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SEM CONDUCTOR . MEMORY DEVI CE BACKGROUND OF THE
| NVENTIL.ON Field of the Invention The pref8d
rel ates to ‘a seniconductor memory 5 el enent, sem condug
and control method t herefore. Prior Art
conveirftional art, non-volatile nenory devices have been achi eved
as flash EEPROM devices by utilizing 10 - MOSFET d zgﬁigﬁg Bg floating
gates and control gates. In such devi ces, infpr, stbrage and
readout are perforned ——-—1nr—'r*rrzrﬁ§'Fﬁé fact t hat the MOSFET t hreshol d

vol t age changes when, ¢ Igdrgeaq&ygea‘hate on the fl
Pol ycrystalline silicon wgg @ﬁ&i it | lized in the fl g??ﬁg Qﬁgﬁj gat e.
Uilizing a MOSFET with flo l m Wed one bit of information
to be stored for extended p use of only one

transistor. A conventional structure and a contact-| ess cel
structure are described in N kkei El ectroni cs, no. 444, pp.151-157

1988 | f f | : :
%eChné|03§ g?agﬁeeioﬁventl éﬁ#?0$$§%§ﬁﬁéﬁ§% %ﬁfﬁéé structures.

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 been 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 voltage changes
when carriers accumulate on the floating gate.
Polycrystalline silicon was generally utilized in the floating
15 gate.- Utilizing a MOSFET with floating gate allowed one bit
of information to be stored for extended periods of time by
use of oﬁly 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
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2 . invention is disclosed in K Yano et al, 1993 | EEE_I nternati onal
El ectron Devices Meeting, Digest of technical papers, RP—~a41- 545 and
also in K Yano et al, 1996 | EEE | nternational Sol i { abeEG rcuits
.Conf erence, Digest of technical papers, 5 pp. 266- 267 an RSBLM&;;BEEN‘
descri bi ng- si ngl e-el ectron nenori es utilizing polycrystall
silicon. In this technol ogy, the channel which is an electrical pat
and a st or aijevergiom isgdisclosed 4ptKir ¥aspet pdnsl WRIBERANtRIBWIIonalor med
crystalline silicon. Storage of information is

f thin-fil
e formed  Bhectzgn PETLESE Heating e Bioesel REctRERH Gar RYRS Anen

| d i.n Lhe, st Lon. ture af. thi
method - P-p41TRES BRI 1B K it W R nEo BBk e T on.
A smal | er s§LychUELs £8P @idiethe LOIRAT ‘Bg.lg‘@stthoil @é&%’xﬂé’%f papers

obt ai ned by nechining utilizZing theé crystal airns of -1 ol'yCryst'al I i ne
silicop andpphe66er6Teand phhssﬂﬁaagdrsamnglsgnﬁle-eleee&ahemaho&@e@

t enper at ur e. In order to achieve the desired change in
threshol d utilivihggoelyorystshl BR@REOM fleoncesIratticias riesrhrialjemt,i drheand
drain (wite, erase operation) to the floating gate, the nenory state

20 i s nonchaneel afhieh abplarelertvical Wath vand gys{uragewegion to
voltage) and a verify operation is IBgiformed 0 Qnce agai_n ap

vol tage to SRPHLTStFECTHT@RRoPRC vaITRITRASERFLY hREPEC RE thlgl'\flélég‘i'reda
I eohol o VRIS ORISR G,  scoraag of it SR
ana 13 B peigizn B, PHaflle dn MikestBig ot e BRI T e
No. 7, pp. 83Zr8Faptul®¥P)in the storage region. A feature of this method
is that one bit is stored with the deposit of one electron.
A smaller struc_ture.can be obtained, compared wifh a structure
obtained by machining ut‘ilizing 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 fiash 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) and a verify operation is performed to once again apply
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 disclosed in T. Tanaka et al. IEEE J. Solid-
State Circﬁits, Vol. 29, No. 11, pp.1366-1372 (1994) and in
K. Kimura et al. IEICE Transactions on Electronics, Voi. E78-C

No.7, pp.832-837 (1995). I
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Previ ous technol ogy by the inventors of the present i qvention is
di scl osed in Japanese Patent Laid-open No. Hei 7'111‘95Ws‘

8- 288469, No. Hei 9-213822 and in Japanese Pat ent Laj d- opSHEND
9-213898. 5 SUWMARY OF THE | NVENTI ON R
Mich progress by neans of advances in lithographic t echnol og
been made in reducing the surface area of nenory cells for menory
types such as DRmmevﬁvuweﬂ&tﬁmqiwgymmmrtms inventorskabr yheebtresennf i gured
with a smaller surface area offer man advanta%Js such as decreasing

the size ofinvRNEIRD 1% dipfiRaed in 3&?1’411@5@ FRIAN oA PAh doar el

ffecti t b bt d f th
et o TS DU W Baen, e BATIIIAEE B BRI
so that highs JB%?Q#ald %Pgweﬁgglﬁgl ? _ppssople. 15 The processing

di mensi ons an are gener al determined by the nenory

nmet hod. |If the basic nachining dlnen5|on Is set as F, then nenory
cell "units are formed in a size such that a folding bit line type
DRAM sze is 8F2 and apUMMBERYYPE THRSINVERDIPNSI ze IS 6F2.

Currently, the smallest 20 cell sizes that can be fabricated have one
cell of flash nemtugh progress dme neamsi cf cademmiceési $nsianbagdapkithe
approximate |limt when form ng MOS device structures on a substrate
surface. techngkegy Asi keen iadst iavadugigly henpppiace aiea @% MEMOZpt ed,
a cubi c shaped structure becones necessar Further n - smaller
menory has 'E%]elrﬁ A PREITHy CYPERi SV a8 ang fcla%hﬂ‘efnr?élﬁét ‘a line
glhfgiﬁLn: mordfﬁéﬁe §°5fgg§?§gﬁg% gg%affer surféce a%%gqgféhorter than

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 furthér
advantage is that wiring length is kept short so that high-speed
operation is possible.
15 The processing dimensions and cell size are generally
.determined 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.
-
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4 . .the data lines and word.lines, how to connect to the peripheral
circuits or howto control these cell arrays by neans of the
peripheral circuits become critical problens. On [ el
hand, .when inserting and extracting 5 electrons in mcros
dots of netallic or sem conductor material, the coulonb re
force can be effectively utilized and a single electron elenent fo
control | i ngtkee dateohsnes angiwveirdubinemi hovate ddmemdt toathe peripheradpabl e
of operation in extrenely small structures of_ 10 approxi mately 10 nm and
have advantGHES St PGSk PeRERyTOknFNese cell| arraye klpxomartsadw@meu on. A
si ngl e-el ectroni.c meyTor ) , consi sting of Si e-electron device is a
mam%ry capadi - jtere czyrscf‘bjrtr%do‘?%‘?%? et C%ﬁ %‘EEL%’H%UI ation of a snall
nunber of T | hal.g- can re one or nore
Eﬂﬁ“%ﬂé”ﬁ%hef“héﬂ ﬁ’ﬁh{ﬂEﬁﬁﬁé¥kf&§¢§ﬁ#r%#t%%é%%ﬁg

15 bits of information 1 n one el'enen d Since _

st or eds el ecd1d G@tod AW e Lo N PES T O FBd ddk 4 o Vzh@?@ili'&“ &5
operation even down to the nanoneter |evel is possible. _ Furt her,
since the rsrmsrordducstiar athitsriCUMhatesh MRSt F@NSlsion fo6BcSNBah.ba | arge
i mgrovenent can be expected in terms of the 20 rewite tinme and the
nunber of refifectasvel Hoviehdaized rerattaigdingle efedriomatébemardt t Hier el enent s,

t he processing dinensions are . ,Subject to the current limts of

| i t hogr aphi<eh nghyyelectronsgin indivigeal upisiseasst sheprekacally
conventional_art, t size . . of extraction portions such as_the drain
regi on and CRARLS O% OPSLARIAR i | g aﬁ{“%rjen%trﬁu%?‘f*ﬂ%?ﬁ% of fering
the a ant%&% . ' | | d] S | er si,ze not . been

pr opogde/d. rommat(glﬁ)hgbi%%\[/%{jg%ﬁ gé{rﬁg}&ggggsasr%hnﬁfee-xeqreeé?er SRenory

operating &) daid YRAALERUBARET f &' B3R eC® ronic 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

This Sheet Has Been Replaced




5 . evaluation. However in that evaluation, various differg
times were neasured for accumul ating an el ectrical charge evgn
the sane wite voltage was applied to the sanme device for ‘
anount _of tine. Conversely, when the same wite 5 vol t age was appri
for the sane anmount of time, a phenonenon - was di scovered in which
the nunber of electrons at one tine was found to vary. This
phenonenon G¥31PAEL&PPr etiéRMEEST in th%%c%Y?lﬁﬁt%?%n1%@6b%%$l@%f?%r%%%aviors
such as tunpel effe

h t at d to.t nb f
el ectrons u H“Ffe"bereiB‘easuﬁegp%?ﬁt%l%%ﬁ’%ﬁ‘ﬁlattﬁéllgggﬂ Li%cé:lo aﬁoﬁ ﬂﬁﬂﬁﬁ%]yener °
Progress nmagde {:He'é]ézﬁegrv?fit?@ ﬁl&?ﬁ%@creagﬂﬁ:&cﬂe@egg”cﬁé same dex?l{éeo otq:

i nproving thé renory dens the
however thergeeghfie bRBuhBt 88 8haN OfoPEPEY1$E! iBen the sérﬂ@twi“@l?e

achieved in the device, the greater the equi pnent costs 15 for

manuf agt uri nglbegameas dppluissd Tor BPenshhé -andure SfOLAYE, a phendm¥nogy ori ng
two or nore bits in one cell, greater nmenory density becones
possi bl e wi wheudipeoteretingnfwhibbrthatmgniaer ovf oflectrons renmmme delres. I n
multi-val ue storage, the ability to clearly di stingui sh the many

menory st at ¥3Si OWPFt BO Va&Y - an %$ae%enqmﬁn0@p%a%14@¢@rp§et@dtﬁ% ut most
i mpor t ance. ectron nenor es requires that the

| |
el ectrical BRSPHEIRE EH%W|PE§§P (s e 1 VPSP UE r€§|? nel effgGterate
little nois r h% tf&!'{&['% %offi‘we 'LB %’i’l% ﬁﬁ%;%hﬁgFg ofn%%ﬁgélgbégd tl%fit Sens! ng

anplifiers sem con Menor i
posi tizgni nglﬁhs §8neiBg 8ePLLLI §5.ngle c188¢dat ﬁe{'n Be . re' ative to each
ot her so that tﬁe mat chi ng data 1 nes are pla in an open

configuration on bpbyréessatadd ﬂrh@ntegrataaﬁsa:ﬂgs&iﬂ&éﬁdﬁtophém&ﬂefsol di ng
conflguratlon p03|t|oned
allowed improving the memory density and 1ncrea31ng the device
capacity however the greater the integration of memory cells
that was achieved in the device, the greater the equipinent costs
15 for manufacturing became. By performing multi-value storage
for storing two or more bits in one cell, greater memory density
becomes 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 the sensing ampl.ifie.r
and data line relative to each other 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

This Sheet Has Been Replaced 5




in the sane direction. The open configuration has the advant ages
that nenory cells can be positioned at all cross poi nt £~6 the dat a
lines and word |ines and high integration can be obtai a

di sadvantage is that nuch noise is 5 generated in the wo
fol ded configuration conversely, has the advantage that -40@5§%¢N
I S generated in driving the word lines yet also has the drambac':

t hat nenoryin the saméldiraochbdnbe Thacepentcahfiguossipoi hés bthedata |ines
and word |ines; and further cannot offer high integration. 10

Per i pher al edveut@geatﬁléattmnomec%bhsu@@naknglpwnetloned at ekl enas s

| arge surface _area are the regqister which tenporarily holds wite

data in thepﬁé%?yo%éhe dtang Lheist 2R, word llaeﬁeﬁi’gtré%glﬂ o”ﬁcﬁ%%’q"ﬂé’f? I ag-
h t ded t,t

¢ hngg?uﬁ” E5R R O e nOPs Vel & it sadudftapd i1 Roalk FREB oI 37 vl Lo

aft er }[A’ﬁéﬁgrated ifPERA! \',J8Pgaquné§wr et %‘ﬁlcﬁ%égc%ﬁ%f&uratlon

v%ereupon s Tnvention, In order to expand he

convent i onakoAtbrsBas, thes Al aldvin tely eort?x\é'tdtl.'igtie n01sesi§‘g%é?1é‘zlae€éd on
menory cell ideal for high |ntegrat|on with 20 a smal ace area, a

sem conduct dn draviny tley iweadabinedRietohlso has the xhvbmRiieot hat mEg vy

resistant to irregularities in operation due to probabilistic

phenonenon ¢ékksycamaelt e placed at aéﬁicmndscpoinnenofyddeaiIinesuhnmbntroI

met hod t hereof i deal for holding a plurality of storage vatues, and

further a stard 12%93f5%$¢a€@rﬁh%§ gennphepffesi haght iRsepngtaendegr adati on
surface area

f d f
?ntegﬁbtlon : %ﬁ%éﬁ Léff%ﬁlﬁﬁnﬁgﬁeﬁstﬂépltﬁ§ ﬁepﬁﬁpﬂoﬁ§ggb59?ﬁhera
circurt andtﬁg’@tljigére n;t fgggé h&r:ffgcé dgﬁgaf QE:eSJtHgl %eSHS%EEOthch

temporarily holds write data in the memory cell during writing,
a register to hold the flag showing write has ended during write
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 flag value.
Whereupon this invention, in order to expand the limits
on the conventional art, has the objective of providing a
éingle-electron memory cell ideal for high integration with
20 a small surface area, a semiconductor memory device and control
methqd thereof strongly resistant to irregularities in
operation due to probabilistic phenomenon iikely to occur, a
semiconductor memory device and control method thereof ideal
for holding a plurality of storage values, and further a small
25 surface area peripheral circuit having no degradation of device
characteristics of a small surface area and high integration
single-electron memory as well as a low noise peripheral

circuit and control method thereof ideal for single-electron

is Sheet Has Been Replaced
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7 . menories handling small electrical charges and susceptible to
noi se. This invention is characterized in that awenory cel
with a small surface area can be fabricated by form ng sourg
and drain regions established above and bel ow and by 4
channel s to face up and down. More specifically,
sem conduct or el enent accordi ng to the typical enbodi nent of THE
present i nveenoohebdwmrsbiimoe small elaotiriical chaagiemand esdeptibiedioon 13
formed above or below 10 t he source region by neans of an insul ating

film the sbaige.: region is connected to the drain region by neans of
a channel region, the chapnel region is connected to a gate )
el ectrode YR Bl oAt £S5 i FRAFZE TR 39E WD dre I & dnemer v G8ldet ric

h . ' h icinit f _t .ch [ . I nf ti
R A
J _di .
e coRUCtBE L oGPl A0 Sty SRS oHAR BB LEASRRISS ana . U

bei ng fabrigahgdnyi theachaBhb15ULbaE8caT 88 AMaf@bWhNg a 20  plurality of
gat'e el ectrodes facing up and down and form ng channels in the

st epped side surflcee efpddicticcgidlye, ehecséeniesnductori sl&ahed@eicdrzgthd N

havi ng source and drain regions, a- plurality of gate provided above

and bel ow byowe siypivadaembodimentsof atheopreiskent, iohanhibnrieas s dosr ned

on side surfaces of 25 the gate el ectrodes by way of the insulating

filns, sourdpd drain xegigps.c Sirad ™ seghendi i formed oy ampedion he

chann%l i ons, and electric charge trap,areas in the vicinity of
0 A

the cﬁ%ﬁﬁé&?%@i%"%ﬂ BECASr nim%‘ﬁ%’fi%ﬂ Sipaddapource

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
semicohductor device by holding carriers in the electric charge
trap area.

Further, the memory cell of this eﬁbodiment capable of

being fabricated with a small surface area by forming a

20 plurality of gaté electrodes facing up and down and forming
channels in the stepped side sufface 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

ds Sheet Has B
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8 . changing the threshold voltage of the sem conductor el enent
by holding the carrier in the electric charge trap area.
el ectric charge trap area is conprised of mnute particlg
or sem conductor material with a typical shorter dianeter :
than 10 nm This invention is further characterized
t he sem conduct or nenory device perforns verify operations to
ensur e accuwlangingyorhe sthoregie lshercittiage wifi Ithe sgmisondpctor elegeotage
el ements in which adverse phenonenon are likely to 10 occur.

More speci fbhﬁqlﬁl%éh@oﬁﬁmeﬁeﬂhcﬁ‘q gleghaic chargentEaRRkDr FBfory

el ement of the typic enbodi nent of, t sent invention has a :
source regi HHECHE T ﬁ%ﬁ%taﬁp %\rgﬁuﬁ%@omprlserdgﬁsdﬁl%‘%ﬁéﬁ%tdlq *$ RE drain

regi on by a chann h n connected to the
gate eIectfﬁ%éqgﬁrsemlqé%dué¥gpgatﬁ%g %ﬁﬁﬁb ?%ﬁ%lcgi c¥$e5%&ﬁ§F Srtrap
area ig the,¥iftddd tyhan 10 . the electrical current path of the channel
region, a sem conductor nenory el enment to perform storage by changi ng
the threshold voltge fiwdrd thidid heweatiés egisatdct &gl £4@CLK i €ha®Othe charge
trap area; and the sem conductor nenory device of the pr esent

I nventi on hesmicatidutct o eneamopy | dedioé pepformsi tgrdfy operaseomsotduct or
menory el enments arranged in series and characterized in having three
st eps consiensuRe oacqnfatr%tm@n@py storage opprytionvutelizirageemoryhe

sem conduct or nenory. el ement a second step to read out  the

i nf or mat i oS SRXALRY %FW?RF%H%QWWRlCh advers@ Pheromener replikelyatenird
stepmﬁﬁ galn qpply awite voltage to the sem conductor el ement when
t he tlné’ information in the second step was insufficient.

More spec1f1cally, 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 the 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.
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9 Further, the inventors nmade their own uni que

|nvest|gat|on of nultl-value menori es and di scovered that r at her
.than an el enment that changes continuously versus the nunber of
accunul ated el ectrons as characterized by flash 5 nenories, an el enent
t hat changes according to the particul ar step status is nore

advant ageous fromthe point of identifying the el enment status. The
inventors thus hiFuopber} hehédéavehtors madet thezkngwhhenéhaeacteristics of
a single-electron el enent. In other words, this invention is
characteri zeuvgytagamon afil mplyarvaleenpeposiereandofigcrursey batce
utilizing a ti-val ye nenor elenent to allow clear |dent|f|cat|on

o; lt héaﬁﬁﬁﬁr9h?6ra%t RN T st 1&% Q}é@l&ﬂuq%d\fee%ﬁqﬁ )
To the 1ypi anssrsS BREBAFHERed, ?lfﬁsrsnss§ﬁsgﬁh6§%??%%9%ssg BFaBecr <
regiong a dpahBries, af @4l ?r{é'h nt! B8R Eoé'}‘i&?%é§ ﬂh @B%ﬁg%g&f&ﬂﬂ ai n

regi on by nmeans of a anne regio regl I's connect ed

to a gakp AlHald QQ%@NeW&ftanéddbsﬁlréhlﬂge fpollrﬂt 8pd dditifying

sem conductor device further has a electric charge trap area 20 in the
vicinity of thbeeléasnel st®gion, Thesdmvemtduct ahuel Rientipon thefiddea of
perform ng information storage by changing the threshold vol t age by
hol di ng carrtélszingt beeetharacterhatyestefipe giggle-electirph £lamanst.ure
conprised of a plurality of sem conductor menory el enents arranged in
series; andiBh& BEFeWPiéﬁllﬁh%ﬁa#nVEBthPhé5pFBP&PFF?réﬁegeﬁycénductor

menor y elenengf ar e, contr ol e data |i ei and word
TH &

li nes.%and 1rvaluse Wg@gry elemSPFSXEaﬁ Bgmgfgrgﬁvﬁﬁeoﬁgl ai-88nfBuct or
menory el enﬁﬂia?yvalue mé'rtnbﬂlzéfgménpl § aéiié’w Oélé’ﬂ L&f‘éeﬂﬂfﬂf‘awdﬁ f

vol t age app
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, adrain
region, the source region is éonnected'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 semiconduc;or element
for performing information storage by changing the threshold
voltage by holding carriers in the electric charge trap area,
and a structuie comprised of a plurality of semiconductor
memory elements arranged in series; and characterized in that

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
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10 . to the word |i ne. Still further, in order to obtain
peripheral circuits wth a small surface area yet st
to noi se, the | ocal data lines for each of the verti
menory cells 5 are connected to a global data |line by
MOS ' sel ection devices, and use of a |large surface area is
by maeki ng joint use of peripheral circuits such as global data
and sensi ngtanphefwerd byneerfornmng read and wite operations in a
timed nultiplex manner. Mreover, a data line 10 ranki ng and

non-vol atil e read&ﬁllbnyIﬁbﬁﬁryl@e$Ithltﬁu¢bEP1n peripherat ctferweity are
utilized to al]l ow placenent_of nmenory cells at all. intersecting

poi nts of mﬂ%th$rﬁﬂ@%%ufq£§%¥q|@ﬁ@§ wﬁ¢|§trong t°ﬁﬁFﬁP§PnFﬁg“%?$%4d@ﬁfdata

I f I f | obal
dara 1ine olosabadta bPREE Sorrath ofsthe ARRIAEPALY SHE IBLAPRRRDETI T
connecgl ng anl%gfédgi:gbgl g%.obal QQE ;LE.H% nwg %I%Uts ?)ffﬁ\t% fos

sel ective deV|ce ects noi se.

arr angement s @i e¥WSoh ClclPte M tdhd AWe of a NGRS s‘MﬂﬂéQ:‘ét ahkayi ng ébufc?éd' fice

the high integration of menory ceIIs stacked in | ayers.
Yet furtherpyitikin) goanteusd sOpeeipherde Eurtligts such alsWQH.QR_i&!J dyta
utilizing a dummy cell as a reference threshold voltage in any of the

r eadout , mwliaeseamdysendiegaemplifierepbyapbmﬁsrming read andAwrdgiester to
tenporarlly hold wite data in a nenory 25 cell during wite, "and a
regi ster toPPOFatHORS A §t’ﬁ)’dw¢@mﬂlﬂélplex mappest \WoXeoweX i ﬁgdﬁ\ﬁﬁtlel%rl fy

have been conb%ned as.a net o .achi eve even furt

m ni attfri zaf7PBERF RS Ib%‘?lY)‘Plﬂ?%;fle read‘&‘ll?c]?ﬁt% m%‘%‘b‘éc‘?%i FRa5R9 on of

the operat lgfeézérégé% %.q.) are utilized to allow placement of memory cellsll
at all intersecting points of word lines and data lines while
maintaining a folded data line structure. More specifically,
during readout of a one global data line of a pair for a sensing

15 amplifier, the local data line connecting to the other global
data line can be shut off by a selective MOS device to eliminate
effects from noise. This arrangement allows readout with low
noise without having to sacrifice the high integration of
ﬁemory 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—vérify have-been combined as a niéthod
to achieve even further miniaturization of the peripheral

circuits. A specific description of the operation is related
I —
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as follows. In the followi ng description, a "1" indicates a
threshold voltage in the nmenory cell while a "0" indicates
t hreshol d voltage. Further, a high logic |evel is shown

a lowlogic |level is showmm by a "0". Also, the 5 wite operation
| owers (erases) all the threshold voltages at once, then applies a
hi gh voltage to the word lines, and finally rai ses the nenory cel
threshol d \ad tfagd owst. t Ansthenfollowing desamiptriomeld ' Mhendizat@s sust be
witten, the voltage is raised =~ . on the data |lines and source |ines,
whi | e -t he diifgtetbreehphd v@ltageingghe Peroxy e¢abl Mdlidig 8¢ Uoiadirageps
reduced and a rise I n threshol d voltage s ressed. The vol tage

pol arity cénlgl thresholdyaltage ngéFﬁﬁarPfg§Ed§FR88?c fevel 1% Showpyrj ng

ite, the.data,f iting in th  cell i Sl i Ly held
ns an’ i nvertiod 1Y 2l BoR8p, Tpki€, TEPRLY € Ghoun by 4 it STRIRRL BhenS O
i is i iLes £l o |
Pt hed T egiigd Bptistioh thhbes lerases) d1100ne (Hr bl Riltugea'fe 12 U

val ue si gnidi@as, thah applied Bh¥H YbDE8agk tolthBasoPligBdething ERR¥ELSE! Y,
the register hol'ds a "1" value when a "0" is to be witten. This

i nverted aisesmltle siaguodfy eellhathrnesidldy vafltalde hadtentddéd adimeasinot

required fromthe beginning. Accordingly, a "1" need only be S written
as is, intaoanpry egldsevhent v WREMmustebaempiiterd theavabtage is rgised after
the wite operation. Thi s arrangenent _nmakes it unnecéssary to

rewite then Bhe dpta dings Angy seRree ingsebiiiden§headd fEsngaFRNgPNE
| f both th ite . dat.a t Jdly .st din th I, St d
Lhe Wi t o- TRH SR v BRAT IS (A8 ARy S ding g Fesissd and aFiggi (|

Ige gl obal iqf%ﬁrgisﬂg15%899&%@%5&%&.ga&%ef 951tage polarity can of

course be inverted if required.
During write, the 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
written as is, into the register only when the memory cell value
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
[
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the nMJS, the drain is connected to the high | evel side of the power
supply, and the source is connected to the input of the ' I n
this arrangenment the nMOS turns on when the val ue .
line is "1", and a "1" is then input to 5 t he reglster.
on the gIobaI data line is a "0" then the nMOS stays off and

I's no change of values in the register. This "l only pass circuit

t her ef ore athewM@%e the draipris cannpdtiedyticothe high itevied wick ¢fistheone
nMOS (or two MOS if a pMOS for control gﬁrposes Is inserted between
the high 1BOWeFeSPPLYd&nd e SRBRER éﬁpﬁiﬂ"}ﬂ Resiypput of the

The menory devic |nvent| cel I. bl ock

cont ai ni ng ﬁeBFﬁﬁﬁﬂtt %Fgﬁrgﬁ%#%/aré%?rf‘%nbl gc,ee’gﬁ%? thEns gné’th(?g’stlbﬁl VRIS
| ntersect ingenphg Lipgs) agdedal nll 18%418N0 and o wifr A WG Alnld G L FOr

suppl ying signals ata I nes mor nory cel
has a gubst{gteregidtérfi 15t the value@nORnébg18BalN@statiNgefid M 8n a
second region 77, a channel region 78 connected between the first
regi on and t henSEREeNAMOS staysegfPrand ot ee el £aid afttande tof aglluesAnin
electrical field to t he channel region, and an electric charge trap
area all 2bhe ﬂ@ﬁmm Ghishl suldst pase. cited o 'hithieor forer abkows the

per f or med y changing the threshold voltage of the sem conductor

el enent wripg- EBﬂtﬂﬂ‘J |%bﬁh§e‘é{ﬁﬁﬁﬁ?no‘1’l'&]&r1‘%% SEnntRE EPECEYS ¥%har ge
Al t h h |

i roult conbFi 800 TROS TR SRS s A < ddn gre pden

Figs. ;4(a) f@gei(giée ?f the owengﬁ%gfg ahBe+ AERir¥sd ?V'Ce of the present

i nvention has am nat d struc conprising a first local data.

|ine 13, a the %exﬂdktyi"a@q.'c@t 81! e prbAROUAYEAR ibh" Bbs| PGRMA 2
cell block containing a plurality of memory cells placed at
cross points of intersecting word lines and déta 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
u region 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
by changing the threshold voltage of the semiconductor element
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.  1(a) and 1(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
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13, a source line 14 above the first internediate layer, a [ Tgg
I nternedi ate | ayer above the source |line, and a second

| ine 15 above the second internediate |ayer; and t he

further, has a first channel region 16 5 positioned on the. side

| ami nated structure and connecting the first local data line and
source line, a second channel region 88 positioned on the side of
the | am natdd, a Sour§?r&éﬂ@ré4aﬁ§0@§nﬁb§t|ﬁgr§helﬁtﬁwmﬁdi¢¢ﬁekﬁ&bxkua
second | ocal ta line, an electric charge trap areas 16, 88

encl osed by Sefgnd bBF%ﬁ’E‘?QFaBﬁrH%@% 3heSia tBRBOVRSE det st ARG ﬁesﬁﬁ%ri% ty

h | d
connected byoiay BRCRRIThE fke f@?e" Soratith ol riRedid it favdss ¥ha o4
two Se”‘COHQH%tﬁ%mﬁlgata R e %@0%6fqggtbgh%wngﬁerfglon 1%' 0SS

points of the | ocal I nes an | i'nes

sem conduct posalaraeds opether @miem@rfy tHle0Naae nlY N 3RGRG UrRC and |
t hreshol d vol tage by neans of varying the anount of carriers in the

above nenti coedeetéoyr thecliarge Loapladeta, 1and &he the sowsde COIMRICIOr
el enents are arrayed in series along with the arrangenment of the
plurality ofeceadichannel ragioarfP pesitioned on tite sigdedf hbefliamsinagrat
second |l ocal data |ines _are connected to the i dentical global data

lines by waytEHCERESSRPRLGIHIET T toeopource 13(12% T’ﬁ‘ Fhgsseopry, lCB-‘]gao? hand

I t e
Elr gseﬁtS)l nvERFRoRRET 12 hegﬁ: gﬁrrlgnt i\ﬁf(ﬂé %%Ita%t ggﬁat%h ' 2@ "4 ‘2:51‘? 8%n of
t he GWQOd'”BBEehQESi Eﬁkrler?65051t o%is lnsideagkEﬁh?§§p§#§%ég%$q$ﬁéﬁg

DRAW NGS are stru
14 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
15 . 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
érrangeﬁentofthepﬂuralityoflocaldatalinesandwordlines,
20 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. 25).
| Other elements, objects and characteristics df the
present invention will become clear upoﬁ relating the

25 description of the embodiment later on.

'BRIEF DESCRIPTION OF THE DRAWINGS

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

[
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sem conductor el enent of the first enbodi nent of the present

I nvention. Fig. 1(a) is an upper oblique view Fig. 1(b) is ~
cross sectional view Figs. 2(a) and 2(b) are st ct updr
of the 5 sem conductor elenment of the third enbodi ment of the
invention. Fig. 2(a) is an upper oblique view Fig. 2(b)

cross sectional view. Figs. 3(a) and 3(b) are structural Vi ews
of the semg epnduatact @lemeem»i die tfhersftomnmdewmm mnthgfprmerpt esent
10 invention. Fig. é i.s an upper oblique view ' 3(b)_is a
Cross sectlbﬁXFHVFQR/of t%e L& donahcrBPeE| Frbhiue Vlew | Fig. lEpysis 4(a),
4(b) and 4(c) _are structural views of the sem conduct or el enent of

the fifth eftbGEPRENTSGHPRE pVéEgnt invention. Fig. 4 (a) is an
upper oblique view. hgg'g2(§)(gﬁd'§(b}5are s%r9?§u§%§tbQ%%E YeeWhencl uding a

cross section of channel Cross sectlonal Vi ew
i ncl udisng asem@esn8aetb@nelement O£ tife IHIMGE embodiment of thegSredd@y and

5(b) are structural views of the sem conductor elenment of the sixth
enbodi mrent aohveheipnesehig. 20(a) iisvent upper ¢bLiqdé a)ievs. afigpp2(bpbis que

vi ew during channel formng. Fig. 5(b) is an upper oblique view after
formng of & Crosﬁhéegéﬂénal view. Fig. 6 is a structural view of the

nductor eIe event h _enbodi nent of the esent
et o FROL. aigy. She dTuRouom Meaipedb i ol B2 Besent

oo SNt gy RS 416040100 FORILTED AT B prssen
formng.  FifivedtRonlS Py URPE) 3R bAUSPYEEVLET i he oz no Fh. 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 fifth embodiment éf 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
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t he gate. . Fig. 8(a) is an upper oblique view of
sem conduct or device of the ninth enbodinent. Fig. 8(
vi ew show ng t he sem conduct or device of the ninth edpodi
Figs. 9(a) and 9(b) are structural views of the sem conu
el ement of the tenth enbodi nent of the present I nvention

I's an upper oblique view. Fig. 9(b) is a top view

Fi gs. 10(a) tA8dg986€hk) are top V|ews showi ng the 10 nanufacturing process
of the sen1conduc%or deICE of gl event h egb 8|nent of $resent
i nventi on. Hgs aflt‘BPeﬁn%bJﬂ‘E‘b? T CoptifetRTEh ‘h

manuf aot ur | B8 BEeosE gy i, éﬁﬁb&%@H%"rFFSV'SC(%&OIs Wgp viey %%ﬂggg h

enmbodi nent 0 resen I NVEN

top views SQH@ BleE%nductorsﬁgbqggdBQtQhed%!h%% %ﬁ%d&%%é%&ﬂUfaCtur'ng
process of the sem conductor device of the el eventh enbodi nent of the

presents | NVEAEONY (a) and 9(b) akegstridtakaandikalsbofardestructural
views of the 20 sem conductor el ement of the twelfth enbodi nent of the
pr esent senmigpaduicter element of th@ genth iembadimendt ofathei presdént he
sem conduct or el enent of the thirteenth enbodi ment of the present

i nvention., invention. mig. 3®()a) S AR UPRHES) OBL &AL Wy alFig -eRdbdfis he
25 sen1cond%ctor .el ement of the second enbodi ment of the present

i nvention. 2r§P Y%ng is an upper oblique view. Fig. 15(b) is a

6{23; zfcthgnal V?EB% 10(a) and 16%9? a}g(ﬁbpaQQe%g(g%o%ﬁg Q%%r obllque
Manuf agf ur i AEnREAEeSS i hY" bR es8NTLEORAUCSAMI dBYuEe tol RS ildd Yt the
eleventh embodiment of the present invention.

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

15 Figs. 12(a) and 12(b) ére top views showing the
semiconductor device and the manufacturing process of the
semicohductor 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 oblique view. Fig. 15(b)
is a cross sectional view.

Figs. 16(a) and 16(b) are upper oblique views of the
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enbodi nent of the present invention. Fig. 17 is a cross

sectional view show ng the contact portion of the sem cqnductor
devi ce of the el eventh enbodi nent 5 of the present invent »
Figs. 18(a) and 18(b) are structural views of the sem/con

menory el ement as a structural elenent of the sem conduc _Q%SBEE
of the fourteenth enbodi nent of the _present invention. Fig. 8 N
is a view ameenfenrinnéngfRaReRe fordhe sppicasdbstos davigepef tobl figtat vie
after form ng of . the word l'i nes. _ Fig. 19 is a top view
of the seni EBRAEETSPENRDF)CcPERSRAL 1nventiena structural el enent of the

sem conduct or device of .t he fourteenth enbodi.nent of .the present

i nvention. 15 F5§. i%ib? 203 %ﬁﬁ%@arlYiﬁﬂr%ﬂ?%ﬁf?fﬁ??nﬁéhEQQR; I
principle i L 000G OF lfmargq,r-yé el enBnt - ¢QPRhLER structura
el enent of Pﬁgtégﬁfggﬁgégg%r devi ce % thé’f%urteen?% _ %ﬁﬁéﬁﬁﬁﬁ§ﬁ of
the pre@sent ofn¥RBt p@Bsent invention.Fig. 21 is a top vi ew of the.nennry mat
constituting a 20 structural elenent of the sem conductor device of the
fourteenth enbodi Fegs.ol8{ak pndsiAtb) nuent sbnuahdrahowtewbeof the state
prior to formng the nmenory cell. Fig. 22 is a top view of the
menory mat &6MiEPRHuFhgramemory glementras 2| seuctwial Helementt orfudteor
device of the . 25 fourteenth enmbodi nent of the present invention and
shows t he SemlCQPQPEtaFtg?VFSFnPﬁgtPﬁefSHFSeFPﬁBs?mbOdlment of Ehg 23 is
2 Op i ow Bheblf: BRI B, SR8 18YE) 1% & view artelGAEALL R, O {P°

fourtegnth pigod] gny Qf aLNBEPEESER 1 LRY &R Fd %BQWEnthf the word

lines.

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

15 Fig. 20 isadrawing illustrating the operating principle
of the semiconductor 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
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state after formng the resist pattern for formng the ' channel s.
Fig. 24 is a top view of the nenory mat constituting a 5

el enent of the sem conductor device of the fourt eent h/efbod '
the present invention and shows the state after formfHg th@F of g
lines. . Fig. 25 is atop view of the nenory mat constTi~

structural elenment of the sem conductor device of the 10 fourteent

enbodi ment of the present inventiop and shows the i state after
form ng the%(?b‘r’ftt& thofRgodiment of the HgFens Y eRtiqn 9?‘3\/\?6‘?‘”? he'$renor y

mat constityti I ral el n f. the ' k. device of
t he _ f%tlgra?%e%tfﬁ'egngg%l r%glrr?: Ltg t%ﬁ%&?é%@%vﬁ?&%@%%%&& the 15
view after {gamnedsa first wiring |ayer. Fig. 27 is a top view
of the menory mat constituting a structural element of the -

sem conduct or devirdg.ob4tbs a top imw iFerhl rehedynihat ednsbetptesend

I nvention and shows the view after formng a second wring |ayer. 20
Fig. 28 is strugcturew eflemeatmeforchenserdaosiduatidmglerice of stheuct ura

el enent of the sem conductor device of the . fourteenth enbodi nent of

t he present foR¥FéERENSh gmRodRBRBtt A€ the pregente igmeat ifogr andgshees ddm act
hol es, and in _parti_cul ar. shqows t he .contact pattern matching the word
line in theS&R eoﬁfgﬁg fogminggtheyworg lines. Fig. 29 is a cross
sectional view il traki . t ruct e | ect MOS
for the nenory ma?ga' 25 g%nés[]ﬁe{%%tvilned" g&'rs]{tf%%c %bgggeﬁdéﬁeﬁ n%?”%‘%‘gln& a

sem conduct @i rd@¥us8l element of the semiconductor device of the 18

of the fourteenth enbodi nent of the present iInvention.

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 devicé 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 presenf 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 wiew illustrating the
contact structure of thé select MOS for the memory mat

constituting a structural element of the semiconductor device

I
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Figs. 30(a) and.30(b) are structural views of the sem conduct or

menory el enment constituting a structural el emrent of the
sem conduct or device of thefifteenth enbodi nent 5 of thef
invention. Fig. 30(a) is a top view after form ng
Fig. 30(b) is a top view after form ng of the word

Figs. 31(a) and 31(b) are structural views having a shape |
fromthe se@fcbhdlu ?BFtﬁﬁﬁﬁhye@P@ﬁéﬁﬁn§oﬁ§tWhﬁtpﬁ§seﬂg inyestdgat-ur al

el enent of the senlcond o he fteenth e i ment of
the present invenfi®f: % ?8(9 are StﬁuFGHrﬁlerﬁVs gbﬁggonductor

renory elenﬁnt%aééﬁgFégkn%QQOQQ elementtggnggﬁQ%%hngraFEQruc%gg)%{Zran

upper Ob|lqﬁ%m em conductor I"enment

formng of Lhgn¥Rt 4 tR€Semitdnductor dgirgce%% '&l§e %1thEeY1'tﬁV\érﬁ§oc§1hﬁer{@”Dr y
mat constituting the structural elenent of the sem conductor device

of thesfifteenthe preseftbodivernioal thegpraseal isventopnvasd shows the
state after form ng the contact holes. Fig. 33 is an
upper obl i gliermiewothbhe mharinelssl | Fagra30 (20 is atiopi veew afitdesboimming t he
si xteent h enbodi nent through the twenty-second enbodi nents.

Fig. 34 is afseheeyopd éiaﬂﬁngs showi ng the operation sequence for
readout, erase an Mﬁlt erati sem, conduct or devi ce of

the sixteenth enb ﬁg'ﬂer?‘t ((?f #hd 331? eﬂf‘te s%ﬁ"uc?‘?'ﬁfe]nf’l’ﬁﬁs having a shape ¢
351is a SerJifffgL%g{af%&gschZeh%\&ﬂ%ohgﬁ %E)Prr ﬁgmggy elem%ﬁgﬁgécfenﬁ %e@zlrw of

readout, erase and Wl ration Sent c
t he SQMente§“§@r§5@99&ﬂegieﬂénﬁh8f the semiconductorPd@8Rk bveRki on.

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
structural element of the semiconductor device of the fifteenth
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
semiconductor device of the sixteenth embodiment of the present
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
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Fig. 36 is a block diagramof the sem conductor device
sevent eent h enbodi rent of the present invention. S
series of draw ngs show ng the sequence for 5 readout, erfase ayjt-Bmry
operations of the sem conductor device of the eighteent h enbOdilaen
of the present invention. Fig. 38 is a block diagram of the
sem conduct or device . of the nineteenth enbodi ment of the present -
i nventi on. Present 1nveptgon3g js a series of draw ngs show ng operations

in 10 the refresh sequence . i.n the .sem conductor device. of the ,
ni net eent h enbodiﬁéﬁt gg %%éiﬁPé§&hﬁlﬁﬁ§§ﬁtPgngge semiconducgpy deipicy 4

bl ock d'agr%?‘letg%vﬁﬁ?b%ﬂ%ﬂ”%hﬁ%dﬂﬁ%bﬁeof fhe %&e%@iﬁ“yﬂqﬂﬁ?fgngnbOd'nEnt

of the present ‘invention. ig. 4T is"a series o Faw ngs

showi ng operationgign 3719s atderied FSAraRUHEBCENIWE Ad @ nEEBLEARHEE Ay

devi ce of the twenti eth enbodi nent of the present invention.

Fig. 43 is azechdook, dmpgyaanafwrite spetabnoisiod titeveme conductofr ddigice

twenty-first enbodi nent of the present invention. Fig. 43 is a

graph show rd theangéghteeunthi rgbodémentmef 20e piresehé datventiloa.current of

the menory cell of the_twenty- first enbodi nent .of the present

i nventi on. Fig. 3gj}s adblogckhdiagres of BRaveMECRBWFEET tHRV¥ES r esh

seqguence opera%hon N %he $ m ¢ nguctor d V%%Q of thet , t went y- second

enbodi nent 6f tRE PrBSERENFRYERPPERMENSs O ¢ PIESENL 8NVENLIgNawni ng

defining the synbgks okgqa; ‘ C | | e s

Fig. 46 is a dram?%g's%gm%%5g2£%¥%%ﬁi?fié#%?éﬁ@%égkéﬁi¢éf§#é¥éé¥g€%ﬁﬂﬁinent

of thegpreseRt ikBY¥@BEHOBehleWleChn @RAOWEmARENWLCEBr device of the

20 are performed in‘the menory cell array by time multiplexing.
nineteenth embodiment of the present invention.

Fig. 40 is a block diagram of the semiconductor device
of the twentieth embodiment of the present in&ention.

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 memory’
cell having a floating gate.

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

embodiment of the present invention in which readout and write
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Fig. 47 is a drawing show ng application of a voltage to_a menory

cell during readout, erase and wite in the twenty-third

of the present invention. 5 Fig. 48 is a draw ng show
readout-timng chart for the twenty-third embodi ment of The |
I nvention. Fig. 49 is atimng chart for erase and wi

ti ip the twenty-third enbodi ment of the present invention.
EPSTaSIOOinZ arﬁrﬁﬁ\fﬁ@r@%%v&rhg?% E\elll TE% C@&gaglrtéaéf}‘?bl%HP?\@“”ll?lpl%?‘m@f I d_ré
Il at all cro in 0 | hes_.and. dat a nes, . or ol de
ggta ia"i ng st?ucfﬁ?ggf nli?hleétg\mgé\%/mf%%r?}h?wmg Rk b%?%?\?/%# ?hveoalptra&eeints
I nventi on. OE kS ~a n nput Laut.pu ircu
as o OeFP 2ommery, Cal iy (RenrPRABLE] Sk A R R R T he T

present invepkheP-third embodimEh8- o82ths arbkask dhaehanoal the
sem conduct or device of the twenty-sixth enbodi nrent of the present

i nvent Bon. Fig. 4Fiys SArasvind|stodwidiqoriesn mfaddie -Seim oo dHed e

devi ce of the twenty-seventh enbodi nent of the present invention.

20 DEFAl tE® DESTCRY PrhiOsd Pl i RREFERREDhENBEOBE RENT $nvention.

Fi rst Enbodi nent _. . Hereafter, specific enbodi nents of the

seni conduct or Fi9 néhbiy 2Itemdma CE@ﬁtcgﬁﬁHlﬁﬁa{ﬁe ABAoY Y1 gedrear adrireont r ol

net hod . o% th resept .inventign will he _described in detail while_ 25
referring to"t %?a§%§ﬂ§%ngﬁﬁﬁgd?3§Pab§?nLT8?sF | PEGSERE 1nventdgBeripti on,
an expl anation w | beqyelaf agf&QBgOs’}meﬂé 508 reuit c%fpasoll% 8?@1%%@%%& or
menory devi ce however in actual opération . . .

21 10 fanednonscene achiEVed-ds¥ pd iRREDSY WIPd 48 ndlsSank gL A3t NI
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 semiconductor
memory element, semiconductor memory device and control method
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 portion

of the semiconductor memory device however in actual operation
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contacts and peripheral circuits. | Figs. 1(a) and 1(b) are

structural views of the’ sem conduct or nenory el enent of the first
enbodi ment of the 5 present invention. Fig. 1(a) is an POR Qbl i que
vi ew and Fig. 1(b) is a cross sectional view A sourcg Fajn
77 are regions nmade from N type polycrystalline silicor

hi gh concentration of inpurities. An SiQ2 insulating film 82
f or med. bet W AHONSoAF B2 Tl @R £ A &i Meory edpBhee aAsolbncorhanatings
havi ng -a thi ckness of 20 nm.and wi.dth of 150 nmis ' formed fromP

type pol ycrysta alcl% e 359 ip(,e(frfp&?rt% G it f ace of this Si
ol yorystalline stieeonTaed Pog SE) Grd it Acthrar wienS &F 071 | i 67,

pol ycrystal line silicon and isol ate

The channel ségiaRthdulRe?! aelidry elementh@Edenkr %Qr@?&e@mggfiﬁﬁgﬁfogﬁ_efﬁgd to
f g fii'ms8l. he

a gate el ectrode 80 by way of an SiQ2 insulatin

di stange bepwesenithinventiogat er} e¢l(agdes 80 apget b1alee! ¢isw ehar gl rap
area 79 is set at 30 nm Conpared to the structure of the
third enbodilrfimt isekatedss28ectliianerl oriewn wWAi shutbe Zhaané! aatifaime77

el ectric charge trap area are forned_together, the arrangenent in the
first embodPfEnfegions Radenfremnl tHeecRaAKEry$Badhdnehsibieenrvitichar ge

trap area " .. 9 separately, gives a greater degree of freedom since nore
des!ogn and &R %ngﬁlggfﬁf:f‘?%{i%g lé‘}pé“b‘t}t%aﬁ%ed?‘nAggg? tlin(,sthlllé‘rtln%flllao@/?gnt age
Is that the;hei n ' t tentd al_ parrjer, ar.ea‘can_be

artificiall ;ngggﬁn%ﬁngg%%tegeiﬁgl& i@r%]’éﬁ'%ﬁemn%{%gf}l)ﬁ drdin 7£n&%gé>?éﬂ5 ‘t fickness

of theo nsukabhag1f 78 MY AR diifess of 20! ARLLAE LAY 188 Lo 79
and the channel 78. In this ' 22
enbodi ment , folrmepof xorh iPat ype 5o e f ws teerh 1 osveyi 1ilkan bR HOUR 88 surface
of this SiO; insulating £ilm 82. An electric charge trap area
79 is formed from polycrystalline silicon and i.solated 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 SiO; insulating film 81. The dista_nce between the
gate electrode 80 and the electric charge trap area 79 is set
at 30 nm.
Compared té_ the structure of t.he third embodiment related
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 87 between the

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

21
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and drai'n but can also be formed in the opposite position. _ Furt her,

in this enbodinment, electrons are utilized as the car ,

t he subsequent enbodi nents el ectrons are al so 5 used ho -Q@MS§@ i

hol es may also be utilized as the carriers.

sem conductor nenory el enment of this enbodi nent, t he source

drain 77 are vertically overlapped which, decreases_ the surface areas
The size oﬁW@%n¥h§&@%%tlib argdeh si LoEned ueicEhaByt it 6PdCRg a

t t i N whj t ch | ' /8 tically.. th
ambodi ment Ay Ar2in Kt am @13 Bt ghet cient S0 fPRert £e, PRy Laber
nemor y shoraos can, he ghialned. e 2epsys ok egept ey hecgalLeenkn the

gfﬁ}‘o e sane way.

fol |l ow ng I'Ent™ are al so arranged in he
operation ﬂﬂ%{?%@iﬁ'@{@Bh%s‘éfqu@?ﬂtseﬁﬁgagm%'ﬁ% electrbis¥¥d also

expl ai ned. alhe vol tage potential on the gate el ectrode 80 i s changed
i n thes Wi st thfeassy quegidivnsholesandypidlso be wolliagedi asadhed between
the source 76 and the drain 77 and when the gate voltage is applied,
el ectrons azmridwsthe 20 polycrystalline silicon thin | ayer of the
channel 78 and an el ectrical current starts to flow. Wen a |arge

gate vol t age In theappihi eendeqeoqimangieheed emenfop Erthis epdOREETNthe

el ectric - char ge a rea 79 d the channe| . region, 78 becones, | arge,
Shd due to W SAHIE 18 RS Dreihel e T Ert at FOLY cPECE FORSSSRALCR, oo

t he potenti | er..of IS I NOmf L1 [ dinto
the el ectr |cgé% ezaiarrsgéesettrh%p sgiggc%gk%'a ?%éuﬁgg éﬁdﬂ%%slﬁﬂetm‘t g\%]/gr tsc(%t he

| argegg t hr eshal d &/al Uuss LIS RBY I oviding €k est Fh&ehrEUL A ERhi ¥A! HRe

decreases even with the sane gate
23 Hdragel Repicaut7Ofrims orewt i callg. ped carhed dnbodiamentof Bhe
aligning the memory elements in series, a greater memory
storage can be obtained. The memory elements héreafter in the
following embodiment are also arranged in the same way.
15 The operation of the memory elements of this embodiment
is next explained. The voltage potential on the gate electrode
80 is changed in the write and erase operations. A certain
voltage 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
electlrical 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 film 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
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size of this electrical current value. Erase is perfornmed by a sw ng

in the gate voltage in the reverse direction. The

manuf act uri ng process of this enbodinment is 5 expl ai nedngxXtbyusi ng

Figs. 16(a) and 16(b). Afteroxidizing the surface of/ t'¥S By
~substrate 86 and fornmng an Si Q2 | ayer . 84, an Si Q2 | ays

brder . photBlEeser G of lnfOF@agg(@@#?&é? PSR N FegrEnPRg R —
500 1 ayer s 458 85 Y Blpghiscad buPRinf SHUE” ) Bt TnertPobfied o7
collectively glfing in tﬁebééﬁg)veitﬁegvﬁn Ehsr?eh%r%% AR5 N the

| i t hogr aphy process éven in a Fam nate I"ayer ed) Structure. Next ,

af t er f or m nge am2Au PALBIRERFOPEocSEs! 8¥eEhigr Bhbdllimedli @3 is 15
performed by heat treatment. Photoresist nmasking of other

cryst alsl i neegplatnadireexieb{ arsiedy Fegyshilrey a0aanddd @ut., adfdea oxidizi?ri”@nnel
78 fornmed (Fig. 16(b)) by form ng a |ine connecting the drain 77 and
the source ¥Be Trfiane ohithefchypy Wﬁe 86 and fherding an9idalaye83
covering thg drain reglon 77, revents excessjve cutting of the drain

region 77. °SArt8Rwatds,l aan% n typg @3313&3@&51'837 1ing &%?@e@éﬁl‘ted)

t he polycryg 3'éi6§]_ con aQr E e tron ra reg 79 then
deposited af 8y Ehi %ﬁ ?Qﬁ ?Fer e ﬁ% fib REHNY |
layer 81, aE.‘szperfoﬂn%(&',p?:o@.‘?.g)&:|.3(r'§at @u:hgﬁ 561’ S'%é FHGr L?E@aqirl ed oo

phot or esi st I'ng and etchi ng per orne and The ga € elec
then 10 b0t NBAd a source 76, S@£8NH EBROEhNENtand Si0, layerfd &2, 1P{a)

and 15(b) are structural views of the nmenory
24 etbernfonfednas hiem Eidpodl éea) . ofiHdre fomsehtcolMertiivsly An
a batch) as above, there is no increase in the lithography
process even in a laminated (layered) structure; Next, 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 SiO; 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 SiO, layer 81, 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

This Sheet Has Been Replaced




source .1l and a drain 2 are regions conprising N type oe

silicon with a high concentration of . impurities. An SiffmRi§
insulating film7 is forned between the 5 source 1 and g:drailf
regions. A channel 3 is formed with a width of 20 nm and

of 10 nm from non- doped pol ycrystalline silicon on the side of Th

Sierr] insylating film . An electric charge trap area 4 is forned
fr(c)Im a ]pl ur&lliief\?nt of angithgg ﬂ'\z’ﬁ’gtl&elnitné’fsitlhiec@ﬁeﬁﬁntti éi”é@r\féiltqiil-?nf* _—
average size of 1 nmand i sol ated by neans of .an_insulating film The
channgl %ourgeagdaé\%egt fil%gl@h r §&%t F§ grngacz?mé’lxésc’“é‘r?nilgtté@eto the gate
el ectrode 4 t Si s l-AS U hN I . I_st.anc

bet ween thepgg' géglsgfgtlrlgg‘g g%l][c?@ gﬁtggt %i %ll a?&@zt%?’atgjazcﬁég‘ o 4 is

set as 30 NAmphRetee8TEMniSidoNshatheding FhemSi12 s ¥5rmehn§é’{:@ééﬂ_&lﬁé! m 8.
The point where the elenent is installed on the insulating filmis

I nst al I5ed | soureesdananday teoein 2 regibasquedtclearosl NnBnis formss with
particular restrictions exist. _ The. channel 3 and the electric charge
trap area 43aPadtdr mEd20 nm apdpihac&ngsisnofhild smbddiomenonkdepedr a net hod
for formng 20 anne]_ 3 and el ectric charge trap area in an

t h | . , )
i nt egr at ed pgﬂﬁprystalﬁ.gngmm OPh%l?e ﬁéfeb‘éf S %&%?nméZSéﬁa[@%ﬂN
f ' d | Ln_t suhsequent enbodi.nment.s. SO,
the S Qerr] o B0 eyegit Tharkd 2808 2Bep if & MSHA FeCR F AT and
the S@Er§81%c99§t_émﬂﬁé SPPVEA *Fazdcfi%lrészwiﬁ%e¥§“£§eﬁ§§85§{¥§§%g
cutting away of the drain 2 just the sane as related tor the |

| ayer 1on thé hmrasid £5bodit88 by means of an inEWA Ad EAImQf THE crRFRRI ment
differing from operation of the menory el enment of the first

enbodi ment &rendxplechbeilc charge trap area 4. are connected to the gate?5
next. In this enbodinent, after the carriers are captured in
electrode 4 by way of the Si0; insulating film 6. The distance
between the gate electrode and the electric chérge trap area
4 is set as 30 nm. The element is installed in the SiO;

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
Si0; layer in the first embodiment. .

The portions of this embodiment differing from operation

of the memory element of the first embodiment are explaihed
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the electric charge trap area 4, the available capacity bet/wegs
gate electrode 5 and the channel 3 becones snmall due to
narrowness of the channel 3 and small accunul at ed 5 el ect
are read out. In this enbodi nent, three stored (or accumul a .
el ectrical charges can be read out as a threshold voltage shift o
approxi mately one vol t., K However, by enl argi ng the channel w.dfh and
preparing nde&tsi| fRdmis embodimanty) pELETHERS | ST Afe CBPEREFAC R har ge
trap area, the 0 nunber_of stored _e}ectrical. can [ncreased
and the  the electrlt RBERR SR P SRS Ot ST e ARy T TR
channel W dip Al 00 ek 8k 6l agh thd! cAUhhEN! 3'BebbRYSABMa11 dye MBECS

the |ithography “process sinpler. The size of the el ectric charge trap
area is W thna Hriowardst RE toledlchabel RErfEn&mal11C3RA%IMW dtedn t hi n 3aF.
Accordi ngly, the room tenperature is estimated and even when

di st ur mancesldue rticallegharges axee rieakepuitnt oIactbistembodinmdéhe, ntimbee of
carriers for the el ectric charge trap area can be determined within
one unit. storeforesqeennylapedh@kEwir istach charggsecan e geaghobkcass
nunber 20 of carriers _or extraction of the stored (accynul ated) carriers
is not proné EBresketd vieldegs shydt ﬁEHrﬁiilQaEﬁﬂMgor}%VijrE' Howeyere
voltage in the reverse directiaon, . Thi rd Enbodi nent_. . .

Figs. 2(a) }a’ﬁ’d 930G e TRPE e BSH NG & g 11k W01 Sddrcon

nvention. cPystaaihod gERLsdhEECEs: ML Al i OUharge tr8BPRALAPNERON! Y

I n that the channel and ectric charge trap area are

integraj ed inin®edN8ruUstbraddel bt ri b8l (i eds can belinicsehoedranantiet h
sides of the source 9 and the drain 10.

26 Thie siateer italrefshio licherodlanyeelsharft ebactimied .chEnderyiag ahea 11

channel width allows a larger electrical current to flow and
makes thé lithography process simpler. The size of the
electric charge trap area is within 10 nm and the total
15 peripheral capacity is within 3aF. Accordingly, the room
temperature 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 nurﬁber
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 10.

25
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is non- doped polycrystalline silicon in a thin layer wwth an
t hi ckness of approximately 3 nm In this enbodi nent,
undul ation of potential within the thin | ayer of 5 pol ycr
silicon of less than 5 nm average thickness is utilized an
natural form ng of a channel and an el ectric charge trap area wt
the thin film(11) is al so utilized to provide the benefit of a
smal | strucTheanatrgialt dor the chapeeht3pd skesooih Copdcattire 282 an be
manuf actured with 10 a .sinpl rocess., .. The size of the crystalline
parti ol es | kS Ron-agRed BRTNSIRIAL ME Zppi6 Pt 813 SRy SF St TR A si ze
can bg %%Q%a"‘éﬁi‘%)@aeaé)é’%tf %ng&gmseehp 506 ST 9gveyBs Afecti ) and
the size of °t he espective electtrc charge trap areds s about” t he
same (10 nMine dpPastic undflPAH I G Potle@RliWie witniRatnBYth PR M Nkt Rr
channel and el ectric charge trap area 11 on both sides of the source
9 and 5 pbhgcdyat 8l 10neasil byoropf r Déss NghaMes G exvad tjd adel dikhedde

wi dt h of the channel can be effectively doubled and a | arge channel
current canibeutblazeddandintheasahyrahefohmmangl offi aech2bnelwedthaand

i ncreasing the electrical current value generally . .. results in a larger -
surface areBleSFIdy PuRremctEaPsafRRintiaiRethe thin fidme(3]) thfe aisuct ure
of this enmbodiment. .In_particular, .. Structures that.integrat he
channel andugﬁg‘fﬁgc‘ﬁ FEd ﬁgltegéﬁe benefit, 9% 2 esé“‘ﬁévéitrﬁgtblrrgbgg?ﬁf _hftaﬂr
sinply incr échEi&Heaﬁ'sz ot t erfiperat (e CHRINIEL 5 4V L q?érﬁ{@c‘é&e%]%l%

t hreshol d vol tage uctuations due to capture of carriers. 'S

probl agn howgveimple pr&&ESs NOITHICWilzd bt hheStddtiy e i8fe & e nt
since a plurality of channels are nutually isol ated.

Fourth Enbothi®enémbodiment are approximately 3 nm so that the size can

s
heI 5 4:)

be kept within about 10 nm even in the sideways direction, and
the size of the respective electric charge trap éreas 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
results in a larger surface area (size) but there is no increase
in size in the structure of this embodiment. 1In 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 capturé of carriers. This problem however
does not occur in the structure of this embodiment since a

plurality of channels are mutually isolated. |
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The fourth enbodi nent is next explained while referring to Figs. |

3(a) and 3(b).- Thi s enbodi nent differs fromt

enbodi ment in 5 having two drains, and a three-layer si

drain (1) 13, a source 14, and a drain (2) 15. In the

this enbodi ment, a nenory storage anmpunt tw ce that of t he

enbodi nent can be_obt Wi t hout increasing the surface area.

(size). In add|t|%9P¥{¥ 9185t the source 14, nmenory 10 storage is
performed by the ﬁ'?é"f%%zjc% ﬁggdglrn@kx@ J.ls Je§<)t égglalned \L}bflgr]:ae?é%:]rl%@g

el ectric charge trap area 18" connec n-and SO

menory storggeFiésal§pape5ﬁ@rgpg by the source 14, drain (2) 15 and
t he channel and electric charge trap area - 88 connecting to said drain
and source. The t7wi<haihedsméel dibferel £ebmi €hehahgedt empoainast16n 88
are formed (deposited) si mul t aneousl y.

Thei rf @inct | baving ftwg deebyshepodi @ idnade-layer structure of a drain (1)

rel ati onshi wnthsourceanddraln Thesej oi nt |l yuset hegat e el ectrode 17
but only on 5|§j§OU§C@ab$b|%n<6fa #rede 4A8 B asdn the 565%?5#9@%931”@#%@ ng

oo e 3SR bl A0S i G (o B Ve
canbef or medj ponghat eh LGoLL iog;t'ad,g'léa withoutd ééargcl%%te%e $@g9§£e Wl

el ectric charge trap areas re al'so capable o

col I ectivel Ysii’éﬁEdaInt RIS Y Soint ug@%f hayadvatage 4 hq{lelﬁg&e%nunber
of process steps can be kept 25 small. In this enbodi nent annel
and eliect ri steéhaggeis perfdrmgd abEaiersourdedrat athd egetiter: buts)t ked
channel and electric charge trap area may al so be forned separately.
Fi fth Enbodthewmthannel and electric charge trap area 16 connecting 28said

The fifth enbodi ment of the present invention is shown
drain and source; memory storage is also 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 functions differ just by the positional

relationship with source and drain. These jointly use 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 collec.tively formed, this structure

has the advantage that the number of process steps can be kept
26, small. In this embodiment, the channel and electric charge

trap area were integrated together blit_ the channel and electric

charge trap area may also be formed separately.

. Fifth Embodiment
[
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in Figs. 4(a), 4(b) and 4(c). Thi s enbodi nent diff
first through fourth enbodi ments in that the source afi
| am nat ed 5 structure and that the gate electrode is cha
having a | am nated structure. A source 21 and drain 22 are ;
I solated by the SIQ2 insulating film26 on the outer side of the
| am nated gate electrode (1) 19 and a gate el ectrode, (2) 20. A
non- doped pol ycr y&hgl fifthsembediment mf ithe pgesgntipnvenpinBdis rphpwn

t hi ckness of approximately 3 nmin shape j oi ni ng t he source 21 and
the drain 22“0%19Fde4§6r)f'aééb6f aPﬁ‘e%éFd’err] insulating film The
functions of the annel . a | ectrl h e-tr ea are. fulfilled
by a thin-fiIn123&H+ﬁeemb°89m§8?yéé;g?gfIFﬁ%ﬁs€$$c%%F%¥LéH§?$§%:ff?ﬁﬁ?

extrenely tghBogtientsO4AdthIRPeAcCEYBLAL! LG BRGIKG! 83ca8016he HEREAShOl d
vol t age I's high. Du f I

ring application of a gate voltage,

only the thisarbicklire and RB&LI @Redbatbeelcderotiet he ghheaclestizede inhows
el ectrical conductivity, and even though thin-film 24 of the side of
the 20 ghbwiebeat Llenénatedoptandtume.t M nsdutae 251 and hrsindedfanehe

gate electrode 2 (20) are isolated by neans of etchi r_lg, t hese thin
films f orm EREMedsire tised alieghhE| thafd Cel idutliat igytafgém 26 on thepuiisss.

ly. f o bi f i nf ' '
ol ement - canShe st EOFrAn RREddeee Dieet dndk 1) dekani] 4 APEC SUSRRAR ar o
| am d i I I : d hi t.ruct
nas. | am nat Q4000 eodt mor toped golBReSar TR R REOR ERinc iRk R e 1 °

[\ﬁgﬁvg@ugsef%mad in a tRiERAEYEC MULGHY HOIMAL Y 8l ¥ | BTLNGL £5e (F1aks) more
REPLACEMENTtBbEEburce 21 and the drain 22 on side surfad® of the bapgrs is

difficult because operation is usually not
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.

During application of a gate voltage, only the thin film
portion at the side of the gate electrode shows 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, thése
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 's'ources
and drains just as in the third embodiment however use of a

structu:ewhichcollectivelylaminates(stacks)moréthénfour
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satisfactory when drains are jointly used. The structure of this
enbodi nent however, offers the advantage that the nenory
-capacity can be increased according to the nunber of 5
el ectrode | ayers. Si xt h Enbodi nment

enbodi ment of the present invention is next deigrhbed whi |'€
referring tao, Figs a Thi s enbodj pent is a nmenory
el ement ?or ¥ﬁ¥é%§uf( J%éi%ﬁulﬁipec§4ﬁﬁtﬁﬁ%r%ﬁl?%fb$n%§?%%ly TP el enent

nh d I h t h I t
ot the't i repdtiSractagy BN HANG peerIBERRAT Mo 1 a”%&%?ag&weﬁepio”e”

pi eces, th1§1gmv>erlmtem% ABRufact %ff@rgw‘eeéavsgtg% %%t!%}e mé 8 'S
SS O

different. he manuf acfuring proce next
expl ai ned. Tdm)maée/mple@nt@r ¥ahabki DBcsbhbe@natdyLding Neo SiHd ‘?i'i.ﬁn]oer of

| ayer, and the n type polycrystalline silicon |ayer are forned

(deposided) addslicpassialecttale cdyrrzsng of the p type substrate
surface, photore5|st masking is then perforned and 20 t he source 27, the
drain 28 and the kﬂ%ﬂrﬁthﬁAﬂengz for |solat|ng t he source and
drain, are then f a rhin Si 3N4 % with a thickness of
15 nmis depositeg'r Q%QQ§ toedr Fe resep&yépv§2t&P§OlHeB8§Fted.

Af t erwards, et e S err. er nd th 3N | ayer is
SCJyrig-:‘toresllhj‘s ]}on Jnr?aq{ E‘2]593 ? @

per f or med af attern including

t he stepped porti qu‘u%f eﬂxﬂ@d?ﬂ@ﬁt is a m%’rk%%p ijén?érpt %Z)r(é:{:grl é%)t) 1ea!@e

side surface of the Si 3 | ayer en appears at t
a 3-nmalepodiwo bits of J.ar@rma%if&f redhen el ingnS %N‘I:u'c%h@;*e Qﬁo)thlét th' 5
ti me, when t he | ower

| ayer is Si dwbabnpartedstessdrenidhkby theesaheayas the element of the third
embodiment except ﬁhat 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 silicbn layer, the Si0;
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 Si3N4 layer
with a thickness of 15 nm is deposited (formed) and an SiO;

~ layer 32 also deposited. Afterwards, etching of the $i0, 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-5i is formed on this Si3N4 layer (30). At this time, when

29
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SiA2, the time is long fromthe start of source gas flow unti
silicon actually starts to attach to the wafer surface,

al most no a-Si is deposited on the Sierr] |ayer surface.
Accordingly, a fine a-Si line with a width of about 15 nm can
formed in a shape joining the source 27 and the drain 28 :
surface. of the Si3N4 |layer 30 surface. Crystallization S perforrre
by heat trebtheehover kakem-isi Sighd Fh@p@hr@ﬁlnélo when thenktbw¢ectayer disar ge
trap area are integrated jnto one piece. Af ter depositing (fornming )

of the Si q#+Py tAFeting 1t HonW tfiﬁél the St%ﬂ&ﬁfﬁ"‘&lclel ﬂ@ssﬂ?"&dﬁltlldyer i s

d d, hi f d t t
el botrode (TS BAESHFEtTaLLY ety oth 6550 & NSl et Ty ©
In this enmbgdiypnt 1a1%%%r){osé-0§99.% eag%leg'af eﬁr@%@l@g 14;er £Agh . the

two gate el ectrodes 29, 34 and a m ni rum of ts can be stored.
Many bpts CABcOHEdshELY DYEids BgSi 1memuith a/ahtutrsb&r ageutThs axayEy e of
this enbodi nent is characterized by being able to formfine |ines
wi th good cbatfotmed in a Ahape wWdiniregluchegsowreerd T armd thheooaim 12§ anong
20 sem conductor elenents, a large threshold voltage shift can be
made with aoRridld sHufbBee of tb@o%%ﬂéﬂ@dt@rmﬁ@ suunfaqzﬁs Crystadpfigditiom , a
hol e was formed in the shape contalnlng th t epped. portion on _one
si de of theléda%rB?ﬂPﬁ% Ry PO FIRAWRE of the rﬁﬂ%’s & fihso PeMSimed on
bot h S|des nnel s and _ 25 electr] rap areas forned
and cont roI h?feevc tcﬂnarge trtaI?ea§§ﬁeagﬁeﬁ?f835§£g$h1‘%tgt?’l?ctpd‘regei's
charaggeri z efd T I r C ined.
Fur t hat. ..ﬁ?ﬁéf‘ At ing R O O S 5 O PR 50 o e
stacked in pgDycrystalline silicon layer is deposited, etching Pkrformed
| ayers however a three |layer structure for the drai n 1, source

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 minixﬁum of two
" bits can be stored. Many bits can be stored by using
multi-value storage. The example of this embodiment is
characterizedbybeing 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 aréas formed and control achieved with
the same electrodes. This structure.is characterized in that
a large electrical current can be obtained. Further, in this

embodiment the source 27 and the drain 28 were stacked in two
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and drain 2 as in the fourth enbodi nent may al so be used,
hi gher density nenory storage. : Sevent h Enbodi
The seventh enbodi ment of the present invention is next '
while referring to Fig. 6. Thi s enbodi ment differs
enbodi ment 6 in respect to two points; one is that the channel arnd
the electric charge trap area are forned separately, and the other
point is th‘aayells)ho_wbmehr afthtee dhyemes sracturenfonitheddbginhke, saverogat e
el ectrode .. The advant age of separately form ng the channel and
the - %m%érafte TRErAGet e d0UaEaeTROGHRER R MR Yo 1 $ANE Wepdt €@PR&YLE he
first enbodi Furé her., £y a characteristics of this enbodi nent is
that machi P hd d$hé ed}ﬁle CITEAI S FFFLE 15 si nplified by neans of a
structure in whicy : de - 35 controls both channel s

f or med W|th|nthe sarre %%&iﬁéﬁ The difference in this

manuf agt uri ng pr agRSsevehEUSehbB8lifént of thd PeeSkbxthi SPLRELHENM s Jektt he
steps in which the thin Sierr] |ayer i s deposited immediately
after deposdésawibdd twiel lcharefdrringl t20Figt he. silicon crystal particles
for the electric charge trap area are formed. Ei ghth
Enbodi nent This emphdimegitt 4iEfbodifmon egbodisemte$eim revpett @o i S
next - descriped while referring to Figs. 7(a and 7(b). 25

In this errtﬁﬂﬁ RN H7h OO t%g sheosed and the elpgttaiiosehpaget i ons
of the chark and the electri.c char a are dlffereg‘t from

the sevent h-EHb&diSReRte ffﬁémﬁgl ﬁ?garggeﬁ.yr n20fi The ¢ a TamAdtt drs §§3¥r ocess

8' ffew f r%él’b%fsﬁﬁ(é r&hannels are controlle%?y the sam%t%adterrgrlﬁgctrgde

descri bed ML . Thet Bd@a@lﬁ&’é J)EY;@‘épé?‘f'aﬂ\éH? forming tHIHIERS YndlPham is

formed after first formng a source
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 i:hat of
the sixth embodiment are the steps in which the thin Si0O; 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 channei and.the electric charge trap
area are different from the seventh embodiment. The points

in which the manufacturing process differs from the sixth
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and drain 37. An SiQ2 layer 40 is deposited in an anmount of
differs in the further step of depositing an Si 3N4 5 | ayer
anount of 10 nm Afterwards, an SiJerr] layer 41 IS X
phot or esi st maski ng of the hole pattern cont ai ni ng- t he st epped
portion in the end of the drain 37 is performed and after etching;
t he manufacturing process js th sane as for_t si xt h _enmbhodi ment .
The t hi ckne¥®Aingpt are fgscrapegepssits 4 fsfélcna%l%“‘may% 4h|W§'t?’ a
structure, j.n the Q ; e L3 qﬁg- i t i of
t he channeltl?lhc}%\nes%%p?gtei% nm lFhfa ijg\%ﬂgnés@?%% %?raél@n “gir?c? %o&%ggc 6g§n t he
side surfacg, @fqrain 37.1h&nSE304 1AW 43B.1 AURIRGIHLSL i§1aRIBmbLAR BE€a S
formed at and drat ne si de Sf t%lée1 other Si 3';LN4 Ie?yer 39. J'This s%nructure i's
15  char acs e 288 4 fFRHNGr0e0@ orithelr efepherddsbanie ibet waesi3Ng the
channel and the electric charge trap area. Ni nt h Enbodi nment
The ni st h endpsht BENtinoant amopnesentld mwent Adbervandst an SiOgdésgerbdd while
referring to Figs. 8(a) and 8(b). 20 ' In this enbodi ment four of the
nenory el enehtdepdsitrd, photdresistermagkimntohrharkaledatv®rnf these
el ements are joint| for the soyrces and drains_and two are_jointly
for the gat‘éml’taln”gq & SFEPPEELROFEL OB 1RohRe afRCA 19 hdG éﬂrﬁ(ﬁ’ssgjl &Susi ng
t he two_drains _42, for_the data |ines._apd the tw gates 4 25
47 o the REFEPTITEENT 3fEeh T ing SPenARE TP RELYORT TEos T B8ur ces
and drains e Dfs | s OFe K e%ﬁk?&?ﬂneﬁ@.e HE]M i cknesOlo LIt lERLS

y the el

control |l ed 1 ata l'ines nay ncr eased. urt her, the number of
el enenpys JOSi“d%?déﬁtngstBétgééfs nm. In this structure, in the process
REPLACEMENT SHEET 33 el ectrodes
may be i ncréasekpasitdsigatbd, at$e, mimbbe sideleimthieschannel comta shkpd by

the word lines may be increased. Increasing the
that joins the drain 37 and source 36 on the side surface of

the Si3N4 laver 38, an electric charge trap areé 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. B(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
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nunber. of el enents as above al so yields the sane results in _ t he ot her
enbodi nents. A nethod for back stanping using netal 5 naterLaW&&‘

instance Al, W TiN, Wsi2, MbSi, TiSi, etc.) is avai | abl

to |l ower resistance in the data |ine. Thi s back-stanpi ng ne EEN
be utilized in this invention. Back- st anpi ng (repoussage) of neta

mat eri al ma al so utilized to lower resistance in the word |ines

in this and®t ﬂEtr‘_’Lges MFhRE 1B ERATRNPE St e Dr ERetunkReAfiigments

nth e t he resent |n entlon

T O %kBRE o1 ed by the It LT ISR TR e g0ba Mo @fﬁismg
In this enbpdhBEPt of f OHEMSEtL NEs NBIDGY £ & nfélc?; de sa]rée
e Ore s - mq e in

enbodi nent are arraye two of these el ene

source, dratRe bt nBbAiReARd. tV\Qn@t@f&ﬂE%r back s%%ﬁl;ﬂlwgn&éyn{;%e dﬂe gate
el ectrodes. The polycrystalline silicon for the jointly uSed drains

and gates cmatéeiali({faednstanceadli,sWfoTikheistat, ambsaesTasd, vetd. ) ies. In

this enbodi ment, 20 control is performed with a total of four data |ines

(1 - 4) avaijgablglasral nekhbdite Yawe s remics vanck |imehe)daEz dlilneni ng

ei ght bits or nore of information to be stored. The data lines 1

through 4 cORBRAFI TR GRRTdRd ren F?IeoH‘ghllf;Eeénlltl H’éncﬁ amviegption. jn
e.sanme fo ubsequent |y

elated entBAtReREETPLg ThrROuREDue fent mehal Raterfy B8Ry  a}8p BF (he n
type pol yCrd@iﬂié@%é?bb%%erééﬁﬂéﬁég 1rr a>1;1eer{vﬁ1é qer?eé AYCLR1 agné ?% dat a

lines (1) 48 and 3 (50 e source
and (3p 53, otler taoddM&sts of the present invéAYgénhas the data Ilne (2)

49 and (4) 51. The contact portions of this enbodinent are
al so shown Tenth Embodiment
The tenth embodiment of the present invention is next
described while referriﬁg to Figs. 9(a) and 9I(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 polycrystalllne
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 correspond 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
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in the.drawi ng.” The nenufacturing process for the contacts S _
expl ained next. In order to first formthe data line (1) 5 and data
line (3) 50, the n type polycrystalline silicon layer a 107G
are deposited and in order to formthe ~source line (1) an
line (2) 53, the n type polycrystalline silicon layer is L Beey
Here, a hol

' b tti first hole_pattern 56 in the
type 10 38&56r9§EaFPgﬁgg§F¥#3§ﬁ kggeggfé%%fdrﬁiﬁ&'thflsource Iines_§;)
2, d (2) 53. , f ] Lyst ine silicon
Faye?nfo§ %prning¥§%ec§é$§§Tiéé£?{§bénggﬁg%(§%k§§}%%n% areﬁZ%%%dﬂH”ﬁble
P or i gt hesenaras) EpakiifgPo e Mflgd Qfullig J¥ocsss follXhd Montacts o

Si @2 | ayer, ishegpTaihedtheety fmf mwirdert ke garat form th8egafadl SEUITCH

|l i nes, the shapes (patterns for 58, 59, 60) are machined for
connec®i ng é8chndodabatlpaet €3h 30, ttiee contygmd polycriysercdl nihe Asl ixdresul t,
the data line 2 for shape 60 is the topnost | ayer of polycrystalline

silicon but lp¥RrsABPeSEQ: thayepmre piﬁgmyts@@anmeirsiomim n'hcs faxm amml/ and
no | onger present so e | ycrystalline silicon of the source |line
i's thegtopgﬁgﬁrce ln?a§é?.ggu?gﬁe ourfeshipe 58) PHe BBEyBr §¥PAl|ine

silicon forp°l¥8ﬁ¥%€§f‘g%g éifﬁ%ﬁaﬁaﬁi lisa%iefg?o%si %Idycr g%%lel grheo eiliiscon

for the I'ne are onger t" "an

pol ycryst al hh8€ bg5cut8ihiCansets8ahalli periePAWsEOL B chAe ! pppRSt | ayer.

Accordingly, there is no need to prepare a separate process step when
form ng thepobptagstadl enersiQadbr a¥9er fid¥e formingeme! isdtlrdd NgnE aaess for

the contacts is also valid for other o
35 | 39 ereed (2 hdidhat Yextstafiomifesming tloe ni tgpamed yery S lutiind zed
'nal ayeregif}_éggt]lhj;}?eguggr afso;It?{né ht?hgaéftfllefgésOdeS) I4n9 tarl'led (4) 51,
a second hole pattern 57 is cut in the polycrysta'lline silicon
use for forming these data lines (2) 49 and (4) 51. Next, after
15 forming the Si0; layer, when collectively forming the data
lines and source lines, the shapes (patterns for 58, 59, 60)
are machined for connectiﬁg 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 59 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 fofms 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
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fifth enbodi nent. OF course other contact manuf act uri ng
ot her than nentioned here may be utilized here and for 5

enbodi ment s. El event h Enbodi nent
enbodi rent of the present invention is next descri bed while
referring to Figs. 10(a) through 12(b) and Fig. 17. 10 .

Here, eight_ nenor | ements of the fourth enbodinment are arrayed in
4x2 patter n%iayﬁ“ﬁ%gs‘gﬁf“&é‘?tteﬁé Frefmturemgndneeyiashance may be ytd

j oi nt | h hi I d )
oini 1) sharie ppyeRes, FERIRRLEe Reh e YorOthe gars o1 EotfoRet h Fheon
ointly sha el Sfrert $7& ° Bargef 7

be Ut 111 zed: HoEhanaa i RERe, PIgE Itz bendl oohedtr IR ATREE Y can

‘pol ycryst al héfigogs Idttdr EREN ment iokleddeirdd ﬂggtﬂi@ dehnae daners 4 st ch
(collective) etching is | ayered fromthe bottom|ayer in the order

of data |i nehd,oshher cembodimentsne and data line 2. This enbodi nent al so
shows inclusion of 20 the transistor section for selecting .the data
line. The cell Eleventh Himhresiment 61 encl osed by the dotted line. Contro

in this embodi nent is perforped by the four data |ines 62, the four
(sel ection) transi% &reyarss FaPdMene AfoFieRTRSGU LHVEPLARN 1S nexdt ori ng

[ [ its . ...an ' f f
contacts andeperrarekite TREFTE R o9 odBcB chron 1210 &aE G (e

menory cel | jf¢lecreases. In particular when form ng - the source, drain
and gate as a |l ayered structure as in this enbodi nent, it nust be

takeniont o accourHeddakibbtméror @led@ments of the fourth embodiment are
36 contacts and peripheral circuits will nmake |ayout inpossible.

The struct merageddxt 4elpbat rechsi Mhle anpeoosl, ytie tdrdihel and the drain
manuf acturing process. First of all, the selection transistors
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
depqsiting the three layers for batch (collective) etching is
layered from the 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 féur
(selection) transisﬁor 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
[ '
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are formed on the silicon substrate (Fig. 10(a)). The referenq
nunerals 66, 67 and 68 denote diffusion layers. Qher ' 2
circuits are also fornmed at the same tinme but only t trar;ygb’,?ti@&§§§ ;
to select the data |lines are shown here. An oxi di zed | ayer—~+s-2Cep a4
deposited (forned) after formng the gate el ectrode 63 for the
sel ection transistors and a nenory. cell 10 Is then formed on the

fi el d- oxi di zedthaysrand petiphestadiodifronits will frerke hgyohe iomddsgidrte.on i s
the sane as in the fourth enbodi nent and hereafter only the

di ffering points Zhe structuere Bsf bt explainegedmuiligneeasd vt ypeh the
polycrystalline silicon |ayer for _the | ayer data ljine 1,

. bot t or
phot or esi st "ARYERRGUSADIRF ARG zEdr st all&ye’ﬁ'h%ﬁg&@f: RPRG 5 & Het¥Wrhed
and a segnment 70 of the diffusian_. | .a .66 f the sel ection
transi st or F§ee£%’3%ee OpR St IEBV)S.ubStraté/Ei%lg' %éa)c)o'n{rlﬁﬁura%éieoﬁlerbqethe
manuf agt ur i S&el Se§h ' B L1(a 11 SAf ter
f or mi n% theﬂ_%m%%%gg Be, 69’p§¥@crsgsfjgflloilt%e?ésliql%iugér;igl g'fg’%qfsd_rb?hgrﬁottom
layer data LiR€phdPal direhoterfsd H1smsbriadand thesaiching het Raffpr med
on the oxi dized layer prior to formng the n type polycrystalline
silicon | ayehef arahbessousceol s8tedt theFtgtall{nges &tk tdleswn here. & er
formng the n type polycrystalline silicon |ayer for the source |ine,
the SiJ errpxidyeedapdyehein dgpespbedck fermed) neftes fowningdrhe gyadre f or
the data line (2) 49, etching is perforned . of the polycrystalline
silicon | ay8hecsrodRebdafer |t selectdion transisteashard paeRFsY 22 5hown

} {‘nte;‘_eloggﬁ;“;gggﬁ%lo,o%@ﬁqf%g BEL' ¥fe1d-ox:1 LSO, (W HALAB0d .8
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pol ycryst a??F%@ggwtﬁ%egkgg%%}gldéar?gsﬁiqgéeggﬁg%qgnﬁiggg%gr%&ﬂ&r{p si de
of the pattghg REPUErbYr'BhEYCHRE QUFPERAIndlpolfs 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 segment 70 of the diffusion
layer 66 for the selection transistor is exposed (Fig. 10(b)).
The continuation of the manufacturing process is shown

in Figs. 11l(a) and 11(b). After forming the n type
bolycrystalline 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 polycrystalline
silicon layer for the source.line 71 in Fig. 11(a). Further,
after fdrming the n type polycrystalline silicon layer for the
source line, the SiQ; layer and the n type polycrystalline
25 silicon layer for the data line (2) 49, etching is performed
of the polyérystalline 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
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pol ycrystalline silicon is al so di sappearing fromthe data Ii 5 (2)

49 in the pattern section shown by reference nuneral 72. THISS Af t er
collective form ng of the source and data |ines by mas'ofR, ;
above manufacturing process, the data line (1) Is direct G 4

to the diffusion |ayer 66 of the selection transi stor without a

nmetallic connection so there is no need 10 for 'separate w ring and

cont act forﬁpﬂaéeptéﬁés@é@hm Qiﬁé:he souras anék dpEachin®s, nBlyRLS e} INGwhi | e
at the sane tinme usin nuf act uri ocess. The shared
source |i neE°éV€rﬁﬁFﬁgM9e s:Ll:Lcor} 8Pn‘é1beng?tﬁo}%? J&Saﬁ O tRE |§XTHT t he

pol ycrystal | the data_line 2 has b

d
section (GS?IlHelgf t%ngat]tgﬁ?l gEOWrPXgrﬁggﬁeHSF Bgmper or%teage}éﬁ tﬁgta
section andpolycrys&?ﬁl§H£fsqclﬁc%rpfs Gy t%l&%%[%@ rShd "E?:Bi'hrtﬁq&aHtQQ.ﬂH’eOt

smal | . continuation o acturing process 1s shown

in Figg. 12(2) 290idHY paAfledn kethids tRewdXbdi Z&fel&y®E numeral 1he
pol ycrystalline silicon and machining the word lines, a 20 | evel i ng

process and form Agtet evlbxctivedféeyengasse ueefsnumb_ and dat@ndeirndse
contact hole has been nmade, the netallic wire line 75 of one layer is
formed as shyweams torfettdemcn@ muaguflazt(uac)mg procegse tha dattenkige)(123 and
di ffusion | ayer 68 for the selection ransi stor._are thus connected.

25 1ﬁ|dglrelcﬂyscan@%*égdécec‘%%ﬁhérfa\moa Jemgelr ﬁﬁe?@\the@edf qfiipn
12 . Ho t | t 2(b),
the et al || EERPPLAGOF oY theE e Mt TiG SRorEtscar Sgapacte™ TS no nged P10
wor d Ilne 6%0? ngglrm:gdﬁlfgfx?hgﬁd 8o QQE%CE?Qﬁ?ﬁ?hgroc sses and the,

38 rnt fusron ayer ection transistor
and the secgpdyupBhak!ddn Be HalR FRa PERHANERS: 2heSiE tifleldfing a simdligure.

As a result, by application of a voltage to the two
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 (63).
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 leveling process and forming of an oxidized layer are performed.
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), themetallicwiring .for the selection transistor of gate
63 and the word line 64 are omitted. Further, a contact hole _
[
37 |
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‘gate el ectrodes of the selection transistors, the netallic data 5 l'ine
62 is electrically connected to either the data line (1) or to the
data line (2). The structure of this enbodi -ﬁ#ns§H35 3
scale to easily illustrate the structure however ifp_an @g allAsrg
device“the data Iines and word |lines are nuch nore nunerous.
| ines and source lines of a typical arrangenment wl| nunber 1000
lines, and isefomed inrnge diffusiobelayér l6nes the selechiibh Wz istves
formed for the selection transistors as shown in this enbodi nent.
This structand the sreprdaseidllibpvehringe’S performed dershen oimsthe

bl ock. A plurality of blocks, with mord | i nes etltlvely arrayed I n
vertical |y EbASFEt A% 3 HEeHbhor \OY 2PPlieatien Qﬂeaé%$ %ﬁg%t

(1 am nat ed) dgta | i nes

the ext er naP25F &€ Sftrtol‘?%s oa"hebﬁ%]c?cﬁlorﬁglrﬁggg% lolfgﬁet\gdf' ?‘&ﬁgf‘%’:& o on
plural Lty O;énezﬁf 1@EE§EEEF%QQ%%g|b8ﬁ eE?E C#h Qﬁd Eufiﬁg (ﬁ)

connect ed. a resu |nes equa

the nunber or o heddieal 1988 f 9§ .o0ne bI ock WI Il be SuffICI ent. A

particul ar feature of a structure such as in this enbodi ment which is
separated i nto blTiek dtricture idfathdat embodemeh@rishen a smalposyslydal | i ne
silicon can be kept short and the resistance 25 ~wll not increase.

Twel fth Enbedsikntillustrate thhstsucuerarikowévehein vt fadtwnbaotinmemt of

t he present invention is shown in Figs. 13(a) and 13(b). -

39 devicehihke dfctilddifts @k ¥PT% LaRLEHBLE| #‘?ﬁhé%’f'ﬁhr%%?ﬁr%%ﬁ-y

th the dif f th bstrat til d a
R TN RN MRS T T NS

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. A plurality 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).
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The source line, utilizing the substrate surface is easi | 5 shared in

each cell. This enbodinent is characterized in that little
resistance in the source line 74 so that the pol ya

i's reduced by one | ayer thus shortening t he manuf act ut

Thus, this structure having .a source line nmade of the diffuste
Iayer of the substrate can 10 even utilize the el enent of the first
enbodi nent . This embopijimende il fesSofragnthe fifth embodimantsonddt ure

f the thirfeenth enbodi tfth t h

2 g "5 LSRR o S B e o s e 15
| t f

a0 ko T STl 8 o B scon,

menory el enppt e&g g&n}?{a(e de\YtEffJ.?f.nihﬁqé’@éﬁ&ré@é‘%‘ﬁf?&‘ce_1s cadf &, f ormed

on an insulatin m'so that a stacking or overlTapping s acﬁleved

that ig di féx@as&& il QECHEABLY, eleie RiboddGent! QENEEa PAct 8L S8QSTIH ahat
surface. Another characteristics is that the stacked structure all ows

a further htigérelepy detifle resistahegr dhi the soutberlimde espludgtnghiehi s
ki nd of stacked or over |l apping structure, the channels of the nenory
el ement andpolycryseabtinesiildieonfia hedpreddnt onedavsrobhyes shegtiegingso
that 25 conpared to a flat structure, the upper and | ower |evels are

not easil|y SRRCBMRFERELYBHLRGVRFQESSS f cLRES f [ bt ? het GAEkUTe havingcerodes of
the cells.

h
40 sourceling Aadt ok Bhe: FLEFatT PBehRReEBhd i AUt TARE SP%sent
I nventhon Ié’V £|O\\.ll\€ll Il%{ %e éﬁérﬁént} héPuQ}};le Zf'lrst embodlmentA structur al

view Of a por I on e nenory ce array
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.mémory 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

e
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conprising the nenory device of this enbodinent is shown i
18(a) and 18(b). The state after form ng the channel is
Fig. 18 (a) while the state after formng the word |ines
Fig. 18(b). A data'line (1) Al, a source |line (A3)

(2) A2 are made ofntypepolycrystalllne silicon havi ng a hlgh
concentration of inpurities and these respective 10 |l i nes encl ose the
Si @ insul ating fThestanctags of @h@efomrtmenth embodhmehttdDihe Chamraits A6,
A7 are fornmed in a thickness of 2. nm and wi dth of 50 nm of

non- doped pbPV%P?éP&IFFn@hQWPléBnFéES 18 (a)t Reropgk éf- these SiCQ
Insulating filns A5. A wor.d s . forned ly at top

and bot t om of poI@c%tyrs 45 Visy O%S?I?%W%d’fl $5EPER°H ‘ée taéflray :
a_li.ne

structur ot SoRPELE LG Bnd mSEy device'SEOSIE Lol 8 WA S ng

two wopd || fegsi S| ENOMANLNS (b) . TheBHat %ﬂ?é@{lérﬁ%hvwét Aot ual 1y

used has nany data d word lines he menory ce or med
of two uppeshéwsd ilroreg. 120 a) hﬂﬂEéS:lﬁ%hat\éfaffﬂceQUfoﬁthﬁét@@ﬂé?d@'l%e‘ss
capabl e of storing at | east eight bits even without using nmulti-bit
st or age. is shown in Rigi. eW8 (i) t IA slaster idhar €1 f dm sheotiope i Sirshqw3)i n
Fig 19. The data line (1) A, the source line A3, and the data |ine
(2) A3 are 3DASERLYdinectd) # (m@yladamﬁ)wtng:etp@lzgrya*celhmaslz.acintF(Z) be
reduced by a correspondi ng anount., The Al unjt structure I's

This str u%:lt]iﬁ?‘él%%lad 1gh& qut%a&]t%f’ftﬁ%p%?%ﬁ%and thegg é’&SP§|Ci—é)Vef or

one ¢ b s gngg enclose the Sl-B.l 18Qeﬁ.a§:|1191<r_:} &1?'&4 r’er(g)rlyn %Ir%r’re from

expl ai ned u5|

REPLACENEWtI%‘@ttom Channel':é %6 2% E gfdgéti NS f{H{ S Je2

potenti al w t hin the extreme ayer the po ycrysta I|ne
silicon arenm and widit&sSbEC56 it lﬁﬁtnaﬂ @@ﬁéd%’@%cf@é!\tzppiﬁ% i1 JRP on
constituting

the side of these S5i0O; insulating films A4,. A5. A word line

A9 is formed jointly at top and bottom of polycrystalline
1l5 silicon and isolated by a gate insulating film A8 with a layer
thickness of 25 nm. A data 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 A11 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

—_—
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an electrical path Al2 and an isolated | ow potential area
constituting an electric charge trap area Al3 are natural
within the thin layer. The sizes of the crystal particles
| ayer are suppressed within a thickness of appr oxi mat el y 2+&
"so that the horizontal dinension is limted to about 10 nm The
of the respective carriers 10 in the electric charge trap area Al3 is
about the sBAg- d?ﬂen%%nmdulatlonﬁu@@ter gadufalihepbfrpteemeial el Hrmant age
of an ideall e of room tenperature operation and

apabl
o il o the® CRbremaiy b Jp‘?%%’ég%P e %?Jem% " SHLIFOR éFend

t he Iec rical ,path gan cours be f e teI each 15
ot her e R Rl F NS T o BRBE el FRES il n TR g
trap . aﬁr8§eé£§lé91“gheﬁ A?§Sanﬁhﬁﬂ %sB@Hggﬁblgboﬁgﬁgﬂ%lgﬁf%%%acan

be obtai ned even at room tenperature. te an ratiton is
perforged bk&oﬁgeﬂﬁhﬁﬁln&hgneéEéct:EtEcp@ﬁsﬁééatré)ﬁ aréa Ameaz@rrdaﬂuﬂﬁw? A
specific voltage is applied between the data line (1) Al and the

sour ce | i nefA3mednd tdhienthe tolimabeyer . The siappbifarhd orybeaMpatktidies

el ectrons are induced in the pol ycrystalline silicon thin filmof the
channel A6, odntihis layekearei supprassedt withinsat shiickweswhed a | arge gate
vol tage 25 is applied, the difference in potential between the

el ectrical 2PPTOXiMAEEAY %a@ HERh 5P Fhétnget]P?’élé%Fﬁe ‘H%?P%ﬂ‘% i®3

b df I I h
ot ant tal  1imiBp8Cro ot U0 iy | B! BELECRR BAT R BRI Biiarn
heat | Iﬂe e%%ctr c charge %arp areaAl3 is abou4l:2the ngle %ﬁéﬁ@.{éﬁm and

are |njecteé ectr| ge trap area aresult,
the thresholpd;wodtAge $hd khek@ fbke maé 38{e advantaBei&Nlinal gagtiynall

el ectrical current value becones small even _
size, capable of room temperature ocperation 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 are 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 A9. 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 Al2 and the electric charge trap area Al3 becomes
large, and finally the electrons cross over tﬁe high potential

portion of the barrier by means of the tunnel effect or heat
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with the sane gate voltage. Readout of information is 5 perforned by
means of the size of this electrical current val ue. e
performed by a swwng in the gate voltage in the reverse 6T
The structure of the nenory mat which is a basic unit ~-n-RﬂqA o
| arge scale cell arrays using nmenory cells is 10 expl ai ned next:
The | ayout of a menory mat is shown in Fig. 21, Fig. 22, Fig. 23,
Fig. 24, FigxcPeatipyangbargninisgtegintrhebe qlegczil'rlénsc charge Féébeaéftqé\/el y
show di fferen stage ufactur same

section. 181 2 $hevlEovEn ﬁeHPFSﬁbag ADkOTERGe: FhisE LOUUhe IAraRT on

féi'rtgidsfci{eg'ﬁ%x‘?ﬁ%ae A s P ERRPR Tale £ e BYEERER oot ™" °
silicon datg;{jnege §9:né2§ Eésbéi@Q €. bef@é’é’c?éut of ihflr g{gﬁnTgeref ore,

contacts of a certain scale were us d 20 and w ring over g di stances
perforged whProomed 8y mdanEef the siFalef AL S St BicdBtakreAt i@lJe SCal €
unit for such an arrangenenti sref erredt oasanmenor ynat .

I nt hi senbodErese is perfofmédigsacadnaie the gped Yoltade idatheldevessand
word |ines, two cells for each of the 64 cross points, so the nenory
mat 25 |@l§@©%¢¢@ed of a total of 128 cells. Further, for
pur poses of |dent|f|cat|on crystalline silicon data i ne 1,

data line 2 for pet% ot ‘h‘@ture °ff’i}?e|’?ﬁ ’ﬁélm%twr\‘ﬁr?}?rl’gse?ré’arse‘fc'eﬂr@d: to as

| ocal data lines

whil e the IEﬁ??@%?%?%n%%r%%t%9?}ﬁe§e}%raﬁ5?¥8rHFﬁBgMF?Wﬂﬁy Cells 53tmeen
mats gpe reéﬁﬁi%ﬂ?é@ ASx global data lines. Since the two |ines -
e

conprising t a I|ne 1 and the data line 2 overlap
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,

[
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on each other, the MOS transistor for sel ect| ng the upper a _d 5 | ower
mat units iIs |nstalled on the substrate surface. This Tk

avoids trouble with the pitch and all ows the gl obal '.
outside the nat to be limted to one wire. Since t he clbsp? :
selection transistor is nmade | arger than the pitch of the “ae

to take into account the elenent 10 I sol ation region, the selection
transi stor Wb*l%ldt}la%emwmalstance qia‘msliuﬁ%tf-gnspmfbémsegawamng t he
menory mat into top and bott om porti_ons ‘Next, the

| ayout of th’i‘?%w%%d‘%ﬁ%ﬁtrel §e§ﬁ5F§¢n’éﬂ ag gigbal daty %rﬂn?ﬁe n%lrﬂﬁ%c?thl?lri ngd
b I 21 t e.are ncl ose

by Che: dot 1 S MRS eoE a0 b8 dea Ting ﬁﬁt%ﬁgﬁe%‘} 1308 2R Toh ot

an n type t&?@cﬁ Bk nie$, chl)e MOS" %sqgttc{}e 1§g§eéggﬁbr%ng%e@%cdi Ce _

layout is utilized gateeectr torun \
regi onsALl6 jower rédtf arAda aRISh€al1AEVERPERE Phes St £4 €& Wi £ & medalthi s

20 same tinme on the outer side of the nmenmory cell array. Also, a
triple-| ayesrmnehgenséentatvoiesi srasele bvtithhtﬂué/@&;ttdrmnsd 2lldbws the gildberder to
utilize a range of voltages. At |east two types of gate length MOS

transi st or sdaf@ :fmmt%id\%ethméﬂat to he dhigiisted std omeerisiang Sipse MOS

d d It t ol dd t transi stors

have diff orght L °o§2€@s@em%a°@r§5;%%c?@£éor A é%fé's{é%‘éwg?%mt )
d h t. h th bove nentioned tr e:] ayer we

gf?uc%ﬂre |%}$éRI§Ev%. %@%éﬁ“&%ﬁ%gﬁE?¥$zfmbg a?ﬂ?ﬂhFaEQ nént

44 ,

et chi ng of t eiés?%fz\nl a;?tl%nvygrtggr g?%@‘éigg‘ %%%112 or ‘{?ﬁ resi se[n?cr @%‘Ea and

a portion Alfn&®d AR SIRCWhANMIepdirht¥8ig0RhkaYEhot$ mat into top and
bottom portions.
Next, the layout of this embodiment is e#plained'along
with the manufacturing process by utilizing Fig. 21 through
15 f‘ig. 27. The areaPA22 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 typés
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
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exposed. After formng the n type polycrystalline silicon
t hi ckness of 50 nm etching of the SiJerr] |ayer is

mask for the resist pattern A33 as shown in Fig. 21. Ti
allows a direct connection between the | ocal data line Al and
di ffusion | ayer of the selection MJS, provi di ng the advant age,

process to renove the contact 10 for the local data line (1) A is
unnecessary subBtireter, Aficerwardss @2ce dyie Jitthi ¢Ryesshagdoeen fatmedy type
pol ycrystal line silicon_layer (thickness 50 nm, the SiJerr] |ayer
(t hi ckness ®8ghing of mlae S%ﬁelﬁYﬁyphs §@|r>f@|ry@fia¢$ an@"“%klﬁ%ﬁh?a‘iﬁe?mt

(thickness 50 b h (1 2 %r %t lhgkne are flormed_ I n
that 15 BFfef; 85&’:&( | & t| &) ISR h dséPP PayEr s
performed a%xgng%ﬁk fthéPengrﬁiﬁéu étﬁrgﬁ Qr}a&gg%ﬂ{étéfﬂfﬁé Sl lCOItlhat

were forned the Tam na ure € source

line A3 thqag,%almdat ahhkRBebd) ofl 58Ndmt hetkRERL of theddis, Ilé(grex( Z)s A2 as
shown in Fig. ) Since these | ayer§S are formed inone batch

(col lecti Veb)é):formed a$ hembskhgr aplyros Ose I tite i ABBEa < @MRANeIntRig.
fabricating a one layer nenory structure in two | ayer shape. Further,
a data 21l.i nEhpatmraessl8liowbor tddest ¢hrendouhoakieds ceat hhenl adesl
menory mats. In_the I|thograpk%y process for a data line, this pattern
25  al | ows 9843 LyjngePdc B thire ddfEusROC dATRE Ofs tHF lséééFltth\‘?eMos

f bau d h
o bacee) °° aPrgv i ho PRe WSt A de G reacéﬁq%%so’%fﬂfogaﬁwovegthe S he
same Ty adealning dala40es 1 #hd o) A 98 G8RePEssar the

45 e Ssane atlc C ance as e Su roun |nglf I nes

which is exbrgre]yy @P“f&hféﬁheé@rlééaﬁ&ﬁ NERRT @§EéaééPycrystalllﬁ@Xt
after formng an a- anor phous silicon) layer In
silicon layer (thickness 50 nm), the SiO; layer (thickness 100
nm), the n type polycrystalline silicon layer (thickness 50
nm), and the SiO, layer (thickness 30 nm) are formed in that
-15 order; batch (collective) etching of the SiO; layer is
performed as a mask for the resist pattern for the six layers
that were 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. 22.
20 Since these layers are formed in one batch (collectively),
the lithography process is simple compared to fabricating a
one layer memory structure inltwo layer shape. Further, adata
line pattern Al8 is formed at the boundaries between the memory
mats. In the 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 settihg adjoining structures on both

sides the same for adjoining data lines, a local line can be
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t hi ckness of 2.5 nm crystallization by nmeans of heat treg

5 IS
performed. After crystallization, an SiQ2 layer with a '

15 nmis formed and then a resist pattern Al9 is f@Q)
of 0.1 mcron running at a right angle to the data | Ime<gsls
Fig. 23. Maski ng of this resist pattern Al9 and t hen et

is 10 performed. A fine SiJerr] line is formed running perpendi uIa
to the subssehttoathe heame drtayiq e ange |ay dhacwat nhdines
| ocal data line (1) Al and ihe source, | si de of

] i ne A3 Il as th |
the Si-g erryVhighet S 9¥bEERREH ]Pﬂ‘é\ef'bﬁé?igg?ﬁ F?%Bﬁ‘zﬁ“e%%ry gper?\ﬁﬂiophe

source line A3, He establishing_a ung N.:1% vents the
fine lines ﬁ?theaigiFSf%aﬂ’ r‘lﬁHf‘?oﬁg : O_B@Ig%_ﬁgpg%%gFoﬁlgigé%geggi a_err]
pattern forgg cﬁgéeé!&! 218 drllecrystal B¥RstE8h&y febhbBEHe BY A HPI C
dry etching. Periormng this process prevent the polycrystalline

silicog fromsj pepiEBgmed. AREERCENystarRH zdlaton) | aesSiONDdyert heith a

pol ycrystalline silicon 20 thin layer is oxidized in an Jerr] plasm
envi ronnent thitknesdesf 15 nm te Porvedtandichen daresa st pahterniaed firom
progressing nore than approximately 10 nm the pol ycrystalline
silicon thi formed inagevigh ok t hel PrieF QusTYNRERFRL 13 etghthenglesit§err]

i s not oxi dized,and a fjne pattern o% an extrenely thin 25
pol ycryst al EhRed8tpi LiRet APnSPQYBr 1Rafhife £3rmed. This met hod i

S
e L Mot PGB 4 ek gy s L

reasons. One reas rn can resi st

by meaps of g%%?ogfnléd?t Clt'iﬂg%éaféci%t 18R4 'hs formed running perpendicular

46 0 Izing effect fromwet etching. The inventors foresaw at
the early eval tRéi SibStapee tattha stk 6Fetlie tdi®shaldrsheftetween tmil d be

obtained prior to and after the wite operation by
local data line (1) Al and the source line A3 as well as the
side of the Si0; layer A7 between the. local dafa line (2) A2
" and the source line A3. Here, establishing a dummy pa.ttern
15 A20 prevents the fine lines of the resist pattern from
collapsing. Next, the Si0; 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 1aye1.; 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 of SiO, is not
oxidized and a fine pattern of an extremely thin
25 polycrystalline silicon thin layer can be formed. Thié 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

-
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an extrenely thin polycrystalline silicon thin |ayer having a fine
channel |ine whose ratio of wwdth and | ength was 2 or
as in this enbodi mrent, when the | ayer thickness of the
bet ween the source line A3 and | ocal data line Al is 100 nI

a pattern of approximately 0.5 mcrons i s necessary. The prototype
fabricated by the 10 I nventors utilized a resist pattern with a wi dth of
0. 1 nicronoxidiziagdedfethefrompiet iehchifngwet Toechnvgntarisi flierksaw at
Sigerr] of 0.07 m crons had been forned. An oxidizing effect from
the - sithe garlac%%al@atmg&#aq% et & suEéicdenti shppsbedd sbifhat

ne of 0. 05CHIEr BReOPRaAPaPPFEoF oF ReBar P EFSb Rl YBAES "SPeZaiaBchRa
reason is t-?%t %‘tQ%ﬁe?ﬁegﬁ&hoﬁoﬂyérggt%'1‘?1[-Heeéﬁl%ﬂsgﬁln 1?¥e9%£§1§§

approxi nmat e re 1s"no” poss over
excess 5am)uat fiheMhignehanied dndde Wihio of wilRH RGid ﬁ%nQﬁ?anQSE 2Q@£e the

channel.is made and after formng 20 (depositing) the thin Sigerr]
| ayer A8 fogrdseeas th@s@ai£in this iedddlddinend ,fwheh tHe 18 yiey¥Pehickness
pol ycrystalline silicon layer is formed and etching performed on the

phot or esi st offasket 8iDprhayer betheemotie| soeré€llasei A3Fagd Pdcal data

If an n type polycrystalline silicon layer is formed 25 t hi cker than
hal f of theldag %ét weer O8ana.| |f@é§11n19h@np@t§teé@pof apprg@@a(tcﬁlsgr%o‘ve) can
be built in _at form,ng of the dat esi.s htern easily

formed. The™MpFESBRcESofeqeiaAmy - aThe Bﬁ?FgFﬁpﬁfg?ﬁglEFESQd ¥gt#&ta 1ine
a7 "0 CEHPRhEERSSR AR R o Restar PRREETR AT & WEGFBRAS - ArFRRF Ran
bl 100 VBB 5F L8 BOURIBELCALeE 400 Dokl Sl o 6N T
0.07 microns had been formed. An 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 micfohs inwidth is formed after oxidation.
A second reason is that since oxidation due to the 0, 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 is made and after forming
20 (depositing) the thin Si0O; layer A8 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 A2l 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 1line allows an established groove

-
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pol ycrystalline silicon layer, and after thinning the |ayg 5 a word
line wwth | ower resistance can then be forned by a oSt
silicide. The insulating filmis formed after forng
| ines, and the contact process perforned once Ievell 5
acconplished as in Fig. 25. At this time, the contact A26 T
| ocal data (Hé , the contact, 10 A27 for the selection MOS diffusio
| ayer Al6, WHetR Hetyeensgata lines ppd thbs Qo Mgoysl eeef o€t Gde. A15,
and the cont fornmed afte

Shohine of CRcAingd eV?rhsﬁ?ﬁtmegh??WWnaaﬁ%ﬁeoﬁpﬁaﬁ BSFOF$n™Aks been
Por QT e oning |t OO1US a5kr e LRES LBECSOHEERsbENnd3y! 8 bgoat ed bel ow

t he | ocal e contact or th ource. line A3
can - BSo1@keps £ Db Jihe ddicalaydat, aahing £E2Y ¥RinnEHE RS 1dy,0r der
not to occupy a w de segnent of the selection transistor active

regi onsw dtan wénrdhlirse det e nloweelr bye s het gntehcahhthennbactolknkd by a A24
for connecting the global data line and the selection 20 transi stor,

al so' passesdepesifgiomoth stifld disieal Fheainsndating film o foumehefdow ce
line A3. This structure allows_a |ayout in whi ch the contact hol e and
the data |i¥erwing 1o the weghd étlﬁéﬁr and theontRel REAGESS Reriorngd | s

after form LS e ”%%sf'rsori%)%tbaeﬁ%n oMb EE5058 “HE1 £ ok 251 n By gt o
avor d el eote gl dhdsheact agk el Dol BYELIALGUNY S fiophiol g, B slile el |

of insulating orme e con I 'Ng usi ng
irreggpar p27 foq:r Mh@té'élékgcﬁ}?@ldshélhﬂﬁléﬂdlzﬁ%f’ mrbsultﬁ@ a&néé‘a@mlsave

been for med
A cross secféovrdie getecali ohhMOS ofd e te ettt Hdtie SAEJS&Chndnthe conﬁ\m @@4 i on
after formng of the side wall is shown in Fig.

for the word line A21 can be formed after etching of the
insulating £ilm formed in the upper portion has béen performed.
In contrast, since the source line A3 is located below the local
15 data line A2, 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 through both the local data line (2)
A2 and the source line A3. This structure allows a layout: in
which the contact hole and the data line overlap on each other.
The local data line (1) Al is not présent 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 film
is formed within the contact hole by etching using irregular

dry etching once the hole and hole insulatihg layer have been

e

Sheet Has Been Replaced 47

i ik



29. 5 The contact A34 for the word line of the end Bt t he menory

cell array is shown in Fig. 28. A | arge dummy pt?f@m@; A
formed fromthe same nmateri al as the lam nated data | Qes_ Vgl
different fromthe dumy data lines. The contact A34 is TOmRE ‘
this dumy pattern A35. 10 The arrangement prevent being unable t O
obtain the effect from the built-in groove in the data |ine due to
formi ng of thermed. _polycrystalline silicon layer as related in the
section on making the word lines. After this ste metal is

deposi t ed, I EFrOSEERELpOPRSr VibeW 7% étmeﬁﬁ@tléaéguF or rﬁgmqsngetc@lmr m
t he | ayer of tal_wirin shown in Fig.

The resl stanbc@(zél%o WeorMLaﬁf 995"'\%15&)&% Widdk 15 showgy dmniFig -
(repoussage) §>f t he pol ycryst aI line silicon gat e el ectrode Al5. The
W ring A28 for the source line A3 is also performed with ML. The

connectjon (A30) wHdbReakecRds Q'%trathg%ord 15136\(@%;1%@ SHW P d L H%glory

sel ection MOS diffusion layer 1s also urther, once

insul ating fédm hetmeen § henhdwyeis Fig. 2#as been fornmed, the contact holes
are made, the netal deposited, and et ching perforrred after

phot or esi st maski rjlapgéaunnyhpattern ASECDad draeey £ odm frBiead ané e riRi1as
shown in Fig. 27. The gl obal 25 data line A31 is formed with M.

For mi ng t he 3% éha laaf»aatierdedata lllw?e lyeta didf epestefitonttter daimmiyndateom
bei ng perfor gmat surfacei srunwi t hi nanarrowpi t ch.

d .
Ther ef ore, 1Tres SI it F‘l zFﬂBtI@E hf gheymed (¢hdhis semeys Raftiegnt A85g! obal

1. Th
SR LR %arrs.naefnsm%e?%%&ﬁlra pegpLe to blaigrheatiFaoieie

outer side oghé@unpgtq{ryﬁgﬁg%eﬁar rrpy%hé AN ine due YO EHSpmE Oéﬂ‘legt g the

read out circuit ' to
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 A29 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 MOS diffusion layer is also
made. Further, once the insulating film between the layers
has been formed, the contact holes are made, the metal 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
the memorymat surface is runwithin a narrowpitch. Therefore,

utilizing M2 or a higher wiring is necessary in the global data
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gl obal data line, for instance ML is necessary. In the gl obal
| ines al so, placing a dunmy pattern at the boundaries of
mat will allow obtaining the sane effect as for the | déa

lines. . Fi fteent h Enbodi nent The fifteen

enbodi nent of the present invention is next 10 described while refer 0
to Figs. 30(a), 30£b) and Fig. 32. Figs. 30(a) and 30(b) are

structural VieesAdl.a Bhetsame can also bﬁesnedoferEhe readgutonprésing the
nmenory device of this enbodi ment. Fig. 30(a) is_a view after formng

of the chanﬁ@PEeCtlng t<Frt§e e@%%y %JsdeaO\#.%w ML Y 68+ iR GHY 4 Pré Qeher
lines. In the exa the fqurteenth enpodi nen | | s of
menory woé?éheﬁ?ﬁn nEéngthEeﬁee r PREFFECPATL R &t %%?ﬁq% 9 he
enbodi ment giggﬁ?sd%]@a B8iag §8rgp{ﬁ§“t?§n@é bﬁngfgr?ééegégryt her, the global

structures are o e sanme ‘operating p antiel A38

runs ig a shapg veRréd Galdy, Jpr_z.laralraﬂ; Ehéumﬁ? pa&@éfﬁ{ fAatael bB@né%Z%ggdof he

source line A36.  The electrical ential of the chann

control | ed byethemowy that Re1MF1low Obta-ﬁhﬁ.rﬁtj thet YaRe If £du1S a@TBEdi tRNt has
a |l ower degree of I ntegration than the structure of the fourteenth
enbodi nent local Hgatai $inkaracterized in having few steps (grooves) while
being 25 made and has a | arge process margin. Fig. 32 is top
view of a nenory BhfteentheRmbpdipenke contact process is shown and

corresponds to Fi fourteenth enbodinent. In the mat unit
of COUPSG a | oca h i&fteent% embodiment of the present invention is nexty

s Tk aihAE ShePE B AIS ORI B QT . 5,
lover cell by neapggef ?OH)a%ﬁéggr(b)hQ%Vﬂrﬁ&ﬁﬂf 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. 1In 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 cell 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 lin__e.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

[

—_—
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enbodi ment, the object is to reduce the capacitance of the |ocal 5 dat a
line electrically connecting to the global data |line '
operation. |If the capacitance on the |local data line
t hen qui cker and | arger changes in electrical

to occur wwth the sanme electrical current flow, which™

faster operation. This benefit is 10 not limted to j '

and struct ukbse wonhects to tbkabniial dabailige/bytwablya ¥AS thransiyisggint. boar d
as in the fourteenth enbodi nent, but is also achieved even in

structures In the foyrypenkh @badifiand sthaPHiach Fas 9 sedecti 2. WPPSSoar d
surface such as. jn Figs. 31(a)_and 31(b). 1 ,_A_basic
exanpl e of %EI}°%?¥a§e}£q§ﬁd@%aT§ éfg§_9§1?3§s%or, ggﬁﬁvgf %B)Fglﬁhe upper
view (Fig. t SiXe . . s 1 t.ate.after
channfal 19 or%\&é\@%l{\%et’sg g‘te eéé}félf Ls¥d ggggﬁeﬁt&ges{:hgg\%&gnﬁgnoe%?hlgQ%ﬁ?c}\m in
Fig. 31(b). e ; h t i a | ocal
dat a I%ne (3%J' %§$é3§igﬁf¥%c%;%%nﬁ%%ﬁiéﬁfgg ??ngh%Ag$og%%eégﬁgc??Pgal
potential oduring opdatciwnelrfi gheoshpathednky bhetMertoddnaiads3 1ilde a
basi c machi ning dinension for a cell structure is set as F, then the
si ze of thisastbaickedueeds ©6Renamndi cher acicclbzgeri ohahges in eldaahmiiczdt | on

is sinple conpared to cubic structures such as the 25 exanple of this
enmbodi ment . potert bxblcanape ardeoto raranmyith the samg glegbriqak cvdmeandt

hol es conprise the contact hole A46 for connecting to the source |ine
A36, the coht@t Woich As7tygp allows f@steas PR§TES1ORe 155?%“%?%9150%,
and t contact, hole A48 . . . . 51

f or cgﬁnectri“ﬁ HRIRRS 7 98T obP 1 5y BPPPGLPRRE g P BB AP FHAFEUF PRV LD Thi s

eI o LRk orL 68, H5cLhohy Y ofcBkacl shohes Galze og b I
smal | conmpase@rtfettre hPodiarMd) BOPAH BBBb:achieved 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 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 fhé 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 A4l

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 A47 for

- connecting to the MOS gate electrode, and the contact hole A48
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5 Hereafter, working exanples are related for performng t he
wite, erase, wite-verify, erase-verify, refresh and _multi-val ue

storage of the cell arrays for the sixteenth t hroughy:
twenty-second enbodi nents. A typical array isjfs
and this array is 10 utilized in the description. O cO
cel | structures shown up to now may al so be utilized.
Si xt eent h ERPHFRBRCting the MOS difRuséparkayen toctve gdebiadr datadl ins.,
wite and e,gase ions are shown,in Fig. 34. Readout conditions

,_operati , ,
are read 184S 8ﬂ‘lb°8lﬁmleﬁ‘lto+ REACtEShzEs 11 Fhater}l E.Ontaoés’éoégﬁdiqafbns
are re of .ipnf tion fromcell .1 . cell 2. ite conditions .
are writi n??ﬁ‘%&%ﬁ%ﬂ F(Il;r% g%n@ ﬁ%€§|s|5 inéﬁ(l}a\]\}rﬁll?? ﬁb‘"ﬁﬁ‘ro‘f’%rﬁ'{q iCt‘t‘rln@?"St in
cell 2. In e p § O €1 rf.orne ep
1) and nexté?ﬁ%gs%%gyé?gdgﬁgg%oﬁ?meéfggggg'EhéngE?gSSPﬁfdeﬁgogﬁgeg Erce,
data | pnes and wHdélrdd fasr ( SicHki leBegdauiel S+ 08T e
fl ow of current sending [ rﬁ@ogr r?é_{taimgnehel di neceiz? 1 %?neg:f\(gga%ngqqqne 1,
and the fl ovhefwrite, erasentwsepehvgrinyprepasenveeldy| nreekbs® ahang data
line 2. The electrical current on word line 1 when a "0" is being
held 25 meliftakiemtorage gef thencell rantaysofibngthbesiatédnths being
held, so that the two states are easily be set to be di sti ngui shed
from each ot'Hedugh the twentygecrnd rfilodbnentg- smaller than the threshol d
vol t age, . . . . . 52 ) when hol di ng
the i gf ormation 0tYSI SRy @Hae 1B sDRAmFig. 33 aag this ARY 4§ cel |

3 andygel | g 4 eshPfad M iption, | @fﬁéc%%{%sﬁe@&‘?{e@%g@%é@ﬁ when a

| arge number o I's” are arrayed t r eadout
vol tage is spRidtefkes 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 writing information
"O"™ in cell 2. 1In 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 (Step 2).
Readout is performed with the flow of current sending
information held in cell 1 along data line 1l, 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 when a "1" is being
' held, so that the two states ére easily be set to be
distinguished froﬁ each other.

By making a setting smaller than the threshold voltage,
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5 only tothe word line controlling the cell for readout,
| ow vol tage potential is set on other word |ines connected
sane data line. The erase operation is described next.
operation is perforned collectively for cell 1 and cell >

I nformation section is required as a list corresponding 10 to cel

whi ch nmust be erased, in order to performa verify operation for eac
erased bit. WhensbolQAQEutbevbnfageatgon "0" appipsd énngr2uoaﬂmest no _
~application of an erfse volta rfarmng this step

prevents apPPFESRFoh BY’sahnnggé(g egd GSI]-E‘aée FSgééFi%SFno%FBﬁ wrlhte

f d t t he
chrt ent _or aLBt Q%ta?ﬁ?ﬁg% PG nilgy peEhaHT S RIS uiriecked Pr ettt i ons
in device ,p amecg%q%tgscaf %ﬁét 3&@ £248ckE 9611880 11¢ gag;t 4 ne

correspondi ng t I st Senti al

(for igstangg1p vslﬁﬁé mlpﬁé Cbor?@roli:ﬂ?g daté ddine Mm]:%%tc?cfhttoa% ell

whose erasure 1s inconplete, is set higher than the voltage potentia
(for instanaeléwwilitsyge potendfipll 4 ketaofabthét Neorddsiheedoreierd® i S
conplete. In order to check the status of a cell after a | ow voltage
(for inst an‘ce the sameldavalltisie waFhepptase oBtmEyLidn s démcmﬁmeld Iniexet .f or
erasure, 25 a specifjied voltage (for instance 0.5 volts) Iagplled to
t he WOF @S¢ i IRELATL QThd SCREA @rmﬁdelhg@tpmbmﬁqaq C@dltlhea g Uli ne

I S sensed (gte 4, \%@ R %}L Ssult | f the cell threshold
val ue has b F a on section is requlre as a llSt correspon lglg

e gL 8.y e, S0 PR G, (he
erase 0peraéﬂ>9f‘at§o:?”f‘@f’ shen Ehgsbyshits tﬁ‘ﬂ@‘ts, a wrlﬁ)é’t %@f‘e llsszSt' N
remain on the list, then the operation again returns to
Here, in SteppPRied fiﬂ:l\dﬁ tagehapppletdtdon 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 to the current erase operation
and also helps suppress unwanted fluctuations in device
characteristics. Next, a voltage is set on the data line
corresponding to the cell list (Step 2).
a 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 a data line whose cell erasure is complete. In order
to check the status of a cell after a low voltage (for instance
-10 volts) was applied (Step 3) to the word line for eresure,
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
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cells deleted fromthe target erasure list is low (0 volts) and the
difference in voltage potential (in this case, 10 volts) ersus the
word line is small so that unneeded erasure is not q_rfﬁ$ﬁe.
operation loop is repeated on cells requiring 10  erasure& g REQ%

t hreshol d vol tage has been achieved that is | ower than a Speeitpe
val ue. Wite operation is a process to wite information
constitut edthyna $p&chfiad'vElueyt bhealtihdt grdlces He2etken fiwem the abowet e
operation, a voltage is set on the data line with a 15 correspondi ng
cel | on theménsionadgéiet fdiswrpfi aglds sargeted f0r @SB@GﬁQ)

The vol tage potential (for instance O volts) applie data |ines
for cells SAEF\FWPFF‘ﬁg e eIaSFSOH’ﬁ)‘fa*ébﬁ%llét gnded when th§e]t15’rto&érb3ﬁfb}ﬁ t he

o oS SPPLLENS Befl bt M Raali ot Spithe 1958, ﬁsaet%%ﬁ?ﬁﬁnwm%w t he

hopl i At ontetfiknshbd st 9 Doere, 1nlSE0CFK LRE YElLac R AL o |
writing on eewsddéw@ed from @hé dééte%féog&@ql(sftoasl mé&a@@ev&@s)vol tS)

Is applied to the word |ine and the change in voltage potenti al
sensed (Stegnd the d§ff§.{:éﬁcé)ln voltage poterASiad (esuhis ¢age £alol vcblswl)el et ed

fromthe above |ist of cells targeted for .witing, if the voltage
sensed i s hvghsus the word line is small so that unneeded erasht4e is notthan
a specified threshold voltage. Afterwards, the wite operation is

ended if theperformed. en“f‘thomrattn@nob@ontmamepeatedr@t GeAd St e Brieping | f
cells still remain in the |jst. in this case

g 2, the volta% é
5 vol t18) apﬁFPéHrF—ouPHéld%t*éh¥‘?ﬁ’@°1€ v ?—EaﬂFgHaFoPe%l?%h’c Y\q \ATerﬂ%the?et ed

fromthe |'itwerngh5'ngespe01fled value.

Write operation 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 line 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 appiied 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
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case 10 volts) is small, excessive changes in threshold

avoided. In this case, a target list of cells for witing

used however, a list of cells where witing 10 of "1" is ‘

cells for witing of "0" can al so be conposed; the lists ca

to while performng wite-verify operation and the wite operatio

can al so bethan a spapified thrédicopdi ndoluvhgee Aftemtdsddbavehdeenitelded to
t he list. The sanme arrangenent can also be utilized for contents 15
of the |istoperavieselppendedohf. thelelbatt &8, empbyabytethe opegatiinhti ons
W Il also apply for the sake of sinplici I n this enbodi nent,

pol ycryst al FeHRras |t fremé if Cel]cﬁi?ﬁjz%'rieﬁ“ac% igathel 1488 thHe Sf@R ce
e er o) o2 nihe 8T amtn S S VL L o S e e e
used 5% wnd i TRLIR SRAtrvdhel HeTRueRat Sof HIR 1E00r Y R NG
Terory oper ST i e T SRer s eay RO nsq Lo ger b SRS word 18 M 10
was utilizeghforcdse 10hanelsy hewemell, excePoiverysdmdés Nth YHrieEMOIM th

i mpurities nmay al so be used. Further, in this enbodi nent, the

pol ycryst al Yabheesitarwdoe taviaided. Ihaybis(daséprattergdianiiceds dlimetlilened as
both an el ectrical 55

path and a feamyitdngst bF iwap uisedihoweverhar §éstief pedilsrwhere writing

i nformati on storage, however the |ow resistance regign in the thin

| ayer Mny j@5t"be HF VEPMPHRECS UREL FBALDT TQR WFRELRFCAF pAfhcan alsoghg the
apoumL ot 00l £08T S8R, 9154 OLLNGL LARIEL LR MRV parsobfuRgT O T
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 arréngement can also be utilized for contents
15 of the list for erase operations. Hereafter, the above
definitions will alsoc apply for the sake of simplicity.

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

20 required and cher'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 polycrys;alline 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

AN
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may be utilized as the material for accunul ating the el ectrical
charges and netal may al so be used. Also in this case, just as
expl ai ned previously for the el enent operating principle, ' t he

section for storing the electrical charges is basically 10 .?amsg&J
structure enclosed by a high potential area. This St tur@mﬁé
characterized by allow ng use of different sizes and materia S

the el ectrimetlh patch samcbarte fdrecttracialg electﬁmlgecrsam@@ettsemermrmr e
desi gned separately. Sevent eent h Enbodi nent The
seventeentrnmﬁﬂﬁmﬁﬁﬂﬂﬂ:S@prﬁﬁé phesener it doworepsstance %?EN@Pw%ﬂ FPQ 35
and Fig. 36. exanple utilizing the reglster for the ¢

li st t}h:}ruétawafém aup.tgbe mwe& thel WG M OF Mo E Themtca s Pak

i Fig. 35 6. h Fi 35.
%Re ;?ructdggp 9“9#%%%(§3 %2 %grgﬁ g%ﬁ%ﬁ%3§n% gwgofgatfﬁg Wﬁ#ger of
| nput / put pyt, gemrﬁl@e %’f?é&ﬁé‘féd B this 5 8L/ @é&&&ﬁm@g@f pakedata

exchanges in sequence u tegister operating

principle gfa é‘ Be mrwzéd:sglthe mate§§.é!1£0f.td¥ 8ctombigtsagE RS et BRtSlixhaenth
enbodi nent. Each bit 25 of the.register corresponds to a data line. 1In

t hi s enbodidiiges and meelall hafanliseebé B3egor rAalgrich tthitshealsier, stjulsitt of
the register and cell 2 (and cell 4) correspond to the next bit of
t he regjiesipdained prevéoupéyafoorche redlemsngt eperadd ngppranicéplies
56 status 1, and conpl eted erase _operation status i.s 0.  In_other
words, in e seqriquelfor %é@%ﬁ&edﬁl@ﬁttm@a{llche}m@ﬁ tlﬁebaSlcally

reglster i ndi cates that erase of. cel |s conplete or,t erase of
cell 30is %tsﬁlﬁﬁac%ﬁ%r%]&se qﬁl Qreniia %rg?Epr‘ Svhen

t.he regist eétﬂétd@é G 82 LDELRE Bl B;S?alﬁ.o:lzrlng 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 is
shown in Fig. 35 and Fig._36.

An example utilizing the register for the cell 1list
illustrated in Fig. 34 for the sixteenth embodiment is shown
in Fig. 35 and Fig. 36. The oéerating sequences are shown in

20 Fig. 35. The structure of the memory device is shown in Fig.
36. The number of input/output 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. Eéch bit

25 of the register corresponds to adata line. Inthis embodiment,
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
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then an el ectrical potential for erase (for instance 5 volts
applied to the data |ine. However when the register bit
potential is O (for instance O volts) then the erase

ends when the register bits are all zero (0). 10 | T
operation, when |oading data in Step 1, the I nverse bit
is shown for wite information connected to the data line
cor r espondi rifF &t ede [P COTRIGE egf erase opanpt iqypEasps 35 Oot heFn wohes, | t he
fact that the rqelster that information

"1 is wit Y% |cel‘;151 oFaﬁaigo;1> %Eaﬁfl??gﬁa?‘ho‘&eﬂPez{l ,Q};é’rfw&?“fs
"1" t he

conpl et o 2 PUTEEEY inaicatliP ity (date espf %&%"2 é?in%%ﬁpltﬁ S5Ba T he

cort cspond LT Be1T R AF, ﬂ?t a%%u ' AR e ropurning o

potential (for 1nstance 0 vo td I

erase condi tidRtepNd, Wigen tiee bid 1Is9cé}s ba_thtnﬁlf&cﬁllﬁgt Eh@aJiata 1lindGlLAti al
(for instance 5 volts) is applied to the data |ine. When each bi't of
the regi sterthen @n ¢hectriteal vestdnytiabfwenesase (for instaftgld eenth)
Enbodi nent The ei ghteenth enbodi nent of the present invention
is 25 shdéh aprplmegi t3>7the data line. | Howkiverewbedi frbet regiasexvbiitfy is
not performed fo ach bit, and the erase |oop is deternmined to be
conpl et e wh ECtrlcatlhBoFﬁPEéﬁéljeP \QaI{férfl@rSf@lqc%@l"l%lttsdr geeadhoerasgsur e

| th
Isf)em fied t NeESel 4OPR $89S Yhsh ShfeiRALster Fits a[”ﬁ% s%?r’éo rrz&nod of

step 24 an erase I t

Oontrol0 of each b:itlczﬂ }ﬂgqnot eceseslg)?‘y When loaacllhni %ﬁoﬁ'g\/\i@%ﬁ “the
therefore chaneels®s ibaed inTdietiBn i sHowiP! £PReFAtd Oihfoéhé\tbiéﬂzat'on s
required with respect to

connected to the data line corresponding to each bit value of

the register. 1In other words, the fact that the register is
{0, 1} in Step 1 shows that information "1" is written in cell
15 land"0" iswrittenincell 2. Afterwards, fromStep 2 onwards,
when writing of information "1" in the cell is complete, a 0
is input 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
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surplus erase voltage application so that erasure is not

Xcessi ve.

In terns of cell characteristics, erasure is defi ned

el ectron injection, and the nethod. for determning th

erasure | oop when all of the cells 10 targeted for erasure iS

than the threshold vol tage may be used. In this nethod, the ce

where the threshold val ue has risen have been erased so that when the -
erase | oop $malberrthan a spepified, teresheldarakugredin tha® BehBed, iin

al nost all cells and the current, consunpti on during, erase. pperation
can 15 (heRATARITR RakMRG®T Step 2,°Sh° SXhne, Beht ORISR REHEES €O

16 and b o ot SOSUTR L eonds Pl ESELELI WELAM KT 16 poe MLy O
20 ~ sevent fﬁnmignmeéigﬁ&n&h ;T%ﬁ’e?sd@ﬁe?.@Egﬁégkﬁgr‘é%rtiefrii%%df Qh havingMite

and erase operatlions, I's enmpodi nent I's a characterized in
perforging gehpeshopedietd®n GHapid it ion is helgdiitedohithf sespétonto As

related in the first enbodi nent, phenonenon such as thermal

excitati on siagplusnetaséfecltage applichitkehy sbothatuerdsuireg iwr intok
operation since the nunber of - el ectrons being stored is small. The
same situatérpegssive. Impmimaite colhhehahattenysthedr nerpdnreand is a
cause of instability during holding of informtion, Howe er,fa met hod
58 t odefanedi 3B FRENROPE| RYSEF PRI gF‘ﬂﬁFit&r"?nby ang &b@n%%& or

or!ar 19, LUE Ui, oL She ol 20 LR BBALLEL)L AR LAY B0 chs coflAT
A e
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 alﬁost all cells
and the Eurrent 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
[ —
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| onger al so. The nmenory of the present invention is characterized in
bei ng capabl e of high speed wite and erasure conp to flash
menori es however, utilizing the refresh operation
holding all ows both high speed 10 wite and erase al
hol di ng of information. Further, a DRAMis w dely use
menory with high I ntegration yet the nmenory cell of the

i nventi on ce stabilizmpihe %fé‘él?flhﬂﬁ’i’é‘“éblaﬁ% By Bhickerh gs 8F and
t he structure of the

i nt egrat ed $RHOTYRAF T oKD ﬂgdthe pOtenélgfl%éﬁr%rh)tattwaﬁ 16‘*%&,%%0#%%h
Memor y dev'fﬁ]rﬁ?fk?(%p' Ser?m'%j e %n supﬂ)f%%cgv‘@hénsgbged?’éleg@}ﬁcal

enbodi nent seven ment s characterrzed in
utilizing PSR §a% ﬂ}?&sék%&%n where tHate FEAULNER] (cPlarigas s8E eted
operation is shown in Fig 20 Just as with the sixteenth enbodi nent,
four aglj oi niélgudtelde%lrable éﬁ.ﬁcéseﬁe whet ¢ eatineits inerlasmensus W ideonear at i on
sequence i s performed in the order for the seventeenth enbodi nent,

and openger onl sont dines meme e peattde \Mﬂé&aemelmemgmmel%r d lines

in sequence. The data of the word lines is read out and the 25 contents
stored in tdearagiertred in ppiag @RI OTohigh speqdhNELiEI 30f SR SEG st er

1 ted f t f th Ne h
operat i on dégreéé‘s%&”c?nff%@?smﬁfﬂ%ﬁt%Xwever' HEbhireRe ratosefbeRE, |,
the erase 055&%%:9& élﬁ.gl t:l‘?r} tlon holdln% allcTws both high 'speed )

59 read out as | or L he register ost so that preparing
a reg'lEt er @rifeNSLESSAEYe d6nsePithestdptiat Bol 8iRYCEEAUAEBrmationWitten
into the nmenory cell. The serieS of operation is carried out in
sequence Whiheth®y) g DREDNG st Wedebydusédas a Folathlermemdop wisth hisghst abl y
held in the nenory since the nenory

integration yet the memory cell of the present invention can

comprise one celllin the space'of one transisfor 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. 1Inthe erase operation, the data that
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refresh operation is carried out in a period sufficiently shorter

than the average tine el apsed tine in which nenory can T The
register 1 or register 2 isutilizedforverifying writejand

operations. Here, after first tenporarily 10 storing the

the register 1 into the register 2, the erase operation may be
utilized on the contents of the register 1. In this case, after erase
operation i ¥agoRpr@tit as is frpm e regdpsea 2 ord Lostirm thatf br epar dnger
novi ng the register . 2 information to the register 1.. The wite, erase
and readout @ ¥891SERErAtiDRECESSA e sIE ERITRLEhe! SAféhiScRPREHBRHR ment .

However, a chan i | so,.requir in.the dout .oper ation . when t he
potenti al piiteen,ate” She ﬂ‘teéh;?% oSO bafe; grriss °%h8P8ﬁFt68Py\é8n t he

electrical chargeqsstarags %%@;ﬁz%%egmne movHeE HingS #¢Hd mdﬁqsir&%qpnmde

smal ler in order to achieve aster wite  and erase operation.

such ascase Inferfa®ied is thus HBBREYeldliof ARk @EmOEY Isibed @5k Halgoty the

readout operation so that the information that was readout nust be
rewitten. refreshThperptiah ds segudrde ous time aspeeriaal tduef fiefireesdly
operation but differs in that the readout information is sent to an
25  ext er n&hord€at Foan thmpyeppgecsine £ldraed hémeahe Wwhirchhmgmory can
enbodi ments_peyform refresh operations. , ... Twentieth Enbodi nent
The twenti ePR L%‘bdi ﬁgﬁrwlﬁ%r ﬁr%éﬁelismn% itSifLlized for verifying

s notnge 25e neate PPk ohhy | AnPegoiehbl FLTER RRRBTERENY 1

IS shown in ere operation séqu

1. 10 storihQl $neBARLERALiBh! bEr Enbr Pl beoR! DOl REY! tnenhOL SEDE S
in that, erase-verify is not perforned for eac It and the :
2, the erase operation may be utilized on the contents of the
register 1. In this case, after erase operation is complete,
the write operation is then performed after movin.g 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
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erasure have a value |lower than the specified threshold
all other points the operation is the same as for the_ni ReL
enmbodi nent and is characterized in that there. 10 IS N0 need™~+<¢
regi ster on each data |ine during erase operation since erase-
Is not perforned for_each ait, i and that the second register is
unnecessar yShown in Fig. 4 Flig-sé ImnpBobhefk diagram of the megwry

di agram of the .twenty-first, enbqdi nent. of .the 15. present invention is
shown in Fi§° FpOwn In Fig. 46'A01g'healra?cf[r§'slhsf3p8r8?lf>ﬁi SEANBRGF mEh 5% hat
information;, pig. !@fger than one bit is stored in one cell (nulti-value
storage). ?he nmenory cell structure is the sane as for the sixteenth
enbodi nent. 20 This emdodiefdrERli FRIY FSohOthé &lindtdn G JndRlBeSi CS -
are shown in Fig. 43. The figure shows changes in electrical

currens floibnithatda¢raséreeniify b apsedod ferméd Fdhe @& and thl Ne
set at 0 volts, the data line at 2 volts and the word |ine. at 9

vol ts. The erageriaa ipodetrermined tchbhawerendederhgmsahdtcePbs targetedsed
much, and tge el ectron injection was slowed naking . _.Observation of
changes in EOFre&hesSeternaTee Siius lowe ghan the spegddd ed, thxeshioddr e,

when the el are accunul at ed .one at_a.tinme in the nmenory
storage ar e‘Z‘?iégQ%ét tlg"r F%g' g?h%lfsppoelrr%'soﬁhe op€rafion'ts the same as for

61 t YPBe S Ad t QG Sridddifidd %E?EEES«};H%%Q@QQrf?e& hal &:[h%et there

el ectrical current changes in steps. hese di sperse .
threshol d vas ursnednisi@riowriger & aspiEt 41 ohhea it i 88.during eFRIskNd

mul ti-val ue storage possible. For instance, a state 5 where one electron
I s accunul adpelrasishosindy erdseredrifly "I not performed for each bit,

and that the second register is unnecessary.
Twenty-first Embodiment
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 thanone 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 incfeased much, and the electron injection was slowed making
observation of changes in current oyer 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

This Sheet Has Been Replaced

60




0", while a two electron accunul ation is shown by the i nformation "0,
1", a three electron accunmulation is shown by the infoffet+an "1, 0"
and four electrons by "1, 1" so that two bits of stofage ﬁ@Eﬁnﬁg
This epbodi ment is 10 characterized by easy identificatTon 9'E§LQQH§ y
conpared to performng nmulti-value storage to categorize consSectti~
characteristics. The structure of the menory device is the sane as
the ni net edrfBf et RFFUBUt1R therhiesh YHktage so hatkihe ]
correspondi t,o each word line_have a plurality_o bits_and _al,so

T fers i n SRS EAeED S rans RBaBRFE: B oReE e Fodh of Tnegk hEeBBREHG  ne
readout opanalddihid Nedflids SOIUIE o O0Erespond SLEAURON LACLESPRNS Lo

[ u dl'y , tarn

one piece o nformation but™ as repea nmentioned, cer

phenomenon djeidd k@l £-0r DGEIstorage PoSH B9l ON Fol epkicancandadsegharge in
the device 20 characteristics, causing wi de deviations or irregularities
in 5 naiEye holedebgectwont £s aqvbendse exhdsashewn by dnf oRenaftdion Ng,

the refresh operation is effective in nmenory hol ding and verify

operati ons F'or whike arWerabect ronraesunwlatidrvis sshdire bentry

storage. Respective witing of multi-value information is 25 per f or med
by varyi ng ¥HCWIEER i" e ?vwi?é:}}jiﬂesélﬁicﬁtrﬁno?cgwlatlono’fs She YR PYe

i ng ¥ ! RS AT FLonots e |
el ated i n it MBS e AR 1 ¥tzons Prdrage SPehPRE emal

so that theynjectd Qi afy i ible. This embodiment i
REPLACEMENT " ET c¥ige is possible 1S embodiZent 13 olectron

has amg ef f eslarctidie AUOhAPidddy DdedterNexti®h 66t rMdatus col®ied ity ect ed,
but this effect is due to dependence on an exponential function with
respect to gdreformirey mofltel-evdYwesstorage tt@tcatteyori 2etashsddutsiwel ecti ve
witing of information may 5 al so be acconplished by utilizing the
plurality othazgdatsrisrics. Tha isteuediureges thehmempiryndpudcet he wheting
time. This smgnlte;[ 'as’ the nineteenth embodiment but differs in that 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 charécteristics, causing wide deviations or irregqularities in
memory holding, write and erase characteristics. Performing
the refresh operation is effective in memory holding and verify
operations for write and erase in order to achieve stable memory
storage. Respective writing of multi-value information is

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, thel

memory storage area is small so that the injection of one
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voltage utilizes a proportional value since there is an equal
probability that the next electron will be injected upon ugifg
el ectron injection to apply a wite voltage from an externAl ‘i@HE"B
in order to cancel out only the change in potential in ﬁffe,m@mg BEEy
storage area. Needless to say, these various met hods can be C ed
such as by using varying voltages and varying tinmes. The readout

operati on HOWRGEFOR dfifi pReifect on theprqRabibitngs §hRdierbelecicons

plurality of states nmus

- | |
Cegui res a befnd F5I Gt o UFe CRARGhett oWl EoriPPrBRE bl BBeatr
nge?;??g'ng”ﬁé‘%@%r?f {21 EBRITOIMNEH LY BREEALEORSe Bl & e1ect rons

Val'ue 1 1mformati on. nmenory Storage S

achi eved by QEHE@' ' tyhl@%eléﬁtla@w%%%doflﬁ%sﬂﬁh&iérpha

I nst ance ma | ng Iectrons I nformatiion) to correspond to
i nforngtionarsé h&r abbampllshed%yIutzlmin@ttwlglah:eghtgnofRktem@énfroxt
structure and operation sequence are the sanme. |In order to use nore
el ectrons fwritewvolyagesragehet Iuhane;rrimdlthen&r:tmmanmet.ermesl wrd&ing n
having a small effect on probabilit henonenon occurrence .
conpar ed tov@h*éa%tqﬁdme%ﬁom@@% l@hé efakie gince theggdiamie esuahl e
e b CrERSas LS s3R BN BTBAHSAN Y11 ve 1R30RLSMRESE LY ' 9

63 gldé%ﬁd‘% %tcaéldorl %W%p%ﬂ&%ﬁ”&rf?@%’ﬁ? g 1 b aed xﬁcernal

Twent y- seco ererres I on O

t went XoseCOMFé@Qm Beller to cafbel hﬁmoro‘?ﬁ%ﬁfthbnééﬁ%genlﬁ 2&&&%&1“ iR 9

44. Thi s enbodi nent 1s characterized In t resh
Operat I on i Shehidms PR ts thrade abed] Y Nedddlidys B 368F, fohede various

methods can be combined such as by using varying voltages and
varying times. The readout operation however.requires 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
information 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 séme. 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
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wite-erase is not perfornmed. The sanme nmenory cell structuré¢
the twenty-second enbodi nent is utilized but the silicon
particles of the nmenory storage area have a size of 10 : :
nm In_an exanple using the wite operation, and noting one—eX
particle, when one electron is injected, the probability of a seCon
crystal being injected decreases drastically. Restated, the tine
requi red fovethengehemed and levertewnrent beonsympt toniackheeyetlong conpared
tothe tinme for 15 injection of the first electron. Therefore, a wite
vol t age hasTW%P?¥F%&ﬁﬂﬂ@xﬁ@?ﬁd%ﬂ%ﬁﬁf|C|ent time |onger than the

ORI (SRR QU RN bt S AR S
sufficientlg {é%;éf %ﬁ#\ &Yﬁﬁ@fﬁﬁgfstéﬂgwﬂef epléor4£mo 20 electrons

to be input: enbodi ment stabl e menory
(storage) operatlmyMémau@ervterié ycm@éépfzed in e §e%) 44y one bit
per cell or in multi-value storage of plurality of bits In one
cell. operatidier paf perfonmed C@Sﬁim@aderﬁ@ﬁylfﬁd)lef%@n&h'@Sv@flf}?%f
peripheral circuits with a small surface area, handling snal

el ectrical whitgesrasavisngotiperformede die sdmelmémoryseldi shructure
singl e-el ectron nenories susceptible to noise, as well as a

manuf act ur | 3% 1H bee Ly ey 13RaRn G erbpRdRgntcE $ &Fitld z@sgbykithe silicon

64 with no Joss of desir characteristics in snal1l surface area.
hi gh i nt egref&* ‘?Je TEietss Qa‘g RSP L3F SHRIS &2 tRye a size of

twent yg t hi rsﬂ%apayﬂ&;%é{g 4 pRD L idd @,,_;smga%' HE9hS the write operArdBhi N tion

of the reference sy i S shown Th

subsequent exph ﬁB%tlh%rb%ae E%s%@%ﬁ@f@é S%heBfone elecliBR 15 1ARWRY, 1N the

bl ack dot as listed”in the sem conduct or
the prqbablllty of a second crystal being injected decreases

drastically. Restated, the time required for the second
electron to be injected is very long comparea 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
time for injection of one electron by incorporating some likely
shift and furthermore this setting has to be for a time
éufficiently shorter than the average time needed for two

20 electrons to be input. Consequently,thisembodimentachieves
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 sbecific examples of

256 © 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
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menory element for this invention in Fig. 45 in order to di stingui sh
16

it froman ordinary FET. Twenty-third Enbodi

The configuration of the circuit for readout, erase and ¢

sen conductor nenory device of the twenty- third . enbodrm :
by ut|I|Z|ng Fig. 46 through Fig. 49. A circuit diagramo ifs
enbodi nent is shown in Fig. 47. Fig. 46 only shows one pair of data
lines for puipbgusloss of c;lfesmmapl thacactenipticsnin is@maddt aurfaemi axgriuct or
menory devi ce, many |ines are arrayed horlzontally the sane as shown
her e. hlﬁhFFQtegBatFﬁemﬁEﬂScheéﬂFsaﬁWEe Red RS ViRwE Lyr £°F ry

[ 1 d ked d d
v bro ool cEveBhocEBL e, rpBBSh. ﬁﬂedﬁ?’gﬁﬁynﬁ%t%hsme&lmew MVB. ar 6 | ver
| ayer menory Cellﬁmég¥%§%f 8RQQ€QE§9r@*é}ﬁnce syBodls dat éhgﬁdﬁi%lén the

| ower | ayer. The ar e upper menory ce are
connecked bysa |ﬂ?%hed§3@sé¢ﬁ@n’i—@§planatﬂo@1§ hendpREle d ¥R chikgeSOrEE e

line is cormbn to both upper and lower cells. The LDL is connected to
the | ocal datkaalifiehowh witH the vagchiddBas Thetédin shewumid@Etictdihe

| ocal data |ine D1 by way of MA. Hereafter, the set conprised of a
menory mepeky elemgntinforhthliiecahveéataohi Aap Félbec#iboinMogdes rtef erred
to as a block. A global data line D2 corresponding to D1 is

65 al 94spiageash i1bnframsanapacdBpry| %ﬁé‘ -D2 is the dummy cell bl ock

fhe'local data |1 NEVeEVeEP RACERROHANE whi ch s connecied  in the
R L E T ot ek

and M5 are GoRpgciRdhe semiconductor memory device of the twenty-third

embodiment is shown by utilizing Fig. 46 through Fig. 49.

A circuit diagram of this eﬁbodiment is.shown in Figq.

47. Fig. 46 only shows one pair of data lines for purposes

15 of simplificationbut in the actual semiconductor memory device,

many lines are arrayed horizontally the same as shown here.

In Fig. 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
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In order to discharge these circuits on the global data |lines D1, D2.
Further, these global data |ines D1, D2 are connected
transfer MOS M7 and MB, to sensing anplifiers 10 (diffff@WﬁhﬁE*”
anplifier) conprised of ML3, M4, M5, ML6. Pone ,
ML1, ML2 are connected in order-to actuated the sensing afnp s
needed A sensing anplifier.discharge MOS MB, MLO are provided on

both the alsoipragut pOn thhedat®d ceul ling B8rig theidwhmy gelilHekeckensor
15 anplifiers. The readout, erase and wite operation of this

enbodi nent Compm??do%%@r ABRY 8o yriged leabsay Ml s W:a@?’l@ﬁvg@\l‘!m n
d f d he .upper an ower
memory cel | R0 AR 1o faft e %ag‘%&»?m)(ﬂ A 12 e 36 CompuRiored cel |
threshold v ht@gg béméh %Q ggtgh% cr §l§ quck “threshol d vol tage
urther ig

i s shown wi ["éVel is shown with a "1"

while g |0“/|eVe|Tiﬁ1§quﬂad!éﬁhfbf 01rcd¥¥'og§§?fgggf%§%e¥ﬁ5§nafgéép%$zh0|d

vol tages can of course be inverted If :

expl ai ni ng 4Beas@eridi A% r puplregpekehia®gel OB B5 and M64dre Hboedgde of
vol tages applied to the nenory cell during wite and erase is

descri bed. in order to digcheageutheperairownitprecitheggigbafiodatastianes 2.5
66 volts |s erformed on the nenory cell for readout (in this

case MML) aRdt 85Ith65trath¢ﬁe q)lfoktaﬂedeﬁuar éspeﬁoﬁhg Dguarng T:nnect;ezdl (in
[ I volts) Is

taB'pf. ZSSfoW‘)«a}sr# i {aane L Yom MRt M (omgnsing TRRIFISTn M,

e 2R O StaREeLRgnplo] h%nﬁﬁfkagmohmséa% w13, w39 BT MpQCR! data

en per orne
Power supplies MOS M11l, M12 are connected in order to

actuated the sensing amplifiers as needed. A sensing
amplifier discharge MOS M9, M10 are provided on both the
input/output lines D3, D4 in order to discharge these sensor
15 amplifiers.
Thereadout,eraseandwriteoperathiofthisembodiment
is described next. This embodiment is characterized in that
read and write are performed by switching the upper and lower
hemory 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
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menory cell DWML is set beforehand to a val ue between a ,m“;hreshold
vol tage of "1" and "0". So when the data of the MWL i ‘”?*~

vol tage on the LDL drops quickly and when "1" the 10 DLO

qui ckly and a high voltage is naintained on the LDL.
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
vol t age i s wpptspedisoehformed éonnehéMmériary déll fomstmgssioutl O(rolthsls _and
lowering of all the nenory cell t hreshol d vol tages then perforned

In wite opeaseill) t&f&%\ﬂé@qallnéaGS)li@es@f ‘@hﬁ accngaﬁpondlnq élpémny(for

I nstance 5 voltsé¥ the local data |line LDL of Q%cell I n
this case M}l Giydthdsd FasewPili hg & repdqud V?étag§et(f?5 ’O“ R el | e

o appl 1 ccVRLHR) o hRBRT poRapEne vord tige (1 aRe S50 Mhetl) LS o0
data lgne LB dhiloR My | finz and xehhagglagfaf R AOCE) RO iad (rprgep! | ed

to the word res tage rises since

applied 25andaghfas weay\oa&itélnfﬁeammt achémesePfoMiéld. TiHe dUm@GessS 1S
referred to as "1" witing. Only 10 volts is applied across the data
| i nes, wor dmémoeg aelll abMMtsisosetebéfoeshand word value befeeennaMVR so
that a rise in the threshold voltage is

67 sthbpeskhebd . volliage priotéSsand "MEY.er Sedwhen ashe @atar pfithe MM1

The above description, is one exanple of voltage val ues. Essential ly,
during witds t(he' t%?ﬁéFégﬁoPPaﬁlée rIr%IeéiIiorPsaqU1Clesé¥1fil ‘('E‘-P%lht'ljy" e t

time dto estructive | ev ver wite volta
appl At 1 onPEREr T ERr 4L oRR BTG = Mion W1egd 3o/ RaliMBinea

on the LDL.

In erase operation, the upper and lower dgta 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
hemory 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 MM1l. 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
-
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voltage lowers in a sufficiently short tine and to a non- destructive

| evel versus the erase voltage applicati-on. The vpITHaGEF
source line and | ocal data |ine of the nenory cell for jwiti

holds the rise in threshold 10 voltage to as high a |eve

versus the witing of "1" in the nmenory cell, during readout the

line voltage and |l ocal data line voltage hold the rise in unnecessary

t hreshol d veuppgessedas Thisapregebsaisposfebred to as "0" wrAtdewgai |l ed
description of the readout operation is next 15 related by utilizing the
memory cel ls ML, TRRP2PQYRI deserdpihpn, is ongprampimiof poNEageHsabues. " 0"
is witten i_nto the_lLower, nenory . cell MML and a "1" is witten into

t he hi gher ﬁﬁP&lE&IlIy’ ring Urite, thg FPHFﬁBO&%aVPlFBEGr E3885t1n a
operation i ' i . A48, irst, the LDl _D.Dl.are.set _to a

hi gh | evel, SpERdPehi 1Y) Bnory £ind'dng gglae&orﬁ\éﬁ%[fuﬁ%é’ed&mll BeEFUHat a

l'ine sgl ect :+MSyrit AML L ea58ph Y n, &fnd I | and
gl obal data v Iei I"lrg Dl?gearallgpt heIa 3@%}/ | oca &d;%tﬂg%%ﬁnﬁﬁaﬂfﬁﬁc{jh%
gl obal datavoltage LbwerB2iare eoFfactiewhtNexhordthe iRAGHr S 4 Gign-hi gh

| evel the precharge MOS Mb, M6 are turned on and precharge of LDL,
25 DLDL, DBesamdcb2ver depeilf vemreds thee e3ABE iveoltalge @ppliigtievel ,
t he sensing anp di scharger MOS MB, MLO are turned on and the vol t age

at both terninal sTB8, votagether sdrsisapramplliimierand dpsal datat digeowfid

potential. The word line WL and the dumyy word_ line _ , S
68 DWERRSREMRTY Fnt ARY YHEtHRE £ 'One BPAFABSERQ rdisschargereshold

TS Qoblank R T Y AR BeRS bbb Bt rscing o
vt o0 PR B ML T RSP RATES 8300 BuneVofbgl 'Y
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 operation 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 MM1 and a "1" is written intd the higher memory cell MM2.
A timing chart for readout operation is shown in Fig.
48. First, the LD1, DLDl1l 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 per.formed. 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 ,l D4 of the sensing amplifier drops

to ground potential. The word line Wl and the dummy word line
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transfer MOS M/, MB are turned on, and the global data Iine D1, D2
voltage is sent to the sensing anplifier. The SAP is t set to | ow
level, the SANis set to high level, the sensing anpl iff i € hvs
MOS transistors M1, M2 are turned on, 10 the sensing afphifi®sp,
activated and the difference in voltage on the two input/oulpt
D3, D4 anplified up to the power supply voltage. This process all ow
t he data of DWhenkateturn on amm)tlyec@ataI\A/ilneosbertea'doodli$claaldgehe Tupper
menory cell MW to be read out in the same way. At this tinme however,
the M, 15thlls’l4¢€§$grml"(1" néswm§temzlnm@)meé!mmtcﬁllulzwla O heo |tdal
dat a i ne sel ect e word line WL and the du @\4 |ne

are turned @hreahelﬁh%%"%ﬂr s“c,sn&P@'@r EheR et he (3Hmmy, ReROd iy, €S liﬁlﬁ

Vol tage so £he: TPLEAESETRRARTE SroRY COREn DBo e Ahat ﬁaﬁfgz%"c'%mage
|'s mai nt a'ng ulckl%éaefrorn%%g &Qﬁteraégﬂre,eagtg@ dﬂihﬁéﬂ' fé@sﬂ tﬁ?{é or to

erasure, g 'S at once’for cel ting is
necessary i Bx@hdeesl OB BYLNs CXEESEUNRed! SELI gndfthe gloissl | atd hrmhol d
val ue does not rise) conti nuousl y witten with 25 "0". The LDl and LD2
are set to @1hi pb vteVeidgetie daataltcdaha sensink ampiefeetr . MThdMSAMA sar e
turned on, and the upper and | ower | ocal data |ine LDL, LDU are
connect ed t sheheseft dloal owldearelli,nthe SAN iplsetThe DI ilevedt, beasemngal t age
and the PDGis _set to a | _ 69

hi gh vol t ageMPeR&igat activatpdeMaP skrangeshess N1 ve1ke g iggned on, on. A

I d h
UL SRl 2eREPh St 1BLELLES M B L e BRI o i
vol tage wi t ?a thee %q I&’ﬁgu%og%bpk ﬂ'ﬁé@cbaonm Snp1 £F1 &8 [ e ¥OLhE Bt

applied to Re-Wo € Poi
supply voltage. This process allows the data of the lower

memory cell MM1 to be read out, and the upper memory cell MM2

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 turned 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 "0". The LD1 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 liJ;.ne 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
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where the voltage of the upper and |ower data |ines LDL and LDU has

set to high level. This process can sinultaneously era e upper
and | ower cells. The wite operation is explain

expl anation 10 is given for the occasion when the |ower

S witten with a "0" and the upper nenory MM is witten

a "1". During wite, the upper and | ower data |ines nust be set to
separ at e vohuggemlmE,vehs diara Ag ner pte/dhecharge WMOS M5, M&EkkeitSurned
definitely on so that the voltage applied to the Iocal 15 data |ine nust
be static (@Rchah@itdde. Volbm%qu?enppﬂcledé:o the word tliimg 61 athehappeintand
| ower cells nust be carried separatelér However, in order not to
appl y adver ¥8e&ff BlgsLDL, LDq(YQ%Qﬁﬂq LRfghesus 1@@ davehe ofherPRRlls a

lied to, the | d ne.. The i nput/ out put
7 he b '20° ageFotﬂefy@?g ﬁ%ﬁ%«r." R @4 ae%% fRieDEn s set
to high levgl, I‘Qg l\p tfs :Le%l %t M@Swg ege\Jﬂl at pot r.ned on

i ne L £85 R Pebal W& Poite LD2

and t he upper oca |s se

is set to |QwekéV§heaﬁéilﬁ§§e'\@f"§hé Usgisdlr Odrla SPower %:65[[ eveﬁd)ﬂ@h qlle i s

vol tage can be applied. The D3 is next set to
set to hi ghLbuvkés sée tocklglalevéine This pﬁﬁie%cst d\é?ﬁé‘i%dllﬁd?%ﬁlyand

the lower |ocal data |ine LDL set to high | evel. Then, then a high
write volt agease thel ipderoand lowehecebid.line W while the MB is stil
turned on. This process : 70
allows a "0" to bERGuWHiteh dpenaviion i§ ewpiainsd, nekb. Nﬂnlgxplanatsfnnggly
set tq.on so_that the L volta €, |ncreases and the witing of "1" in
gol nsutfi &1 &Rt . 20T e Beé s*@’kt‘” hemhFhplque s gtenery GR4leV¥L isnd a

VO' tage s written with a "0" and the upper memory MM2 is written with

a "i". Duiing 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). Consequently 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. Then, then a high write voltage is applied to

the word line Wl while the M3 is still turned on. This process
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5 dynamically applied to the LDL by turning M3 off. Next, the D3
Is set to low level, the LD2 is set to high |evel, I\/klturns ~on and
the LDU sets to low level. Awite voltage is then i

"1" is,witten into the M by the voltage. In thisfcs WVE TS
turned on but the LDL voltage does not 10 change and 4 BPtAC S
the ML is perforned. Thi s enbodi nent is characteri zeu

the local dalhows a 07 nes Berwebctewfin MMV er tlircalhiys stasekedhem2 Mscel | $
S connected to one global data line by way of a selection MOS
transistor,stnongte s&i tichem ise Shdsrtharlbg wltagepercudases Ed thed read
operation so that there is no need to increase the nunber of gl obal -
data |ines %?lgb%%lﬁﬁ abpl 12 ¥¥E bgehnsrifheient. rrermry cells are

ked, d f f th
e a7 AT RS U e, (B ity
f thi b 0
g OB L b il e, WPt 0 g ouees Tt e
pl ane rathep3tanea shacked SAADE the L.D2 fs%@'t%amgﬂ £éfe ! %x‘ﬁ%ed i n

whi ch a set of stacked | ocal data Iines are arfanged onh a flat plane.

Twenty-fouréh &BoLheendy 26ts to low IHevell UR uneitd dlecddd Cil ttHed
readout, wite and erase circuits of .the sem conductor nenory device

of the tvvenalyplled to fidur t A Bhbaik menitt ien deto ekpl MR eoy uthd volhggei.g. 50,

Thi s enbodi ment differs fromthat in Fig. 46 in that nmenory cells
REPLACEVENTI®HHES case, MM1 is turned on but the LDL voltage does not

08 APR 1999 " 71 formed at all
cross Poi nt SPIGRL | TRESIRAPHATY" | $Rhekhe MML is perf?ﬁlf‘%g met hods are

| ;
cach other"so 1 hat L hereoaiiheds cara®ili (id u BaR et 1oval e © 1 °
configuratipinon £0fNeadh ofi e MfetbEcSENV! g@a@@é'ﬁéﬁé;yoéeifs a; fol ding

configuration _
connected to one global data line by way of a selection MOS

transistor, and are switched in ofder during write operation
15 and read operation so that there is né 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 arranged on a flat plané rather than a stacked shape.
A combination can also be used in.which a éet 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
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positioned in the sane direction. The open configuration has t he

advant ages that nenory cells can be positioned at all cross ”ﬂS@o pts of
the data lines and word lines and is highly integrated, lowe§--5km§G>~
di sadvantage is that nmuch noise is generated in the 10 word |Ime LACﬁbeBQEN
fol ded configuration conversely, has the advantage that little norse
IS generated in driving the word | ines yet also has the drawbacks
t hat nenoryacel fsrmedmnt ddel cross plodaéd of wbkdclimss poiditdated ldates .l i nes
and word lines. In this enbodi ment, nenory cells are positioned at
all cross 15 pBeres Bethedsdare knpes §AF me&atwaeeguﬁhepseesengt he

f act that .a folde ataniLne structure is utkwgzed When read
out the nenﬁW?lééFPrwﬁﬁ, AB2 mbiBRyTBLRFIVRMICaRACRMBTARE SPsbhat t

s v ed gRieete A Le6R, A oS LA c&%&&uga&#o%ﬁ%sgft o
data line Dgfi T?}E. ﬁcﬂéﬁ ainf:llfler ngp-ypl atg (ﬁledi’ﬂvat’ sl t n
at ere i's a ¢ at a

readout SO hange i n itten |n and

MVB. Si ngl eFegee%ﬁed in the”BHﬁé'&ﬁré@ﬁ/ﬁoﬁ he ey apEAIEOf 1 i £54 &8 R8sy
smal | structure yet the drawback of handling a small current flow

causi ng 25thevadveitadydd thatmempsecellls ddrebetpost tit @ned attha 31 errecdi nent
however, the data line structure is the folded |line type which i s not
vul ner abl e poinbssd thel datte hiemas gndeldrasiines sedai mbighly inﬂ@gmn@mt age
of high integration.

In this enbBANR¥EARE, 2 [HERBANIFHIQRLS ‘ﬁ%ﬁ’érfv-l%}elqos‘-scﬂw lﬁh@enerategaﬁe Rt d

b perlor meHORR: PRS- staiR SRS (AT VORI IR PRTerse hn g fare and
erase per f Qggggni:gggn@hé‘é el%.tsélrec%01@% Ql Ogghergteddfﬁ ad%i&'fr?g e WY ate.

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
' fransistors 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
yet the drawback of hanéling a small current flow causing
25 vulnerability to noise. 1In 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.
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Thi s enbodi nent utilized a two-1ayer structure for meno cells

however three or nore |layers nmay al so be used. Al so, theryR

| ines may be arranged on a flat plane Wi t hout using a ¢{
configuration. A conbination can be 10 used in which a set d

| ocal data |lines are arranged on a flat plane. Al so, use of |Us

| ocal data line is sufficient. Basically, nenory cells are fornmed a
al | i nt er sedni bhéscémipod irespondiesd glutbalf ahl andmowes cald svehdthe

lines. 15 Al so the nmethod of this enbodi nent was expl ai ned using
a si ngl e- el s@meovoRdddng hewevad edfouthdrn tar stiepst- t heweneapy ythe writeel |
is non-volatile, then other nmepories such as floating gate type

menori es or OPCASH IPBAY B8 RRSL Paned wath two steps as W&r’i‘leyt‘l'@lﬁ'f—ﬁ"éﬁrbb@i ment

20 Th t, f the i t / out put d i fy,ci it of
the seni con&ﬁ%toal;’\%\%%%g‘dggﬁaég bfgggﬂ§%g\%gﬁﬁygfr{?f gﬁgén%b’gﬁlz%;ﬁff‘e gl,"ba]are

descried uglpgd Fiiges5l,oThE |ar}%l.&te/ out put and verify circuits are
conprised of a transfer sect PShto transfer data fromthe sensing

anplifier to the sRikt epBBHS MR 1Al 0" - (e i
(discrimnator) circuit to chgcf(: \%ﬁé@lﬁgredgra r?gltlé) la%&ets?g%%tetgg%utfoéata S
all "0", anméhbryltedd¢sehbwegbiroBhree or(flbger l8y8aE0MAyCAISYI he t@s&dECK
whet her or not the readout data is all "1", anda shift register to
tenporari |l yRdsounthet docal data lines may be arranged on a flat pléde

data fromthe sensor anplifier, and then sequentially output - this
data exter n¥Rthouthusingfa steapkedcans igmetion npét combinatiphecamtize f r om

an external source and send this data.to, the nmenory cells. The shift
regi ster i suﬁﬁgolﬂs & 3 sghrfystasked Jogeilofarar linesS e arrRRIedg

during the %i Eeﬂﬁ'&i IDXane. Also, use of just one local data line is
sufficient. Basically, memory cells are formed at all
intersectionédof 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 is non-volatile, then other memories such as floating gaté
type memories or flash memories may be used.

. 'Twenty—fifth Embodiment

20 The structure of thé input/output and verify circuit of
the semiconductor memory 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
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operation. There are a total of four shift registers corresponding to

t he upper and | ower nenory cells, wth two shift re Iﬁ provi ded
on each gl obal data line correspondi ng. 10 ' Séﬁﬁ S for
the shift registers 2, 3 and 4 have been omtted i nTF

the signal lines are shown. The structure shown in the t

enbodi nent is utilized as the nenory cell array however ot her |
struct ures daya aff :som ltdhe sehisbirzemiplifibr, and theierseafitesrt iz lde oautipptti on i S
related in the order of readout, wite, erase-verify and
wite-verifyhis data extermally, tTe rséacfdutrameatanolrs iws ek piai et When

t he data of the nenory ceII MWL is read out using the procedure

shown in theriv@data fHyom é‘ﬁ’deﬁ‘\ﬁéﬁpﬁlf §8PFﬁeeﬁB6d$%‘ﬁt \igfdata X9 thgppears
on the input/output n 0 en a [ Next, the
transfelr (I[:):JIF%‘H‘!?J{ pch)(F JPtfi slﬁiﬁ t]fg i SI eIr£ps Igfso useq &5 & SterZa9Cow

I I d t e t ~..then M3
tﬁYﬁs gﬂ ah%&?%%@%magﬁﬁegﬁg ?ﬁf?%-éﬂd Pfa? §¥}o%t ?F%Ee er?the shift

register b%;‘ﬁ‘@i’a@:{oﬁ he ke Zre ANGMA3of |fod:.heslﬁaf.tta rfégls[&fss "1", then

M24 turns on, and the data "1" appears in the iInput7output [ine D5 of

the shift correspghéing ty vy Wpdharn®2 arg Mihod\exiel id)e wIRM- thvd set
to | ow | evel, nmaster feedback for the shift register 1 is turned

74 o$lii fThee@PRtlers petvidedii gh ¢zekl gM¥92l sdétankinen and data
Is input to the shift register 1. Afterwards, The SRW1 is "set to
hi gh | evel ,cepeesmandingurned on, and data is held by appl ying the

mast er feedback for the shift reqgister 1. This
10 The cg.rcug.ts for he 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 MMl is read out using the procedure
ehown 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, P1
is set to a low level and M21, M22 are turned on. If the data
for D3 is "O" then M23 turns on and the"0" appears in the
input/output line D5 of the shift-register by way of the M21

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
[
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Finally, the SRMF and SRSF1, the SRSF2, the SRSF3 and
alternately inverted, the four shift registers
si mul taneously and the data output externally. 10

operation is related next. The data for input to the shift register
i s arrangedoff, thiee BHI1 D2,seD 3candghl 4evel M39alsetuahed yon naed tazta n t he
SRVF and SRSF1, the SRSF2, the SRSF3 and the SRSF4, the four shift

regi sters opsranpdt stouthansiolft yregistennd. t e whatvea tdsan sthes rISRMRD i
specified data line. Wen 15 transfer of data is conplete, the SRSF is
set to a | odetevelhigh levelhe tmw‘ﬂfl SRSERINSASPS. apfdt fRt SREFAek® bkt t o
hi gh | evel .and feedback th ster sectipon. After
thi's SPRhYiEhct RS G LECREGH Gk theoShibh TEGLPESE Lhowdisy

t he second enbodi nent, M@%

t ransf rredpf8c?ﬁ3r?ﬁﬁhffgﬁ?ﬁﬁp'+|neﬁtg %%5 ar%gb éﬂﬁgﬂﬂy “ﬂﬁaﬁB?%$1 and
write perforghtine respective HiEaCEESEANSE Iy tﬁrﬁegaagenrsglge&sezwlsa' ned.

Er ase- ver|fy S perfo m ng readout of nory ce erased,

verifying thad 4 he FramaIURe WAS SRMFefSid AREPNCEhRIBRBF275the RS OT MY
erasure on nenory cells whose erasure was i nsufficient.

Er asur ecanbeher SRS Pk daiemall ttareatdlyodhoklrted, thehfouppshi finddgiwsenenory
cells as shown in the second enbodi nent but erasure during’

erase-veri f greucpeseped sswnyliareously and the data output externally.
REPLACEMENT SHEET t he upper and _|ower nmenory cells. _First,
readodf is perforRedwrite cpRgafaPh ihFelatec Rexthi f?he? ggttat £6T BHE t he
ACG i s set

fines. o tohesRitr aefiiet o5 arenarda c0a DLD HmATieves B o
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 SRMF1l, 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
;t:he 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 cen be performed simultaneously on both
the upper and lower memory cells as shown in‘the second

embodiment but erasure during erase-verify must separately for
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5. next setting the ALO to high level, a high inpedance state is

set. Next, the SROL is set to high | evel and M44 turned on, ~and the
data of the shift register 1 then output. The data fro [
reglsters 2 through 4 is then sequentially output in t_é“&ﬁ-~
all of the data that is output is "0", 10 then a high ALG ol t gg
mai nt ai ned w t hout turning M32, M4 off. If even one of t
data is a "fHe upgpmr MBZ lowers memory calhdad tiergi 0 realdcangei drpsgast o riveRA
voltage is therefore monitored and a drop in voltage indicates the.
erase is and dab@npﬂlp@’e tOlBhe shift meg@igfere- NeXty %@rpﬁqdrﬁ iset
expl ai ned next. Veri f that all the readout, data,is "0" was
sufficient t@ high 1%?%9(: & §r§§€n@€rPPyaHGWEQ%r1WPP¥%9¥¥PQ&H¥%QF%:he

?”e'qhﬁgé“a 5, RfGAmGPEN ﬁ#FIagéaaﬁé"ﬁ%ﬁﬂé’esy%% cazruhanbefedur eS| i s
egbodi %Q%IS%ﬂﬁfrt%hAi% wcf?{{fﬁg ' fMlg; 1§lﬁééénE8%é£€é i

Durlngthe e operation, a wit

register isgipvenigh WiHe sifia i6Thes E%t HQSh' $evel an8OMYEN @edln to the
need to match the Tocal data line vol t ages with the shift reglster

val ues.). Thh8 theesitd datehéssh2Bt régistprelethen eutpliton THee datid e- end
graph. In other words, a "0" indicates that witing of a "1" is not
conpl et e, aftdth the shibHin relgd sdehrer2 tamdughndiiisatlesn skquenittiieddgyafutmit i s
conpl ete or was not necessary fromthe beginning ("0" wite).

76 AtBoEbengape verd iLL pebrk orftdhaafdata ifhat g |%u1'eﬁﬂﬁplﬂeﬁt &' 0"nd

the shift ister data is rewitten tp a "1" on]y when r eadout
data i€ a "Ege’arﬁjhérg@h%%ﬁ VcPa]rFaoH%&Sb‘éa%‘éﬁélﬁédt"bl‘%/&f@{%éﬂlmlng 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 is explained next.
Verifying that all the readout data is "O" 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 required
Showing the write is complete_for each memory cell. In 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 method is
convenient due to the need tomatch the local aata line voltages
with the shift register values.). This inverted_data is

25 interpreted as a "1" on the write-end graph. 1In other words,
a "0" indicates that writing of a "I" 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).
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all the shift register data is "1". The shift register data 5 IS
rewwitten to "1" as described next only in the case when the read out
data is a "1". During readout after finished writing ik

readout, the Pl is set to | ow | evel - but the POis n{
| evel . A high level is then transmtted by way of MZ]
readout data is a "1", 10 however when the readout data is a
nei t her of MZ;Z;onNBﬁy, readtis pe@ifoimeihaftébevsiht frig u@gcsmpaedat,aams
hel d. Wen updating of the wite-end flag is finished, a check is
made as to whet baift regiakkrt Hetdata rswaittén TheaN'G’ien1erheBetheo | ow
| evel , the M35, MB7 are turned on, and precharging perfornmed on the
15 i nput / seegout| daiea imma e 8nc achsnk fapcyyl 8¢ de ma x?es taf‘ffé#ther

setting AL1 to low |l evel, a edance, state is se
next set to2Rilghh ?e%}f’énﬂe‘ﬂh%g%ﬁlq?t?e’g? §t§ daPg Fglkt regbﬁ‘f’ﬁﬁtdaﬁ‘ﬁe

data f th hi f t tens,2_th th tiall t put
' he Soame Laag St CKBR 5P { he Ak doPnas bodontREconty ptp “FEETGASE ity oL
ALL vl tage s FRLOl ahpedavit hauh rin. bUEDhAO:MEROuNBCRD; KinsyRaqone of

this output data i1s a t hén "MB tur S on an tage

rises. The Rkitvyelt ag€1ike nornal &%@%@ﬁ:@ tRai ppriedsante @ 1idws EelrB1Vi9ht age
indicates the wite is inconplete. 25 Thi s enbodi nment

achi eves rewhiet iPog ief nble serti tte- addhf legel. A bbbl hbealt he thadout data
Is "1" during wite-verify by using one side of the transfer circuit.
Further, antirapssaséednbyway of M2g| A62 piwhere tper rpadeoat dataxdists 1",

pr event ed b}é I ncor por ati ng . . 77
t he wit e- eREYEVEE YAED *%TH% rc%ﬁd@%ﬁkﬁt/aoeﬁpat Qhi meitdpsod M21 or MM o,

the same dumy. ool By eshold KoLt ae, ) 54584 195, 8 nera. HRLS'SHESLQL 2"

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 ALl voltage rises. The ALl voltage
is therefore monitored and a rise in voltage indicates the write
"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
/ N .
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erase-verify operations, thus allow ng this enmbodi ment to haye 5 a
strong tol erance to noi se. Any arrangenment that fa¢hjewas static
operation may be used as the shift register even if ngt the%§rﬁ-_

" shown in Fig. 51. Also, if a latch is separately provided ey,
transfer of data to the nenory cell, then a shift register-
functioning 10 by dynam c operation nmay be used.
Twent y- sevefthie Enbbedrerdtflag into the date istputctoutputf shidtt negiyteevent h
enbodi nent i s shown in Fig. 52. The sem conductor nenory device of
this enbodi R8O, the same damawt icallily threshalg tualeage tie usehtas < xt h
enbodi nent 15 added with deco er, a drive circuit and a control

circuit. refexence Ot ¢ Qﬁ98¥§ﬂ%¥ﬁﬁiﬁTW§ﬁﬁ§Y4r?%qmacenter

f K. t
deteri bed heleRIERY, égearn%w.z%%@g@ﬁggm BRAHA R o nene
r eadouts, erQS%tQ'éMfEBQerﬁnc@p%B it % g he command pre-decoder. 20

vol tage correspondi'ng to each comman i's then supplied to each Qf .
the drive circuitanhyafeangedbn ¥AhtagensvbehsREtic oper&tibHihay
according to the command that was input. An address si gnal |s next

i nput i nto usedaddress shddtiideegdntex gwenr yfaedt the struseheet edowhfia
signal is then input with the specified timng 25 such as shown for the
twenty-fiftEigrbd +rr@ri¢sq/uhnnfea ilatidhi §s separatedy pravtiated dadoutanefase or
wite wll erforme correspondi ng target. nenory cel
The menory EglgaE%NEEF1 mﬁ@PﬁSdC?%lné&ﬁe%%bﬁaﬁﬁedr?ﬁls er functioning

det ai | address signal is

input ¥o t hBYa84P8TEC PREFRESSRy maY "Be 1%§%he |ocal data |ine decoder. The

signal fromthe aggéﬁ§§—sevent8rEmﬂ%&?ﬁ%hti5 split into tw signals and
I nput to the bloc

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 twenty-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
esreadout,eraseorwriteisinputintothecommandpre—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'inp‘ut 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
eorresponding target memory cell.

The memory cell selection method is next explained in
-
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decoder and the word |ine decoder. This process allows one £ word |ine

of one block to be sel ected. ' Sel ection of the upr

data lines is acconpl i shed by way of signals fromthel i
decoder. The upper and lower local data |lines nmay be seles @HA
separately or may be sel ected sinultaneously however this sele

is 10 determ ned by the conmand pre-decoder. _This enbodi nent
enabl es a séfitédhductIIFRIDISLIIMAL i LoPHE SenFR9adBReSS | RFedecoder

She Cuent y- BPEhERShEGH et lanehdanougE " The mignads rblrBeEOHE Sa
has one addifional., 'f&F ggme{nto tyo & %grglﬁsg shy fhmgh%gtat%ﬁe%ls@f

twenty- seveRtR emoodi res eration
Thi s invent 'd‘é'&od%‘%”fahaUEﬁ@ agraeiﬁhebadcaae\.ﬁe @ﬁ:@é"ﬁﬁéeess alPows one

sem conductor nenory device with high integration yet small 20 size and
a contrsol neiodhred 1iher e@f one block to be seleddé8.lS CLAIMED | S:

1. A sem conductor nenory device having nenory cell bl ocks each
conpri sed of a pIﬁﬁéhbtioofOﬁeﬁbeyUDQBKsand lowpésﬁﬁﬁénédnaﬁ tilse cross

poi nts of |ntersect|ng word |ines and data lines, and a erl her al
circuit to SGSOMPlishrsiky vavel aignalsfgian Fhadecadcdair ¢ ias + and

o2l erorY el el Mha Loer ST 356, meﬁagté%%;egtggg%@;%ly
L hE oS3y, BASEEPRCEEL BERaBLEnbbral 60000 ALY porcofBEonS
channejp r egidefterafiledn byl ol icommRA0P rie-AR cd¥/ded .anthis 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.

.
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.wherei n information storage is perfbrrred by changing the

sem conduct or threshold l I'Ilﬂ Iﬂ"‘LI ing the quantit
carriers in said electrilﬂ mﬁﬂﬂu I ﬁ and wherein at [
portion of said peripheral* cifrchit®issa*™CMOS circuit 15 K ‘
nMOS transi stors and pMOS transistors. 2. A semi Cong
devi ce according to claim1l wherein mnute particles in said elres
charge trapWihdaIfa¢&RINED IS: average S|ze within 10 nn1and are conpri sec
of sem conduct or or netallic materia

seni conduct or nendry &e?ﬁé?&c%rb%%?ﬁ?ﬁgm?%owa?wlce ha‘iW\ﬂe‘F‘%If‘ﬂr¥a?‘Elll
channel reg[b?_%ckglga%ﬁm SOREHELEY 5?' A hﬂi?él ﬁ%h@?%@eﬁégr age

t hi ckness uctor évi ce

according tgochiihed at t%é"@o%s”p%ﬁh@scbﬁrﬂ?ief@é}é@{hé%fo‘i‘%ﬁ 138e8@Mand

el ectric charge. trap ar ea. . A sem conduct or nmenory

devi ce accodaitaglines) aind a periph&hel enn:cailtl ea»ssuppeycs‘lgmélsf gb s£pdon or

a second region is

f or med 5wi t hword ddbssr and said data lln@s. Argk rsiacdeh chentoory rcea‘idr)beslrfgrent

according to claim 1 wherein said first region or a drain region is

conpri sed ofomprisegopfcpysukstiradesi | fggst area laminated Rnse&fichnduct or

nmenory elenen% rd|n to cl.aim 1 wherein the effective width of
53F8

sai d channef! eha? ainsulating rﬁ}ﬂf‘\lalauée\ﬂ RIEF 'nm 8.
A sem conduct or ﬁlegggf‘ur gll%oc{ eoctcl@ GLiq flrﬁjtl %85%' 'Z'i é hle

structure pOSI ti one

structure okelwadl é‘:‘/@é S aoéaﬁgr@lectrode for aplglynﬁg%q{”e(i@@:@'fci‘é‘arl f‘?é‘l)&y
devi ce according to cl aim

10 to said channel region, and an electric charge trap area and
wherein information storage is performed by changing the -
semiconductor threshold voltage by controlliné the quantity
of carriers in said electric charge trap area and wherein at
least a portion of said peripheral circuit is a CMOS circuit

15 comprised of nMOS transistors and pMOS transistors.

2. A semiconduct.or device according to claim 1 wherein
minute.particles in said electric charge trap area have an
‘average size within 10 nm and are comprised of semiconductor
or metallic material.

3. A semiconductor memory element according to claim
1 whefein said channel region is a semiconductor thin layer
having an average thickness within 10 nm.

4. A semiconductor memory device according to claim
1 wherein said channel region serves as an electric charge trap
area.

5. A semiconductor memory device according to claim

1 wherein at least one of a first region or a second region
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8 wherein two nmenory cells of sald first region having an upper and

| ower p03|t|onlwﬂuE“mnﬂuumare each connected to the sane data

line by way o ction transistors.

sem conduct or rfe ry “deVi ce accor di ng to claim 1 wher )

seni conduct or rrermry device has a control circuit to pe Qr’éE'BE
steps consisting of a first step to apply a wite vol tage t\‘&af@D EN
nmemory cel 11s af @ di ki t3 S@Strr%%ﬁj out the information stored in sai
menory cell after_sa rsf step and, a third st ply a
wite vol tage  ©- mgeﬁeThﬁoﬂ????%ﬁ Bt oerJr%ﬁrb% O% cgﬁ}fﬂ

sai d secondy .oy eiS ggl\ﬁafli:?é%édﬁr?@r 3 grain regloﬁuz.s cé@%ms%@neﬁct or

menory devi ce accord Ing to ¢c avi ng ah I nformation hol di ng

circuit to hel Ofkfyg@Iﬁﬂé)rglllconW|tten (or an element list for witing
I nformation " information "1") in said nenory cell in said

menory cel | Bxt eAnaémSecmdmtandneMmye|erﬂ.etm&nw\na|d®nmﬂ'rgatt|oonlasm

per f or med once again when information stored in said information
holding 1 wherein the effective width of said chamnel regiogihagid after

application of a wrlte vol t age does not match the information state
of said seftdHHIR LRI At Am- 12. A seni conduct or

menory devi ce accé)rdl Rg%%rﬂlgégam:tor mem V&eén?erﬁ ab o(ydj{i%;%obicﬁgifﬁf

I nformati on can be stor ng-a

plurality of MAlAE$ tReMStt&cture pos‘icﬂlto?% w%EB' éeﬁjl&fhfﬁﬁ}d dFHan&Sr?a .

13. A sem conductor nenory device according to claim wherei h said
CMOS ci r cui ¢eTDHt Bé NSt BcED dtansiistdrofM two Alayers of Mmete. I ayer wel |

structure. 14. A sem conductor menory device having a
| am nat ed 3 r uchusemtoopdistog mefmbrgt devdak datartling, ta tilesm
8 wherein two memory cells of said first region having an upper
and lower positional relationship are each. conhected to the
same data line by way of respective selection transistors.
10. A semiconductor memory device according to claim
1 wherein said semiconductor memory device has a control
circuit to perform three steps consisting of a first step to
apply a write voltage to said memory cell, a second step to
5 read out the information stored in said memory cell after said
first step and, a third steplto again apply a write voltage
when the writing of information for a memory cell in said second
step was insufficient.
11. | A semiconductor memory device accordin_g to claim
10 having an information hblding circuit to hold information
written (or an element list for writing information "0" or
information "1") in said'memory cell in said memory cell
5 external section and wherein the write operation is performed

once again when information stored in said information holding
. S
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internedi ate | ayer on said first Iocal a source | i
said first internediate |ayer, a seco Z" ﬂﬁm ayer
source |line, and a second | ocal data kNee 0N

| ayer; ,and a first channel region connected to sald sour ce~L
said first local data |line positioned on t he side surface of s

am nated SIEUALWE o AU 200U 1on of SIENIRE 83LBHCARECHED L
sal (? secon 1] aﬂ a

source line an ta’ 11 ne posrtioned on t S de
surface of sajd ﬂr?ﬁBr‘%ﬁatﬁQDn stateSUﬂJ%tali'aeseﬁiﬂc%h@EUth ﬁgﬁﬁgg éi@ﬂeﬁ{iea
encl osed by a potenti al - barrier positioned in close viCinity or _
i nsi de said channal2. A sémpconduatdr anewmssly |deiva orRered nlay tway19imsai d
channel region and gate insulating filmand two sem conduct or

i nf or mat i on 10l %vhensigndmcs dromesd dlidse odndnfelrmatapnt hencbesstpoedt $nof
sai d | ocal data line and word |ine, and wherein information storage

i s perfor ety “@%’I@ﬂ ﬁ@]tlh(;bysé‘rﬁlédﬁd-un@t &r Ptlh‘lrééﬁélyd°§ol;:ﬁéﬁés in wrjpe

|1 d t e tra
rea and S SRR AP P A RS S Enged in O P
82 20 a serial 1 ray b erﬁ'{%&?@ﬁ@gof‘ sec@uﬁ%’ocaﬁ iga%rd]ggﬁetgaéfalrgnes

and word |ines, an sal Irst and sal
connected tq Wh%r%&'ﬁesﬁhab@idodaéﬁréh{'\? Enn ofa MR tebeskstor wath a

transi stors. . A sem conductor nenory device according to
claim t]r&pMmrlmymsa:eilsedmicﬁumm stors each have differert gate
el ectrodes. 16. A sem conductor nenory device according to
claim 14 whérlei n 3 asemigwebdic ot andnory idevilcac ddviiagos el drapnsiéd
first and sai d second | ocal data |ines. 17. A

seni conduct GLORGRIEE FORREE Haordifig sto Jagalmdata line, a first

intermediate layer on said first local data line, a source line
on said first intermediate layer, a second intermediate layer
5 on said source line, and a éecond local data line on said second
intermediate layer; and a first channel region connected to
said source line and séid first local data line positioned on
the side surface of said laminated structure, and a second
channel region connected to said source line and said second
10 local data line positioned on the side surface of said laminated
structure, an electric charge trap area enclosed by a potential
barrier positioned in close vicinity or inside said channel
region, and a word line connected by way of said channel region
and gate insulating film and two semiconductor information
15 elements formed above and below at the cross points of said
local data line and word line, and wherein information storage
is performed by changing the semiconductor threshold voltage
by controlling the quantity of carriers in said electric charge

trap area, and semiconductor memory elements are arranged in
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14 wherein a contact hol onnecting the global data i and
selection transistor is p mngﬂl u t he cont act
connecting said first andmmlll m‘mu | data lines 5 RS
transi stor. 18* A senitorfduétor menory devi ce acco -
claim’ 14 wherein said first and said second | ocal data Ilnes h-v.
differ ate_electrodes and further cQ tq.the dat 3
i ne BY wesF SPEERE AR CRY ARRRIGHES BELEAR 1 0b oh fasf 1981 datq 33 RER,

sel ection 14aNgo$of 3 nagd érﬁ? $GQRt 2¢kshAfy fs%rld seconhhfogéPQ?AtadQEﬁel i ne
and said shared diffusion layer runs hrough at | east one |ocal data
line. - are connb&tedﬁtsemezgaﬁluogmbammrt)a Ueneasy aegoofittg: telekai m

14 having a dumry data line forned of the sane material and .in

paral l el wittessistdmzal data |ine, having essentially the same |line
width as the |ocal data |line, and said dumy data 5 line is not used
for storing of infor mabigemiconductor memary JewiGs ESHRAKHAY #@wﬁﬂ?lﬂeV|ce
according to claim 14
havi ng an iHSWRRISIP 19331 SGlfsE & arRd Stesisu&ard hage fiﬁéferent g8heact

hol e correspon ﬁh o said source line or said | ocal data |ine.

21. A senitondut nennry devi ce according to claim 14 wherein a

sem conduct or rratleerl al Adgeﬁﬂ:aﬁéueaof Weerd £F device HEIAE Y & cAgHI ating
filmisolating said source line and said |l ocal data li1'ne has an

oxi di zed i nsgiyakirBEnfddid global data 1iAé.is flaesdchdvetraapredid ¥igdeyi ce
according to claim 14 wherein said sem conductor nenory has a

sem conductand said. ssfaorehtldorlredbton Hirsesn conduct or substrate surface;
and the contact hole position overlaps the gate electrode or the 5
di ffusion | ayer oJf7+ hePseantepadecter dieferY deirigel asifosding to claim

14 wherein a contact hole for connecting the global data line

and selection transistor is positioned between the contact
holes for connecting said first and said second local data lines
5 and selection transistor.
18. A semiconductor memory device according to claim
14 whefein said first and said second local data lines have
different gate electrodes and further connect to the same
global data line by way of the shared structure of a diffusion
5 layer for the selection transistor, and the contact hole for
the global data line and said shared diffusion layer runs
through at least one local data line.
18. A semiconductor memory device according to claim
14 having a dummy data line formed of the same material and
in parallel with said local data line, having essentially the

same line width as the local data line, and said dummy data

5 line is not used for storing of information.
20. A semiconductor memory device according to claim
82
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sem conduct o?‘gﬂﬁgt—r—ate and aI so at | east the source data |liRe

| ocal A sem conductor nenory devifc&y
t0 cl ai ﬁﬂ“l““ ﬂh“ll”umuula durmy pattern not used as the | ocal 3

*nmede Yrdm fhe*same material as the local data |ine and~{
haV|ng a structure in which the contact hole for the word line 5
positioned on said dummy pattern. - 24. A sem conductor nenory
devi ce accordi hgvmgCaImmsulatlnm R ﬁgraedm;ﬂmtmerlﬁenmil&s@ﬁ e t he
| ocal data line romthe same material ,as the | o ta
li ne and ancontaCtl HgﬁFa??ﬁﬁe?P‘PW%‘b‘éntrﬁ 7§ I6h&Wr&eoh1BF ?rﬁr%alr‘ﬁ%torﬁ?‘
| ongi t udi nal t (Ijll rection of the dummy pattern on the side surface of the
i nsul ating ijI fh &fl Sai d dumy pattern. 25. A sem conduct or
menory device accgidi NG IRl Aiflluctor HEnWIS 8EY:RePAVEL-GHAR! Yo |d 1A OF
the readout circult for rea out ormation oms
sem conduct gy wBeREY nekegRAl condsictor materlal deposited on the side
84 parallel to the word line. 26. A seni conductor menory
devi ce accosdirfigceoof| am mnsulat ing vindmeiisocdaitdngl ebald satacéi nneitardd zes
the second | ayer from the bottomor the topnost netal wiring |ayer.
27. A seni ssadudpsrlndatey ldagi besaepordiddzed dnshdating fidmhaving a
readout circuit f%ﬁ read out, of jnformation from sai_d sem conduct or

e

memory el enent coRfect d SFILAPURSFameaRrY device| pREORAUNG HeP i3y for
el ow {he gR8bdNasen FPA. Seitonductdl mehREy. A8sTR ZemsboRBls RO Gy ve.
according tgégg@hg‘for?edLﬁ%Wp%@%fEdﬁﬂ%éﬁg ghb@%&ﬁtg'Qﬁrf§c80Qﬂ§§H§Qato

.t he gl obal I ne by way o transi stor
contact hole position overlaps the gate electrode or the

5 diffusion layer of the semiconductor element formed on said
semiconductor substrate, and also at least the so'urce data line
or local data line.

23. A semiconductor memory device according to claim
14 having a dummy pattern not used as the local data line but
made from the same material as the local data line and further
having a structure in which the contact hole for the word line

5 is positioned on said dummy pattern.

24. A semiconductor memory-device according to claim
14 having a dummy pattern not used as the local data line but
made from the same material as the local data line and an
insulating film spanning one micron or more in the longitudinal

5 direction of the dummy pattern on the side surface of the
insulating film of said dummy pattern.

25. A semiconductor memory device according to claim
14 wherein a power supply line for the readout circuit for read

out of information from said semiconductor memory element runs
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29. A sem conductor nenory device according to claim

at o 1ime by vay of el sct o) NI AN IF° each naving
*0Ca

el ectrodes, and said first and 5 Ltsetomd

input with inverted signals by the respective connected gate
el ectrodes. t30. A, senm conduct or nmenory device according to
claim PazatLed ntP 2t ROntPTY tRFte to performa first action to erase

| nformation storeggn %a%ngS%EBEgBEt ém%goé%vfég@éﬁorcgiu%% to gﬁ%&?ﬁ”d

action to once again performerasure of sal em con or enment

when the erfgyiR fitesasadigl dud158a 881110k utilizkes 1N 8BRbAEL aPe # Firbeh

action to wite a "0" information or a "1" information on said

sem conduct gtie ebetrent, on tloartdpmost matalowitbngnteyagain wite on said

sem conductor el ement when the witing perfornmed after said third

action was inconpdete, A semicandugtbicf meémaryi@eviee racebrdind rfcocdatimon

stored in said : 85

seni conduct bt RAEHRGE IERGoMG CREFURAVERG BeRgPut «f dafegmption frog »o»

I nformation_or . ,a "1" kg%ornation I n Ehe external se
& i

' . f id
sem conduct 1+ ESTRE T EHE R ARSI §ABPE 4 gotRe to aid glopalaat® ¢
sem conduct pf o JEHRAY: L SIPPLAq [ 00r VOL LR SRASHRSC1Sn deadoGelPLELELEr @ 1St

uct or whose era lete

of said sem con menory el enents sure i s 1nconp

after gaid §it15iz86%hemérsh wd riB3NSr k0layer belkRd €hé BlGLEALAHME Wikl en in
sai d sem conductor nenory el enent during said third action, and a
means to hold a 128t of se#idonductors aiemeaydudeiviiceTarziorddngmeat &1kam whi ch
erasure is conplete 20 or alist of said sem conductor nenory elenments
whose erasuké wherein saiddonsletataflione 48 donhécteddtd bheapkhbal neias

usi ng sanme _ said register to hold information readout from said
seniconduct%#nﬁﬁﬁ%rvaél%ﬁﬁ%tMgﬁrﬁﬁﬁn%h§H°¥ifth action.
29. A semiconductor memory device accofding to claim

14 wherein said first and second local data lines are connected
to the same global data line by way of selection transistors
each having different gate electrodes, and said first and
5 second local data lines are mutually input with inverted
signals by the respective connected gate electrodes.
30. A semiconductor memory'device according to claim
14 having a control device to perform a first action to erase
information stored in said semiconductor memory element, a
second action to once again perform erasure of said
5 semiconductor element when the erasure after said first action
is incomplete, a third action to write a "0" information or
a "1" information on said semiconductor element, a fourth
action to once again write on said semiconductor element when
the writing performed after said third action was incomplete,

10 and a fifth action to read out information stored in said
[ —
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31. A sem conductor nenory circuit according to claim 14 having an
action'to wite a "0" information orUﬂll mnrl"""m,lﬁr mat i OmyY

sem conductor elenent, a second acti agai @

sem conduct or el ement when the witi ng perfcfr méd after I &
action’'was inconplete, and further - having a register to hold

f d duct whi ch t -
o 20 et opeRar ROt SR R dnenn At THERY Drotdic s thoLetSr i ﬁvgf%pi
inconpl ete , won ;R GHa5300 {;frastvlaqm m@0 ol A\ eaeaeg@@fﬁai%e%%raga'n

wite- 10 sald'register ues on sard sem conductor nenory el enents for
which witigg §§180§@fh§&8nductor device 3%and /a SRSBEHNEBIHOTA EENDISt @avi ce
according to claim 31 wherein a neans to rewite the val ues. of said
regi ster whgaid semitbrdiotormaénopysédemagtsofipkewvhopshokrasidewiste is a
hi gh | evel voltage is conprised of one p type MOS transistor and one
n 15 complete or a list of said semiconducg'abr femorypel #usnt s akeisst or

and wherein a source for said nty transi stor_is connected to

a high | eveﬁrﬁéuéﬁ szmqpm%l@t@ after sawp@m aGtn angr areg3ns o
comiot i on Bplesntoidtaon writren héﬁs?a%'t sehegaelesp i Bl st
transi Stor’dﬁgﬁsesg{d éé?lrdsaadx{k d ,ho Me%?x@nﬁbsfﬁid fPQ@eﬁ%%foo the

|nput term na a redgdi I Nng Intornmatli on show n at ‘said

writing sem&éoﬁ@ﬁ@k@k%exﬁ@gyaef&ﬂéﬁﬁ’!s %SWJ.(‘:I? é%ré Gd I&n@ﬁt&é)f

sai d p type MOS transistor. sem conduct or nenory
devi cepaccobdi a1Q ilst 6fagaid semicbhddricd meﬁloli"@aéﬂieinéntsvmhéﬁe tdrmstadadies of

sai d regi ster when the informati on show ng conpletion of said wite
is a low | etelincomplens taffer saddnphisdcrafiomand, t ppueMDs ustmgissimer and
one p said register to hold information readout from said
semiconductor memory element during said fifth action.
31. A semiconductor memory circuit according to claim
14 having an action to write a "0" information or a "1"
information on said semiconductor element, a second action to
once again write on said semiconductor element when the writing
5 performed after said first _action was incomplete, and further
having a register to hold a list of said semiconductor memory
elements for which writing is complete or a list of said
semiconductor memory elements whose writing is incomplete
after said first action, and having a means to once again write
10 said register values on said semiconductor memory elements for
which writing is complete.
32. A semiconductor memory device according to claim
31 wherein a means to rewrite the values of said register when
the information showing completion of saidwrite is a high level
voltage is comprised of one p type MOS transistor and one n
e
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5 type d wherein a source for said p tyge M§§H1‘FT

tranS| sto“gmlcuﬂ im m'l”nra | ow | eveI power supply, said n REBLH Iﬂm&‘l\/
t ransi st or gintissconnected to said p type MOS t ransi stor

i nformati on show ng conpletion of said wite is input to the gate O

said p type MOS transistor, source of 10 said p type MOS transistor is

connecked ! oybl% @War}sq.rsmdla,l and whe8L1f 4 WS 43l dhog hHIHOn

showi ng- t ha vvrltlng I's conp a control sig i's .1 nput

to the gat et9£n§§égor is cdhidPedMS & ARghSievel power sudp13>?>,4 safd
sem conductor nmenory device fornmed on a substrate conprised of a

plurality otypenmosesrinsistéori 8gain is tBhaegBedoBobyatlenaegpeauMati on or
di scharge of el ectrical charges and wherein a set of two of. said
menory cel | srangisBor diiadposetnfeemet tahlshawirgncdmpubtiontas sgadavplueral ity
of . menories are respectively connected to data |ines and word

lines, and hheRE} &@ tﬁ’@ getpeaStsaie erYQEpﬂgﬁa\'—?%‘g/Sb‘Ft%nﬁ%ﬂrce of

cells, an address si is input. to an address re decoder | ocal
data iPne deabich &?fﬁ%mrw ESTRP S GAmBIF Ghech tO1 Bhe Jst?faﬁateﬁwat

addr ess preggfgdg?e i?@egaﬁ ?ir?fo WSEL S showi eiytl'{?ta

v{ %ggnal
fromthe |lo I he 'deco I se tlono applca
data, data inesndQitd 8l 8fc g1 &@I ﬂnwftﬂ&%lhleyggtép&ﬁ%%faewy

cells are in sone cases . sﬂ\?re%%esd' st nul taneously and 'n sone cases
sel ected sepatgp€l MOS transistor. '

33. A semiconductor memory device according to claim
31 wherein a means to rewrite the values of said register when
the information showing completion of said write is a low level
voltage is comprised of one n type MOS transistor and one p

5 type MOS transistor, and wherein a source for said p type MOS
transistor is connected to a low level power supply, said n
type MOS transistor drain is connected to said p type MOS
transistor drain, information showing completion of saidwrite
is input to the gate of said p type MOS transistor, source of

10 said p type MOS transistor is connected to the input terminal
of a register holding information showing that said writing
is complete, and a control signal is input to the gate of said
n type MOS transistor.

34. A semiconductor memory device formed on a substrate
and comprised of a plurality of memories for storing
information by the accumulation or discharge of electrical
charges and wherein a set of two of said memory cells are

5 dispoéed vertically on said substrate, said plurality of

memories are respectively connected to data lines and word
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lines, and when selecting at least one of a plurality of memory
cells, an address signal is input to an address pre-decoder
and local data line decoder, one word line is selected by a
signal from the address pre-decoder, a data line is selécted
by means of the signal from the local data line decoder, and
in selection of applicable data, data lines for a set of two
of said vertically disposed memory cells are in some cases

selected simultaneously and in some cases selected separately.
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