an

gat e vol tgge oYhs daﬁrcgi%@ ddhBeCiipI1SRH PaSeE obud-aMihéng vabtage Bty
O[V] to be applied to the higher order source line 12a of the

sel ect ed"PRATIF 52 ICePPLWEB) Hinit Vil A1ch° 21830 ARES ANehPESERY tPdiiedgd twingd

of the Wd&%ﬁ@%hé%ﬁ&e&@@le& Golﬁali{;[% \/\]%)E! SELRE PIBEN NS EhLo:C0L UAR Pt 15Rg

18a, and 1s also the one (e.g., set under a condition of

swi t ¢hi ngeloh oREapOD thcapBPsiet thHane| PNOS tgapehdiat/ofhef Wre tsomgcee
preventi val ( tod 5V [ . i stot
15a, to ﬁ}]ee g)cﬁjr%gg éo?%n %%\%ﬁt?ﬁe WL (%hj's C\%é%ﬁ]gggf% IS%gné’?p%ltei (%
from t healhbgheisteteden mwumokat inpee l&a ke tHeergselietbethensrizoy edelemory

colum wiring 18a, Is sw tched e he N-_side t e valtage VG\.of
earar EhantsEURpkSs ArORRT: M BER LR KETLE bR A i)
can be apfliredwloidde sl exerccobdem sauses btaes idaasefuthatsaletiedric
mem)r(%/ cell colum wring_18a intersectijgg 10 with the sel ected word
li netX20°9ISEhiBER i e SELSF6eF FETOEr eCE el TERSEFETR! | col umm wi ri ng

18a, a vedtrge of-A1Y] wkscbel natapR! iedr ittt BRMIS 1t aASE A c8a
fromthe higher order bit line 7a, while the voltage of 7[V] is being
applied to th& PNOBLer disTSi-0f SHavr rdimtihe $ansteslcacesd Watasdiioned

105e, VoSS Sirhs, BSCLEGISI) o Spds 4 el 25 01 RV i
t hat of sémwdoovierter demosyuderidel Ak UBaifdevdnic hirohechar pEorgrardlitagd
I's b_LeEz' ngncgp—pxjcjl%gile semiconductor memory device 1 regarding the veltage value
of the P-side gate wvoltage that switches on the PMOS transistor 9b
in the non-selected memory cell column wiring 18b in data writing and
that of the N-side gate voltage that switches on the NMOS transistor
15a in the selected memory cell column wiring 18a in data writing.
20 [0101] Incidentally, similarly to FIG. 2, FIG. 5 shows voltages in
the respective positions, for instance, where the block in the first
column and first row position is set as the selected block 117 and
only the memory cell transistor 103 in the first row of the selected
block 117 is set as the selected memory cell transistor 115, while
25 the other blocks are set as the non-selected blocks 118.
[0102} Actually, when a data writing action is executed, in the
non-veolatile semiconductor memory device 25, a P-side gate voltage
of less than 8[V] can be applied to the first selected gate line 108a
shared in the selected block row. The veoltage value of less than 8[V]
30 of the P-side gate voltage Vg is herein the one set based on a writing
prevention voltage of 8[V] to be applied to the higher order bit line
7b of the non-selected memory cell column wiring 18b and a threshold
voltage Viy of the PMOS transisteor 9b in the non-selected memory cell

column wiring 18b, and is also the one {e.g., 7[V]) set under a condition
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[0107] Thus, as to the selected nenory cell transistor 115 at which
the selected word line 120 and the | ower order source line 13a of the
20 selected nenory cell colum wring 18a intersect with each other,
the high voltage of 12[V] as the gate voltage is applied to the
control gate thereof fromthe selected word Iine 120, while the
writing Yol¥agenbrd RV SMRSpt TP I50F heP ot her - PeFRRHHI1Thef ¢t thpgm

the | owes OrHeN c80Ws L&ldne3a; {gpr_oqgtt'k {he NMOS transistor 15a in the
sel ected nmenory 25 cell” colum wring "18a. Accor di ngly, in the

sel ect ed{ thdr yThee| BMGS dagnsisror £, éovéh@a@ﬁﬁ%m'pﬁewéh@@ ke writing
I ncreased. hetween Jhe o %”&f%‘ fv?ect a%ggléé]%r%gl ﬁSJ: de@”&@ﬁlﬁ%e

result, a quantum tunneling e curs an e |c c arges can
i nj ect ed7s mfotmﬁmoahaegeciam:tmamdmy icen 1| caylemnfwomrtdlé%hatmeivw@gpdonn

30[ 0108] .Thu ven |n t.he n vol ati sem con to r evi ce
25 the Pl oo gaRecb iRt PR de o el oot Pe RO, 2R sERe
line 108aand.‘.ahe beiremandabkyti@duettdagd oeoamfarm:oaevmptphladmvmumaal
device, while the N si ate voltage to be applied to the second

sel ect ed® FFn]e”iel§g ‘Bgritk{?enP’én%gjiféﬁle? T%’Efgg’eﬂepn CIPEr o9t £R

t he Coni/ﬁgﬂs@aﬁhngiwltﬁethe( defecedWiditd NPnLALIOON ntntﬁg@mﬂe Eé%mai ahy
Modi fi cation Anot her non-vol atil e sem conduct or % ]eV| ce may

be céhfiiRieE sGERC TRAPTY Gf1la crdtEn Wi Hinggl Hot wﬁlt@ﬁ% o§ vbs kadeg
val ue may,he .9 §§tthf 0&Mé§‘®cran§i§t§aﬂ9%8 #Qht age ﬁl%ag\%ﬁofefy 08, 0% tﬂiﬁ%

PMOS tran5|stor of the non-sel ected nenory um wring 18
and t he Nelwi Mél@@taevvétm@g@ffbfvlswst}emrngapnl;etré tRMIS: tRAststrorisisa

f th I I 8 t
of the Sf%hfcér%% .‘EEQDéé(c =12ty d&é\%/t{é ’Ent%hgiigor I%é DPLEs, e qus

non-vol at11 e sem conductor menory P-si e gat’e vol
and t he ftNamisdetgatlédbvid tsagechdftavifﬁgmtihtauesahecnmld;acgaantalameqf taa lbeer

| d to. the PMOS.t d the N tor 15
R s e o a8 S bt tin, S Bt b oot Bt gt Repter bit

nmeans forimppebyi ng voltage may be shared by the PMOS transistor 9b
and the NMOS.transistor 15a. In this case, due to the shared nmeans 15

for appl 10 v AIRGEIOEhE: &Y ENUBOT R CORPAGHREY Gl diFapgistor 118

si nmpl i figd By chhete MGRcted wdr@l 1 8XQNPI0E and NtrlgBwBRsARIabI L € ine 8b
sem conduct or rrermri/ device, the P-side gate voltage to be applied to
9

the PMOS% FBASIPrSE BrRhACHRr § 6811 CHEmA[ WAL inghl §ke 1 pher e detyaaeh
vol tage 5191@@.9, tq{éqlvfletqntgcbrtenf%ntlon voltage of 8[V] is applied to one terminal

therecf from the higher order bit line 7b of the non-selected memory
cell column wiring 18b through the PMOS transistor 9b, although a high
voltage of 12[V] as a gate voltage is applied to the control gate thereof
from the selected word line 120, Therefore, a voltage difference is
25 reduced between the control gate and the channel region, and electric
charges cannot be injected into the charge accumulation layer from
the channel region without cccurrence of a quantum tunneling effect.
[0105] Further, at this time, in the non-volatile semiconductor
memory device 25, an N-side gate voltage of greater than 0[V] can be
30 apprlied te the second selected gate line 113a shared in the selected
block row. The voltage of greater than 0[V] of the N-side gate voltage
Vgr 15 herein the cne set based on a writing voltage of 0[V] to be applied
to the higher corder source line 12a of the selected memory cell column

wiring 18a and a threshcld voltage Vinn, of the NMOS transisteor 15a in
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20 NMOS transi stor 15a can be also set to be 4[V]. Therefore, the
P-side gate voltage and the N-side gate voltage can be remarkably
reduced in a witing action in conparison with the aforenenti oned
non-vol atil e sem conductor nmenory device 1. Further, in conparison

wi th the aforenentioned non-vol atile sem conductor rrermr%/ device 1, a
vol t age Pi5° gt eethBenern cBél clolnrnatiddnbetireetnd e PFOntoPriages gby

setting {hg) S%gg ﬁ-’rgietragecééﬂfﬂﬁoﬁ% e H'Er%gﬁﬁos 1%3&1@ Ot &y 1t5E

vol tage anplii t or the entire device can e reduced at nuc
|t shoul d-be notedlithan qﬁWth*elrm psemntigvevitgye df fUf[# entl Vaet < ‘m‘u

means fo Iy' t onf| d tao se t.ely P
vol tagesfgg&@hehg 1\?{/@382? ‘{%ﬁ e 21 neg%‘gBSao “an Eﬁeﬁsé:%ogﬁgs ltlflgd
gat e 9 i meo iR, oEV(e[rV]V\henapﬂshela- frde et aiyiodt ageleﬁ:OSdae:@pthnedlzaOOf

the PMOS tran or 9a and the N-side ate Itaeto e a ied t
he NVERETS SRt e e Nl e e TS alBr v aua ChahBh it e

i nvent i oflys MR GOUS WAlthadees, By gheaappldred dovt he apboher tﬁéﬂ@rro biahd
line 7a as Iong as the PMOS transistor 9a.in the selected nmenory cell
8

col urm wii¢ g 1¥8a0 oo tBEe i OdHedrasr Pe aaPliRe &t N hanRy, ovaery (ﬁﬁ’élrce

vol t ages; /@y 1Bg @PPJHeegeié)céJbﬁm@fn@ﬂerce%dééléﬁﬂ%%lﬂa@ rl%alggt@&elc%ﬁg
as the NMOS transi stor in the non-sel ected nenory cell 5 colum

Wi rily 18btlcbire beleswetdcm birfe 1%@}10@} thhe tEN@Satsrtaan@i%%@re%dmmhe
| ected. b i
sel ecte £f”85¥m&?'whr9% Y W %99 fs %%ggggﬁ% ét%\cf)trtu% PMOS

appl! yi ng, i nst ance Sélected vo ta e
hi gher otidersibitbr| $mefrten dhe omigrsel ectield bueminyiecéda,l v(rnllan‘nhe/\,ivdlmgge

LB vheL e S AR 1o ke s et T
a non- ses€erdeedsEtece neol dsge Tmraiforé[\ihetmadshe:amsghedsr orderswsiauhea
line 12b 1311 tB othe nron selecétwgo rr%f%y C():ello Igm) V\b&{ng %Sb.m 5
[0110] TRE" $8Fedt%el Bt PP hge-a1 hECWHe 058 Pt sHtS ER\ASTG™S
the same as that of the lower order source line 13a teo which the writing
voltage is being applied.
[0107] Thus, as to the selected memory cell transistor 115 at which
the selected word line 120 and the lower corder source line 13a of the

20 selected memory cell column wiring 18a intersect with each other, the
high voltage of 12[V] as the gate voltage is applied to the control
gate thereof from the selected word line 120, while the writing voltage
of 0[V] is applied to the other terminal thereof from the lower order
source line 13a through the NMOS transistor 15z in the selected memory

25 cell ceolumn wiring 18a. Accordingly, in the selected memory cell
transistor 115, a voltage difference is increased between the control
gate and the channel region, and as a result, a quantum tunneling effect
occurs and electric charges can be injected into the charge
accumulation layer from the channel region.

30 [0108] Thus, even in the non-volatile semiconductor memory device 25,
the P-side gate voltage to be applied to the first selected gate line
108a can be remarkably reduced in comparison with a conventional device,
while the N-side gate voltage to be applied to the second selected

gate line 113a can be remarkably reduced in comparison with the
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15 condition that the voltage value thereof is greater than or equal
to that of the witing voltage to be applied to the higher order bit
line 7a of the selected nenory cell colum wiring 18a whil e being

| ess than or equal to that obtained by adding a threshold voltage
[Vtivl of the PMOS transistor 9a to a P-side gate voltage VG to be
appl i ed FHEi2DaPMEY tGRansi st or 9a of the sel ect ednenmory cel |

colum W 1id16)18@;i {{inf acthBasSit R0H £ 1arQ (M@ Yehpl) ) .

[0111] On the other hand, the non-sel ected source voltage Vsl is the
one set for Aathsf ppngvalaidAdi Iardroniiatt areemaaivtdayd cealaydoe derfdefared
l ess th f e it ng. I viql t t ppl i e
25" i ghor G dBr i £ 1% ne oo FL e 2a5tobel et oo smrr s oBor T Sorne
W ring 184 vibirl ehd-njdgresaeeroltmye Oor egiakbhing tdnathelMasnedhrsistor

bt ti hr eshal I V of the NMS t. i 5p. f :
ol do gl &% 5PE 4GE VEREE B TR aiF 1o CPhETRNER PRty 806y Tasg o
t he non-geleebetade foryswaelkhiagldimhavinmvDag BB i6tof. 1520 R @harsdikamear

equal to (VGN - 30 \Tom)). Even with the aforenentioned
confi gurBETDY, “glhorVBatitFegefidconduct or menory device 31 can

achi eve advant-agenseffiechs nshnibadc e $dosenalicthenahorporotionede
exenpl ary enbodi nent. [0112] Further, thus in the present invention,

t he ourEesielst aaigeve - ang) anst Bl -3 yrleaeriia YohF a6 e igattaeviareagd tagnd
for instance. &Q‘?Bﬁa‘}’o:pﬁ%&;lg %ﬁ]?@%é 't%%gnéig’co(}f 1:%}{11&%%%% di8dot0

t he hi gher order I ne non-sel ected source voltage
Vi of 4[Vacaasbectdppllived o thre shinglved tege@ensoat tey bowecd,2gnd thus,

Therefore, it is possi.ble t educe vol t iffer e n._t
oo oe enrld 0¥ BRI bRLLELUES Bo Vald A0 B RERA{Ea B
(i n thi sachste SBOS ceravielitage 10fa.4[ M thigatese,obbageo ofheBEMired means

't i1 f 4 d tage ditf bet ween, the _.
Sour'ce” ot OB VI thjesot M BEAIB CEd b oPhE- NGB CPATEIE: O ad £

this casgy Spur eachol tage of 4[V] - gate voltage of O[V] = voltage
difference of 4[V]). Accordingly, it 10 is possible to remarkably
rel ax el ect Fi°¢ F528P48, dPpTUEd Y iPHa t 45t P HEUANGTRG T PRE GGV 1ERe the

PMOS t r apisd 5§c06298 Fd dqRe t AMES dgranslist Orenkddmo@nde4r2 i8eBke¥8 can be
enhancenment inreliability of the transistors. [0113] (2) O her

Exenpl ar§etErfsodPnint] | t""dheutlee B sAgeed thae tAee prefenBrPhvhtticolb s
not éd n‘ﬁﬁﬁ% EQansistor 15a can be also set tobe 4[V]. Therefore, the P-side

gate voltage and the N-side gate voltage can be remarkably reduced
inawriting action in comparison with the aforementioned non-volatile
semiconductor memory device 1. Further, in compariscn with the
aforementioned non-volatile semiconductor memory device 1, a voltage
25 difference can be eliminated between the both voltages by setting the
same voltage wvalue for the both voltages. Therefore, the voltage
amplitude for the entire device can be reduced by that much.
It should be noted that in the present inventicn, different sets
of means for applying voltage may be configured to separately apply
30 wvoltages to the first selected gate line 108a and the second selected
gate line 113a, even when the P-side gate voltage to be applied to
the PMOS transistor Sa and the N-side gate wvoltage to be applied to
the NMCS transistor 15a have the same voltage value.

In the present invention, varicus voltages may be applied to the
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15 the aforenentioned exenplary enbodi nent, and a variety of

nodi fications can be made within the scope of the present invention.
For exanple, a non-volatile sem conductor nenory device nmay be
applied that is obtained by an arbitrary combination of the

af orenent i gned non-vol atil e sem conduct or nmenory devices 1 and 25

accor di ny 1 WP ¥ +51€ &X BRPICAR Y SeSodiGrehtar s 6124 Pa Ry tifet el aied
af or enenpipned-exenBhaky Brhagdimentahas dasehifed st hestage d-hat raing,
SONCS nenory “cel | transistor capable of accunul ati % el ectric charges
into a svaiww nPleadrs el AARD P9 ‘apiiheell deera oneaprypuger| line 12b
transisto blecpl AREUIULALING.Y 86t 1) G20 ENBL BRSdenl oo f1alcge
accurul ation Iayer. wever e present inventionis not limtedto
this,> ancloJanIyl otiheng vl gus pensritabell off ansi st orsmaybe appl i ed

such as. Ck té’BﬁO rangls eo'r'9§{.r?9§' St ?cifedr\r{\é]rhc ce ciondl w1r1ng
pol ysi | i on |s spos on & tunnet” oxt de m an rie¢ Char ges

are accumd aisd bentaitdieed lorat bpgagal wirdiereof mﬁt{h:{da:llé] sElkEcEtfmI bit
t he af orenenti oned gwl ary enbodi nent has desgrl be the case of
a

appl yi ng"tHéForey 8 e el ottt o P HehdtY delfcE £ 98°neRASTyed

total |y hawsry"BEDI Vobl:Rsks ri0a, 181,—,0bwhe.1:.€&lsaalde i0dsf oramd sk or tive MthiX
of two rows and two col ums. Hovvever the present invention is not

i m%%d Ttl‘%)n"tsrﬁl§0tl’—'6rm@mlcéllacﬁblﬁmld‘llétlpﬁela%é?ﬁyc&@dﬁb’f-’é?h%rﬁfrfybY
device nay. e @ppké@qntste%c@asa LWR- SENRILabLacks §O1 PR kD LWOs (v] to

colums or in two rows. Alfernatively, a non-volatile sem conduct or
menory dew seghey cdenppiired timgt 1 ast aiy oithieer nyardedgstadmeaprypfcell

menory 4y, a matrix of two rows and one colum, 5 a
or TR TR 1

matri x and one columm, a matrix of three rows and three
col ums Ov1lgtlc. THé EEGecFed ther voﬂh@geafV@-_r exehbe amed sex efipd aaylsfylng a

enb ment s descr.i bed t case t he n vol ati |

o eI eBeE e 380 e R Falie RRBRL D By e Al FP ) Saual <o
transi stese d03 ey @r th isppsetcdqr: betheegpplihel bb tthlel mMyha Gkt Bet line
source line 5a while one termnals thereof are connected to the bit

line 4a Gh@ftHe BEheTtIRPRTNE §SthéPebr A& 1RpriNactiEd S Be e LsoRhlEen

l'ine 5a.cHueRYEr o tthe tPEeSEMed BY @diag 4 $hRekhéidvbedat® [t $. oA the
NAND non-vol atil e sem conductor nenory device nmay be applied that a

plural i t§MQF tﬁf@ﬁ@wt%ﬁﬁ £ S-S 6F Yaire vabteis Jos &8 Ph apeiied &4 the
respget ﬁbﬁb@t?&ﬁs SR AN LHE s FRODI a4 E&8ldr i dANSISt AN dﬁlhB%QOt Lom

row i s connected to a source. [0117] Further, the exenplary
enbodi rrelﬁsa)ftl’raheOpr@Csm tenyént #+ ohvVihds ) expl ained that the device is

f or med 0[‘0#1{?@ ok ¥R SH?eSJ P%BS é@"‘ﬁé{ﬁr% té’o%%c%“@éft;?eevs”gys s\ﬁe
used, or rnatl vely, rate or etc used. en
any one @'ﬁe sslea:hfcsmulssttaafmg 8 ursraﬁ,tlbhetla(h/ahe:;ngﬂmeeﬁ]&td shefedthés
B SSP ANERHSNCaT, e RChL RUed, sYeR L LICHL LoLTRLLan, o, L, ece
menyy celdhdreg@id@ir pan 1heceleet rineatdry-seepat &éd @dmo2p cell column wiring
18b while being greater than or equal to that obtained by subtracting
a threshold voltage Vinn of the NMOS transistor 15b from an N-side gate
voltage Vgy to be applied to the NMOS transistor 15b in the nen-selected
memory cell column wiring 18b (i.e., greater than or equal to (Vgg —
30 Vim)). Ewven with the aforementioned configuration, a neon-volatile
semiconductor memory device 31 can achieve advantageous effects
similar to those of the aforementicned exemplary embodiment.
[0112] Further, thus in the present invention, the source voltage is

adjustable in addition to the gate voltage, and for instance, the
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CLAIMS 1. Anon-vol atile sem conductor nenory device including: a
plurality of nmenory cell colum wirings to which a charge

accunmul ating voltage or a charge accunul ati ng prevention voltage is
applied; and a plurality 5 of nenory cell transistors having an
N-channel type structure and disposed in a row and colum matrix with

respect £®'4HEPPUF af9AHRI6F Vireftbr {1 DRl ARR LWPH| Fyshendigher order
plurality;.of syare, | LAese éﬁéen?@rgéa@c%al Sner conduct o ey dgvice
causing a selected menory cell transistor in the plurality of menory
cel | tranxplsitasr o the hdgher wrdkatseustedtingd 2bharesebased 1o sapaasiibage

di fference }%%h‘éﬁeg J&gaﬁga&%e%%%%%e%i 19 %!1{:’& ts%%%cénﬂadoa %é%té‘&eaat s
be applied to the wor I'nes, the non-volatile semcon uctor mem)rgy
devi ce cooprel sppgied to @mepbMdAltirbysdtdn Bst(isenhtordue} arouswktelasge

formed by_ P transistars, th i.y.st sem conductor switch ei n

provi dedg¥ oﬁitihé 95°% epeEPry Pnge%r;? X%f‘lra%eo%d ewr}%enai; EE\%@ and 4
pl ur al i tyonfageeaonek seregantidehorhs wot ehe snfiQfaedvdt MMES o be applied
transi stors, the second sem conductor sw tches being provided for the

respect i ¥@ HEndOHyS cBIInESarml ¥ r iiRg$P1RneRSS n SOPRCR indhagel ebtdy) -

Menory Cgide ¢ohUAYe Wil DG Nv¥hiLde 0RkYe khda0Br SEhEGL ehJmBRREYGLE| Lt
transi stors exqeg for the selected nenory transistor are di sposed,
t he ¥J r sts @¥cebhtuct gemavikalchiesedpe Sleetirgarbklids BePLifd chethowaly

means Ofiﬁsdﬂa]rttﬁgagﬂﬁnsv%'ft ans Et?gﬁ@?éé’oxt Re. QF?V% YL 09 o

prevention vo e to the non-sele menory cell transistors
wher eas, 1 2%i rnd $el ®dtiedenrenpaycameint ¢ol reatiaviting M thki thatdiestors.

sel ect ed ry, cell .trapsist.or i mﬁi osed, the second sem conduct or
SW tches“g'{ralergacoﬁ% gC!t}rhee %erﬁ%lasr\ﬁ ?‘c %%P%enn y neans of a second gate
vol t age and Ittosappld/ biehaotdariga tacieemieatnngimaelnttage 1o richel sel ect ed

menory cell transistor. 30 2. The non-voIC{ati | e sen‘ié:onductor_ nmenor
devi'te at¥or diiif FGREL AT 1, S UPLABY cBMHTSrPRG: and & variety o

modifications c¢an be made within the scope of the present invention.
For example, a non-volatile semiconductor memory device may be applied
that is obtained by an arbitrary combination of the aforementioned
non-volatile semiconductor memory devices 1 and 25 according tc the
20 first exemplary embodiment.
[0114] Further, the aforementioned exemplary emboediment has
described the case that a SONOS memory cell transistor capable of
accumulating electric charges intc a2 silicon nitride film layer is
applied as a memory cell transistor capable of accumulating electric
25 charges intc a charge accumulation layer. However, the present
invention is not limited to this, and any other various memory cell
transistors may be applied, such as a stack-type memory cell transistor
in which a conductive polysilicon is disposed on a tunnel oxide film
and electric charges are accumulated into the floating gate thereof.
30 [0115] Further, the aforementioned exemplary embocdiment has
described the case of applying the non-volatile semiconductor memory
device 1, 25 having totally four memory blocks 10a, 10k, 10c and 10d
formed in the matrix of two rows and two columns. However, the present

invention is not limited to this. For example, a non-volatile
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a first selection gate |line equally applying the first gate voltage

to the respective first sem conductor sw tches; and a second
sel ection gate line equally applying the second gate voltage to the
respective second seniconductor sw tches, wherein the first

sem conductor switches are configured to be switched on by neans of a
vol t age WHHEPEHEECHEERREN doNe CR aYgee SPREEEMHNAL I G pYeveRPFrpplocks

vol tage ghdhddhenfdlstogahes wel i@&%oaﬂgn§ 0 APRlMthReeEhar08on-volatile
accunul ating prevention voltage to the non-sel ected nenory cell

transi st%ﬁr@lcomdctor TERer s alegade S@y kordndied tHaitiresnaoghesifargared

to be sw ‘Pne Xrg%% 58“ gl *z%‘geméjdrfl&eéf%%g 1%%‘35‘?&‘ okQSﬁo%ﬁﬁge

accunulatlng 1 e second gate voltage and to ap

char ge aa:wrtmiatqfnglmml tageahd drikecsbirect 2datemoyf Uelde towmsngttbree
3. The non- ve voI atile sem conductor nenory device according to claiml,
15wher ei 785K 8f THe menmory cell colurm wirings is formed by a bit
i ne and[@lisqqur eerdHete, and aforaehmtobnide @sempﬂ)argel EmbsAin®ingt ORhSs
is connected at one termnal thereof to the bit line and is connected

at the ot 1PEFni HarEhétedfP o hENS FOPCE 13 NS g FrdffEor memory

non- vol adid4i@eSeniLARIMCEAE JIRIFBN Ynd@yCo BC € QL AE NG Ir@ £ A=A i sposed
wherein the bit line is fornmed by a higher order bit line and a | ower

or de¥ biketvare ebnret ddreodt hitgRepowrdfer IBFt 53 i"He 1EhPBRGHE 2B BAR
first S%&%@%eoéo%ctt%&toaﬂ% bit line 4a and the other terminals thereof

are connected to the source line 5a. However, the present invention
is not limited to this. A NAND non-volatile semiconductor memory
device may be applied that a plurality of memory cell transistors are
15 disposed in series with respect to a bit line and the memory cell
transistor in the bottom row is connected to a source.
[0117] Further, the exemplary embodiment of the present invention has
explained that the device is formed on the P-type substrate. However,
an N-type substrate may be used, or alternatively, an SOI substrate
20 or etc. may be used. When any one of such substrates is used, the
advantageous effects of the present invention can be achieved even
without formation of the deep N-well DNW as long as the divided P-wells
in the lower part of the memory cell region can be electrically
separated.

25

39



each of the nenory cell transistors is connected at the one term nal
thereof to the |ower order bit |ine. 5. The non-vol atile

sem conduct or nenory devi ce according to claim 303 or 4, wher ei n
the source line is formed by a higher order source line and a | ower

order source |ine connected to the higher order source |ine through

the second seni conductor switch, an@LgQ$% of the menory cel

transi StPrSA'r?brfl‘%r'aﬂ%iféjs&ﬁz@én&d&%ogn@%br c?e&%@%nélﬂ@iﬁ?f t;ﬁ&z}&@lty
| ower order source |ine. . The non- voIa¥| | e sem conduc menory

devi ce aektornirng Ctedlct@hmnlwmmseltn ehidiep ¢eegki @@Qunsiémtewmmge
swi tch Oér5Qﬁﬁﬁgg%E%uéuf§¥ﬁﬂﬁé%§%%%9305%&&%Q Q%ﬁ %& 59@%' r%ﬁlt

| ayer disposed bDetween a gem cond ucto stra e ga
|nSLH&atlaiyMGMerhav&hgtEadslanthlmﬂaum@saofNFeB&nﬁdiamy@Q[an@uctUZe Zhe

-vol i | duct d di
Thor o n Ry et TrnRer et et Rt e Rt B8 Pl itents

and t he meeoRd SQD carldet ofirswgichas ar e@lfieanedy obrawgRtt 1waks, the
structure divided into a predeterm ned nunber of wells. _8. The
non- vol at9He&dént to mRTECorIne it WQH‘QWC‘%@‘&G@OFEF?@“Q G Srherveds MEmory

wher ei n g IMEMDF3hALEaY HA WAkChithe1meposy gehdrd radsi s{rs:8E6rs to
aligned is fornmed on a plurality of P-wells and the PMOS transistors

ar e flor meerwitlane Rstrie|chergre Sasgdiatsalvalitage thd fprogtq petween the

charge accumulating veltage and a voltage to be applied to the word
lines, the non-veolatile semiconductor memory device comprising:

a plurality of first semiconductor switches formed by PMOS
transistors, the first semiconductor switches being provided for the

15 respective memory cell column wirings; and

a plurality of second semiconductor switches formed by NMOS
Lransistors, the second semiconductor switches being provided feor the
respective memery cell column wirings,

wherein, in a non~selected memory cell column wiring in which only

20  non-selected memory cell transistors except for the selected memory
transistor are disposed, the first semiconductor switches are
configured to be switched on by means of a first gate voltage and to
apply the charge accumulating prevention voltage to the non-selected
memory cell transistors whereas,

25 in a selectedmemory cell column wiring in which the selected memory
cell transistor is dispcosed, the second semiconductor switches are
configured to be switched on by means of a second gate voltage and
to apply the charge accumulating voltage to the selected memory cell
transistor.

30
2. The non-volatile semiconductor memory device according to claim
1, further comprising:

a first selection gate line equally applying the first gate voltage

to the respective first semiconductor switches; and

40



10

15

20

25

30

a seccnd selection gate line equally applying the second gate
voltage to the respective second semiconductor switches,

wherein the first semicenductor switches are configured to be
switched on by means of a voltage difference between the charge
accumulating prevention veltage and the first gate voltage and to apply
the charge accumulating prevention voltage to the non-selected memory
cell transistors, and

the second semiconductor switches are configured to be switched
on by means of a voltage difference between the charge accumulating
voltage and the second gate voltage and to apply the charge accumulating

voltage to the selected memory cell {ransistor.

3. The non-volatile semiconducter memory device according to claim
1,

wherein each of the memory cell column wirings is formed by a bit
line and a source line, and

each of the memory cell transistoers is connected at cne terminal
thereof to the bit line and is connected at the other terminal thereof

tc the source line.

4. The non-volatile semiconductor memory device according to claim
3,

wherein the bit line is formed by a higher order bit line and a
lower order bit line connected to the hicgher order bit line through
the first semiconductor switch, and

each of the memory cell transistors 1s connected at the one terminal

thereof to the lower order bit line.

5. The non-volatile semiconductor memory device according to claim
3 or 4,

wherein the source line is formed by a higher order scurce line
and a lower order source line connected to the higher order source
line through the second semiconductor switch, and

each of the memory cell transistors is connected to at the other
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terminal thereof to the lower order source line.

6. The non-volatile semiconductor memory device according to claim
1, wherein either the first semiconductor switch or the second
semiconductor switch has a gate insulating layer disposed between a
gate and a semiconductor substrate, the gate insulating film having

a film thickness of less than 13[nm].

7. The non-velatile semiconductor memory device according to claim
1, wherein the memory cell transistors, the first semiconductor
switches and the second semiconductor switches are formed on a unit

well structure divided into a predetermined number of wells.

8. The non-volatile semiconductor memory device according to claim
1, wherein a memory array in which the memory ceil transistors are
aligned is formed on a plurality of P-wells and the PMOS transistors

are formed on an N-well electricaily insulating the P-wells.
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