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Field of the Invention The present invention relates to a sem condu H?ﬁﬂ?%‘
menory 5 el enent, sem conductor nenory device and control method - :
therefore. Prior Art In the conventional art, non-volatile nmenory devices
have been achi eved such as flash EEPROM devices by utilizing 10 MOSFET
devi ces having floating gates and control gates. In such devices,

i nformati on storage and readout are peﬁforned by utilizing the fact that

t he MOSFET threshold voltage changes when carriers accunul ate on the
floating gate. Polycrystalline silicon was generally utilized in the
floating 15 gate. Uilizing a MOSFET with floating gate all owed one bit of
information to be stored for extended periods of tine by use of only one
transistor. A conventional structure and a contact-less cell structure are
described in N kkei Electronics, no.444, pp.151-157 (1988), as exanpl es of
flash 20 EEPROM nenory cell structures. Technol ogy of the conventional art
relating to this 31 MAR 2004 2 invention is disclosed in K Yano et al,
1993 I EEE International Electron Devices Meting, D gest of technical
papers, pp.541-545 and also in K Yano et al, 1996 | EEE International
Solid-State Circuits Conf eCENEEQONDUGESR SEMOBYhMEVAICEpapers, 5 pp. 266- 267
and p. 458, describing single-electron nmenories

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a semiconductor memory
5 element, semiconductor memory device and control method
therefore.
Prior Art
In the conventional art, non-volatile memory devices
have beén achieved such as flash EEPROM devices by utilizing
10 MOSFET devices having floating gates and control gates. In’
such devices, information storage and readout are performed
by utilizing the fact that the MOSFET threshold voltagé changes
when carriers accumulate on the floating gate.
Polycrystallinesilimmiwasgenerallyutilizedj11thefloating
15 gate.. Utilizing a MOSFET with floating gate allowed one bit
of information to be stored for extended periods of time by
use of only one transistor. A conventional structure and a
contact-less cell structure are described in Nikkei
Electronics, no.444, pp.151-157 (1988), as examples of flash
20 EEPROM memory cell structures.

Technology of the conventional art relating to this



utilizing polycrystalline silicon. In this technology, the channel which
is an electrical path and a storage region to capture electrons arel1 MAR 2004
simul taneously fornmed of thin-film polycrystalline silicon. Storage of
information is performed 10 by utilizing the change in threshold voltages
when el ectrons are captured in the storage region. A feature of this
nmethod is that one bit is stored wwth the deposit of one electron. A
smal l er structure can be obtained, comfared with a structure obtained by
machining utilizing the crystal grains of 15 polycrystalline silicon and

t he device of this nethod can al so erate tur rder
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at carrier ectlo and (writ erase floating
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(or 1ow voIt _ y r syperf alomaappl y
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threshol d \SacJlbied%wtcl(}@ﬂ't%edonkﬁrteh@e(}ODY@@&tQf‘ﬁke&i’ﬂnldﬂclpﬂ@le@@y for
verify 25 operations 1s disclosed in T. Tanaka et al. IEEE J. Solid- State

Circuigs, @_26?@.,2@\1;) arld ,p P15 €,366e 48720 {dP B n@hel-¢ hecKroKi memarsgesal .

| ElI CE Transactlons on Electronics, Val. E78-C No.7, pp.832-837 (1995). 31
MAR 2006 3d%fmmznngtpmﬂymﬂxggakﬁam¢mﬁlkmﬁﬁnor§noﬁhﬂﬁetﬁﬁ§ﬂ9%99ﬁunhﬁﬁ|on
i's disclosed in Japanese Patent Laid-open No. Hei ~7-111295, No.

8- 288469, Nharksl GIPIEBZE @iy Skt Fapdites §2TPardtt A SitPLGHFEN rﬁ@l%uto

9-213898. E%é%gﬁgg“;fgzgﬁg%;nggﬂgfmtltaneously formed of thin-film,

polycrystalline silicon. Storage of information is performed

10 by utilizing the change in threshold voltages when electrons
are captured in the storage region. A feature of this method
is that one bit is stored with the deposit of one electron.
A smaller structure can be obtained, compared with a structure
obtained by machining utilizing the crystal grains of

15 polycrystalline silicon and the device of this method can also
operate at room temperature.

'In order to achieve the desired change in threshold
voltage in flash EEPROM devices at carrier injection and drain
(write, erase operation) to the floating gate, the memory state

20 is monitored after application of a high voltage (or low
voltage)amdaverifyoperationisperformmﬂtoonceagainapply
a voltage to adjust the threshold values in cells where the
desired threshold value was not obtained.

In the conventional art, technology for verify

25 operations is discleosed in T. Tanaka et al. IEEE J. Solid-
State Circuits, Vol. 29, No. 11, pp.1366-1372 (1994) and in
K. Kimura et al. IEICE Transactions on Electronics, Vol. E78-C

No.7, pp.832-837 (1995).



Much progress by nmeans of advances in |ithographic technology has been

made in reducing the surface area of nmenory «cells for nmenory types SUAQNARSAL
DRAM SRAM and fl ash nmenories. Menory cells configured with a snaller
surface area offer many 10 advantages such as decreasing the size of the
chip to inmprove chip production yield and are effective in reducing costs
since many chips can be obtained fromthe sane wafer. A further advantage
is that wiring length is kept short so3that high-speed operation is
possi bl e. 15 The processing di nensions and cell size are generally

determ ned by the nmepory nethod, |If the pasic machinin i_mensi is set
as F, then nennr%r%%&qu%n??gh%?koggrHﬁdtgﬁ laV§P§8r§u8% §h§?%§% %B&ing bi t
line type DRAM sjze is 8F2 and . an D f _Si ' -

current |y, *RHOSHAT Je§t‘53 C@%ﬁd s}r%@a %%%g%aélgtg%??g%%a‘t%%%iﬁh%?/éqggnle cel |

of flash n}a_nff]yzgg’n I%%ghtcﬁ'iarg's_iz':‘gtg}{gga,n%ot,hh%iSQaQQ@@dzi Snthen apps oxé sat e

limt when Tormng evice structures on a substrate surface. \Wen

fabricati os,ofh@Ven; §oBhLeT NFENREY oebhssibg.attenpted, a cubic shaped
structure beconmes necessary. Further, once a 25 smaller nmenory has been

obtained by utilizing a cubic shape and the data line pitch or the word
| ine pitch has been reduced to becone shorter than a m nimumof 2E , then
how t® arrange 31 MAR 2004 4UMNARJalOd [THEed N¥AAXTAGM | i nes, how to connect

to the peripheral <circuits or howto control these cell arrays by nmeans of
the peripheral MuckupregbessneycPrensaPipprEBRrBRES &R thd grférphﬁénd, when

o Serm CouieRoROMRIET BESTTHEIE I RBUT CPAI R CFeReE S Bd merolF A
cells for memory types such as DRAM, SRAM and flash memories.
Memory cells configured with a smaller surface area offer many

10 advantages such as decreasing the size of the chip to improve
chip production yield and are effective in reducing costs since
many chips can be obtained from the same wafer. A further
advantage is that wiring length is kept short so that high-speed
operation is possible.

15 The processing dimensions and cell size are generally
deterﬁined by the memory method. If the basic machining
dimension is set as F, then memory cell units are formed in
a size such that a folding bit line type DRAM size is 8F2 and
an AND type flash memory size is 6F2. Currently, the smallest

20 cell sizes that can be fabricated have one cell of flash memory
in one transistor and this standard is the approximate limit
when forming MOS device structures on a substrate surface.
When fabrication of even smaller memory cells is attempted,
a cubic shaped structure becomes necessary. Further, once a

25 smaller memory has been obtained by utilizing a cubic shape
and the data line pitch or the word line pitch has been reduced

to become shorter than a minimum of 2F, then how to arrange



effectively utilized and a single electron elenent for controlling
electrons in individual units are theoretically capable of operati |
extrenely small structures of 10 approximately 10 nm and have advanBQJQEZWL
such as extrenely small electric power consunption. A single-electronic
menory consisting of a single-electron device is a nenory capabl e of
storing information as an accunul ation of a small nunber of electrons. The
singl e-el ectron nenory can store one off nore 15 bits of information in one
el ement and since control of the stored electrical charge can be perforned

i n individual nit oper ati on, even_dawn Qe i
possi bl e ?ﬂ?tcﬁ?ﬁa} isllnreréga?ﬁ worﬁﬂrgépegf St otrtgdé%?n%%gunufz Eeéd e%%?%%]s i's
smal |, a | aige, purgyensy tgla_erg)m&x&%fets%ddew Qs yaf o hﬁeggsrswm@ time
and the nuiber "of “rew i wever, 1 n actual fabricaiion of the

el ements, ;IBQ?lBEQ‘fQiSb&‘gc@h%n%%ﬁea&@ltiutalle@tromehm current linits of
| i t hographl ¢ technol ogy Still further, in elenments of the conventi onal

art, the size ofpnexheagther Ranbionseauthsasttihg dnali extegicdnngnd source
25 region is large and an el enent structure offering the advantage of

i nt egsat i oalpeorbdsngnamdnmlolserpiiczeilzas dot shedn mertdadads€d Or The inventors
fabricated a single-electron nenory operatin roomte ratures and
per formed aedéviondugterMART2EG415 é@&l&&ﬁﬂ H@W@@éﬁqnn%%ﬁ' Bfion,

various different tines were nmeasured.for, ac Iatln I ica
char ge eveRfIpFtifglyamt ikrized 98Ft§g§lﬂ8§eaﬁglr§5 egQgghgﬁjeV|ce f or

appl i od 1 iggﬁﬁgoiiﬁé'gaﬁ&s%%?f?h%ln&’ﬁ@ﬂ%%%%ﬁ%%&%e?@%%ﬁ%%%ﬂg.”’?ih. ch
the nunbercggaghgc%%0%§e§%t9%% Hh”%xtremely small structures of
10 approximately 10 nm and have advantages such as extremely small
electric power consumption. A single-electronic memory
consisting of a single-electron device is a memory capable of
storing information as an accumulation of a small number of
electrons. The single-electron memory can store one or more
15 bits of information in one element and since control of the
stored electrical charge can be performed in individual units,
operation even down to the nanometer level is possible.
Further, since the number of stored or accumulated electrons
is small, a large improvement can be expected in terms of the
20 rewrite time and the number of rewrites. However, in actual
fabrication of the elements, the processing dimensions are
subject to the current limits of lithographic technology.
Still further, in elements of the conventional art, the size
of extraction portions such as the drain region and source
25 region is large and an element structure offering the advantage
of integration providing a smaller size has not been proposed.

The inventors fabricated a single-electron memory

operating at room temperatures and performed a device



was found to vary. This phenonmenon was interpreted as occurring from
probabi listic behaviors such as tunnel effect or heat excitation dgqpﬂﬁzwL
the smal |l nunber of electrons utilized 10 in operation of the
singl e-el ectron menory. Progress nmade in integration of sem conductor
menories allowed inproving the nenory density and increasing the device
capacity however the greater the integration of nenory cells that was
achieved in the device, the greater thB equi pment costs 15 for
manuf act uri ng becane. By performng nulti-value storage f or storing two or

more bits Lo, pnec g8kl ALeALer [RMDLY: dEPSILYL s BRCOUES: BASSUREeetehhoU

perforninge¥% I'ntegrafti Nenory ce In nmulti-val ue storage,

the abili té"%gsq\lee@é b a sHirStd gayia%aumqa@% BRI & 54 83 £5 chl rifel égen' ead
and erase -2 operations is of the utnost i|Inportance. Use of

si ngl e- el eCEr ORe NBARE | 1BS] f &Gk T8y d Rals bLhelieleelr ikbal sahardevbeestmt| and
that the peripheral circuits generate little noise. Differential

anpl i fi er st s esafbeamouhitl bZed iae .sebenngraapyi f wees tbe semeceurdiet or
menories. 25 Here, nethods are known for positioning the sensing anplifier
and data | voktagkavavepml sadfoot ibe same o yhle %?—éﬁiengad%}'t‘%nom‘?%%g are
pl aced in an open configuration on both sides e sensing anp#ifier, or

in a fol diwgsc@asrgurarfoAnptBieiokbl BY™RAR ?ggﬁ chﬁo?ﬁea aBedr+8&t i on.
e e e o
5 gener at cRoP AL P AR CupP A £ ae TR Py B OO &Y el e
the advant gge,dfiat xkikhk8 oA SE b HEeHRE Bl @fhmber of electrons utilized

10 in operation of the single-electron memory.

Progress made in integration of.semiconductor memories
allowed improving'thexnemorywjensity'and.increasing'the device
capacity however the greater the integration of memory cellé
that was achieved in the device, the greater the equipment costs

15 for manufacturing became. By performing multi-value storage
forstoringtwoornmrebitsinonecell,greaternmmorydensity
becomés possible without performing further integration of
memory cells. In multi-value storage, the ability to clearly
distinguish the many memory states in write, read and erase

20 operations is of the utmost importance.

Use of single-electron memories requires that the
electrical charge be small and that the peripheral circuits
generate little noise. Differential amplifiers are often
utilized as sensing amplifiers for semiconductor memories.

25 Here, methods are known for positioning thne sensing amplifier
and data line relative to each ofher so that the matching data

lines are placed in an open configuration on both sides of the

sensing amplifier, or in a folding configuration positioned



in driving the word lines yet also has the drawbacks that nmenmory cells .
cannot be placed at all cross points of data lines and word |ines; JalndAR 7004
further cannot offer high integration. 10 Peripheral circuits other than
the sensing anplifier that have a large surface area are the register
which tenporarily holds wite data in the menory cell during witing, a
register to hold the flag showng wite has ended during wite verify, and
acircuit to conpare the value read outt fromthe 15 menory cell with the
wite-end flag value after the wite operation and rewite the flag val ue.
Wher eupon this invention, in order ho expand tl_&e | imt.s g_ln ”];‘?}e

conventi ondl &NE SAE (H I vENE OFESViCR g %4 T34t 981 &¢1F on nenory
cell ideal for high integration with.20 a spal r.f, ar.ea

sem conducfg¥a & %cé“eéﬁ?d:ycgﬁ Sl car%t%ohot%#érlggl%dsta?oﬁglﬁyCfgssisstant
to irregul ari.ties i p [ e Idd St 0 lak to
occur, a ?é)rlrinc}tosné)ﬁf(r:]%:g% ﬁé%rgpﬁggi%ﬁ&)aﬁéﬁgﬁr{réﬁ arrng't ﬁgglﬂt %r@ggfra:tgggly for

hol di ng a plyr aki by 9f nSLO RGFe Y&t UL S s alnitildRet sar BaRIMu D rilirdeade area
peri pheral circuit having no degradation of device characteristics of a

smal | ssur f aee carRaant hitgh Wdbedriaidon Tienglod-deldectardiiguenrioras wel | as
a |l ow noi se peripheral circuit and control nethod thereof ideal for

si ngl e- el ecigrore B3k IWARN2G04h? adwantegehanat i higt thalroldeedts geaerekacges
and susceptible to noise This invention is characterized in that a nenory
cel| withim gmavingurtfererdridaasaticbe ¥sbPredter B¢ WPEFIPNy S o lFEe ™y

(ogions and drain rogione e3uaRl shed, poove, ang bel o AULEY 1 S pG the

word lines; and further cannot offer high integration.

10 Peripheral circuits other than the sensing amplifier
that have a large surface area are the register which
temporarily holds write data in the memory cell during writing,
aregistertoholdtheflagshowingwritehasendedduringwrite
verify, and a circuit to compare the value read out from the

15 memory cell with the write-end flag value after the write
operation and rewrite the fiag value.

.Whereupon this invention, in order to expand the limits
on the conventional art, has the objective of providing a
single-electron memory cell ideal for high integration with

20 a small surface area, a semiconductor memory device and control
method thereof strongly resistant to irregularities in
operation due to probabilistic phenomencon likely to occur, a
semiconductor memory device and control method thereof ideal
for holding a plurality of storage values, and further a small

25 surfaceareaperipheralcircuithavimgnodegradationofc@vice
characteristics of a small surface area and high integration
single-electron memory as well as a low nolse peripheral

circuit and control method thereof ideal for single-electron



More specifically, the sem conductor elenent according to the typica
enbodi nent of the present invention has source and drain regions, §h&MAR 700t
drain region is forned above or below 10 the source regi on by neans of an
insulating film the source region is connected to the drain region by
means of a channel region, the channel region is connected to a gate

el ectrode by way of a gate insulatingfilm and also has a electric charge
trap area in the vicinity of the channdl region. Information 15 storage is
performed by changing the threshold voltage of the sem conductor device by

hol ding ca | 5[%08”05*" IEASGHIL ShBLes cLiamareas S Lot 1ieRD! y

cell of thi"§™ i nen e€ing rabricated wth a small surface
area by foh a 20 plurality of gate el ectrodes facing up and down and
form ng annels in the stepped side surface of those gate electrodes 1is

characterized i nTha¥i ngveAuiea aBdcHrabhBteegrzensinathpktuaahieinprof cgate
provi ded above and bel ow by way of rmutual insulation filns, channel

regi ons fowied @rsmdle ssinflaacesret 25nthe s e teot kydéo rim ngagovk Cehe
insulating filns, source regions connected to the drain regions by way of
t he channeteguegsoasd dnaiel eeyidws ctrtrael kvhgd akae iand ke qﬁﬁt@ﬁ@t9yof t he
channel regions, and performng |nfornat|on storage by 31 MAR 2004 8

changi ng t BENPAPEs kOB CPeNNEds 6P IRE s EONd g? el ement by hol ding the

carrier in the electric charge.trap_.area. .The . el ectri r reais
conpri sed of nlnHPEep%P??tfég i SeSP'é%%ﬁ%ﬁ%ﬁﬁhcggp%ﬁgtg?FQFSEH a

typical sh gfledtl[@méﬁ en&vo(gurle%scs FNEfe @r&%ntwnﬁréd%%ﬂ QR ssukuet her

characteri
and drain regions, the drain region is formed above or below

10 the source region by means of an insulating film, the source
region is connected to the drain region by means of a channel
region, the channel region is connected to a gate electrode
by way of a gate insulating film, and also has a electric charge
trap area in the vicinity of the channel region. Information

15 storage is performed by changing the threshold voltage of the
semiconductor device by holding carriers in the electric charge
trap area.

Further, the memory cell of this embodiment capable of
being fabricated with a small surface area by forming a

20 plurality of gate electrodes facing up and down and forming
channels in the stepped side surface of those gate electrodes
is characterized in having source and drain regions, a
plurality of gate provided above and below by way of mutual
insulation films, channel regions formed on side surfaces of

25 the gate electrodes by way of the insulating films, source
regions connected to the drain regions by way of the channel
regions, and electric charge trap areas in the vicinity of the

channel regions, and performing information storage by



sem conductor nenory device perforns verify operations to ensure accurate
menory storage operation utilizing nmenory storage elenents in mhic@1 AR 7004
adver se phenonenon are likely to 10 occur. Mre specifically, the coﬁkrgp
nmet hod for the sem conductor nenory el enent of the typical enbodi nent of
the present invention has a source region, a drain region, a source

regi on connected to the drain region b% way of a channel region, 15 a
channel region connected to the gate elPectrode by way of an insulating
film a electric charge trap area in the vicinity of the electrica

current patl, of Lo CIANEL 29 0. 2o 98I COEUGS AL TRt £l I O

perform st ngi hgy r esho age by holding the carriers

in the eleg rﬂ&&%ﬁg{eﬂ%a&&%ra&ﬁa&h@ryilé&e;isce@hcaqr@@uetr@p #ES®Iy Theyvi ce of

the present 1nvent as a structure conprised of a plurality of

sem conducs pg - FEIBIoh £ SRS areangskdp sid@s fandnuchapact ecleedf n
havi ng three steps consisting of a first step to apply a wite voltage to
t he seni congtisl @r sERDEYn@hetenina 2 ialsetond syppcd bsheateodianater
information stored in the elenent after the first step and, a third step
to agai n appl yeaswchae lUohimage to the sem conductor el ement when the
witing of information in the second step was insufficient. 31 Nﬁ? 2004 9
Further, the invEhi®drsnWaaeieRelf SWALORFqGEATRAVELLFGS: F6n “BF *milfi - val ue

nmenori es and di scovered that rather than_.an_el enent. t hat S
cont i nuousF§MyEPEHEcERE mﬁ@ﬁﬁgr%SVlﬁgcﬁﬁﬁFgf@ gFeé&VoggeggQg%%%agferized

Step ot at (RR PR RoreoRR0SE BEESY Pror he borar o Iaant iy gLl ar
storage elements in which adverse phenomenon are likely to
10 occur.

More specifically; the control method for the
semiconductor memory element of the typical embodiment of the
present invention has a source region, a drain region, a source
region connected to the drain region by way of a channel region,

15 a channel region connected to the gate electrode by way of an
insulating film, a electric charge trap area in the vicinity
of thé electrical current path of the channel region, a
semiconductor memory element to perform storage by changing
the threshold voltage by holding the carriers in the electric

20 charge trap area; and the semiconductor memory device of the
present invention has a structure comprised of a plurality of
semiconductor memory elements arranged in series and
characterized in having three steps consisting of a first step
to apply a write voltage to the semiconductor memory element,

25 a second step to read out the information stored in the element
after the first step and, a third step to again apply a write

voltage to the semiconductor element when the writing of

information in the second step was insufficient.



the el ement status. The inventors thus hit upon the idea of wutilizing the
characteristics of a single-electron elenent. In other words, this
invention is characterized by a 10 multi-val ue nemory el ement or a AdrlthRyi04
device utilizing a nulti-value nenory element to allow clear
identification of the nenory (or storage) state by making use of the
features of a single-electron nenory. The sem conductor device according
to the typical 15 enbodi ment of the pr8sent invention has a source region,
a drain region, the source region is connected to the drain region by
means of a channegl [ t he channel nne a gate

el ectrode by may$8F£§% rnEUFafpﬁﬁnflfﬁlmg% Fﬁgagé%¥£b§%hq¥or dev?ce '

further hafn@e@k%é Pgncg?rﬂ%lkragaﬁﬁ%am 7@ iR & b il S dk g thaichanne

region, a semcon or el'ement = for performng information storage by
changi ng tPStBB&6§H9hdanveh&ﬁgﬁtbyhaelQhaggggrebﬁtgnueugm9 gkestisi cheharge
trap area, and a structure conprised of a plurality of sem conductor
menory el eqBAbS rabfaggedmun ated esecandncharsactariarec direddaty 25l ddte
plurality of sem conductor nenory elenments are controlled by way of the
dat a bi nesmamdriesd &nrelssmentd thhdt changes awrerdbiy S ghebpastbFedarn one
sem conduct or nenory elenent b utilizing a plurality of values_in the

wite vol t agepappttes iFIMYAR Haoge s é%fiaelﬁ%@“t ofi +FAerbifRerg in
order to obtain perlgheral circuits wth a s surface 3@@? §et gtrong
tol erance thenBle@entpngtafygal i d1IHELTFHT l?%ﬁ R0y tesh Y

secked IR SRl Bt PSR Srol hlpst e L

In other words, this invention is characterized by a

10 multi-value memory element or a memory device utilizing a
multi—vaiue memory element to allow clear identification of
the memory (or storage) state by making use of the features
of a single-electron memory. _

The semiconductor device according to the typical

15 embodiment of the present invention has a source region, a drain
region, the source region is connected to the drain region by
means.of a channel region, the channel region is connected to
a gate electrode by way of an insulating film, and the
semiconductor device further has a electric charge trap area

20 in the vicinity of the channel region, a semiconductor element
for performing information storage by changing the threshold
voltage by holding carriers in the electric charge trap area,
and a structure comprised of a plurality of semiconductor
memory elements arranged in series; and characterized in ;hat

25 the plurality of semiconductor memory elements are controlled
by way of the data lines and word lines, and that two or more
bits can be stored in one semiconductor memory element by

utilizing a plurality of values in the write voltage applied



by making joint use of peripheral circuits such as global data |ines and

sensing anplifiers by performng read and wite operations in a t'q%@
mul ti pl ex manner. Moreover, a data |ine 10 ranking and non-volatilg r QJ@Ht
by a nenory cell (floating electrode cell) are utilized to allow placenent
of menory cells at all intersecting points of word lines and data |ines
while maintaining a folded data |ine structure. Mre specifically, during
readout of a one global data line of &0Qpair for a sensing 15 anplifier, the
| ocal data |ine connecting to the other global data |ine can be shut off

by a selec ithNCS gﬁviggeto elimnate effects fromnoise. This arrangenent
al | ows reatdBut"®i PR Fow™ 'foi se wi t hout having to sacrifice the high

integration of %@iyfgﬂhérﬁ%k@%w tayshtairGpdeiphieirdhesirthits
tol erance to noi sé can be furfher inproved by utilizing a dumy cell as a

reference hrgsholga) VoliAgecd by veft tsheoneadeltrawset eoveoify, apdeer ase
operations. Aregister to tenporarily hold wite data in a nenory 25 cel
during witgcaanthim Legestirr tachal it e fead istedvivngt & flsed ewanesty Geiie
during wite-verify have been conbined as a nethod to achieve even further
mi ni aburi zakrkeonoohethedpéni pharlabalcidedd tldneaype@y i FERATFHS SIPDF the
operation is related 31 MAR 2004 11 as follows. In the followng .. 4
descripti omelgction dedicafesadd USRIt Air BRFSF FYOI3AYE R LR HRABFY cel |
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operations in a timed multiplex manner. Moreover, a data line

10 ranking a.nd non-volatile readout by a memory cell (floating
electrode cell) areutilized toallow placement of memery cells
at all intersecting points of word lines and data lines while
maintaining a folded data line structure. bMore specifically,
during readout of a one global data line of a pair for a sensing

156 amplifier, the local data line connecting to the other global
data line can be shut off by a selective MOS device to eliminate
effecfs from noise. This arrangement allows readout with low
noise without having to sacrifice the higH integration of
memory cells stacked in layers.

20 Yet further, the tolerance to noise can be further
improved by utilizing a dummy cell as a reference threshold
voltage in any of the readout, write verify and erase
operations.

A register to temporarily hold write data in a memory

25 cell during write, and a register to hold a flag showing the
end of write during write-verify have been combined as a method

to achieve even further miniaturization of the peripheral

circuits. A specific description of the operation is related



rai ses the menory cell threshold voltage. At this tinme, in nenory cells
where a "0" nust be witten, the voltage is raised on the data |i S@%P@M
source lines, while the difference in 10 voltage versus the relative r
line is reduced and a rise in threshold voltage suppressed. The voltage
polarity can of course be inverted if required. During wite, the data for
witing in the nenory cell is tenporarily held as an inverted "1" and "0"
in the register 15 and input. This uﬁﬁhanged input is interpreted as a
wite-end flag. In other words, the value in the register is "0" when a

"1" isto i . Thi s d t - si-gnifiisgs that«t hggwehténgaof " 1"
has not enggdgék%%ggfse yﬁj{ éﬁﬁégﬁéf ragﬁofdg éo" " value when a "0" is to

be writt enhighiﬁqfégfr%i@%%a\g@l UQ tHeORbhb £5 denat wih il bifg0ofiAdicoress ended
or was not equired fromthe "begi nning. Accordingly, a "1" need only be
Witten asaiSowitHresHa d egilskge . onfyr when, tsheigenboyicdldvelaligeshgn” 1"
after the wite operation. This arrangenent nmakes it unnecessary to rewite
the 25 wbyeaent"faag xalae lafdir lebtedi disnghand bompal'Pig thésval tes for
both the wite data tenporarily stored in the register and hhe write-end
flag. 50ne wMDBe| epesedian kawers Kesasgspadsl e dhiteshoievVgLsBaEsSdata |ine

is connected to the gate for 31 MAR 2004 12 the n . the dr 'P.is

connect ed PBCEh MiyRPPAGEF 3Tdghdiel e f8viehe §8%}H%ﬁd atn%fe E30res s
connected to,the input of the egister. .L.n i rrapge n turns
on when thEaﬁﬁﬁﬁetg%fmﬁwgralgﬁéﬁ géfSEPP%g ?éﬁk%gé'anggagﬁgé %gﬁ?hg%§input

to 5 the RaLsLereed s i iabue ORutRE glohal HAt ankinerisga 1s0taitban the
ys O nd ere 1's no change of values in .
on the data lines and source lines, while the difference 1in
10 voltage versus the relative word line is reduced and a rise
in threshold voltage suppressed. The voltage polarity can of
course be inverted if required.
During write, thé data for writing in the memory cell
is temporarily held as an inverted "1" and "0" in the register
15 and input. This unchanged input is interpreted as a write-end
flag. In other words, the value in the register is "0" when
a "1" is to be written. This inverted value signifies that
the writing of "1" has not ended. Conversely, the register
holds a "1" value when a "0" is to be written. This inverted
20 value signifies that writing of "1" has ended or was not
required from the beginning. Accordingly, a "1" need only be
writtenasis,intotheregisteronlywhenthen@morycellvalue
is "1" after the write operation.
This arrangement makes it unnecessary to rewrite the
25 write-end flag value after obtaining and comparing the values

for both the write data temporarily stored in the register and

the write-end flag. One nMOS is used as this "1 only pass

circuit”. The global data line is connected to the gate for




the register. This "l only pass circuit" therefore allows the wite-end
flag to be rewitten with just one nMOS (or two MOS if a pMOS for %p @Hﬂh&
purposes is inserted between the high 10 |evel side of the power s pg y
and the nMOS.). The nenory device of the present invention has a nenory
cell block containing a plurality of nmenory cells placed at cross points of
intersecting word lines and data lines;,and a peripheral circuit for
supplying signals to the data |ines 1512nd word |ines. The menory cell has
a substrate, and a first region 76, an insulating film82, a second region
77, a chanpele nHegi obhd &1&0NNect ednhetweant d hehd inigh Legedns adel dthehsecond’
region, a gate electrode 79 to apply an electrical field to the channel
regi on, angoaerekepbliyc ahdrgestsapar 63 akhn2@tleantnatlee owithefstbstrate.
Information storage is perfornmed by changing the threshold voltage of the
seni conductrex isltenent Inbyh toatrrengiengntthehamyai teFne 4t FEEE §he vRdue
electric charge trap area. At |least a portion of the. pheral circuits

eri
is a CMOSodi ké6i t9ledddr idadd JHLNAVAS transi é06r € add ﬁ%cé%?§ £PRNST $Por s
as in Figs. 1(a) .and 1(b)).. rther, the ne i ce of. the present
i(n\S/eIntE'i olngf?é‘? (ré)gllé?rﬁeﬁag e%ﬁ)fs’ngcYﬁf‘ééc%ﬂp?t?%r%g%gficaas%a Iololcnfl J'asr'jtt“’la:ﬁlﬁi ne 13,
a first internediate er vV first al |l R,2004
13 13, a S&S’re@e hienengf%yasﬁzggygé ;%hl%(e% %ntr&s]f.\thleﬁ{eerlr?leglfbatcg%?ltg%eﬁfngaaégéw(g\nd

i ntermedi atg,d axgY sABQVE +REsSQULREYIpAEs Al A tIeenBpdefboeal 1 iala thiene 15
above the second internediate |ayer; and the nenory device further has a

first channaliteeginn 16 ¢ tpose tienedt tan twie ksijdes tobneheMPani eatted ¥MOSuct ur e
and connecting the first local data line and the source line, a
if a pMOS for control purposes is inserted between the high
10 level side of the power supply and the nMOS.).

The memory device of the present invention has a memory
cell block containing ; plurality of memory cells placed at
cross points of intersecting word lines and data lines, and
a peripheral circuit for supplying signals to the data lines

15 and word lines. The memory cell has a substrate, and a first
region 76, an insulating film 82, a second region 77, a channel
:egioﬁ 78 connected between the first region and the second
region, a gate electrode 79 to apply an electrical field to
the channel region, and an electric charge trap area all

20 laminated on the substrate. Information storage is performed
bychangingthethresholdvoltagecﬁfthesemiconductorelement
by controlling the amount of carriers in the electric charge
trap area. At least a portion of the peripheral circuits is
a CMOS circuit comprised of nMOS transistors and pMOS

25 transistors ({as in Figs. 1l(a) and 1l{(b}}.

Further, the memory device of the present invention has

a laminated structure comprising a first local data line 13,

a first intermediate layer 13 above the first local data line




second channel region 88 positioned on the side of the |lamnated structure
and connecting the source line and the second local data |line, ariai@ciiiic
charge trap areas 16, 88 enclosed by 10 potential barriers positioned
inside or in the vicinity or at the periphery of the channel region, and a
word line 17 connected by way of the channel region and gate insul ating
film and two sem conductor elenents are formed above and bel ow the cross
points of the local data |ines and workB |ines, and these 15 seni conduct or

el ements perform nenory storage by changing the threshold voltage by neans

of_varying, yhe,anpupt, of ; 87 {4 €LSovk Nehbe Ahaue JRIiaeth el eebyée, char ge

trap areas, and © Sem conductor elenents are arrayed in series along

with the é\%&gﬂge{m:nﬁgdfé@e Dlayed bbyvel t hocaufad @ Iridjeanand secsndi nes,

20 and the first and second | ocal data |ines are connected to the

i dentical ghebal adetaiihaess ybowy e tde-cet eiatticomded base slayer  asndn
Figs. 3 (a) , 3(b) and Fig. 25). O her elenents, objects and

char act eri shecsembriyhdevpreséntrthrvehtsoa fikktbhebemaed! gagigiorl & el ating
the 25 description of the enbodiment |ater on. BRI EF DESCRI PTI ON OF THE
DRAW BGS Fpgsitipapcand the)sade efrtBeularippéRe StIUFEYIE MAR 2004 14

sem conduct or el enent of the figsé qgggg nt of éh@hgreSEnt &?Mgnt'on.

Fig. 1 (a)CSPBnaRtapeern8pbFifae VP P21 S35 7955 SectiGhal vi ew.

the ihird ERBBBPERCTR. FRa greoedt FLEnR et g T i eme
oblique vigw,. EigreZaf®)cdihed GPIReS86LELRAL i Vé @Md the second local
data line, an electric charge trap areas 16, 88 enclosed by
potential barriers positioned inside or in the vicinity or at
the periphery of the channel region, and a word line 17
connected by way of the channel region and gate insulating film,
and two semiconductor elements are formed above and below the
cross points of the local data-lines and word lines, and these
semiconductor elements perform memory storage by changing the
threshold voltage by means of varying the amount of carriers
in the above mentioned electric charge trap areas, and the
semiconductor elements are arrayed in series along with the
arrangement of the plurality of local data lines and word lines,
and the first and second local data lines are connected to the
identical global data lines by way of the selection transistor
(as in Figs. 3(a), 3(b) and Fig. 23}.

Other elements, objects and characteristics of the

present invention will become clear upon relating the

description of the embodiment later on.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1(a) and 1(b) are structural views of the




Figs. 3(a) and 3(b) are structural views of the sem conductor el enent of
the fourth enbodi nent of the present 10 invention. Fig. 3 (a) is an ﬂﬁ{
oblique view. Fig. 3 (b) is a cross sectional view of the senicondhb“ﬂf-
el enent. Figs. 4(a), 4(b) and 4(c) are structural views of the

sem conductor elenent of the fifth enbodi nent of the present invention.
Fig. 4 (a) is an upper oblique view Fig. 4 (b) is 15 a cross sectional
view i ncluding a cross section of the annels. Fig. 4 (c) is a cross
sectional view including a cross section of the source. Figs. 5(a) and

5(b) are Sééx?féﬁﬁé‘ﬁcﬁ’b?“él&ﬁeﬁbeof 30/ GaRdUCEAboalAEBAL o of thdgmdsdit
enbodi nent” of the present 20 invention. Fig. 5 (a) is an upper oblique

vi ew duri ng,¢banneh . f oridg ng. (i gs St blppsr arb Lippes valslwi.quéiyiew(af teF
formng of the gate. Fig. 6 is a structural view of the sem conductor

el ement of &hesseyeothomabodisent of the present invention. 25 Figs. 7(a)
and 7(b) are structural views of the sem conductor el enent o% the eighth
enbodi ment of thBipseseéha) PAdeRtPbnarei grryctuyaitsVafvsppdr *061 i que vi ew

For m ho. o S5 SARGEEDALISL AR 5t 1 G i o A8 AR ingor Bl Y Ate U ew of
Show ng NeYSRRBBnaLET o Vi 68 BF TRETR Tt T kbodiment - S ga O(%) and
2ggédﬁggnfgggg%ﬁéageﬁkgggaqfVEQQ__senicpnductor el enent of the tenth
present invention. Fig. 9 (a) is an upper oblique view
Fig. 9 (b) is Figs. 3(a) and 3(b) are structural views of the
semiconductor element of the fourth embodiment of the present
10 invention. Fig. 3(a) is an upper oblique view. Fig. 3(b) is
a cross sectional view of the semiconductor element.

Figs. 4(a), 4(b) and 4 (c) are structural views of the
semiconductor element of the £ifth embodiment of the present
invention. Fig. 4(a) is an upper oblique view. Fig. 4(b) is

15 a cross sectional view including a cross section of the channels.
Fig. 4(c) is a cross sectional view including a cross section
of the source.

Figs. 5(a) and 5(b) are structural views of the
semiconductor element of the sixth embodiment of the present

20 invention. Fig. 5(a) is an upper oblique view during channel
forming. Fig. 5(b) is an upper oblique view after forming of
the gate.

Fig. 6 is a structural view of the semiconductor element
of the seventh embodiment of the present invention.

25 Figs. 7(a) and 7(b) are structural views of the
semiconductor element of the eighth embodiment of the present
invention. Fig. 7(a) is an upper oblique view during channel

forming. "Fig. 7(b) is an upper oblique view after forming of




a top view. Figs. 10(a) and 10(b) are top views showi ng the 10

manuf acturing process of the sem conductor device of the eleventh

enbodi nent of the present invention. Figs. 11(a) and 11(b) are tod VvH&EEDL
showi ng the nmanufacturing process of the sem conductor device of the

el eventh enbodi nent of the present invention. 15 Figs. 12(a) and 12(b) are
top views show ng the sem conductor device and the manufacturing process
of the seniconductor device of the el¥®enth enbodi nent of the present
invention. Figs. 13(a) and 13(b) are structural views of the 20

sem conductgl, ¢l.grent of the twelfth embodi ment of the present invention.
Fig. 14 is a structural view of the sem conductor elenent of the
thirteenth enbodisment 80k)the 41 epertr bhiéqteoniew Fgshelsem)candueses) are
structural views of the 25 sem conductor el ement of the second enbodi nent
of the presiwiced afents ohnt Fiegbotiment.s Aaduphbe?) 6513 AR AW DRIFYNS15( b)
is a cross sectional view Figs. 16(a) and lGQﬂL ar.e er. obli que vi ews of
the 31 NARt2@0$3m§QﬁﬂﬂHQ%ﬁﬁuégﬁ}%ﬁ <% g1t %ﬂﬁﬁéﬁﬁ%ﬁ&tor devi ce of

tsggt T :5{12} viegt)voglﬁg\%gtngoi(ﬁéh%ﬁ Eg(tebqt 6'01{23‘[’?%@}”1}\_18%%%;%elg-sveig%éof‘o uc?%(?SZevi ce of
the el eventh enbodi nent. 3 9f NgPLESCOLL VGNP et &5 13 RlredRE18(D)
are struct dral Vi ews of the senlconguctor menory el ement as a structura
el ement of {f&ntion. Fig. 9(a) is an upper oblique view. Fig. 9(b) is

a top view.

Figs. 10(a) and 10(b) are top views showing the

10 manufacturing process of the semiconductor device of the
eleventh embodiment of the present invention.

Figs. 11(a) and 11(b) are top views showing the
manufacturing process of the semiconductor device of the
eleventh embodiment of the present invention.

15 Figs. 12(a) and 12(b) are top views showing the
semiconductor device and the manufacturing process of the
semiconductor device of the eleventh embodiment of the present
invention.

Figs. 13{a) and 13(b) are structural views of the

20 semiconductor element of the twelfth embodiment of the present
invention.

Fig. 14 is a structural view of the semiconductor element
of the thirteenth embodiment of the present invention.

Figs. 15(a) and 15(b) are structural views of the

25 semiconductor element of the second embodiment of the present
invention. Fig. 15{(a) is an upper obligue view. Fig. 15(b)
is a cross sectional view. ‘

Figs. 16(a) and 16(b) are upper oblique views of the




sem conductor device of the fourteenth enbodi nent of the present
invention. Fig. 18 (a) is a view after channel formng. 10 Fig. 18 3j(MARi 2
an upper oblique view after formng of the word lines. Fig . 19 is a top
view of the sem conductor nenory element as a structural elenent of the
sem conductor device of the fourteenth enbodi nent of the present
invention. 15 Fig. 20 is a drawing illustrating the operating principle of
t he sem conduct or nmenory el enent conpr1§ing a structural elenent of the
sem conductor device of the fourteenth enbodinent of the present

| nventi on. mgi\gfag%uir n?ﬁgx%)cé@§‘f’09ftﬁeh§eﬂ'ﬁa'_@h?duﬂfﬁbrc‘cm18idé gfittg: 8ir20
structural element o e sem conductor device of the fourteenth

embodi ment oQf o LReREESENt: HaNparisedit andeshawm.the state prior to forning
the nenory cell. Fig. 22 is a top view of the nenory mat constituting a
structural el eneptigof 1thessanceonduseotideeiiceief shew289f 5hert EEAtACT
enbodi ment of the present invention and shows the state after formng the
dat a | i nespoEkgon23f ithieas eBpCoNERCHP I tIRY Fedolyt e leyrdbt GPPRGIRENT
structural elenent of the sem'conductor device of the 31 MAR 2004 17

f our t 8ent hoénbbgi RERSSHT YRt i nvention and shows the state after

form ng the resi ?tiggggb_i%[(%t)f Q. f %g(’ibgg Ahe o S s X iShé top view

of the menory nm ing a ructural el enment of the sem conductor

device of Lhg, LaUleoN haphodidRArdf s BReseRl-bnventientand shews the
state after Tormng the word |7 nes.

semiconductor device of the fourteenth embodiment of the
presentinvention.Fig.lS(a)iseaviewafterchannelforming.

10 Fig. 18(b) is an upper oblique view after forming of the word
lines.

Fig. 19 is a top view of the semiconductor memory element
as a structural element of the semiconductor device of the
fourteenth embodiment of the present invention.

15 Fig.20iseadrawingillustratingtheoperatingprinciple
of the éemiconductor memory element comprising a structural
element of the semiconductor device of the fourteenth
embodiment of the present invention.

Fig. 21 is a top view of the memory mat constituting a

20 structural element of the semiconductor device of the
fourteenth embodiment of the present invention and shows the
state prior to forming the memory cell.

Fig. 22 is a top view of the memory mat constituting a
structural element of the semiconductor device of the

25 fourteenth embodiment of the present invention and shows the
state after forming the data lines.

Fig. 23 is a top view of the memory mat constituting a

structural element of the semiconductor device of the




Fig. 25 is a top view of. the nenory mat constituting a structural elenent
of the sem conductor device of the 10 fourteenth enbodi ment of the pjeMehillt
invention and shows the state after formng the contact holes. Fig. 26 is
a top view of the menory mat constituting a structural elenent of the

sem conductor device of the fourteenth enbodi nent of the present invention
and shows the 15 view after formng a first wiring layer. Fig. 27 is a top
view of the menory mat constituting alt%tructural el ement of the

sem conductor device of the fourteenth enbodi nent of the present invention

and shows he. YLRWnALHBEal AL NE & R gRRb N iRgehayen afl Fhgus2tes a
top view o he nmenory mat constituting a structural elenment of the

sem conduct g+ dewiree rofotrh@ ngf @ukt eestistephadierenttoof ficheipgesd®t invention
and shows the state after formng the contact holes, and in particular
shows theckenhats.pattern matching the word line in the end of the 25

cell array. Fig. 29 is a cross sectional viem/illustrating the _contact
structure of theFsglegs MDS ftorP tHevhefotPenBENCLYnBEFt GPFRG S EtPBct ur al

el enent of the sem conductor device 31 MAR 2004 18 of .the f teenth
enbodbnent SEFUERE IFle &Ry &t iTHH. Seﬁilﬁ?.n%é‘ﬁ?tg)r é%&'lf(?( l%foghg structur al

ol onont of ToHE CEEM CoRBRBRSN CaB B o HHS T1T Connrl Sebaarmenr "5 BF the
present | PNROLORexB0:e A, ch AR wisaAlter form ng of the channels.
Fig. 30 (b) Ts atop view after forming of the word |ines.

Fig. 25 is a top view of. the memory mat constituting a
structural element of the semiconductor device of the

10 fourteenth embodiment of the present invention and shows the
state after forming the contact holes.

Fig. 26 is a top view of the memory mat constituting a
structural element of the semiconductor device of the
fourteenth embodiment of the present invention and shows the

15 view after forming a first wiring layer.

Fig. 27 is.a top view of the memory mat constituting a
structural element of the semiconductor device of the
fourteenth embodiment of the present invention and shows the
view after forming a second wiring.layer.

20 Fig. 28 is a top view of the memory mat constituting a
structural element of the semiconductor device of the
fourteenth embodiment of the present invention and shows the
state after forming the contact holes, and in particular shows
the contact pattern matching the word line in the end of the

25 cell ‘array.

Fig. 29 is a cross sectional view illustrating the
contact structure of the select MOS for the memory mat

constituting a structural element of the semiconductor device




Figs. 31 (a) and 31 (b) are structural views having a shape diffe:@ﬂhﬂé)%ﬂw
the sem conductor nenory el enment constituting 10 a structural ele

t he sem conductor device of the fifteenth enbodi nent of the present
invention. Fig. 31(a) is a top view of a sem conductor nenory el ement
after formng of the channels. Fig. 31(b) is an upper oblique view of that
sem conduct or nenory elenent after formng of the word lines. 15 Fig. 32 is
a top view of the nenory nat constitut1ﬁg the structural elenent of the
sem conductor device of the fifteenth enbodinment of the present invention

and shows e, 5Lale, e b Ol shfa C O aGfe Hldfen i thvdiisnan upper
OW Nng

obl i que vi éw s the cell array 20 utilized in describing the

si xteenth enmbodi EeRL t hipqugh ahle 30t W Ntaes econct wdadivients . offithe 34 is a
series of draw ngs “show ng the operation sequence for readout, erase and
Wite operati@esneficktRe neeirgorduatcort cewise oftife &istrentdrahbodi nent
of the present 25 invention. Fig. 35 is a series of draw ngs shomﬁn% t he
operation egegeencer toe seaduenductasdexnged’ taedpdr RS HHs SBPORRBSD

sem conduct or device of the seventeenth en‘gﬁdi ment_ of o he 31 MAR 2004 19
present i nedntiben PrESEN BENVENE Irock Fdlagrimidf thé S8R JGiidutor devi ce

of the seventegnth odi nent of the pr ] | Qn i 3L rhs

series of éPé\?ﬁlﬁ’@sogrl{fg\ﬁ ﬁ]@a?ﬂ%%eqnseelr%e%ﬁgr%?gé:ﬂﬁoé ?,legrégfstge%nérw int%e
operations qf .the sem canductor device of the eighteenth enbodi ment of the
present i n\?%nttith nworH ;l.lrdff%"i s a bl ock diagram of the sem conductor device

Figs.31(a)and31(b)arestructuralviewshavingeashape

different from the semiconductor memory element constituting

10 a structural element of the semiconductor device of the
fifteenth embodiment of the present invention. Fig. 31(a) is
a top view of a semiconductor memory element after forming of
the channels. Fig. 31(b) is an upper oblique view of that
semiconductor memory element after forming of the word lines.

15 Fig. 32 is a top view of the memory mat constituting the
structuralelementofthesemiconductordeviceofthefifteenth
embodiment of the present invention and shows the state after
forming the contact holes.

Fig. 33 is an upper oblique view showing the cell array

20 utilized in describing the sixteenth embodiment through the
twenty-second embodiments.

Fig. 34 is a series of drawings showing the operation
sequence for readout, erase and write operations of the
semiconductordeviceofthesixteenthembodimentofthepmesent

25 invention.

Fig. 35 is a series of drawings showing the operation

sequence for readout, erase and write operations of the

semiconductor device of the seventeenth embodiment of the



of the nineteenth enbodi nent of the present invention. Fig. 39 is a series
of draw ngs showi ng operations in 10 the refresh sequence in the31HAR2WL
sem conduct or device of the nineteenth enbodi nent of the present iInvention.
Fig. 40 is a block diagramof the sem conductor device of the twentieth
enbodi nent. of the present invention. Fig. 41 is a series of draw ngs
showi ng operations in 15 the refresh sequence in the sem conductor device
of the twentieth enbodi ment of the prl%ent invention. Fig. 42 is a block
di agram of the sem conductor device of the twenty-first enbodi mrent of the
resent inyvention. . Fi : is a graph show ng changes occurring over tine
20 in the aﬁ?ﬁePFnéngﬁgFééﬁ'of thg ngnnry ceI? of tge twenty- f?rst

embodi ment of the;presgntsi NANd O dgGm 44 ktheassRitoAdattdradengse
showi ng the refresh sequence operation in the sem conductor device of the
t went y- secgpd+gabadivepmitedf ht Rebpudsentt iofverntd gres@mtFiipvessian.a draw ng
defining the synbols of a nenory «cell having a floating gate. Fig, 46 is a
drawi ng showi ng &igi.rguiits Rns¢hees wehtyawhingd Skabhbas gt SERYEREpEREent
invention in which readout and wite 31 MAR 2004 20 are performed in the
nenor§ cel keadeay, Braseenmitifn eRERgLioppPL H?ei%“&wﬁ@ﬁdﬁgﬁ%}ﬁa

application of a vaoltage to a nenory cell ring readout. erase and wite
in the tweft Fhﬁhﬁﬁﬂhéﬁﬁ@&iwoﬁlﬂ%% ;ﬂfegzg}ﬁ Went i olnr?v%{%%' 48 is a

drawi ng show ng %‘he r Sgdggt 3 ti:'fgé}g o%.@ada£am @ chRestueRbyatbikbd gabedinment
of the present ifvéntrén:® F'g. I'satimng chart for erase and wite
operationsS,¢ tnhe nineteenth embodiment of the present invention.

Fig. 39 is a series of drawings showing operations in

10 the refresh sequence in the semiconductor device of the
nineteenth embodiment of the present invention.

Fig. 40 is a block diagram of the semiconductor device
of the twentieth embodiment. of the present invention.

Fig. 41 is a series of drawings showing operations in

15 the refresh sequence in the semiconductor device of the
twentieth embodiment of the present invention.

Fig. 42 is a block diagram of the semiconductor device
of the twenty-first embodiment of the present invention.

Fig. 43 is a graph showing changes occurring over time

20 in the data line current of the memory cell of the twenty-
first embodiment of the present invention.

Fig. 44 is a series of drawings showing the refresh
sequence operation in the semiconductor device of the
twenty-second embodiment of the present invention.

25 Fig. 45 is a drawing defining the symbols of a mgmory‘
cell having a flocating gate.

Fig. 46 is a drawing showing a circuit in the twenty-third

embodiment of the present invention in which readout and write



in the twenty-third enbodi nrent of the present invention. Fig. 50 is a
drawi ng showing a circuit capable of placing 10 a nenory cell atgamngmpss

points of word lines and data lines for a folded data line structure in
the twenty-fourth enbodi nent of the present invention. Fig. 51 is a draw ng
showi ng input/output circuits as well as verify circuits in the
twenty-fifth enbodi nent of the 15 present invention. Fig. 52 is a bl ock

di agram of the sem conductor device @0 the twenty-sixth enbodi nent of the
present invention. Fig. 53 is a block diagram of the sem conductor device

of the twenty-seventh enbodi nment of the .ar ' At 1. O, ED
DESCRI PTI GRIEGFDFFIEO PREPERRED TSR NENTS ERedy E%ggﬁﬁgﬂ‘tﬂ%?%ﬁgr& :
specific enbodlgggégngg ﬁQeafﬁgég@ggugﬁgainaegBFyigggmgﬂtgfsgnhggadgetor

menory device and’ trof e e présent invention will be
described in %%%Horyﬂc'e%l%ur&fne;r el it ,t ke sacs emuanyt ing: drawigs. To
sinplify the “description, an explanation will be related for one portion

of the semgpdycton rEe b ddeente dfowsnep deseant ualveoperati on 31 MAR 2004

21 functions aré achieved for a nenory device al so incorporating _contacts

and peripheral cimgui #8. iEi gsdragalgantot{py the SepdertriFMHREWSPEE Tt he

sem conduct or nenory el enent of the first enbodinent of the 5 present
At ?

i nventi on. fBirg.the (talenity -&h ivsh &masstingie PETL(BVFL 2% oss

sectional view. A source 76 and.a drain 77  are_regions . ram; Nty pe
pol ycrystal I i ne $il9-cHA ¥ tahtémlﬂgg?{lac]gagé)ﬁt ?5 isce)ngljc‘) wlsrr%pr?jeglg Teég AN Si 02

inSU|atingfgléﬂéx%wenty—third embodiment of the present invention.
Fig. 50 is a drawing showing a circuit capable of placing
10 a memory cell at all cross points of word lines and data lines
for a folded data line structure in the twenty-fourth
embodiment of the present invention.
Fig. 51 is a drawing showing input/output circuits as
well as verify circuits in the twenty-fifth embodiment of the

15 present invention.

Fig. 52 is a block diagram of the semiconductor device

of the twenty-sixth embodiment of the present invention.

Fig. 53 is a block diagram of the semiconductor device

of the twenty-seventh embodiment of the present invention.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
First Embodiment
Hereafter, specific embodiments of the semiconducter
memoryelement,semiconductormemorydeviceandcontrolmethod
of the present invention will be described in detail while
25 referring to the accompanying drawings. To simplify the
description, an explanation will be related for one pertion

of the semiconductor memory device however in actual operation



Is formed between the source 76 and a drain 77 regions. A 10 channel 78
havi ng a thickness of 20 nmand wdth of 150 nmis fornmed fromP hy

pol ycrystalline silicon on the side surface of this Si02 insulati d%&Mﬂwﬂ
82. An electric charge trap area 79 is fornmed from pol ycrystalline silicon
and isolated by the thin insulating film87. The channel 78 and the
electric 15 charge trap area 79 are connected to a gate el ectrode 80 by

way of an Si02 insulating film81l. Thedi stance between the gate el ectrode
80 and the electric charge trap area is set at 30 nm Conpared to the
structure of the third enbodinent related 20 later on in which the channel
and the el gginbtG GhaEge deRDeaEea ommenéns mpdidoiget kdrso theoappaagénsnt in
the first enbodiment which forms the channel 78 and the el ectric charge
trap area coéntsena aimel \nemiptesral grieatwrtdegree of freedom since nore
design and formng possibilities are obtained. A partjcul ar Zabadvant age is
that the height dndiswi dtla)ofarichd (ot eiid ALIRGTIEL e &h Y

artificially determ ned by sel ecting the erial _and. |l ayer thick s of
the i nsul atsieng JANdHEP D SRSy t%emeé?fe&f‘iité’ecﬁa&rfﬁ { 8% F“gélt7§’%a%§%t he
channel 78. In this 31 LIAR 20Q4 22 enbodi nent, t 0 Is .S
formed | owBESIRAT LR¥CESEPEe gﬁ@‘ é(ﬁqﬁlﬁlﬁn Egﬁeglr]cgboplbi&%]grl%ﬁﬁ%tlﬁé
opposite pasjtion. _ Further, in thi di eCtyd QRS ar @ruliinl hzed as
the carrier®land ith ctﬁoesssuso%cetqluoe% eﬁ]brgégi neﬁﬁ%ts?uéﬁlgct%:)ns are al so 5 used

however positd ‘&eerg.}%ﬁss A &S Be ditdd iead s dtha 1ieas didrisor witthea
sem conduct or  nenory el enent of this enbodinent, the source 76 and drain
77 are vertyica lopneveranaesh Wi chpurities. An Si0; insulating film 82
is formed between the source 76 and a drain 77 regions. A
10 channel 78 having a thickness of 20 nm and width of 150 nm is
formed from P type polycrystalline silicon on the side surface
of this Si0Q, insulating film 82. An electric charge trap area
79 is formed from polycrystalline silicon and isolated by the
thin insulating film 87. The channel 78 and the electric
15 charge trap area 79 are connected to a gate electrode 80 by
way of an Si0; insulating film 81. The distance between the
gate electrode 80 and the electric charge trap area 79 is set
at 30 nm.
Comparedtothestructureofthethirdembodimentrelated
20 later on in which the channel and the electric charge trap area
are formed together, the arrangement in the first embodiment
which forms the channel 78 and the electric charge trap area
79 separately, gives a greater degree of freedom since more
design and forming possibilities are obtained. A particular
25 advantage is that the height and width of the potential barrier
area can be artificially determined by selecting the material
and layer thickness of the insulating film B7 between the

electric charge trap area 79 and the channel 78. In this



decreases the surface area. The size of the elenent surface 10 area is also
reduced by providing a structure in which the channel region 78 runs
vertically. In this enbodinent, by aligning the nenory el enents in3$¢AR @8k
a greater nenory storage can be obtained. The nenory el enments hereafter in
the follow ng enbodi nent are also arranged in the sanme way. 15 The
operation of the nenory elenents of this enbodinent 1is next explained. The
voltage potential on the gate electroge 80 is changed in the wite and
erase operations. A certain voltage is added between the source 76 and the

drain 77 and when the gate volta%e I's applied, Iectronl,sl 0 q,gr in_the 20
S &

pol ycr yst abmbpdigenteohhe MaraHyietl afeg 1ogein ah EtFi-Cal

current starts to flow. Wen | ar ge gate voltage | '

di f f erenceand FEéRt PA* Eé‘t"\/\é‘gﬁ’ot &f’% él(%l’é:&erq ¢ char g%@?%%%ﬁg%sg f%?ld t he
channel region 78 becones |arge,. . and dus .t t t her mal
excit ati onEUEEEELr ond 25 & ST lé“eﬁgt’elnéﬁ'leacloutb% iéélﬁwg#tﬁ]{éﬁ?%sﬁ%ati ng film

g7 and are tliegledohnl @ At sBheehhLa R o8 hEARs A Pacd on Mure kARl [, @

shift towafds | arger resh val ue occurs and the electrical current

val ue [decr gases \even M th 48 KamR 1gat eadl MR 200431 voédage. tReadout of
information I's perforned by neans of the size of this electrical current

val ue. Erasg d,.sfperformed by a swing in the gate voltage in the reverse
direction. The manufacturing process of this enbodinent is 5 explai ned next
by using Figs. 1&r( gheatshilforfd)ctoRfesomxedemeng ©f HdisuefRed igrerthe P
type substrate 86 and formng an Si 02 | ayer 8i4, an Si 02 laﬁgr an. n type
pol ycr yst althienesciddec otb |anykrdraiand /Siare | B8 8 bLY of Kb fRPEHat NéFler .
PhOtoreSiS%égﬁﬂg;g% the surface area. The size of the element surface
10 area is also reduced by providing a structure in which the
channel region 78 runs vertically. In this embodiment, by
aligning the memory elements in series, a greater memory
storage can be obtained. The memory elements hereafter in the
following embodiment are also arranged in the same way.
15 The operation of the memory elements of this embodiment
is next explained. Thevoltagepotential<N1thegateelectrode
80 is changed in the write and erase operations. A certain
volfage is added between the source 76 and the drain 77 and
when the gate voltage is applied, electrons occur in the
20 polycrystalline silicon thin layer of the channel 78 and an
electrical current starts to flow. When a large gate voltage
is applied, the difference in potential between the electric
charge trap area 79 and the channel region 78 becomes large,
and due to the tunnel effect or thermal excitation, electrons
25 cross the potential barrier of the insulating £ilm 87 and are
injected into the electric charge trap area 79. As a result,

a shift towards the larger threshold value occurs and the

electrical current value decreases even with the same gate



I's perforned, collective etching of these four layers carried 10 out and a
source 76, drain region 77 and Si02 |ayers 82, 83 then fornmed as in Fi
16(a). Wien forned collectively (in a batch) as above, there is n&1MAR%Wﬁ
increase in the lithography process even in a |lam nated (| ayered)
structure. Next, after formng a 20 nm anorphous -Si | ayer,
crystallization is 15 perforned by heat treatnent. Photoresist masking of
other «crystalline silicon is perform2® etching carried out, and a
channel 78 fornmed (Fig. 16(b)) by formng a line connecting the drain 77

and the source 76. ri thi s .etchi ng .proces ' 3 [
the drain ?8 F8A°77, %%ggéﬁtégéﬁngﬁg QVéléuﬁ?FﬁéQ§F§p%£n%%ﬁﬁiogéaﬁgxe;;hg
Afterwards, .a thi Si 02 | 7 is.f j .

ol yor et api 2ROt i Gh b lodl ghE el RiPE  LEeP o4 80)is BRE formed bY 1 and
etching pecf gripd. ;Nexhe abkes JARENO (MRS B2 Jewsy Bledfion. type

pol ycrystalli I I'i'con |l ayer is fornmed, photoresist 25 nmasking and etching

performed and thepgakgnelrackredagddrideens foF reds SecaiEnhodistent Figs.
15 (a) and 15 (b) are structural 'views of the nenory 31 MAR 2004 24 el enment

of angt her egpbadin@anie of biyhes prigFerts .i Iven) ko, 1A(bsourrdE elr arddazdngin 2
are regions conprising N type polycrystalline silicon with a_ high

concentrat icbe sirfaopwi thes tApeSH@pstnsue &6 agdfieFing §nf%¥%gaﬁé'€ween
the 5 source 1 and a drain 2 regions. A channel 3 (s forned mﬁtg a_wdth
of 20 nm afid .t BinckA®sslayeio ﬁﬁ1BrBhPﬁoBQHﬁﬁéMStﬁ6998?y§g§FFPHe §¥Ff¢on on

]E gfnz.ijd?r gg]ntaihgp.ﬁig %qylfe;rs lélr%t ifg%mfaidl M t7haﬁa‘r33 £ eerC.t ' iP%o%%@‘re%q. st AR s#i6d 41s

is performed, collective etching of these four layers carried

10 out and a source 76, drain region 77 and Si0; layers 82, 83
then formed as in Fig. 16(a). When formed collectively (in
a batch) as above, there is no increase in the lithography
process even in a laminated (layered) structure. Néxt, after
forming a 20 nm amorphous -Si layer, crystallization is

15 performed by heat treatment. Photoresist masking of other
crystalline silicon is performed, etching carried out, and a
channel 78 formed (Fig. 16(b)) by forming a line connecting
the drain 77 and the source 76. During this etching process,
the $i0, layer 83 covering the drain region 77, prevents

20 excessive cutting of the drain region 77. Afterwards, a thin
Si0, layer 87 is formed (deposited), the polycrystalline
silicon for the electron trap region 79 then deposited and
etching performed. Next, after forming the Si0; layer 8l, an
n type polycrystalline silicon layer is formed, photoresist

25 masking and etching performed and the gate electrode 80 then
formed. '

Second Embodiment

Figs. 15(a) and 15(b) are structural views of the memory



of polycrystalline silicon particles with an average size of 10 6 nm and

I sol ated by neans of an insulating film The channel 3 and electric charge
trap area 4 are connected to the gate electrode 4 by way of the Si @ MAR 2004
insulating film®6. The distance between the gate electrode and the

el ectric charge trap area 4 is set as 30 nm The elenent is installed in
the Si2 15 insulating film8. The point where the elenent is installed on
the insulating filmis installed in thg same way for subsequent

enbodi ments unl ess particular restrictions exist.- The channel 3 and the

el ectric charge trap area 4 are fornmed separately in this er‘%?di ment
however a mBEREHLf OF ROLHISG EROOIGTERENREl MR aEtt it CharY tfap area

in an integrated form_ is kngwn_and that .may be erg)llso epar at e

d.,. T
form ng mefRYACE & &Pso 3 REAEANE BT S HERTBTeqO8H e_r%n%diNrre sefs Al so, the
SI 2 layer péga'\(;g‘?ltgﬁng§géliteg sti'ﬂ?c%%”%i‘@'hdtah ragH ke a4 ad dhe  source 1

posi tioned . prevent’s excéssive 25 cutting away of the

drain 2 ju }*ﬁ]lfe}gt%_%@? aﬁﬂfz{%}ﬁﬂsh@%ttj_ﬂ% £ SR 1 ayere drveddh@elivesh the

enbodi nent . portions o I's enbodiment differing fromoperation of

the mgnory cefgnent; ahdt he diribrist 2ewbadiorent Arehenpéai Betls 3ToMARI2004n25
next. In this enbodinent, after the carriers are captured in the electric

charge trap arierroft 29 avaidnablté ickpacs whétOveen f1de npnwlepedtrode 5
and the channel 3 becones snall due to the narrowness of the ,chagnﬁ’:(gl 3 and
smal | accumdlatery & adlldater 5 thi ceh@rgbhe &idle 8ad 10 it 12 b &t Bt

L eshol d ol t BgeeSh FEL B CHpA AR BFF “ofie Vo= TGVl & Dby ahragi ng
the Channe%fmﬁ%&@c%@%t%&ﬁg%%igglgggg Sék%f@fes with an average size of
10 6 nm and isolated by means of an insulating film. The channel
3 and electric charge trap area 4 are connected to the gate
electrode 4 by way of the $10; insulating film 6. The distance
between the gate electrode and the electric charge trap area
4 is set as 30 nm. The element is installed in the 85102
15 insulating film 8. The point where the element is installed
on the insulating film is installed in the same way for
subsequent embodiments unless particular restrictions exist.
The channel 3 and the electric charge trap area 4 are formed
separately in this embodiment however a method for forming the
20 channel 3 and electric charge trap area in an integrated form
is known and that may be employed. The separate forming method
is also the same in the subsequent embodiments. Also, the Si0;
layer 18, machined to the same width as the drain 2 and the
source 1 positioned above the drain 2, prevents excessive
25 cutting away of the drain 2 just the same as related for the
S§i0; layer in the first embodiment.
The portions of this embodiment differing from operation

of the memory element of the first embodiment are explained



crystalline particles for the electric charge trap area, the 10 nunber of
stored electrical charges can be increased and the desired threshold

vol tage shift obtained. Enlarging the channel width allows a |arge
electrical current to flow and nakes the |ithography process sinplé?”n&ﬂgﬂ
size of the electric charge trap area is wthin 10 nmand the total 15
peri pheral capacity is within 3aF. Accordingly, the room tenperature is
estimated and even when di sturbances @% to heat are taken into account, a
stabl e nunber of carriers for the electric charge trap area can be

det of M ned LN 1 98 DL o SHISRIUEALEY. - RRCIONENOP, SHOh cas e Lhon of

an excess Hbfber carriers or ‘extractron accunul at-ed)

carriers | t - (o r-asea i er {91 g1 B sWigbkhwkhg gate
vol t age i n{:ﬁﬁer]%eeé\}{elglggc ?irr %t?%an? g'lls%i%lr%i' Errrlt%od\irrrent Fi gsa.% 2(aﬂ)lgandw2( b) show

the third eﬂéogha‘snéle&&aae 35a2pHesABt chAMABL GnbeEbheseshadilmene dof fers
fromthe secon enbodi nent only in that the channel and the electric
charge trapeanaa@rdinase ioft edgreatedidininatlo Joreduima landeahmuldteedhannel 11
is formed on both sides of the source 9 and the drain 10. 31 MAR 2004 26
The méterialetoriché chawgsls ane skeect PUE -chaRgbhifapmBPEa™ERt i §PRBA- doped

polycrystalline silicon in a thin layer with an avera t hi ckness of
appr oxi mat 8E9ESInPT 13FFHIGL 2ABOYI SRR F 1 GHe Cg\a&ﬁeisccﬁﬁgk&?aﬁ?ﬁ o 9s

tential within the thin |ayer. | LLine si)| than 5
A aver ageStTTERHELS o0 AT FobA S SBRECHATALE W op o0 (o1 APeRGRRél and

an el ectr g cHaLge,LLAR A e AN ity LA FidgB4 Y doral 501586k 1i zed
provi de € benefit of a sm structure 1deal for
crystalline particles for the electric charge trap area, the
10 number of stored electrical charges can be increased and the
desired threshold voltage shift obtained. Enlarging the
channel width allows a larger electrical current to flow and
makes the lithography process simpler. The size of the
electric charge trap area is within 10 nm and the total
15 peripheral caﬁacity is within 3aF. Accordingly, the room
temperalture is estimated and even when disturbances due to heat
are taken into account, a stable number of carriers for the
electric charge trap area can be determined within one unit.
Consequently, phenomenon such as injection of an excess number
20 of carriers or extraction of the stored (accumulated) carriers
is not prone to occur. Erase is performed by a swing in the
gate voltage in the reverse direction.
Third Embodiment
Figs. 2(a) and 2(b) show the third embodiment of the
25 present invention. This embodiment differs from the second
embodiment only in that the channel and the electric charge

trap area 11 are integrated into one unit and that the channel

11 is formed on both sides of the source 9 and the drain 1i0.



operation at roomtenperature that can be manufactured with 10 a sinple
process. The size of the crystalline particles in this enbodi nent are
approximately 3 nmso that the size can be kept within about 10 frhRelfii n
the sideways direction, and the size of the respective electric charge
trap areas is about the sanme (10 nm. 15 A particular feature is that by
formng the channel and electric charge trap area 11 on both sides of the
source 9 and the drain 10, and by co®&olling the gate el ectrode 12, the
wi dt h of the channel can be effectively doubled and a | arge channel

current cap,be O?tear‘i'Q§d5?£“ﬂ§%%ia%%eflh§n8h@f@ rlénen 20 nidth, anda 11

I ncreasi ng e8I 8ttFic current value generally results in a |arger

surface area (ShzahplUt b NEE By ESaN0i hOW i8S | AnShZenin Hdee Stiltet uke of
this enbodinment. In parE[)l cular, structures that integrate the channel and

the el ectrisGeahaf0enitkapsarep dpmame dine tprighBemmt hatn sihiipl ymbodieasitng t he
size of 25 the channel wdth tends to shrink threshold voltage

fl uct uat i onheddeatsa icaphdnéadiiovarf imrsentTih s wWirtdblreraffowdniay 1ageds oot
occur in the structure of this enbodinent since a plurality of channels
are mit ual Ipplivsolystted.1i3E AR 12004 027 LESEr ER2EMBoBMNBRELFHE FBAFIRESS

enbodi nent is next explained while referrin to Figs.. 3 ) d (b) .

Thi s enbddilr?er\{tld-ilfzfeéfsa"fdr Fh& HE T é’ﬁﬁ&%%"nﬁ %ﬁc%aé”h%@i%%@t%ﬁ dr ai ns,
and a three-| ayer. structur f r.ain , +8 1 S0k 4,vand @idgai n
(2) 15. In etlr?éyts'ilrcuc NG eo?'rt%‘ﬁ grggngééﬁr}rénf?éatﬁéﬁo?;qglt ﬁrag’;elarmunt tw ce
that of thediislieq eRDOHLIEAL (GRNLER8RE A @b L MOV ridied paSIde It er

surface area
operation at room temperature that can be manufactured with

10 a simple process. The size of the crystalline particles in
this embodiment are approximately 3 nm so that the size can
be kept within about 10 nm even in the sideways direction, and
the size of the respective electric charge trap areas is about
the same (10 nm).

15 A particular feature is that by forming the channel and
electric charge trap area 11 on both sides of the source 9 and
the drain 10, and by controlling the gate electrode 12, the
width of the channel can be effectively doubled and a large
channel current can be obtained. Increasing the channel line

20 width and increasing the electrical current value generally
resultsjJ1alargersurfacearea(size)butthereisru:increase
in size in the structure of this embodiment. In particular,
structures that integrate the channel and the electric charge
trap area have the problem that simply increasing the size of

25 the channel width tends to shrink threshold voltage
fluctuations due to capture of carriers. This problemhowever

does not occur in the structure of this embodiment since a

plurality of channels are mutually isolated.




(size) . In addition to joint use of the source 14, nenory 10 storage is
performed by the source 14, the drain 1 (13) and the channel and electric

charge trap area 16 connecting to said drain and source; nenory st ﬁzﬁﬁ b@
al so performed by the source 14, drain (2) 15 and the channel and el .
charge trap area 88 connecting to said drain and source. The two channel s
and 15 electric charge trap areas 16, 88 are fornmed (deposited)

si mul taneously. Their functions differ2fust by the positional relationship
Wi th source and drain. These jointly use the gate electrode 17 but only
one side is capalFsafn wmbed afeher ase operation by changi ng the voltage
on the drain (1) 13 and the 20 drain (2) 15. Further, the source 14, as

wel | as the drai irhel £p13)thaadbddamnant 2)s e xcaaxpéafoenedii ke oed deaticis
(collectively) and since the channel and electric charge trap areas 16, 88
are al so capalfiegof beahgrredl Péetively forned, this structure has the

advant age that the nunber of process_steps can_be kept .25 small. |[n.this
enbodi nent, the cHErhetRRRABTRE }gf%%%r om; 14y g?@ﬁdmﬁ?%g?h?gﬁ#afad

Sovar dh el y Paptiltn RDSTRAER S0 T SRR, e e O D
present inwent ia0§?L§céh9‘4VD and F6984in4(8) 14 b)1rARde46 €Yudbise esbadinent

differs fromthe first through fourth enbodinents in that the source and
drains are dndedimated a néhd gt eragel dodint hesigad ecred eetf odes iSirst

characterized in having a |lam nated structure. A source 21 and drain 22 are
f or med and ensmbdinesh by arhee SiZinesuivat hagtfiteross bng the darépcesii of
the lam nated gate electrode (1) 19 and a gate_el ectrode
(size). In addition to joint use of the source 14, memory
10 storage is performed by the source 14, the drain 1 (13) and
the channel and electric charge trap area 16 connecting to said
drain and source; memcry storage is alsoc performed by the source
14, drain (2) 15 and the channel and electric charge trap area
88 connecting to said drain and source. The two channels and
15 electric charge trap areas 16,.88 are formed (deposited)
simultaneously. Their functionsdiffer just by the positional
relationship with source anddrain. These jointlyuse the gate
electrode 17 but only one side is capable of write and erase
operation by changing the voltage on the drain (1) 13 and the
20 drain (2) 15. Further, the source 14, as well as the drain
1 (13) anddrain (2) 15 can be formed in one batch {collectively)
and since the channel and electric charge trap areas 16, 88
are also capable of being collectively formed, this structure
has the advantage that the number of process steps can be kept
25 small. In this embodiment, the channel and electric charge
_trapareawereintegratedtogetherbutthechannelandelectric

charge trap area may also be formed separately.

Fifth Embodiment



(2) 20. A non-doped polycrystalline silicon thin-film23 is 10 fornmed in a
t hi ckness of approxinmately 3 nmin a shape joining the source 21 and the
drain 22 on side surface of the Si02 insulating film The functiﬁﬂﬁagﬁmﬁhe
channel and electric charge trap area are fulfilled by a thin-fi 2The
pol ycrystalline silicon thin-film23 has extrenely thin 15. round-shaped
crystalline particles and the threshold voltage is high. During application
of a gate voltage, only the thin filn12%ortion at the side of the gate

el ectrode shows el ectrical conductivity, and even though thin-film 24 of

the side of the 20 g ieft%( %%;b'b%q.ﬁle}ﬂt( 19) tRAds LSk hi Mdddtn @5 1 driavrsi de

of the gate electrode 2 are isolated by neans of etching, these "thin

films formiherigspestaye ehannghs and) el ectric charge trap areas.
Consequently, storage of at least two bits of information in an el ement
can be perforned. THhe gated e atitffaes firon Hine dibodi mmoumte Tamtat ed
intw |layers but nore |ayers may be added. This structure_has | am nated
sources arshipdimentesinathah the IPRFES cAPOJIFARAES TRV LAR&NGE S

structure which collectively | am nates % tacksé nor. e ﬁhagcggugzgé VAR 2004
29 | ayers $ECWFEETRUPRD bERALIsE DR B i DheFETBstat Fy“RBt st &Factory when

drains are jointly used. The st of 5 th dien weves g fers
the advant 20 tR&i 2 t hEHRATY Sé%%éé%é?baé%é#%ércan e ing¥£§%ed aé%ording
to the numbg rfled 9964 298L6 et 5008 1havaht i ng Ki InEdod orRatodter si xt h

enbodi nent o e present invention is next described while referring to
Figs. 5(a) aide?Pdhe 1aminated gate electrode (1) 19 and a gate electrode
(2} 20. A non-doped polycrystalline silicon thin-film 23 is
10 formed in a thickness of approximately 3 nm in a shape joining
the source 21 and the drain 22 on side surface of the SiO;
insulating film. The functions of the channel and electric
charge trap area are fulfilled by a thin-film 23. The
polycrystalline silicon thin-film 23 has extremely thin
15. round—shaped crystalline particles and the threshold voltage
is high. | |
‘puring application of a gate voltage, only the thin film
portion at the side of the gate electrode shoﬁs electrical
conductivity, and even though thin-film 24 of the side of the
20 gate electrode 1 (19) and the thin-film 25 on the side of the
gate electrode 2 (20) are isolated by means of etching, these
thin films form the respective channels and electric charge
trap areas. Consequently, storage of at least two bits of
information in an element can be performed. The gate
25 electrodes in this embodiment are laminated in two layers but

more layers may be added. This structure has laminated sources

and drains just as in the third embodiment however use of a

structure which collectively laminates (stacks) more than four




This enbodinment is a nenory elenent for storing at least 10 two bits of
information. The el enent structure of this enbodinent is essentimae‘lriﬁ t he
sane as the el enent of the third enbodi ment except that the ele AR 2004
formed in two pieces, however the manufacturing process to achieve this
element is different. 15 The manufacturing process of this enbodinent is
next explained. The n type polycrystalline silicon |layer, the Si02 |ayer,
and the n type polycrystalline silico®29ayer are forned (deposited) in
succession after oxidizing of the p type substrate surface, photoresist

maski ng is then perd fied and 3 dNessupeea@ifon the @saani28nand the Si02

| ayer 32 for “isolating the source and drain, are then fornmed. Next, a thin
Si 3N4 | ayersathidan ik dhy ehressrafinkSapm jsidepgsised. (fOrared)rartdizn & 02

| ayer 32 al so deposited. Afterwards, etching of the Si02 |ayer and the

Si 3N4 | ayerchis pebbdimedtafiteevephotof bsistthenagdhanragk PBabftih@wy

pattern including the stepped portion of the edge of the drain 27 (Fig.
5(a)). The siqtegsucRRes i6lY CA8 BE3NACreajed f“eﬁgr%‘h%% Sppekt ?Lﬁ?b%i(c’ time.

Next, a 3-nmdeposit of a-Si is formed on this Si3N4 |ayer (30) . At this
time, Shen aéif‘el\qﬁlﬁaﬂﬁ)flﬁ?ttwef gjvﬁa“reﬁsayer is Si3N4 conpared to when the

| oner | ayer is Q t time. | long fromthe start of source gas flow
until the sili C(?rl%xgecht ua%?OAls “rts to attach to the wafer surface, so that

al most no a-Si i speRosidie b ditert G e redncanverAcent dinglext a
fine a-Si line with a wmdth of about 15 nmcan be forned in a shape

joining theysr O Wi t hef &lf iy 280 Digs heS say f ame Hibt he Si 3N4 | ayer
30 surface. Crystallization is perfornmed by heat treatnent of the a-Si;
and the channel This embodiment is a memory element for storing at least

10 two bits of information. The element structure of this
embodiment is essentially the same as the element of the third
embodiment except that the element is formed in two pieces,
however the manufacturing process to achieve this element is
different.

15 The manufacturing process of this embodiment is next
explained. The n type polycrystalline silicon layer, the SiO;
layer, and the n type polycrystalline silicon layer are formed
(deposited) in succession after oxidizing of the p type
substrate surface, photoresist masking is then performed and

20 the source 27, the drain 28 and the Si0; layer 32 for isolating
the source and drain, are then formed. Next, a thin 5i3N4 layer
with a thickness of 15 nm is deposited (formed) and an 510,
layer 32 also deposited. Afterwards, etching of the Si0; layer
and the Si3N4 layer is performed after photoresist on the mask

25 of the hole pattern including the stepped portion of the edge
of the drain 27 {Fig. 5{a)). The side surface of the Si3N4

layer (30) then appears at this time. Next, a 3-nm deposit

of a-Si is formed on this Si3N4 layer (30). At this time, when



and electric charge trap area are integrated into one piece. 10 After
depositing (formng ) of the Si2 |ayer 33, the n type polycrystﬁllhﬂﬁ !
silicon layer is deposited, etching performed wusing the photoresigt @Q
and a gate electrode (1) 29 and gate electrode (2) 34 are formed (Fig.
5(b)). In this enbodi nent, nenory storage can be performed using 15 each
of the two gate electrodes 29, 34 and a mninumof two bits can be stored.
Many bits can be stored by using nul ti3Qal ue storage. The exanple of this
enbodi ment is characterized by being able to formfine lines with good

control. —ALGNG Md 1GA4C 105030 UBLEOLELL Y. QRN ik ARG AQyer is

sem conduct or enent's, arge thres d voltage shift can be made with a

smal | nunbes; @f, sheretheliactiborsrrbi thd $tatbedi s8ntce gdwlaomsantanned in
t he shape containing the stepped portion on one side of the edge of the
drain 29 howevetiliduml escwmal lal sadre f aromed taxhbah thiedes feandurie cehannel s
and 25 electric charge trap areas forned and control achieved with the
sanme el ect rouddatThimostruetanSd iis dhppattedizedhienSifattayey grgéace -

el ectrical current can be obtained. Further, in this enbodiqﬁﬂt t he source

27 and t he AR FATE Ler @ SEACKRISENL WD ST MARV2664 31 2378 sl hofever a
three | ayerk?é;t[o;fri%{ %gj Otfé S g%ceg:;%rkeilﬂgosc af %%ur%%:g 2draly 2,38 4.0 ;thegfourth

f
enbodi ment i gher nsity menory storage.

Sevent h Enboorgg:g%%??feggg o%e¥ﬁgt§5[%7@?.giy@§n§0 Qf, Ad2& Pr esenl tbNYenLIteR NI S

next descri referring Thi's enbodi ment differs from
embodi ment £ ige FESAREE P hd A0 RQUIEsntORE ithel Ratit;hanehanrekhandetlhe

el ectric charge

and electric charge trap area are integrated into one piece.

10 After depositing (forming ) of the Si0, layer 33, the n type
polycrystalline silicon layer is deposited, etching performed
using the photoresist mask and a gate electrode (1) 29 and gate
electrode (2} 34 are formed (Fig. 5(b)).

In this embodiment, memory storage can be performed using

15 each of the two gate electrodes 29, 34 and a minimum of two
bits can be stored. Many bits can be stored by using
multi-value storage. The example of this embodiment is
characterized by being able to form fine lines with good control.
Along with reducing non-uniformity occurring among

20 semiconductor elements, a large threshold voltage shift can
be made with a small number of stored electrons. In this
embodiment, a hole was formed in the shape containing the
stepped portion on one side of the edge of the drain 29 however,
holes can also be formed on both sides, and two channels and

25 electric charge trap areas formed and control achieved with

the same electrodes. This structure is characterized in that

a large electrical current can be cbtained. Further, in this

embodiment the source 27 and the drain 28 were stacked in two




trap area are forned separately, and the other point is that 10 both of the
channels are controlled by the sane gate el ectrode 35. The advantag?rﬁk?mu
separately form ng the channel and the electric charge trap area is't

same as that related for the first enmbodinment. Further, a characteristics
of this enbodinent is that machining of the gate electrode 35 is 15
sinplified by neans of a structure in which one gate electrode 35 controls
both channels formed within the sane h8le pattern. The difference in this
manuf acturi ng process versus that of the sixth enbodinent are the steps in

uhich the U J A 05! o LA dEPasid ed - tedi-al eby Ald efradapesiddngof the

channel , an he-silicon crystal” particles for the electric charge trap

area are foragds;R ghth Frbedisentn Lhsoalimbhih adisFesd uekdt hea paesent
invention is next described while referring to Figs. 7(a) and 7(b). 25 In

this enbodigeriighde densiagtmenagypsocesseand relative positions of the
channel and the electric charge trap area are different fromthe seventh
enbodi nent. The p@vesthibmwbithethe manufacturing process differs fromthe
sixth 31 MAR 2004 32 enbodi nent are described next. A thin Si3N4 | ayer 34
with a® thicknessTh? SEYairhh ™SRRG AT P &R PLE S ilAG SR 460 £& 3BT and

drain 37. An Si02 layer.40 is_deposited Ln _an_anount of 5 nmand differs
in the furt %?Cgf%%goYhH%%OE?F?ﬁglaﬁ %Pskﬂgs Payer 39 in an amount of 10

i A Lerver s, st Gl iSte o depeathoto pokgies s, pRskLag o (he
perfornmed ang, ald &hc &1 CHAO%: s 02 B B AHAND PEOCESS dBedti®ic charge
trap area are formed separately, and the other point is that
10 both of the channels are controlled by the same gate electrode
35. The advantage of separately forming the channel and the
electric charge trap area is the same as that related for the
first embodiment. Further, a characteristics of this
embodiment is that machining of the gate electrode 35 is
15 simplified by means of a structure in which one gate electrode
35 controls both channels formed within the same hole pattern.
The difference in this manufacturing process versus that of
the sixth embodiment are the steps in which the thin 5i0; layer
is deposited immediately after depositing of the channel, and
20 the silicon crystal particles for the electric charge trap area
are formed.
Eighth Embodiment
The eighth embodiment of the present invention is next
described while referring to Figs. 7(a) and 7(b).
25 In this embodiment, the manufacturing process and
relative positions of the channel and the electric charge trap

area are different from the seventh embodiment. The points

in which the manufacturing process differs from the sixth



same as for the sixth enbodi ment. The thickness of the a 10 Si deposit is
set as 5 nm In this structure, in the process for depositing the a-Si, at
the side of the channel in a shape that joins the drain 37 and sduMéR 26
on the side surface of the Si3N4 |ayer 38, an electric charge trap area is
formed at the side of the other Si3N4 |ayer 39. This structure is 15
characterized by having good control of the distance between the channel
and the electric charge trap area. N nBB Enbodi nent The ninth enbodi nent of
the present invention is next described while referring to Figs. 8(a) and

8(b). 20 | ngduhh i fabodi pRie oMbl ddie MEBDEY 8l €MBRUS1Q)ethes fifiSta
enbodi nent are arrayed, two of these elenents are jointly for the sources
and drai ns @ik tnesaref 18 mnl M sf dbrinke gater elestrodesinfontsobrod IHOWS
and lines is possible using the tw drains 42, 43 for the data l-ines, and
the two gatasd46radd 7. f ¢n tSH@:wbadet i h@sis Theprsibed of & emegunt j@intly
using sources and drains may be increased or restated, the nunber _ of

el ement s coht®®l 3 byf FRes dat &£19 ey Tt b9 GHe L8RP s 1 1P0HE Hgt ST HE

nunber of e|enents jointly using the gate MAR 2004 33 el.ectyodes y be
i ncrealed or@¥est3d dd aﬁ’hé‘mﬁﬁﬁﬁeP%o*c’g’?’%ﬁe CSREDI EF gflgt?h A ot dﬁai nes

The same  cen et Er R BRsb PErh Ot Rank oo R R R Pl Btk Eranpi ng

e . 7
the sane results r i men ack ‘st anpi ng

using net al 5, Rt ehal +hd e d I RNLE Alon Wn Thl Wi 3¢ MSiarigiszets.) is

available as a nethod to |ower resistance in the data line. This
back- st anpi pgr fethed Ay alFe edt bt EEefg) tHdimznufeeithiromg pBacksst asping

(repoussage) of netal nmaterial nay al so be
same as for the sixth embodiment. The thickness of the a-

10 Si deposit is set as 5 nm. In this structure, in the process
for depositing the a-Si, at the side of the channel in a shape
that joins the drain 37 and source 36 on the side surface of
the 5i3N4 layer 38, an electric charge trap area is formed at
the side of the other Si3N4 layer 39. This structure is

15 characterized by having good control of the distance between
the channel and the electric charge trap area.

‘Ninth Embodiment
The ninth embodiment of the present invention is next
described while referring to Figs. 8(a) and 8(b).

20 In this embodiment four of the memory elements of the
first embodiment are arrayed, two of these elements are jointly
for the sources and drains and two are jointly for the gate
electrodes. Control of rows and lines is possible using the
two drains 42, 43 for the data lines, and the two gates 46,

25 47 for the word lines. The number of elements jointly using
sources and drains may be increased or restated, the number

of elements controlled by the data lines may be increased.

Further, the number of elements jointly using the gate




utilized to |l ower resistance in the word lines in this and the 10 ot her
enbodi nents of the present invention. Tenth Enbodi nent The tenth

enbodi nent of the present invention is next described while referri@g%aﬁzmg
Figs. 9(a) and 9(b). In this enbodinent, four of the nenory el enents of the
15 fourth enbodi nent are arrayed, two of these elenments are jointly for

the source, drain 1 and drain 2 and two elenents are jointly for the gate
el ectrodes. The polycrystalline silicd®d for the jointly used drains and
gates can be utilized as is for the data lines and word lines. In this

enbodi nent ¢ o2Q SRRl Phyive PeEFOs SR oM EBsaatelaltiaf nheberdet alkmeess(|l --
4) 48 - 51 and word line (1) 54 and word line (2) 55 allowing eight ©bits

or nore of cionfr@ioTatddBytithd@cstor Bte s They datndiemsed. thrausgs g sheespond
to the nunbers 48 through 51 on the drawing in the order of small est
nunber firstmbes of elersams Bor aRdveubseguenellysr Ehat 6amenb8aVAERt 40 | n

this enbodi ment, the |owest |ayer of the n t%pe po%gcr stal l.ine silicon
| ani nat ed the ohhes dmedinerss ¢ hé BAEACH TR% PeE 28BS Y5 R PSFRé next

| ayer has the saource line (1) 52 d (2)..53, .and the.hi { R.2004 34
| ayer Shas fRé&sdacd IliERE ea%tégcangf(if gfiﬁTh 26 Mgé%'%ﬂ'J‘ LA

ntact’ porti‘ons of this

enbodi nent _are .al.so shown__in the draw nyf gt Whikng aR008%% f or
t he contaCF§33%§é;ﬁﬂ%§ ﬁege%gfﬁ.%Pnlgpgggrf§q F%?t formthe data |ine (1) 5

48 and datgilingtl) SAnclih RebkBE ROLYVSEystaliide isi khaeninkayerioand Si 02
| ayer are deposited and rn order to formthe source line (1) 52 and source

line (2) 53adiiasdundgingy Qpcissicd) iol sétaromteayenl isadepbsptld. Here,
@ holeds utilized to lower resistance in the word lines in this and the
10 other embodiments of the present invention.
Tenth Embodiment
The tenth embodiment of the present invention is next
described while referring to Figs. 9(a) and 9(b}.
In this embodiment, four of the memory elements of the
15 fourth embodiment are arrayed, two of these elements are
jointly for the source, drain 1 and drain 2 and two elements
are jointly for the gate electrodes. The polycrystalline
silicon for.the jointly used drains and gates can be utilized
as is for the data lines and word lines. In this embodiment,
20 control is performed with a total of four data lines (1 - 4)
48 - 51 and word line (1) 54 and word line (2) 55 allowing eight
bits or more of information to be stored. The data lines 1
through 4 corresponrd to the numbers 48 through 51 on the drawing
in the order of smallest number first, as is the same for
25 subsequently related embodiments. In this embodiment, the
lowest layer of the n type polycrystalline silicon laminated

in three layers has the data lines (1) 48 and 3 {(50). The next

layer has the source line (1) 52 and (2) 53, and the highest




made by cutting a first hole pattern 56 in the n type 10 polycrystalline
silicon layer for formng the source lines (1) 52, and (2) 53. Next, after
form ng then type polycrystalline silicon layer for formng the dgqr k&n@s
(2) 49 and (4) 51, a second hole pattern 57 is cut in the polycryst ﬂ i‘ e
silicon wuse for formng these data |lines (2) 49 and (4) 51. Next, after 15
formng the Si02 | ayer, when collectively formng the data 1|ines and
source |ines, the shapes (patterns for3%8, 59, 60) are machined f or
connecting each contact pattern in the contact section. As a result, the
data |line 24wsr siapet!td dstas heinéopbpsdol ayer (o0f pblycrystalline silicon
but for shape 59 the 20 polycrystalline silicon is cut away and no | onger
present so the pBtecrorstadt ipgetdidnscof dhishemaedirnent | fe il IhéowPnost

| ayer. Further, in shape 58, the polycrystalline silicon f the data line

r
2 as wel | dd tHe gbraerat allhen@asinfacehisio Precessurrcs Iti?"r?e CHEA5th no

| onger present and the polycrystalli,ne 25_siljcon of data . line 1 forns

t hegt opﬁostlsl %&alﬂbec%&kﬁ%bl zin‘t REFET; Eonglﬁ%%dp?%m ptr%epacfaetaaqslenpeap((altvye
roces st when ing t t aGgt_ hol n I M e c:1s

Ironamuf a%t ur i‘ﬁég apr}cgc%gsés)g Pi olrr% hQﬁcgsgjtq’a?t%se ihlls tilp%o p\?’%&:&é oredlc}t%%r 531£' VAR 2004

35 layered {({.a0 i §F UG Y1 HedB LAAC 8 nRyR Utdd ifzagh v a

| ayered st rluécféu% 221@(33%1%2 l1l‘élor t%geggég el ectrodes in the fifth enbodi nment.
O course aiderceoniget (Dpnsf aghdir sogrcael hods (i hes, t haa menypened here
may be utilized here and for 5 the other enbodi nents. Eleventh Enbodi ment
The el eventgrknbogs nehliné ikl presenel nvedeporitsdnextierdesz vk il e

referring to Figs. 10 (a) through 12 £b) and Fig, .
made by cutting a first hole’ pattern 56 in the n type

10 polycrystalline silicon layer for forming the source lines (1)
52, and {2) 53. Next, after forming the n type polycrystalline
silicon layer for forming the data lines (2) 49 and (4) 31,
a second hole pattern 57 is cut in the polycrystalline silicen
use for forming these data lines (2) 49 and (4} 51. Next, aftex

15 forming the Si0; layer, when collectively forming the data
lines and source lines, the shapes (patterns for 538, 59, 60)
are machined for connecting each contact pattern in the contact
section. As a result, the data line 2 for shape 60 is the
topmost layer of polycrystalline silicon but for shape 39 the

20 polycrystalline silicon is cut away and no longer present so
the polycrystalline silicon of the source line is the topmost
layer. Further, in shape 58, the polycrystalline silicon for
the data line 2 as well as the polycrystalline silicon for the
source line are both no longer present and the polycrystalline

25 silicon of data line 1 now forms the topmost layer.
Accordingly, there is no need to prepare a separate process

step when forming the contact hole on each layer. The

manufacturing process for the contacts is also valid for other




17. 10 Here, eight nenory elenments of the fourth enbodi nent are arrayed in
4x2 patterns. The source, the drain 1 and the drain 2 are each jointly
shared by four elenments, while the gate electrodes are jointly shgriedARoa0L
two el enments each. The polycrystalline silicon jointly used by the gate
and drain just 15 as in the tenth enbodi nent, can be utilized unchanged, as

data lines and word lines. the pol ycr%it alline silicon for depositing the
three layers for batch (collective) etthing is layered fromthe bottom

| ayer in the order of data line 1, source line and data line 2. This
enbodi ment 1 wer shdiwemninelesl) ot mfct2fr ¢ hentirkars i E6ANSEdE 10he it Ideask t | ng
the data line. The tell is the portion 61 enclosed by the dotted |ine.
Control in ¥mhis layepedi AREAUCESIPpef POl Mt 9y Che €86P %Ié‘?%tFPﬁ%§ B2 thane
four (selection) transistor gates 63 and the word line 64 _to allow

storing i nf?#ﬁqlwwlf‘l@%lt SN W%l%?iﬂ?f%ﬂug‘?%ﬁfr% of the
tact | t { d
contact s an ergl.l% ggfeﬁ %gf'%ﬁ%ﬂ&?%d %%rreemgﬁeéje 35 {hhe djshégeognéi}eogremry

cel | decreds® e Source “drarn and gate as a

| ayered struc odinment, it nmust be taken into account
§ %ar ge 1érﬁ;fﬁézé]i2%%4€gb [ [ i

that form ng 36 contacts and peripheral circuits wll

make | ayout inpossidiénch Hosdikedtire i s next explained sinmultaneously
wi th the manufacturing process. First of all, the selection transistors

are fornmed on theTisé leilevenshbativad emé it gpf 1De(@edent 'limeme:fi@rﬂeh@@eﬂ
nunerals 66, 67 and 68 denote diffusion |layers. Qther peripheral circuits
are al so fcleserdved W idgmee £ ped bt oot s - tlﬁéat)r‘a]ﬁgP%Br D eBAddtI t he
data lines are shown here. An oxidized |ayer is deposited (fornmed) after
form ng thel Gate

10 Here, eight memory elements of the fourth embodiment are
arrayed in 4x2 patterns. The source, the drain 1 and the drain
2 are each jointly shared by four elements, while the gate
electrodes are jointly shared by two elements each. The
polycrystalline silicon jointly used by the gate and drain just
15 as in the tenth embodiment, can be utilized unchanged, as data
lines and word lines. the polycrystalline silicon for
depositing the three layers for batch {collective) etching is
layered fromthe bottom layer in the order of data line 1, source
line and data line 2. This embodiment also shows inclusion of
20 the transistor section for selecting the data line. The cell
is the portion 61 enclosed by the dotted line. Control in this
embodiment is performed by the four data lines 62, the four
(selection) transistor gates 63 and the word line 64 to allow
storing information of 16 bits or more. The size (surface area)
25 of the contacts and peripheral circuits must be reduced as the
size of the memory cell decreases. In particular when forming
the source, drain and gate as a layered structure as in this

embodiment, it must be taken into account that forming large




el ectrode 63 for the selection transistors and a nmenory cell 10 is then
formed on the field-oxidized | ayer 69. The nethod for formng the cel
portion is the sanme as in the fourth enbodi mrent and hereafter onl h%
differing points are related. Before depositing the n type pol ycr;y;as]t%ﬂ | e
silicon layer for the bottomlayer data [ine 1, photoresist masking of the
oxi di zed 15 layer and etching is performed and a segment 70 of the
diffusion layer 66 for the selection BPansistor is exposed (Fig. 10 (b))
The continuation of the manufacturing process is shown in Figs. 11(a) and

11(b). After, 595&1%‘%&1“538 %KB?ﬁlpé?lé’&ui’éé a4l l“ﬁaib'i&fﬁ% %ﬁ{:hfscirbfé“e

bottom | ayer data Ttne ot or esi st na I ng and Ing 1S -
performed on the gy @It&%@thﬁséeﬁsmé@@ etxelfaqrn@dlglﬁlh@tantewe190&31@}5 il | ine
silicon layer for the source line 71 in Fig. 11 (a) . Further, after

form ng thendni ypet POl yE bydlcdldsi.NeL 85t ioFoal 1 ayere £l etbeon sowred ddares t he
Si 02 layer and the n type polycrystalline 25 silicon |layer for the data
line (2) 4%reffolrimeg ors thers ol hedn sebosthe tgol Jg ysitdaldlilneTse [ned@mrdrayeer f or
the data line (2) 49 in the hole pattern 72 shown in the drawing prior to
col | ective netemhy of, the aedabl@ndesete celffuesoncbagegenPFPperduring 31

MAR 2004 37 co]lective etching of the source anddglta lines, there in no
pol ycrystaﬁ?%?epfg?zr%cﬁrcﬁwtﬁea&a &LPPNECTASC Bt Jh& REMEXEEPRATIT SHe of

t he pattern shown reference ner 71 Th oI C [ S
al so di sapp l-é |%ﬁa‘?%ﬁo?ﬁ?%5 A njlilef%%ac%e (%t SL% ary Etei.{C!e"Jrnnnehsijlce!t [ cg)%(r?l-pshom
by 1 ef er enca Wil 1 i%e: Al IRpsold st f’c?:réfé&[)ma&gcéJE dn s G aptLata

| ines by neans o ove na facturlng process, the data |ne () is

directly conmest £shd 63 Frdithieuskeoackayar t 68nol stbessghecs imimory cell
10 is then formed on the field-oxidized layer 69. The method for
forming the cell portion is the same as in the fourth embodiment
and hereafter only the differing points are related. Before
depositing the n type polycrystalline silicon layer for the
bottom layer data line 1, photoresist masking of the oxidized
15 layer and etching is performed and a segrment 70 of the diffusion
layer 66 for the selection transistor is exﬁosed (Fig. 10(b}).
The continuation of the manufacturing process is shown

in Figs. 1l(a) and 11(b). After forming the n type
polycrystalline silicon layer for the bottom layer data line
20 1, photoresist masking and then etching is performed on the
oxidized layer prior to forming the n type polycryetalline
silicon layer for the source line 71 in Fig. 11(a). Further,
after forming the n type polycrystalline silicon layer for the
source line, the 8i0; layer and the n type polycrystalline
25 silicon layer for the data line (2) 49, etching is performed
of the polycryetalline silicon layer for the data line (2) 49

in the hole pattern 72 shown in the drawing prior to collective

etching of the data and source lines. Consequently, during




transistor without a netallic connection so there is no need 10 for
separate wiring and contact formng processes and the structure can be
made snmall while at the sane tine using a sinple nmanufacturing prdbeﬁﬁlﬂmk
The shared source lines are nutually joined by polycrystalline silicon and
the polycrystalline silicon of the data |ine 2 has been renoved on a
section (65) 15 Consequently, wiring need not be performed on that section
and the surface area (size) of the st?dcture can be kept small. The
continuation of the manufacturing process is shown in Figs. 12(a) and
12(b). Aftefofsdt nge tdecrixidiczed nleayetircet hedpohysr yisiad | itressd lircore and
machi ning the word 1ines, a 20 leveling process and form ng of an oxidized
| ayer are pesifwrmgeskaXioee tsha icontactthleoliet Adsirzedh) fetlen tie exsrealniailc wire
line 75 of one layer is formed as shown in the draw ng FI?. 12 (a) . The
data |ine (R)dgdfanthalifduston skyer B8 foferarceerentfoh "irafBestor are

t hus connected. 25 Fig. 17 is a cross_section drawn alon in .

Fig. 12 (&#ot yw@mﬁllm%é#aépntﬂoﬁ b8P A GRS Rt hg” ig&é“e ‘g‘?tf&)ma?nd 12
(b) , the netal)

| ect t f dth
word 13 ne 6% )ar4eg dt’?l F%éggaﬁg%ﬂe?es ergn?llg(r:]”f Lbanzl%éloﬁr\ﬁ&%ez%%%‘%ff S ?or rreg
in the diffusion Y& c60711°%:€1*1?e s&l 66! ﬁgo%ft RRRSIhQ@ce =2Rd dahe qq_@l@eﬂsd

metallic wiring performed as shown inm the figure. As a result,

appl i cati on,pheAnkObEagfe ta%ot\r}éeméﬁﬂ\@fag@uﬁlﬁbq&ﬁd% ofhet hetsel aed i @)
transistors,” the netallic data 5 line 62 is electrically connected to

ei ther the :LCh”le@rlechﬂQy(c'ldnnéxl.‘téd)tbmgjaiﬁfhsnen(lié)yeﬂﬁé St rhetseleasfiarhi s
enbodi ment is on a small scale to easily illustrate the structure however
in an actuairamesistor without a metallic connection so there is no need
10 for separate wiring and contact forming processes and the
structure can be made small while at the same time using a simple
manufacturing process. The shared source lines are mutually
joined by polycrystalline silicon and the polycrystalline
silicon of the data line 2 has been removed on a section (65).
15 Consequently, wiring need not be performed on that section and
the surface area {size) of the structure can be kept small.
The continuation of the manufacturing process is shown
in Figs. 12(a) and 12(b}. After forming the oxidized layer,
the polycrystalline silicon and machining the word lines, a
20 levelingprocessandformimgofanoxidizedlayerareperformed.
Once the contact hole has been made, the metallic wire line
75 of one layer is formed as shown in the drawing Fig. 12(a).
The data line (2) 73 and diffusion layer 68 for the selection
transistor are thus connected.
25 Fig. 17 is a cross section drawn along line A - B of Fig.

12(a). However, in order to avoid complicating Figs. 12(a}) and

12(b),thenwtallicwiringfortheselectiontransistor<yfgate

63 and the word line 64 are omitted. Further, a contact hole




device the data lines and word |lines are nuch nore nunerous. 10 The data

| ines and source lines of a typical arrangenent will nunber 1000 |i nes,
and the word lines will nunber 16 lines, wth data |lines formed fgn NAREIO0
selection transistors as showmn in this enbodinent. This structure for

pur poses of convenience is referred to as a block. A plurality of bl ocks
with word lines 15 repetitively arrayed in vertically constitute the nenory
devi ce. The set of stacked (Ianinated)3§ata lines (1, 2) can be controlled
with one data line on the external side of the block by using the

sel ection tyangi el $n thPhyFaLEEYA0fayEBl@Al bEG Hiata 1 LiEResnfOFa@s PiOSK can
be mutually connected. As 20 a result,” the nunber of netallic data |inés

equal to thehawmerse®ndaidcdines §0Finge7 bl 9ekfvkhed bes ssidisi emtthd
particular feature of a structure such as in this enbodi ment which is

separated ifiguibd ocks unitssubtt ey aaphitavesnfof & heohohyerystahditec
silicon can be kept short and the resistance 25 will not increase. Twelfth
Enbodi nent Jiee stlegtiade soff the savkd ¢t io R Medisreorsf, themgtaddarc data
invention is shown in Figs. 13(a) and 13§b). 31 MAR 2004 39 This enbodi nment
di ffers fromihéds ift RLERbEALARAY BANYECERYt FAte He Wit uSRER LaT8r (bF the
substrate is utiljzed,as #he S ce line 74, rather than the

pol ycryst al95 ne° stiF cdnt2 h%esggFCe line, utilizing the substrate surface

Is easily 5 sharegin.&agh cal lor {0iS ABOdiREDL 1S &hhga[ @tﬁ%g&i gedikne g hat

there is Iitple resistance in t'he "sour ce ?lne 74 so t
pol ycrystaldioie) $id 108t i 5t & e esk Pyconee | Ry®Evehusn shRrd eniay méhery

manuf act uri ng process. Thus, this structure having a
device the data lines and word lines are much more numerous.
10 The data lines and source lines of a typical arrangement will
number 1000 lines, and the word lines will number 16 lines,
with data lines formed for the selection transistors as shown
in this embodiment. This structure for purposes of convenience
is referred to as a block. Aplurality of blocks with word lines
15 repetitively arrayed in vertically constitute the memory
device. The set of stacked (laminated) data lines (1, 2) can
be controlled with one data line on the external side of the
block by using the selection transistors. A plurality of
metallic data lines for a block can be mutually connected. As
20 a result, the number of metallic data lines equal to the number
of data lines for one block will be sufficient. A particular
feature of a structure such as in this embodiment which is
separated into block units is that data lines for the
polycrystalline silicon can be kept short and the resistance
25 will not increase.
Twelfth Embodiment

The structure of the twelfth embodiment of the present

invention is shown in Figs. 13(a} and 13(b).




source line nmade of the diffusion |ayer of the substrate can 10 even
utilize the elenment of the first enbodinent. Thirteenth Enbodinen§1}ﬂg 0
structure of the thirteenth enbodi nent of the present invention i &%
in Fig. 14. This enbodi nent has a structure conprised of two 15 overl appi ng
| ayers and an array of nenory elenents of the first enbodinent. Fig. 14
shows a cross section of the data line, The nenory el enment and nenory
device of the present invention are f¥med on an insulating filmso that a
stacking or overlapping is achieved that is different fromnenory el enents
20 formed on the tsubskmabe imenfage s £ ARt fesm ohvar Fatremn stbeslingnd bat yt he
stacked structure ailows a further high degree of integration. Further,
when enpl oimgHat sHe nid fdfusstoac Regear cfovbel appshgaser ust ute lizled elsannel s
of the menory elenment and nenory device of the present invention run

upri ght so teatso2Fceokparedst orati¢mithaan Goeupel vehgsgppeingngiild®en | evel s
are not easily susceptible to adverse effects fromthe gate el ectyodes of

the cells. TRGUrS®ER lErﬁﬁ)dMFérFtl@PMF@eZ(’Fd’épsﬁaﬂ?e LIt r kS ot 2t hey

f t th enbod] t_of t t t [ h F g 8
thr ough 24. %&Oieﬁ”ﬁ?%% GFE BBPPRbRCDF The Ty tereC a 5935

conpr|S|ng engpﬁ¥tQ%%tggs Etgﬂkg fﬁg@%%anne éé S g Lo R t9§he18 (a)

and 18 (b) state a ornlng t is shown in Flg (a)
whil e the ?cﬁtfcﬁfsttearz lflq{é"sﬂgllzgﬁ WOF b &@By dise $RQWR ﬁm;stgor?e&n(lla);

data line (1) ‘Al,” a source line (A3) and a data line (2) A2 are made of n
type pol ycrotsd addriveaddiaoh process. Thus, this structure having a
source line made of the diffusion layer of the substrate can
10 even utilize the element of the first embodiment.
Thirteenth Embodiment
The structure of the thirteenth embodiment of the present
invention is shown in Fig. 14.
This embodiment has a structure comprised of two
15 overlapping layers and an array of memory elements of the first
embodiment. Fig. 14 shows a cross section of the data line.
The memory element and memory device of the present invention
are formed on an insulating film so that a stacking or
overlapping is achieved that is different from memory elements
20 formed on the substrate surface. Another characteristics is
that the stacked structure allows a further high degree of
integration. Further, when employing this kind of stacked or
overlapping structure, the channels of the memory element and
memory device of the present invention run upright so that
25 compared to a flat structure, the upper and lower levels are

not easily susceptible to adverse effects from the gate

electrodes of the cells.

Fourteenth Embodiment




havi ng a high concentration of inpurities and these respective 10 |ines
enclose the Si2 insulating filns A4, ASin order from the bOtt°W£1HAR2W%
Channel s A6, A7 are forned in a thickness of 2.5 nmand width of 50 nmo
non- doped pol ycrystalline silicon on the side of these SiQ2 insulating
films AA, AS. Awrd line A9 is formed jointly at top and bottom of
polycrystalline 15 silicon and isolated by a gate insulating filmA8 with a
| ayer thickness of 25 nm A data line?8tructure | ayer having two |ines

and a basis array structure using two word lines is shown here but the

menory cell that 7r% 3etuaklyeusednbam JmBetal anbbaenen@ME YRE G rdsees. The
menory cell is forned of two upper and | ower 20 | evels each with four cross

poi nts and iirsrexapiadi ei Ofsisdwarti | vy Fabsl eadtapi ghtobygks2éven w t hout using
multi-bit storage. A view of this structure fromthe top is showm in Fig.
19. The data |ineé Etruaitturievdeur o€ 4 iprertADn addthhendgaeny |devel ar2BYA3 are
stacked vertically (Ala), allowing the surface area 25 to be reduced by a
cor r espondiGfitrRiioiitg tife menoghidesi¢u@urtd s el imgiits it (SR é ™ol ds

t II's so that th f i ze) f Il js 2 F2 Th
oper att on LG9 & AP ek bRBht 19° i A FSPRG STV 0F AL By, 20.

fhe undul at),ons Chiegs a0 (L3l i PL Rl eDLL 2 Wbk B | RE (B EPR M Y 1
I'n S

| ayer of thsehopwor} ycryls(;f'a SiTT1¢con are ~drastic So tan continuous |ow

potential areqpcoRstht H%D_ng an elpeghikhcai npaty Ake andodpcé Sl q@d)ow

potential area 5 constituting an electric charge trap area Al3 are
natural ly Arf BRthod Lthhe theathine hayeror Thepel gesyofysbeltiystsdlliparticl es

of this layer are suppressed within a thickness of approximately 2.5 nm
and so t hathahndarh zgmicaincdinteregiiom p§ impurities and these respective
10 ]Tines enclose the 8i0, insulating films A4, AS in order from
the bottom. Channels A6, A7 are formed in a thickness of 2.5
nm and width of 50 nm of non-doped polycrystalline silicon on
the side of these Si0, insulating films A4, A5. A word line
AS is formed Jointly af top and bottom of polycrystalline
15 silicon and isolated by & gate insulating film A8 with a layer
thickness of 25 nm. Adata line structure layer having two lines
and a basis array structure using two word lines is shown here
but the memory cell that is actually used has many data lines
and word lines. The memory cell is formed of two upper and lower
20 levels each with four cross points and is capable of storing
at least eight bits even without using multi-bit storage.
A view of this structure from the top is shown in Fig.
19. The data line (1} Al, the source line A3, and the data line
(2) A3 are stacked vertically (Al0), allowing the surface area

25 to be reduced by a corresponding amount. The All unit structure

is 4 F2. This structure holds two cells so that the surface

area (size) for one cell is 2 F2.

The operation of this memory element is explained using




limted to about 10 nm The size of the respective carriers 10 in the
electric charge trap area Al3 is about the sane dinension. This structure
therefore has the advantage of an ideally small size, capable of 5 OGN 2004
tenperature operation and a sinple manufacturing process. The electric
charge trap area and the electrical path can of course be forned
separately fromeach 15 other. In this case if the particles in the

el ectric charge trap area are 10 nn1og | ess, then a coul onb bl ockades

effect can be obtained even at roomt ﬁperature. Wite and erase operation
I's perfornmed by changing the electric potential on 20 the word |line A9. A
speci fic vofiage20 s Hpphlined lketivean (thee datiafdlbe ¢fl)pdAleranica ) hel tdoir ce
line A3, and when a'voltage is applied to the word line, electrons are

i nduced in the epotswelsthinneswdtiahrtheippfvidmpsifa tlhiene rainnetorAG raand

el ectrical current starts to flow. Wen a |arge gate voltage 25 is applied,
t he differ efeast hc gst dhaitapn nidgnaure leWepet il al o ¢ @ monsdif ykinand
the electric charge trap area Al3 becones large, and finally the electrons
cross over 2heeheghr pod&npd Ab%r@?%naﬁflﬁﬁéagﬁgriew BytRBAAE oA TERe

tunnel effect or heat 31 MAR 2004, 42 excitation and are. injected into the
el ectr¥c cHPYRE1F AL AT 3 MECTIEC £HFJR (S LA 1% }Qﬁ’olac#ev&at ft to

(e ot Roheatsh o Ue et cal s rant el bepgres A, even

||,
with the sa formatironi's rne lyemsans

of the size,plefhlsigleptaioal SUrLenlyvaltRin ET8ASCkA-RErLE TBd by a
g in the gate voltage in the reverse direction. The structure of the
menory nmat b EebxifafePASE C5 WA tand so that the horizontal dimension is
limited to about 10 nm. The size of the respective carriers
10 inthe electric charge trap area A13 is about the same dimensicn.
This structure therefore has the advantage of an ideally small
size, capable of room temperature operation and a simple
manufacturing process. The electric charge trap area and the
electfical path can of course be formed separately from each
15 other.

In this case if the particles in the electric charge trap
area ére 10 nm or less, then a coulomb blockades effect can
be obtained even at room temperature. Write and erase
operation is performed by changing the electric potential on

20 the word line AY9. A specific voltage is applied between the
data line (1} Al and the source line A3, and when a voltage
is applied to the word line, electrons are induced in the
polycrystalline silicon thin film of the channel A6, and
electrical current starts to flow. When a large gate voltage

25 is applied, the difference in potential between the electrical
current path A12 and the electric charge trap area Al3 becomes

large, and finally the electrons cross over the high potential

portion of the barrier by means of the tunnel effect or heat



conprising large scale cell arrays using nenory cells is 10 expl ai ned
next. The layout of a nmenory mat is shown in Fig. 21, Fig. 22, Fig. 23,
Fig. 24, Fig. 25, Fig. 26, and Fig. 27. These figures respectivelﬁ @@qmw
different stage of the manufacturing process for the sane sectioﬁ. e
above nentioned nenory cell has a configuration suited for elenent array
and is capable of being arrayed as is on a |arge scale. However, the
menory cell uses long polycrystallineysilicon data lines, so the

resi stance beconmes too |large. Therefore, contacts of a certain scale were
used 20 and wiring over long distances perfornmed with | ow resistance

materi al s siyditas i@t ahd ArenBljeceal €nybi thé &l esitatl Abhaageangspentea s
referred to as a nehory mat. In this enbodinent,, 8 lines each are arrayed
for the datd 3. nas andewoild, | thesthré¢sioo el tslfage edohf Oftd hdre64 acrgess
points, so the nmenory mat 25 is conprised of a total of 128 cells. Further,
for purposestentiiddntaink theiohgct hieca balwuryst skllugebetdies st b evieme 1,
data line 2 for performng for internal mat wiring are referred to as

| ocal dat awiitheshe3saER 2002 WBLWHI¢ ¢ Re@dosWw s ilgtiaiee digt™ 15 nes for
performng wiring between nmats are referred tqQ as qual data lines. Since
the tawo | iH’f‘éstE—’cﬂ?&rPgi“}?g“t%@fd%‘tea“r?%@flt%h%leﬁﬁét&gﬂ:é | F e 9N BVEHYEy  on

each other, the MOS transistor for .selecting the upper_ an t

i ts 1o REARA 08 RAF STRPSNBY F e PEuFT Bt hE S bl Bt WV
trouble with the .pitch and allows the global data line outside the mat to
be limted o oné Wre. Since the pitch of the selection transistor is

nmade | arger than Re structure of the memory mat which is a basic unit
comprising large scale cell arrays using memory cells is

10 explained next.

The layout of a memory mat is shown in Fig. 21, Fig. 22,
Fig. 23, Fig. 24, Fig. 25, Fig. 26, and Fig. 27. These figures
respectively show different stage of the manufacturing process
for the same section.

15 The above mentioned memory cell has a configuration
suited for element array and is capable of being arrayed as
is on'a large scale. However, the memory cell uses long
polycrystalline silicon data lines, so the resistance becomes
too large. Therefore, contacts of a certain scale were used

20 and wiring over long distances performed with low resistance
materials such as metal. A small-scale unit for such an
arrangement is referred to as amemorymat. Inthisembodiment,
8 lines each are arrayed for the data lines and word lines,
two cells for each of the 64 cross points, so the memory mat

25 is comprised of a total of 128 cells.

Further, for purposes of identification, the
polycrystalline silicon data line 1, data line 2 for performing

for internal mat wiring are referred to as local data lines,



pitch of the data line to take into account the elenent 10 isolation
region, the selection transistor for adjacent data |ines functiong]yﬁgtﬂmk
separating the nmenory mat into top and bottom portions. Next, the

of this enbodinent is explained along wth the manufacturing process by
utilizing Fig. 21 through 15 Fig. 27. The area A22 encl osed by the dotted
line in the figures forns the nenory mat unit. First, an n type transistor
is formed on the P type substrate surfgace. A layout is utilized for gate
el ectrodes Al5 to run along the active region Al6 arrayed al ongside. A
CMOS peripheral circuit is formed at this 20 sane tinme on the outer side of
t he nennryudeileatm@ylowdsaslsaammepdetéayememefbrspentoumengswusedgln t he
MOS transistor in order to utilize a range of voltages. At |east two types
of gate | emﬁwe\mmateamrst oefearedfoe red glsibadedehe tiamsi stocd ghe
sensing anps,' MOS decoders and hlgh voltage 25 tolerance word drive
Circuit trdig JE6ES PRmRE 5 ihe st a\?@lltlagel@rréhkasmt}c‘wérl@ 2 gyesdar
substrate was not usgd in this enbodiment however the above nentioned

triple-layét™ ®a9h o&heget bhe ¥QS Adenahshys A8&dE] %Eﬁ“aﬁh? ﬁ%eaaf‘m n
| a 1 MAR 2004 4 bst Af t

bote! e d OWeR SRS ﬁéséﬁgﬁgﬁéﬁsre.r!@%%r PRS0 Ao d Y o
resist, a%zaarfcgérﬁér(?{' a%‘ld%%f&?of@b%‘n'@&'e F@@e‘i‘a‘ & %'1%wsa&’ﬁé Jd15bal

exposed After rmng the n type polycrystalline SI icon 5 layér in a
thickness Qfad e &8 ehd e O:Ihé hea 151102 deayiermi ed pes foridmad a8, a Imagde for

the resist pattern A33 as shown in Fig. 21. This process allows a direct
connecti on tes wieitd b€ theadelsad vorn ivtarAli et tibemdief Lst @ear |yt tofe t he

sel ecti on MOS,

pitch of the data line to take into account the element

10 isolation region, the selection transistor for adjacent data
lines functions while separating the memory mat into top and
bottom portions.

Next, the layout of this embodiment is explained along

with the manufacturing process by utilizing Fig. 21 through

15 Fig. 27. The area A22 enclosed by the dotted line in the figures
forms the memory mat unit. First, an n type transistor is
formed on the P type substrate surface. A layout is utilized
for gate electrodes Al5 to run along the active region Al6
arrayed alongside. A CMOS peripheral circuit is formed at this

20 same time on the outer side of the memory cell array. Also,
a triple-layer well structure is used in the MOS transistor
in order to utilize a range of voltages. At least two types
of gate length MOS transistors are formed, since the
transistors for sensing amps, MOS decoders and high voltage

25 tolerance word drive circuit transistors have different
voltage breakdown levels. An SOI substrate was not used in
this embodiment however the above mentioned triple-layer well

structure is not always needed when utilizing a thin layer SOI



provi di ng the advantage, that a process to renove the contact 10 for the

| ocal data line (1) Al is unnecessary. Further, the Si02 |ayer (t?'ﬂﬁp?ﬁ§
100 nm, the n type polycrystalline silicon layer (thickness 50 nn% : e
Si 02 | ayer (thickness 100 nm, the n type polycrystalline silicon |ayer
(thickness 50 nn) , and the Si02 |layer (thickness 30 nn) are fornmed in
that 15 order; batch (collective) etching of the Si02 layer is perforned
as a mask for the resist pattern for thg six layers that were forned, and
the | am nated structure Al7 forned from the source |line A3, the |ocal data
line (1) Al and the local data line (2) A2 as shown in Fig. 22. 20 Since

these | ayers;pderdos mechdd: QRg-bat chdeddeatioiel ¥)er nibasddf hagranhy

process is sinple conpared to fabricating a one layer nenory structure in

two | ayer shofeind it fige,si®, 0B per lisgepPabiREl AL hes k aorednatrddest,
boundari es between the nenory nmats. In the |ithography process for a data

line, this gatterppbich| ® efsthy delectiog Mbe apEifoelioeondiiirons of
repetitive structures of about the sanme size exposed to light (drawing in
EB process)esiasagd by Afdtetr fp radijrgy by rstiryes ureky ony biod hlise deslibensane
for adjoining data lines, a local |ine can be 31 MAR 2004 45 set to the
same stati cla¥facit ahcdrbekndes stk r oUnh nge t ¢erg wh cihe sS &Rt rletigdsy is
beneficial for_stable nennr%koperation. . Next, after_formng an a-S

(anor phous R§T5LGs Py Brid 1 &t ki€ kifes'ss P22 b5 Thnd 3 rds SaPMIZ AR ForP by
Tayer with Gt GBEecRPS SoTIHT € FoFnel SN AT b oFGACEr PAELERT ALS i s
;grgﬁg%“i f]dal‘_ﬁié;tfﬁzrgé £ L crel SPPRLOG-AT1 2, L190E ARGl 680G fBka [ine
providing the advantage, that a process to remove the contact
10 for the local data line {1) Al is unnecessary. Further, the
S5i0; layer {(thickness 100 nm), the n type polycrystalline
silicon layer (thickness 50 nm), the $i0; layer (thickness 100
nm), the n type polycrystalline silicon layer (thickness 50
nm), and the 8i0, layer (thickness 30 nm) are formed in that
15 order; batch (collective) etching of the $i0; layer is
performed as a mask for the resist pattern for the six layers
that wére formed, and the laminated structure Al7 formed from
the source line A3, the local data line (1) Al and the local
data line (2} A2 as shown in Fig. 2Z2.
20 Since these layers are formed inonebatch (collectively),
the lithography process is simple compared to fabricating a
one layer memory structure in two layer shape. Further, a data
line pattern Al8 is formed at the boundaries between the memory
mats. Inthe lithography process for a data line, this pattern
25 allows easily detecting the optimal conditions of repetitive
structures of about the same size exposed to light (drawing

in EB process). Also, by setting adjoining structures on both

sides the same for adjoining data lines, a local line can be



Masking of this resist pattern A19 and then etching is 10 perforned. A
fine Si02 line is formed running perpendicular to the substrate at the
side of the Si02 |ayer A6 between the local data line (1) A and theMAR Mt
source line A3 as well as the side of the 5i02 |ayer A7 between the | ocal
data lire (2) A2 and the source line A3. Here, establishing a dummy
pattern 15 A20 prevents the fine lines of the resist pattern from

col l apsing. Next, the Si02 pattern forggd parallel to the substrate is
trimed by anisotropic dry etching. Performng this process prevent the
polycrystalline silicon fromjoining adjacent |ocal data lines. Next, the
pol ycryst al Behetsi Fheoname shehi¢agawa¢stancdi zedtha %mrQQU®¢h§%B@lnes
environnent. In order to prevent the oxidation at this time from

progr essi ng¥heFe lﬁhsﬁtasﬁeéyl F?ﬁﬂ@lf9ciéln|°’?9rt Ré 25d ey RS 19R5F 2549 on
thin [layer below the previousl ne of, not_.oxi di zed
and a fine PEtterAtsfra ﬁoéTﬁPgnéPyatg?n @Oﬁgkﬁgﬁyéﬁ&IFPﬁé ;qyﬁﬁn+qFﬁn
| ayer can b%pécgﬂgs-sfoﬁss”ﬁr& had, <L) 34RELL B dOnaBELE Akl Lifpehy dry

et chi ng due oW ng reasons fine pattern

can be OrgsdP fﬁéé'StAPQePE@P§s€ElID§a9£¥n3tQH'ng?fiévéra@ﬁkﬁlaW“R
i ng e

2004 48 oX ect fromwet etching. The 1nventors foresaw at t he

early eval uahk eRnakagertiRtnma iSUEbrga@Nind eshal deshisitt pacoulrd hedobsai ned
prior to and after the wite operation by an extrenely thin

pol ycryst al fbeeesi incanwiith bAyer1havéngnbranfiing ehaaneight nenghesecrati o
of width and length was 2 or greater. Just as in this enbodi nent, when the
| ayer thickubssdaok ttheeSaepshayer ibefwgen2Bhe source |ine A3 and | ocal

data line Al is 100 nm formng a pattern of approximately 0.5
Masking of this resist pattern Al% and then etching is

10 performed. A fine SiO; line is formed running perpendicular
to the substrate at the side of the $i0; layer A6 between the
local data line (1) Al and the source line A3 as well as the
side of the 510, layer A7 between the local data line (2) AZ

" and the source line A3. Here, establishing a dummy paftern

15 A20 prevents the fine lines of the resist pattern from
collapsing. Next, the SiO, pattern formed parallel to the
substrate is trimmed by anisotropic dry etching. Performing
this process prevent the polycrystalline silicon from joining
adjacent local data lines. Next, the polycrystalline silicon

20 thin layer is oxidized in an O; plasma environment. In order
to prevent the oxidation at this time from progressing more
than approximately 10 nm, the polycrystalline silicon thin
layer below the previously formed fine line cf Si0; is not
oxidized and a fine pattern of an extremely thin

25 polycrystalline silicon thin layer can be formed. This method
is superior to making a fine line by dry etching due to the
following reasons. One reason is that a fine pattern can be

formed with resist by means of the dry etching effect and



m crons is necessary. The prototype fabricated by the 10 inventors utilized
a resist pattern with a wwdth of 0. 1 mcron and at the conpletion of wet
etching, a fine line of Si2 of 0.07 mcrons had been forned. An oxidizing
effect fromthe side surfaces is thought to contribute to this p3dbtak#llso
that an extrenmely thin polycrystalline silicon layer with a fine 15
channel line of 0.05 mcrons in wdth is fornmed after oxidation. A second
reason is that since oxidation due to #lge 02 plasma halts at approxi mately
10 nm there is no possibility of over-trimmng an excess amount fromthe
channel |ine when neking the channel. Once the' channel is nmade and after
form ng 20 ¢depogingngffebe {hom WBetORtchierg A8 Ther ingenasrshéogatew at
insulating film the n type polycrystalline silicon layer is fornmed and

et chi ng per FBfneair by ¢l ot on esfiage st BoSHEATienhs woreshphe #2ifws in
Fig. 24. If _an_n type polycrystalline silicon layer is formed 25 thicker
than hal f ofC¢he aép%gﬂxg@ﬂ BALEr| FReaNd 1 Hikhe s %@%e‘ﬁrl%%e%p%@t@%o%) can
be built in_at formng of the data |ipe,.and the.resist. tern easi

formed.  The® pr88eRERoBY ahtBrRy Y SBVT BT RL DTS 1 Fbt hFEReth g HRLS: ITRE R ove
an established. gro 7 wi.dt a, L hi

(bui l t?i n g%o%{'/rg% %%é%tl @?%%&Sﬁeecf\gg&eohn o?ﬁ&&lt%%g %génégbgggegggo%ségf t he
menory mat.qrEL€BEng §i5s@ks0; ReH iy gﬁgoafil;n@_ﬁtf,%ﬁérﬁ‘%ﬁe{"@a?e&ymckness

polycrystalTine silicon layer, and after thinning the layéer, 5 a word line
with | ovner sesikéangce, qfé(}/éf‘&féﬂl&eéﬁrﬁ}@ Mhdce depasidi amdflstdl cdgea The
me

insulating filmis for after formng of the word |ines, and the contact
process periomneedll bscel0eum|i figrhasgheepaaceonpbifshedrasimatiily. 025 At
this microns 1s necessary. The prototype fabricated by the
10 inventors utilized a resist pattern with a width of 0.1 micron
and at the completion of wet etching, a fine line of Si0; of
0.07 microns had been formed. 2An oxidizing effect from the
side surfaces is thought to contribute to this process so that’
an extremely thin polycrystalline silicon layer with a fine
15 channel line of 0.05 microns in width is formed after oxidation.
A second reason i1s that since oxidation due to the O; plasma
halts‘at approximately 10 nm, there is no possibility of
over-trimming an excess amount from the channel line when
making the channel. Once the channel 3_‘.s made and after forming
20 {depesiting) the thin Si0O; layer AB for use as the gate
insulating film, the n type polycrystalline silicon layer is
formed and etching performed on the photoresist mask to form
the word line A21 as in Fig. 24.
If an n type polycrystalline silicon layer is formed
25 thicker than half of the gap between data lines, then a steep
step (or groove) can be built in at forming of the data line

and the resist pattern easily formed. The presence of a dummy

pattern of the preceding data line allows an established groove



time, the contact A26 for the |ocal data (2) A2, the contact 10 A27 for the
sel ection MOS diffusion |ayer Al6, the contact A25 for the selection MOS
gate el ectrode Al5, and the contact A34 for the word |ine A21 cah MA& 2004
formed after etching of the insulating filmformed in the upper portion
has been performed. In contrast, since the source line A3 is |ocated bel ow
the local 15 data line A2, the contact hole A23 for the source |line A3 can
be taken through the local data line (2)7 A2. Further, in order not to
occupy a wi de segnent of the selection transistor active region width

whi ch d h. o th h f h
glggalIZat:tﬁégéqgﬁaR%ﬁgggtlg%??ont 5 trgtglé?5$Leh?2%§b g@e? E Lé% bgtﬁ
the local dgbaalhBg £¢dn ‘ﬁgraEﬂ tBSuaaw &egle'c@eioﬁ% O-Ehet%l Strr{ell’n(grgg%aé lows a

| ayout in which the contact hole an ata 1 ne ov ap on ot her.

The | ocal detanihgeiblyidh pér@et:meaegeeterh%tim'l@lgt Ring GORLAGL region
since trimmng is required after formng the |ocal” data 25°Tine (1) Al

bef or ehand.pdhyordetal Diavostl &tectld e, shel bFted thibhenghayre pieand the
hole, a side wall of insulating film is formed within the contact hol e by

et chi ny usingwérdeyuharwithylewvehi ngsoncenthechol ¢hand beolfe rimesultat iang

| ayer have been 31 MAR 2004 48 fornmed. A cross sectional view of the
cont act ford?ﬂﬁ%SéEF@Et?%rﬁW%{ i Gheafinenlpsimongidm tRefefmedwafters
shown in Fi e contact A34 for the word line of the end of the

t
ooy ool | P o At Fiigesrgand FEPGEOHtRRY DESERSH REELOENERY ned

](CZIL(r)TTTyt g:t Zaggcgnig{rleflngaﬁas hgeclar?n?aggérﬁglgs gdl grs]efnyst di Eger e&t El[xom the

time, the contact AZ26 for the local data (2) A2, the contact
10 A27 for the selection MOS diffusion layer R16, the contact A25
for the selection MOS gate electrode A15, and the contact A34
for the word line A2l can be formed after etching of the
insulating film formed in the upper portion has been performed.
In contrast, since the soufce line A3 is located below the local
15 data line AZ, the contact hole A23 for the source line A3 can
be taken through the local data line (2) A2. Further, in order
not to occupy a wide segment of the selection transistor active
region width which is determined by the pitch, the contact hole
A24 for connecting the global data line and the selection
20 transistor, also passes thi'ough both the local data line (2)
AZ2 and the source line A3. This structure allows a layout in
which the contact hole and the data line ovexrlap on each other.
The local data line (1} Al is not present here in this contact
region since trimming is required after forming the local data
25 line (1) Al beforehand. In order to avoid electrical shorts
with the layer around the hole, a side wall of insulating £ilm
is formed within the contact hole by etching using irregular

dry etching once the hole and hole insulating layer have been



lines. The contact A34 is forned on this dumy pattern A35. 10 The
arrangenent prevent being unable to obtain the effect from the built-in
groove in the data line due to form ng of the polycrystalline silit%clo’:ll ~n
| ayer as related in the section on making the word lines. After tHhi's ‘thZsp('
netal is deposited, and etching performed after photoresist masking to
formthe 15 first layer of nmetal wwring M as shown in Fig. 26. The
resistance in the M3 wiring A29 is | oweBed by back stanping (repoussage)
of the polycrystalline silicon gate electrode Al5. The wiring A28 for the
source line A3 is also perforned wwth M.- The connection (A30) with the

| ocal data f26™efhe.(2) A2 and with the selection MOS diffusion |ayer is
al so nmade. Further, once the jnsulating filmbetween the |ayers_. has been

formed, the contaft ChoF2sSer'el IRite v Mo Chiethf HRIPRGYE d@r thRaSelerkhgn
f d hot. i.St king to_f th d | f tal
Bring Ve adoSBRRthihERts eetniigl 8 aPhasstle anry hol ASTHPER T OPEIM ¢ h

M2. Form ng,khe global data line wth ML may prevent other wiring from
bei ng performed since the nenory mat surface is run within a narrow pitch.

Therefgre, utilizhRogd¥: [ W I3 [ dat a
31 MAR 2004 4 9 line A31.ép(gl'thgBIsaaj?rxielle(‘g}'g%I Lg?g% lblzléggtf or@lltdhcgf trth;%dlg{sjlﬁgg rcuit

connecting telthareuler sSisdewaf ihh@iqermlgy cell array, in other words,
connecting the read out circuit to a |layer below the global data Iine, for

instance ML i s neBdssayeydulnmy e tgirobaB 5 5 sdéd améd fesmat 150 s apleats Bgr fa durmy
pattern at the boundaries of the nenory mat will allow obtaining the sane
effect as fof the lawigwtefhtdatia hesesFyét edinf fe Bmodinmentthe dummy data

lines. The contact A34 is formed on this dummy pattern A35.
10 The arrangement prevent being unable to obtain the effect from

the built-in groove in the data line due to forming of the

polycrystalline silicon layer as related in the section on

making the word lines. After this step, metal is deposited,

and etching performed after photoresist masking to form the
15 first layer of metal wiring M1 as shown in Fig. 26.

The resistance in the M1 wiring AZ9 is lowered by back
stamping {(repoussage) of the polycrystalline silicon gate
electrode Al5. The wiring A28 for the source line A3 is also
performed with M1. The connection {A30) with the local data

20 line (2} A2 and with the selection MCS diffusion layer is also
made. Further, once the insulating film between the layers
has been formed, the contact holes are made, themetal deposited,
and etching performed after photoresist masking to form the
second layer of metal wiring M2 as shown in Fig. 27. The global

25 data line A31 is formed with M2. Forming the global data line
with M1 may prevent other wiring from being performed since
thememorymat surface is runwithin anarrowpitch. Therefore,

utilizing M2 or a higher wiring is necessary in the global data



The fifteenth enbodi nent of the present invention is next 10 descri bed
while referring to Figs. 30(a), 30(b) and Fig. 32. Figs. 30(a)3pﬂgﬁm(b)
are structural views of a section of the menory cell array conprising t
menory device of this enbodinent. Fig. 30 (a) is a view after form ng of
the channels. Fig. 30 (b) is a view after formng of the word lines. In
the 15 exanple in the fourteenth enbodi nent, two cells of. nenory elenents
were stacked vertically in the structug®. This enbodinment differs in being
conprised of one cell but other structures are of the same operating
principle. The channel A38 runs in a shape vertical joining the 20 | ocal
data |ine A37%ddli-neToSuFedel FAR ABBC RSB RS &i‘lye rp?(i‘tdé?ﬂqi AL e

h I trolled by th d t f thi
orhod ment ST SEH R EOLEhT %@“%r SR AR P THERY Gk Breasur b Gt R
fourteenth eonb di rrenr%ne%ut char ac& erdtzecqﬂéhf@‘@&%lzfl%‘@’ ?Z%%slc(wgrt%%ves)

whi | e bei ng ‘made "an arge proocess mar I's top view of

a menory. ﬁlhob%lfvagwaum%t{ﬁr é%%rafa%te molcse%%ae%s%wm R0 KO 1@3RANdS to

Fig. 25 i ourteent i ment the mat unit of course, a |ocal

data JFl MARAQD4i5@s hN8oGOpNEEL gt dd&@nﬂlpﬁl@@er%ah@ thoodyhdayi ©f o MOS
transi stor. in the fourteenth embodi nent, the obj ect was to select an

upper or |t0iwfneﬁ1©lrly fyt eans aafl v bbaainihgrth@mnlaaleflfrectthas fentuddi ment
the object is to reduce the capacitance of the local 5 data line

el ectri cal Iyoaadnrisctta nigiries t he gl obal data line during operation. If the
capaci tance on the |ocal data Iine can be reduced, then quicker and |arger
changes in el ect riiddieergdt imbedinent be made to occur with the sane

el ectrical current
The fifteenth embodiment of the present invention is next

10 described while referring to Figs. 30(a), 30(b) and Fig. 32.
Figs. 30(a) and 30(b) are structural views of a section
of the memory cell array comprising the memory device of this
embodiment. Fig. 30(a) isaviewafter forming of the channels.
Fig. 30(b) is a view after forming of the word lines. In the
15 example in the fourteenth embodiment, two cells of memory
elements were stacked vertically in the structure. This
embodiment differs in being comprised of one éell but other
structures are of the same operating principle.
The channel A38 runs in a shape vertically joining the
20 local data line A37 and the source line A36. The electrical
potential of the channel is controlled by the word line A47.
The structure of this embodiment has a lower degree of
integration than the structure of the fourteenth embodiment
but is characterized in having few steps {(grooves) while being
25 made and has a large process margin.
Fig. 32 is top view of a memory mat. A view up to the
contact process is shown and corresponds to Fig. 25 in the

fourteenth embodiment. In the mat unit of course, a local data



flow, which in turn allows faster operation. This benefit is 10 not
limted to just this enbodi nent and structures with channels running
vertically on the circuit board as in the fourteenth enmbodi ment, Butmirsy0L
al so achi eved even in structures in which the channels run parallel to the
circuit board surface such as in Figs. 31(a) and 31 (b) . 15 A basic
exanple of cell array is shown in Figs. 31(a) and 31 (b) . The upper view
(Fig. 31 (a) ) of the six cell array &Qucture is the state after channel
formng. the state after formng the word lines is shown in Fig. 31 (b) .
The structure has a local data |ine 1 A39 and a local data line (20 A4l

|
20 with a cohBFodBHTS P eAglJE)Ob&l'% élaejc%fi“? Ol PO e MAF fofant et ¢hannel
troll hi di f
col | st r uot o ¢ e TGF EBEREN it B8 B Senf Bk Pacihnast Shamrang
characteri zgd ggwéPaE i?b{wCﬁ{eéﬂg § 5 @%Ss%ﬁ%%r eﬂo&%v%‘fb'ﬁ §huctures

such as the exanp odlnen e explanation nOM/returns to

Fig. 32. Th&n@@@iﬁ@ﬁtthh%soB?@Pf Il%etcs he eeRtacd caga%l%%ﬁcfe%f t&%%i ng to

the source I'ine A36, the contact hole Ad7 for necting to gate

el ectrgpde, @atlathensoatastrhebel M8osdeMRg604 bhef gl ctanneeakiang ithhe MOS
diffusion layer to the global data |line. This enbodinent is characterized

in that alldeoimactpdodesorcan Ifheheadapanithacsase phecessaangatdatinde
nunber of manufacturing steps is kept small conpared to the fourteenth
enbodi nent .c&n Her gafduged, wohknngu exieaplaas! deegeel ahedgkeriperfeartmingel t he
wite, erase, wite-verify, erase-verify, refresh and nulti-val ue storage
of the cel IP%W%?%&‘%@@W he mgda sermaruy H#éi}gthh@ Femenehe Gt séephdrurrent

| n
embodi me tsflow, which in turn allows faster operation. This benefit is

10 not limited to just this embodiment and structures with
channels running vertically on the circuit board as in the
fourteenth embodiment, but is also achieved even in structures
in which the channels run parallel to the circuit board surface
such as in Figs. 31l{a} and 31({(b).

15 A basic example of cell array is shown in Figs. 31(a)
and 31(b). The upper view {Fig. 31(a)) of the six cell array
structure is ﬁhe state after channel forming. the state after
forming the word lines is shown in Fig. 31{b}. The structure
has a local data line (1) A39 and a local daté line {20 A41'

20 with a common source line A40. The electrical potential of
the channel is controlled by the word line A43. If a basic
machining dimension for a cell structure is set as F, then the
size of this structure is 6F2 and characterized in that
fabrication is simple compared to cubic structures such as the

25 example of this embodiment. The explanation now returns to
Fig. 32. The contact holes comprise the contact hole A46 for
connecting to‘the source line A36, the contact hole 247 for

connecting to the MOS gate electrode, and the contact hole A48



A typical array is shown in Fig. 33 and this array is 10 utilized in the
description. O course, the nenory cell structures shown up to now nay

al so be utilized. Sixteenth Enbodi nent The operating sequence foyinapdiRut,
wite and erase operations are shown in Fig. 34. Readout conditions are
read 15 out of information fromcell 1, cell 2. Erase conditions are
erasure of information fromcell 1, cell 2. Wite conditions are witing
information "1" in cell 1 and witing &aformation "0" in cell 2. In the
readout operation, precharge is first performed (Step 1) and next the
specified readout voltage is 20 applied to the source, data |lines _and word

lines (Stept?y CONRESIINT Fae P Sf?ﬁél‘:lswoﬁhl‘%%r oW 819 1QRa e At techti By .
i nf tion. held | 1|1, al data line. 1, and fl t
Sondi ng. | nTUTTRETBRREIGY b COR 5 St st Tt D COMAF angbER: cart
t 3 e J oAl : e
0 P OB 0 chetlshe B ol A RTAANERS Rl SHITLS| 0] 85077

easily be LSt B c t Ki - i ng
ol | or than he ThrsrSl H0e! taer - BETMAR 204" B5" Ghen ordrss Thar

information "0" qhe M fhdi NeckkidldreKampQ e CHEEERE 1AL BUSEb A fo8n cel
4, regardless of the infornationqgging hel d. Even when a I§§§% nud%g? of

cells are tig ayeltd heepioeessrisether $ane; eaaseadont fyol ragecsh aprl i ed 5
only to the word line controlling the cell for readout, and a |ow voltage
potential imulseit-—onlwt hetonage ¢f nekecoahéctedaysofrhetbams idgeenitime. The
erase operation is described next. Erase operation is perforned

col | ecti vel§PFVHIR eHire | tupRt ¢epgcond embodiments.

A typical array is shown in Fig. 33 and this array is
10 utilized in the description. Of course, the memory cell
structures shown up to now may also be utilized.
Sixteenth Embodiment
The operating sequence for read out, write and erase
operations are shown in fig. 34. Readout conditions are read
15 out of information from cell 1, cell 2. Erase conditions are
erasure of information from cell 1, cell 2. Write conditions
are writing information "1" in cell 1 and Qriting information
"0" in cell 2. In thg readout operation, precharge is first
performed (Step 1) and next the specified readout voltage is
20 applied to the source, data lines and word lines (Step 2).
Readout is performed with the flow of current sending
information held in cell 1 along data line 1, and the flow of
current sending information held in cell 2 along data line 2.
The electrical current on word line 1 when a "0" is being held
25 is sufficiently larger than current flowing whena "1" is being '
held, so that the two states are easily be set to be
distinguished from each other.

By making a setting smaller than the threshold voltage,



2. An information section is required as a list corresponding 10 to cells
which nust be erased, in order to performa verify operation for ?EHR
erased bit. First, a wite voltage is applied prior to the appllca3 JUL
an erase voltage (Step 1) . Performng this step prevents application of an
erase voltage to cells in which wite operation was not perforned 15
after erase operations prior to the current erase operation and al so hel ps
suppress unwanted fluctuations in devi 8@ characteristics. Next, a voltage

is set on the data line corresponding to the cell list (Step 2). The
vol tage potgnl} ark?fcﬁf’ﬁ 'Pﬁéal‘r‘%?o?mé’ﬂéﬁ)'-ﬁppééle&’ow 1%9&%6 %%ésk
connected to a erasure 1S 1nconp s set higher than the

vol tage pot&m?&t(f%wé “:‘?rtlaé‘éfl 03 vgrhas&emppl 'E‘Qgé?dﬁegétéJ tRe whose cel |
erasure is conple In order to check the status of a cell after a | ow

vol tage (fornfdshaNeen beihgvakla) Wese@ppldred (HEP ndhed bhecawrd aldene for
erasure, 25 a specified voltage (for instance 0.5 volts) is applied to the

word |ine antrdjed disnge cice seok ks agee pairent sakeadothevabtaly¢ iine appd isehsed
(Step 4, Step 5). As a result, if the cell threshold val ue has becone | ower
31 VAR 200415y tthantkee spend fliigwe vainte,o tlhewy tihet cedlll fiosy delastoad .f eowd t he
above mentioned list (list of cells targeted for erasure). Afterwards,
the erase Ghert iVoH HageeROEENian LResSelseniatamerddines corpscded |

he | h h
Step 2 %%&oﬁ&hleééemé b irs . CORP TR CRT AL e SSRGS BSHEe | i st
Is low (0 Vé)ﬂé e). o Ot}le g %I:?fgﬂ'ﬁgd &ffé%tﬁlg@elﬁﬁtﬁ%gjgghl(irér%ch'c%l(\iase

10 volts) Versus | e word* e 158 smal erasure 1S not
2. An information section is required as a list corresponding

10 to cells which must be erased, in order to perform a verify
operation for each erased bit. First, a write voltage is
applied prior to the application of an erase voltage (Step 1).

Performing this step prevents application of an erase
voltage to cells in which write operation was not performed

15 after erase operations prior teo the current erase operation
and also helps suppress unwanted flﬁctuations in device
charaéteristics. Next, a voltage is set on the data line
corresponding to the cell list (Step 2).

The voltage potential (for instance 5 volts) applied to

20 the data line connected to a cell whose erasure is incomplete,
is set higher than the voltage potential (for instance 0 volts)
applied to adata line whose cell erasure is complete. Inorder
to check the status of a cell after a low voltage (for instance
-10 volts) was applied (Step 3) to the word line for erasure,

25 a specified voltage (for instance 0.5 volts) is applied to the
word line and the change in voltage potential on the word line
is sensed (Step 4, Step 5).

As a result, if the cell threshold value has become lower



performed. This operation loop is repeated on cells requiring 10 erasure
until a threshold voltage has been achieved that is |ower than a specified
value. Wite operation is a process to wite information constitufédARVIIH
"0" or a "1" into cell 1 and cell 2. In the wite operation, a voltage is
set on the data line with a 15 corresponding cell on the list targeted for
witing of a "1" (Step 1). The voltage potential (for instance 0 volts)
applied to data lines for cells show W3iting of "1" is not conplete, is
set lower than the voltage applied to data lines for cells where 20 witing

Versus 1 Le"t%émaﬁa%pafife v TRek S R Shrgers | RBLRCTRG Rl FREISH UL af  er
appl oat i on LoLeR 2) ofca el ypliage. ({9rql Qé&aﬁ§%5é§a gty for writing

on a word a speC| age ance voltsS) 'is applied to

the 25 t It o i 3,
e 25 wor g4y 'maﬁzﬁé beechange dob 0l 1a0es ROIANS LAkl £nsANSRY1 CH R

Step 4). As are |l eted fromthe above list of cells

targeted fouoiFtddls isfe itiNerypbt Agsh s@RSedst s tHahehe3dpdAR: 2004 gt han a
specified threshold voltage. Afterwards, the wite _ operation is ended if

the |ist | seanyins e Jthay dper deiren imetSurens 2,0 tReep A tdgeapsl s4d 1to
remain in the list. In Step 2, the voltage (in this case 5 volts) applied
to the dat @elilise d&lied el dlrofokheekksgehaeraepesedeiatedsfiom the’aitst), and
since the difference in voltage potential versus the word line (in this
case 10 volns)the %qrer@@céw%a&@aﬁgég%#h%&HBFL& C%%ég

avoi ded. l%éﬁ@d% %%e word f ge 1é|§%af§ Cekhat unneeded erasure is not

performéd. This operation loop is repeated on cells requiring

10 erasure until a threshold voltage has been achieved that is
lower than a specified value.

Write operaticn is a process to write information
constituted by a "0" or a "1" into cell 1 and cell 2. 1In the
write operation, a voltage is set on the data lire with a

15 corresponding cell on the list targeted for writing of a "1"
{Step 1).

.The voltage potential (for instance 0 volts) applied to
data lines for cells show writing of "1" is not complete, is
set lower than the voltage applied to data lines for cells where

20 writing of "1" or "0" is complete; and a large difference of
voltage potential versus the word line is set. Next, in order
to check the cell status after application (Step 2) of a high
voltage (for instance 15 volts) for writing on a word line,
a specified voltage (for instance 2.5 volts) is applied to the

25 word line and the change in voltage potential is sensed (Step
3, Step 4).

As a result, the cell is deleted from the above list of

cells targeted for writing, if the voltage sensed is higher



for witing "1" was used however, a list of cells where witing 10 of "1"
Is conplete or cells for witing of "0" can also be conposed; the lists
can be added to while performing wite-verify operation and the w igtieMAR 2004
operation can also be conpleted at the point where all cells have been
added to the |ist. The sanme arrangenent can also be utilized for contents
15 of the list for erase operations. Hereafter, the above definitions.
will also apply for the sake of sinpli&éty. In this enbodi nent,

pol ycrystalline silicon was utilized in the data |ines, the source |lines,
the word lines and the channels however use of this sane material is not
20 requi redlamd atdmrcsbma ortues oyl dret ek ad . MR derwaidd zedhie et e may
also be utilized. Also an SO substrate may be used and bulk silicon
utilized i wRSRHRD 15 Rxdedouf g i hiest ahdl eepanePs. tRRSPREEAEROD
decreases when bulk silicon js used, allown ,rrer,mrggoperation at__hi gher

speed. Non-‘FopEd' 25 %Et§er st bl TG e StlildoneRgd "t Pl FRAL ¥ - t He S&fnel s
h t ' i1 ith | it | b d. .
Further, |4 RFE ERbEAPRerts THE BOFYcr A1) ABRLTRCEER FRE T agars 1)
for the Chai@?{igqrﬁ Lf'?;?ct'%rl‘?g. 28 POthQ“dﬂ&%cﬁ'f m ThdAR 4004, b pgth and
.a means for storing electrical charges to perform Informdtion Storage,

however the oW I FIrRRCE nf 681 @AgENpLPENt L Bl Nyl BYRE TRy Jdisd 1B ien the
function of an electrical path and Etjhe accunul ati on of charges for storing

i nf or mat i oty cadee 1perbotapdi el seaher exddsdihie dassesdn chmeutiodd
material my be utilized as the material for accumulating the electrical
charges and-aipted aqwmy bel sgoheledsedInAtlsbs igrsdi s dasegey usist & exgiai ned
previously ffoorr w;trrj].?:iglge'cr]l.aptwaospgggéIhnogwept;elrn,clslplliGS’t of cells where writing
10 of "1" is complete or cells for writing of "0" can also be
composed; the lists can be added to while performing
write-verify operation and the write operation can also be
completed at the point where all cells have been added to the
list. The same arrangement can also be utilized for contents
15 of the list for erase operations. Hereafter, the above
definitions will also apply for the sake of simplicity.

In this embodiment, polycrystalline silicon was
utilized in the data lines, the source lines, the word lines
and the channels however use of this same material is not

20 required and other semiconductor materials may be utilized,
metal may also be utilized. Also an SOI substrate may be used
and bulk silicon utilized in the data lines, source lines and
channels. Resistance decreases when bulk silicon is used,
allowing memory operation at higher speed. Non-doped

25 polycrystalline silicon was utilized for the channels however
polycrystalline silicon with impurities may also be used.

Further, in this embodiment, the polycrystalline silicon thin

layer (1) for the channels functioned as both an electrical



the section for storing the electrical charges is basically 10 a smal
structure enclosed by a high potential area. This structure is i
characterized by allowi ng use of different sizes and materials élAyg %
el ectrical path and the electrical charge storage section are designed
separately. Seventeenth Enbodi nent 15 The seventeent h enbodi nent of the
present invention is shown in Fig. 35 and Fig. 36. An exanple utilizing
the register for the cell list illustP&ed in Fig. 34 for the sixteenth
enbodi ment is shown in Fig. 35 and Fig. 36. The operating sequences are
shown in 20 Fi i i

. F'.
36, The. nurier? 0 LT BUE phoE | P RRC: BaNShECr Babeda by - Sar Yt HE g™
external dal o sxEAANGES 41&%@%%%&' Ligi g, . s dl cegster, l;ﬁh@he

operating princi ST “Struciure is the sa

si xteenth emm'l _ chu i ﬁoezq i 9dn tehe Fegkstien 8Prarrre§@88g§1kglap9@$a

line. In this enbodlnen ceI (and cell 3) correspond to the first bit

of the regiﬁ@rthe&rhcl:&ﬁixdlgti@mcbpeil-la:@e§0ﬂcﬁz.essamﬁm@ iheo Aext i dhtm®§ t he
register. In erase operation, inconplete erase operation is 31 MAR 2004 56
statuss 1, &l peafplrateeldebsasbeoper alm ahist abse, i seficbndother mawsdsalin
cell 1 or cell 2 erase operation the (1, 0} of the register indicates that
erase of catdy Rejwt I:bmﬁfétaé olre F\Iﬁléterl@daﬁ‘ér giccamvlat ing hibe gt eieal
Afterwards, when returning 5 to step 2, when the_register bit natchlng t he

data |ine i¥harges A & et eday @allsopS‘Fthslegi f%IISEr 3Re 1 Forcifst ahieets
(OLE) 1o SRR Lo e SRR DT, NG EL iee e teater Rllore,
the section for storing the electrical charges is basically
10 a small structure enclosed by a high potential area. This
structure is characterized by allowing use of different sizes
and materials since the electrical path and the electrical

charge storage section are designed separately.

Seventeenth Embodiment

15 The seventeenth embodiment of the present invention 1is
shown in Fig. 35 and Fig. 36.

‘An example utilizing the register for the cell list
illustrated in Fig. 34 for the sixteenth embodiment is shown
in Fig. 35 and Fig. 36. The operating sequences are shown in

20 Fig. 35. The structure of the memory device is shown in Fig.
36. The number of input/ocutput lines can be reduced by
carrying out external data exchanges in sequence utilizing a
shift register. The operating principle of the memory cell
structure is the same as the sixteenth embodiment. Each bit

25 of the register corresponds toadata line. Inthisembodiment,
cell 1 (and cell 3) correspond to the first bit of the register

and cell 2 (and cell 4) correspond to the next bit‘of the

register. In erase operation, incomplete erase operation is




verify loop ends when the register bits are all zero (0). 10 In wite
operation, when |oading data in Step 1, the inverse bit |nforrrat|on S
shown for wite information connected to the data |ine corresponal H@thﬁm
each bit value of the register. In other words, the fact that the register
is {0, 11 in Step 1 shows that information "1" is witten in cell 15 1
and "0" is witten in cell 2. Afterwards, from Step 2 onwards, when
witing of information "I" in the cell Siés conplete, a 0 is input in the
corresponding register bit . Wien the corresponding register bit is 1 in

Step 1. thepapyeleotricaly, potential (oL insbanae 0, volis) | s applied to

t he data i né as -t he er condition

el ectrical  pphentiglcéipry 'cﬁStcaélcle 25e\f:%|stes)3 'e%a%%' ' %ﬁet 91t h@ d@fattllé ne.
When each bit of the register is 0, the wrltéj verify | oop ends Ei ght eent h

Enbodi ment fagietght egat haeabodhaentroket be @éﬁezltls Y&t 1 &he i Sr @hashown
in Fig. 37. In this enbodinent, erase-verify is not perfornmed for each

bit, and theresasefloapl ik mheheltntbaﬁltamebe Eouples edwhenhet hee t nreshol d
value for all cells targeted for erasure is 31 MAR 2004 57 smaller than a
speci ffed thepeshery & valhen the ragssrerhbit natchirg dtesdedambihedisflst ep
2, an erase voltage is applied to all the selected cells. Control of each
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atlon s requir.ed h respect t,0.
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[ nj ection
verify loop ends when the register bits are all zero (0).

10 In write operation, when loading data in Step 1, the
inverse bit information is shown for write information
connected to the data line corresponding to each bit value of
the register. In other words, the fact that the register is
{0, 1} in Step 1 shows that information "1" is written in cell

15 1and "0O" iswrittenincell 2. Afterwards, fromStep 2 onwards,
when writing of information "1" in the cell is complete, a C
is inéut in the corresponding register bit . When the
corresponding register bit is 1 in Step 1, then an electrical
potential (for instance 0 volts) is applied to the data line

20 as the erase condition, and when the bit is 0, a high electrical
potential (for instance 5 volts) is applied to the data line.
When each bit of the register is 0, the write-verify loop ends.

Eighteenth Embodiment
The eighteenth embodiment of the present invention is

25 shown in Fig. 37.

In this embodiment, erase-verify is not performed for

each bit, and the erase loop is determined to be complete when

the threshold value for all cells targeted for erasure is




determ ning the end of the erasure | oop when all of the cells 10 targeted
for erasure is larger than the threshold voltage may be used. In this

nmet hod, the cells where the threshold value has risen have been e g
that when the erase | oop has been repeated, electrical current f|§3§@ g@gs
in almost all cells and the current consunption during erase operation can
15 therefore be reduced. N neteenth Enbodi ment The ni neteenth enbodi nent
of the present invention is shown in Bi’g. 38 and Fig. 39. The nenory cel
structure is the same as in the 20 seventeenth enbodi nent. Besi des

erform ng verqfi f.or | rati.ons, -this. ipent. 1S
gl o) cha?ascﬂ'faelrllézlgcsi.'pla(r%1 Se%%%%‘cﬁggrtg{f%s gg%e‘fézﬁ%'n &E‘r?zﬁégyﬁgghﬁgfd}%g of
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thermal excitation and tunnel effect are 25 likely to occur during wite

operation giceHheesnurber 6é11¢el edddonsobaimgastobed is sovldecddeasane
situation is applicable to when holding information, and is a cause of

i nst abi | ityirdurhing reod lbahgetofch nf orinee roforélovkgeactarpeehod n3havdR2004 58
to stabilize the holding of information by thickening (or enlarging the

wi dth of t heinwiemHesathan. efyabheé lizasdlCat t6nre R L AFBet Weant ¢ARESECEP oN
supplying the stored electrjcal charges and the_section where the

el ectrical %ﬂﬁﬁ%ﬂﬁ;%ﬁ%?%t%ﬁ%ﬁﬁ?@i%PR&&CﬂEé??aBPetg?ﬁcgr?ﬁgqﬁﬂﬁﬁaWQHma

si mul t aneousl y becomes _ | gnger_ al.so.  The ,neno f pr Lnyention is
characteri 9% HeT ng I@a%f%lmg of ﬁ:leg-li Sk %A‘/ér/ell?lesggg ’er%gﬁgltérgcé%pare to

flash menoriges; howemers o tid I 210 theo R eff$8Btion, and the method for
determining the end of the erasure loop when all of the cells
10 targeted for erasure is larger than the threshold voltage may
be used. In this method, the cells where the threshold value
has risen have been erased sé that when the erase loop has been
repeated, electrical current flow ceases in almost all cells
and the ﬁurrent consumption during erase operation can
15 therefore be reduced.
Nineteenth Embodiment
The nineteenth embodiment of the present invention is
shown in Fig. 38 and Fig. 39.
The memory cell structure is the same as in the
20 seventeenth embodiment. Besides performing verifies for
write and erase operations, this embodiment is also
characterized in performing refresh operation during the
holding of information. As related in the first embodiment,
phenomenon such as thermal excitation and tunnel effect are
25 likely to occur during write operation since the number of
electrons being stored is small. The same situation is

applicable to when holding information, and is a cause of

instability during holding of information. However, a method




operation during information holding allows both high speed 10 wite and
erase along with stable holding of information. Further, a DRAM ia]wﬁﬁqm%
used as a volatile nmenory with high integration yet the nmenory cell e
present invention can conprise one cell in the space of one transistor and
the structure of the nenory cell is sinple so that a highly 15 integrated
menory can be obtained. A structural view of the nmenory device of this
embodi ment is shown in Fig. 38. This @fbodi ment, unlike the seventeenth
enbodi nent is characterized in utilizing two type of registers. The

sequence Tl NSRS OPHA AN, |5 SHOML ALY Fd9- 5,39 EQkéHg%%?,?thh the

‘, our adjolning cells are used. he rea erase

and write %graggcjig@e%@u@@e%hi St Pt fummd iy e arder & ihheisevent eenth

enbodi nent, an ration contents are repeated while selecting the word

lines in sgquenawelit il it 1die g Jimescths seabe@uélandribel 25
contents stored in the register 1. Here, each bit of information in

regi ster 1dmaidescaheédHentocmabhotheafe the alenmryicxlekharNestare s¢éoerdse
operation described in the seventeenth enbodinment is perfornmed. In the
er ase foper dts ot theidabaet hancg 1t MAR DD tBRengs Muddd NGRLsdsy PECPREM t he
register 2 is lost so that preparing a register 2 is necessary. The

regi ster 11pRges £lfte 2§81 ASTREYL Odn Hht & HEFETTe it 9" e series of
Rt or mat 1 orf TR AT Gbi Het @ LR rod there v L PRee d RECheriy P et rean
ff)ﬁ;a; on ic}nﬁ_—?ﬂé’ &d, \?\ﬂ){??a D Resr i g saifdd i entd v i shegtenet haprébe aver age
psed thne in Ich menory can be lost. The register 1 or register
2 is utilizgdfor erddpid information holding allows both high speed
10 write and erase along with stable holding of information.
Fﬁrther, a DRAM is widely used as a volatile memory with high
integration yet the memory cell of the present invention can
comprise one cell in the space.of cne transistcr and the
structure of the memory cell is simple so that a highly
15 integrated memory can be obtained.
A structural view of the memory device of this embodiment
is shown in Fig. 38. This embodiment, unlike the seventegnth
embodiment is characterized inutilizing two type of registers.
The sequence for the refresh operation is shown in Fig. 39.
20 Just as with the sixteenth embodiment, four adjoining cells
are used. The readout, erase and write operation sequence is
performed in the order for the seventeenth embodiment, and
operation contents are repeated while selecting the word lines
in sequence. The data of the word lines is read out and the
25 contents stored in the register 1. Here, each bit of

information in register 1 is inverted information of the memory

cell. Next, the erase operation described in the seventeenth

embodiment is performed. Inthe erase operation, the datathat




wite and erase operations. Here, after first tenporarily 10 storing the

i nformation of the register 1 into the register 2, the erase operation nmay
be utilized on the contents of the register I. In this case, aft¥rpd Ase
operation is conplete, the wite operation is then perforned after noving
the register 2 information to the register 1. The wite, erase and readout
15 operations are the sane as in the seventeenth enbodi nent. However, a
change is also required in the readout 5&erati on when the potenti al

barrier width or the potential barrier height between the electrical

char ge stofage segti on And, &xLeehal Sections has heen Tage. SPRLLSS i

order to achieve Z20-faster wite an ase operation. n such a case

stored (M) Jefopmation-yétd -Pe 1ost rdye sk vt heqseadoyto RREGRERN SO
that the information that was readout nmust be rewitten. The operation

sequence i syditecSaMn@Es tHe m&hd ephcOper atthen sduite did f ergse fdat idratid he
readout information is sent to an 25 external l|ocation. This process is

al so t he sarerfiord aitterin endpoe menteh per frormmy aredneshhopecati bhges.
Twenti eth Enbodi ment The twentieth enbodi ment of the present invention is
31 MAR 2004 relp iadvirPTl A SFHgus 40t ainly Bedd 4 the BEBEK YIF AGF &t v "eRe hivenor y
is shown in Fig. 40. The refresh‘%fer%%ion sequence (s shoywn, in Fig. 41.
Thi s enbodiffdntedt (ARFLFYM AhEH ettt h BhdRHeht? 3U+hithatt

LS R AT AT SRR DR 098 0AS, g

det er m ned ave “en when a ' erasure have a val ue
| over than Bé@o%l@‘?c'f‘ﬂ@@etbﬁrs%%@i or ¥ {88 211k akh1ather r ppvRLS fiheg

operation is the sane as or
write and erase operations. Here, after first temporarily
10 storing the information of the register 1 into the register
2, the erase operation may be utilized on the contents of the
register 1. 1In this case, after erase operation is complete,
the write operation is then performed after moving the register
2 information to the register 1. The write, erase and readout
15 operations are the same as in the seventeenth embodiment.
However, a change is also required in the readout operation
when the potential barrier width or the potential barrier
height between the electrical charge storage section and
external sections has been made smaller in order to achieve
20 faster write and erase operation. In such a case the stored
(memory) information will be lost due to the readout operation
so that the information that was readout must be rewritten.
The operation sequence is the same as the refresh operation
but differs in that the readout information is sent to an
25 external location. This process is also the same for other
embodiments performing refresh operations.
Twentieth Embodiment

The twentieth embodiment of the present invention is




t he ni neteenth enbodi nent and is characterized in that there 10 is no need
to provide a register on each data |ine during erase operation since
erase-verify is not performed for each bit, and that the second r3dgiARt B4

i s unnecessary. Twenty-first Enbodi nent A bl ock diagram of the twenty-first
enbodi nent of the 15 present invention is shown in Fig. 42. A
characteristic of this enbodinent is that information |arger than one bit
is stored in one cell (multi-value stobffge) The nenory cell structure is
the sanme as for the sixteenth enbodinment. 20 Experinent results for cel

uni t char aghghin t'nC%lar%oSQmeﬂna Fhg. Zl@bl-g@( fdi g gﬁeans%%h@haea@% yl N
electrical ~ current=fFowin a data |ine over elapsed tine with the source

line set atlsosM@hhslntd‘heg dat@ | irRe abf2e¥BldSe 2l dhesemichdd e sAbwh
volts. The electrical potential on the word |ine was not 25 increased nuch,

and the el eet Fary.i djlecti on was sl owed maki ng observation.of changes in
current over tine easier. As can be seen in the figure, when the el ectrons
are accunul ated @hés ambadimgati @lfheraehinny tronigetacsdh ambedimenitng or
di spersion 31 MAR 2004 61 txpe shift occurs in the threshold voltage so
that *he éPeGPPFcaPréﬁﬁrg' 1éﬁéﬁ§e§°an§Féﬁ§me§aéﬁ of2FheSd tdPBFeF 884

t hreshol d val ues, Oop lsdd to SQ (r)tr%sgog? etntgjeed ngﬁﬂgﬂ%@llsﬁﬁkggggggron i s

mul ti-val uf §t§rage poss & ance where “one

accunul at eg ;s e%@%w'}ebhe v%f Qr JahiL,an 1 ofer thnwehleesset:\ﬂ@l%beem_»e@hold

accurul ation i s shown by the |nfornat|on , , a three electron
accunul ati @ litsgEhowinbyl1 tdiehd Mberfdki ORe "doe it el ifsOUheed £d rangoby "1,

1 oso that the nineteenth embodiment and is characterized in that there
10 is no need to provide a register on each data line during erase
operation since erase-verify is not performed for each bit,
and that the second register is unnecessary.
Twenty-first Embediment
A block diagram of the twenty-first embodiment of the

15  present invention is shown in Fig. 42.

A characteristic of this embodiment is that information
larger' thén one bit is stored in one cell {multi-value storage) .’
The memory cell structure is the same as for the sixteenth
embodiment.

20 Experiment results for cell unit characteristics are
shown in Fig. 43. The figure shows changes in electrical
current flow in a data line over elapsed time with the source
line set at 0 volts, the data line at 2 volts and the word line
at 9 volts. The electrical potential on the word line was not

25 increased much, and the electron injection was slowed making

observation of changes in current over time easier. As can

be seen in the figure, when the electrons are accumulated one

at a time in the memory storage area, a scattering or dispersion




two bits of storage is possible. This enbodinent is 10 characterized by
easy identification of status conpared to performng nulti-value storage
to categorize consecutive characteristics. The structure of the MEror AR 70N
device is the sanme as the nineteenth enbodi ment but differs in that the
regi sters corresponding to each word Iine have a plurality of 15 bits and
also differs in the voltage and tine settings for wite operation and the
readout operation. In this enbodi ment, ggne electron corresponds to one

pi ece of information but as repeatedly nentioned, certain phenonenon are
likely to occur at electron injection and discharge in the device 20

char act er i styipes,srcialifs i oerwi slel Wettiattilormsorld reefd % 139 dshdth thenory

hol ding, wite and erase characteristics. Performng _the refresh op ration
i s ef fecti wvdaqt memy FUrGleditnghaneed et By ePsper BEFBRTE £&F Sk PLEPSAT gr ase
in order to achieve stable nenor storage. Respective witing of.

MUl U1 - val USRI [ GR-1eS 26 TG rrod By ST § He T T T HE 0§ t e
pul se width qr, sum of. the wite puls i dth). . r L.apal v i's
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el ectron has an e on the pro Ity of the next el ectron being
injected, but this effeshoisiauerd® sopandenceomn arshexpanentihal function
with respect to the nunber of electrons that are injected. This selective
writing of iindcmmetion Mgy 18, ak sthivee adeanpbinsadedubylatitnzAnghdwn by
plurality of values for wite voltages rather than just the witing tinme.
This writirgne violfeueatuton i Yes B mrshdirordeckdions $ivnce -t Her €9 §h§ﬁ equal

robability that the next electron wl e injected,upan usin
P )%wo bits of storage is possib{%. thls eme%lmeﬁ% 9

10 characterized by easy identification of status compared to
performing multi-value storage to categorize consecutive
characteristics. The structure of the memory device is the
same as the nineteenth embodiment but differs in ;hat the
registers corresponding to each word line have a plurality of

15 bits and also differs in the voltage and time settings for write
operation and the readout operation. In this embodiment, one
electron corresponds to one piece of information but as
repeatedly mentioned, certain phenomenon are likely to occur
at electron injection and discharge in the device

20 characteristics, causing wide deviations or irregularities in
memory holding, write and erase characteristics. Performing
the refresh operation is effective inmemory holding and verify
operationsforwriteanderaseinordertoachievestablememory
storage. Respective writing of multi-value information 1is

25 performed by varying the write time (write pulse width or sum
of the write pulse width}). A proportional value is used for
this write time. As related in the sixteenth embodiment, the

memory storage area is small so that the injection of one



el ectron injection to apply a wite voltage froman external 10 source in
order to cancel out only the change in potential in the nenory storage
area. Needl ess to say, these various nethods can be conbi ned SUCE1$Q 2%‘
usi ng varying voltages and varying tines. The readout operation ho @
requires a reference voltage generator since a plurality of states nust 15
be read out. Multi-value nenory storage also requires a holding neans or
technique to hold multiple values of G ormation in order to perform
verify operations or refresh operations of nmulti-value information. Stable

menory storage is achieved by setting a pluraljt f accunul at ed

el ect?/ons ﬁltgﬁcq% Sfced ekl IRF i%tgﬁe%f‘?%lihéf P?FOFﬁFo?%?i chIen
correspond to information rather than__utilizi j ust ,on | ron. _The
menory stHRﬁ%ﬂQa%ﬂﬁF?ﬁﬁékﬂ?%h @%hﬁe%%ge_ﬁel?hgg%a .dgﬁggﬁﬁgggtggugg nor e
el ectrons f.or JIRIY V2 SLAMAAS o4 s eTRadiapent ol SnehaiAst £1d 2 e oA dift
havi ng a sl 8 tect™ on probabi ity of “phenonmenon occurrence conpared to

the method qf, SLQAgR0E+8AC OFIELE I e AN, TR t3hRPLE 1RADFNa 61 6R agsy i S
t hus achlevle nseqaently ot her characteristics ‘are that the refresh

oper atg on %@&@Qc@ém&ﬁsﬂ@ﬁ%ﬁ%i&lim hereg land lliaweofcualeas for
consunpti on achi eved. went y- second Enbodi nent The refresh operation of

t he twenty-+aeicondodnhgdisnenthe ot hihe psesaetwi iveny itdmei.s ThowvwiitiFig. 44,
5 This enbodinent is characterized in that refresh operation is perforned
during menorol tedeliutg liwe sy er pEgpof tionpl evalug s inceéheger £6r M Fdhe sane

menory cell structure as in the twenty-second fqPodinen is utilized but
the silicofrobability that the next electron wil e injected upén using

electron injection to apply a write voltage from an external
10 source in order to cancel out only the change in potential in
the memory storage area. Needless to say, these various
methods can be combined such as by using varying voltages and
varying times. The readout operation however regquires a
reference voltage generator since a plurality of states must
15 be read out. Multi-value memory storage also requires a
holding means or technique to hold multiple values of
inforrﬁation in order to perform verify operations or refresh
operations of multi-value information.
Stable memory storage is achieved by setting a plurality
20 of accumulated electrons {(for instance making five electrons
match information) to correspond to information rather than
utilizing just one electron. The memory structure and
operation sequence are the same. In order to use more
electrons for memory storage, this embodiment is characterized
25 in having a small effect on probability of phenomenon
occurrence compared to the method of storage of one electron
and more stable memory storage is thus achieved. Consequently

other characteristics are that the refresh operation cycle can



crystal particles of the nenory storage area have a size of 10
approximately 4 nm In an exanple using the wite operation, and noting
one crystal particle, when one electron is injected, the probability of a
second crystal being injected decreases drastically. Restated, t%b”ﬁ1ﬂﬂ‘
required for the second electron to be injected is very long conpared to
the time for 15 injection of the first electron. Therefore, a wite voltage
has to.be applied for a suf f icient tP@e longer than the average tine for
injection of one electron by incorporating sone likely shift and
furthernore thjs settin agg to be for a tine sufficientlﬁéshorter t han the

aver age ti m® ne®RENgRdt bOVRF eCHFBRETt GOBRUIMRPEPY eGRLEYGENt Iy, this

enbodi ment achi eves_ _stabl e r storage) operation without a verify

operation when sf%ﬁ??ﬁf?ﬁﬁ?”%?ﬁgyé?ét%??gor in nulti-value storage of a
lurality of bits,y I e 'Qﬁ;& Jof 5 4 | es

gf 25 pe%/i pher al 5%1{1#‘(3:8{5%5&% t%éaiqst%# q{sfur‘?{fcé: ar ezi), anﬁﬁf%&fﬂs&n%l

el ectri cal &pagg@sprggyﬁ@giﬁ@éﬁifoﬁol§esﬁagniggatigor4u$e W t h

singl e-el ectron nenories susceptible to noise, as well as a manufacturing
process for theserpesiahies@ment CustShangdcyet i 3ddMAR 2RB4 64fweth no | oss

of desired characteristics in small surface area, high integrated nenory
cell s as rebpéedt poeviouse yfdéaned héur i menmgmehiyr dotiiogghutheeridmt pLfifth
enbodi nents. A definition of the reference synbols is shown in Fig. 5 45.
I n the subserifenterxpt drianpsneer fpemedectThe SeHEr GBNPEEpCe bt & 5u¢
wth the black dot as listed in the seniconductq{. nquﬁ% e%gnent.for this
i nvention i#S BgthaF SNt RICIY TRORAGHtsh® i1 Fr vt AR U6r Ui Rary: FEr
crystal particles of the memory storage area have a size of
10 approximately 4 nm. In an example using the write operation,
and noting one crystal particle, when one electron is injected,
the probability of a second crystal being injected decreases
drastically. Restated, the time required for the second
electron to be injected is very long compared to the time for
15 injection of the first electron. Therefore, a write voltage
has to be applied for a sufficient time longer than the average
timeforinjectimnofoneelectronbyincorporatingsomelikely
shift and furthermore this setting has to be for a time
sufficiently shorter than the average time needed for two
20 electrons to be input. Consequently, this embodiment achieves
stable memory (storage) operation without a verify operation
when storing one bit per cell or in multi-value storage of a
plurality of bits in one cell.
Hereafter, are described specific examples of
25 peripheral circuits with a small surface area, handling small’
electrical charges, having little noise and ideal for use with

single-electron memories susceptible to noise, as well as a

manufacturing process for these peripheral circuits and yet



Twenty-third Enbodi nent 10 The configuration of the circuit for readout,
erase and wite in the sem conductor nenory device of the twenty-third
enbodi ment is shown by utilizing Fig. 46 through Fig. 49. Acirc 'f ﬁ%ﬁﬁ am
of this enbodinment is shown in Fig. 47. Fig. 46 only shows one BLiﬂ

data lines for purposes 15 of sinplification but in the actual

sem conduct or nenory device, many lines are arrayed horizontally the sane
as shown here. 1In Fig. 46, the nenoryédells MML, MW2, MVB, MW are a
menory cell arrayed (stacked) in upper and | ower |ayers. The MOS M3 and
MOS M4 are selection MOS for the | ocal data |ines., The 30 , MMB are

| over | ayer"HemdcyLeef |t 458 1&e8 chRhacteiLByLaS Y0 aE daP AT FPAE 4152 n the

| ower | ayer,..., The. MR are upper ayer ne cells.and are co ct ed
AR R R S R A TR OIS T S LR S
bot h upper | o e e i n d h al data line 25
DI by ng cﬁﬁgﬁkyﬁﬁﬁgfﬁlﬁ+goggnn%%%tgh§%g?hggfggaﬁ&gg?éﬁﬁhgg' D1 byway of
Mt Hereafter, he s LM Shd Bl 2oTBEBRYLe GOhbolkl 3y SRGuhheniopal data

line selection MOS Is referred to as a bl ock. gl obal data |ine D2

correspondi g, t arDbhéSsublsdiR A084pbanak senpr, esient .e @t dhiscHatrgecetdp | i ne
D2 is the dunmmy cell block conprised of a dunmy nenory cell arrays DWVML,
DVMV2, DMVB,aidA4 s sndwhheitlocale dbhiak ldoteasel exted/I8 the saiMbwhictos s
connected in the sane way as the nenory cell block. 5 Timng diagrans of
circuit operemdon alenshbwhorntiFig. inugnbhanFiy. F49. ASphe/ @rdefatge MOS Mo
and M6 are connected in order to discharge. these circuits on the gl obal
data |ines SEFtimpuishyrt hefromnaRegfobaryYdbEd - 1ines DI, D2 are connected

Twenty-third Embodiment

10 The configuration of the circuit for readout, erase and
write in the semiconductor memory device of the twenty-third

embodiment is shown by utilizing Fig. 46 through Fig. 489.
A circuilt diagram of this eﬁbodiment is shown in Fig.
47. Fig. 46 only shows one pair of data lines for purposes
15 of simplification but in the actual semiconductor memory device,
many lines are arrayed horizontally the same as shown here.
In Fié. 46, the memory cells MM1, MM2, MM3, MM4 are a memory
cell arrayed (stacked) in upper and lower layers. The MOS M3
and MOS M4 are selection MOS for the local data lines. The
20 MM1, MM3 are lower layer memory cells and are connected by a
local data line LDL in the lower layer. The MM2, MM4 are upper
layer memory cells and are connected by a local data line LDU
in the upper layer. The source line is common to both upper
and lower cells. The LDL is connected to the local data line
25 D1 by way of M3. The LDU is connected to the local data line
. D1 by way of M4. Hereafter, the set comprised of a memory
cell array and the local data line selection MOS is referred

to as a block. A global data line D2 corresponding to D1 is



by way of the transfer MOS M7 and MB, to sensing anplifiers 10
(differential anplifier) conprised of ML3, M4, ML5; ML6. Power supplies
MOS ML1, ML2 are connected in order to actuated the sensing angiﬂﬁ%pﬂlgas
needed. A sensing anplifier discharge MOS MB, MLO are provided ‘on both the
i nput/output lines D3, D4 in order to discharge these sensor 15
anplifiers. The readout, erase and wite operation of this enbodinent 1is
descri bed next. This enbodinent is chas&terized in that read and wite
are perfornmed by switching the upper and lower nenory cells. Also, in the
foll owi ng description, a high 20 nenory cell threshold voltage is shown
with a "1" awh$d resent - t Rnesthbs davel cabk liisieshdvirs thefummpcel Flrkars . a
high logic level is shom with a "1" while a lowlevel is showm with a
"0". The | G¢fEPFE5@F L hRdIUHPESIRNQE W E6FLagRE 2 4A Wi bobMe . BEMAndMBd it

desired. 25 Before_expl aining the specific cj.rcuit ration in Fiq. 47,
an gxarrp! E 2‘?5}}:&9( é@gg‘l?%ﬂ:? oS¢ @cﬁé\f]%ylc@flfif%%?’! ﬁ&t Wiqofrf%l%qwi;e
is described. In readout operatjon. prechargin r instance 2.

2004 66 voI%%)t?%-iﬁW?ofﬁﬁdaEnEbﬁ mﬁﬁﬂﬁ?ygggplg#éfﬂfeadout (in this case

MML) apd the Iocaf%rﬂfﬁgeéj(ﬁﬁaﬁs td}ecwc%le%p%@ir% dumye iEﬁJJJun(iﬁ] #ff S case

i
DvVML), a readout volta I hstance volts) is applied to the word

line (W) apgl 1he myading P¥E)i8charbur nosnbMind MR and cirsedarad ng of
the I ocal data |line (LDL) and dummy |ocal data |ine (DLDL) then perforned.

The dummy iemrderead dDsMhairgesehebeforehads tan &heablebbétdwen laines
threshold voltage of "1" and "0". So when the data of the MWL
D1, D2. Further, these global data lines D1, D2 are connected
by way of the transfer MOS M7 and M8, to sensing amplifiers
10 (differential amplifier) comprised of M13, M14, M15, Mle.
Power supplies MOS M11, MiZ are connected in order to
actuated the sensing amplifiers as needed. A sensing
amplifier discharge MOS M3, M10 are provided on both the
input/output lines D3, D4 in order to discharge these sensor
15 amplifiers.
Thereadout,eraseandwriteoperationofthisembodiment
is deﬁcribed next. This embodiment is characterized in that
read and write are performed by switching the upper and lower
memory cells. Also, in the following description, a high
20 memory cell threshold voltage is shown with a "1" while a low
threshold voltage is shown with a "0". Further, a high logic
level is shown with a "1" while a low level is shown with a
"0". The logic levels and threshold voltages can of course
be inverted if desired.
25 Before explaining the specific circuit operation in Fig.
47, an example of voltages applied to the memory cell during

write and erase is described.

In readout operation, precharging (for instance 2.5



Is "0", the voltage on the LDL drops quickly and when "1" the 10 DLDL
vol tage drops quickly and a high voltage is maintained on the LDL. In
erase operation, the upper and | ower data lines LDL, LDU and the source

line S are set to a high level (for exanple 5 volts) , an erase vl MAREILs
applied to the word line WL (for 15 instance -10 volts), and | owering of

all the nmenory cell threshold voltages then perfornmed. In wite operation,
the source line (S) is set to a high Ié&el (for instance 5 volts), the
local data line LDL of the nmenory cell (in this case MM) targeted for
witing a "1" is 20 set to O volts, while nenory cells (in this case M)
targeted foplbei nQS.Wﬁff@ﬁ“WtWathf@"m%m@rﬁp@:{bdfﬁ?\[tm@d@lﬁ‘gh (ol thge .

(for instance 5 volts) on the local data line LDU, and a wite voltage
(for i nstane®s45%b) t%r)d itheagsicedd dgsat hanGoPE FRReCOMS SHPRIERE cSHBNY

vol t age rlses

[ines of i Ll VE'&%&%@FEL&%S&%@%* tag (FRG. 1ERFSRE8 ¥ ??Zaiz
oL e acrgstes 15 UBh LR SIS RIS, TR HLETR SRURRE L RRY
suppr egsed. . Jhi 5 PLAGRES, | ﬁzrfr( R §Enheqa ?3 Of LW EbESilc?aT@;é%%"?LDL

descri ption, 1I's one exanp tage Essenti a uring wite,

the thresholgy V@uﬁuﬁﬂeléct§fsdéf'a a) i g&lf tbpmﬁmtb{eﬁ h}@éif&;kﬁ@dandﬂ'&@ @unmy
non-destructive |level versus 5 the wite voltage application; during

erase, the mdeshotel vobMEyeikowet sbeficacsahtii cbent vy lakoitetivemm and to a
non- destructive | evel versus the erase voltage application. The voltage
for the soutceethpbdarpltarmlofidily #4n@e’@WF. So when the data of the MMI

is "0", the voltage on the LDL drops quickly and when "1" the
10 DLDL voltage drops quickly and a high voltage is maintained
on the LDL.

In erase operation, the upper and lower data lines LDL,
LDU and the source line S are set to a high level.(for example
5 volts), an erase voltage is applied to the word line W1 (for

15 instance -10 volts), and lowering of all the memory cell
threshold voltages then performed.

‘In write operation, the source line (S) is set to a high'
level (for instance 5 volts), the local data line LDL of the
memory cell (in this case MM1) targeted for writing a "1" is

20 set to 0 volts, while memory cells (in this case MM2) targeted
for being written with a "0" are applied with a high voltage
(for instance 5 volts) on the local data line LDU; and a write
voltage (for instance 15 volts) is applied to the word line
Wl. The threshold voltage rises since 15 volts is applied
25 across the word lines and data lines of MM1. This process is
referred to as "1" writing. Only 10 volts is applied across
the data lines, word lines and across source lines and word

lines in MM2 so that a rise in the threshold voltage is



the menory cell for witing a "0", holds the rise in threshold 10 voltage
to as high a level as possible versus the witing of "1" in the nenory
cell, during readout the word line voltage and |local data |line voltage
hold the rise in unnecessary threshold voltage to as |low a |evel &s! MAR 2004
possi ble. A detailed description of the readout operation is next 15
related by utilizing the nmenory cells MML, MM2, and the dumry cells DMVML,
DMVR. Here, a 110" is witten into thed@bwer nenory cell MML and a "1" is
witten into the higher nenory cell M. Atimng chart for readout
operation is shown in Fig. 48. First, the_LDl, DLDl arg set to.a high

| evel , the PYREFSS58%atE 1§ iRrQeredt 1M MBI reRetAuify PocKFLHAPE 11 ne

lect MOS (M t yr ned the |ocal data line L d global dat
ne DI, and the BURAPIGLAR SHALE T Ple Df B oaRgCRbC Gt BAT CAAEA > 11 Do

oot Py T Pl BB B it 1

M6 are turned on-an fecharg and are perforned.

The SADG i ss5eFibQeptNyObhd V&l ime bR S6NSHAY -aRR (¢2ENFIeE v DS, &5 u MO
are turned on and the “voltage at both termnals D3, D4 of the sensing

anplifger depPswri@egiouRdgROLppliabeibhe Wokdnl Bea¥k, andet ke réyhnl qvor d
line 31 MAR 2004 68 DW next turn on and the data line starts to di scharge.
In this caseltagéOlowerwriht ensufiftiheemedyr ghoell thiMe 'a@0d $o@ thaeon-
threshold level is |ower than the dummy nmenory cell DMM, and the voltage
drops fastefeshrprtivanlpgedovenarsditbehgrgeccanlsage anPdrioptdent-or med.
Next, the T1Gis set to _high level, the transfer NC? M7 aB are turned on,
and the gl obal dafBe|YRktage fop ThA 585G 1486t 206 LRELeARFAGL EMDIFT i er.

;rgﬁsisﬁg 's tﬁgen?errslc?%ytcoelllmflolrev\v/reitizggea Séw,iﬁofgg tthoe Q’ii%ha :lLrexvteﬂresFl'pc?ld
10 voltage to as high a level as possible versus the writing of
"1" in the memory cell, during readcut the word line voltage

and local data line voltage hold the rise in unnecessary

threshold voltage to as low a level as possible.

A detailed descripti'on of the readout coperation is next
15 related by utilizing the memory cells MM1, MM2, and the dummy
cells DMM1, DMM2. Here, a "0" is written into the lower memory
cell MMl and a "1" is written into the higher memory cell MM2.
A timing chart for readout operation is shown in Fig.
48. First, the LD1, DLDl are set to a high level, the local
20 data line select MOS M3, the dummy local data line select MOS
(M1) are turned on, and the local data line LDL and global data
line D1, and the dummy local data line DLDL and the global data
line D2 are connected. Next, the PDG is set to a high level,
the precharge MOS M5, M6 are turned on and precharge of LDL,
25 DLDL, D1 and D2 are performed. The SADG is set to a high level,
the sensing amp discharger MOS M9, M10 are turned on and the
voltage at both terminals D3, D4 of the sensing amplifier drops

to ground potential. The word line W1 and the dummy word line



anplifier activated MOS transistors MI, ML2 are turned on, 10 the sensing
anplifier activated and the difference in voltage on the two input/output
lines D3, D4 anplified up to the power supply voltage. This processJaMARREI
the data of the lower nenory cell MM to be read out, and the upper nenory
cell MR to be read out in the sane way. At this tinme however, the M2, 15
M4 (signal lines are LD2, DLD2) are utilized as the local data |ine select
MOS. The word line W and the dumy wo® |ine DW are turned on, and when
di scharge of the data |ine begins, this time the threshold voltage for M\
I's higher than the DMV threshold voltage so that D discharges nore

slowy thanPh2 nsgtahHra HPQHHQOFPSQQBFé ﬁﬁﬂﬁtaFﬁéHS exflscherdfaseln .

t | d. Pr, t f
o o Do e PR Ty I 9 bR BT R by e B TR B CBE S
f |1 | t "0".
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M, M are tyengdien ea@.@o%gefy@@@f &wdxﬂ eWan pogal tfslatadhgeﬁakgé,cmu are

connected to the glo 1 ne . The PDD is set to a | ow voltage and

the PDG i s Betqilidcil ¥lbdVAR ridH 6919|StltghtM@|Tt1&gQ,s tbe tlatadH nevel, the
pre/ di scharge MOS Mb, Mo are turned on. Awite voltage is applied to the
word |ine Wtranstthe MOBNnM7, wHér ereheutidkd &QU yodlt tlge géakbhésdatai ghneevel .
The PDD is set to a high voltage with the M, M2, Mo still turned on. 5 An
erase vol t a8a.i B2appltadetbs t3RNWdr theneens iag eRelidiiee - whBreSARels

Vol ege. of uhe upper andLover, daia Lives LB ang, kALl el Lo, b

amplifier activated MOS transistors M1, M1Z2 are turned on,

10 the sensing amplifier activated and the difference in voltage
on the two input/output lines D3, D4 amplified up to the power
supply voltage. This proceés allows the data of the lower
memory cell MMl to be read out, and the upper memory cell MMZ2
to be read out in the same way. At this time however, the M2,

15 M4 (signal lines are LD2, DLD2) are utilized as the local data
line select MOS. The word line Wl and the dummy word line DW1
are tﬁrned on, and when discharge of the data line begins, this
time the threshold voltage for MM2 is higher than the DMM4
threshold voltage so that D1 discharges more slowly than D2

20 and a high voltage is maintained.

Next, the erase operation is explained. Prior to
erasure, writing is performed at once for all cells. This
writing is necessary in order to prevent excessive erasure of
cells {threshold value does not rise) continuously writtenwith

25 "Q". The LDl and LD2 are set to a high level, the local data
line select MOS M1, M2 are turned on, and the upper and lower
local data line LDL, LDU are connected to the global data line

D1. The PDD is set to a low voltage and the PDG is set to a



The wite operation is explained next. An explanation 10 is given for the
occasi on when the lower nenory cell MML is witten with a "0" and gﬁuﬁé m
upper nmenory MMV is witten with a "1". During wite, the upper an B\ﬁgg
data lines nmust be set to separate voltages. However, during wite the
menory cell is definitely on so that the voltage applied to the | ocal 15
data line nust be static (unchanging) . Consequently the witing of the
upper and lower cells nmust be carried 6® separately. However, in order

not to apply adverse effects to a cell while witing on the other cell, a
dynamic voltage 1is applied to the local data |ine, The input/output |ine
D3 20 of tHhe ﬁ@#ﬁaganpqhﬂr Part 3 %l%%tprteo’ql@\ﬁhae?ﬂé MOBIES | B5 3%e §éltr“e(do hi gh
| evel, the |ocal data Ii sel ect eve turned _on and .t

upper Iocalcmdaté‘"(lfjnree ﬁ@%la@esé? P v%he w%&i%l EBth?% p?é‘tn o | ow

| evel and the W8 s Lugnedoof { so, %hgﬁaéiz%%”é‘”%f Jf@éhsl LSanbespnd ed

The D3 is next set to I"gh Pevé evel’,

| ocal data ddingq %e' ﬁ%ghhf%lwg@w% PReaPd tb@ | ers cliqaak (dakd |o'nne LDL
set to hi gh Ieve then”a high wite voltage is applied to the word

line W Vm'PJneetrIé%eNBoll%a%Te' lils bpﬁmeedoao Thé SwPrQCESSe 31 MR t2R04 04t tal | ows
a "0" to be witten in MML. In this case, the M is strongly set to on so

that the LiWewa ttage violdreepsest ame tippe rweirtd Agwelr 'dEta d ik LOL and
insufficient. Next, the LDl is set to low level, and a voltage is

dynami cal | }:Eébp‘la\&‘ecﬁetto tichdiladl Iswelur nithd SNBIEFES SNERD, Stlﬁélt%e|°§s§é’t to
| ow |l evel, the LD2 is set to high level, M4 turns on and the LDU sets to
| ow | evel . SK3F9 ttd'&/ SIRRRe 37 t raftted to W. A"1" is witten into

the MR by the V%h&?%rlte operation is explained next. An explanation

10 is given for the occasion when the lower memory cell MMl is
written with a "0" and the upper memory MM2 is written with
a "1". During write, the upper and lower data lines must be
set to separate voltages. However, during write the memory
cell is definitely on\so that the voltage applied to the local
15 data line must be static (unchanging). Consegquently the
writing of the upper and lower cells must be carried out
separately. However, in order not to apply adverse effects
to a cell while writing on the other cell, a dynamic voltage
is applied to the local data line. The input/output line D3
20 of the sensing amplifier is set to low level, the LD2 is set
to high level, the local data line select MOS (M4) level is
turned on and the upper local data line LDU is set to low level.
Next, the LD2 is set to low level and the M4 is turned off so
that a dynamic voltage can be applied. The D3 is next set to
25 high level, the LDl is set to high level, the local data line
select MOS M3 turned on and the lower local data line LDL set

to high level. Theh, then a high write voltage is applied to

the word 1ine W1 while the M3 is still turned on. This process




In this case, ML is turned on but the LDL voltage does not 10 change and
witing of "0" in the MML is performed. This enbodinent is characterized in
that the local data lines for each of the vertically stacked ”E”Dry]ﬂﬁﬁbﬁh
is connected to one global data line by way of a selection MXS

transistor, and are switched in order during wite operation 15 and read
operation so that there is no need to increase the number of global data
l'ines or sensing anplifiers even if thé0 nenory cells are stacked, and an
increase in the surface area (or size) of the peripheral circuits can

therefore be avoided, Th . cell .of thi mbodi, [

Ih.owever g(?]tltﬂ"‘é% 3 a&)ﬂer ste = rr%r Ct(ta’?é‘ dgb\ﬁt'@:a‘z ?ﬁugghg‘rer‘l‘tatslﬁz ftg%a:[‘&é?}[%-
ine may be arranged on_a t t t : ;

conbi nat i or?tcra%g;ﬁl%éoseg:e tﬁsgﬁafsﬁpj\c/\ﬁl‘?%h&ge g‘e v digﬂs}ta%c{égﬂ&%%a%?%g}da tIrflénes

are arrang iggrhf%ggd%t"lpl ane - wMvent Vi f o ¢ - Bodi nent 25 The structure of

the circuit ut, wite and erase circuits of the sem conductor

nenory device of ydg twand Vonff oW tdeerdodidiente &L nexid exprel ugglizin
Fig. 50. This enbodinent differs fromthat in Fig. 46 in tha?ggrr%rmry cel Igs

31 MAR 20044yfilami€a ¥ OF nash latedildo ¢hessDpobptisuofimgrid3 s akcktdattd i nes.
Here, methods are known for positioning the sensing anplifier and data |ine
rel ative t ®edshsether kuv tlleatel, hehendbehingedata higkslavel pitcédzns an
open configuration on both 5 side of the sensing anplifier, or in a

fol di ng corfii Gt J¥si 13 toheP | FPt heeere di MoV O HiRg Hpeh then
21 crose FTIME dro Pilo. dhr ol | el A S0P ALP| HAS kA 1L Wgny cHEE &
lntegrated,In this case, MMl is turned on but the LDL voltage does not
10 change and writing of "0" in the MM1 is performed.

This embodiment is characterized in that the local data
lines for each of the vertically stacked memory cells is
connected to one global data line by way of a selection MOS
transistor, and are switched in order during write operation

15 and read operation so that there is nb need to increase the
number of global data lines or sensing amplifiers even if the
memory cells are stacked, and an increase in the surface area
(or size) of the peripheral circuits can therefore be avoided.

The memory cell of this embodiment is two layers however

20 three layers may also be provided. Further, the local data
line may be arrangedon a flat plané rather than a stacked shape.
A combination can also be used in which a set of stacked local
data lines are arranged on a flat plane.

Twenty-fourth Embodiment

25 The structure of the circuit for readout, write and erase
circuits of the semiconductor memory device of the twenty-

fourth embodiment is next explained utilizing Fig. 50. This

embodiment differs from that in Fig. 46 in that memory cells




however a di sadvantage is that nuch noise is generated in the 10 word

| ines. The folded configuration conversely, has the advantage that little
noise is generated in driving the word lines yet also has the draviopmkeili
that menory cells cannot be placed at all cross points of data |ines and
word lines. this enbodi ment, nenory cells are positioned at all cross 15
points of the data lines and word lines in spite of the fact that a fol ded
data line structure is utilized. Wen rléading out the nenory cell ML, the
menory cells MW and MVMB are also activated. However, the local data |line

selection MOS transistors M/ and MB are off so that therg re no adverse
20 effects dMCtHIBFOR addt £995Fe PEANtPhatnkRby - tRFF 31 Cﬁ%“rﬁ Ht31 e
with respect to readout_ spo tQat theke IS glso no. ghgnge kg dat% %witten in
MW and MVB. SingFet®l d8rdRI° ndhor (8% Hal7t RRSAhvaRt Bde 8F AR &x{Fenel y
smal | struc - ck 0 Lng_.a I rent gl sin
25 vuInerab%#$?§f¥§£n%?geséﬁﬁb?%ges%?g%?g&é g? ?E?@ éﬁﬁggiﬁgnfkaﬁg§§%gri °

the data |ipe.ShiNGld#q L 8nkhe fobdgdeki 1€ ahyPSse MASF i gus talonvBhnsy@bl e to
noi se and the nenory cell still retains the advantage of high integration.

31 MARs 2004s 72e | 6if ties semRadigmenipl ifead,out Oh &lfo ey oeedilguom idre
sane word line is carried out in four steps. However, the wite operation
may be perfposedianét itnvthst epseasi rect iwn t waitey ephnr conEhdpodkh vean hawd
erase perfornmed in one steg since the global 5 data |ines are_separate.
Thi s enbodi Hegtadnantasss anehgersmet C§gﬂ~§d¥4}? Oefpps i heey adefl s HREVer

three or nore. |l ayers may al so, be used. o, the | ocal ata |lines be
arr anged Onp%irp]: tofpt'rlé%éata lines an worcﬂ.:s.nes and JI.S %aighq.y J‘:integrateng,y

however a disadvantage is that much noise is generated in the
10 word lines. The folded configuration conversely, has the
advantage that little noise is generated in driving the word
lines yet also has the drawbacks that memory cells cannot be
placed at all cross points of data lines and word lines. In
this embodiment, memory cells are positioned at all cross
15 points of the data lines and word lines in spite of the fact
that a folded data line structure is utilized. When reading
out the memory cell MM1, the memory cells MM7 and MM8 are also
activated. However, the local data line selection MOS
transistors M7 and M8 are off so that there are no adverse
20 effects on the global data line D2. The memory cell is
non-volatile with respect to readout so that there is also no
change in data written in MM7 and MM8. Single-electron
memories have the advantage of an extremely small structure
vet the drawback of handling a small current flow causing
25 vulnerability to noise. In the structure of this embodiment
however, the data line structure is the folded line type which

is not vulnerable to noise and the memory cell still retains

the advantage of high integration.




W t hout using a stacked configuration. A conbination can be 10 used in
which a set of stacked local data lines are arranged on a flat plane.
Al so, use of just one local data line is sufficient. Basically,

t & THAR L0

cells are fornmed at all intersections of corresponding gl obal da
and word lines. 15 Also the nethod of this enbodi nent was expl ai ned using
a single-electron nenory however if the read out of the nenory cell is

non-vol atile, then other menories such’gs floating gate type nenories or
flash nenories may be used. Twenty-fifth Enbodi ment 20 The structure of the

i nput/output and verify circuit of the sem conduyctor nenor evi ce. of the
twenty-fifth enbddl it SBPEIBEAL HERAHsPHy e 6&35%?“‘%@ ?%’pﬁ%/%t 0\t - and

i f i it . i sed of f ti t f
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accunul ate 31 MAR 2011 73 data fromthe sensor anplifier, and then

sequerg i al IgatQut Pides tdus saparexéernally. The shift register is used to
input wite data froman external source and send this data to the nenory
cell's. The shift Treig sirodsnatsouuskbized @& storbyees $oractvnef 6prt he
wite-end flag during the wite-verify operation. There are a total of
four shift mempey sl ledraweONdiNE: ©T MOLF Py Sarfd Mol Sfe s Y568 s,

with two shift registers. provided on eac | obal data |ine
Also, té% localgdata lgnes mayhbg arrangeé on a flat plane

without using a stacked configuration. A combination can be

10 used in which a set of stacked local data lines are arranged
on a flat plane. Also, use of just one local data line is
sufficient. Basically, memory cells are formed at all
intersections of corresponding global data lines and word
lines.

15 Also the method of this embodiment was explained using
a single-electron memory however if the read out of the memory
cell lS non-volatile, then other memories such as floating gaté
type memories or flash memories may be used.

Twenty-fifth Embodiment

20 The structure of the input/output and verify circuit of
the semiconductor memcry device of the twenty-£fifth embodiment
are described using Fig. 51. The input/output and verify
circuits are comprised of a transfer section to transfer data
from the sensing amplifier to the shift register, an All "O"

25 determination (discriminator) circuit to check whether or not
the readout data is all "0", an All "1" determination
(discriminator) circuit to check whether or not the readout

data is all "1", and a shift register to temporarily accumulate




corresponding. 10 The circuits for the shift registers 2, 3 and 4 have been
omtted in Fig. 51 and only the signal lines are shown. The structure
shown in the twenty-fourth enbodinment is utilized as the nenory cell array
however other structures may also be utilized. 15 Hereafter, a dekskcHARtllon
is related in the order of readout, wite, erase-verify and wite-verify.
First, the readout operation is explained. Wen the data of the nenory
cell MML is read out using the procedu¥@ shown in the twenty-third and
twenty-fourth enbodi nents, data 20 appears on the input/output |ine D3 of

the sensing anplifier, Next, the transfer circuit of PO.i.s .set to _a, high
ovel 21 4 Eirofly Chel BERPRTCRIE NBA, WD T SOrHER the T PR tat o

for D3 is "Q" th M23 turns on and the"Q" inth ' t. ut
line D5 of "‘:I)"f’reS scﬁqq:fal er’érg?rsr?%lrf%y 3\&3‘? 5 l&ﬁe (%%rz%faﬁcf Ib%fd P&Jt%@&c}gta f or
D3 is "1", t , e " 1nd APEANS, 4 i out put
line D5 ofw%ESQE%%iF %%g%}g e?gggr&ég % @%ﬁ% %&% and 632353353? t?ﬁghéRNF IS
set to |owdeual dmsd er theedhask fegikhershisl hikegusker ak ias stwrage 31
MAR 2004 74 off,” The SRI1 is set to high level M39 is turned on and data

is input tqQddae isdh fior eghisteritle-eifd ef vy dsyr g SRVFdrise-setifp high

| evel , the MA1 is turned on, and data is held by applying the naster

f eedback f @petrtet isini f t Thegiestagre B, thfiad B fprisvedwtd fts Hepesi®E i n t he sane

way for the MM, MW and MMB, and the respective data is input to.the
shift regi starze poBiing e £bFiuRRgsy 20 d OV TEMP FERSE ,lstrhé‘%ﬁsﬁz',o t he

SRSF3 and e, SREFA 18, 8 LELDPLEL Vol "WELS SShob P QUL PRALY registers
corresponding.
10 The circuits for the shift registers 2, 3 and 4 have been

omitted in Fig. 51 and only the signal lines are shown. The
structure shown in the twenty-fourth embodiment is utilized
as the memory cell array however other structures may also be
utilized.

15 Hereafter, a description is related in the order of
readout, write, erase-verify and write-verify.

‘First, the readout operation is explained. When the
data of the memory cell MM1 is read out using the procedure
shown in the twenty-third and twenty-fourth embodiments, data

20 appears on the input/output line D3 of the sensing amplifier.
Next, the transfer circuit of PO is set to a high level, Pl
is set to a low level and M21, M22 are turned on. If the data
for D3 is "0" then M23 turns on and the"0" appears in the
input/output line D5 of the shift.register by way of the MZ1

25 and M23. If the data for D3 is "1", then M24 turns on, and
the data "1" appears in the input/output line D5 of the shift

register by way of the M22 and M24. Next, the SRMF is set to

low level, master feedback for the shift register 1 is turned




are operated sinultaneously and the data output externally. 10 The wite
operation is related next. The data for input to the shift register is
arranged in the DI1l, D12, D13 and D14, alternately inverted in tgfg@g%@‘
and SRSF1, the SRSF2, the SRSF3 and the SRSF4, the four shift re

operated sinultaneously and the data transferred to a specified data |ine.
When 15 transfer of data is conplete, the SRSF is set to a |low |level, the
SRMF1, SRSF2, SRSF3 and the SRSF4 are 24t to high level and feedback
applied only in the master section. After this step, the SR01, SR 1, T2G
are set to high level as shown in the second enbodi nent, the Mi4, M9 and
M25 are tur ofhe Tl 120 setatiof Bighdlevet N3P npuit Y oeaedton jaiel PRtGE -t he
sensing anplifier and wite perforned. The erase-verify operation is next

expl ai ned. IErEERIYer? 150e sSiplekt ofed W ¢ eabout I dd18 SR Mere
d, i fyi t hat th t d i 2
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separaj el y £05-3d, MR 2P0 4Bebinth UPREEaABLd PR FEERML COMYSaniMi
readout is performed and data input to the shift register. Next, the AOCG

is set to dn@hHevrelspeilveMidthuiethput ad thReshnput foyiprérsihesy, D5,
D6 for the shift register are set to ground |evel. After 5 next ‘setting the
ALO to hi ghatéwvel , Fanhildly,i bped3RME aStdtSRSES, $be. SREKE, the IR iandet to
high | evel and M44 turned on, and the data of the shift register 1 then
out put. ThethratERSES @ Rétemnptedygisrersed. t Roughia st fthefRedifential Iy

out put
P are operated simultaneously and the data output externally.

10 The write operation is related next. The data for input
to the shift register is arranged in the DI1, DI2, DI3 and DI4,
alternately inverted in the SRMF and SRSF1, the SRSF2, the SRSF3
and the SRSF4, the four shift registers operated simultaneously
and the data transferred to a specified data line. When

15 transfer of data is complete, the SRSF is set to a low level,
the SRMFl, SRSF2, SRSF3 and the SRSF4 are set to high level
and feedback applied only in the master section. After this
step, the SRO1, SRIi, T2G are set to high level as shown in
the second embodiment, the M44, M39 and M25 are turned on, data

20 transferred to the input/output line D3 of the sensing
amplifier and write performed.

The erase-verify operation is next explained.
Erase-verify is performing readout of memory cells that were
erased, verifying that the erasure was correct and once again

25 performing erasure on memory cells whose erasure was
insufficient. Erasure canbe performed simultanecusly onboth
the upper and lower memory cells as shown in the second

embodiment but erasure during erase-verify must separately for




in the sane way. If all of the data that is output is "0", 10 then a high
ALO voltage is maintained without turning M32, M34 off. If even one of
this output data is a "I", then M32 turns on and the ALO vol tagquIr(?R%m
The ALO voltage is therefore nonitored and a drop in voltage indicates the
erase is inconplete. 15 The wite-verify operation is explained next.
Verifying that all the readout data is "0" was sufficient in the case of
erase-verify however in wite-verify tA® wite data is different for each
menory cell so that a graph is required showing the wite is conplete for
each menory_cell. In this 20 enbodi nen this graph is incorporated into
Che shi Tt TG SFBET 2B i oHF T FBRORM Fat Lo | 1o ot dEPGRL Y HE RRAZOARIT t on
into the i ft i is i ried ite. (Th od, i.s . conveni ent
due to theer}leJe '{%gngrﬁ[g%tt?% %ega%ﬁlﬂ%r%?e]h%@%glt%e% 'n:/a\nct'{]%qlt%% % isrf] ¢

register valdiengn 1B | maart edsdebagks 3R AnLenRS elas @R dodt ahdde

write-end graph.” I n other words, indicates that witing of a "1" is
not conpl etns, ®6 ¥or eRet Ri pt hedghaeh drdiseat es fheunai 16781 0f Atked s
conplete or was not necessary fromthe beginning ("0" wite). 31 MAR 2004
76 Accordi mat segadinics ther AbOned tafglerlemelt,i rghighcompéeseceasdats hies shi ft
register datais rewitten to a "1" only when the readout data is a "1"
and a checléatan dles¢ baheadB0dsisosahethehighllevhe i fMd4 egiznedt Adata is
"1". The shift register data 5 is rewitten to "1" as described next only

in the cas@fthem® (9R-3 2l Ot et iLeH 24T buthery Peblistt dlt%erdFihi shed
\rI]\/I(’)![ t ISQ? t g%ogrﬁtﬂgr Jl_f{a\%%gglﬁﬁeé%g’etF%oi.lagﬁlleg.stt%talnogvelgggrelLigEEy c;[uhc%ul?co IS
in the same way. If all ¢f the data that is output is "0",
10 then a high ALO voltage is maintained without turning M32, M34
off. If even one of this output data is a "1", then M32 turns
on and the ALO voltage drops. The ALO voltage is therefore
monitored and a drop in voltage indicates the erase is
incomplete.
15 The write-verify operation i1s explained next.
Verifying that all the readout data is "0" was sufficient in
the case of erase-verify however in write-verify the write data
is different for each memory cell so that a graph is reqqired
showing the write is complete for each memory cell. 1In this
20 embodiment, this graph is incorporated into the shift register.
During the initial write operation, the data written into the
shift register is inverted write data (This methoed is
convenient due to the need tomatch the local data line voltages
with the shift register values.). This inverted data is
25 interpreted as a "1" on the write-end graph. In other words,

a "0" indicates that writing of a "1" is not complete, a "1"

on the other hand, indicates the writing of "1" is complete

or was not necessary from the beginning ("0" write).




transmtted by way of M22, M24 when the readout data is a "1", 10 however
when the readout data is a "0", neither of M1 or M24 turn on s fgfﬁ hpe
shift register data is held. when updating of the wite-end flaé il
finished, a check is nade as to whether all the datais a "I". The AIGis
first set to low level, the M5, M37 are turned on, and precharging
performed on the 15 input/output lines D5, D6 of the shift register. Next,
after setting AL1 to |ow |l evel, a high6inpedance state is set. The SROL
is next set to high level and the shift register data is output. The data
fromthe shift registers 2 through 41is thgn sequentially ou&put in the
sane way. .| fCEPFAONILHe BERA HRELIGTME %ot pBF TS V4PT HhEAMRIESR, AR

| t [ intaiped_without t i VB6 8 R f thi
ol tage | o FRE"LRLBEC-ALLUGUL JLUEnl 00 B0, MO PR A PYEMLONSgL EhiS
voltage i 5:&985@%% doni farped,and, apdSecLl yold %%em%ag'apéttg.swltn@@h&' te
i's inconplete. I's enbodi nent achieves rewiting of the wite-end fl ag

only when the1reqdoski flat@ed Sstdr ftd NG wiivt.e- YREN £¥ 1 by Héi{}ﬂgteQ@a'@&de of
the transfer circuit. Further, an increase in the size of the peripheral
circui s isipreyeniedehytoncorposatié fgr Ble ViR 2004nTyY ihethei tesendhéhag
into the data input/output shift register. Al so, the sanme dummy cel

t hreshol d vbheageadsousedass as rmef'élfenckufbnrgenehdofitt hpétesadontshed
wite-verify, and erase-verify operations, thus allow ng this enbodi ment
to have 5 #Writibag $»lekamsanag aepdeutantharfladgefthtte Hat AeHpé/odt

static operation nmay be wused as_ th hift registe ven.if n t he
structure sFBﬁmPpnlgFPSF g¢t RPSB}g'fiSVF tc iglgépg?g?él§spgb9pded f or

transfer transmitted by way of M22, M24 when the readout data is a "1",
10 however when the readout data is a "0", neither of MZ1 or M24
turn on so that the shift register data is held. When updating
of the write-end flag is finished, a check is made as to whether
all the data is a "1". The AlG is first set to low level, the
M35, M37 are turned on, and precharging performed on the
15 input/output lines D5, D6 of the shift register. Next, after
setting ALl to low level, a high impedance state is set. The
SRO1 is next set to high level and the shift register data is
output. The data from the shift registers 2 through 4 is then
sequentially output in the same way. If all of the data that
20 is output is "1", then a low ALl voltage is maintained without
turning M36, M38 on. If even one of this output data is a "1",
then M32 turns on and the AL1 voltage rises. The ALl voltage
is therefore monitored and a rise involtage indicates thewrite
is incomplete.
25 This embodiment achieves rewriting of the write-end flag
only when the readout data is "1" during write-verify by using

one side of the transfer circuit. Further, an increase in the

size of the peripheral circuits is prevented by incorporating




of data to the nenory cell, then a shift register functioning 10 by
dynam c operation may be used. Twenty-seventh Enbodi nent The structure of
the twenty-seventh enbodinent is showmn in Fig. 52. The sem conduct or
menory device of this enbodinment is essentially the structure of Ih&ARsz
twenty-si xth enbodi nent 15 added with a decoder, a drive circuit and a
control circuit. A plurality of nennré bl ocks are positioned in the center
and one of these is a dummy nenory bl ddk. The operation is described
next. First, a command indicating an operatlon such as readout, erase or

t t to th d -d d
each commmnt' & Tidh YUbBHPed: LbS GHCRoSF LA/ PYEBEL, B0t 5t R of o
vol tage swiLellng. nGl Lakl taufg oL NO:hPeLhe1 SOUBREAGLNAL Wasd BRUL An
address signal’is nhext T1nput he address decodér and a menory cel

selected. lfcfe5i90alcds LheR bf\pﬂﬁe%égdébe spe¢tbiod hifih ngndd> such as
shown for the twenty-fifth enbodi nent while inthis statée, then readout,

erase or wégg£sawvérbey @@refz@rthqntmxhsalqcmmeﬁgoendsr@ﬁ@dmnmma/v@el|

The nenory cell selection nethod is next explained in 31 MAR 2004 7 8

details addressrengndléesanoputotonoise. address pre-decoder and the |ocal

data |line decoder. The signal fromthe address pre-decoder is split into

two signals and |Wtaﬁﬁmww%cﬂ@a@e&%ﬁeﬁ‘v%cﬁﬁ%%ﬁ?&?Ifqlhjeoréié%idé?e Thi's

process allows one 5 word |ine, of one bloig o b ted. Sel ection of
Red Bhey

the upper @ dfertiGafllfi nE%g?§teﬁéﬁﬁﬁbP1 emﬁ§rBFt§F§n§Tgw?riﬂnthe
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of data to the memory cell, then a shift register functioning
10 by dynamic operation may be used.
Twenty-seventh Embodiment
The structure of the twenty-seventh embodiment is shown
in Fig. 52. The semiconductor memory device of this embodiment
is essentially the structure of the twénty—sixth embodiment
15 added with a decoder, a drive circuit and a control circuit.
A plurality of memory blocks are positioned in the center and
one of these is a dummy memory block. The operation is
described next. First, a command indicating an operation such
as readout, erase or write is input into the command pre-decoder.
20 A voltage corresponding to each command is then supplied to
each of the drive circuits by means of a voltage switching
circuit,; according to the command that was input. An address
signal is next input into the address decoder and a memory cell
selected. If a signal is then input with the specified timing
25 such as shown for the twenty-fifth embodiment while in this
state, then readout, erase or write will be performed on the

corresponding target memory cell.

The memory cell selection method is next explained in




or may be sel ected sinultaneously however this selection is 10 determ ned
by the command pre-decoder. This enbodi nent enables a sem conductor nenory
device to be achieved on a large scale. Twenty-ei ghth Enbodi nent T MAR 7004
structure of the twenty-eighth enbodinment is shown 15 in Fig. 53. I'S
enbodi nent has one additional shift register added to shift register of
the twenty-seventh enbodi nent thus allow ng refresh operation. This

i nvention, configured as described abové provides a seniconductor menory
device with high integration yet small 20 size and a control nethod

thereof. 313MAR; 2004 284 \MHAT J AQ{NiME?nkgtit%-tﬁg”?&@?gs%égréiﬁgéé?éf”9 a

sem conduct or devi ce, wherelin the sem conductor vice co I ses:

plurality ofndofik lligtes) datRl Whaki ¥cofedat arHd NG A I0SS0ROt BRI shdptdisal ity
of word lines; and a plurality of nmenory cells, each disposed at a cross
poi nt bet weeneodecoflesaid gblialittyo afwoveridiradlses nandnpanetof tisaillock
plurality of data |ines and each having: a source region; a drain region; a
channel regi®fRCHArepRBnhbet VAt héngodecedeegi Fh PR oF at Wl Pwyi @me a

I f Lyi I ical fiel he ch I [
gate ehectrode,for anpLying ageleetrigal, Lield to the channel region

Selection of the upper and lower data lines is
accomplished by way of signals from the local data line decoder.
The upper and lower local data lines may be selected separately
or may be selected simultanecusly however this selection is
10 -determined by the command pre-decoder. This embodiment
enables a semiconductor memory device to be achieved on a large
scale.
Twenty-eighth Embodiment
The structure of the twenty-eighth embodiment is shown
15 in Fig. 53. This embodiment has one additional shift register
added to shift register of the twenty-seventh embodiment thus
allowing refresh operation.
This invention, configured as described above, provides

a semiconductor memory device with high integration yet small

20 size and a control method thereof.




region via insulating film and an electric charge trap region | ocated near
a .current path of the channel region, wherein information storage is
performed by changi ng the sem conductor threshold voltage by contr?m'

the quantity of carriers in the electric charge trap region, wher éi Ah&&ﬁ
sem conduct or devi ce has an operation _node in which each of said plurality
of word lines is activated for readiné9data stored in a correspondi ng
subset of said plurality of menory cells and witing back the data

t her et SYHOAd Sk A8Y rising: a first step of selecting one of said word
| ines and applying a voltage for reading information fromthe 31 MAR 2004
80 corregspondingesthsetf of sandrplluriaidty semismeorde cedf sdegdnerol | ed by
the selected one of the plurality of word Iines; a second step of holding
the inf orlmatriedm rideel sanicendintdfréevicep,calkaseRhird step of witing
the information held in the second step into the correspondi ng subset of
sai d pluralityaoplugadoiryy cefl so&ehtlrid19®d by the word line selected in the
first step, wherein the set_of the_ first, second, and third steps [s
repeated w th aepbertilallyy hariyffigl tRE WP ISy S2EecPed fidd e 3% rst
step. 2. A nethod accorging to claim1, wherein a tinme for changing word
lines i "@bfAsttdm®F ordB3ch of said word Iines.

a plurality of memory cells, each disposed at a
cross point between one of said plurality of word lines and
one of said plurality of data lines and each having:

a scource region;

a drain region;

é channel region interconnecting the source
region and the drain region;

a gate electrode for applying an electrical
field to the channel region, coupled to the channel
regicn via insulating film; and

an electric charge trap region located near a
‘current path of the channel region, wherein information
storage is performed by changing the semiconductor
threshold voltage by controlling the quantity of carriers
in the electric charge trap regiocn,

wherein said semiconductor device has an operaticn
mode in which each of said.plurality of word lines 1is
activated for reading data stored in a corresponding subset of
said plurality of memcry cells and writing back the data
thereto,

the metheod comprising:

a first step of selecting one of said word lines and

applying a voltage for reading informaticn from the




3. A nethod for controlling a sem conductor device, wherein the

sem conduct or device conprises: a plurality of word lines; a plurality of
data lines crossing said plurality of word lines; and a plurality]pfaR 2004
menory cells, each disposed at a cross point between one of said plurality
of word lines and one of said pluraligé of data lines and each having: a
source region; a drain region; a chanfiel region interconnecting the source
region and the drain region; a gate el ectrode for applying an electrical 31
MAR 2004c81reisglahd ong heubRginall regi énplosadiicdy tof t Remekanmd1ll$ egi on via
an insulating film and an electric charge trap region |ocated near a
current paRBTefl e ehdmfels alerbhd aneref nthafbtwaeildny sforggd ildnes;
performed by changing the _sem conductor . threshold voltage by control]ing
the quantity of ca®ri®efendinteRe”tl ketfi&dchBrger Péﬁ‘ar'fe’g‘?’brf?/e%\ﬁe‘?"é?nl%ai d

sem conduct or_ devi ce_has an operation node in which each of said plurality
of word FiRhesitSt tt¥Rat 88% or reading data stored in a correspondi ng

Ther et o, the met holl EBHBH STRD GF 114t BPaR gl Al o g A VAt age 1 o
reading .| Qggﬁn@tt'e%n 162 & B LLESPONL AYnSURERE oAf oFakd iR WARIALY Of of
memory cells controlled by the word line selected in the first
step,
wherein the set of the first, second, and third -

steps is repeated with sequentially changing the word line

selected in the first step.

2. A method according to claiml, wherein a time for

changing word lines is constant for each of said word lines.

3. A method for controlling a semiconductor device,
wherein the semiconductor device comprises:
a plurality of word lines;
a plurality of data lines crossing said plurality of
word lines; and
a plurality of memory cells, each disposed at a
cross point between one of said plurality of word lines and
one of said plurality of data lines and each having:
a scurce region;
a drain region;
a channel region interconnecting the source
region and the drain region;

a gate electrode for applying an electrical



nmenory cells controlled by the selected one of the plurality of word

lines; a second step of holding the information read out in the first

step; and a third step of witing the information held in the sedbhHA%Z@b
into the correspondi ng subset of said plurality of mnenory cells controlled
by the word line selected in the first_ _step, wherein the set of the first,
second, and third steps is repeated, 8hd wherein the word Iine controlling
the sem conductor nenory cell is the sanme in the repetition of the 'set of

the first, seqgnd,qand tRier d1sdePS] region, coupled to the chanrel
region via an insulating film; and
an electric charge trap reglon located near a
current path of the channel region, wherein information
storage is performed by changing the semiconductor
threshold voltage by controlling the quantity of carriers
in the electric charge trap region,
wherein said semiconductor device has an operation
‘mode in which each of said plurality of word lines is
activated for reading data stored in a corresponding subset of
said plurality of memory cells and writing back the data
tﬁereto,
the method comprising:
a first step of applying a voltage for reading
information to the corresponding subset of said plurality of
memory cells controlled by the selected one of the plurality

of word lines;

a second step of holding the information read out in

the first step; and

a third step of writing the information held in the
second step into the corresponding subset of said plurality of
memory cells controlled by the word line selected in the first

step,

wherein the set of the first, second, and third
steps is repeated, and wherein the word line controlling the
semiconductor memory cell is the same in the repetition of the

set of the first, second, and third steps.



