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.|} ~e3e52*5WI6T*21 J U L 2008 TITLE OF THE | NVENTI ON MEMORY CELL way ot

STORED CHARGE ON | T, ND OF THE | NVENTI ON AND RELATED ART
STATEMENT 5 The premwmﬂlmﬂ ﬂﬁmmon relates to a nenory cell with a stored
charge on its gate, I'n So-called DRAM gain cell. A DRAMcell is
conposed of (one transi ‘SP8F* + one capackt @r > which can generally acconplish
the 10 n]n'nu5hﬂigﬁﬁgfﬁﬁﬁh§§£§§ﬂﬁgﬁﬂa' RAM cells. Wth a design rul e being
finer, however= evel op a conplicated capacitor
structure and a neMEMORYCICRLL WMITH STORED CHARGE/ION) IXSIGATE area and a
capaci tance which a capacitor is required to have. And, 15 the cost of DRAM

production is stralghtly |ncreaS|ng due to the fornatlon and processing of
dielectric nmat

Y KGR i REIARED AR BSTATEMENTt s of

passi vat i o t echni ques angd g&fers%%ctl %ﬁlwwlmf@t@m&ﬁm@éﬂt us,
and the cost of the capacit 20 production Is now nuch nore expensive than

that of the trEidl & SLQreiFhATEE JRadetiigatgynad skindth se-eatiels
sen1conductorukﬂm(galﬁ;dgrnmtured and it is uItlnater difficult to

detect information stored in.a ry cel | a ch e |n structure

and materials. 25 For o@eR&&%.ﬁ?ﬂﬁi ﬂﬁ%ﬁ;qgn iﬁﬁ?Fcell i s

Iéx\'(\ﬂnwien " Supemd_m&pﬁdﬂtage) Qﬂﬁrctﬂt i ojeraeﬁelﬂy Sﬂcmc»m:pmnnl'em_lz_nt ﬁryI Gai n
nor VIOS echnol ogy,

Di gest of }Iloech lIHaper S?}%—JX& °np9§ cf%l‘ﬁeépéjl%g%ls II{%? é%@%b th(?v\k}s %n

equi val ent ci das igrofrilee keine O gdioweesy, cwrpb%eueweatﬂénb@y

transi stor RMJ{@dig & fdéh?ﬁlﬂfhiﬂéﬁ ec P SPPLATROLAE YaN@ 8 hEgNsi stor

WM I n the DRAM galn cell, "a gate_ of e, word transistor WM and a gate of

the memory t r SARAGIFOIRMAHEE Idh et e"tFl%be‘é”S% FoFmdRL vd¥ 82| #Rd L, and one
source/drain r@@mwndé\a«rmrd d redsd i osr Wé af@t;@ﬂﬁeaow CRadeai rmm\a,gl on

of the ne tranS| e connected to a ine

S005 < 5 B WS RRAY i DAL MG 4F SRR ek Eeinatads

i nfor rrat ion i stcwruhet e.‘rpnmatm ayol epRAAS IR of| diebeobriageateviadsanyl e,
of 1.5 volts igmpRAldAd-dde eIl ! LddattnedNthd GLoUBoyRERRECOES applied

to the word

passivation techniques and introduction of novel
manufacturing apparatus, and the cost of the capacitor
20 production is now much more expensive than that of the
transistor production. Readout signals lessen as a
finer semiconductor device is structured, and it is
ultimately difficult to detect information stored in a
memory cell without a change in structure and materials.
25 For overcoming the above problem, one DRAM
gain cell is known in "Super-Low-Voltage Operation of a
Semi-Static Complementary Gain DRAM Memory Cell", S.
Shukuri, et al., 1993 Symposium on VLSI Technology,
Digest of Tech. Papers, 3A-4, pp 23-24, 1993. Fig. 28
30 shows an equivalent circuit of the above DRAM gain cell
composed of a memory transistor RM having a floating
gate and a complementary word transistor WM. In the
DRAM gain cell, a gate of the word transistor WM and a
gate of the memory transistor RM are connected to a
36 common word line WL, and one source/drain region of the
word transistor WM and one source/drain region of the
memory transistor RM are connected to a common bit line
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51line W.. As aresult, a positive charge is stored on the floating %&HQLO%UDB
the nmenory transistor RM and a gate threshold voltage of the nenory

transi stor RMshifts toward a m nus direction. Wien the DRAM gain cell is

in a standby state, a potential is applied to 10 the word |ine W. such t hat
the menory transistor RMand the word txamsistor WM are not brought into an
on-state. Wep._infor tlonlsredout pI| tq the word, line W.. is a
potential bet ®EenSPh& Gé'rt &henpy ﬁ&lrdo\f'oletx n@ﬂ f”ﬁé?lr‘?@nﬂﬁy% h8%8% RV

when a positi whenhdngermatibnstier @m‘mltetnhemf tehet iabg vea DRAMANGdiTe qgdile,
t hreshol d vol ta 0Si char, 5S t.Qre I e en a
b ggl\é/gf%%r,ego@ %tx% pﬁleda%fgg ‘G vol1%s qs é?l?t dsl‘go

positive charge 1SS ti at'e, 5 &8 rough t he
DRAM gai n cel bltAéle)eplBanl,n@@dabomepushaommmegasn a@@lllledldxm tZIIe |won2.1 g. 28

in principlge '.‘L‘ia%' W%S ”Rscépﬁééﬁi’ﬁ aétQBH%ébE bg §8Uhéegt6§eﬁ”o‘ﬁux' liary

in sone cases I's’ at ease the area of the
DRAM gai n cel thet Iﬁéoﬁﬁlﬂ@gt Séﬁ@l ﬁfoﬁhwiieglorréfqlﬁrraé’@lts@% Rbnad¥kd® of a thin

filmtransi st@cat(eTEEres@e@,(idt %1%%@@&' &R medly oy igdust i process is
conpl i cated an&jA t hat the DRAM gai n cel can be no lo roduced by a

n
conventional Fhddlét |t8ﬁ’a|5rd0@e§§nuﬁufjt3ﬁ@tc 1%er ewpgnaﬁgfahg r @BEm t hat
control | abilicyglandsr dpr lesﬁ:lalmldlblyt )sttafteTFBs paﬂfeni:lﬂaﬂj dd tapgieiredrass

producti o ofe nol oqi.e i resent a Ile ove

there is rs1]t| I I%El'gngt %gri&nc?b%é‘m 2‘[ ar‘fceh[ehe“eé‘l? e lgdﬁ r{l\/bfgf angd,. S a
smal | oper at i ¢:henmmogidn triansiis tiogq WM ed e aodohmsstgtthd ndat e on+tstatg ai ns
of the two trgiiehs i hidedid GkehoatPidhd | NEp10ed!idd aRNL/dE Jiges for

35 securing the qgperation margin, area of such a DRAM gai n
cel | cannot b&Ldd@r dapefentiz Pe@WI?eZ’OG'@e— @teﬂﬁmwmﬁdf-THE

| NVENTI CJ\II It |t$1het RRMRIre & rathsdlteat r@f wHem wgﬁfg}m tthlv;é/QdeﬁE tis provide ﬁ
nenory ce a stor .0n | ate iC 0 not. require muc
conplicate 5&'&? ﬁ:qﬁ&gé)%& e@Wjes % gs"‘\.ﬁ?pq@gs fcﬂcrease in

t he nunber of vemtalgmlwhmr ing ;msdmjvce ateargd i tsdramerhl! Per i ogswiii,ch can

be produced alr”rm& Y2 :EE:H'J QG r dd%ﬁ;
conventional flas %@ltl‘% ﬁgeg'gsngsttgr equ;%'rsneoécoer?p]?1 I ca iekﬁy STT uct ured
10 capacitor GWrnéaty fdmﬁerﬁhwh OREMVDRAM Wi idh Q& suppress an i ncrease

ina cell area. The nmemagy ex@hla iWeldh aboviedr @theC RAYE i tcagmatsﬁlova{ ovi ded
by the pregent, |nvent| qn,. for .achi evin the above object cel |
conpri si ngEO 15379 A% &% Iprflé‘rcﬁ'llﬁf rlg?ﬁ”o]rFes( B)° é’qéar?ttcb‘ét%lﬁ on an
i nsul ation | ayiar ifsonmeephicred hes smfaana]aﬁaﬂyhamrmmlcémsn nglowegiean, the
e afebe enSulde Al SR PR ESEIL LI AL R e
gat e, gain cell, the word transistor WM is requlred to be
composed of a thin film transistor (TFT), and the
26 problem is that the production process is complicated
and that the DRAM gain cell can be no longer produced by
a conventional production process. Further, there is
another problem that controllability and reproducibility
of TFTs are difficult when mass production technologies
30 available at present are applied. Moreover, there is
still another problem that since the above DRAM gain
cell has a small operation margin, it is required to
connect the gates or the drains of the two transistors
to different word lines or different bit lines for
35 securing the operation margin, and that the area of such
a DRAM gain cell cannot be decreased.
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(D) source/drain regions fornmed in contact with the channel form ng region,

one source/drain region being spaced fromthe other, 25 (E) a first
non-|inear resistance el ement having two ends, one end being connected to
the first gate, and (F) a second non-linear resistance el ement conposed of
the first gate, the insulation |ayer and33Q either the channel-form ng
region and at | east one of the source/drain regions. In the above first
non-|inear r &Y AND | SARPIARY (QF THE INVENTHMhected to the first gate”
includes a case where gsai ds0ReRitFdife tdie JHjedt o e |pr@sent esi st ance

el ement has g common region with or serves as the first gate. In the nenory
cel | Wi th a SEVRIF Mg RFPYIde 3 Mamory) FeLbogsth ' stared Shatdfed by
the present iowdiis gat(d,0 Wirict rques redterteguive asudmeoomnyl teatéd

hereinafter), the j.nsul ation layer. has hi ckness _which. perm flow
of tunnel?%gp|ﬁ4i§#E99fhﬁﬁ§%§é;n¥ﬂ%éh\%%é%$§Wﬁ%n %P%réﬁ%p%?n%%gﬁégggl IS
appl i ed bet weign tthee rfundser gff extrernalk whaimel addroegaregi ofi ar at | east
one of the s ai {.on ' [ e d  pear
Fesi stance o A b bE IR L A0N5E PHARRta e BRFRRTBRALEES o
a | am nated % tﬂﬂnﬁr)élftﬁ _QCPIS?WSSN@ cﬁﬂrfﬂ(ﬁiéclmq{e? cpny@rsEongl oglash) icon
oxi de |ayer) Mg aHivIEkesS it drddi PFe | €SRpl SchE 4By T 88rh€tutegm Ng

the insulation |ay The second non-|Jipear_resistance el erent preferably

er. _

conpri sesth SARBGILQF S HiR 12 CIHER BT R SRR ndRd t BRIChypalor MOS
(Metal 15 Oxiglgprssscaniuticrgadey pen tainkel 1 dhoe®. whi ch is conposed of the
first gate, the insul atj,on e nd -t he, 1 gLon f the
first gate, the insul aid.lhoen niegtgoe{ry %rlegl'lor%l%l?a%]ﬂs:é%%%é (r%lﬁl%?%fgn&?eb}?%ns, of
the first gatgatehepriowided il thy epresenpoinvention, sborcachiavingo

regions, of tfig fdgte BB Fect Ns !Q%xﬁéf?”céf‘lgc?om%l‘?siﬂ&“”e' form ng

regi on and one of the source/drain regions or the firdf gate, the
i nsul ati okl ayer, the cifehrifelChMBhfQElRM E#FHPRh of the source/drain

regi IO_HS- 25 In the rrerm(raol C@'ﬂiﬁ%td&b@rﬂﬁﬁﬁédic&v%ﬂiQxlilsuliﬁlej.éhfiéyer
non-linear regsistance elenent prefer a_two.terminal operation

Char act o st | RO T vio (ol ERTR raf biBrahrBnethEPERTRA; LeBtony ot BRs o
an operation Thastacjare sdnd tihatchdmnabofiotmbhigcuegioh BAcwhgckathows

bet ween two rgagi ' j Vi } hed ndi ng upon a vol tage between
the two re iaﬁ%&%@ﬁ?ﬁﬁyﬂ%¢gg§é.1€ﬁﬁ?%€lﬁgn%?§8§é!l of the géesent

i nventionZVpreferably, the #isetonHbriatac@Prestivahteccerphedt WARE 35

characteri stiggse thptst tgageprought into a |low resistive state when a first

vol havi n h | ari f f r n ion.v
vol tage having the same ol agiide Afd 1 r8f18nd ORIGHSa ORUELE G, VO t a0

with the channel forming region, one source/drain region

being spaced from the other,

25 (E) a first non-linear resistance element
having two ends, one end being connected to the first
gate, and

(F) a second non-linear resistance element
composed of the first gate, the insulation layer and

30 either the channel-forming region and at least one of
the source/drain regions.

In the above first non-linear resistance
element, the "one end connected to the first gate"
includes a case where said one end of the first non-

35 linear resistance element has a common region with or
serves as the first gate.

In the memory cell with a stored charge on its



2 1J UL 2003 - 5 absolute value which is equal to, or greater th&d,JW¥n 2003
absol ute value of the forward conduction voltage is applied across the two
ends and that it is brought into a high resistive state when a second

vol tage having the 5 sanme polarity as that of the forward conduction

vol tage and having an absolute value snmaljerL than the absolute value of the

forward conduction voltage or a voltage having an opposite polarity to the
forward conduf@itén BOVged PYagie EFesandssSnvantian s Perdiinpdhpl e, 10

when the firstefeirdinedy L9 c‘%ileln’eﬁiex@trﬁliﬂtseﬂzs) Awode, it is
preferred to yse a diode having characteristics that IS brought into a

| ow resistive Jéltsét‘tlét\fot‘?é‘n W@lt a, Sihigdaessuh i Rﬁr“tﬁtgshe‘? ¢ hakPW t he
forward conduets mmmﬂéltlag;e durra iied th156 1$ﬁﬁﬁ.aftiﬁﬂi | Dayers wien fd r st

I t t h h t t
T inct] on difodb CRATo e RET AT, 1 APRIEE TR THE Do Timetion di ode
has a sem condiunet «nhamgalorfcmtnmtg |xs=_=g:|l¢m smrmtasletatua: sne oef dele@ n regions in
conductivity o0 Lyne Ang A r}f‘ﬂoﬁ%’?&hﬁl&{ J&ﬁ]ﬁ"cd”é’ésﬂtﬂ QRGP LA 0 the

source/drain regions 1n con ype, € sem conductor region which
i s opposite tadinearsggsddthnge &1@3163511?5- i ﬁ‘h@om@tlla\ﬂlwl tyayercanedionds to

said one end (Ifoﬁn{é‘%l foe SéldlonSﬁNneeroﬁeShsttﬁﬁtﬁﬁa%%%”%%truc%@x%n%ﬂ he
sen conduct or regl on whi ch he sane as the source/drain regjons in

conduct i vity Si5e/S4Nr 8§p6ﬁ&s 1t1@5esa| ot o?h%?eenﬁl% (el ¥GOR1ORBE | i near
resistance el angidr) Haer iy jairdiidkhedodser W&fnercﬁbwedfwslﬁ lpfbf@f\ﬁédon

regi on fornmed of singl e st al duct or 0 for |eV| h| gher
resi stance valfto?er gftoqlh]gl |tt3§ a}eth‘eoaﬁ nJr‘—’gfs";frs’t aﬂjgléi éq’leé:

resi stive st atues iGtwerom @lemdmat mrqﬁmc&tblqn ctbmqn@zermeyahhsd aMI&t eral
pn junction 'W%tﬂﬂ—qrgégleﬁé@xc-tséﬁ@or{ﬂ?c% reS| eofarhét? Ohetdip-Tirst

non-1 i near resistance enent 1n a Ive state can be further

i ncr eased. 1Furdge- &wqqn@cwmmmw%tc&w&e Flakeiht 1segomrReHedse a

het er o-j unct i @¥ dingler frnddree, thel PhdhlaZlO8 rafer VARV ¥10é NEh&hnel
decreasing (!l rin theforvva} onduct.ion voIt ngg;cell of
t he present rﬁ,\fl)e ret‘-’n‘eo%’ec%ét e ‘%Pet%'ap tt%lfilaEb% GFth the

5 first gate tehrcbt;gte aaﬁiteﬂecscmmé,{dmnﬂ'hleeghcaheptmfcttﬁelfrn:srn batéor nmed,
for exanpl e, qfpS Qg1 O 1ar ¥/ 52V £ Ofe %o d PEOPASLXRY -

20 regions, of the first gate, the insulation layer, the
channel forming region and one of the source/drain
regions or of the first gate, the insulation layer, the
channel forming region and both of the source/drain
regions.

25 In the memory cell of the present invention,
the first non-linear resistance element preferably has a
two-terminal operation characteristic. The term "two-
terminal operation characteristic" refers to an
operation characteristic that the amount of current

30 which flows between two regions is uniquely determined
depending upon a voltage between the two regions as in a
diode.

In the memory cell of the present invention,
preferably, the first non-linear resistance element has

36 characteristics that it is brought into a low resistive
state when a first voltage having the same polarity as
that of a forward conduction voltage and having an



The nmenory cell of the present invention, may have a configuration iR WUch003
the second gate is 10 connected to a word line, said other end of the first
non-1linear resistance elenent is connected to a bit line, one source/drain
region is connected to a read line, and the channel form ng region or at

| east one of the source/drain regions vvmgh constitutes the second non 16

| i near resistance elenent is connected To an erase |ine. The above nenory
fceII of tpe paBSGDﬁtéPVﬁmthWh\&lbh| 1beeqaLatLeaio rrmrorgstefagddr ammr,diagg ]EO thg
irst configur n,of the pres iznventi.on' ea ne my, be forne
1 parallel wiPROPREE,Bpate’ RE ERe L ERATED Fong T 58" yonHae o (b the bi
line. That i sapplheed aayobe d;ﬂnpl tyed eadsoasy ttiaitorit n.swhirctmghtpliurtad | ty of
the nmenory cell e n rd g

pllaral 10y of ThaaBmseyLBive" gracar Gnil 3 ebbrthuciiade dagtp e 2.
|ine. Furt Rer Samﬁepelﬁﬁ}tﬁea%téﬁ}tl ofedhe doxswuindCondyatigm elitaderenory

cell's in an aéﬁl:lt hawngumeebs@m%s%m@ 3hadlkir tah R EHYbLAIE
connected with one read_ line urther, preferably, the erase line is

connected to ¥2pRgr afi tReoforartefonductiion Vﬁtlarge( R FerfhFaas |

according to hheihgrah @@@blsgttreatpoqrarqftyt h® wm&mrwa“x\&rﬁdmctm@f erably,
a first bit-IinSFgotent lied t th%bit | j a first ﬁread-line

potential is appira§ &8 taﬁ’@lrlf? alcirﬁ’ésa 3& d _FPhe®f8TRAfIral s
swi t ched thorrwhehl the F3rsdr soni-1d neaire Meisdls tamce sadxmr&ht/\mthnms a

potenti al, g&g?g tgtggge ‘%e'i}i%df St ol age ReteanL 4 he first gate and

sai d ot her en fi rs non- i near resi stance eI e nt through the

capacitive conPF—”ﬁgtﬁetl\ﬁééﬁ’St Wélaftl Adt igatronshtt Hatee orlPW s Tl YD bring

the first nonskbﬂéawhéﬁstﬁfeaﬁ%s@.' SRMag Rl W [ eyt Higherstaian, Wher eby
a charge of a tran portedfromthe bit line to the

olarit
first gate tthGg ot @r é%dh‘(?ﬁ'ﬁoinné( tags S ARPYSSent and the charge
of the firit polarity i Spetdfdadaddyqr aisnthiee ffilsdt ngmi-d.ineant hi s manner,

| nfor i on i S LLEER Bdhe IR P e MV (iIRIBLY el acgor di ng

to the first Confi guration i nventi on, a second
bit-1ine pote®ni dunctigmldisge o:atmdoaomsed ne,Im tfh:r%tcase%,d pm@mblawu al

is applied totTh@e he%‘inbt&%rﬁ@icﬁéerha% ‘@Prsdan{ld”&mdi%é‘d}!; '@é%iogn smiched from
a first 15 word-line potential to a second word-1jne potential, thereby to

generate the d8c&hE FHMEAGS dhen spmCsdElnain rFf%‘P‘EFpp’dkﬂ%“cb‘%ﬁ%Wﬁ/Yto t he

forward catduelyipenand laagenticiomiic ddie fdgisin gaticlants sspgboitertencthef the
first non- |In%% resistance. el.enment. t hrough the. .20 %améﬂve coupl i ng

bet ween the fi rstrcgét & 2 H5% §}ésc0]ﬁ’d coaﬁ Ctrfd‘”ttoY K the $irst non-linear
resi stance el emncomua:tmrgrrergas:rsmhz@hstm @ppdrstiebytae Heheharge stored on

or 1N the i1 SoudRletras i RN HPRUARION N AR L pERE LoD

this manner, witing 25 1nf orrratlonlnt menory can be inhibited. In
the menory celSRidcodediens F tihe kst cQS-’rﬁ'r]g’tn%ﬁ”r’ HEDESEIRCH rLRENt

i nventi on,25r ener &Mey,sem&freﬁﬂrddxn&mtcﬁﬂtwﬂcn si@pgphé eghri® ééletﬁéase l'ine
to transport a cha 9;5aw%a secaond I’It%/ ﬁfosmeto 30thef|{
polarity from tollilgc«? SN AT e OsDt R © PR SRR PRIS

non- | i near resiaddapddes @amehtqf dthe cflmstnhmrgelirh@ammgesmq:ag the first
polarity fromdihg iy st Tg@t En guhﬁ%lghaﬁ?_old'e” o é,t nonl i near

resi stance el enent, whereby charge stora of the f| rst gate
i s brought i ntjémé’té@dbrﬁ?‘bll@d?f gfé’ré‘!‘%ﬁf e %t%&%gqu nc’chEa]mﬁ%%copﬁPBFﬁﬁtl on

stored in dche sMRaIGhi&R}ingan DigsPSkistance value of the first
non-linear resistance element in a high resistive state.
Otherwise, the pn junction diode preferably has a
lateral pn junction in view of the fact that the
resistance value of the first non-linear resistance

35 element in a high resistive state can be further

increased. Further, the first non-linear resistance
element may comprise a hetero-junction diode from the



21J UL 2003 - g _Inthe nmenory cell according to the first
configuration of the present invention, preferably, the first non-1linear
resi stance el ement conprises a pn junction diode and is fornmed in the first
gate or formed 5 in or on an extended region of the first gate, for the
view point of sinplifying the constitutlog. The above pn junction di ode can
have a semiconductor region which is the Sane as the source/drain regions

i n conducti Vi wiewypeiatd of skureasdng qrlowegyiiong wileh ferweppbsite to the 10
source/drain r%ﬂ%@n N q:ucti vity type, the sem conductor region which

in co
IS opposite t§ °§°&8Pce/°gw A9F egions in conductivity type corresponds to

said one end of the firdn mhe memeay cedilsodnddeelppeasent amyeartidon,

sem conduct or kregi i i 4 r.2q r,a0ions in
au t with (

Sonaceri oty SRS TR0 e

I

resi stance ARt 9fkéEn tiHoudl &t djaleBirihd i endde ddgil@static he fir st

gate is fornmegiqm daROlpesiddrgRiy fifdh AR akoy & 1), | Wiely9%,1¢),0de may be
constituted sqg .as,t0 have a Iateralvpn &unctlon formed in the pol ysilicon
film Further S19e4fLetitdiSEO2p 8Ky TREPT/SH-*Ng- si ngl e-crystal i zed, and at | east

the pn junction region The aemdy @ed 1SioTtere st zZatr gy ioon, mady €. ,
the pn junctiqgn_25 reaqi of the pn junction.diode is.formed, of a single
crystal sem cglr?a'l?ctaofgqq#%reﬁloqrptlrﬁe “fr}’h]ﬁh Bﬁ}ﬁ %%ceor?%s?%'?%njcse val ue of the
first non-10 nemnnesdiest dcea edaankitine) saidotlest tndeostEhe Lhnsbe
further incregged, ;30 Al LArhald MElY o1l dinddiE i’?@ér%{n&g%ﬁa&ﬁéed#fg 1fndhe

first configuration of the present invention, prefer f1rst
non- i near re$ing &AECH/Hemkn IRHAB S LHRRT L] UrR 12 oFedd obiEn@ndaRd

formed on the tid dhaitfe Ofoiim) g itdask rL0i eadHE dhe direshegate, 35
fromthe view point p! qureashﬁgagégyﬁ%in t he gggw@ég gondH tion
vol t age. Thelﬁ§ﬁﬁ%? qin L&A TheEFraskites sthe Sefengogpn- o
invention pi eflemesy rewmis ttevee e lbamdniguisnitcamectedi th dmeesasentigate is
et & R oIS G S oL VSl Eohl Bhespedinga 3! ot ance
called "memory cell according to the first configuration
of the present invention". The read line may be formed
in parallel with the word line or may be formed in
20 parallel with the bit line. That is, there may be
employed a constitution in which a plurality of the
memory cells are connected to one word line and one read
line or a plurality of the memory cells are connected to
one bit line and one read line. Further, there may be
26 employed a constitution in which the memory cells in an
arbitrary number, disposed in an arbitrary position, are
connected with one read line. Further, preferably, the
erase line is connected to a plurality of the memory
cells.
30 In the memory cell according to the first
configuration of the present invention, preferably, a
first bit-line potential is applied to the bit line, a
first read-line potential is applied to the read line
and then a word-line potential is switched from a first
35 word-line potential to a second word-line potential,
thereby to generate the first voltage between the first
gate and said other end of the first non-linear

21 JUL 2003
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5 channel formng region or at |east one of the source/drain regions which
constitutes the second nonlinear resistance elenent is connected to an

erase line. The above nenory cell of the present invention will be called
"menory cell according to the second 10 configuration of the present
invention". In the menory cell according to_the second configuration of the

present invention, preferably, a first bit-line potential is applied to the
bit line and tiesistanged-glierepotidmdiwgh ithewapawitivenceupling 15

word-1ine pot gthler! &1 Sﬁﬁf’ﬂ? qﬂé’ did' e ROtEIRY é@éréﬁzd %8 ﬁfﬂﬁat €

the first voltage between ate and sal ot er en rst

non-1inear redih& afﬂé@telwlftffﬁ%l}g?ﬁ%?ﬂ@f&&)a%lqm%t cb®? | AglPEt ween t he
first gate and-ddigtSREOMHA & WHkdiy Ié}gaﬁcﬁe tch.fe ai l fffsﬁopoiaﬁsay is

resi stance elenent into a Iom1reS|stJve state, ge, of " a first
polarity i< trdh ﬁﬂﬁBQFﬁfqrﬁﬁﬁmrﬁb%nqlql¥%ﬁ?cF?rﬁP?|$%¥Sbaﬂ%t?hFBE%ﬁthe
first dnon | i nadre rfcisdsad ampixﬁé@f\trlmhﬁmamgﬁemf&m thesthppgarity is
stored on or Jr.st. gat nthis nner nf o on_can_pe

ot en it nethe # iy B fhr i ' s N Sr B Wi T 1 HEE £OPRE0abE |
conflguratlonﬂﬁ:tﬁus[mannﬁn,|1n@nmmannomrsﬂewmbt@enalnetbadmmeIYine

potential is liied to the bit line and 30 then a word-line potential is
switched froma first word-line potential to a second word-1ine potential,

thereby tolenerate the Weddiri Mgkl RaRTBRNT Hei Hee abivphosi te

polarity to th&forpafdt CNWELERD YPrbdSPE 1@@éﬂ\@féhth§réfé§abggt eaand said
other end of 35 the first. non-linear, resjstance, el enent_ thyough

capaci tive couiftq Y Rtteking mRetentiahate apRlied tRcbhe Bé?eléﬂa t8 keep
the first non- ﬂlnmarrerae:mlsimélo@oterztﬂaﬂ i!sLaﬂLQDBed t® tréepead Ltine high

resistive st g WISKPy SNIes ChALES, oL QEeL Py 01 oL e ihEaT kESh BaEE LS

prevented fromun goi ng a change i &“ha
|nfornatlohﬁlrWQEﬁrk&ﬂﬁnBOtthl@hntha|ﬁ©¢@mde@0r6—lhnehpohen§n§leel

according to t&ﬁéﬁéﬁ¥”¥b‘§€ﬁéﬂ&€éttﬂ@ @Ecéﬂ@ @6?@ ?é bgvgngbgeaggreferably,
simlarly, an erase-1ine potential Is plied to the erase line’to

transport a c*&ﬁYﬁPQEQHr&PQP%%E%nBO%%¥h.Yt?oo PaesteEvaEdt RRNENFEECRol arity
fromthe eraserdixddenepétonéde {mésflg@t eg&héoamﬂl shedsethad aad- bifneae

re tance el enent,, or to.discharge the ¢ e havj th rst polarit

from the 11 st g o hteFE B Tabiad oalAtene LORoRAR bhET] nbar

reS|stanceZ@Ienanm;rmh@ee@quphenghhegmeenothgeftrategatethadfthet gate is

15 brought i ntddhae ootk Chiai 0o SkOERINS! 1 Fat | Rohlh $nBBPNEEs 1kREARARL | ON
can R

stored in the nenory e era e nenory ce according to
the second corffieentt i bh afhige peeighivensbateonwhprebEr ey charge20 first

non- | i near ressﬁlaéwanel@fmm ERESPELBEE ga@é jisngtéevantdeaderamd is formed
in the first or forned or W qire ion of the férst gat e,
Fromt he vi ew PAROGHE; FpPheyTho b nalebhc: |1 TIe PIUTEr abfy: LiRe ahove
pn junctloﬂ5d|:mﬁprmamzonenncbhdumemoryegebh can be inhibited.

In the memory cell according to the first
configuration of the present invention, preferably, an
erase-line potential is applied to the erase line to
transport a charge having a second polarity opposite to

30 the first polarity from the erase line to the first gate
through the second non-linear resistance element, or to
discharge the charge having the first polarity from the
first gate to the erase line through the second non-
linear resistance element, whereby the charge storage

36 state of the first gate is brought into a second charge
storage state. In this manner, information stored in
the memory cell can be erased.



25 which is the sane as the source/drain regions in conductivity type gumd 2m3
sem conduct or region which is opposite to the source/drain regions in
conductivity type, the sem conductor region which is opposite to the
source/drain regions in conductivity type corresponds to 30 said one end of
the first non-linear resistance el ement., @nd the sem conductor region which
is the sane as the source/drain regions_in conductivity type corresponds to
said other end of the fIRsth@onemprgageldspseanding| eaehhe E3rohken the

first gate orcéﬁl?ﬁfs‘aﬂsﬁ beotaB prekbatf ih%kendabs,i pre¥erR®bi9f, ahe
pol ysilicon fil junction di ode may bé cqnstituted so as to

n
have 2 1 J EPESEOEQH 11@ea§ Fﬁ?é?&?nﬁﬁ F&ﬁ@@P@nCPEPﬁéﬁqanJHQ pol ysi | i con
film Furt herjuﬂéei@ﬁabwdepahmsnbl €0fmed s_nngh@- Fiystaldattecdr dodmid | east

the pn junction reglon i S in a.sin tallize ion, i.e.
the bn | untti of SETeR: 3R GREPRESHN RN BF GPEUS i SRR dP% Mty e
crystal senlcomdwcpointlofvsémpmﬁfyhagf&hb coatttihatriesi.st @heeabalee of the

first non-|ingar 4LgaL $ANGE8LoBnl ylca gl siesltie. SIale o i

further incre erw se, pre erabl EREFOPST non-
resi st ance eIeﬁehheceﬁpﬁlQésthehép@r@q/dm@umomaghga§ dmd dondusrtiptiton t he

flrst gate o t9BealnaxheadfdobRahaRee ddi ol iatichale JonefBihe v amaol nt

of decreasing wer i n forward con uctlon vol t age.” The nenory cel
provi ded Bf tﬁ@uEPéééﬁ?lESrﬁﬁﬁéﬁﬁldﬁ AN Yh &Y PR ic S¥9 gur ation i n

whi ch the secgaﬁhgahﬂubao@om@gqb@dwmc«h e d)[ipo@ﬁ.,teSEtlod tieher end of the
first non-1linear letance el.enmen . nnﬁpte one source/dnghgz
dth 4 he

region, said 888r§8 Aratnr &e91P05i &R d t83§l9qrﬁq39
channel form sgid0onegiend orf &hel «faxlstommmﬂMnsmﬂsaes/td:mm alegiearts, whi ch

consti Lt es tgqs ERANdefIohleor! SHGILAN AT TB eHed AN hd O, 2

erase line. e above nenory cell according to
t he th|rd]@onﬁpgﬁpéiﬁﬁﬁlafr?ﬂé°@ﬁeé@ﬂ¢Qﬁ@H9ﬂﬁWﬁ?Y tMR?zﬁQﬁR?%RPQQ&W%%Slon

"the other endaqf blﬂﬁefrl epld BINHheE8Ir SteHorH-ANGR A e ilstishds®nnected to
one source/drahn reglon i ncludes a case where said other end of the first

non-1inear re§i§M&HEe el ement has a common region with or serves as said
one source/drain regionthhenhEOfthetsgam@domomHH|meemdeﬂ stegyicm elfenment

conpri ses at S f th Qﬁ he
source/drain %@%I%%%Q?S be d&% rentq# source/dfalnq?gélon to
whi ch sai 0ot ﬁ@pven@nofjumé:mrr sithqimmaynéteer quﬂtslt‘t'am%i gemmttq shave

connected. 354l A gkleaTRTR dﬁéﬂld%xﬁyfﬂéﬁlfd)ﬁﬂgfﬁdl & coidd gt Akl on of
t he present |nvent|on preferably, a first |t-||neIPotent|aI i S Egglled to

the bit |ine &Ngther, gp;ngfquy3 polysilicon is single-crystall
and at least the pn junction region is formed in a

single-crystallized portion, i.e., the pn junction

26 region of the pn junction diode is formed of a single
crystal semiconductor, in view of the fact that the
resistance value of the first non-linear resistance
element in a high resistive state can be further
increased.

30 Alternatively, in the memory cell according to
the first confiquration of the present invention,
preferably, the first non-linear resistance element
comprises a hetero-junction diode and is formed on the
first gate or on an extended region of the first gate,

36 from the view point of decreasing (lowering) the forward
conduction voltage.

The memory cell, provided by the present



- 12 then a word-line potential is switched froma first word-1i n31 JUL 2003
potential to a second word-line potential, thereby to generate the first

vol tage between the first gate and said one source/drain region through the
5 capacitive coupling between the first gate and the second gate and to
bring the first non-linear resistance el ege into a low resistive state,
whereby a charge of a first polarity is tfansported fromthe bit line to
the first gat antvlencttughl paied exnad 1yquimagy draaien are:g:rtﬁn.gamhttirm 1Dn fwls¢h
non-1linear reskst I (g r.ge .of fidst r S
stored on or ?;lrttl%t %gggpgst%rﬁ%t els %%nttr%?:s}-‘cérbgr#er l?gr ?ong%%% %{P{%\#I tten
in the menoryedd PL fthet tf@nﬁrmm—demeaatmanstgan@ tehkenent gand one

configuration s%tlrt:@erdara%ertieqlra\heratfé)rborm@éteé@béd a G SECOk bi etna'ttﬁ‘e
potenti al |s aglplle tothe bit line and then a word-I1ne potentlal

swi t ched fPoncRanned: fggmdng Fegicemy At teasts B PIdkRE | i ne pot ent| al ,

thereby to ge%%&*c%/ﬁi&%ﬁte%@d.dt@ AR lcdh ol thagss AhdayedEndMeRPOsSi te
polarity to the forvvard c&nductl voIta. e, between the first gate, and said

one sour ce/ dr &% GRS i TRy PRt ERRE t %t r st
gate and the aﬂzmoradbogy@t enemct yt @:ddsaep)ﬁ hehd | prsds eron - invest i o swil hnse

elenent in a QJ q_ti %5,,5[1% sry %ﬁt omer{r%gq:yot cshg&? stored on or in

the first gatels preven romun er gol cange state In this
manner, wik i e@nfifownadticon afh the preagnt calventaiome. | nhl bited. In the

menory cell according tgut et me&“%rigse- nyf 'aQ:‘HoﬁktdﬁH; Ao e N

i nvention as well referably I ne potential is applled to the
erase |ine towéﬁgpmat IoTe Iofr Jheh RHEGRPNL SHRERE RN arP¥SERFRBAY t €2t 0 t he

first polari t)f]frrs(tm}ilfte-leiﬁﬁijQJdﬁé]ﬁ:itﬂ the dppBiedaic tie legh 1bgesgsand
non-|inear 35 resistance %Terrent or tcﬁhdl sc argqet? CIge char havkng t he
3 H

first polarity Yo Fdae RAtEN G dhel o roiy TRt thetsecond
non- | i nearlfr esicgtdaicimes|partmmtial Zd a d_ded_orm)(l@ord-imna\km‘eeytihb, char ge

storage stat e §fe rtnérilygr fd ﬁt#erﬂeaﬁaeté' SeH¥ tix% e&é’t%’e& aEHS Bip5@ge

state. In this ornation store |nt rmry cel | can be” érased.
5 The menory &ate zi’dtﬁi)rscﬁlrfb athemhendiel %Qﬁtffb’éﬁfat@%b%n?%é present

i nvention ”BY_ﬂh’s\i%t%rdelféJQéﬁéHﬂ Qfth#du ltgtetdf@patéiﬁv@%lothpn@ag resi stance
el ement conpri.ses a H}tﬁm%‘nrl on di.ode, I%ﬂne region of th e% juncél on di ode
(a region of rf) & gra DTS t NEhECSBEFRE/ dr ai n
regi ons i n2cordhectfiivistty Hotpel) ey emmmltangcé cebemmeh©nenendaolowhe first

o e e LT | S dAUIpc, | SR 8pc, SPUECE P shpEgot en,

and the ot her region ot unc a region o unction
di ode whi ch 13-nanspartedefzom ttee doik ceire atn thei ma ngabadubrpughy

type) correspayl ngidsx sf%rd-ptrt@dr ef@spétéxt@efététteﬂ@néhaeaﬁereﬁhﬂ;énce

el enent has a i or serves as said ope sour rai n_region.
Ot her wi se, ‘tfg%\f{e“% %Yljo% FHORRT Pt P WrE}PengﬁrFanﬁF
In this manner, 1nformatlon can be written in the memory
cell.

In the memory cell according to the second
configuration of the present invention, preferably, a
second bit-line potential is applied to the bit line and

30 then a word-line potential is switched from a first
word~line potential to a second word-line potential,
thereby to generate the second voltage or a voltage
having an opposite polarity to the forward conduction
voltage, between the first gate and said other end of

36 the first non-linear resistance element through the
capacitive coupling between the first gate and the
second gate and to keep the first non-linear resistance



20 resistance el ement preferably conprises a pn junction di ode, ong1r&gi Qm3
of the pn junction diode (a region of the pn junction diode which is
opposite to the source/drain regions in conductivity type) corresponding to
said one end of the first non-linear resistance 25 el enment has a conmon
region with or serves as the first gate, @ d the other region of the pn
junction diode (a region of the pn juncti di ode which is the sane as the
source/ drai n redgenest iim coridigh i ned st ipe) scate gsphedely tbesahdrgeher end
of the first Qﬁﬂ- ' sj st e 3 I t:LS kN ext ended
region of the Ti rgs%dqg_%{ egrgx}trgn%%gﬂf%sga %F%n%é s%%%’:gﬁg?%i F\E&é\gj on. Wen
the first gat aingendwinxt@mimngeginrsbitehe I rdiig@manner £ orplding a
polysilicon, t éﬁﬁéﬁ? ' i ) pgle bgncpast it ihefeg0 as to have a
| ateral pn | uni(}ﬁ on %r%ﬁ%%@%l&? i cgrrll ?IQ| ’H‘ Fu?t ﬁgr, pr ef erably,
pol ysilicoris single-cristtdie mampriameht 1ee¥ding ¥ thacteedndegion is
formed in a siduderfiyst 8o iFedhe prddentOihvOAtibn§- préberibl el
non-1linear resistance el ement conprjses a gn %u ction diodﬁ and. the pn
junction regi GBFL AR prA} BRI HRBJROFSNE IR fedS ofPRLLPHGER EPEst al

sem conduct or ,erase/i EMeftd herdmepoibas thargeshavangeaSseabnd of the first
non-linear resistance elenment, in_a high_tesisti siat an further

i ncreased. Clrﬁ§%ﬁﬁﬁfyrﬁ%ﬁ%ﬁﬁ.?y?otE%gpﬁlfﬁ%cg?%ﬁraﬁgdgrégngBgtSgﬁ%g t he
first non- 10 nebine esd stlctivtenpate hebraught thel spaopdnooned inearvi ew of
the fact that ; [ val per of 4t LEst +RNahLPEar he§3het ance

el enent ir121rﬁ%ﬁ?éﬁ§§§§i%%égfg%éa%gntgedggﬁ?égééiﬁgreggegs CIherm?se,
preferably, thehejfs¥shopelantby feemsthacEiepEngptecbfpEhgegrase line

het er o- j uncti ophfb@gle thONséb6endi RYhPRiNbaef rdeeEeantaYel bpwali,Ng) the
forward 15 conduction voltgggtgln rding to the first,

t he nmenop cell s, acc
second or thi rSERRY gthSt \s ?F%rﬁgﬁs@%%tFn95nFﬁ8n?15F5fngﬁlﬁ? t he
ot her sour ¢&/ dveoughtgintoi a sevendethabgaesstionatk segaed tbnttkishannel

formng regiony QrZOiﬁPﬁﬁﬁgﬁgBﬁH YL Hah! B P%eﬂ%iné!c | 8e3RPLLGALEO the
word line. Specifically, en e nmenory cell 1s'n tyge, a potential
greater than ae%¥a$e@.obtai ned by deducting a gate threshold voltage (seen

fromthe first gate) from apotranésy €t1ihgcEbraingate €a8 bBecapnl ied to

said other 25 source/drain region, and when.the nenory cel | i type, a
potential smal FOREIHERAELONI G BOEAPREGCHY GBUBRERAG APGALETARLIghTS

vol tage (seen fipstthenflimstagarepistance plkaehitacomprtibesfiar pin gate can
be applied to said, ot her. rceldeai n reqgion.. Ate wvely, preferably,
the 30 other _sUPEETaPaihofeoiBA 18 BeBlan: thaEhesrEREY Brbe Bir S
regard to the thasnebnfannergendgioneghon pife thecdidshoatie,ndEneot &ie al is

applied to theyypeydpbife. oBPEEnbLebiNg kRl S¥AZR!i®utdoh.ansiakarahoy,
sel ection connected to said_ other source/drain r%%lqn can be 35 turned off

In the above nERReRPOYRePRUFRBRELIRRI EACHPORESHAE: REEH CORAUEH P c &/SH1EAT
regi ons of 26hewhtenr yscehe samebasr ehieablyricelridviatied refgdnsnfior mation is

conductivity type and a semiconductor region which is
opposite to the source/drain regions in conductivity
type, the semiconductor region which is opposite to the
source/drain regions in conductivity type corresponds to

30 said one end of the first non-linear resistance element,
and the semiconductor region which is the same as the
source/drain regions in conductivity type corresponds to
said other end of the first non-linear resistance
element.

35 When the first gate or the extended region of
the first gate is formed of a polysilicon film, the
above pn junction diode may be constituted so as to have



- 15 witten, i.e., when a charge is stored on or in the first gatg1 JHHZMB

t he power consunption of the nenory cell can be decreased. In the nenory
cells according to the first, 5 second or third configuration of the
present invention, there may be enpl oyed an enbodi nent in which the charge
to be stored on or in the first gate can ﬁorrespond to stored information
and the stored information is |nfornat|on corresponding to a | evel nunber
of the first aOlbterhilnpnpduentieh. fomrmed dncadhe, polgsd lnmprbe idmpl oyed an
enbodi nent in th nmb t 9] to be
applied to thgﬁ%kpgflngrkgég%g@ Sbﬁgglgggg% |%fgrn§?F%%%P§ﬁ%?¢kffgd
informati on, aRd Bkeleaphytbe §nsduéﬁ§ﬂ@yed%ﬂMWhéﬁ diorgdrdm & n mhlch 15

the | evel nU”EthQE EB?sEhﬂiﬁzQHtpbk@&o&pt%ﬁEJa'ﬂHé'ﬁ%fﬁﬁﬂdﬁ%$ﬂ()the bi t
line is at | east two and the storéed |nfornat|on is milti™-val ued

i nformati of. ©EEHEPRI 8F, tpﬁeP@ AEpCEdoBnAiieyisd 18n oS Mdnd iSindi%h t he

charge to be a&yéedloaeﬁ&cbﬂdhaeoﬁsl rsh galedr oF a®e aRaANdhdto tHer ed
i nformati on and thgastore i nf orn%h s |nforq?t|on corr.e ondlng to a

| evel nunber GFSERE2BEELNGINGT §f dtt&h Pn-Linean esistandfre may be
enpl oyed an eelegiementini & Wighh rebd sitdwel snmmmemaﬂ:Hdufumaﬂand wor d-1i ne

potental 19, UgRRAlLad 28.hartbeoor debbagpls 0BReBd LbC pRh o qony

information i § |nar i"nf of BT on 50 enplo anot her
enbodi ment10; nr\msul@hatnn@ ledegientugoapriisesha mmﬂnm qm%tarai to

be appl i ed 0 ikhgohid ieres falrhequied Wi Al dihesticicl AUgiaRIdoN 5

30 nmul ti-valued information. Further,” there may oyed an enbodi nent
in which the Ch&r déT6s B@t&rof&@MoihEr Vilew HPé’lfqtr é’cf 5t ponds t o
stored i nf or ngtliowierdnd )t ftelestf@rmﬁﬁdnfc@rnmtduirbn Sldlrﬁa)j‘dmtl on cor r espondi ng

to a level 35 nunber of, the voltage 9 t ween g cons qﬁ% e potenti al
and the first bit-line eMEMRFY £ ?hl?rggg df% re fﬁ&fe | oyed an
enbodi mentld n imviepit itmg pr@ferablly 2EE3 a cé figurst immiiar wﬁl¢hmtw©ltage
between the S%%%gd“ﬁ,f dd 1ie RO RND LRG| fﬁe,blé dr@crpgfeé}&

one and the store ormation Is binary informtion, t here may e also
enpl oyed anot 9y tAebddinfenmonT Limeay mes i 1angs Qﬁﬁﬂﬁﬂtcﬁstqﬂﬁﬂﬁﬁ

bet ween t he set@oraﬂxé/\@b%ﬂdémmrﬁ&tégqorﬁn%atm Jné Séodl*ée}df‘@lrpoi@@iéﬂ is
at least two and the stor %Ilﬁ r.mat.i.on |%. | ued rmation. For
exanpl e, when Fh&EFEGE exﬂe 9 |ang’lg§ Q’al cfa}b?f‘ %it ’B’r? line has a
| evel nunmi#r ofediwm ocor at least one of the source/draln regions which
constitutes the second non-linear resistance element is
connected to an erase line. The above memory cell will
be called "memory cell according to the third
configuration of the present invention". The above
25 expression "the other end of the first non-linear
resistance element is connected to one source/drain
region" includes a case where said other end of the
first non-linear resistance element has a common region
with or serves as said one source/drain region. When
30 the second non-linear resistance element comprises at
least one of the source/drain regions, said one of the
source/drain regions is to be different from one
source/drain region to which said other end of the first
non-linear resistance element is connected.
35 In the memory cell according to the third
configuration of the present invention, preferably, a
first bit-line potential is applied to the bit line and



when the second word-line potential applied to the word Iine has aq]engll' 2003

nunber of two, or further, when the voltage between the second word-Iline
potential and the first bit-line potential has a | evel nunber of two, 15
stored information is ternary information. For exanple, when the first
bit-line potential applied to the bit i has a | evel nunber of three, or
when the second word-1ine potential appli To the word line has a | evel
nungelr_ of thrEtel,e_mlra mudmhcflrll‘w Wt%ﬂﬁa}ﬂpliawbﬁm@tﬁf@nt&lﬁﬁﬁfﬁndm f
wor d- | i ne pot%nﬁ:lfc% and the I.I’E\\S,]; i t- |nerﬁgtent . has_a |l evel . number o

Lhree, st of ed WORFOTIR &P TR R 9GP Tord - ERS BP FSTESRLA ¢ he

first bit-lingheatahyt ital ggpEratk tithe hieist Yoheadasbetveer| thanbersbvf M
hen th LS ; . ; H

Cevel nurber Gy A Eaid o ML) Ra fAPUESoh LA the 18 oTal ne

potential &hd apaditiste qupling krtereenithrast irseveateauandrtbe M stored

information i $dd¥n Yatedl ded L IR 1ofe B0-SRI Eon DESCER lPT,fé%\EL@?EUSE

i
DRAW NGS The present T hvention will be explained in detail with reference
to drawings. EIEMent sHn® & ¥amdegehtialve pFtalkes pl ehexehy ny dBakda #fg. 1B
shows an equi walfifstCipclati®of idhecreneporesd| fasnotléngitoline £br ghe
configurationégf t.he present 1nventjon. - 17 gi%. 2_shows an eggivalent
circuit of the Hetordf R theRy cﬁ?ﬁé%?ﬁ?rﬁ9?¥?§{ EahRi HEY A0 oA 8t CPRe
present inientfiiorst Figqn-Rinsan grsidt abhoe ebeneet exangl thefcNVatgsé of
characteristi . fd el r | stance. .e . £ Fl hows a
f undanent al , E)trhlc%]c%'ptltée{ %%ﬁb‘l’%nn%al—jl%&s%% %Eo(\?\g é’iﬁngg%i {E/g gtr:]t é@f’%éuit of
the nenory celln dduidt dianpe®n, t RfeuErdhier opdn goe avrbhten inctheememery
invention. 10 &dya.. 5 shows an equivalent circuit of the nenory cell
according to the second configuration of_ the (gges_ent I nvention, Fig. 6A

shows a fundanental, prilftitte RREREHhESEN 35PrEE S nonsthe BatFdal ent
circuit of18 heorefguyrdti el o f ackorphegerv ifmeehbiod, copéfguablyonaof the

present | nventd Qlin gt 1 6h8WolBuflS1 SPheNBL] Sef P55eRECHLENTinY! 8RO

then a word-line potential is switched from a first
word-line potential to a second word-line potential,
thereby to generate the second voltage or a voltage

20 having an opposite polarity to the forward conduction
voltage, between the first gate and said one
source/drain region through the capacitive coupling
between the first gate and the second gate and to keep
the first non-linear resistance element in a high

2b resistive state, whereby the charge stored on or in the
first gate is prevented from undergoing a change in
state. In this manner, writing information in the
memory cell can be inhibited.

In the memory cell according to the third

30 configuration of the present invention as well,
preferably, an erase-line potential is applied to the
erase line to transport a charge having a second
polarity opposite to the first polarity from the erase
line to the first gate through the second non-linear

36 resistance element, or to discharge the charge having
the first polarity from the first gate to the erase line
through the second non-linear resistance element,



Fig. 8A shows a schematic and partial |ayout 20 of the nenory ceII2i1nJUL2003
Exanple 1 and Fig. 8B shows a schematic and partial |ayout of a patterned
silicon thin filmand an etching stopper layer in Exanple 1. Figs. 9A and
9B are schematic, partial crosssectional views of a sem conductor

substrate, etc., for 25 explaining the pigcess for the manufacture of the
menory cell in Exanple 1. Figs. 10A and followng Figs. 9A and 9B, are
schemati c, pawhéaébygr asise selitdrguadtorayes otatesedi cthadfidtst gabet iate,

etc., for explalni he 3 [ S . th uf a A of .t he, pgnory cel
i n Exanpl e 1.L§¢§§H91§258n§ %fﬁggﬁoFﬁgﬁﬁﬁggEgEQQelék%a%h é,gggg
schemati c, pamahaererbsﬁosmationabtoredsiuftaesmﬁmommda@ﬂdrC@ﬂb&ﬁ:ale
etc., for expggégéag the 35 process for the manufacture of the nenory cel
in Exanple 1 12 is a schematic, partial cross 21 J UL 2003 - 18
secti onal 6I€M/Of a nmenBh¢ Bempryncekinpreozdipggtolthes thizshennt i c,

partial |ay0u&oﬁfléuBE€Q6ﬁ 6Q|khbn Eé@@ﬁkelﬁveﬁtﬁ%n %ﬁ@ %%@el%B are
schematic, partial "5 crgss- sectlona views of the nanor cell, in Exanpl e 4.

Figs. 15A and®?BRigREa&dRBmAD; Whighs the) félr§§s 9@l |1c5‘t‘f"é‘lr FESIS T e

menory cel | lallém_afml eo]fhprElsQS alﬁfr QGQCJ;QBnaHG.o%i@)l erld Gegid icH ;cheF
cross-sectional views.o ant, of t cell . |
17 is a schenﬁpiEFH§§}PPaF18983égeEFg&ﬁglogogéﬁopnngP§%Flﬂﬁ%ﬁﬁﬁﬁﬁennryg
cell in BEXd&npWwhidh Esgsppaﬂlandtm8lhareogmmaﬁﬂnaxn regions in

tiall5 |1 I
parti al 1507 058588GELE0aLYT EYRe]l BEERELGANY o DA JNflidS the

vari ant. Fi gs schefrati ¢, “parti al cross-sectional vi ews of
a seni conduct 6Ar§ibBPPaldneatc repdf tanseaietiongifie isr douaed o tSfsld
manuf act ure Of)nbhgaﬁﬁi‘é@'ﬁ}ta(i%' |re|g'15i§6}rrﬁ|n@ &hla @s;hféQAﬁ 1®r§Qﬁer’(ﬁié
partial crosssectiqnal EF he nennr % |n Exa ‘§gt OB s a
schemati c | aydyPcEfoR #F égtgeg %ﬁ%‘ A 21B

and 21C arié sdbeﬂhblsampambl&h@r&&&r&edunmtﬂ\nagMbnﬁ xnsnnndnnuhnﬁty
substrate, %ygegr c‘éﬁ'eég HAgGNe 1BF Q8RS Jifled NG IHIIAY WG & fdipmenory

cell inExanpl e a sc enat I'C, artlal Cross- 305ectional” Vi ewof
the menmory celluneanxaﬁpJSéianca gsdemeAt 2@5 an¢orBO e sicite ntitite or

partial cross- %%we@,n% \é'ael‘éls e %o%%@e%%tm Qregalbbﬁt r@ttﬁer%%e, f qrt
explalnlngthegﬁéf ess for the nmanufactuyre of, enennry cel

8. 35Fi gs. 24A A¥e PoHOéwlﬁglrﬁtgwnzsle Hifath i s H AN ;rlne r
cross- sectilonaesiiseancef dlleament gporderiadl ys Wentprailsss e n fuictedqu ai ni ng

the diode, one region of the pn junction diode (a region of
the pn junction diode which is opposite to the
source/drain regions in conductivity type) corresponding
to said one end of the first non-linear resistance

256 element has a common region with or serves as the first
gate, and the other region of the pn junction diode (a
region of the pn junction diode which is the same as the
source/drain regions in conductivity type) corresponding
to said other end of the first non-linear resistance

30 element is formed in an extended region of the first
gate extending to said one source/drain region. When
the first gate or the extended region of the first gate
is formed of a polysilicon, the above pn junction diode
may be constituted so as to have a lateral pn junction

35 formed in the polysilicon film. Further, preferably,
polysilicon is single-crystallized, and at least the pn
junction region is formed in a single-crystallized



- 19 process for the manufacture of the nenory cell in Exanple 8. &ﬂgBJL 2003
25A and 25B, followng Fig. 24B, are schematic, partial cross-sectional
views of the 5 sem conductor substrate, etc., for explaining the process

for the manufacture of the nmenory cell in Exanple 8. Fig. 26, follow ng

Fig. 25B, is a schematic, partial cross-sectional view of the sem conductor
10 substrate, etc., for explaining thepridcess for the manufacture of the

memory cel | i BoEapR,eide.F &heZEﬂz%tan%qmrﬁféacr A ild @lndd WSkem@pt | onal
vi ew of variant of .the nennry cell in Exanple 1. 15 Fig, 28 shows an

equi val ent ci FEMPEi§€5aac Hifv SMmcien ddods Iaé’éli SRQVIRIh NG 10D BESERPTI ON

OF THE PREFERBEDtEMBERI NGNESH onraadideelss fAdpraitd IS )a ¢fiddlee RBEetryl 20
invention will be explained with . .reference t qhgﬁqqg%:herelnafter
dr awi ngs, " V\LSGE‘BSRHE“F&Pra Wit FigH, o e ‘fg’:\ Forehe gigs 15 hance RL"

st ands for 5a waddel bifie theElfi rsttamds-fldmemr areasistdnoe alehérist ikl &EVENT

stands for a fhl rit r?ggsk arsgaq:% %aq\n%ee ac% ﬁﬁi’_[%%é natlon of the

operational pri e Smendr I'ng e Tirst
confi gurati onO@heLrWQ_Sﬁr,e@eflﬂfanﬁbélmll drhe v rctiden gbeede i onal principle

of the menory g 'sltl%%ta B0 a:fﬂfé“étltr%é %JJlrﬁ{eapmfé&ﬂ@éﬂ@él é’iexﬁ@ﬁt pﬁ@éent

i nvention will be exp I rst below Fig. shows f undanent al

principle draﬂlﬁ@tﬁﬁaﬂh@ﬁnﬂﬁﬂ%ﬁkﬁﬂd kﬂxﬁﬂQﬂrﬁft?ﬁ%fﬁ?QFr%ﬁa%0ﬁ$¢guratlon
of the pr eﬁ)entrelsmé@ahb@mvaqmé F9 0t HeB ﬁ%%lmnﬁmlfésmw@éent 35

an netype mondiAmERt 1 SHEE RSO SR Gk erbiyhetl also -
simlarly increased. Otherw15e, preferably, the flrst non-linear
resistance element comprises a hetero-junction diode
from the view point of decreasing (lowering) the forward
15 conduction voltage.

In the memory cells according to the first,
second or third configuration of the present invention,
preferably, the other source/drain region is reversely
biased with regard to the channel forming region when

20 the second word-line potential is applied to the word
line. Specifically, when the memory cell is n type, a
potential greater than a value obtained by deducting a
gate threshold voltage (seen from the first gate) from a
potential of the first gate can be applied to said other

256 source/drain region, and when the memory cell is p type,
a potential smaller than a value obtained by deducting a
gate threshold voltage (seen from the first gate) from a
potential of the first gate can be applied to said other
source/drain region. Alternatively, preferably, the

30 other source/drain region is brought into a floating
state with regard to the channel forming region when the
second word-line potential is applied to the word line.
Specifically, for example, a transistor for selection
connected to said other source/drain region can be

35 turned off. In the above manner, the current which
flows between the source/drain regions of the memory

cell can be reliably inhibited when information is
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reversed. The nenory cell according to the first configuration of the
present invention conprises a 5 channel form ng region 15, an insulation

| ayer 12 fornmed on the surface of the channel form ng region 15, a first
gate 13 forned on the insulation |ayer 12’& a second gate 19 capacitively
coupled with the first gate 13, source/dr ?h’regions 16 and 17 (drain

regi on 16 and wirfi tdeur,cel Jeegl ovhey)a fahamge | is cotdeed ontdrtie theannel

form ng region.l5 . .and . .spaced, fr e 0 i rs - | resistance
el enment 30 ha\%l%tt vﬁ%térafdsafrg%ng%;%%g%%aéé]nrgénq%?%;é%é éfegfi‘)lg allfl\%ggfe e‘?r%% 33.
The first gat edaB lendladee=adednel forming region 15 face each other 15

t hrough the insulation |ﬁyeﬁl}]e;%}eng}ﬁr end of éé&%ﬂ{xﬁ% %I?Etel#é gﬁ%fs{'esi st ance

element 30 is connected to t Irst gate 13, an ] IS
connected td #a8and i Hrirdeenkigurafeler hdtMerPresedt +RYeBE4ARe

el ement 33 comHdraemdyd i éipl P& s, ehb6d imenit aih ogh 26n! eMer cAdrgad, for
exanpl e, the ang$el orq&gg ;ﬁglon %g.ugurthernnre, t he second ga%e 19 is
connected to &Nt §GHENON PhetReut HeFHr 33 1e r e3P oRPEF REPARY; FOr egi on
16) is connectstbrend ainfathadt ien Rind Thige seconed ghi fotflat sonapaci tively
coupled with the. first. gate 13 through 25 dielectric film1l The fjrst
Gatb 13 15 o eGP ot et BAtMy fedry TEUEE ot OF Epey BEred
stands for 1@ deitaciirenqeotoéntiahy adin ithicapas g artdebmay baecmpleyed
non-1linear resistanssy n . a,qﬁlﬁ r,30 C (tance of
a capacitor C%g§conpose&§§§ %%gg?}éﬁgpg%tgpﬁg% t eb%?e gc%??cgg?ﬁﬁ118 and

the second gatlRitolimmRefeentizghhe? kpmrrphied ForthechphcliBe &8nPBSed of

one sour ce/ dr adnd rege kdbedt DREO AR 8bh ODs | BYRErY2i ARErinAeibhl shngat e 13.
Synbol CDR stands for_a capgfﬁt or 3,.the

35 conposed of the first, gate
i nsul ati on | ayete4® B RRe2TH2n f?%?%?ﬁ@°?%§¥oﬂm§%?13ﬁ8t3§ﬁbHﬁlEbs
stands for 14 capacléewvel couposedobfthbéefirsstbibt2in8, pobhentidlltd bel 2003
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capaci tance @%i%(g %%S%@lgt%ﬁdbﬁﬁgt }Esé ggpggétggﬁ%gocgggf EP%S%%%& tor
CDR, the capacirferraic®nfisheutbpacatvedCcbstormatiapaci tance Co of the

capaci tor CDo 5 and the &@P@E&i@é‘cet@r@fmép?b@aéxﬂfié&édCﬁﬁaéﬁnbgﬂiﬁ?&tOf
the first non-linear resjstance el ement 30 di verse chanﬁe dependi ngeupon

the structure HhdvRIGR HherRRargGoF) Bel FLoERdI AR QEsdRptiGniikEt OR
capaci t anceoClrofrédpgondpatot stoceld), ihfiermapaont andethe etotrkd

information is information corresponding to a level
number of the second word-line potential. In this case,
there may be employed an embodiment in which the level
number of the second word-line potential to be applied

25 to the word line is one and the stored information is
binary information, and there may be also employed
another embodiment in which the level number of the
second word-line potential to be applied to the word
line is at least two and the stored information is

30 multi-valued information.

Further, there may be employed an embodiment
in which the charge to be stored on or in the first gate
corresponds to stored information and the stored
information is information corresponding to a level

35 number of the voltage between the second word-line
potential and the first bit-line potential. 1In this
case, there may be employed an embodiment in which the



10 capacitor CDR and the capacitance CS of the capacitor CDS are ngg |ngj|||'b%003

smal |, the operational principle of the nmenory cell w Il be explained bel ow
while only taking into consideration the capacitance Co of the capacitor
CDo and the capacitance Cl of the parasitic capacitor CDl1 15 of the first
non-linear resistance element 30. Fig. 3 geichemati cally shows the V-1
characteristic of the first non-Iinear stance el enent 30. The first
non- 1| i near rediestednammdeanmert t3: haxltzag@rkymmbdi rtdod | secohdrectérl she c

that it has a0 4olLA0s Pl d GIAID NOucld QR vald 2op) s @l oo cipgont

val ue of IF1 e first "non-I1near ance el erren as a
two-term nal dge sticaredt Harbootesrt &am cis mnmaiar infermatsennoandi heare

resi st ance el t e?‘% sél@(;p}ﬂ%d %d\‘,@hé:f' gxhér}]ﬁ Cin wheshacfhr st

vol t age 25 wh has arity as t orwar d conductl ve

vol tage (VML) W@lhdgl“&??%b%ﬁ)ltth% WW%@%@WQ@ he grecerd vard-line
absol ute val Uf’pdﬁeﬂﬂ%ﬂ qurtgué:omm P VP d@gsotefidial Sigpati edager oss
the two ends, |sc{)ﬁglefg i qu %owreslstlves atfe, and_current 30

whi ch flows tﬁr"fﬂj ST el E gt 1 L3 AMLEC Lr¥aERed30 sharply

i ncreases. V\hamﬁommnﬂx vol tage which has the sarre polarity as that of the
forward conductive volt VE and abs.o| val n the
absol ute val ue of the fi%\ﬁa(e a§[§’cdnd‘{r}ﬁqo %/o Jt et( J_n<§ 9\# rlllttl"lgg an
opposi te pil a_rapg&iteﬂ tte floe vimktd Timelutas om mehg@umbeappfl twoacposs t he
two ends, it :A»f]n Q#Hé' sddB & @-ﬁi&‘é' dtdfeial Q—;Inélye& @Qoéhe @drqstate.

en t first e

For exanpl e, non-11 near SI stance nent rises a pn
junction di odeline NAs entlevrt e"&é‘&e]byo%l FuRt oPr of unthery VBF%‘a‘g’ € ncrease

ff KT/ qE in whisihedgé lee?cvf@éﬁ Zﬂ?\émsma&ﬁérdjliﬁeaﬁoﬁeﬁ’@ti@huhﬁ?hthe
enper at ur e, is an e ron char nd a an, exponen e nmenory
cel | accordi ngf%%sﬁ Hﬁltf eﬁs‘fe c%?'n‘f?’b%’ al?) S of f‘ﬁ %ehy @%ﬁ?ri ﬂgeﬁ?’%n t he
charge stoit®ed stowzd i infdwmdt ich gat‘eeﬁﬁanprxmﬁq»nmal’sion stEnedeXlﬂnple,

i nformation. Q_pfi]_L fe u r
exanple, to be%ésd Z‘%%Tg/m mé‘% (r)\kgf?oﬁ e%é@%%l éi’?ﬂg a]gg gﬁngm
proportional cbHe dras oﬁatJefFWheru@heIh@ beRree of O¥ heheaphbet §ﬁ§§nﬂat| o. 15

Tabl e 1Pot ent '@éﬂi-sﬁfrpé‘d%&@éﬁtﬁl réﬁ;{i‘/@iéd' t@etﬁet@afaahwlﬂlegt ant eakof f
first gate YWAL1Potentialofbit lin et 020 Potentjal ofread | first

bit-1ine poter{HP§T \B& (HRERR i AF of SbtReE: rElPBnthesvey Eéﬂﬁ EltlW € he
val ues of Mlthé/\&&dond/&h@rdQBm/&Lﬁo'aeﬂti/&candb'eheeflatstvhllmaimleose to O

volt. [Witi ngpﬁ.t)h ﬁ@{ﬂnﬁé' O£I]l gy h {m&o?h' %Egg in the nenory

cell, that is eéna negalive charge of "a y30|s stored
on or in the fimEergaatJeOQBlSaHVilbltle@l Lnfcma‘pb@emu%@nmhln whenied to

the bit line %etbfrét rﬁitifﬁﬁe %%eﬂ@i&ﬂth?blygﬁltbsthépbl@lnl&%eahas
potential of the read |ine, en a word-JT1ne gotentla |s switched from

the Tirst wor @l 1F¥ShoRWRbEE Sty o5 SheBoEhE RePand word-1in

25 potential applied to the word line has a level number of
M, or further, when the voltage between the second word-
line potential and the first bit-line potential has a
level number of M, stored information is (M + 1l)-valued
information.

30
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be explained in

detail with reference to drawings.
Fig. 1A shows a fundamental, principle drawing
365 and Fig. 1B shows an equivalent circuit of the memory
cell according to the first configuration of the present
invention.
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35 line potential WA2(VF1l) . The first bit-line potential VHL1 may equal

VBLO That is , the potential applied to the bit Iine BL may not be
changed. Wen potentials in - 23 sites A, Band Cin Fig. 2 are VA, VH
and Vc in this case, VA. VH and Vc are as follows. In addition, in the
witing procedure, first, the bit-line potential is swtched from VBLO (for
exanple, 0 volt) to the first 5 bit-limeljotential VHL1 or a second

bit-line potenti al VHLZF&ﬁ]bEegﬁg%glgﬁd hﬁ& 1eth31rEﬂ§tW%EdﬂHé“3

potential is switched fro TSt I'i ne potential to the second
wor d- 1 i ne potBempzy Vel ackexdimige tRotde |fﬁé7950t0@fii1tﬂ18uﬁ%t1§w tctﬁqulefrom
the second moEgegng ;gvgggqghpal VW2 back to the first word-1ine
potentlal and then the _bit-line potential is switcheq framthe first
bit-1ine potential VBL1F&g- tﬁel§eéoﬂéfalﬁ’|ht ShoWd DFoPBR: EXAMPYS Afadict o VHLO

y 15 xﬁLI ?Wi%géf&$%ek1§er‘df(a*ﬂirstbnodzlﬁneaﬁ ﬁ%ﬂﬁkﬁ&ﬂde)??&ﬂénﬁ 1-2)
c = - e expression al.cul at.i on _an

assunption that the fis?RHOn ﬁlﬁ@éwsrgs gpg%&fn &ﬁeﬁF%ﬁﬁllgW|§£fqyaﬂ1

resi stive stabed Wign #iBe shalwse aof ggudbraMidinit )CJbEnnrtesﬁgrlEl"eﬁt agrendign VF1,

the f first n%rlél 'ln%%cor?ﬁe%% %cq:he‘_:] ﬁémné%digf ti @hé OW r esi st ive

state. In othe I TSt no | near S|stance elenent 30 is
brought into @regentedinyentdodtate by sel ecting VAL2 and VBL1 such that the

followi ng gxpression (2piigs %a%h§w§a$n|ed%lvéygyy%yﬂﬂahﬁﬂubf|ﬂﬁg voltage
between the first gate_13"and the other end of the first non-1line
resi stance el &®BREY3Gelds agqarding wWh the $95d gAML gratiny ttﬁ?onla

nearly_f!oatl@1é§éﬂﬁaﬂﬂvaﬁtldan el ectrically connected to the bit line BL
fo the bit line BL at aiidw Pl ailufcd Taeisncar ) RS G o
I VFI1T (2) and Fig. 6B shows an equivalent circuit of the memory
15 cell according to the third configuration of the present
invention.
Figs. 7A and 7B are schematic cross sectional
views of the memory cell in Example 1.
Fig. 8A shows a schematic and partial layout
20 of the memory cell in Example 1 and Fig. 8B shows a
schematic and partial layout of a patterned silicon thin
film and an etching stopper layer in Example 1.
Figs. 9A and 9B are schematic, partial cross-
sectional views of a semiconductor substrate, etc., for
25 explaining the process for the manufacture of the memory
cell in Example 1.
Figs. 10A and 10B, following Figs. 9A and 9B,
are schematic, partial cross-sectional views of a
semiconductor substrate, etc., for explaining the
380 process for the manufacture of the memory cell in
Example 1.
Figs. 11A and 11B, following Figs. 10A and 10B,
are schematic, partial cross-sectional views of a
semiconductor substrate, etc., for explaining the
35 process for the manufacture of the memory cell in
Example 1.
Fig. 12 is a schematic, partial cross-



a~~a~zoo3 - 24 As aresult, the potential difference VAB betmeanJ@p%mB
sites A and B when seen fromthe site B (i.e., fromthe first gate 13) is

as shown in the follow ng expression (3). 5 VAH - WAL2-VF1-UBL1 ( 3 ) Then,
the potential of the second gate 19 is switched fromthe second word-I|ine
potential VWAL2 to the 10 first word-line potential VW21 and then the
potential of the bit line BL is switchedlBo=-VBLO As a result, the first

non-1linear registphrs] oy £6RNG £ 3H hém@f?uagiliﬁhoEﬁaﬁbQB Besi stive state.
And, the first gate 13 is again brought into a nearly_floating state, and

. C LY
the negative 15 charge BF9ofl3 3§ ratSpoeBRtLG i BaFrEedh y2¥PBFe8ToR or in

the first gatendry To€1aboNeER@p1EVE.Ccharge (QF) stored on or in the first
gate 13 corresponds to jnfor ion stored in the nempry ce As shown in
Lh Hrdeht BPBAEL

| ] .
the above expression (3H19%he'?d P BafTrqi P CyaBab&fReen the sites
A and B dependsosiposeat vohhdgeibesweEnthkememowydcebldini Exampllentdi.al VW.Z

and the first bit-Iinengfégptigéi%ﬁ%jl?ﬁgggetQﬁpggggggtaggﬁtggleach of the

capacitors and CDD i s not”heg pot e rfference VAB 25
bet ween t he stressAsantigndépendwsupdnthiremeorsyt cell lofine&aiampflet He source

region, the channel forgidg, reghoindndehnards skfiehggiel. pabedl s not

further discussed for si frcation of an explanation. For exanple, (1-1)
i f the vol t agerpesneertinBadc¥baWSWBLdVRLAGNSoPENtNE MPRCLY3FSAdd itthe first
bit-1ine potepkhmbl¥Bhl has a | evel nunber of one, (2-1) if the first
bit-line potential VBL1_has @ | evel nuq?er one when the second word-I|ine
potential WAz is constBh®: bf (£ B FIEME L Whit-FFABSpotential VW.Z
has a | evel nssbelonhlondewhefi vheikntsofbithd memody petldntimlExXABIHld S
constant, the,charge corresponding to information stored on or in the first
gate 13 is binary information ("0" or "1"). Qherw se, the charge stored

.2 'l .1~~ 2003 - 25 oOFigs.ih8Ahand| 188 gaeestbemapdnrdspagdiad vol t age

between the seegd-wardibhAe RILRBL b3 méetyarditilke i Edanpile I3 Neha
potential VgLl. Therefore, (1-2) by designing the voltage between the
second word- | th& BBE&ARFal WALz 5 and the first bit-line potential VHLI to

have a | evel nunber of Fwgsori1sam;eloB2anf hycdesiegsichgmiaked of,i pelxrdiiall i ne
potential V$L~ hav el .nunber. Qf t ar. e r | e HLI,
VHL1 1, VsL~ ‘z’r%gs‘gegt%bgéz"ie?’ﬁ $if %hs\'z’;ﬁlﬁf"u“sd@trﬁrgigr}ﬁ"n?t\e/a (i’ and” VBLZ
i's a maxi num fakuexpwhdninge the procedswhiad- Ithee magudiadtaire\¥Z ke const ant
or (3-2) by dgsigpingefhe i§€ rd-line potential VWZ to have a |evel
nunber of two %? %greewze%%tggaﬂp?%t bit-1ine potential VBL1 is constant,
the charge to be storedFdfSer 2PA LRedf SCHENGELE 1 PaTEAPe X IFat i ve

charge, QF, Qeektional view of the memory cell in Example 6 and Fig.
20B is a schematic layout of a first gate, etc., of the
memory cell.

25 Figs. 21A, 21B and 21C are schematic, partial
cross sectional views of a semiconductor substrate, etc.,
for explaining the process for the manufacture of the
memory cell in Example 6.

Fig. 22 is a schematic, partial cross-

30 sectional view of the memory cell in Example 7.

Figs. 23A, 23B and 23C are schematic, partial
cross-sectional views of a semiconductor substrate, etc.,
for explaining the process for the manufacture of the
memory cell in Example 8.

35 Figs. 24A and 24B, following Fig. 23C, are
schematic, partial cross-sectional views of the
semiconductor substrate, etc., for explaining the
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15 QFZ, ~~~. That is, information stored on or in the first gate 13 n be
(1-3) multi-valued information corresponding to the | evel nunber of the
vol t age between the second word-line potential VALZ and the first bitline
potential VHLI. (2-3) multi-valued information 20 corresponding to the
| evel nunber of the first bit-line potential applied to the bit line or
(3-3) multi-valued information correspondi®ng to the |evel number of the
second word-| ppgce8sefbrakhaPRhhf¢abRuliree oforthd mdfords celresiy t, val ues
obt ai ned by converilng t he above 25 negative charges , O~ Qz. """
to potential SESATPLE P-first gate 13 are VINg, VINE1 i VINF2/ ' ' ' On
the other hand, when itrigsQoR5R€8AASABR,t EoMlowdngnFagnakid®) iare he nenory

cell while witjng information.in_other nmory .cel.ls, fi a second bit
30 1ine pot enfFAPIRBLS | BoLfaPLel TP o REBIOAI S 6V S Wifen ¢ he
wor d- | i ne pot semiabndsacswirt shedtirade,t letcd.i,r sformexghllaima mpttem i al VWALL to
the second word-|li eptia 1 i &l s;in s ites A
Band Cin Fi8§°éégge9§%,%b§ §8§W$§°%H¥f Fg ééggﬁﬂwﬁﬁﬁggkgﬁa ~ 35 are as
foll ows. VA -Eygiple 8-1 ) 2 1J UL 2003 - 26 Vg=f ~"p/ ( Cl+~."p )
} (VW2 VHL2 )+VBL2 ( byg- 25k, VeoT1 ¥alifol T3 Rswhens e sealdimiofc ( VH Ve
) [ ={Cp / ( CL+Cp a }( %ML 5 VBLZ ) ] of the expression ( 4-2 ) is |less
than VF1, thePRFtdelnExosienssctiosadt ¥icy afefdit sfRicondftIm a high

resi stive 19t ak@bskiagkheleteqr,dForvesapia ivoliqaathd sacvEbs/ ddrgeie havi ng the
same polarity_as %h%& of %B@ forward condﬁéyLon Olt%tei£VFl) and having an
absol ute val uBRYIRFEUEE ot The PEMIYo IS vt JE P he f orward conduct i on
vol tage VF1 or a volt agfilbgavi2zidgianaoppbemad ijggl gairttyiatlo adwesssf or war d

conducti on Vo%ﬁgﬁoﬁ\ﬁl)vﬂe%: N ieh L REL sy Séelgﬁt:gr_l ]ﬁ‘xmﬁrgﬁlé he

ot her end of I'rst non-1inear resistance elenent 30, 1. 15 VHLZ
is selected sd-as to satisfy the follow ng expression (5), the first

non-|inearysr esi stance elrggenh83@nbwskapt dqnivdliciit 'Sictitvaostate. ~CO / (
Cl+CO ) } ( WAL2-VBL2 ~ VF1 %. 20 As a result, the first gate 13 is
kept nearly i FORVEPEAANY ﬁﬂm?,1i§ﬁ1QWAﬂrﬁ§ﬁﬂn%ﬁ&¥aJ di fference between
two ends of the parasitic capacitor CD1 of the first non-linear resistance
el ement 30 anq e RN 'G¥ THE PREFERRED EMBODIMENT(S)

Embodiments (Examples) of the present

20 invention will be explained with reference to drawings
hereinafter. In drawings, "WL" stands for a word line,
"BL" stands for a bit line, "RL" stands for a read line,
"EL" stands for an erase line, and "lst ELEMENT" stands
for a first non-linear resistance element.

25
[Explanation of the operational principle of the memory

cell according to the first confiquration of the present

invention (No. 1)]

The operational principle of the memory cell
30 according to the first configuration of the present
invention will be explained first below. Fig. 1A shows
a fundamental, principle drawing of the memory cell
according to the first configuration of the present
invention, and Fig. 1B and Fig. 2 show its equivalent
36 circuits. The following description explains the
operational principle of an n-type memory cell as an
example, while a p-type memory cell also similarly
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25 difference between two ends of the capacitor CDp are V1 and Vz,
respectively, V1 and Vz are as follows. V1 = ~L'p/ ( C1+CO) } ( WAL2-VHL2
) ( 6-1) _~C1/ ( f1+Cp ) ~ ( WAL2-VBL2 ) ( 6-2 ) 30 Then, the potenti al
of the second gate 19 is switched fromthe second word-line potential VWZ
to the first word-line potential VW1, and then the potential of the bit
line Bh is switched to VBLp. As a result,2%mr 35 tenporary charge induced on
each of the c i d i - i iS5t a el t 30 is
G scharged, anhpe coRarar P TR, Frstlost PR SR 003 -
27 gate 13. ERV&IREA-words, charging and di schargi ng which occur through

the first non-linear reshetaeaerg eeant az@ord@medd ¢nd ¥issd |, and
t herefore, the fifr.st at.e 1319 S rou%h%t back to an initial, state. That is,
u§?i‘5§t° alY i

no 5 i nfor mat 69 IhOfathe REASSIH (PSR It IQPRIES Byr rel i ably
preventi ng &t hehfanoe1off oxurimentrdedionedrs t i simswledtdica N ayegt ors fidrmedl 17

of the nmenory cell ndnformation i.s witten, the other rcel/ drain
region (the sgglr gge\rlwegg]ir()flr?%ﬁ)or}‘?éth& gfh&rg}ﬁ]y foer{}‘é]rrﬁgeﬁ/egf(?rbis]gésj’eaa V\f{'lf'ISfF egard
t o t he channelgafter di3nd oragidoenl 3 heSpagivliadaidry, 1 aygpotleht ialsepaad egattdian a
val ue obt ai ned gby4 %‘?:Li‘%tﬂd&yac%hﬁetdmﬁsﬁplﬁé’oﬂr@? %aste;nl:{ romthe first

o] e app

gate 13) fromthe potential "of the first gate 13 can De ed to the
ot her sour ce/ &PHEFe/dgiadm @asons dourady rleyi Ghrain regint w&eand he ot her

sour ce/ dr aj0n IsR@iree (et cTPUrOe ficREed il )cditdveferap shdraniei nto a

floating state with regard tq the channel form ng region 15. Specifically,
for exanple, &YX FHRG %rlssé‘lné]cﬁ%?%rﬁé@i eeg"‘ccrb eI I‘Férgyf)%’f' ce/drain

regi on 20 (thecsedriteareiedistanoearelendnt el fving nevo séradslpyasd ad e, the
potenti al of | it i t, at i at i e nory
cell is not bis%%éjh\ég ﬁlrﬁ)tnori;ﬁ‘\%anxl- s%tegtel % t(aglca?aeéafénfé\%fi o $ a cT\tg{?er ?ﬁtrtsfrﬁ (ﬂ/rgvgc <

bet ween t he sddr @@¥ddrtdien ahegingis fogmimy 25:2qin Spetade ceadly, otlverword | i ne

W is keptisatl thRRIGN A §AHAladi®n AayMers [ e Ml o0 dife d8SH bed

|ater. On the other. hand, there is another case where other menory cell

connected to PR PN &BISENGRIG Tt ard bnts 19orret iR e?%r’éhgequi r ed

to be secured fiihait atdha X uramnttid @dMHEr teHdUPh ddnddtesd tonalbiear

resi st ance el t B%O o}_,ut Qg‘ mam%é IS II;Q1 even . when the hit line BL has a
tental"eqfeval

potenti al of and a p5 i tnotno']Tlﬁ’éaaEhgregc'é‘ssﬁad’rceed on or in
the first gatelehesft t3de ammmriseselthe st MNF Jates ef i ethe hingpot @bioml 35 of

the word Igpe %Vyé'xn lﬁ?_ %@,dtffoft&a‘?néﬁe,r% r@%@élt%ﬁﬁiﬁﬁ"‘fé?i%%%he
val ue expressed by the foll ow ng expression. IS a potentra en the
word |ine w Furthermore, the second gate 19 is connected to a word

line WL, and one source/drain region (the drain region

16) is connected to a read line RL. The second gate 19

is capacitively coupled with the first gate 13 through a

256 dielectric film 18. The first gate 13 is a kind of a

floating gate.

In Fig. 1A and Fig. 2, symbol C; stands for a
capacitance of a parasitic capacitance CD; of the first
non-linear resistance element 30. Symbol C, stands for

30 a capacitance of a capacitor CD, composed of the first
gate 13, the dielectric film 18 and the second gate 19.
Further, symbol CD, stands for a capacitor composed of
one source/drain region 16, the insulation layer 12 and
the first gate 13. Symbol CD. stands for a capacitor

356 composed of the first gate 13, the insulation layer 12
and the channel forming region 15, and symbol CDs stands
for a capacitor composed of the first gate 13, the
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21J UL, 2003 - 28 has a potential of O volt. ( C1+CO) I1Cp } X IZQIIJUII\I'F
5 [ Readout of information] For a tine period shorter than QFI IR I
i nformation stored on or in the first gate 13 can be read out . For
exanpl e, when Co=1 X 10-15 F and I R1=1 X 10-is anperes, information can be
read out for about 1 second. 10 The gate threshold voltage in the menory
cell changes dependi ng upon whet her orﬂmﬁla-charge Is stored on or in the

first gate 13inHialatlion WiRfkd WO il ISINO!Sshide dea IRMPEY16R! 17 11

ot her words, when the negative charge Q- is stored on or in the first gate
13, 15 the gaff®e FRRACHIPRAS Cag@lokhenhe apafditprc Db skt SaPaRdtangepl us

si de. The aboyg gét ehtehea@a@h@o\tobb@gethé éa{saalean&(bh@s%mtb@eot her hand,
when no infornmation is stored i n other words, when

no charge is SCHRELTGF &Dsl'ntpﬁecﬁpﬁgtltéé’f%’ Sogf‘?l 9@9261595r §Bomay be
stored in %mrﬁﬁﬁﬂ&) ,catphfbngfdrﬁ:é mleslioltahev@atmtdfc tdwpaEmyy aml bfhas no

h hi ft d .t d Th b
Cate thy oshor Frkotas Fordeicht RO iEs %ﬂ?@é’fﬁ”&?@ﬁﬁ%ﬁ 1¥n the
|l i shosare g ertdnsn@ﬁl difte dtsrwftuhe awdds eofttbebit |i
and e 1 0ad [y ¢t UL (R BRSO Bt s T G,
Por&(rant %Potentl gf 3&@

Potenti al of ot ent | second gate

(word-1ine poﬁéhﬁhﬁ)Caﬂﬂ9¥$9ﬁtcmmn§he V@PQQHﬁﬁﬁPQHheO@Sééénd read-1ine
pot ent i al ) 1VRaBMIce ALY tNUScHPARItanddITpalehbakaphctitorseognd

ate (word-line potentia - IS to satisfy Vin,z < R

g ( ré)neg 1glbfy sﬁm¥1 the operationgl principle of the
memory cell will be explained below while only taking
into consideration the capacitance C, of the capacitor

CDy, and the capacitance C; of the parasitic capacitor CD;
16 of the first non-linear resistance element 30.

Fig. 3 schematically shows the V-I
characteristic of the first non-linear resistance
element 30. The first non-linear resistance element 30
has a forward direction characteristic that it has a

20 voltage Vy; (forward conduction voltage) at a current
value of Iy;. That is, the first non-linear resistance
element 30 has a two-terminal operation characteristic.
Further, the first non-linear resistance element 30 has
the following characteristics. When a first voltage

26 which has the same polarity as that of the forward
conductive voltage (Vy;) and has an absolute value equal
to, or greater than, the absolute value of the forward
conduction voltage (V) is applied across the two ends,
it is brought into a low resistive state, and current

30 which flows through the first non-linear resistance
element 30 sharply increases. When a second voltage
which has the same polarity as that of the forward
conductive voltage (Vy1) and has an absolute value
smaller than the absolute value of the forward

36 conduction voltage (Vy;) or which has an opposite
polarity to the forward conduction voltage is applied

across the two ends, it is brought into a high resistive



2 ~,1 UL 2003 - 29 Vtnx. The second read-line potential which ig'bJUL 2003
potential of the read line RL is to have a value from0.5 volt to a power
source potential Vvdd. Further, the potential, VgL-R of the bit Iine can be
a value which 5 satisfies VHLO < VBL-R < V6L2 As a result, the first
non-linear resistance elenent 30 is kept in a high resistive state.

Further, when information is stored in~t@&8 menory cell, the nenory cell is
kept in an of te. er 0 n is stored in the
menory cell, %’E?%ermf‘rgp é??"‘ﬁsgi nwg%?g%h%t E&SEBHygﬁgfe |¥ng whet her or not
a current fl omesn.atengh ehemeotr 38/ dpmpmlsegu enpnlguaction ¢fiodes @enory
cell, theref OéﬁrFEBtCQH V\E%a@%%eb ?u)eég%&h%rf Q a0k hBhYUGR iRk rehsy Or ed

in the menory ce en nmul t Information is stored on or in the
first gate 13°fj k&/d,wABnwhdEhok hégétﬁ@ét@WéP@ecQPSt@Pfr @&As an. ' jg

stored on @r hpsbhftk temperatuel3qg ikhandatiecifiosskdlad gl tadee ofid he
menory cell shifts tomard a plus side. For the conveni ence of an 20

expl anati on, 3NCE¥ROBEDtEr] ~ > - QFZz ~' ' ' |, and the gate threshold
voltage is assuned to bEthneFmeMbﬁylceYlnaacordlng tomhhe ififrercmat i on
stored in the_ne d out, first potentl tmeen VEn_tN 1~
and vtn_rr |3088339é5a$&oph8fm§$8 PFﬁgeﬁf LﬂW@W &#’S al between

Vt nH and 25 Vshbresd appbmedntmhehérwsmdgbmne13TMQnﬂamp9ﬁds tics sshroed h
I evel of tlt@e ETHEB'irm‘A%EBﬁd 'EB?E@i'ﬁQnﬁEgth@”g Qe heﬁogygee&g begel . As
a result, en information havin eve i's stored’in the nmenory
cell, the rrenﬁﬁ?u@@ﬂlr |f§>rk@@(tanipr3reant@f pespgt shomm tife then o IHAWLNSB0 Wnen

Ino Ilnforrraltl Oﬁ'abieS%ereﬂnl"ﬁﬁblﬂ(é 17?) Npris Cael ro rﬂ\df@rlibldl’&@zﬁﬂﬁéh@n havi nglfl
evel equa or _hel ow, t t i S red in the menory ce
the nmenory ceﬁFtF§mﬁﬁe o t&@ gés Eyoée% i QH#§ a current
flows through the source/drain regions 16 and 17 35 of the nennry cel
therefore,at be determ ned whether or not information having an N-t h
| evel is s5 E%iiﬁ—ﬁhe menory cell. 2 1J UL 2003 - 30 [Erasing of

i nformation] Pﬁtﬁn@lﬁémmﬁyaﬂﬂqndlqaﬂﬂ(ﬂfhﬂﬁi|WﬁnﬂﬁhﬁﬂQNPQQﬁQﬁkﬁhh i.e.,

in which the negative charge QF is stored 5 on or in thg first gate 13, the
i nformation can be

Potential of first gate : YV
Potential of bit line t Varno
20 Potential of read line (first bit-line potential)
¢ Ve
Potential of source region : Vs

Specifically, the values of Vyui, YVwiis Vewo:
25 Vg, and Vg can be set at values close to 0 volt.

[Writing of information]
When information is written in the memory cell,
that is, when a negative charge Qr of a first polarity
30 1is stored on or in the first gate 13, a first bit-line
potential Vg, is applied to the bit line BL, the first
read-line potential Vy,; is kept on as a potential of the
read line, and then a word-line potential is switched
from the first word-line potential Vy;,; to a second word-
35 line potential Vy.;(>>Vg;). The first bit-line potential
Vg may equal Vg,. That is, the potential applied to
the bit line BL may not be changed. When potentials in



erased by sinply applying O volt to the source/drain regions 16 an811¢UbﬁgB
the channel formng region 15 and applying a mnus potential to the word
line W., or by applying to the first gate 13 a negative potential 10
sufficiently negative with regard to the source/drain regions 16 and 17 or
t he channel forming region 15 to bring the nenory cell into a state where a
tunneling current flows through the insuE&tFon | ayer 12. The erasing of
nflor mat] on 15 SL4VALAREOHA! Y ehf £eh 02 0Braly, 1% 0l I TRRDIY 121,
connected to one word Tine , of on a %he
menory cel | s Yor ¥edapd ¥neawel s fﬁlhﬁwﬁherl@neéﬂlhtﬁn; 1hetb§ove era5|ng

of 'nfornat'Oﬁrfﬁfn@dpﬁbéédﬁféeCfst@Y %HE'Mh@glgnéobbt%htiaaolg‘nUS
potential to the word Line , bringing t line BL, the read line RL

and either thEWEEEReA BFogoﬁwee(ﬁPﬁeeFﬁWBlﬁ fpoHPﬂﬁ@ $PatdeaddrEfnl ying a

predet er ni aedbp@l:emeaboﬁéﬁtlexaml eors@Meepbud ¥akt-)i nehipdft ent idl
erase-|ine potent 25 (

the e e ne E re sp ci.f.ically, the
channel fornmi t |Bﬁ ?SFﬁﬁﬂgFa n%P?nce lﬁ@?b@?*%?%ﬂ%&ajn
pot enti al difieremneChedgénemathd betmeeWOtHelahanpetehmumﬂng@ﬁegwon and
the first gat apd u | u fro e ¢hanpel r g
region 15 to ?%e € g?& ngh gggg éé?%bt%g? e"*isu %Bio%%1a3§F 1%%2 t hat
t he charge ofP@henseébnasp§WatCh?doﬁpgmlteeteepb@dprxﬂﬂ&ﬂmﬁlty can be

transport qf fﬁ@f@ﬁ@afr@gg bheﬁ t8 %He E'ﬂ:gt %tre ?&nfeh ett@httﬂaq ¥cgond

non-|inear ‘resistance el efient 33, hat .t he char ge aV|n the irs
pol arity can BRA3th@npsther hdg- ﬂén?hEOEPaséaﬂlﬁé frafches fnoR tha e 13

through the se¢pst BoB= hhﬁ@apot@ﬁtihanvg,,leb@”&fwe %&cdﬁ@”&h\t ik charge
storage state oﬁ g i g gatg % v 1J UL 2003 - 31 can be brought
into a secondP@h&Phd®st SpaglaSfate, W@e., an erased state. The erasing of
information is sinmultaneously effected on all of the nenDry cell s connected

to one wong line, on al QI\;he menory cells, 5 or on of t he menory

cells formed in one wel [* The™ erasing” is used in thfs sense her ei nafter.
The erase-line potentiaVe may{®d (§ppFi e o2t Ve bt¥me (1m@) EL (specifically,
common or source line),yin=aysiate where O volt or a poys potential is
applied to 10 the word line W. and the bit line BL, the read line RL and

t he channel form ng region are brought into a floating state. In this case,
the second non-linear reheseapcesslieneql-2gnphosmss at kaliculsit igat en t he

| nsul at T oyl AYRE 900uARE SAUEFRLIRALD £180 Aot (anGeidealdanosour ce
region). I'n another e odrnen , an erase-line p ot & applied to
the erase |inelemeptoB8 dgedif aclip, reea@tuwwesE@Feu nWaegtah@ wiadue 0

vol t or a mngg poLeRLi sl bééoﬁaglgegaéertieﬁaﬁnwl ! Imfe Bliand ddye bit 20
line BL, the comon or source |iné and the .channel formng region are

brought into alPFB&t FR§ISEANEE RBlemens @Qsés1Hﬁ9QﬂﬁﬁNﬁPﬁﬂnﬁl¥ﬁ%ar
resi stance el essattiopsitatee.t henf btBérgadbedst hehenfilrati aonl-dyiseaand one

source/dr§5n Eggkggaﬁéae%ﬁ%h@%%lgﬂ i%“%?%d&ﬁ%‘%&to a low resistive

state by selecting Vi, and Vg, such that the following
expression (2) is satisfied, i.e., generating the first
voltage between the first gate 13 and the other end of
the first non-linear resistance element 30. As a result,

30 the first gate 13 is brought from a nearly floating
state where it is electrically connected to the bit line
BL at an initial high resistance to a state where it is
electrically connected to the bit line BL at a low
resistance.

35

| {Co/ (C1+Co) } (Vur2=Var1) | > |Vri| (2)



25 I'n anot her enbodi nent, further, an erase-line potential may be a%dlf%ldma
to the erase line EL (nore specifically, the conmon or source |ine and the
channel formng region), in a state where 0 volt or a mnus potential is
applied to the word Iine BL and the bit 30 line BL and the read line RL are
brought into a floating state. In this case, the second non-I|inear

resi stance el ement conprises the first gal€,~the insulation | ayer, one

source/drain region (spgg fJ 4 S C eqi,o el form ng
region. 35 In another eerl;{@gocﬁ Crr%énét‘%i%’ur ee%Jtaéz‘{telr@alng-Erdfl%%&e% %%W "al may be
appl i ed to t hdahwean [the Hteénvh anpddivhenl $gentficomethe| $hteEB and t he

h | f i 21 ‘ i i | t
channe ormng e, etzjg?éo ftjﬁlg@tV\Déﬁ%OI@) {& Qs%lﬂ%ﬁ%;"?ﬁrﬁhg VO or a

m nus potential .is appli I ine" BL and t | rne BL and the
comon or sourfYAHA G BFRR[YIRN i b a floating state. In this case, the
second non-jinear resistance elenent 5 conprises the first gate, the

insul ation | ayer, one squrce/drain region (specifically, drain region) and
t he channel form ng regiV@h."I Nwi2ndE HefELembodi nent , fur(éh\er, an erase-line
potential may be applied to the erase line EL (nore 10 specifically, the

read line EL and the co n or_.source line), in.a state ere O.yolt or a
minus potential is appliefto e RE ed“ﬁ% OBﬁ_%ith% FFEH 199 Rel BLM%nd t he
entire channelsWidiatiewy ey orharsedondghtrdnt tna pooentihgl sVaketol bhehi s
case, the s@cog-J10R5d 4 £ el LS Lirst gate,
the insulation [ayer anﬁetﬁ%r%%s%? ﬁgiiga‘?wé‘é/%ﬁ%{l‘tﬁ\h%@%%s.ﬁé}:%n?ﬁéirré%mry

cel | accordi ndh® e ke Blohd i gHieheh ¥ Ve  pPesentresiidie itdie t he
other end of tfierdt idn Dinéinesss IE6AREANSEREGEENS IS KOBAGREEUntE 20 one

source/drain regi.on. In the nenory cell_ accordi,ng.to the third )
confi guration rb]fg;}l HEHrEERE FREnt i Ads ﬁgﬁfeffo‘r%t Hhony &° 132 ¥econd

non-|inear redirdwgice alteoreat néarInef hhaviny astats, send@nthaonebateae

resi st ance Iet;‘ﬂz&[]_t stiduyti C ri at |l east, -one .25 source/drain
regi on, thé§sal %%%ef’cﬁ% nf%‘r%& %ﬁaﬁﬁ:}quﬁsr e%aétsohlﬁle FHE DN rdt n
regi on differdhe ffigigt gateul e/ @h@ mboste avegad ive ctharge ot®er end of the

first non-|inapfon@pic anee; el eReNtit s CHMRECt SleoFbeiBhast g erase-1ine
potential may be 30 applied to?éhe erase’ line EL (nore specifically, the
read line RL, % %?ﬂ?ﬁquflo?t%ﬁ ckl | the Bee¥heC®hhnnel forming region), in

a state where the word |AsesBblwranih ttlee hibove nexfitess tobr p3ight thato a
conpri ses. fhe BYY NI FFPFer 0 G B chaln, E0RI e 32N e S rain
regi ons and t epgndmalpdnrai voltage dmstween the second word-line
potential Vyy, and the first bit-line potential V..
When the capacitance of each of the capacitors CDs, CDc
and CDp is not negligible, the potential difference Vg
26 between the sites A and B depends upon the potential of
each of the source region, the channel forming region
and the drain region, which is not further discussed for
simplification of an explanation. For example, (1-1) if
the voltage between the second word-line potential Vy;
30 and the first bit-line potential Vs, has a level number
of one, (2-1) if the first bit-line potential Vg; has a
level number one when the second word-line potential Vi,
is constant, or (3-1) if the second word-line potential
Vurz has a level number of one when the first bit-line
35 potential Vg, is constant, the charge corresponding to
information stored on or in the first gate 13 is binary
information ("0" or "1"). Otherwise, the charge stored



21 J UL 2003 - 33 [Explanation of operational principle of the neﬁbTQUL 2003
cell according to the second or third configuration of the present

invention (No. 1)] The operational principle of the nmenory cell 5 according
to the second or third configuration of the present invention wll be
expl ai ned hereinafter. Fig. 4A shows a fundanental, principle draw ng of

the nmenory cell according to the second—cb&f%guration of the present

i nvention, an B d 5 sho e a re Fig. 6A

shows a funda(r!r)eno% L}'brl nm%rgs g d??ﬁeeﬂgﬁar}g‘?épc%ﬂ'ggéﬁg?dl ng to the

third confi gurlmtvmemfthmesemcmrbrx«tordw]erne cpptamblla'-l oVwi6BastiotBeafirst

equi val ent cir t expl IS did VRS fEenory
it lﬁn@m&%ﬂwﬁg’ b %%trle%lr e(l e%)at S SI mc‘f}ﬁ except

cell as an 15 exa pe ne

that potentialtde éﬁ%lta%\kﬁ@éfr%n cmg%ecqm% W@ﬁ%ﬂyl%%l patertsadi Vgt o t he

second and § higr§ ey i WAt 119NS- Pind g%ﬁ&@fﬂ viyeRsi l‘i’é‘vé' ffgevéiom the
menmory cell according to the first 2 onflguratlpn of the present

i nvention in tHEREIN 15N F RPEL ot teT2 bridy o@e?h@%PgthﬁoﬁlF?ﬁeQFt'
resi stance el engid pteit e BRUIEE/ Hvé Na I BN xlxﬁnbaheofreﬁ%yogeinbse

according to t second .and third, configurations t he, pr nventi on
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30 can be considered
second word-line potential applied to the word line. As

a result, values obtained by converting the above
25 negative charges Qr, Qr 1, Qr 2, - to potentials of the
first gate 13 are Viwr, Vinr 1/ Viwnr 2/ "

On the other hand, when it is not necessary to
write information in the memory cell while writing
information in other memory cells, first, a second bit-

30 line potential Vg,; is applied to the bit line BL, and
then the word-line potential is switched from the first
word-line potential Vy. to the second word-line
potential Vyi,(>>Vy). When potentials in sites A, B and
C in Fig. 2 are Va, Vg and V¢ in this case, V,, Vs and V¢

35 are as follows.

Va = Vyn (4-1)
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15 the sane as that shown in Fig. 3. In the nenory cell according tc? 3

second or third configuration of the present invention, a charge stored on
or in the first gate 13 corresponds to stored information as well. Initial
conditions of the menory 20 are assuned, for exanple, to be as shown in the
following Table 3. Specifically, the value of Wl, YwL~. VsLO and VS can
be set at values close to O volt. Tabl e 3 5'Potent|al Potential Potenti al

Potential 30 of second ggte q&b/§¢rmg0q1whgevg9%enghal) quf first gate
yWwdwl of bit line : VslLo_of source region . [Witing 26 nfornatlon]
P

The operational principl'é of W2 ting information in the ne Jcel | is the
sane as that explained with regard to the nenory cell according to 35 the

first configuration of e ve anations
t hereof are therefore o?nﬁlt%tnoc}:er§ Q}azh{lk #lﬁf yagg ?E?ﬁég’%é%g t%of

i nformatiorf] The:)ghataf tﬂrheesq!mmsmmrage‘l-rh) the Mr’yh@mvﬂdl fefher s
dependi ngupory gt gfcg\ O3 RChx 2 RGeS &LEhEt: Of Ofs! Rebbeihi Aohigh! e

13. The gate thresh tage en Information 1s stored in the nDry

cell is assurré'chcJt?Wé’e\/tﬁﬂ-?@l t H® Qhar moids « hedatde Yhiead | B hge

when no i nfor REgityd s lﬁé\ﬂiﬁﬁ tie t S@IBPOL ¥r L€} | ad Stl@éﬁuﬁ'ﬁdthé berwhps.
When information stored in nennrg cell is.read ou e pot ntlals of

the word |ine P 1M W t??%efﬁﬁ a0d heying e, 3P &SI "%as shown
in Tabl e 410 TdmaEl¥er than the absolute value of the forward

conduction voltage Vy; or a voltage having an opposite
polarity to the forward conduction voltage (Vg;) is
generated between the first gate 13 and the other end of
the first non-linear resistance element 30, i.e., when

15 Vg, is selected so as to satisfy the following
expression (5), the first non-linear resistance element
30 is kept in a high resistive state.

{Co/ (C1+Co) } (Vur2-Var2) < Vp1 (5)
20
As a result, the first gate 13 is kept nearly
in a floating state, and if the potential difference
between two ends of the parasitic capacitor CD; of the
first non-linear resistance element 30 and the potential
25 difference between two ends of the capacitor CD, are V,
and V., respectively, V; and V, are as follows.

Vi
V2

{Co/ (C1+Co) } (Vwr2=Vpr2) (6=1)
{C1/ (C1+Co) } (Vir2=Vpr2) (6-2)

30
Then, the potential of the second gate 19 is

switched from the second word-line potential Vy., to the
first word-line potential Vy.;, and then the potential of
the bit line BL is switched to Vg,. As a result, an

36 temporary charge induced on each of the capacitor CD,
and the first non-linear resistance element 30 is
discharged, and no charge is stored on or in the first
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Potential of second gate (word-line potential) ler7 VW-R Potential of bit

line VHL-R Potential of source region . VS However, the potential WW-R of
the second gate 20 (word-line potential) is set so as to satisfy vtnL
<WAL-R < Vtn H Further, the potential VHL-R of the bit |line can be set so
as to satisfy VHLO < VHL-R < VBLZ As a result, the first non-linear

resi stance element 30 is kept in a high ?Zsttive state. Wen 25
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Specifically, a potential greater than a value obtained
by deducting a gate threshold voltage (seen from the
first gate 13) from the potential of the first gate 13
can be applied to the other source/drain region (the

15 source region 17). Otherwise, the other source/drain
region (the source region 17) is preferably brought into
a floating state with regard to the channel forming
region 15. Specifically, for example, a transistor for
selection connected to the other source/drain region

20 (the source region 17) can be turned off.

In a standby state, the potential of the word

line WL is kept at a potential at which the memory cell
is not brought into an on-state (state in which a
current flows between the source/drain regions 16 and

25 17). sSpecifically, the word line WL is kept at a
potential equal to, or lower than, Vi, ; to be described
later. On the other hand, there is another case where
other memory cell connected to the bit line BL is under
operation. It is therefore required to be secured that

30 the current flowing through the first non-linear
resistance element 30 of the memory is Iz; even when the
bit line BL has a potential of Vy,; and a potential
equivalent to the charge stored on or in the first gate
13 of the memory cell is V. Therefore, the potential

36 of the word line WL in a standby state is required not
to be lower than the value expressed by the following
expression. Viy 1s a potential when the word line WL



a the » resent invention No In the nenory cell according to the firdd JUL 2009
configuration of the present invention, the capacitance 15 Co of the
capacitor CDn. the capacitance Cc of the ca acitor CDc, the capacitance Cs
of the capacitor CDs P d the capacitance Cl of the parasitic capacitor CDl
of an the first non-linear resistance ql%qug 30 are negligibly small in
sone cases dependi ng upon the 20 structure and the size of the nenory cell.
The operati ondlaspra pot@nt iefl tdfe areradity. cel | will be ex lained by taking

i nto consideration the capacitance P Co of the capacitor CDo al one
hereinafter. In this case, the roportional constant y determ ned on the
basis of P 25 the capaci{t(&it€oyAld}oXi|¥ngllose to 1. The V-1 characteristic
of the first non-linear resistance elenment 30 can be the sanme as that shown
in Fig. 3. urther, the operational principles of the nmenory cells F
ccording t65tH@QﬂﬁﬂﬂﬁiqgiiﬁﬁﬂﬁmﬁQkﬂﬁ]gurations of the a ent invention are,

in principle, the same g%t hatiffe FEAIRP shdPBIBY Yeiedl lg8aGpy ding to the

first configuratjon of, th the esent inpvention,to be described | ater, and
ex | anations &Wﬂﬂﬁ?ﬁﬁﬁﬁQﬂﬁQREé 0 R pHesthe tHeSTHeddts b3 cefPsPSccording
to the second ravadi thit.d goif egampliegnwhdn @,=1hel présenand nygeili>nodfe

therefore omtted. lniti condi tions qf the noyy.cell, ca e, for
exanpl e, as sﬁﬁﬁ?ﬁ%?%fﬁﬁ%ﬂﬁﬂé}lﬁﬂﬂ%fﬁfke read out'£or aboidt P second.
10

The gate threshold voltage in the memory cell
changes depending upon whether or not a charge is stored
on or in the first gate 13. That is, when information
is stored in the memory cell, in other words, when the
negative charge Qr is stored on or in the first gate 13,

15 the gate threshold voltage of the memory cell shifts
toward a plus side. The above gate threshold voltage is
taken as Vinz. On the other hand, when no information
is stored in the memory cell, or in other words, when no
charge is stored on or in the first gate 13 (positive

20 charge may be stored in some cases), the gate threshold
voltage of the memory cell has no change (or may be
shifted toward a minus side in some cases). The above
gate threshold voltage is taken as Vi, 1. When
information stored in the memory cell is read out, the

256 potentials of the word line, the bit line and the read
line are set, for example, as shown in Table 2.

Table 2

Potential of second gate (word-line potential)
30 : Vwr-r

Potential of bit line ¢ Vpn-r

Potential of read line (second read-line potential)
¢ Vgw-r
Potential of source region t Vs
35
However, the potential of the second gate
(word-line potential), Vui-r, is to satisfy Vin i < Vir-r <
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[Witing of information] The procedure of witi™n
menory cell can be the sane as that explained in 5
rational principle of nenory cell according to the first
e present invention (No. 1)]. Potentials VA VH and Vc

in sites A, B and C in Fig. 2 are as follows. 10Vp = VWAL2 ( 7-1 ) Vs =

Yww2 (7-2 ) Ve
VF1, 15 the flvrt§tH n
resistive state.”1n

satisfy the fRIERGR

=VHLi ( 7-3 ) If the vat die of ( VB-VBL1 ) is greater than

O‘Phél §éé16n&e§éﬁaﬁmiﬁeeb@|&’éﬁt13@. wmbhoughfa into a | ow
other_words, i and, VHL1 are sel ec go as to

gk g orrFet‘%)ll‘IeeRL ¥ tARYEsE VR Fﬁg e

gener at ed bet viees vdlet fid sd sber Js’bwwletp@t@ﬁhﬁalem of Fihehérl, sthel

non-1|inear resj

30 is brought 3‘%196’

I t 3 f. I t I t
2t o Ve 'stf%v&%ae $ i G R (Rl R ST

brought froim asatemﬁ;eélmsmgvgitnat@wb‘ere it is connect ed to the bit line

BL in an initial hi
to the bit line BL

2 ot i dine St AR Grab s afiggnee o

consequence, tkeqrRAtent( als di¢plerhce Mghbeeabehivaestates Awneh®r, seen
fromthe site Jhdd - fhioSRRNids off (Weofed snoehe MehoLp, ag1h0whel N the

foll ow ng expressio

of the second RfA¥FH

ngggél VWAL2-VF1-VBL1 ( 9) Then, the gotentlal
e 1%1ngE %@0%“ off-state. On 'the other

10 when no memory is stored in the memory cell, the memory

cell is in an on-state. By detecting whether or not a

current flows through the source/drain regions 16 and 17

of the memory cell, therefore, it can be determined

whether or not information is stored in the memory cell.

15

When multi-valued information is stored on or

in the first gate 13, i.e., when one of negative charge

Qr, Qris Qr2, ' * + 1s stored on or in the first gate 13,

the gate threshold voltage of the memory cell shifts

toward a plus side. For the convenience of an
20 explanation, |Qr|>|Qri|>|Qr2|* - - , and the gate threshold
voltage is assumed to be Vin a, Ven 1, Ven 2, *© * * . When

information stored in the memory cell is read out, first,

a potential between Vi, (y-1, and Vi, y is applied to the

word line WL. When N = 1, a potential between Vin s and

25 Vin 1 is applied to the word line. The above "N" is an

. N-th level of the multi-valued information and stands

for the highest level. As a result, when information

having the N-th level is stored in the memory cell, the

memory cell is kept in an off-state. On the other hand,

30 when no information is stored in the memory cell, or

when information having a level equal to, or below, the

(N-1)
cell

-th level is stored in the memory cell, the memory

is in an on-state. By detecting whether or not a

current flows through the source/drain regions 16 and 17

35 of the memory cell, therefore, it can be determined

whether or not information having an N-th level is

stored in the memory cell.



- 38 switched fromthe second word-line potential WWZ to the first
word-line potential Wl and then the potential of the bit line BL is
switched to VHLO As a result, the first non-linear resistance element 30 is
brought into a 5 high resistive state. And, the first gate 13 is again
brought into a nearly floating state, and a negative charge QF of a first
polarity is freshly stored on or in the-f3@st+ gate 13. The above negative
charge (QF) stored on or in the first gate 13 corresponds to 10 i nfornmation
stored in the nenory cell. On the other hand, when it is not necessary to
wite infornat[iﬂjﬂasﬁmqwrﬁar@mamilanile writing information in other

menory cells, first, a q.(q]ge t ?,?p(gﬁg? t bi t
line BL, and 15 then t he I ne otoégr)iLt]?arhIﬂ ﬁh%@\/’l’\}-tztrhé oltn ig?ljr:%t
wor d- | i ne pot &itargd vdtie to imelsicdbricheoredat hee pohakge afr WAL AYarad ) | |n

this case, shejh Rt 6 IS Firdth a'Stié e§3At1§eaﬂﬁf§rmé‘tfbﬁ cdnapg assuned to
be VA, VB and Vc, re ectjve VH and Vc are as shown b Iow 20 VA =

W2 ( 10-1 ) aFdse f’(mEL aZPB ¥Ana QsyFlt o -the)soar¢e{drainya| ye of
( VB-Vc ) | | féé/ﬂo&mb 1\6SLaE1c1 iB drﬁ’ﬁﬁtﬁél&flhééﬁieltﬁ@rrflin§trd|3@mohlhmeaandd
resi stance el ene is ke a_hi r esi at e, ot her ., wor ds,
when a vol tage&ghé'cld}ﬁj %‘i‘%‘g‘b%)P%%?}?%gah} htéos 8$§r§‘f’9€a@1‘1’ hat BV t he

f orwar d conducﬁtppﬂrylmj tialgetma/FﬂJ)rsamdgmtam hy 801_1aga'aimel potendliad small er
Lhan Lhe aRFO\ AR 0 DG { UALE K OPEHELN OFo OhLAISWEE P padh @

vol tage having a po Sitetot rvvar conduction vo ta e (VF1),
i s generated B@Mﬁt}é an sUg%ﬂfetfl% chenpad Soreingngegionhdsf FiPst

non-linear reylsimcene! wamdty el Boints- . %Sﬂevﬂ@résasﬁhﬁﬁéiin§0 as to
satisfy the foIIovm ‘%ﬁﬁﬁressmn é‘%l‘%}é t he fié%tl nog Iéne reS|stance
el enent 30 is K¥pt WHhEhEQy S stRfRation 3f¥ebo e As a
result, the fierdsiad eofl3inHotmatitsn t s beikeptaneausyyi efaetteat bngaifat e.
YVVLZ’VBLzlg Vgg'éhéjméméky cells connected to one word line, on all
of the memory cells, or on all of the memory cells
formed in one well.
In another embodiment, the above erasing of
information can be also effected by applying 0 volt or a
20 minus potential to the word line WL, bringing the bit
line BL, the read line RL and either the common or
source line into a floating state and applying a
predetermined potential (for example, some plus volts)
which is an erase-line potential to the erase line EL
26 (more specifically, the channel forming region formed in
the memory cell). As a result, a certain potential
difference is generated between the channel forming
region and the first gate, and a tunneling current flows
from the channel forming region 15 to the first gate 13
30 through the insulation layer 12, so that the charge of
the second polarity opposite to the first polarity can
be transported from the erase line to the first gate 13
through the second non-~linear resistance element 33, or
that the charge having the first polarity can be
36 discharged to the erase line from the first gate 13
through the second non-linear resistance element 33.
Namely, the charge storage state of the first gate 13

21 JuL 2003
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Then, the potential of the second gate 19 is switched fromthe second
word-line potential WALZ to the first word-line potential VWAL1, and then

the potential of the bit line is switched to VBLO As a result, a 10
tenporary charge induced on the capacitor CDo is discharged, and no charge
is stored on or in the first gate 13. In other words, charging and

di schargi ng whi ch occur through the first3hon-|linear resistance el enent 30

are negligi bl , 'y re, i t i ought back
to an initial )ésatﬁgitﬂeé bllﬁgfhﬁgelﬁcﬁﬁ asn%bgﬁ yé,ﬁnro?élanﬁfe%élsr% | oén.é?‘t‘s)é(/vr?t eh in
the nmenory celdn em@seadk|gtiiig. plbeceriasdnoheff ligfioxgadficdurisent bet ween t he

source/drain rﬁ%‘ﬂ%ﬁe%@fﬁcgé@/(ﬁ??y 3P ol | nuhery iaéprgation is

witten, prefera er sour cey n I‘efjl on_(the source regi on 17)
is reversely KiMEFtRd 9 g K thenLmaall R % Hie regmery 16e1b8/ t he

ot her sour ge/ drRidh L0 B (EHE rMBSE €Ul HNFdred SiRrONEel Nt 0 Bhd | 0ati ng
state with regard to the channel, 25 formn r;&u on, 15f %em fically, the
sane procedur e€LAS Ml oxpied ndy HHL %?%% oA LERE- oper ati onal
principle of menory cel IThee cradiend itme tgeetdrtrisdl aoayf ilgpiragipbiedftd hehe
present inventj . 1)J. C . i 0 d at t he
potential of t Iga{]s\/\%%‘rf%n]%al' V\@gbés)ce*(%%auaf}gh élp% e%?i(]z)i %t)&%\ggc}g#%g' rrgrrlmry
cell is not browfate mMerse Grvalhater (stmirus rpekerhial cisrappliedwso

between { gy SQUIE YS! 14 AU ond &R 0)1 1 mPoBL [ | £RL! YealiNEIHET Al [ e W
is kept at a 35 potential equal to, or lower than, VtnL to be descri bed
| ater. On the Bthdthg\FRANRGLr EOBRINGreHiRMmer TSt REFRQUIREr &NEPh&r nenory

cel | connectedetontivey bitaténe Ml UhSs chsk,] hd sd¥bha dh-Opesating. |t
is therefore required to be secured that the Ctr%rent flow nghthrough t he
i

first non-linds?® TEFT ARSI $7S t HRE nEhEF Y 28FF/ i 5PPAL even when
the bit |ine Binshakataigotkbayenland MBtZseudcehérdifii regigate 13 of the

F}eggrwciehh%hg‘fsa@edcggfﬁé%%i ggo,}/]gé\g I‘l’@&{&fls)re, the potential of the word

required’not’to be I ower than [ Readout of

information] 10 The oper®t ianREhen iorhqd et r ariceade-1 hrerpatebhiddn be
the same as thuy qg@lfg%ﬁﬁﬂeantcﬁ Exipé 2884 & &N Phe OBET f&lb?@alspééﬁ.ﬁib_ﬁh.@y(?f_
menory cell accordi o_the first configuration of the present invention
(oo D)7+ and Eoadi Tae bl ansh | SrstaTier EBFEe50 a8 EnBF ehoRSaBR ¢ ( ed.
[ Erasing of i notemtian]idheppbieattonehepwondi pireobLeandi bgeobit _
egard to the Terer cetfeeanrdn o 2o RreSr 1 FBE 2B e AlhoRel " ne M
present inventfomingdregpbanareopsoudketedbhtara fheatingestatetedIn

this case, the second non-linear resistance element

comprises the first gate, the insulation layer and one

source/drain region (specifically, source region).

25 In another embodiment, further, an erase-line
potential may be applied to the erase line EL (more
specifically, the common or source line and the channel
forming region), in a state where 0 volt or a minus
potential is applied to the word line BL and the bit

30 line BL and the read line RL are brought into a floating
state. In this case, the second non-linear resistance
element comprises the first gate, the insulation layer,
one source/drain region (specifically, source region)
and the channel forming region.

35 In another embodiment, further, an erase-line
potential may be applied to the erase line EL (more
specifically, the read line EL and the channel forming



The operational principle and the readout principle when informati on2dt $le J003
on or inthe first 25 gate 13 is nulti-valued information are the sane as

t hose expl ained al ready, and detail ed explanations thereof are therefore
omtted. In the nmenory cell, provided by the present invention, a

si npl e-structured DRAM gain cell can be 30 produced by conbining the first
gate, the second gate, the first non-|li-ner +esistance el enent and the

second non-1i . resistanc l,e t .3s ri b \, F h
production pr%%géé_msﬁer%%‘o _%g%ﬁ(ﬁ%ec% cngr;pqcllécacfelgqa,a.q'g]h _?té]%%%ﬁ%iea%r%%uced
al nost e;:]ualt Lyapmllssl améljhmglca:qs{mﬁlofarm ddmoﬂ;jtblgt aliﬁmv@mta?mathﬂ[ ash
menory. In RS s t{’f@” r i on
of the present%ol nve.nibirgn, ulr;i‘\efg.l eggifté\]) L %8(533 - c%)fl‘—fl po(g%ll:%?g ét%élg%bpress
an increase i AN A& ifuEsse ofthe s@aand iannkinerl tFRS b9eanes element nal

portion. My e@¥giprikesC AR | Caih- et Wifsl ﬁ?ﬂ@ﬂﬁ%n!ﬁai@ﬁméﬁé’ unlike a
convent i onal Ia and the capacitor which a 5 conventional M requires
is, in princi FOAIGRAAGEGUITRHD tIFRAMLFICILIY e X3 ERY BRI ARE I 8RS i n
sonme cases. | kHavedEMynmiaR} Irediicdvi ded by the present invention,
therefore, the cell area_is greatly incjeased i case, 10 Exanple 1
Exanple 1 is concerned it Y g’eﬁem%ﬂqne%{cc%}%ﬂhegr‘t FR T Fstiie

confi gur at i on poftame gir esgntbe mppitiexh. td-itthe | dradewsindeEpr (merel e of the
menory cel ofp@&q | & 1k, Fi 1 9. i t 41551 its of
t he menor yiocelsl. of r%cgarrlp ¥ 1&%%%@%&%&%%‘1@3&%%ﬁéeer!rln@j{\?fga?%ysgﬁggvg
partial crosslsé@)iondl &isateowhere ierrlt cof | agrimyanpPeentizlr ifer,

Fig. 8A schemagalddy tdhavke hsrd ayine B andi€né Watelige BN gxdepded
region 13A of the first gate 13, a channel 20 form n&]refg_l on 15, a drain
r%ﬁ‘ghe ks

region 16, a <O L ARG FFIOMm AL S | EAR Rt3nRe el ement 30
in each of nenfilgatciald stadfecenn thisadaset hahe Hegrond ien-al fodwrmat i C,
partial cross sectj.o V] e I r cA i g. , and Fig. 7B
is a schemati cll,seszlétpar Ta legci#éorgll‘; é;%"gqriog%%g %/gge\l\?vf%%nggféﬁgtgé\r ows B-Bin
Fig. 8A. The nigrrlattin dyexand éoathast t ke chonnee/dvasnngegéghdn 15, an

insulation layer 12 whicfy ithé nlcitly &bOAtL A Ry 1 08 tRYCEniEHe first
gate 13 formed 30 on the, insulation’ ayer 12, the, first gate 13 faci ng t he
channel for ni MPHEFHAER RHute tPeef et EYeRtiaher the ofher 8RE Gite 19

capaci tively cghipl®irst thohhbidédstrgaietddeet Beemont césdeannecegdons 16
and 17 (thg droaiep srel%!on %6 and thf sour et‘gﬁgi on 17 fé)j(’)fed ég (ﬁor?t act 35
with the ¢ %nn ol %%/ %@%nrei% Py s%hc SR PacH REFCT e i r st
non-|inear resicttineeelklrdermonBigiatignted ehdsprasdnt $sventiinon-| i near
resistance el We%e, so long as the second non-linear resistance
element in the above various second non-linear
resistance element constitutions comprises at least one
25 source/drain region, the said source/drain region is
required to be the source/drain region different from
the source/drain region to which the other end of the
first non-linear resistance element is connected.
Further, the erase-line potential may be
30 applied to the erase line EL (more specifically, the
read line RL, the common or source line and the channel
forming region), in a state where the word line WL and
the bit line BL are brought into a floating state. 1In
this case, the second non-linear resistance element
36 comprises the first gate, the insulation layer, both of
the source/drain regions and the channel forming regions.



21 ~ a ~ 20@B - 42 The above capacitive coupling is formed by sandmL%ﬂhHﬂ-2m3
a dielectric film18 with the first gate 13 and the second gate 19.

Ref erence nuneral 10 shows a sem conductor substrate, and reference nuneral
10A shows a well which 5 is forned in the surface of the sem conductor
substrate 10 as required. Wien the nmenory cell is an n-channel type, the

wel | 10A has a p-type conductivity, and sBen the nmenory cell is a p-channe
type, the wel pe conduc IVIt%.. i osuether th.

7, no 10 well C o 2
shows a deV|03ceepdiaa|oo theobebbﬁd)oreuhmmd behéﬁanwetﬁnmemélthé shoms an

et chi ng stoppﬁ ! rg a ﬁ E Fez nceg? meral 20 shows an insulation

interl ayer. Leg@it inld L2 ShoLfic 'itance el enent 33 15 conprises the

first gate 13, the insuThei operayéonal andnchplehaﬁnehefmembmg cegilon 15.
That is, the §8§898188”'tb“%% Eg%bﬁhaB‘ietﬁ'l‘fcﬁe%Pﬁg‘ﬁ?’%r' £a M5 tunnel

di ode. The i nsul ati1 on exa S|I|con oxi de
| ayer) haV|ngP§e§ﬁPEkhé§§n§ﬂ02 Wﬁﬂ12bGWReﬁlélﬁﬁép@ﬁHQMQQﬁﬁ%ﬂ (Fég-exanpl e,

-4 volts) is appkhédsta Eﬁﬁdhﬁ%ﬂkﬁ&'OprhﬁbﬁblEZdE%W1%% b&et%QD%@mkﬂka“ess
a tunneling current flows in the insulation | ayer 12, "and an _el ectronic

charge stor ed®Phlt RECPEAINIyEPe thE ?§CHP§0ﬁ&P&é@uF@FléehéW%Itﬁhndreds

nanoseconds. pbebehthéhvenitébnt handngikat i4@n analy @1igl?2 shashaar t hi ckness of 2
nm accor n i teratur b- 5 Mul,ti - Thi ckness Gate
O o TechRor sy betaptorisatitR dhbh: B SHgu A gMHgEpEa LY ©\ Ty
98-585, a Cprvahqepaendmawnng clifarthe whmohyfbe@i|a¢ddndnnganHﬁMH|30

ayer until acflieheebhls raalkdon e aes ppldch Aot ihemaka e

obt ai ned. |If e tunne current is fetime
years can be §§c§h@USbéﬂoﬁﬂuﬂW@1Gmél€é¥ﬂuétbreERGoﬁﬁllpleﬁanple 1, the

second gate 18xp3acarAoat Q@f%frst @02 a0 hd thyipee Mo @eque a%)terrpe/drai n
regi on (tg$ drai n eg|o¥@ﬁfg onnected to a._rea .%ng The
channel m ffi§eMegen™ ac&h @@FeEeP8r3h0§P§s€ e ylardds - 43
i ne (not speexbepalbhaﬂupm@enﬂnmlﬁxammhes,neuenaamyutnﬁngeJQ has a common
region with the word |i f I onyld ance
elenent 30 is connected&gom&ﬁmg?ﬁr%gglgtgEggrdl étt% Q@'o?ﬁﬁﬁnﬁﬁghﬁtereof
is connected ¢31§dbppmﬂyquqm;pn§10f the present invention differ

from the memory cell according to the first

20 configuration of the present invention in the connection
of the other end of the first non-linear resistance
element 30 or one source/drain region 16. The memory
cells according to the second and third configurations
of the present invention are the same as the memory cell

256 according to the first configuration of the present
invention in other constitutions. That is, in the
memory cell according to the second configuration of the
present invention, the other end of the first non-linear
resistance element 30 and one source/drain region 16 are

30 connected to the bit line BL. In the memory cell
according to the third configuration of the present
invention, the other end of the first non-linear
resistance element 30 is connected to one source/drain
region 16, and said one source/drain region 16 is

356 connected to the bit line BL.

In the equivalent circuit of the memory cell
according to the second or third configuration of the



The above first non-linear resistance el ement 30 has a two-term nal
operation characteristic, and further specifically, it has charact & 1 JUi 40
that when the first voltage having the sane polarity as that of the forward
10 conduction voltage {VF1l) and having an absol ute val ue equal to, or
greater than, the absolute value of the forward conduction voltage (VF1) is
applied across the two ends it is broughddiqito a I ow resistive state, and
t hat when the _seco avi e .S pol ar 5 fethe
forward condué’t%:l %r?%i“ol ar&( ) Sgﬁ)c}srgavr?gﬁg&e noéab é{)’}ﬁﬁf%fvé’i usteé]a'z}{rga Ifeor"ht han
t he absol ute \ﬁalmaiﬂetlhe:’dmpmwb mmitmamfaglee(wpacmtoa gbb t age
having an oppQgy ¢t t{en t IS

appl i ed acros(&inﬁ?%s'%(zi (fyné %6&% M (?P&g 1@ 1\,/9% Jra'gg}l%%{?%éénstate
as shown in Filgyes: 1‘@1({1!14 sthGE h%llfﬁ’r‘? sqa%nlfhﬁh@&rth%sp%rﬁﬁé@lél ement 30 has

a charact erj stdgpddiaiopvhsn tﬁ]é’rﬁﬁﬁé@rrﬁ%rﬂfﬁlﬂé’éf aﬁ@si§t§ﬁ?@é' é@.'eméht' 30,
brought into a low resistive state. Specjfica the first non-|inear

resi stance el ek %G—"Z?%rﬁﬁ‘i’s‘é@l%ﬁbr\c}{ﬁféﬁ o?lf d?’&‘aeme“mEYf Feit

non- | i near reﬁdiommgelﬂmme 3@1]§wnfd>r$fﬂ9.1@a’@:[bnudﬂﬁttné pregents forned
in the first gate extend reglo 13A extends n an 1 nsulation,region
erfiih it

(i nsul ation | TR ok Sebkr o8 1 orf He GiBP O30 U SRRATEE S
structure or dg rgemErstivciresten Exmptlme 1¢apdhetanceuatt penhdpdehhas a

sem conductQr c e:sa souraelgrain regions 16
and 17 in %@nf%ﬁ%%% rag\élsa §emﬁcgﬁagcfr8?'%rsé %E)lgli (t eg first gate
ext ended regi cﬁﬁﬁ@ﬁl—ﬁ%ﬂ@(a@mp&f bheszagfcitdr thp@@ldt &hep capacsid@nNSS drai n

regions 16 and; l4fl RneoRdelditidy dniPeiliheef bftﬁttt%t e_neétnended regl on 13A
which is opp05|te to the Source/drain regions 3 - 44

17 in conduct i SARARRHEPR oF P ebpbheré: t Fhsne eTnthB’fr"’E"r?ée’fWE{-c n%f'l T'li“?lear

resi stance el efirdt IHbonLhihder ot &eisbande ébhemsrtn sondaat be cegsddedd&dwhi ch
is the sang. a & rcel o] ang 17 in conductivity type 5
correspong‘g‘r)titli%e Eﬁo?% o &Elg%f ]{‘ﬁ‘ghflﬁ %iscﬁongrl near resistance el enment 30.
Specifically, the seni cohdu‘d!@rmﬁt@gnom@hl cxrearding e hheypecdnganr
(inmpurity) is Et@if@dcéﬁ‘fi rétiéﬁ Sﬁt%éxbﬁégéﬁtrﬁﬁbeﬂtléﬁ [ﬁoeha&abng a

p+-type dopant urity) a lateral uncti on formed’in the
first gate ext® ?fﬂ"e‘ngdr%l% J.HQAth?hElE%Fn ﬁﬁgﬁu{lz?o?oFE@FBﬁnﬁ &8r PESEERdI ng

to the other engfefmdtionia8twadl: | inedtidetci@Cions edENth8OmésoLpnnect ed
to the bit t he juncti eg_l or%gl S positioned

[ BL F 8A
on a line g{{!{ 2%54 n#ﬁ?%ﬁqigf%%gﬁﬁ@mg%?t i 5§n8 ?ﬁesgf)?”rgt €13, while the
posi tion of thﬁo:plowlmytTmlnleegLompmylﬁmhlsyﬂe@wdvmbue@ouftmldopant
(impurity) COI’\fxﬁ”t ratl on ) @ ahl 13l <3t §eexLqried eQon J 30 a L he

dopant (i npur f“concentratl on in the sem conductor region 31 or the form
20 of a mask used for introducing a dopant. The process for the nmanufacture
of the nenory oghleof Exanple 1 shown in Figs. 7 and 8A will be expl ained

1 11A a are hemati c,

h f 9 9 0 0
bar i ol or 0o RRteRbial SF sPERRdoRatRo (LARPEORREAT SrnELPORARaa0 and t he

|ike. Figs. 9A, 10A and 11A are schematic, partw.al crosssectional views

simlar to thag, {@%@{1 7l QngﬂEQV‘?aé‘eA in Fig. V8A Figs. 9B, 10B and 11B
t

are schemati c, partla cross-sect ronal views siMlar to that taken
Potential of bit line : me

Potential of source region s Vs
30
[Writing of information]

The operational principle of writing
information in the memory cell is the same as that
explained with regard to the memory cell according to

36 the first configuration of the present invention, and
detailed explanations thereof are therefore omitted.



30 along arrows B-Bin Fig. 8A. [Step-100] First, the device separat, on
region 11 having a LOCOS structure or a trench structure is f or med -#nl- ¢Hk 2003
sem conductor substrate 10 by a known net hod. Then, the 35 sem conduct or
substrate 10 is ion-inmplanted with a ptype dopant (inpurity) for formng

t he channel form ng region 15. Then, the insulation |layer 12 havinga ~ 1
J UL 2003 - 45 thickness of 3 to 1.5-n®%ard corresponding to a gate

i nsul ati on Iaﬁﬁéahéugo&gegﬁggr&g%gggrface of the sem conductor substrate 10
xrdatiron method o r

by a thernal e;ti ng the surface of the sem conductor
substrate 5 10 or a netBbd gateathyeahoddt vohtagal ini thiedimeqoafyt eelilhe
thermal oxi dajj h il i IRy f il 3R ' #ng&

pol ysi licon th;lgE?F%ms%?agﬁiggoggﬁgu"shﬁl%ir&lhfelgloE)rt ﬁllO? % Icr%(a\%(ﬁ:)g , f(g’tripeda
exanmpl e, withOB BTt yBetBgpiArsits daégodt-edTha gakechhreehedds ¥edtpgea 10

CVD net hodp agHehhgRfbbRatiibnCeB bitbPel3Rn ThRAeRI§A 1D il alsfifmdgast
pl ane shapes ideptical with the plane shapes of the first gate 13 and the

first gate ext8nB8dVeeni olPidAe QEhek haikdy HRmatectEeFiaydst opper
| ayer 14, whi ¢blbageawhangeb tihifelkmassonhds sherkd dieherd meanddy el to be

described later, i s _deposited, for e | e f _Si.Qz. Then he efchin
stopp;r Iayerlf4a%§uﬂgﬁt§bn§8 Yoh 53 ﬁgﬁgbt%ﬁ{?EW%ﬁ%ﬁﬂa%ﬁfﬁg@éiﬁ%n ?%;Igmﬁth
the plane shapemotyt helfli ist rgatie oett,etdred podgindrial3A db the fwrmed it er
(see Fi 95-108Ban§A§|ﬁ|Q_db9.@ -:Li'x;x'eg-falll%?na%ggﬁ\@&""scoab%‘:h o Jdargd al layout

of the patterne icon thin and the €tching stopper layer 14. In
Fig. 8B, a re§PeHnofint Kabdiel idcon thin film 13P on a region to formthe
first gate 13 is provided with slanting lines. Further, a region of the
silicon thin 25 tilm 13P on a region to formthe first gate extended region
13Ais surrouw an alternate long and short dash line. Further,

regi ons of theosehtdad blfi 8elciond HAReo worgi-Aind pdt@nuidle) drai n region,
the channel, form ng region and the source region are suprounded by 30

dotted lines. [Step-110] Then, an insulation interlayér %#hfch works as the
dielectric fiPetestand of bdivpdded for exanple, of SkO0Ps-Si Oz/ Si xNY,

Si Qz/ Si XNY/ Si gtent1a109/fSis¥irdes Helfilged 35 on the entige surface by a CVD
nmet hod, a thermal oxidation nethod, "a thermal nitriding method or a plasna

nitriding nmethod. Then, a polysilicon |ayer doped, for z ~~a ~ zoo3 -
46 However, the potential Vy,.x of the second gate

20 (word-line potential) is set so as to satisfy Vi
<Vur-r < Vin u. Further, the potential Vg,.yz of the bit
line can be set so as to satisfy Vgwo < Vpr-r < Venze

As a result, the first non-linear resistance

element 30 is kept in a high resistive state. When

26 information is stored in the memory cell, the memory
cell continues to be kept in an off-state. On the other
hand, when no information is stored in the memory cell,
the memory cell is in an on-state. By detecting whether
or not a current flows through the source/drain regions

30 16 and 17 of the memory cell, therefore, it can be
determined whether or not information is stored in the
memory cell.

[Erasing of information]

35 The operational principle in erasing
information stored in the memory cell is the same as
that explained with regard to the memory cell according



exanple, with an n-type dopant is deposited on the entire surfac@1b§U52@@D
nmet hod, and then the polysilicon |ayer, the dielectric film 18 and the
silicon thin film 13P are consecutively patterned through one etchi ng mask
5 (not shown), whereby the second gate 19 and the first gate 13 are forned.
The first gate 13 is forned of the silicon thin film and the second gate
19 is forned of the polysilicon |ayer.3¢urther, the channel_forning regi on
15 is fornmed below the first gate 13. Ig {Qgs ngéﬁﬁeinveetgppiCBH t hin
film13P whighcis £oreonsonfigerahion; PS gare ext endedonoaren. 13A IS Ief
bel ow t he patterneq et c?kggt%ggpehekayér axg. tRRLPIPES the first gate

ext ended re@ebailsA PEPr&rned outsid %Egoﬁggo digatioleowheMEPF when
viewed as a plan viemﬁgsébthg§pelgp%6 and lO%%héﬁﬁﬁérﬁﬁ,iéﬁmﬂltdﬁ t he
first gate e,xtende%iro%gis@a,rlg%drs dirorire & 8e 1fdW second gat & The
second gat e NI Common, r eqi Wit dde Mo dncied M. %&ﬁep- 0] Then
the sem cpneiued SERFEEOM HHd part 20 of fhedhssy @alk ext ended
region 13A are . -iéﬁﬁfﬁ&ﬁﬁhVWith Fegakdkarpl e, an n-tépe gggﬁgt, t her eby
to formthe &t ain tegion 16 afgré@ecgﬂﬂiqeraeg®@n0&7t% dPEFE6 to form the
seni conduct caceexdbrd 340 h¢he part of &hﬁaglhﬁg gabeceft amec@MAEGEIn 13A
(see Figs. &%ﬁvﬁﬂgigﬁB)ananenaihﬁé FARMBH E e first non-linear resistance
el enent 30 I'ch conprises a pn junction diode and has a pn junctiqﬂ_region
can be produced. Further, the second nqn|iipRaplleesifs =

conpri si n%) t hexblhdla of3 o ayer. g &Aid o
formng 30 region 15 - OB G—=Ttrem, € 1 nsulation
interl ayer 2@SSS5ned 1is deposited on the entire

surface by a B |1|qlg ortl s €iweneilrs®w the 35
insulation interlayer 26, aftowenem@r¥ir@fn-region 16 and thfga gRl €andect or
region 31. Awring |layer off fRE ?fggahe,ianeataﬁﬂnuﬁpﬁl o? i's deposited
on the 2 1 JonfigvpdsioP49* Insufati n i&égdiw{cezmcand itRe he above
openi ng pogt i PsoPYcive papaeitel FRthod,” and the the(ﬁ%%;@gt&ﬁyemsis
patterned, thereby,%p f Ep]tgﬁebbapbtmEapBﬁ)cif’I§§§r| L¥P§og§ec5gd to
the seni condu€PBRHEG on 31 5 mhigﬂ L$ tLhe phResiend SRPAREOrrst?
non- 1 i near resinst ahee cApAERANSS artd ?‘he read | i&@%é}@@o 22rel ectrical ly
connected to Hﬁg(¥§¥g£rﬁaﬂimnﬂéhrIre&*ﬁ%??&ﬁwﬁﬁ, he memory, gel | having a
constitution s %wnln Fi gs. f apgd ga@a@eso@ep¢m@6nglﬁp%§anp e 2 Exampl e
2 is a vari antnejlixEwpy 512 ]Exarrp e 2 dkéf eLSnbF@MeEXaupl B in that the
pn junctiog di 9 @@ugefhndtthanSLFﬁe%f €j Stance ei;neg&lSthas a pn
junction r 8ion a regio; Bﬁ'ﬁchéiéraE phej BABOFYINTE ornmed of a single
crystal sem coREaERBEOMheP5ther can t Luhisqaerat ibine tnemsiAPACE ans
Exanpl e 2 can bepthénednbyadatidde t he mermr%. r?%({ef’f Bamgiis kaskhe
process for the nagufggtgggae&tbhecbenmlqn%ém?r T anpl e Z\Mééiéﬂaf
expl ai ned bel o® 2 t ep-. 0%1 stant ¥ determined on the
the proportion ! CO? .s close to 1. The v-1
95 the capacitance ratio l? on-linear resistance
characteristic of the first n

hown in Fig. 3.
he same as that 8
e he o bi;zional P s of the memory cells
the ope

i iple
rincip o

d third configurations O
the same as that of

Further,
according to the second an :
n are, in principle,
ing to the first con

i ter, and
be described la
- les of the memory

30 present inventio
the memory cell accord

i tion
the present inven ; ed.
. s of the operatlonal princlp . .
d and third configuratlio

figuration of

explanation
cells according to the secon
35 of the present invention are

Initial conditions of the m
e above Table 1.

therefore omitted.
emory cell can be,

for example, as shown in th



First, in the same manner as in [Step-100] in Exanple 1, the device
separation region 11 having a LOCOS structure or a trench structure &l JUL 2003
formed in the sem conductor substrate 10, the sem conductor substrate 26 10
is ion-inplanted with a p-type dopant, and the insulation |ayer 12 is

formed. Then, a silicon thin layer is fornmed on the sem conductor substrate
10. [Step-210] The silicon thin | ayer cord’esponding at |east 30 to the

first gate 13 and the first gate extended region 13A where the first
non-linear resistance elenent 30 is to be forned, is ion-inplanted wth,

for exanple, $Wrigingkefi infegmetd@a] Then, a protective |layer formed, for
exanpl e, of Si02 or SiXMfel proeRagirked agiedny edf o tdDn N e

e
sem conductor substrate_10 I's heated in an inert gas atnosphere at a
t enper at ure bBENEEN 668& SAR HSotheosalne 353 vt £Xpdingdstit, a portion

of the z5 TERFZ@Q&tioﬁ8ofSio|ﬁeQ@‘tifdﬁdl |ppigic i5ANd &S aiEagy taelihe first
gate 13 and the first gate, ext dlesﬁ:ereq‘i@n 13A where the first non-Ilinear
resi stance el &SR3 Lo 5%t’?e%rf}ﬁ FoRS WrAh O RS AP i ncr eased
in particle sineentdon f(dom 4 )gi.ngbetenyditdb ¥Yen Cpradutpr inegiides Ahen,
the single crystal, semnic uctor, reqion i 4.qn-inplanted with, for exanple,
a p-type dopa)rét %ﬁ?hgn%t %g'%s'i tr%’gl‘—"eIJ(’:er %sst aqﬁlislzde silicon thin layer is
patterned in the same nmanner as in [Step-100] of Exanple 1, and an etching
10 stopper;g ayer 14, which-hgs a gregt,eli)thi ckness than the dielectric film
18 to be described later is deposited, fOr exanple, of SiQz. Then, the
etching stopper |ayer 1¥2i% Parzernefi’sd)as to retain a plane shape
identical with the plang.shapg,of the7ipyst gate extended region 15 13A to
be formed later. [Step-220] Then, an insulation interlayer which wrks as
the dielectric film18 and is conposed of, for exanple, SiO-, Si02/Si XNy,
Si 02/ Si XNY/ Si Oz or Ta2OBf£StMMy viedufeoofed V20Ven )t he gmeatersthac¥-hy a CVD

met hod, a iher ati on : £ itridi pl asma
nitriding fn%t ﬁori%' f%?esn, Hg%gqr%fs%q?croézsﬁgﬁ%oé&eéﬁéﬂo%e%@%g%i?h an
n-type dopant indod@pdsm aesdf e dfate sdinf atdepy vRrdeh gt Vo 286d t hen

the polysil itwall,@%ﬂe?%sﬂedﬁa?lhcﬂcelaﬁé:tﬁd csattﬂié_w&raé\dfébmﬁovsiﬂéécgﬂ thin fidl m
are consecutl ve attern rougn one etcnl n nas ere e secon
Gate’ 10 and t FEKHEORRIE s iyt drimekie Ty rELtade 15 JeMTErned of

t he singl ecr ydsietdweenedhss Ifiiomt tddte f1i3 mndinche hetsec cerd gaf et Birsts
fornmed of e [ WA r C . 1 09 | 15 is
formed bel s (Ra et hesiifancdigtilient o5 £ ol LAREE
silicon thin Meshatisinge isslamentordd i kuthrowght i into gat koexresdstivegi on 13A

is left bel owdhg dat her gedeauahi Ngnt 3RS RtV i brBifnt Sirdnh& i rst
gate extended region 13A conposed of a singlé:-crystallized sem conguctor

region is forf&f SRR Y AR PRES 185 whe ARG Astg the bty |

2003 line BL in an initial high resistive state, to a state
26 where it is connected to the bit line BL at a low
resistance.

| YVwp2=Ver1 | > | Vr1]  (8)

30 As a consequence, the potential difference Vag
between the sites A and B, seen from the site B (i.e.,
seen from the first gate 13) is as shown in the
following expression (9).

35 Vag = Vun2=Vei=Vani  (9)

Then, the potential of the second gate 19 is



- 49 plan view Further, part of the first gate extended region 13A2i‘SJU|_ 2003
formed bel ow the second gate 19. The second gate 19 has a comon reglon

with the word line W.. [Step-230] 5 Then, the sem conductor substrate 10

and part of the first gate extended region 13A are ion-inplanted with, for
exanple, an n-type dopant, thereby to formthe drain region 16 and the
source region 17 and also to formthe semganductor region 31 in the first
gate 10 extended .region 13A. In this manner,. a pn junctjon diode which

constitutes t RYYEGHEA fgom ithe:secand Rt Sinsratt et 13l et BRRI t he
pn j:mcti on rlaﬁim mradagiiqre cﬁ;@dﬁﬂaelr aJrWLprhﬂdthgtérorﬁrllé Spéeéxgméﬂapfqﬁ
single crystal _.seni,conductqr.. ,Further, the second non-linear r.esi st ance
el enent 33 co sg;d‘%o;ljtnf?eoefllr sdﬁ'te"éﬂ@] tt%g‘;ﬁi‘*ﬁ"su PorF S5k '%ind t he
channel form rignsdginem-05 sy heegirsicimessl. el Staap: 200 ] iS Henou§lst eprtid0d i n
Example 1 i (g « 20 eby e I |1 Vi ; Ly tution
shown in Fisas.qﬁ'/dﬂa%%%bclaﬁe béghg’{ﬁ'ai r%g@.’ E’g‘gorrg?ig%% g?lz}%plltraégfasl ga% sdo a
vari ant of Exdmsiught im&ons eveanliyf fiekoat ingn Failipl eand i a neégativie first
non25 linear r8si, ARt §Me 0 i A RIS Jd i td PHigde  f or
exanpl e, Schott ylﬁo,a%i gr gi ogtg)s.% E?g'gﬁrlﬁgﬁosws a glclﬁ’errati c, partial
cross-sect i ondih&/ifewsdf 33t nehor Fhgemboye BegAtiye3 Chaizs (Srlsinilar to
that taken al gjibradd O dF B neiid i JdeEXBIMiSrdesposdsi €6de 30 |ayer
32 is forrrg(g o.nﬁhe surface of m f the first te extended region 13A
The ot her CONSYHHUMHLHS S ry e MFYFY te 3 can be the sane as
those of the nenory cel |on nthexatlexr hankhe wireaceiss forndtheneeesd acy uke of

the menory cel fc BXRILE & 9 | n bS5 HaLet ofh hol ot Jps Exagpl e 3, the

conductivity types i'n 'various regions are o . ample 1.
The first gatelnSQERtePT et ishamemoryvret] acehirst2 4 geepnd2bps-- 50

memory cells i1 fxXaiglehSia e el rshiPedersorrés ab 26 11Re BAChangher.
[ St ep- 300] in the sane, manner as, in 100 1, the

{irst, £Step,— é in 6 Exanple

devi ce seph? attiih rtdif HPEA-HRE RPLER SR L§ rswitrRed, Txon, BRenfirfhict ure

i s formed :n tv&tﬁ:aﬁ@lﬁ}:@@b&é@tﬁi@%[ ate® ﬂlge ié@mnt}r@mdm?ér sulizt_rate 10
is ion-inplanted w.t n- opant,..and the insulatio e is
formed. Then, % s?rﬁlc%]ﬁr‘{‘ﬁ? &y%’lﬁaye nd%lbje%l,c?%?’ e%%l@?gﬁl?%agﬁ At ype
dopant is depogie etfitemAi Brand i@ Bk IFton 2 harel agewumed pat berWed Vin t he
same nmanner asyjdd ¢St %‘s%:%@ti‘d%l?ﬁa'ﬁ?ﬂ, eyl addey S UIEUd AR FHeldp. N-type

dopant is %eferably equal to, or less than, 1019 atons/cnB for securing a

peak
VA = Vw]'_,z (10"'1)
VB = YVWLZ (10—2)
Vc = VBLZ (10—3)
25 If the value of (Vp-V¢) [= YVwnz = Ve2] 1s less

than Vy;, the first non-linear resistance element 30 is
kept in a high resistive state. In other words, when a
voltage (second voltage) having the same polarity as
that of the forward conduction voltage (V) and having
30 an absolute value smaller than the absolute value of the
forward conduction voltage (Vy1), or a voltage having a
polarity opposite to the forward conduction voltage
(Vr1), is generated between the first gate 13 and the
other end of the first non-linear resistance element 30,
356 i.e., when Vg, is selected so as to satisfy the
following expression (11), the first non-linear
resistance element 30 is kept in a high resistive state.



15 inverse voltage of the hetero-junction. [Step-310] The first gateZiBJ,UL 2003
the first gate extended region 13A the dielectric film 18 and the second
gate 19 are fornmed in the same manner as in [Step-110] in 20 Exanple 1. The
first gate extended regions 13A are patterned such that the first gate
extended regions 13A of the two adjacent nenory cells are separated from
each other. [Step-320] 25 Then, the sem cpmductor substrate 10 is
ioninplanted with a p-type dopant, to formthe drain region 16 and the
source regi on 7.2 GESRG e TIHRE 19358 HhtRORKIRMRR AP BROoKeRSA i s kept
contai ni ng t hegariype mepaioat ilputdtoe: i npl anting the p-type dopant,

wher eby 30 the second non-linear resistance el enent 33 conprising the first
gate 13, the insulation layer 12 and the channel form ng region 15 can be
produced. [ Step-330] TheWu..aWeinsuwWati eohlynterl ayer 20 forned, for 35
exanpl e, ofg SiOz is deposited on the entire surface by a CVD nethod, and
then opening portions are formed in the insulation interlayer 20 above the
drain region 16 and 2Then,utheeegentsial o tthe gegond rgatgal® &%t ended

region 13A. And,; fdHe XA Sehd dddmd WidLAYLInéNpbteReYR] V5 ,deBOghked on
the insulation |nterlayer and in the openin portlons?béﬁgsﬁgutterlng
t

20 .
met hod and t het5sE Fpvcht Bene wiprbremyial Biar oRRdofheReth LayePt
deposited in tdrfe hoid OMmd BACky DREMENILHOVL |, ON ALactraddtt Siaatons of the

first gate_ extended region 13A fornmed. of polysilicon, As result, a
titani um st icﬁ?ﬂPQEﬁﬁé)éh????f%ﬁé&ﬁ@%noPhEh u??B@%lB?rtﬂ§°p%§t of the
first gate extdisgthresi onaid A3Acpasyéi Deaestonetihenbort dm thet fierepeni ng
portion. Then, ted. ti i rd T i Ly NQ

| ayer of an al &mwh%schl quy Qlttg{g emps]ﬁ/e’d éblf/a%ge]{él;g%t edr I%%%@?g%@ié%e
wiring |ayer iecqerterrygh ctherfirse nen-linearHresstaneet eilemeny 30
connected to tdree hpedl i@y Shal L] dgndayReré€orbi Chhesrikgtogyhee gnd of
the first ngn-ll ear re5|stﬁgce el enent. 30_and the Q@ﬁg | jne RL (not shown
in Fig. 12)°eltPTRIRYy RInKet? et Nthiddr SFAPegi D46 St n this manner,
t he menory celsulbstvamigial tppshot ihformahovn is wrdgttéd danthe aemairyed. 20
The materi al fég Iorning the hetero-junction diode is not limted to
titaniun1si|i0|d%,'and it can be selected from for exanple, cobalt
silicide or tungsten silfat deebiaklby peeventingdtheoflovhng at ghrivgnéri al s

such as nol ybdﬁé‘t’c@éer\(\h@ﬂetQ@uféé?&r&%ﬁéggaﬁ%ﬁﬁsrQEHSH@”E& ¢heTRRinory

conprises the above hetero-junction ¢ - can be controlled b%g
properly séfect®hly WreRnhREPTAAL {@APEF aVLAELER  aPHBLGFAPSY /f &IG RFDET
silicide. Furtéeirc®yde@ini pe§lohx@iReesdunthreyasnl €73, ishedvigrsiely

oL T eShEAE Sy ELETEOL SATRY' ThaTcRAISEST BojRihtnEb B hale g be

the other source/drain region (the source region 17) is
brought into a floating state with regard to the channel

26 forming region 15. Specifically, the same procedures as
those explained in [Explanation of the operational
principle of memory cell according to the first
configuration of the present invention (No. 1)] can be
carried out.

30 In a standby state, the potential of the word
line WL is kept at a potential at which the memory cell
is not brought into an on-state (state in which a
current flows between the source/drain regions 16 and
17). Specifically, the word line WL is kept at a

35 potential equal to, or lower than, Vi, to be described
later. On the other hand, there can be another state
where other memory cell connected to the bit line BL is



Exanple 4 is concerned with the nenory cell according to the second 1 JUL 2003
configuration of the present 35 invention. Fig. 4A shows the principﬁ% &P

the nenory cell of Exanple 4, and Figs. 4B and 5 show equivalent circuits

of the menory cell of Exanple 5. Further, Fig. 21J UL 2003 - 52 13
shows a schematic layout of first gates 13, a first gate extended region

13A, channel form ng regions 15, a drainm fdgi-on 16, source regions 17 and

non-1inear resopeaatdngl.enept $530h4 adjacent .nenory cells. 5 Further,
Figs. 14A, 14B.and Fi g. 15A and qégfgﬁgﬁ/g%ﬁ&ﬁﬁ??c?°p8ﬁtﬁﬁpured that

cross-sectional Vi SWET Rty L lewAngs througbnuthiec £ ipant nan-qriessysect i onal
view taken al ongsastanseAedeménki 80 43 k0 i's schematic, partial
cross-sectiona%hgbe%h%ageg gLong arrowstE?BmF#%E?gFeié.lfOIFigEVQEA\is a
schematic, partial cros8+§ectP6nBF Prewat pREeNELadgodr Noyws aGdCthe Fig. 13

(including & céhrattghbee)l3 GEgthdSReinsr i.C tial,
Cross-secti onapph¥i-g £ékeghglon? agro¥§ -%&?%nﬁ%b.algg%ﬁﬂgﬂaéiﬁ§ N -
contact hole). 15 The nenory ReFFRbt2ExQfplBesvesd hine Wheimame
constitution aSt¥R@RY ekpabentd reqEkaen! got eacgatlggératﬂgﬁiﬂ'onlﬁhere t he
first non-linear resistance elenent 30 is forned and excépt that™tHé

sem conduct or Qggugn 31 which is the other end of the first non-linear 20
resistance el elfentOSHt (A BRECEmRE LeR Hr ai n region (drain region 16) are

connected 1@ the bit |inehd Blpersk { u -cal |l ed shared contact hole.
That is, the ngg%;%tl e/l of %%rrplle&aﬂh%s}%héef%ﬁ%n?@r? MhPFegion 15,
the first gate 13, the TocoHl 25 e eSame capahat vexylabngd egnwi th t he
first gate 13J3¥Riénﬂninn(bfﬂdpéﬁaﬂiuﬁhjtﬁgﬁﬁgféibr5¥ﬁﬁgh&6 and Lhe sour ce
region 17) formliﬂ,fgoq;@cghémiéih t.he c@?ﬁaﬂnel form ng reqgi ohY 18444 spaced
from each other. the t1rst nonlitear FEGuRtlen @fhamuesént wo ends,
and a second 3YRSH49Me@fo + doli st @k detenEdd 38 iﬁ}?atsﬂﬁ%{'dtﬁ'é’f'é nhear

. ! P ¢ t .
resi st ancelfel ementthdd ey B tldagy Sanme constitution as that explarned in
Exanple 1. The first gate 13 is fornmed on the insulation |ayer 12
(so-called gate insulation layer), and the first gate 13 and the channel 35
form ng regi ol Brasd ngaolf dmﬁe&mhmﬁg%qh the insulation layer 12. The second

gate 19 is capacitively upled wi.th the first gate 13 through the
dielectric film18. ~T§8,§ Bréwgﬁééa-Pﬁanlple of erasing of

information stored in the memory cell is the same as
that explained with regard to the memory cell according

to the first configuration of the present invention, and
explanations thereof are therefore omitted.

20

The operational principle and the readout
principle when information stored on or in the first

26 gate 13 is multi-valued information are the same as
those explained already, and detailed explanations
thereof are therefore omitted.

. . In the memory cell, provided by the present
invention, a simple-structured DRAM gain cell can be

30 produced by combining the first gate, the second gate,

the first non-~linear resistance element and the second

non-linear resistance element as described above.

Further, the production process thereof is not much

complicated, and it can be produced almost equally by

applying a process of producing a conventional flash
memory. In the memory cell according to the second or
third configuration of the present invention, it is

35



The second gate 19 is connected to the word line W.. Specifically, #©heJUL 2003
second gate 19 has a common region with the word line W.. In Exanple 4, the
first non-linear resistance 5 elenent 30 al so has characteristics expl ai ned
in Exanple 1, and nore specifically, it conprises a pn junction di ode
having a lateral pn junction. Part of the first the first non-linear

resi stance el enent 30 conprising the pnjanction diode is fornmed in a first
gate extended 10 reqgion 13A on the insulation |layer. 12 fqQrned on one
source/ drain Pé’@isdﬁ’qﬁ & HURRYSS8yiath WE LGRS I@%)‘?“‘&tﬁl’t , the rest

of the fi rzt dméﬂma&alerxeisiﬁtaame;tﬁ eifsd &30 4 Sta{jm&prpmoticmt he first
gat e extende eqgi on _13A on _an..nsyl ati.on reqio evigce separation 1

Tagi on 10)  THeESeYRrp e bR e ST GG oY | g irea
non-|inear resindtiXeca ecmmEntizhdladPRaMemmbnchetaapacigian Wiehiah is the
sanme as the sour YL 1 SR . d 1N VA e (for 20
exanpl e, nj%tygg)n qr?gzlg)lr{éeln‘i condﬁfc:e'gqg_lrlaﬁtr%gi]loén’ &rﬁ%ési[é/ig%{pﬁdetgt ended region
13A) whi ch i s I§g¥ddiede aldhavwghs dir deéy dieired)i ahsan Akl 1Ty nin some
conductivity tgpes(f ornexaedhemoRyt ¥e8)., Previided niRitheSHr@ndaft regi on 13A
corresponds tq one end of the firSt non-linear 25 résistance el enent 30,
and the sem cdRYE IO e FRFT PTG S SGRIS! 1Pl Dt Fefalehdy HRCTRRSedr st
non-|inear redisstmneased.enent 30. Further, a lateral pn junction is fornmed
in a boundey eqgian hetween the first gate extended region 13A and the
sem conductor %%pg#_% 30 The sem conductor region 31 (for exanple,
n-type in conductivity tExespledli ds comespmdisvith tite otdmorencebE t he
first non-lin i enEnt ﬂ%] ‘ i pon (the
drain region %?ﬁi%ﬁp%%ﬁ are ctoﬁér%e%te l?%l@% e%fﬂ%%%%%?tﬂ t hr ough
the shared 35 dBMNdcOTholBlg Th® filsiss stherpX Hec hphRif@Et bR BEMPRE nenory
cel | of Exarm!cﬁelgl [ g;(;fhrﬂ]fié\(iiﬂﬁizglhmsﬁrﬁ@ lfél.iﬁgEjhE sh@wl?duib&%ﬁﬂe?: ]; 54
process expl ai ned i, e 1 or a e ed expl| anat I, ops ereof are
Pheretore D (GEFu ks haits digiost FHEL o4 SRt bh o ELnsnmlhc,

parti al cross-aettiBbrathemawicalle showtpaonbal i cress+esctsianad eliewsnt 30
may be forned I i O | of e byw.f ormgng a
silicide Iayero ﬁo%ﬁ%{e&s%%%ie drkegé)gérﬁ%%é pg'rt%r%er’f i*‘rl ) rga e extended
regi on 13A pogichemaddidal kheshhyis deokayoit op Lt ef Enak eglatenidct aRol e. The

sphemati C, paréﬂtféncfécpséeéfbﬁeﬁi Al iy ef‘@réi’é éﬁ'@e”’fﬁmré{ éﬁbhnéﬁ!?""n in
Figs. 16A and 16B are sinjlar_to the schematjc, Eal’tl al crosssecti onal

views of tH: nEHOHPEHFILPRW i P PRI 1529500 188, 2 TREUECRRBELED pdrti al
Cross-secti onand/ievf nfst heomehhiga et és sdoance neFegent 730sisi eakhar ofo t he
15 schemati c, I.al Sz I V] o) NENDL Yy l{.shown in Fig.
14B. Exanpl e gp%(éafr?glfe g ;gsa%_i#(:%x?@nzédp V\%%#'g%%ﬁ%ghory i’elﬁa}éscoér]di ng to the
third confi guraghematokc ¢ heapk babreross i seehicnal ¥Vigw takenhaheng
schematic, pardd@ws 0S8 in Fig. 8A, and Fig. 7B is a schematic,

25 partial cross sectional view taken along arrows B-B in

Fig. 8A.

The memory cell of Example 1 has the channel
forming region 15, an insulation layer 12 which is a so-
called gate insulation layer, the first gate 13 formed

30 on the insulation layer 12, the first gate 13 facing the
channel forming region 15 through the insulation layer
12, a second gate 19 capacitively coupled with the first
gate 13, the source/drain regions 16 and 17 (the drain
region 16 and the source region 17) formed in contact

35 with the channel forming region 15 and spaced from each
other, the first non-linear resistance element 30 having

two ends, and a second non-linear resistance element 33.
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sectional view of the nenory cell of Exanple 5, and Figs. 6A and 6B show a

fundanental, principle drawing and an equivalent circuit thereof,
respectively. The nenory cell of Exanple 5 has a channel form ng region 15,
a 25 first gate 13, a second gate 19 capacitively coupled with the first
gate 13, source/drain regions 16 and 17 (drain region 16 and source region
17) formed in contact with the channel 4 dr2ani-hg regi on 15 and spaced from
each other, a. fir nan-J.inear, .resi st ance elene t_ 40 th t 30 ends, and
a second non- II|Ih e%&aorvée&catpaﬁ@é: %P 914 0%?%\,%: o) Vg)we cgubx}g ta}me
first non-l|inddelestirstcarfrid e 8t M hes ﬁnara‘teogaelcb tIB3 tdrel fﬁhstsqmmﬂ 13,
and the ot her fo th 0 e n e

connected to éﬁﬁg%gﬁ%ce %g?%hfg ?Shb?§§e18r§P§ 5%r§%#§§%%éfé he first
gate 13 is foswhstamtehe amm@ﬁqmqeayennqlzal( shk shans gatwelhsihigh on

| ayer) havimg ja tﬂyﬁdeae% oéhe? duft face YR m,d ddifi do ARl S traced JUL

2003 - 55 and the channel formng region 15 face _each other through the
i nsul ation | aydr a2 reﬂ%@-rs%onﬁhﬁantpﬁn@ﬁﬁ‘olxé’spﬁléné@ &ne s ad®edonpri ses

tlge ]:5' rT?]t gat Etyjp'é,, Emﬁlgam altozsomaltsaxeerp&%; Fb%mfwh i fandrimg?m e?igon

e sec at e i s .capacitiv Bl ed, wi e
through a di e&g’cet ?‘] LYY st Thé %Eg}%"be;t] LYRE 4 tl?:%n eé,:]{ e{ﬁéolgaas
line W.. Specin-tyald y;ortdm:tsscxmd. gahedrawhangsaod:mimrthamgﬂ?mg Wi7t,h ntohe Word
line W. rHC r 'y . U Ld to a
bit line ( )%%Liil %sg s?f{edr%é ;e/gicrgﬁl(ﬁtﬁ @é‘?lérg ﬂtﬁ)' hafRact eri gl CS
that the firstumrerdli ddarshaws & drwiag eﬂmrammrs bl Lom) ored o

resistive statg pdiRdhde RIGHSESS M Nech i ta?rgeettéhﬁE’%'é pdPatayer, thgafirst

15 non-linear resistance el enent. 40 has the sane erl sti'cs as those
expl ai ned i n BELRANCE MMPTRY £ & Fhavs caaTI‘IJy“S‘FJfa'Eb‘PI‘err%%%r]aaibﬁr] unction
di ode. The pn junction diededmmd Won-Qgimssr X dtenan elfenidret B8 j unction

di ode has ?5ycty CLEISVég Y f/PE ll(Jtor 2% e@aple, priype *;Jd&ﬁ)pfé L8 19 éﬁ}g and

conducti vi or exarrp pe) of € source/drain egl ons
17. This regi d}hﬁafcltam@h #Qnrmnqarrewwe 1%. r dhaty dich t Ghes seggiskinan-

conductivity- t]yﬂ?eéle%éghéltlanc@@léiﬁ&{@swr@&nﬁ»ﬁl@@@ &Moo tiffell st

non-|inear resjstance eI ement 40. 25 _The opposite conductl vity-type region

41 is formed MR sdheaddsd@tdenodayes doufmady £o% GxHRk%e U ain
:egi O?f 16) . Thselcgt h%rllrl@ﬂirp@)}@;dhet h%y@t ) ;Haa;t:i@ dWaﬂmitd]ﬁ)és%YQ)ﬂ:md)ngl ivity
ype (for a e e c i Vi e urce/drain
regi ons 16%3 §Hf¥i %gb%%§ﬁﬁﬁﬁf¥éi] 05t%§¥m8¥§ r of tﬁ%fF??sf non- | i near
resi stance el earppftlew tcanth@ammbamxmm Izgeonl baviagdtbeeabovece/ drain
region (the drg datﬁéum?.;f{ § SeqlbehbecpurLage ofo2iheglgns oA

ow [ 'puri

havi ng a relative y ant ty) concentration In ran regl on

16, 35 there i¥®F nkdlr tHRA r Y| %mlstrtféh%%uéwwﬂymybaerégrﬁﬁ) 41
having a condugdte/ity iyp@léépér@é@rrf&ﬁ s&V¥PL) RERQstds hanbBeconds.

CondUCtIVI&y tﬁ&%tﬁégf er'J:hé fhsulatlon layer 12 has a thickness of
2 nm, according to Fig. 9 in the literature "Sub-5 nm

Multiple-Thickness Gate Oxide Technology Using Oxygen
Implantation", Y. C. King, et al., IEDM 98-585, a Qm
value (amount of charge which flows in the insulation
30 layer until a dielectric breakdown takes place) of 10°
C/cm? can be obtained. If the tunneling current is 107
A/cm?, a lifetime of over 20 years can be secured before
the dielectric breakdown.
In Example 1, the second gate 19 is connected
35 to a word line WL, and one source/drain region (the
drain region 16) is connected to a read line (RL) 22.

The channel forming region 15 is connected to an erase



21 J UL 2003 - 56 type) of the above drain region 16. Afirst gate
extended region 13A is in contact wwth the surface of the opposite
conductivity-type region 41. The process for the manufacture of the nenory
5 cell of Exanple 6 shown in Fig. 18A will be explained with reference to
Figs. 19A, 19B and 19C which schematically show a sem conductor substrate
and the like. [Step-500] 10 First, a devﬁée-separation regi on (not shown)
having a LOCOB;gLr r h tureni i nduct or
having = -COCELRET HROMT BpBE A2 LagIGhsRbSLLT enl EchARTEY, | End SEELARNL

i on-i npl ant ed9#F€h1 8 Baﬁyﬁecﬁﬂﬂéﬁtrﬁﬁﬁoﬂoﬁﬁﬁﬁgt@ﬁeW9¥ Ading i ng regi on

15. 15 Then, the surfacenef ehheogefheondustohonulshedlre rkdilstanceated by a
t her mal oxidathrg thgd or arrethoa.inv\/?l t her mal nltrldlndgls carried

out after thePhEMeBLi d8t ii5nCOREerLrAh the thes dildsitoFatsy dl 12

t hi ckness 6f 8therlehdnthameotorisespandictedt m:oaag@tla: A0 nensBIAt i 20N, Iayer on
the sem condu&‘,hgr ﬁubstra e, 10 a first si l.i con Ia_?loe doped, for

ol
bxammi e witnihenapUuE’ t35E e SooTdThead: ctin RS Rl AR oD
met hod, and thwof—tesmlpa[Lys»rplerramrlohayzdararanate_tchx_stmasuIaatd durtthear 12 are
patterned o BebPsiehany {18 #asf Lhalk ORIl iCan SN uldh Fadn P O
e ant ed

the first gat e sem conduct or strate 1 'S 10ni
for exanple, WPLlhage hapyjipe ddganame @Ofl@rrmtﬁrheSr &diagn q.feﬁttrmvﬁcn@vaerd

r1 gl ag |0v$lhyrol Ohﬁ’oﬂ@ﬁé'&%oﬁol@@ﬁ%}a@@t rhﬁchehéxx esh S&H%@P@Qéciriﬂluélmst rate
en, a second polysilicon [ayer r exanpl e a p-type
dopant is depSSPf"idtBn Pl%gé:r‘?ﬁtreé é‘g‘ra‘lnacé:?‘ﬁyaﬁ’ é\% tDPF’e second
pol ysilicon | #pewaird pa:hﬁerrcltddm wbaltelme t(lvel)‘rista}gpliaedSaaﬂdss hehéi r st
gat e extended gl 13A +an The Ve S8Cqn, siljecon
layer is requrt{r;vgd ggshave th| ck i} X e fl%%suﬁﬁcsocelg't sgaﬁ:a'l 46(# an
inpurity ion tbathwhgnt ltdes gefcand @blttra@%émwmmlrdte)rsammgcrhammo ag an
n-type 25l %thLo%OQ%e f%%wa@@o%%du%fdﬂolmtﬂ ShER) \Aﬁn{iehﬁéiﬁbed out

thereafter. Figures show the first as one 1ayer, e It corrprl ses
these two pol @& Ial’oc?@r;ruf"'&yéﬁasluel FIeH rn'é:rﬁ‘ﬁé‘r tl}%@?ﬁ‘?]é{t%;a‘f%l‘l% hnthe
fornmed on the forsaiat b@mdu@yte..roxﬁ vba_ta@wl (vhe) edte@dedltageonaﬂzsﬁgeahendl ng
fromthe first_gate 13t |tont%lee rm.an raln%{]‘_?lon(a
region to for WPRO8 &n PP @roln an c?rrr’f’ﬁf ORIt Y substrate
10. The above (&xi)emokeohmlie@nadﬂdsfextmmlstm r@ndsheltr ist bgatght3intoa

regi on forgglO 4f @f ﬁ'hng:etstlpstq_ q:eco o‘Qr{y | rg:)urlr_[tl%gq_ on 41.
The channe form ion 1 or'rre w t he fi %é;e 13. Ifurther
the second noithe rﬁéé?rs'cr é&%@@%r%ﬁtm%@kﬁm@mw $idst gate, the

i nsul ation |a¥:¢irar3a%t@iq_stﬂ% edwtne}héxpranpﬁd&%md&i L&)p deiproduced.
[ St ep-510] The con(rj%tor substrate 10 is Jonr‘rér% $’€t ed with an

n-type dopant 2 HIyidiroL e 58 Yo't o 17 (see
Fig. 19A). ZOS[p&cequﬁm.]ly, the first non-linear resistance element 30

26 comprises a pn junction diode.

The first non-linear resistance element 30
comprising a pn junction diode is formed in the first
gate extended region 13A which extends on an insulation
region (insulation layer of the device separation region

30 11 having a LOCOS structure or a trench structure in
Example 1). The pn junction diode has a semiconductor
region 31 which is the same as the source/drain regions
16 and 17 in conductivity type and a semiconductor
region (the first gate extended region 13A in Example 1)

35 which is opposite to the source/drain regions 16 and 17
in conductivity type. The first gate extended region
13A which is opposite to the source/drain regions 16 and

21 JuL 2003
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Then, the first non-linear resistance el enent 40 conprising a pn junction

diode is fornmed. For this purpose, for exanple, the dopant (inpurity) from
t he second polysilicon |ayer constituting the first gate 25 extended region
13A is diffused to the surface region of the drain region 16 bel ow the
first gate extended region 13A, or the surface region of the drain region
16 is ion-inplanted with a p-type dopanrt A4whereby the opposite
conductivity-type_ i ur|t egi o aormed (see Fig. 3 1 Then, the
Gopant (1 mpur 15501 SBHRRELLER Sy oPvEe, FOxrFRERORAE B5. 5r) B H1SkBS 550] rmy
be reversed i iinstenonthisensr caséstanhe kdemenitod Oof 0hetbppo$h€e
conductivity i r n .Qf e | 4 €gion
16 and the sob¥§§ rgpgoﬁg%}egghggté%S Pgﬁegqoutab%fégeqﬁ% %#ﬁ%é%lon of
the first gat anyc rajipstregaraseiben Heditoo ~1
he f the3s neﬁé il tr Siﬁ 8dd liedinogongimc Histidy. Syme
J UL 20035- éérr!@ﬁ&ndé”tb”%Hbabkﬂﬁr'@h@rBQY%he Wﬁk%& WS igfedrhe
dielectric film 18 and is_conposed for exang Si 02, Si02/.Si XNY,
Si Cz/ Si XNy/ Si 5255 t4R9B5LEERRPLE PE - f&ﬁ%ﬁlﬁhcé% YenFPFeS§{!th888u5§fr°£ CVD

rr:st hod, atthgraghoﬁt ﬁl' dahtaanrmt;h@fl naltylp@r a&lpamittru@hptrg:lfr@t)hq@ orI a .
plasma nitri od pol ysi or e, W
an n-type dopgﬂg &Bpgget g(}frgﬁ fgﬁé\éeﬁlxltFé’ 05{/)91§ %]g;gl N%nd

t hen t he polyalpfftypéaQQpans pamper iveyl) ] whenéby lbtese&opd gaheti@nls

forned 10, gsees imadOrn The 3308000360 I it AATIRY o0l oyl (1 the

word |ine hen, "an insulation in erI for
exanpl e, of SPeRirendugsort ¥@gden: R enrirespomdimge tsy thel Dtbary rﬁé’td”uod and

then an openi gg EﬁétEQBstSnB%Lﬁﬁﬂeh& &@%ﬂs%@ﬂd@'éybdéﬁﬁﬂﬂdﬂﬁg 20 above the
drain region 16. Then, a wiri g er for exanﬁ an alunhnun1alloy is
deposited on CRBPEREGHaEPo Men éFIﬁ&QF A8Landlin LReFifovEPap&htngPporti on
?y a sEutterlﬂgn&t&bﬁdre@ﬂ@rthe @@ﬂ&ﬂMG@@dl@memIbinﬁﬂdxﬁéﬁﬂthFEmﬁby to
ormthe hi n 1l elecgtrica onnect t e I n
this rranntejlr EL"h Snﬁ 2)r%é'elnl a\}-‘lhr?g fjé‘)é % th[ uﬁ“l%dnq“’ ownq{h% Ir'—}?c{seqlféﬁl can be
obt ai ned. Examfl @he 245 ﬂMeIcmammr yegélon mayEmmi% glepend g mmn dfhe he
menory cell ofoBxarpl &;niuz&%y?h%\%de&ttﬂ&%l%qﬁ Wftﬁrf‘e P dt Yate

cross-sectional "view o menory ce Exanple 6 differs from
the nenory cePKtEpd Eﬂaﬂ?ﬁlgé%l il3% Rad The SORANE dMPHALY) so-cal | ed SO 30

structure andcbh@ten@r%*trl%tn NN -tHe em ifc@T RicAIGe 1 LImNt3 ¥ (b€ ot | S&dm an
oPposite SENOS! LY bl WBed ULCESHDSIS (pgptalni o, fox examle. 3
silicon layer 44 and a @he proegisen o (thenmanuifagtum &5 heamsEmryan
n-type dopant he11Ng £Piyy H@Clté Ci”sq{ e A% «%’P LY R0Ssa QLT GdL Oon of the pn
junction diode is an opposite con uct|V|ty ype |npur|ty reglon 45 mhlch
has explained with reference to Fids. 9A, 10A, 10B,
and 11B which are schematic, partial cross—sectlonal
26 views of the semiconductor substrate 10 and the like.
Figs. 9A, 10A and 11A are schematic, partial cross-
sectional views similar to that taken along arrows A-A
in Fig. 8A. Figs. 9B, 10B and 11B are schematic,
partial cross-sectional views similar to that taken
30 along arrows B-B in Fig. B8A.
[Step-100]
First, the device separation region 11 having
a LOCOS structure or a trench structure is formed in the
semiconductor substrate 10 by a known method. Then, the
35 semiconductor substrate 10 is ion-implanted with a p-
type dopant (impurity) for forming the channel forming
region 15. Then, the insulation layer 12 having a



21 J UL 2003 - 59 a conductivity type (for exanple, p-type) opp&g?Hthama
the conductivity type (for exanple, n-type) of the source/drain regions 16
and 17 and is formed in part of one source/drain region (the drain region
16). The 5 opposite conductivity-type inpurity region 45 corresponds to one
end of the first non-linear resistance el enment 40. The other region of the
pn junction diode corresponds to the othas end of the first non-Iinear
resi stance el nt 40 an has a_comon region 10 with one source/draln
Feg on (1 he GEREAKPEGPORT1E A Exan Do 2B CORESTRONAIA 36 &
constituting ﬁhEulatsbnnmaybrnear fbe:meat 8nC ¢ hel emrfbc@ dfa&hae | ateral pn
junction and LS for n.a silicon I ch |sc9 e CQ%?{

st

seWIConductorSF@bc8ﬂ ug 8r 54 s§ﬁ8ﬁ§ Yséhgﬁﬁfméﬁ
gate 13, the bfrsregauagexhensadfaegloﬁ e, mdmaaﬂnﬂuwtanysnb&ﬂt&ﬂ&Ithe

source reg|0n1§7 Figﬂe%gégsggm§8%r§$ﬁ§n%h%p %ﬂ%&'aliﬁfi Vi ew

t aken along arrovs opposité con UCtIV type |npur|ty
region 45 is tbenéhezma&epawd@ﬁeomursThgae@ftﬁrenaeallegpnnt 3n fadm is

formed only i f3pagyheknt Iﬁ%yd'b%' ) ’p%ﬁﬁ;%@.l%.@o'n” t?u‘ﬂ HinnfligeGrd on. When the

first non-linear I'ESI stanceé el enent above constitution, a pn

junction area2PeiPBeugeEiddsor thia tfHé“\)aId@é’e@f' IFRF SHAMRL Qre el . As a
result, 25 inporypei GBpS.TnQI' a6 @@p@rslrt@dt @ fuhiestergdtre khrcfRavd oy ead out

f I d f, A f th

cot 1 2o oS PEbs REBea 1 AR FResD i R igd e R e s e o
Figs. 21A, 21BushdthaC wfi dIeasItowlan@O s&xammsatndgntpa:ath alitdh odw szelf:tne)nal
view of a Semfc.ﬁﬁgggc @ t%%b%&rr%tte a3 rreé#%he[ 316055 té:'éf‘% endedi N9l e

crystal thin I con | ayer 4 on a supporting substrate 42
such as 35 a §ﬁB#@Bn1§énﬁé@hdﬁ$@dmeﬂubsﬁhﬁﬂe theog§Rhdng sEQPREMNG | ayer 43

formed, for e&%%ﬂé&euof whliGh tih)ésaaSQa dredt aNGidis midipcdia which
substrates are L 20 0 anddPoI shed, b

SI MOX et Wdd, 93¢ {fq i olf1 dbp?néiseé”c :}19:5( Hetvo S 1 ’SI I i con

| ayer 44 is s&bmeekampﬂ@,seﬁbehmme oxnehu|theteeahnngtstOpperniayencalIed
field oxide fﬁh”ﬁ%iﬁﬁ%QQQﬂ@a @%yéynt6Mfé£ain a plane shape identical
with the plane shape of the first gate extended region
13A to be formed later (see Figs. 8B, 9A and 9B). Fig.
20 8B shows a schematic and partial layout of the patterned
silicon thin film 13P and the etching stopper layer 14.
In Fig. 8B, a region of the silicon thin film 13P on a
region to form the first gate 13 is provided with
slanting lines. Further, a region of the silicon thin
25 film 13P on a region to form the first gate extended
region 13A is surrounded by an alternate long and short
dash line. Further, regions of the silicon thin film
13P on regions to form the drain reqion, the channel
forming region and the source region are surrounded by
30 dotted lines.
[Step~-110]

Then, an insulation interlayer which works as
the dielectric film 18 and is composed, for example, of
Si0,, S1i0,/SixNy, Si0,/SiuN,/SiO, or Ta,05/SixNy is formed

35 on the entire surface by a CVD method, a thermal
oxidation method, a thermal nitriding method or a plasma
nitriding method. Then, a polysilicon layer doped, for



S retaining a region where nenory cells with a stored charge on gat@s APEZNB
to be fornmed. Then, the surface of the silicon layer 44 is treated by a
thermal oxidation method or a method in which thermal nitriding is carried
out after thermal oxidation, to forman insulation |ayer 10 12 having a

t hi ckness of 3 to 1.5 nmand corresponding to a gate insulation |ayer on

the surface of the silicon | ayer 44. Thepe a first polysilicon | ayer doped,

for exanple, with a e dopant epos ted n the en |re urface by a
VD et hod. | SRR K AEEEThvDE; dPBaRt 155, GBRPEEHAE: R FRELI ot o
| ayer 12 are gquatime reatk Bacasby oa | @@ eméhibodl} r shd pohgsi theopollgye.ﬂ.mbnch IS

to form part PJ%#‘G ﬁcr{% Sélé’igéétzlf 4060 18 S&%‘ﬁ’?pgﬂi&%hc‘aﬂlbaﬁimd"ped

for exanpl e, isTagaln e oSI e entire surface
by a CVD net o arrl qqresa@nsvc@lm mtygrne@ohhrgy@h ppepatebingdmagker eby

the first gatgds é’d&zﬁf‘e Jrhééébga%ﬁeeéé%ﬁédgé@g' £9 &?Ié‘ Eﬁ@ e kermed. The

above second ponS| i con |ayer requi red have hi ckness suff|C|entIy

smal | for a dieditld s FRrned. S|'17h%oﬁﬂ-lf%?§/é3‘at£§1 13n Ja‘h frxned ebphhre 25

i mpl anti ng St§$&iébﬂ“tﬁ@ﬁffﬁﬂnpuén&hEHGGEéébnd|QatéelﬁlﬂﬁfﬁérmbheoﬁlfSt
gate 13 is sh wo as, one la while it conprises the abov ol ysilicon

[ayers. In the R LL nf}?g?I@ﬁHQPﬁE9 r f e eh ?ﬁ@h? tion |ayer
12, and the fregiomal® fgtﬁ@ﬂmddrbglow tBA BQrextgadengBtronmthnlélrst gate

13 Lo a regi og,uber e one ol cbhecholr $RAA 50 LROLANSC! 3ol QoRELLALIR Tn L he

silicon | ayer can torfed on e"silicon rayer see The
first gate extb@d@ur$©gg@he1emtendeddsegngn1iaa iSréEfgabélQQ ¢bea region

where the 35 PPPOSE C, \Y; e r r n; 45 t f or med
in the silicon Iayeééa QQSHEH?|%§¥ gg?elggggn%gé rggﬁgnlééAF%?e?égggly has

a pl ane shapeg%Ees%ﬁ%ﬁnﬁﬁdF¥§gl°n21 BuLs26pymedeoutspge fhr §°CREIpI ane
shape of the éatétlgaég wﬁéwndndnregewadlaé ahgnlanne&ebe(lsem Fadst.her et o.

[ St ep- 610 co er 44 is io nted 5 wit for._exanpl e,
an n- type % fé##ﬁ [k {?hﬁ§1r Aore gétgﬁdg}ﬁ%ts%%?%ee¥E§Pgﬁgl7 (see
Fig. 21B). Fure@emn 13® s$scbodmadnbelowatheesesbadcgatkeed®nt BBeconpri sing
the first gat I 1 t h el, ftor i on
15 can be pro%u%%% %%t% ?9 ﬁééo? #ﬁﬁﬁéplgegggpa9gFﬁ EB%ePgﬁgtﬁg%% Fgg gate
ext ended regi bhtaBALl28]i on-inplanted with, for exanple, a p-type dopant all

thr ougth the g hi cknetss %ﬁfﬁ;I@ﬂeo&eﬁ\tb@oﬁahc@@ﬁfaw@tré]getqzof aha\hba]gt :
opposi te ¢andugt | vi uri i on or_fqrmn e.firs
ngﬁllnear es?g gﬁ%e¥éF§ﬁeégtﬁ0n§ F%Q 89&°Bn§P6n3F|oﬁ°&|&%§ &% g.
21C). Then, thethnpfanteﬂampmentaﬁlnpuypbyﬂopanannehbaéb&omoadbrwa&m@n

[ Step-610] ang {.?{3?{’?8%9% T’EyaRS Eﬁ)éefsé‘ﬁ@c g%r ‘1‘85 117”a§1 ”%1%%5% the 20

opposi te conduc npurity reg efore the
f ormati on of fﬁémftthSgG@éomQuaﬁértﬁ@gﬂpﬂsﬁlgapetéﬁt@ﬁd@doﬂédﬂﬁh 13A.

[ St ep- 630] Theprs@inghpeubatifBelntehliayen swhiigBeWprilys .29 125 drlee 1diggl ectric
film18 agg I%ncgh gsggnggt,fgaeeéiggtenon linear resistance element
30 which comprises a pn junction diode and has a pn
junction region can be produced. Further, the second
non-linear resistance element comprising the first gate
13, the insulation layer 12 and the channel forming
30 region 15 can be produced.
[Step-130]
Then, the insulation interlayer 20 formed, for
example, of SiO, is deposited on the entire surface by a
CVD method, and then opening portions are formed in the
35 1insulation interlayer 20 above the drain region 16 and
the semiconductor region 31. A wiring layer of, for
example, an aluminum alloy is deposited on the



Si Oz, Si02/Si XNy, Si02/SixNy/SiOz or Taz05/Si XNy is fornmed on the éntiJte 2003
surface by a CVD nethod, a thermal oxidation nethod, a thermal nitriding

met hod or a plasma nitriding nethod. Then, a polysilicon |ayer doped, for
30 exanple, with an n-type dopant is deposited on the entire surface by a
CVvD nmet hod, and then the polysilicon layer is patterned, to formthe second
gate 19. The second gate 19 has a commungfiegion with the word |ine W.

[ St ep-640] 35, Then, an insulation interlayer 20 fornmed, for exanple, of

Si 02 is deposiRe@labiemelrbertavesr2dcandyin thp AbPKBAOPSAdNGhen an

openi ng port'§6rt§oﬁ§rﬂ?dalQpﬁh@erlﬁé ﬂé%h8893and62hehn%Hbath&ngnter'ayer
20 above the graln reg

oL .exa
alumi numal |l o aY§rdb%oE?YEﬁrBﬁJthEh?ﬁ§BYaF ﬁoFﬁtEP?ayéF iensnggpﬁ ?ﬂe
above open|ngepectrbﬁabyyacspuéteedngonEhbodemandnabetBrwmegﬂgnl3yer is

patterned, thﬁﬁf {9 { n&%ﬁgr églbgetﬁnglgétEhﬁﬁtglﬁglEy connected to

the drain reglon 6. 1N hIS FanA he™ memdr aving a constitution
shown in Fig.registange ebemenédSOEﬂadptbe7r§adThenﬂeNBLy @@l |l of Exanple 7

is also a Var?f@&t?ieéff%”@gﬁﬁ¥cﬁghl HB“ tFéaHEBE reai%n Ry fxejcthf

Example 7 difrers fromthe nenor in the follow ng
poi nts. That Tanngs, FLhe QQm@ﬁBmseélsbﬁgﬁﬂﬂlé CB&ﬁF#&PtéP65§h§@@tH@nal

view, the firpigaon71linki 8RaEaheBESHBRGEnEeMENt 40 conprises a pn junction
di ode havi_ng tmo rig ﬁns One region of the pn junction diode has a

conductlvﬁpy exanpl e, p-type) opposite to the conductivity type
(for exanple, n-type) ofxamplsoRrie/ dreaniangi ofisExGmphd 17, Examphs a

comon 20 eghog PeLhe ! BE LT E3Lagate 13, Tg.abare ang hegian of; dfie pn

junction diodé COrresponds the first I'néar resistance
el enent 40. The at iégrstegPonloheanerpaiptinocieornlenend Béghas Papna

conductivity PMH@tQBHrr8§§8H|?a Bebi@ﬁ)owhhcﬁah%r%ﬁep%5J%%@%f&hﬁhe
conduct|V|ty % or exa t.he sourcé/drajn reglons 16 and

17, and |§-f0¢ﬁ€ﬂe n°thd FFP§@é98F¥S§§£eﬁ&@&CP uGHoT3A EREAGPRY fromthe

first gate 13cbas@heusduvneebdr aha fnefibe® clkhd difaExam@lieor2 Han bEnamabove
ot her end of the pn ngctlon di pode corres%ggq§§%p to tﬁ the end of the
i

first non-lindaPer 88 8ﬁ8e°5l nfCAe YT , Fﬁ@ nct|8n di ode
conpri sing thprbcess farethd wmenudfiamitnge bdrtéwampMeraC§dﬂypéfdopant and

the first gatgxgmbggd?dwagglgg %%?18&%@%3?@1@% for exanple, an n-type

dopant) extendi ng romthe firSt gate 13 to the drain region 16. \Wen
the first fon{BtRear0Pdsi stance el ement 40 has the above constitution, the

pn junction area can berdest¢asfdtRBdsamélmdnel 4803n [Step-100] in
Example 1, the device separation region 11 having a
LOCOS structure or a trench structure is formed in the
semiconductor substrate 10, the semiconductor substrate
26 10 is ion-implanted with a p-type dopant, and the
insulation layer 12 is formed. Then, a silicon thin
layer is formed on the semiconductor substrate 10.
[Step-210]
The silicon thin layer corresponding at least
30 to the first gate 13 and the first gate extended region
13A where the first non-linear resistance element 30 is
to be formed, is ion-implanted with, for example, Si to
make it amorphous. Then, a protective layer formed, for
example, of S5i0O; or SiyNy is deposited as required, and
35 then the semiconductor substrate 10 is heated in an
inert gas atmosphere at a temperature between 600°C and
800°C for 1 to 3 hours. As a result, a portion of the



i
- 63 the value of IR can be decreased as well. As a result, infor nzagl%jrlr 20
stored on or in the first gate 13 can be read out for a |onger period of
time. The process for the manufacture of the nenory 5 cell of Exanple 7
shown in Fig. 22 will be explained hereinafter. [Step-700] First, in the
same manner as in [Step-500] of Exanple 5, a device separation region (not
shown) having 10 a LOCOS structure or & t4gench structure is fornmed in a

sem conductor sybhstrate .10 by a known net hod. Then, the surface of.the
seni conduct or S&E&gppaitgl%%%'eﬁ EQTSEFERP lt%r%&tb%(iﬁ‘aﬁ It h{)%i or a
nmet hod in whi andt kbendlinsitt igatien@xitenchrd irdyionnt 1HA evhdteryine Dirshati on,
to 15 form an n'olﬂs—lili?:te'a?n.xje%y%rttajn%eh%\i'e%n% t:{q]ci@q:sés o Ogoy%rﬁ)eé" 5, om and
corresponding to a‘gate ivsal ati on |"ayer "oh the sem conduct or subStrate 10.
Then, a first samgdghenysdialildaed syerinfumated oin partplale itzea ot ype
dopant is depegired @Qrndle eAld: ls‘gé(lﬁ%xf%[&@/:}a%&f’.d’ THYh 2QHden the

first anmorphous siliconayer “and the 1 nsulation |ayer 12 are patterned so
as to retain EA8Iier SEYHFFIpHeIcaNduedPy BRI LGt h iantpbartedrt of the

first gate 13ywithgn fox R3auiAle, 0 G tydeeIdsPhtSUT Thed CeMeaitRflian are
intentionally ren&v«iq .fo clean 25 the surface,, and then,%c? second anor phous
silicon |ayer “dd5ed; bSO HRIR 43Y.8% g RATRTISD dHhoSRE FRBR t he
entire surfacamamnexr G¢D inet(imatp-Toa dhaEamplhols sid iawnetayengi s heat ed
approxi matg| y 7 i n iner s. at ere...As u t

second amﬁphg’&g) p%%rsiq]%&ceofqn ]1 dyévrq‘lc():trp g%‘es ?e:ﬁ)ﬁ%anmﬁrgt%ql%%bés% a{;ltéaﬁopl?es
converted to &isilegitaiey sitlal YSyer He clescpidied okatelf aberdeposihed,

sem conduct or a0 ANGiidle Sthehe Eﬁ¥Séé‘éhiﬁﬁeétb%@&ahb_&e&r OWs.
Then, the si nql ecrystallized silicon layer |s patterned, ereby "t he 35

first gate 13 ndSt PRYGSIRCY A% S thdRF3 i drPhaNe ehekre 1deRk4calhe
above second aiwhphois [Hidrie Ghdpy &Ff ithd efikdtedyde haveerrdédi e&gesas Whi ch

is sufficigntly. sall 1 2003 - 64 for inpurities reaching the
surface relg‘lnor}%@f rpti%é)esetrzﬂré‘b‘?%ﬁﬁ substrate 10 in an n-type dopant
i npl anting st dptep-4220cjarri ed out thereafter. In Figures, the first gate 13
is shown as one |ayer, whide A4t Qﬁg[ B AP S 1 | ayers.

Ji e nlléL n%an Eeﬁ)?f) rie rgi%%}[’%e I nsclsﬁ ks

In this manner, the first gat ] ation | ayer 12,
and the first 4@ disleaides rfdgimn 8 Ind e RrMRPIedRf hef oY re¥Xagnle, 13 to

a regi on wher &i@e sfiotheiIqyr eebdy i N /ediQneri ®at®; A8, Npr pedrbAméhe 10
sem conducéd])_r suq_ﬂ?r ate .10 can be fg{r}ged g\? t he se 'conﬁgctor substrate 10.
[ St ep- 710]“rhé&F 1% S8t 33e b rAR MY o WIFERRLd with, for
exanpl e, an n-cxjigatdepamietiad f ar noHerndle i tar id iegineatiéd aod &hplasmace
region 17. In t.hi s , ir at t i .S 4 oni npl ant ed
with the n-ty&lm&?ﬁﬁl'ﬁt@e _ t{a}ﬁx{p'ar t%lg?l't %e%ﬁls’rséﬁ'elgg{ogg _g'ie;rs's%e ﬁe%(%'i \r}(‘a y
masked with a e*afipste matidih an nHwyprrdopAnt hes fdepes jhe@ aB theleft as a

entire surface by a CVD method, and then the polysilicon

256 layer, the dielectric film 18 and the silicon thin film
are consecutively patterned through one etching mask,
whereby the second gate 19 and the first gate 13 are
formed. The first gate 13 is formed of the single-
crystallized silicon thin film, and the second gate 19

30 is formed of the polysilicon layer. Further, the
channel forming region 15 is formed below the first gate
13. In this case, the single-crystallized silicon thin
film which is to constitute the first gate extended
region 13A is left below the patterned etching stopper

36 layer 14. That is, the first gate extended region 13A
composed of a single-crystallized semiconductor region
is formed outside the second gate 19 when viewed as a



20 region containing a p-type dopant and al so works as an opposite 21 JuL 2003
conductivity-type region 46 of the first nonlinear resistance el enent 40.
Further, the second nonlinear resistance el enent 33 conprising the first

gate 13, the insulation layer 12 and the channel form ng 25 region 15 can

be produced. [Step-720] Then, the sane steps as [Step-530] and [ Step540] of
Exanple 5 are carried out, whereby the'néﬁnry cell having the structure

shown in Fig.p2ancaiele 3Pupbhét Nesart oEXeRBl eirfsti Gat St 8RLAERA a pn

junction haV|ng a IaigraL pn %unﬁtlon can_be forned in thg

singl e-cryst aFF9388 PR 8ntPEPer. barel the secPmdcgass il f oFREd in the

singl e-cryst akkcond gatec®n hagehn, cohmoB5 regdlonc wrirtdntthe Rbrdofl iirdee WIi b st

non- | i near regééggggﬁgglenent 40 in a non-conductive state can be reliably
|

decr eased. a variant amle 8 Examle 8 memrY cell f Ex P
menory cel b of The 5. THeenel thef sEmaaphducheti substmake iBe apdceagthas

substant i al | yoknensagy gt baeMBIHLlRAS regl 4 JBd (BTN hecspr ¥

cell Exanp fr the p ocess i'n_the process € m anu t her ef
d~-ff ers sonWithiefier pxapRie-- anl artyPeasepand f dhenebymto form the

drain region 16 and the source region 17 and also to
form the semiconductor region 31 in the first gate
10 extended region 13A. In this manner, a pn junction
diode which constitutes the first non-linear resistance
element 30 is formed, and the pn junction region (a
region of a lateral pn junction) is formed of a single
crystal semiconductor. Further, the second non-linear
15 resistance element 33 composed of the first gate 13, the
insulation layer 12 and the channel forming region 15
can be produced.
[Step-240]
Then, [Step-130] in Example 1 is carried out,
20 whereby the memory cell having a constitution shown in
Figs. 7 and 8A can be obtained.
Example 3
Example 3 is also a variant of Example 1.
Example 3 differs from Example 1 in that the first non-
26 linear resistance element 30 comprises a hetero-junction
diode (for example, Schottky barrier diode). Fig. 12
shows a schematic, partial cross-sectional view of the
memory cell of Example 3, which is similar to that taken
along arrows B-B in Fig. 8A. In Example 3, a silicide
30 layer 32 is formed on the surface of part of the first
gate extended region 13A. The other constitutions of
the memory cell of Example 3 can be the same as those of
the memory cell in Example 1. The process for the
manufacture of the memory cell of Example 3 will be
36 explained below. In Example 3, the conductivity types
in various regions are opposite to those in Example 1.
The first gate extended regions 13A of two adjacent



Exanple 5t re of the nemy cell of area. The process for the manyfaguu 2803
for the of Exanple 10 wll be to decrease the cell nenry cell 24A serves
ce to Figs 23A 23Br 23C ufacture of the man expl ai ned w~-th referen 5A~ 25B
and 26 hereinafter. shown) region (not 24B, 2 separation -.800 ] [Step sty
a device each structure is formed F it nethod. A LOCOS structure or a tr 15
having a b a known of the iconductor subsit¢ate 10 Y ed in the surface

[ DS°ET ko SR 8 i e PGP LRSSl ebbatlist ot
from each other.
[Step-300]
First, in the same manner as in [Step-100] in

5 Example 1, the device separation region 11 having a
LOCOS structure or a trench structure is formed in the
semiconductor substrate 10, the semiconductor substrate
10 is ion-implanted with an n-type dopant, and the
insulation layer 12 is formed. Then, a silicon thin

10 layer doped, for example, with an n-type dopant is
deposited, and then, the silicon thin layer is patterned
in the same manner as in [Step-100] in Example 1. The
concentration of the n-type dopant is preferably equal
to, or less than, 10!’ atoms/cm® for securing a peak

15 inverse voltage of the hetero-junction.
[Step-310]

The first gate 13, the first gate extended

region 13A, the dielectric film 18 and the second gate
19 are formed in the same manner as in [Step-110] in

20 Example 1. The first gate extended regions 13A are
patterned such that the first gate extended regions 13A

of the two adjacent memory cells are separated from each
other.

[Step-320]
25 Then, the semiconductor substrate 10 is ion-
implanted with a p-type dopant, to form the drain region
16 and the source region 17. In Example 3, the first
gate extended reqgion 13A is kept containing the n-type
dopant without ion-implanting the p-type dopant, whereby
30 the second non-linear resistance element 33 comprising
the first gate 13, the insulation layer 12 and the
channel forming region 15 can be produced.
[Step-330}]
Then, an insulation interlayer 20 formed, for
35 example, of SiO, is deposited on the entire surface by a
CVD method, and then opening portions are formed in the
insulation interlayer 20 above the drain region 16 and



sem thod surface of the in methd r a ne al oxidatln. t o ied out afgérJuL 2003
thermthickness of 3t 20 a thernal oxidat nitriding is cart .nsulation

| ayer 12 having a i a gate insulation |layer on formthe .5 nm and
crrespnding t a (first with a P~tyPe nductor substrate 10 Then. 1 sem
exanple, the co a entire surface by a CVD ~licon |ayer 113A doped, for s th
er 113A and 25 Ply is deposited n olysiTiton |ay raphic dopant the (first P
b a lithg attqarad of naieai Miret hyebe anckdrided heeq onl B3A on Anay,erfck? are Pt

leas to formte etc iengé cﬂinangPe _s]raseto V\giﬁs&li‘gmf{eggni que g@d a dry st
pIysHmnIateW drt” o ‘WlasifrgaWaE WL ISR D h%(flrst
gate 13 see F the inRC8At Prexicreckhyeayi 2h A8 in sthe copenayerpdiBBonsped,
[ St ep_810] iskﬂ¢%9%ﬂﬁ%¥ering method and then is annealed, whereby Ti

5 atoms of the titanium layer deposited in the bottom of
each opening portion react with Si atoms of the first
gate extended region 13A formed of polysilicon. As a
result, a titanium silicide layer 32 is formed on the
surface of the part of the first gate extended region

10 13A positioned in the bottom of the opening portion.
Then, unreacted titanium layer is removed. Thereafter,
a wiring layer of an aluminum alloy is deposited by a
sputtering method, and the wiring layer is patterned to
form the bit line (BL) 21 electrically connected to the

15 titanium silicide layer 32 which is the other end of the
first non-linear resistance element 30 and the read line
RL (not shown in Fig. 12) electrically connected to the
drain region 16. In this manner, the memory cell having
a constitution shown in Fig. 12 can be obtained.

20 The material for forming the hetero-junction
diode is not limited to titanium silicide, and it can be
selected from, for example, cobalt silicide or tungsten
silicide or can be selected from other metal materials
such as molybdenum. When the first non-linear

26 resistance element comprises the above hetero-junction
diode, Vy; can be controlled by properly selecting an
annealing temperature or a metal for forming a silicide.
Further, by combining Example 3 with Example 2, the
first non-linear resistance element comprising a hetero-

30 junction diode can be formed of a single crystal
semiconductor.

Example 4
Example 4 is concerned with the memory cell
according to the second configuration of the present
36 invention. Fig. 4A shows the principle of the memory
cell of Example 4, and Figs. 4B and 5 show equivalent
circuits of the memory cell of Example 5. Further, Figqg.



Then. a secnd Ply on the le f with a p type d da (see Fig 23B) ag 1aJl§l.,52003
for exanp ire surface by a CVD neth olysilicon |ayer 1138 h ent Preferably.
the second P 21 J UL 2003 - 66 snaller thickness than the first
polysilicon layer 113A in view of a process margin. Then, the second

pol ysilicon |ayer 113B and the first pou¥5|llcon | ayer 113A are uniformy
etched by a thickness which is 5 greater’2 fran the thi ckness of the second
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ext ended r&gimlrtt&‘r,, Emld;shelﬂe,t di 4 ek quigk pol y5i andoh5B6shayer 113B

corresponds tQ etﬁnea falegltreo%dse c‘aﬁﬁé)r?all?’piewg ”}llr?gSte [jgmafl rst

gat e extende reglon IS I's"sI'hgl'e-crys 76d b y carr ou ep- 700]
of Exanpl e 7.schematissulpartigph Juost+sgctiondk ¥oewetakentakong

single-crystaldiged il 1GPriAyers, apg 4l h‘i4'}3‘361'% 20 SHnpitlid | Rlarfat he

first non-linear resistance el enent gg non- conducti ve stg%% can be
reliably decrcéfé%?@d'se[oﬁ%iﬁ%bml%eﬁﬁk%mealﬂ% REFPES fB+hn 1B Edfpokdd, for

exanple, of FiQp, 1554102193%'\&011&\&21&' S Ex @fogézgéé’@i.é(ﬁb{l25léﬁ f or ned
on the entire surface aCVDrrethod a, the tion nethod, a
thermal nitritdf %??d‘ r?;ltorﬂ% BFEYH | Gt Thi 49 oi by hb‘ﬂ%i) 1196, COnERFF |
pol ysilicon |mles) 19Ridapadp fier acsamemat iw,t part el msk){wentlcntala
st acked struq)tlhg‘;t keh p‘,ﬂ 'lzhc cp”g A fr?dF 301§ Fgﬁéﬁ ?hél %de | ayer,

Is formed on t'he entife sur o forma sec dnd gate an oxi de
film 60 whch@MﬁﬂGizﬂpkﬁnetchlng mask is forned thereon (see Flg 24A) .

[ St ep- 830535 A resist m%én@rﬁjeénv'dm ﬁ:&ﬁnﬁf@p@ @4 n ah $@E Ol I8hRe | S
fornmed by a Ilthotglifgphjc techni que, and, t g pxi de fllm?O and th%othlrd

ponS|IlconIQﬂRﬁ tjen as tha explained in Example except
position where the first non-linear resistance element

30 is formed and except that the semiconductor region 31
which is the other end of the first non-linear
20 resistance element 30 and one source/drain region (drain
region 16) are connected to the bit line (BL) 21 through
a so-called shared contact hole.
That is, the memory cell of Example 4 has the
channel forming region 15, the first gate 13, the second
256 gate 19 capacitively coupled with the first gate 13, the
source/drain regions (the drain region 16 and the source
region 17) formed in contact with the channel forming
region 15 and spaced from each other, the first non-
linear resistance element 30 with two ends, and a second
30 non-linear resistance element 33. The second non-linear
resistance element 33 can have the same constitution as
that explained in Example 1. The first gate 13 is
formed on the insulation layer 12 (so-called gate
insulation layer), and the first gate 13 and the channel
35 forming region face each other through the insulation
layer 12. The second gate 19 is capacitively coupled
with the first gate 13 through the dielectric film 18.
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a time when the dielectric film18 is exposed, the etching is term nated
(see Fig. 24B), whereby the second gate 19 is forned. The second gate 19
has a common 5 region with the word line W.. [Step-840] Then, the resist
material 61 is renmoved, and then a resist material 62 is forned by a
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an n-type dopant O selectively 1 on- usi ng the second gate
19 as a mask, SP@’-’F@( /R ity wedide ntthe idya gy anerg#cz;g.% HhExample 4).

| ow- concent r atFu@t heRYr Ghd e, ofThfhé qtlaﬂsﬁ hMakesfeHf toeidbondkat i on

| ayer 12 and the first polysilico er 13A i s, designed in adyapce so as
to be smaller eggﬂﬁpéin 3‘tq[“)|e1 ”c § ol Hpl HHt 2t §% e.n‘¥‘ﬁ t he
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semiconductor region 31 which is the same as the
source/drain regions 16 and 17 in conductivity type (for

20 example, n-type) and a semiconductor region (the first
gate extended region 13A) which is opposite to the
source/drain regions 16 and 17 in conductivity type (for
example, p-type). The first gate extended region 13A
corresponds to one end of the first non-linear

25 resistance element 30, and the semiconductor region 31
corresponds to the other end of the first non-linear
resistance element 30. Further, a lateral pn junction
is formed in a boundary region between the first gate
extended region 13A and the semiconductor region 31.

30 The semiconductor region 31 (for example, n-type in
conductivity type), which corresponds to the other end
of the first non-linear resistance element 30, and one
source/drain region (the drain region 16 in Example 4)
are connected to the bit line (BL) 21 through the shared

35 contact hole.

The process for the manufacture of the memory
cell of Example 4 is, in principle, the same as the
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cell shown in Fig. 14B.

Example 5
Example 5 is concerned with the memory cell

according to the third configuration of the present

20 invention. Fig. 18A shows a schematic, partial cross-
sectional view of the memory cell of Example 5, and Figs.
6A and 6B show a fundamental, principle drawing and an
equivalent circuit thereof, respectively. The memory
cell of Example 5 has a channel forming region 15, a

25 first gate 13, a second gate 19 capacitively coupled
with the first gate 13, source/drain regions 16 and 17
(drain region 16 and source region 17) formed in contact
with the channel forming region 15 and spaced from each
other, a first non-linear resistance element 40 with two

30 ends, and a second non-linear resistance element 33. 1In
Example 5, one end of the first non-linear resistance
element 40 is connected to the first gate 13, and the
other end of the first non-linear resistance element 40
is connected to one source/drain region (the drain

356 region 16). The first gate 13 is formed on the
insulation layer 12 (so called gate insulation layer)
having a thickness of 3 to 1.5 nm, and the first gate 13
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~1J UL 2003 - ~o The memory cell of Example 5 also has

characteristics that the first non-linear resistance
element 40 is brought into a low resistive state when a
predetermined voltage is applied. That is, the first

15 non-linear resistance element 40 has the same
characteristics as those explained in Example 1, and
more specifically, it comprises a pn junction diode.
The pn junction diode has two regions. One region of
the pn junction diode has a conductivity type (for

20 example, p-type) opposite to the conductivity type (for
example, n-type) of the source/drain regions 16 and 17.
This region of the pn junction diode is referred to as
"opposite conductivity-type region 41", and corresponds
to one end of the first non-linear resistance element 40.

26 The opposite conductivity-type region 41 is formed in
the surface region of one source/drain region (the drain
region 16). The other region of the pn junction has the
same conductivity type (for example, n-type) as the
conductivity type of the source/drain regions 16 and 17,

30 corresponds to the other end of the first non-linear
resistance element 40, and has a common region with said
one source/drain region (the drain region 16). That is,
in the surface of a region 16A having a relatively low
dopant (impurity) concentration in the drain region 16,

36 there is formed the region (opposite conductivity-type
region) 41 having a conductivity type (for example, n-
type) opposite to the conductivity type (for example, p-
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13. Then, the semlconductor substrate 10 is ion-
implanted, for example, with an n-type dopant, to form
the region 16A having a relatively low dopant
concentration in the exposed semiconductor substrate 10.

30 Then, a second polysilicon layer doped, for example,
with a p-type dopant is deposited on the entire surface
by a CVD method, and the second polysilicon layer is
patterned, whereby the first gate 13 and the first gate
extended region 13A can be formed. The above second

36 polysilicon layer is required to have a thickness which
is sufficiently small for an impurity ion reaching the
surface of the semiconductor substrate 10 at an n-type
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t hi ckness dhi b panm thet Iee:tblndeofret;Limmelmmg emﬂemmrng rf idwe tihves uff iadston

| ayer. 3. The I r | the S

non- | i near reglgggg%éeggl eng%tgggg gl é‘f% %nﬁ éctl{ﬁ OQI{]u(nnel

di ode_. 4, Theregrronytoelfbratcaodahang tregdloa )mchn \Hmrfemmetdwe)rf mrln-:t

non-linear regigl éBﬁﬁu%lt @Ehb@%%a%e ‘i‘%t e mﬁhBaEbBQEr @%{E@Hd‘éﬁa%%%tt%rohﬂ Ic.
erel e

5. The nenory ce accor to claim Irst no I near
resi stance el éﬁén?xﬁégdéhélré?@t shies fiigst lgate 13 ShroygRiamten | ow

resistive 9t argrifgg &nkl bppostead niREtisr ifthe S RYwity Asgiord 1 J U
L 2003 41. The channel forming region 15 is formed below the
first gate 13. Further, the second non-linear
resistance element 33 comprising the first gate, the
insulation layer 12 and the channel forming region 15
15 can be produced.
[Step~510]

Then, the semiconductor substrate 10 is ion-
implanted with an n-type dopant, to form the drain
region 16 and the source region 17 (see Fig. 19A).

20 [Step-520]

Then, the first non-linear resistance element
40 comprising a pn junction diode is formed. For this
purpose, for example, the dopant (impurity) from the
second polysilicon layer constituting the first gate

256 extended region 13A is diffused to the surface region of
the drain region 16 below the first gate extended region
13A, or the surface region of the drain region 16 is
ion-implanted with a p-type dopant, whereby the opposite
conductivity-type impurity region 41 is formed (see Fig.

30 19B). Then, the dopant (impurity) is annealed for
activation. [Step-510] and [Step-520] may be reversed
in order. In some cases, the formation of the opposite
conductivity-type impurity region 41 or the formation of
the drain region 16 and the source region 17 may be

35 carried out before the formation of the first gate 13
and the first gate extended region 13A.

[Step-530]



- 73 that of a forward conduction voltage and having an absol ute v@i{udulL 2003
which is equal to, or greater than, an absolute value of the forward
conduction voltage is applied across the two ends and that it is brought
into a high resistive state when a second voltage having the sane polarity
as that of the forward conduction voltage and havi ng an absol ute val ue

smal l er than the absol ute val ue of the 4 0dr®ard conduction voltage or a

vol tage having an opposipey polé?:ialr_l.Lh 1%1%1‘%@ éf)érlgdw“% ‘Y@gﬁgg@s is

applied across the two ends e nmenor ing to claimb,

wherein the fithg diedeaqtydar fidan sktthrand el%mmpwdarqfsesfer PRXAIBEE} on

diode. 7. The srw;rorsle?yél COEQbE‘QSiQ\Iy“/'s?i'dI‘ Br 's‘.*’ﬁ%ﬁ's'l Nf,‘,e P8 FYRREHON
di ode has a sem conduc gi on is the same. as the source/drain

regions in cor?dhc?th%lecnflt’iﬁ‘pes‘h"rﬁf‘% sléfn%oqﬂ‘mlc‘{‘%?h‘?‘egl%ntwl&% is opposite
\t/\ﬁ tﬂe SOUV&E/dﬂd’J@id’tJl’Cﬁﬂln(Hiﬂldd'\ ;‘aoruhe:ﬁ ma/d tiyi tyPeing heetiedd condacphDasnegi on

ich is opposi to the urce ain re s ..n _conducti vi type
corresponds tdustéldﬁd}?e ™ %cf' t&beﬁ’rﬁ %ﬁgﬁﬁﬁld&ff’ &% éj%}éee%'l ertht , and
t he sem conducixampley onitthiarh n-stype dapentasis hdepasited domi bheegi ons in

conducti vity téfngﬁtz%ogéue%ﬁ@% % S&‘ij n?éﬂ%dengncﬁ’ftﬁé‘rf Eﬁésﬂao%&h%ﬁr

resi stance el accordin erein the
junction di odelaﬁfaﬂsr alsprpé}ft#ﬁ?m%ﬁv VR XRPY otlh%ds‘%ﬁo%d sﬁ!ﬁ‘f@fPel%ry%t fprmed

sem conducier . (fbe Wiy TEIREY. Cohle HeRAil B 10 2ldB G HUIBEH eddiorn

junction di ode has pn | unctl on 10. The nmenory cell according to
claims5, wher ¥ifh the word;lingydd . the first non-linear resistance
el ement conprise@-5Wd Bro-j unction d| ode 11. The menory ceI | according to

claiml1, wherein the secqnd gate .J s capacitivel u IIst
gate through a dielectri 0 AR £ Jr%’?‘rDJrQ/t%ref? grce%?\(% %% {E Fm 5,
wherei n the secmmplat eof sStonriescdegpasd tedvammd thieentsiaiel smi‘iéaw@ridyoﬁ t he
first non-{gneg rﬁéﬂﬁé@n%&'e@maﬁ g@gﬂfgngdréfo ﬁétf%}:ﬂéd 9RCthe

source/drain regl on is connected to annel form ng
region or at Je‘b?slilwfbf1@‘?@%%‘[@’6@%%?%"?e’@h%n@r@\hﬂcﬁe‘éeﬁ& Lfut es the

second non-| i nEdén J e8iwiaee E&pémrtsf; Sf@ﬁnéﬁgmpﬂetOaﬁnaemsﬁuim Belo¥3. The
menory cel |l acgor e

| a t.bit-I t ent
appl i ed to the Smcflﬁp‘?%’etecg ??r??erleré%“{?heoﬁofg %F};\‘?}I’?g Zﬁpf‘ﬁg ﬁ?‘olt?‘ﬁe read
i ne and t hen abaws obpemencpop@ntl@m by aswspuhtdringmmethodst andr thei ne

potential 5@ %ff?ﬁ?é‘dlélgef' 14 B POLARLA A enbPERE V! PoPRNERB! B1kNE 1pkl S

vol tage between and sal er end of Irst non-T1near
resi stance el etiénl 2hr‘el@<ht¥h‘eabb}ba‘é¢lﬁn@@t@@ubpl hhebdradenregdon Aét gate

and the secondrgati anfladReB] i ﬂﬂetﬂ&n&%s’&emnnbvmﬁgrar 85hst3Ree ighenent
into a |l ow resistive, state, ﬁ@ e of a first polarity is

transported frifR¥heldi¥i9tn c3 eb?l?gl: §8f8-t hrough the first
non-|inear resiximple €| enment and the charge of the first polarity is

stored on the first gatepy zg}\ ﬁr@é’@iyofeé* fgrﬁ ﬂ% Lo gkghm:lﬁ
wherein a second b|t-||ne I's a I|e Y irst
read-1ine poteﬁh@emem@rﬁpﬁﬁledOioEKﬁEPléaé | i A éh@wﬂheﬁ shgosehemad ic,
potential is syiiefged éfegsaséeﬁ%n&@rdléwnefpﬁtignt boh,t @hd ReARRY
wor d- | i ne potentlfll t hereb X to generate the second vol tageL or. a vol t age
of Example 1ffers from the memory cC
Example 5 in that the memory cell has a so-called SOI
30 structure and that a first non-linear resistance element
40 comprises an opposite conductivity-type impurity
region 45 (containing, for example, a p-type dopant)
formed all through the entire thickness direction of a
silicon layer 44 and a drain region 16 (containing, for
36 example, an n-type dopant). The pn junction diode has
two regions. One region of the pn junction diode is an

opposite conductivity-type impurity region 45 which has



21 J UL 2003 - 75 having an opposite polarity to the forward cond®id 4 Un 2003
vol tage, between the first gate and said other end of the first non-Iinear
resi stance el ement through the capacitive coupling between the first gate
and the second gate and to keep the first non-linear resistance elenent in
a high resistive state, whereby the charge stored on the first gate is
prevented from undergoing a change in staBe- 15. The nenory cell according
toclaim13 o ekt ther..s Adrain ion._is r.eversely

bi ased w ih rageohePEEiRLey) Shpd) (EEy RUBRBLE, Okl RERRAEEAEE Y | e
potential is Bpelcenduetindtwotypei téorlexampd enemeotypred! lofaddisy ding to
claimi3 or ldoupbgyakBihhecgiBRL $BULAE/ dhabid 48l ForhivdDlGHGrd ¥ a
floating state with regard to the channel form ng regi on when the second
wor d- | i ne pot @Rei ﬁP“F'sT:GZHEF‘FLédr?alPHe(Mﬁddﬁaﬁ@. LePi0Thd Gnemofecel |
according 0 eppbsite, cvhguetivabyetgpe- limparieleHdgglon 25applied to the
erase line to tran;{gort a charge Vi Qg gs cond polari,ty opposite to the
first polarit§CFFERPPRESeFYsBNFi RB t k&S Lty 08~ h the second
non-|inear resesiabancel elenentonoto Thecbahge rbgiohaogethavpng the first
polarity from¢the ftirst.qgate the erase |i thra t ond. . i near
resi stance eﬁ%‘%ﬁ?}oﬁhg%gaﬁ thrgﬁgfﬁgss?‘gr &3’% Sggegg%fl*%efsﬁﬁ}eg&lga eis
brought into nosetdnearhzegdssaoragelemand. 408 anthdasemoopmsin IO ng
to claimZ%3, wherehReal r : r fi : fat responds
to stor edjlianf%g??rgt Pgﬁ gﬁgggﬁéggﬁg?eggﬁg gir ﬁth%grﬁﬁ]l%gq rﬁec%i#lr_rat ilgsnclq

cor r espondi ngE¥8mR1pefadlr nTRBePN ojuRFbienr diogpt cPpREifEEdRE &P 21 J UL

2003 - 76 19fi¥Be nvBALNLY neal! regéatdnde eQ cileditmabs hasher aidtdhel Imyvel
nunber of the.firit bi t-I.i ne %otential to ﬁgt._aéo

| i.ed he .bi | i
Tnd the st or cdUPREGPRatPEn 16 TRrRER, T fo it Ly ey dd Jursy g - O

accordi ng to slhiagiel8rysitaleisenikendacelomusgonnf Fhg.f 208t shiows| iane

potenti al 40 i.ed e kit i j red

i nformati oltﬁ) [ EEt&%ﬁgstl\gaﬂtSQERﬁQnPgr %tel gg‘.fs}l%taﬁeg_alrs?’;e’m% ?Sjﬁégc %\?éc}i ng to
clai m 13, whefr&trndrd &egiga tldAhe tdHeoda@ion naeian rlft apd £hwrs@yphds to
stored inforngky98nand.theigtopel sR6QEMAL seRematiBl, OpAREIQN e@sgspondi ng
to a |l evel nunbér ,of the second word-line potentijal., 22., Ther?udmnor cel |
accordi ng to EFStAPRRL WH&EMetd a&é’\?é! ar%?d‘ésr Bsth 14k ESeEor Bvor S ne
potential to bppappltieedonhdulched wityd tlyipee iingpuomietyantedivn stoOried fofmoedrat i on
i's binary gonf I QR. —alh I cordi 0 i rein
the | evel éﬁun%%g%g#.%?ﬁe%gerggn avvo;%- ﬁeﬁ‘?éﬁo%ﬂ%ﬁ rhtg';oﬁ’be?cr{acgpﬁ éémfﬁ({)g?he
word line is anlyedst pewd @fd thiee daadmedagifaay nkft idom 8 svidith i dizeeieton .

information. ZfhenThedTHN ¢RH-180eRMDING 1 A Bilchehef @i Had hEnéhar ge
to be stored on the first, gate corresponds to stored i nformati on and_the

stored i nfor n@PPYR COMSHSUTEONan & &Y RPNy 31 Pa TV dre eDE?ad?dt he

vol t age betweandt kheS@aQu@ \WH Azl | den (oé edétpbased. t s fd reésbit; | i ne
potenti al

nunber of %%2%9%?3%5‘6 rrl%g\ﬁgf@lﬁ:letdﬁ?@%édc%% 553}%: Jr%’%é{%%% I%Wéhl?%lae:‘lslr st
bit-1ine potenmedsdl oud dlog a longer period of time.
The process for the manufacture of the memory
cell of Example 6 shown in Fig. 20 will be explained
with reference to Figs. 21A, 21B and 21C which show a
30 schematic, partial cross-sectional view of a
semiconductor substrate and the like.
[Step-600]
First, a single crystal thin-film silicon
layer 44 is formed on a supporting substrate 42 such as
35 a silicon semiconductor substrate through an insulating
layer 43 formed, for example, of SiO, by a so-called
bonding method in which substrates are bonded, ground



| . S . 21 JuL 2003
21 J UL 2003 _ 77 _ and the stored information is binary information. 26.

The nmenory cell according to claim?24, wherein the | evel nunber of the
vol t age between the second wordline potential and the first bit-1ine
potential is at least two and the stored information is nmulti-val ued
information. 27. The nenory cell according to claim 12, wherein the first
non-1inear resistance el ement conprises~a®®n-junction diode and is forned

in the first gse 1igieRd b M LMED ﬁé’&ﬁ&@,edofeﬂ*% Phréhg1fEbgiqoate.
28. The nenory cell according to claim 27, wherein the pn junction di ode

has a sem cond®a%H SRYGDHY ifErds Mhensafhersilieatb dradsdrdd nls egi ons in
conductivity tsiejeited 56NsEDESIDES r0X EPA OloMht EdatheROPOS| F6rhlat B6-

source/drain regions in nductivity type he, sem conduct or, y egi on whi ch
is opposite t& eciotﬁ%]g‘?a‘?ﬁ ¢ r%lgﬁ?)néﬂ?%ui%ﬁhﬁ%ﬁ?ﬂ‘&nf y'ﬁ?et%or responds to
sai d one end ofettdining sa menidn ndeere eseméayceekEleneitth andtbhed

sem conduct or | i | o) dr.ai ' '
conductivity t{/tg%%]or%s%%%%és %]ggs%?(r}?%t %%‘ng%a o[#hc(ﬁfe 1?%%13%&%%%%%%%&

resi stance el difgntsibiromhbayeroty beltrerted dbyigatbhermain o¥xidahéesin the
pn junction digggedioR 4 ahEERbd Pin I winedh O'E‘hext%ﬁaél Tﬁftf?&?fxéf ¢8l Lagegendi ng

to claim?29, wherein a pn junction region of junction diode Is

! p [ :

formed of a sift @SSt Eresay coRREBPD, 340 fRENnRRoi)SHepFiaBCcARYPRg to
claim 12, whered mahend i 4 sSthieknéédesf 3 esb St ancemehRAERbr£68PbhaEHgA

het ero-junctiqgn diode and is.forned on the fu}st l(iJa#e or 2.~ a.T. 00S _
~8 _ on an extEhdbFFehi bRSRtatHen 113Xer QR ethe s uxfachefhr REePLLAERBr di ng
to claimb5, wieyem 4he sHoond gdtiarsits podnyeeict jaxbr d ayewrdbpedie, feai d ot her
end of the fir nﬁb‘” 1! C oy c rai,p;region
are connected ?Q%a T ¢ ‘{??ﬁ%,ézﬁﬁbﬁé; %ﬁ%ﬁﬁ%o@%ﬁ%ﬁﬂﬁ‘égi !cj)fr} gégatgb?éggt one
of the source/3Hef3Ce oY ohsCYRi Retkemst 2ndt BBeRhEhgeEbRatnBALYAédicon

resi stance1®l ergpér i Snd OPRECI RE1 Pt Pon €1 2PEr| 1 P€are patterned so as to

leave the first polysilicon layer which is to form part
of the first gate 13. Then, a second polysilicon layer
doped, for example, with a p-type dopant is again
deposited on the entire surface by a CVD method, and the

20 second polysilicon layer is patterned, whereby the first
gate 13 and the first gate extended region 13A can be
formed. The above second polysilicon layer is required
to have a thickness sufficiently small for a dopant
reaching the silicon layer 44 in an n-type dopant

25 implanting step to be carried out thereafter. In the
Figures, the first gate 13 is shown as one layer, while
it comprises the above two polysilicon layers. In this
manner, the first gate 13 is formed on the insulation
layer 12, and the first gate extended region 13A

30 extending from the first gate 13 to a region where one
of the source/drain regions is to be formed in the
silicon layer 44 can be formed on the silicon layer 44
(see Fig. 21A). The first gate extended region 13A
extends from the first gate 13 to a region where the

35 opposite conductivity-type impurity region 45 is to be
formed in the silicon layer 44. The first gate extended
region 13A preferably has a plane shape as shown in Fig.



33. The nenory cell according to claim32, wherein a first bit-1Ii ne€ 1 JUL 2003
potential is applied to the bit line and then a word-line potential is
switched froma first word-line potential to a second word-1ine potential,
thereby to generate the first voltage between the first gate and said ot her
end of the first non-linear resistance eéerrent t hrough the capacitive
coupling between the first gate and tHe Econd gate and to bring the first
n?n-l }_near rezlsdEs,_t g el ey ldng Osl?a[i»é)vbfheslil;étf?l__ﬁsﬁtgé’Sehéhfﬁéﬂ&dda charge

of a first palarity. s transported fromihe . bit line to the first gate

t hrough the f]?ergsltor%olr‘?-spfi r tr?‘?%rﬂﬁé“e’f%%%}?eﬁﬁgothe charge of the first
polarity is diSiregg-6d0} he first gate. 34. The nmenory cell according to
claim 32, wherein a se bit.-1i pot ent i i lie it line

and then a word-Iline pgjﬁ{elﬁ}ﬁ atTh‘“Jl sﬁglvﬁctocrhgaé r%rr%s%aféi)rjs rgﬂiﬁ@é?ﬁ%%hpotenti al
to a second woirtdh, iffer mramplel  an herigye tdopgeants ate foemsthendradht age or

a vol tage hawi pt J r dugt khon vol t age,

bet ween t he ;%ér%&gaﬁ% %?%%%#e%( ’é‘ﬁ%i‘gl? it[ﬁ_ey\?légs?g (')n?;lila?iéar

resi stance elfHEeE hrithREeernd RRTIIRRAE oLPF LAk APeEWRLAMEAE BBrst gate
and the seconsbities iy tife kebpst Ngate 163, NoRel iRgALate6hSlapee ehenent in

a high resistiv 1§%$t wﬂ§£gg t he charge sigred on the flrsa gate is
prevented frdH%n gﬁh?ﬁP c %#E&P?rF%? ¢ 1> sag Ke progpggd-~79 35

The menor ¥0 cefl3tegse6@@j ng to claim 33 or 34, wherein the other source/drain
region is reversely biase j o) LN gi on when
the second word-1Iine p(?]fne%t%’!a ihld;fg%p?%%d‘l{??%%@vn\gﬁ% ﬁ)%geq.' g%{.:'gThe menory
cel | accordi rertendediredionrl 3y, isheort imphanbedevitbur etdexhnplegi on i s
brought into a flaald ndosddt Cal thF &9 dehe LHEcRABBRCL TRERIBY bEgi ON

when the second word-line potential 1s applied to the word line. 37. Th
menory cel | dctrifhiFen t3%eh 82, tankPErthf ePRSELILPNEOBEREREVALY s
appl i ed t o5t heyss atpdi ey t PegionNSPY) t for chargenfavhagfarsecasd-pol arity
opposite to t eéirstegolﬁritg fiomtﬂe rase Ii.gg to_the f.irs&_‘.g%te

t hrough the s UTRE MoRS 17 haRre r 8EP Rk e 8BRS 1BY foPli 48RS & t he
charge havi ngdidte f (see Pbgar2t§)f r dtharhe the simpbarted départase |ine
through the s ﬁﬂ&gr i hea { 3 : er h a st orage
state of the fi rst fﬁﬂe ?g ?%%%%?a?ﬁ(tgg %Eggg%?%arg%y%%o%g él?(gte. 38.
The nenory cei$t%lé‘cg%ﬂ MB2Y obe| BevieBsedwhbr erfiethe EhaFeRet®29eSst BRed on

the first2gatépsesiesPedEgutLivioyLeypal ohpatien 28gibne4st pagdpenf ormation
is informatio coréﬁi%gndl ng to_a | evel nugbgFl of .th% first 13”-'”1]:21\(;
potential . 39-C5RHE PyecEPf SREBRHIAg ¢ § fi88L GR&Feiln ERE [F&Fel
nunber of thefirsstgaté-éxhengoedenegabnt b3he applied to the bit line is one
and the storeg?{@éfgggﬁi on is binary information. 40. The nenory cell
according to clal , “Wherein the | evel nunmber of the first bit-line
potential to be 2 1 Jrfhen, 2gp3insgbatipp| ingerbayne Whichi Werks af | east
twﬁ and t hg_ stRé e@iéﬂé@tggél gﬁlmslw%%a- Yﬁ' @eﬁkptbatagr 6&%,' %5 &agn?l‘éf,_”en?r y
cell according.to claim erein.the,charge to be,staqred o e firs
gate corres po%ﬁéz t 04&25 Pty ot Ped Siteshly APt ﬁ’e‘: sr[fadpéégi'"fﬂyo ﬁ?a&f)dfﬂ‘ﬁds

i nformati on conrebgoedtihget suafthegebynanivd nkthbd,seacaheérwaid-|ine
potential . 42 T | @ac | l.al.m 4 rein.t level
nunber of theogé(g%%gggvxgéﬁi:ﬁ?hé %o?grﬁ?{ngg E‘gt%éaég? I ?n’éa&‘i‘({%gi t% ﬁg a\/\/robﬁél S?n:éne i's
one and the skbteddingonathPdn iBhen nat ypohyethbeponlayer doped, for

30 example, with an n-type dopant is deposited on the

e

entire surface by a CVD method, and then the polysilicon
layer is patterned, to form the second gate 19. The
second gate 19 has a common region with the word line WL.
[Step-640]

35 Then, an insulation interlayer 20 formed, for
example, of SiO; is deposited on the entire surface by a
CVD method, and then an opening portion is formed in the



43. The nmenory cell according to claim4l, wherein the |evel nunberz LU o3
second word-line potential to be applied to the word line is at |east two
and the stored information is nulti-valued information. 44. The nenory cel
according to claim 33, wherein the charge to be stored on the first gate
corresponds to stored information and the _stored information is information
corresponding to a | evel nunber of the‘vé?tage bet ween the second word-1Iine

potential andihBglhtish BnteklB9eRObONhbakve 4he Hie ifEHIgLctellle.according
to cl ai m44, erein the.lev nunber &f t he vol t age between the _second

|
wor dl i ne pot ent:Far ﬁnHlFHngﬁPgFer 1| ERE FECERLEal ans IR Ot ored
i nformati on i 4sbdepoyitetioomathen ingGlatienmimerlegldr 20c@md ng tohecl ai m

44, wherein t | evel nunber of .the,voltage,between t sgcand rdline
pot enti al andgﬁﬁggf gpgﬂlgl%t Ploirﬁé'oBoPgnf“i %gult egtmlgeggetr%‘?io\fﬁ aarﬂflt § stored
i nformati ol | wimihgi laygewedsi pRateaniedn. thezeby ol £2008 theslbit4 A inEhe
menory cell a K dhRg lL.ai , Ln st (N - | resi st ance
el ement conpr?ggg %Tpﬁ&ﬁgﬁgﬁfgg§§iSggﬁgﬁggpgQ%b&ﬁgﬁﬁﬁgﬁhu;%ﬁﬁ% fggte or
formed in or &R &RlexMended r &ficonempPryheelils davimde a 4®nstHE YR y cel

according to ghaiwh 44 FWAEr gion chiAe bRN clb¥RGieen di ode has a sem conduct or
region which is the sanme as the source/drain regions in conductivity type

and a seni conB%&BBLe dgi on which is opposite to the source/drain regions in
conductivitoy type, the shel sendu¢t eelliegifoRxahipdle i7s igppasic & variaat
source/drain regions _in conductivity t cqQrrespands to saig one end of
the Tirst nonof % TEBETH Sdd SehBAPLond t ne CoRERSATuEES? Pégi on wii ch
is the sane a&xampleolr dé/fdreaisn fregi ¢he mereorydwetlilviafy Bxgmeploory eigponds to
sai d ot her e”@h%fbeQdW'r Qitlsi.Nedpateskst gace;gl envniyn4]- aThe nenory
cell according to c ain1j§% q%herein t he pn_functhﬁ diode has a lateral pn
junction. 50. SFRETEREy PA&IY1adc CEOFISTE O 1ONGIm ALY mttdii B8 hrimcet i on
regi on of 5he15RejabtnlelsAl tAinRee dlemedtMad FomprSided & @y Shddction _
senlconductor..Sé. ghe.ne ry cell, accorglng tO.C|aI%]% . Wherein the first
non-1inear reSt9F&n @VEFEﬂBW%’EFWHﬂn§GS NReLEFSOPURL FBF &PodENEhdOPs
formed on thedfiiodet haat @ aomiuctrivetiyerngge: regorexamples, fp+istpegpt e. 52.
The nmenory cel r.di t ngip1 ,vﬁg ' h cany e |s ected
to a word |iné’!‘°9§%i(i eot‘—'hra)grthgan c_)o utcﬁcé |Séteejrir°oetn-ﬁdnsrgar re@llaési adnitef%])re]rrent
is connected ©F Ghe sSoures/drdin regions d4 @nshel bond/hirgid FUYDh is
connect ed g &dyilon Wi®h aHe e thapn@l 1f0r MrAg LegveN odle dediR@sbrone of
t he 2 1J UL~ 2003 . .
e pn junction diode corresponds to one end of the
first non-linear resistance element 40. The other
region of the pn junction diode region has a
conductivity type (for example, n-~type) which is the
25 same as the conductivity type (for example, n-type) of
the source/drain regions 16 and 17, and is formed in the
first gate extended region 13A extending from the first
gate 13 to one source/drain region (the drain region 16).
The above other end of the pn junction diode corresponds
30 to the other end of the first non-linear resistance
element 40. That is, the pn junction diode comprising
the first gate 13 containing, for example, a p-type
dopant and the first gate extended region 13A
(containing, for example, an n-type dopant) extending
36 from the first gate 13 to the drain region 16. When the
first non-linear resistance element 40 has the above
constitution, the pn junction area can be decreased and
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resi stance el enent is connected to an erase line. 53. The nenory cel
according to claim52, wherein a first bit-line potential is applied to the
bit line and then a word-line potential is switched froma first word-1ine
potential to a second word-line potential, thereby to generate the first

vol tage between the first gate and said 8 ﬁe “source/drain region through the

capaci tive cogpéipglhet veen ! i igestqedten st ddharesiecond sgat etea;rtﬂtt o bring
the first non;linear resistance elenent in | ow resistive state, whereby

a charge of altRIPEmahiph,Stored PPaﬁ§p6Pt§ ef%&ﬁrstthga&et 13 @n b& he first
gate through sead oue gouraeidhgen pe@ll@a amdttlime first non-1inear
resi stance el ement, and ‘t)he charg g E first g Lcarrtéﬁ ?: stored_on the
first gate. 54. The momBP§ BEPFeStchPEi RSt BABRERRTEZS Rffetlin MEMOLIond
bit-1ine pét euelhl ofsEapmb[Led 7t ehblva hint Fligne 22neriflieben emprldrilniate
potenti al ISﬁ F %Eomafrrst word-line potential to a second

t

wor d-1i ne pote ereby to generate the second voltage or a voltage
havi ng an oppb§f—€§ ?J@pdrr ty to the forward conduction voltage, between the

first gate and said oneﬁegtcetﬁr%a ésﬁboﬁlahHEQUQB Eﬂe[@%lé%CJStO'OV]eochUm ing
" between the_first gate and the second gate and to keep t first .

non-1inear re&kePBhBe el BnERVICR SCRPERLALY IENEONsH(ROL %ﬁ’é‘f‘b)b)hac‘ﬁé‘gcharge
stored on 1oheaf LOGDSgétQubtuﬁl’ee\anTaedrEh@mil @&dﬁﬁ:@@lx@g 1& qfrtﬁjm iih & at e.

55. The rrermr¥ cel |l accgr di ngl t cltar gt 5 wher t her &
sour ce/ drai n PEYLER1FECH-EFef gls$r8| £sé4 tr"il ér’rnd“te ’ FRel *P8r i ng
regi on when t herfecendfwhe- Isiemd cpatianttioal subsappitieed 0t ot rteramredi |lkyne. 56.
The menory cegl %Eﬁﬁi'gglh%tqo%' e%%o ro?4a méﬁﬁ djfﬁ ér Qggtjl mhereln

the other source/drairn region 1 s broug oating state w't regard
to the channeRitsiding ﬂégﬁ@ﬁrmoﬁﬁea@@én&wm ioreldsagtieamtd dio i s

applied tast hgowhr gnl Iltt%uléhoﬁhQaw@rm Qﬁ'dlrt@cﬁortﬂili&cﬂélsél'@ﬁ M 5%
wherein an er Sg- line %otentra i ap Ired to,the er 5%0‘1' to transport a

char ge havi ng*a>s8FoAG% GPAHSEPO fo AE S ‘V’Ef]r t he
erase line tothlaesiamn.sbngmtce;otrhrsmbgltrtalt@ slé)conmhanm ki rféarrstr amoztphons

clement, or tgdisghandgdhacharosdindngdie it polariy doamd he

first gateto e erase’lTne dugh t K& S&cord nonrn nce
el ement, wher esydten@sc_mdg@nstt@rea@@tstr@t & ugtfadee My ras (Cametodr aarght i nt o

a second ofar gRent @hade it eamo'i%hoﬂ%e STAMRIOh G8lyerAGHRA] AW to claim 53,
wherein the charge tqQ be _stored on the first gaté corresponds, to stored

i nfor mati on ad@StR@tdOgr d@YieH drirdtiCoPAtL LIt B idh QrresHUhdiMg to a
| evel nunber @ﬁrtsheatmor@mdmd dilliedgoteidlvhizth ihadrefiry £t @ccordi ng

to cl aim58, \Mﬁ St‘__h ateevell3 .nugggr of tlg% 'a'iSE:xll'd% Ilrarltl%lp%rn%ptr al to be

applied to the e 9 s one ‘an Re 8t ored*faf offmati oA s
i nformati on. @@rfalcr@ mrma}nmmcm@mqumetmmrmlﬂ%&ewcértpt¢rbe¢neve|

number of dghe thief $lartaled %d)%trfé?{' | éébcl}Fd %fgﬁ%d& dCidbh laperis at

| east two and the stored information is nulti-val ued i nformation. 1 The

menory cel | aS@®Einnd O sHanBhey3 WiflefeiBr iR JPRAE 115 IREReSFESd 0?1 t he
first gate corhespoandyd Guifasd bynforawms instiodl, t Mhest, o iancypmidson is

| nfor matfon cQinSe RN AL 4.2 diela MRS Alad y SESUS P60 L%

inert gas atmosphere. As a result, the second amorphous

30 silicon layer on the semiconductor substrate 10 is
converted to a single crystal layer from a portion
adjacent to the semiconductor substrate 10 and the
single crystal layer laterally grows. Then, the single-
crystallized silicon layer is patterned, whereby the

36 first gate 13 and the first gate extended region 13A can
be formed. The above second amorphous silicon layer is

required to have a thickness which is sufficiently small



21 J UL 2003 - 84 62. The nenory cell according to claim 61, wher&lnJYhe0ns
| evel nunber of the second word-line potential to be applied to the word
line is one and the stored information is binary information. 63. The

menory cell according to claim®6l, wherein the | evel nunber of the second
word-line potential to be applied to the word line is at |east two and the
stored information is nulti-valued infornédien. 64. The nenory cel

accordi ng t0(¥égrg r¥§fﬁ§i e%€§5§€a§ﬁ§ éﬁr?g é}%%ggognokh%hgirst gate

corresponds to of i‘nformati store rmatron 1's i nformation
corr espondi ng senicdrttoxnpelbsofatéelQoinage hetypendepantecond word-1ine

potential and i Lfadi t i ce accordi ng
to clain164,\d%giﬁégfﬁ&f%éﬁél9§u§%e§Q%¥§%ﬁeg§BIggggg%g?ﬁgén %%e second
wor dl i ne poterfigiresmd the first gate|lpeipothavnafsi gnendayry t Waldeor ed
i nformationsi sjdidipriséer fRE| QPovEStwdhei MBEBAY16¢bksaCChRdERPst O Cclai m
64, wherein the | evel nunber of the voltage between the second wordline
potential and M¥RNEYy khe £1rshedpbeehdi GRNi Beatoregdt opwbhEnd the stored
information isimeulatveh Ubdlyéenf op reah@nthé7£irbe gruer gxeehdeaceegdong to
cl aimb52, mherfgg t he f%rst fon-I£ ea .re?istgncg eLenent conpr i 8s.a pn
junction diode, H%XF%% R ot T PHe ﬁﬁ Uheti 8Aai ae 80Pr5§8&ﬁ i Ng°ES said
one end of thechércf tom-toneae/desgist aagéonbefientoi bef dpmmedi ins&he one

source/ drahp regi fade &pe ghgn e LHNGHI eRediode Q9 J
UL 2003 - 25 g%%?g%% ond%%gs§%ggg?ggo%ﬁe?génégoFB?ﬁ%Hf?bstﬂﬁon-linear
resi stance el ef@picordugtesndvhsteatenl@ith said one source/drain region.
68. The nenory[setph-peeprding to claim52, wherein the first non-linear

resi stance el enent conprises a pn junction diode, one region of the pn
junction diode correspoﬁﬁ?%%'tBﬁ§a#%Wbﬁ%n@HﬁtBF ?HQSFF?Eg iBn;FiﬁQBF
resi stance el epeplanesd awiLBnpoioregkamnpdet hahha-tiypet dophaat and tteemot her

region of fthe ph.jancihop.gigde, OLESRRATLAG L8 $aLd ! har erd pfikhe
irst non-Iinear resistance elenent s tor e I'n an-extended region of the
first gate exteagéngthe Sirgtogateoaxtendedi megdgnoA3Ar is ion-

implanted with the n-type dopant. When part of the
first gate 13 is selectively masked with a resist
material, the part of the first gate 13 is left as a

20 region containing a p-type dopant and also works as an
opposite conductivity-type region 46 of the first non-
linear resistance element 40. Further, the second non-
linear resistance element 33 comprising the first gate
13, the insulation layer 12 and the channel forming

26 region 15 can be produced.
[Step-720]

Then, the same steps as [Step~530] and [Step-
540] of Example 5 are carried out, whereby the memory
cell having the structure shown in Fig. 22 can be

30 obtained.

In Example 7, in [Step-700], a pn junction
having a lateral pn junction can be formed in the
single-crystallized silicon layer. When the pn junction
is formed in the single-crystallized silicon layer, the

36 leak current (Ir;) of the first non-linear resistance
element 40 in a non-conductive state can be reliably
decreased.



69. The nenory cell according to claim52, wherein the first non-Ilinear
resi stance el enment conprises a pn junction diode having a |lateral pn
junction. 70. The nenory cell according to claim69, wherein a pn junction
region of the pn junction diode is forned of a single crystal

sem conductor. 71. The nenory cell according to claimb52, wherein the first
non-linear resistance el ement conpgkses a pn junction dlode and a pn
junction region of the pn junction diode is formed of a SIE’W%’ Mrcrystal

sem conductor. 72. The nenory cell accordll{r}?g {qeC Iaajsm sV c[ﬁerel n the first
non-|inear_r g ance el enent P -fret’er o- j uncidion afi ode

_Aln AYEM%PE%FS' E A E. i TS e A The ! Snd e "

E. AFE. AFU. A3{2. AY.'AY2. AYXK 61’ Bxa]APl 3\ AU. stltutloﬂ

{,. A AF,_Al AZEnAmagYAP X RyARDE SAM 2\5°" ¢ process

AY A AY0 Y AFH Fﬁki e°\‘3A| U’M AF A As&3idn. A2. AFA. A3
ALA éﬁy Aﬁe]élA) SAB&QntM& RE® @A& AL. A" &Q&(E |
K X~ )é din]-Ys%]‘EA?]\ca eof aiff process

U] c”a] €a] caU] cg}5 ]aga]ﬁaar'éa ca a] c]. a]:'ca?‘éa‘]“ca] ca)] C&]f@]sla] ca]ca] ca

U] cray cangc a] calé]jc,@ | nofi

$| wr | gb] X]e&d a‘] aﬂm]m‘a‘] ca] ca]Ec&]d:éae]s:af]Ccra] e] ca] ca]ca]ca
] ca] ca] ca] ca Cé\ll a,]\&ﬁ\ai%‘a ca] Ca}aﬁ% area. 10 will be

$j $k$$sr vstR %gﬁ(éF** shae- 8hE/ F Example

3<366668| wrs@gbp)‘l] Q@Qnma:]ycﬂeé?}] ca] cal.calxxg paq:tca'] ca‘] ca] ca] cajcalc
a] ca] ca] caj caYg tﬁn:]eca] ca] ca ]@a]mmfcal 819J999d: : :

<[ =\ =6>8> N&LSd2e? Yé gflcal ca] ca] ca] ca] ca] ca] ca] cajcalc
a] cal] cay] caéxa}%a‘]‘%a] ca]acg]\ga]gea]@é?c ]’ca] ca] cal ca] ca] ca] ca] ca] %?\' E;

I JJ2K3KKK: L; 25B

LLLLKMMVEZ VA (g])] (@RPQQX QJQ?R%\S% W&f@é} Ca%f ] ¢al f:a]ré%‘]‘ca] calc

ca

a] ca] ca] ca] c]eﬁ"c%ﬁ ca&] cAlcad o ca] ga(];ﬁ@]]\ca]-ﬂa‘]"ﬁ ca] %a] cg] ca] ca! SSS
TiI'UU]UUU&U@a] X]gjv{avx,owé] GIME REKg tt a]t{equOQE’]YX]ac](ca G ]]d:fa]’tdiﬁi] c?] c?] c?] c
al ca] ca cal.c “%3] calca cajc ca] ca]ca]ca
" aa) b*bbchLm:(ﬁc ¥ib¢- 9‘} jcg\kak 4 XSy 2]*] cg}j %ca] cajc
a] ca] ca] ca] ca]v ]ca;]@a]% ‘g’gfca]’ ga]oa]laa]f‘éﬁ‘]‘ca ca}1 o2k ga]cu:aa]aé g calcalc
Z] gg]ﬂcg]ﬁ:ggi Lg}c;g\gr r ﬁéuuﬁuzy mc;éznzzl?z}tv% S)Abcs]tga 7| ca] ca]&a]&adm@]lca] calc
U cta]ca]calc ‘ﬁeﬁami] caa] calé‘ LMtiOBT\T(r oje’ [V
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@(}xsnid _Yje [V]]cUca] ca]ca]ca] ca]ca]ca]ca]ca]calca]ca]ca]calca]ca]ca]c
aU] ca] ca] cMa] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
st{uv' (+@EVXZ\ nosu’' (~xsni d_ZU] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] caU] ca] cal] c
a] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! (+8?xzuoje ZUi d
_ZU] caU] ca] ca] ca] cal] ca] cal] ca] ca] cal] ca éa]'ca] cal] ca] ca] cal] ca] caU] ca] cal
ca] ca] ca] ca] csmhepbkcehsakfeds] RhRathe first polys:n.llcon layer
UB&(*46} xrmgb\ W e’ ZUi d_ZU] ca cal] ¢ca] caL%ca cal] ca] ca] caJca] caU] ca] cal
ca] cal ca] caU}EaYc‘é't’J] e%] Eal’Eaf ﬁFJ] E‘QFS&B] caflary chlrea®pEaBLBEVZEl | vl ga\ W e
z& d ]ZU] ]U] ca] pal&c@lcabﬁalai@kcalaauhﬁa] ﬁh@] alredUpealedilieainca % dcgﬂ ca}
caU] ca] cal] ca calcalc c z<> VX [ ca
cal| ca] ca] cau}ggyjc fcaltB f8 Q?&af&&&%a?@aﬁ&b}%&f’@%ﬁ] é@}leiul@a] caU] ca] ca] ¢
a] ca] cal] cd] cgfreatkrathahcahp+6RlikRneBelb¥+the second polysilicon
kfa\Vid_Z
L {J]qcafcaq cai%%‘%g] gg%ﬁa%ﬁ%g{@a%ﬁ%%ﬁ%lrc%&qa%alt%%;(%%lt%ﬁ%%q_lc%ﬁe%%l &3 calcalc
zupj e_ZUi d_ZUFbg] éa@@apeawfcé}capcé@yeﬂ da@]?%ca]rlda]t@’%]smqrmh] ca] ca] cal] ca]
ca] ca] ca] ca] cpal §l§§b8ﬁuhﬁ?kﬁah§@ﬁ]c % %heZQLrst g silico
}w mherYid Z ca] ca] caj ca ] ca] cal] ca] a] cal ca] cal] ca]
caU] ca] ca] ca] éY)?Ea}léé céFcﬁFEéPB&}icéPé‘a]tlé‘& 1YSlllC°n layer

s"}" ({vql gb\ V\wazuusca]acaahea] ea) aa]sqa]ecar]aqa anc @] anecajigaitcal caj caj c

(11007777 5 HRO S EERERRAEPRE2 REROUBBE PH oG Tt 190 IOV 0 AT o) c

a] ca] ca] ca] c"aliga] Qa]:()a] che}m] cf] thé chetahhed] favbtapoaysaléiabhcahyakcal cal
]Ygﬂj]cg} 3f]p§§aéééﬁ7k‘éﬁ¥l‘£8ﬁ8°?9rss%%%PF[ é"{l Itf gﬁ‘/-‘e 1QU]a]ncal’J-]héaa]fclrJSt“a‘ﬂ aﬁ cal ca
U] ca] ca] ca] ca@ﬁ@épd&}ica]aéag}lc:wéa] ang] @él]ecaqeecauqr@ai] cejceald glda)sld]asd] ca ca
LHE?LCEKRéECNla Fr li3B correggogds to th ca]caate eﬁ;%ﬁ?iﬁﬂreqﬂca]ca]c
= i
na] ca] ca] caU] hg};"(:a %]‘55} % %'\?Ca %a c’éf 59] EXTE é ke 9]1 13a
OR[ bNwbej 7x0~yso0péngVeltegbtallddped] oy m]n:@]mﬁ;] @m]tca[]sxaa]gc-aﬂ(un]] cef] ca] caj ca]
ca] ca] ca] cal] Bi]a&]e]lgabca%%]a; (Lg ﬂca]ic HEF 'a?in \f@ {n%P \WJ ]]c
ca ca

aJca] ca] ca]ca caJ ca] ca ca] ca] ca cal c a]cajcalc
a] ca] ca] ca] caFbg] sdpsadpcaryst \l’l@@Idn lCOH layer, and t
| wal gb] Xkfog\ W krlrkn@l ¢ale ]d¥ﬂﬁﬁgﬂf¥ﬂ§@]&@ﬂgﬁiﬁéAEare81stance element

U] c"a] ca] cal] ca] Qa] cal] calU] ca] caU] ca] ca] ca] caU] ca] cal.ca].ca] ca] ca] ca]ca
' )t|b8 a non-conductive state can be reliably decréased.

| | " 7T####~yt 0] @sEleba8Pb]]] ]1]1] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca]

colcalca)ex ot cal ol Sab cphealppsatsn) A composed, for

j <{vql gb] XU] ] EKeapd &l c gifc §lida} c8ioa] S:aal\bya] 8aPebs tdly¢&liOa] oy] Ea}Qsa(}ScaNca] cal
g«'ah cﬁﬁtIUJ] fgz;s]#g%l ¢Bl-mRlC BhC dhellendicd GHRld PO O GRARRECER
MVN~0000QPQ? REBEFRGL PRAPALILCR Betdedvajd Ahenmaluntid i g gt 4%a) cal c
g]qi a} F?] fé} ¢ ?hf plesheahdaldalicq] erlttaida) cakeg] 6athd @uSPdIYHUIRAIINXXY5Z
MVN~CIIJII}>Q?R 8Y¢E 8PXOPPPAralfOR SRS CH It RS 9B AT eaf%a] cal ¢
a] ca] ca] ca] capc ateskesd] s ]tca]ecaﬂfca] @] loe iclaildjara | Iy & cdhd) & ! 109K () -/
| 1 109%&
109! () ()sod 10(%9‘?%]%“\(,“&]1%4% &o%’{)é(r) A% IR 9 Yhe | TAER ey Face

11109 () -/! B fowBe@ Eecond I9pdun58FUrthery an ox:.de film 60 which

works as an etching mask is formed thereon (see Fig.

24A).
[Step-830]

35 A resist material 61 having the shape of a
second gate is formed by a lithographic technique, and
the oxide film 60 and the third polysilicon layer 19 are
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ORI MBISA nlgl @D resist material 61 as

()--,Slowﬁf()efcﬂ@ﬁ% {)s tEMink@RM (see Fig. 24B), whereby the second

10

15

20

25

30

35

gate 19 is formed. The second gate 19 has a common
region with the word line WL.
[Step~-840]

Then, the resist material 61 is removed, and
then a resist material 62 is formed by a lithographic
technique. For forming a source region side end portion
of the first gate, the dielectric film 18, the first
polysilicon layer 113A and the insulation layer 12 are
etched with using the oxide layer 60 and the resist
material 62 as a mask (see Fig. 25A). The source region
side end portion of the first gate is etched in a self-~
alignment manner due to the presence of the side surface
of the oxide layer 60. In this manner, the first gate
13 comprising the first polysilicon layer 113A is formed
on the insulation layer 12, and the first gate extended
region 13A extending from the first gate 13 to a region
where one source/drain region is to be formed in the
semiconductor substrate 10 can be also formed on the
semiconductor substrate 10. The above first gate
extended region 13A extends from the first gate 13 to a
region where an opposite conductivity-type region 47 is
to be formed, and it comprises the first polysilicon
layer 113A and the second polysilicon layer 113B.
[Step-850]

Then, the resist material 62 is removed, the
surface is cleaned, and then an n-type dopant is
selectively ion-implanted with using the second gate 19
as a mask, to form a low-concentration drain region and
a low-concentration source region. The total thickness
of the insulation layer 12 and the first polysilicon
layer 113A is designed in advance so as to be smaller
than the range of the above ion implantation. Then, the
p-type dopant contained in the second polysilicon layer
113B is thermally diffused into the surface region of

1
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linear resistance element 40 comprising a pn junction

5 diode is formed in the surface region of the

semiconductor substrate 10 (see Fig. 25B).

[Step-860]

Then, a spacer insulating layer 63 is formed

by a known LDD process, and implantation with n-type

10 dopant is carried out to form a high-concentration drain
region 16 and a high-concentration source region 17 (see
Fig. 26), whereby the second non-linear resistance
element comprising the first gate 13, the insulation
layer 12 and the channel forming region 15 can be

15 produced.
[Step-870]

Then, an insulation interlayer formed, for
example, of SiO, is deposited on the entire surface by a
CVD method, and an opening portion is formed in the

20 insulation interlayer above the drain region 16. Then,
a wiring layer, for example, of an aluminum alloy is
deposited on the insulation interlayer and in the above
opening portion by a sputtering method, and the wiring
layer is patterned, thereby to form the bit line (BL)

26 electrically connected to the drain region 16, whereby
the memory cell can be obtained.

According to the above-explained process for
the manufacture of the memory cell of Example 8, the
first non-linear resistance element having a small area

30 can be formed without relying upon a resolution in the
lithographic technique. If the minimum etching
dimension (line width) is F, there can be manufactured a
memory cell having an area close to 6FZ.

The first non-linear resistance element may

356 comprise a hetero-junction diode (for example, Schottky
barrier diode) of which the partial cross-sectional view
is schematically shown in Fig. 27, in place of the pn
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example of a memory cell obtained by applying the SOI
10 structure to the memory cell explained in Example 5. 1In
some cases, a wiring may be provided for connecting the
first gate and one end of the first non-linear
resistance element instead of forming the extended
region extending from the first gate. The above
15 Examples explain the memory cells on the assumption that
one source/drain region is a drain region, while said
one source/drain region may be source region. Further,
the memory cell provided by the present invention may
have a so-called TFT structure. Further, the memory
20 cell can be constituted not only of a silicon
semiconductor but also of a compound semiconductor such
as GaAs. In the memory cell (n-channel type memory
cell) explained in Example 1, 2 or 4, the polarity of
the first non-linear resistance element can be reversed
256 by reversing the conduction type of the first gate and
the conduction type of the semiconductor region 31.
Further, in the memory cell (n-channel type memory cell)
explained in Examples 5 to 8, the polarity of the first
non-linear resistance element can be reversed by
30 reversing the conduction type of the first gate.

In the memory cell provided by the present
invention, a simply structured DRAM gain cell can be
obtained, the production process thereof is not so
complicated, the memory cell can be produced nearly

36 according to the process for the manufacture of a
conventional flash memory, and an increase in the number
of external wiring and an increase in the area of
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1. A memory cell with a stored charge on its gate
comprising;

(A) a channel forming region,

(B) a first gate formed on an insulation layer
formed on the surface of the channel forming region, the
first gate and the channel forming region facing each
other through the insulation layer,

(C) a second gate capacitively coupled with
the first gate,

(D) source/drain regions formed in contact
with the channel forming region, one source/drain region
being spaced from the other,

(E) a first non-linear resistance element
having two ends, one end being connected to the first
gate, and

(F) a second non-linear resistance element
composed of the first gate, the insulation layer and

either the channel-forming region or at least one of
the source/drain regions.

2. The memory cell according to claim 1, wherein

the insulation layer has a thickness which permits the
flow of tunneling current in the insulation layer.

3. The memory cell according to claim 2, wherein
the second non-linear resistance element comprises an
MIS type or MOS type tunnel diode.

4. The memory cell according to claim 1, wherein
the first non-linear resistance element has a two-
terminal operation characteristic.

5. The memory cell according to claim 1, wherein

the first non-linear resistance element has
characteristics that it is brought into a low resistive

state when a first voltage having the same polarity as
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FLZlO%D(b&l()pplled across the two ends and that it is brought into
a high resistive state when a second voltage having the
same polarity as that of the forward conduction voltage
and having an absolute value smaller than the absolute
value of the forward conduction voltage or a voltage
having an opposite polarity to the forward conduction
voltage is applied across the two ends.

6. The memory cell according to claim 5, wherein
the first non-linear resistance element comprises a pn
junction diode.

7. The memory cell according to claim 6, wherein
the pn junction diode has a semiconductor region which
is the same as the source/drain regions in conductivity
type and a semiconductor region which is opposite to the
source/drain regions in conductivity type,

the semiconductor region which is opposite to
the source/drain regions in conductivity type
corresponds to said one end of the first non-linear
resistance element, and

the semiconductor region which is the same as
the source/drain regions in conductivity type
corresponds to said other end of the first non-linear
resistance element.

8. The memory cell according to claim 6, wherein
the pn junction diode has a pn junction region formed of

a single crystal semiconductor.

9. The memory cell according to claim 6, wherein
the pn junction diode has a lateral pn junction.

10. The memory cell according to claim 5, wherein
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OMLO%ZXx$Z& ()11- The memory cell according to claim 1, wherein

the second gate is capacitively coupled with the first
gate through a dielectric film.

12. The memory cell according to claim 5, wherein
the second gate is connected to a word line, said other
end of the first non-linear resistance element is
connected to a bit line, one source/drain region is
connected to a read line, and the channel forming region
or at least one of the source/drain regions which
constitutes the second non-linear resistance element is
connected to an erase line.

13. The memory cell according to claim 12, wherein
a first bit-line potential is applied to the bit line, a
first read-line potential is applied to the read line
and then a word-line potential is switched from a first
word-line potential to a second word-line potential,
thereby to generate the first voltage between the first
gate and said other end of the first non-linear
resistance element through the capacitive coupling
between the first gate and the second gate and to bring
the first non-linear resistance element into a low
resistive state, whereby a charge of a first polarity is
transported from the bit line to the first gate through
the first non-linear resistance element and the charge
of the first polarity is stored on the first gate.

14. The memory cell according to claim 12, wherein
a second bit-line potential is applied to the bit line,
a first read-line potential is applied to the read line
and then a word-line potential is switched from a first
word-line potential to a second word-line potential,
thereby to generate the second voltage or a voltage
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through the second non-linear resistance element, or to
discharge the charge having the first polarity from the
first gate to the erase line through the second non-
linear resistance element, whereby the charge storage
state of the first gate is brought into a second charge
storage state.

18. The memory cell according to claim 13, wherein
the charge to be stored on the first gate corresponds to
stored information and the stored information is
information corresponding to a level number of the first
bit-line potential.
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the level number of the first bit-line potential to be
applied to the bit line is one and the stored
information is binary information.

20. The memory cell according to claim 18, wherein
the level number of the first bit-line potential to be
applied to the bit line is at least two and the stored
information is multi-valued information.

21. The memory cell according to claim 13, wherein
the charge to be stored on the first gate corresponds to
stored information and the stored information is
information corresponding to a level number of the
second word-line potential.

22. The memory cell according to claim 21, wherein
the level number of the second word-line potential to be
applied to the word line is one and the stored
information is binary information.

23. The memory cell according to claim 21, wherein
the level number of the second word-line potential to be
applied to the word line is at least two and the stored
information is multi-valued information.

24. The memory cell according to claim 13, wherein
the charge to be stored on the first gate corresponds to
stored information and the stored information is
information corresponding to a level number of the
voltage between the second word-line potential and the
first bit-line potential.

25. The memory cell according to claim 24, wherein
the level number of the voltage between the second word-
line potential and the first bit-~line potential is one
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corresponds to said other end of the first non-linear
resistance element.

29. The memory cell according to claim 27, wherein
the pn junction diode has a lateral pn junction.

30. The memory cell according to claim 29, wherein
a pn junction region of the pn junction diode is formed
of a single crystal semiconductor.

31. The memory cell according to claim 12, wherein
the first non-linear resistance element comprises a
hetero-junction diode and is formed on the first gate or
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he first non-linear resistance element into a low
resistive state, whereby a charge of a first polarity is
transported from the bit line to the first gate through
the first non-linear resistance element and the charge
of the first polarity is stored on the first gate.

34, The memory cell according to claim 32, wherein
a second bit-line potential is applied to the bit line
and then a word-line potential is switched from a first
word-line potential to a second word-line potential,
thereby to generate the second voltage or a voltage
having an opposite polarity to the forward conduction
voltage, between the first gate and said other end of
the first non-linear resistance element through the
capacitive coupling between the first gate and the
second gate and to keep the first non-linear resistance
element in a high resistive state, whereby the charge
stored on the first gate is prevented from undergoing a
change in state.



Y& ()-:! "1 YG10%(C Y& ()-:! 1 YG 10% F& ()-:! 1 YG 10% F& ()-:! 21 JuL 2003
“1YG'10% "' . & ()-:!vU410 3F"10%~#w& ()-s3 S 1098& () -
L' 1098& () - 10XC X10XC X10XC X ') - &LOUXC X& ()- °)- &10%B"(S& ()-8| [: vU410
“3F"10%#& ()-s3 “3F10% & ()-s3 3F"1096& ()-s3  3F" 10%& ()-s3
“3F"10%#& ()-s3 r’ 3F"1098& ()-s32:; <=KRvU410 " 10%d$F& () -
(10%-d$F& ()-F10! 10! 10! *3F"10% & ()-s3 “BE" 10%:& ()-s3
3F 10%& ()-s3R VI{|[ vu410 Y! 10%3d$G& ()-s3 Y 109%Gd$G& () -s3
109Bd$B&' ()-s3 1099d$9& ()-s3 | Y 10% d$* & ()-s3
Y' 109 d$* & () 3353@\BCOxlv@4’ﬁ) m%om/oc%l()a%@r@_mm&ﬂq )clalm 33 or 34,

1 1098& () - 10_Gihek id £He dStherY! d%edt/ dr 4 In SBeq ¥od 0 X#dGefsesp%a| [ 1 VUALO

2 Eoh88 ) 5o, SRS i St Soaned eSbdninons -

Z" 10%1$& ()-sS:he Ee’kﬁﬁﬁﬁv@rds—?:llnezlﬂﬁ&& 31 sBs; apﬂli@&’#@o(théSﬁbﬁd{ Z9bU410
“F3F" 10%:&' () F3F" 10%:€ ()-s3!" F3F" 109 g C& ()-53 ¢ F3F" 10%8#& () -s3
F3F" 109N#N& (]) K3 SML0%& ()-*, JQ 0bUA10 s’ 1096& () - (10$10$10$

" F3F" 1098& ()-s3 " F3F"10% & () s3 " F3F"1096& ()-s3

" F3F" 10%@#& ()33 [ bu4 /%5; 094& ()-s3
" 3F! 1094& ()()33 3|FI[ 10%#3QI %&1‘ T’ii ’&E‘ﬂ‘g 1‘%%&5@23& 1 %gioé)lw
“3F! 1098& () - wemr&dﬁm qt)h%ls sgrraeteealn -xggion is brought into’a
~3F! 10%a# é%&@é)WLtﬁ|fé§3§${§o(ﬂhg)chéﬁhé99§3t§1ﬁb f&gion

& () -gt
111109 [ & || 10%x$>&' 11109 C&
v 10%2x4$[z& gvﬁ%&ﬁw e SAfRAL g %@?Se@t&aﬁo@?x@@l&?dgtmFhﬁocyzd
|

(

(
Z& ()-qg) I mdedmiﬁé) g) 1T109% ()-g) 11110% x$j & ()-g) abebAd410e"e
| f &L0%& () -5 :1f&L0%p#z& ()-5 \If&I0%!I& ()-5 {0l f&L0%#& ()-5
*1098( & ()-10e" el0e"ezj | [: A4l0e"e !|f&10%! a& ()-5 |f&10%& ()-5
| f &10%/nY& () -3 /1 f &LOYEENY MR IPAAR g9card F18d 0@ ¢} a b ke ZowheDein t
18100 & () 5 LD fife (JoBBnciAf A0S 11eB0LA! EOYERESE) 13ne to
yl f &10%#& ()-5 >O01f&10%- . ~& () - bXyX/A410e" e &10YBYB& () -

(

| f &10%t n& () %Faqﬁﬁ%ﬂEW@WQW%F?? @?Y%%&O@&%ﬁ%9?§ BOlarltY OPPOSlte to
| f &10% & () - 5'ﬂﬂé&ﬂﬂﬁﬁfK$6ﬂéﬁ1 FﬂtémﬁéﬁQeeﬁase|iﬁﬂQWGCT&hé)first gate

Mwa%QO-SQ{ 09 ( f& g 5Lf1m¢&é%

1110958, () -GG A 1000 5P AR TEI 1528 TRRADhORARES(FRE™Er 1 8E058
discharge the charge having the first polarity from the
first gate to the erase line through the second non-
linear resistance element, whereby the charge storage

state of the first gate is brought into a second charge
storage state.

38. The memory cell according to claim 33, wherein
the charge to be stored on the first gate corresponds to
stored information and the stored information is
information corresponding to a level number of the first
bit-line potential.

39. The memory cell according to claim 38, wherein
the level number of the first bit-line potential to be
applied to the bit line is one and the stored
information is binary information.

40. The memory cell according to claim 38, wherein
the level number of the first bit-line potential to be
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41. The memory cell according to claim 33, wherein
the charge to be stored on the first gate corresponds to
stored information and the stored information is
information corresponding to a level number of the
second word-line potential.

42. The memory cell according to claim 41, wherein
the level number of the second word-line potential to be
applied to the word line is one and the stored
information is binary information.

43. The memory cell according to claim 41, wherein
the level number of the second word-line potential to be
applied to the word line is at least two and the stored

information is multi-valued information.

44. The memory cell according to claim 33, wherein
the charge to be stored on the first gate corresponds to
stored information and the stored information is
information corresponding to a level number of the
voltage between the second word-line potential and the
first bit-line potential.

45. The memory cell according to claim 44, wherein
the level number of the voltage between the second word-
line potential and the first bit-line potential is one
and the stored information is binary information.

46. The memory cell according to claim 44, wherein
the level number of the voltage between the second word-
line potential and the first bit-line potential is at
least two and the stored information is multi-valued
information.
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the semiconductor region which is opposite to
the source/drain regions in conductivity type
corresponds to said one end of the first non-linear
resistance element, and
the semiconductor region which is the same as
the source/drain regions in conductivity type
corresponds to said other end of the first non-linear
resistance element.

49, The memory cell according to claim 47, wherein
the pn junction diode has a lateral pn junction.

50. The memory cell according to claim 49, wherein
a pn junction region of the pn junction diode is formed
of a single crystal semiconductor.

51. The memory cell according to claim 32, wherein
the first non-linear resistance element comprises a
hetero-junction diode and is formed on the first gate or
on an extended region of the first gate.

52. The memory cell according to claim 5, wherein
the second gate is connected to a word line, said other
end of the first non-linear resistance element is
connected to one source/drain region, said one
source/drain region is connected to a bit line, and the

channel forming region or at least one of the



10 10 10!° "10% ()-o|[:qP/ * !'F 10% & ()-M 'F 10% & ()-M'F 2 1JuL 2003
109" & ()-M "F 10% & ()-M " F 109" & ()-M "F 109%& ()- M3 | obUs

OL' 1094#& ()- F10$"10$" 108" 53109%8" & ()--' y/1096"& ()- Y * 109" & ()- F

s$ 1096"& ()-' K| [:bUs “10%& ()-y "109% & ()-y 1004#& ()-y'  10%AH#& ()-
YELOWL#E (): MLOYA#E ()-{")vUs @10%& () &10% & ()-10L#101#101# &9
109#&' ()- 5 1094#& ()-1 010%4#& ()-)tt| BRA% 10" 10" 10" 9310% & ()-

gﬁgfﬁ g ()- g é%/és’&cﬁaln ﬂ?é&éhé)w %9%) SohstiP8LEsNAMelBecdhd¥hEnl) -
6& 0~ @%near re51stance element is connected to an erase line.

53. The memory cell according to claim 52, wherein
a first bit-line potential is applied to the bit line
and then a word-line potential is switched from a first
word-line potential to a second word-line potential,
thereby to generate the first voltage between the first
gate and said one source/drain region through the
capacitive coupling between the first gate and the
second gate and to bring the first non-linear resistance
element into a low resistive state, whereby a charge of
a first polarity is transported from the bit line to the
first gate through said one source/drain region and the
first non-linear resistance element, and the charge of
the first polarity is stored on the first gate.

54. The memory cell according to claim 52, wherein
a second bit-line potential is applied to the bit line
and then a word-line potential is switched from a first
word-line potential to a second word-line potential,
thereby to generate the second voltage or a voltage
having an opposite polarity to the forward conduction
voltage, between the first gate and said one
source/drain region through the capacitive coupling
between the first gate and the second gate and to keep
the first non-linear resistance element in a high
resistive state, whereby the charge stored on the first

gate is prevented from undergoing a change in state.

55. The memory cell according to claim 53 or 54,
wherein the other source/drain region is reversely
biased with regard to the channel forming region when

the second word-line potential is applied to the word
line.

56. The memory cell according to claim 53 or 54,
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}"['*/168:r?EGEQQCEKQESQd@&kEQYy&&réd;gg[iﬁéx¥irst gate corresponds to
stored information and the stored information is
information corresponding to a level number of the first
bit-line potential.

59. The memory cell according to claim 58, wherein
the level number of the first bit-line potential to be
applied to the bit line is one and the stored
information is binary information.

60. The memory cell according to claim 58, wherein
the level number of the first bit-line potential to be
applied to the bit line is at least two and the stored
information is multi-valued information.

61. The memory cell according to claim 53, wherein
the charge to be stored on the first gate corresponds to
stored information and the stored information is
information corresponding to a level number of the
second word-line potential.
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the level number of the second word-line potential to be
applied to the word line is one and the stored
information is binary information.

63. The memory cell according to claim 61, wherein
the level number of the second word-line potential to be
applied to the word line is at least two and the stored
information is multi-valued information.

64. The memory cell according to claim 53, wherein
the charge to be stored on the first gate corresponds to
stored information and the stored information is
information corresponding to a level number of the
voltage between the second word-line potential and the
first bit-line potential.

65. The memory cell according to claim 64, wherein
the level number of the voltage between the second word-
line potential and the first bit-line potential is one

and the stored information is binary information.

66. The memory cell according to claim 64, wherein
the level number of the voltage between the second word-
line potential and the first bit-line potential is at
least two and the stored information is multi-valued
information.

67. The memory cell according to claim 52, wherein
the first non-linear resistance element comprises a pn
junction diode,

one region of the pn junction diode
corresponding to said one end of the first non-linear
resistance element is formed in said one source/drain
region, and

the other region of the pn junction diode
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corresponding to said other end of the first non-linear
resistance element has a common region with said one
source/drain region.

68. The memory cell according to claim 52, wherein
the first non-linear resistance element comprises a pn
junction diode,

one region of the pn junction diode
corresponding to said one end of the first non-linear
resistance element has a common region with the first
gate, and

the other region of the pn junction diode
corresponding to said other end of the first non-linear
resistance element is formed in an extended region of

the first gate extending to said one source/drain region.

69. The memory cell according to claim 52, wherein
the first non-linear resistance element comprises a pn
junction diode having a lateral pn junction.

70. The memory cell according to claim 69, wherein
a pn junction region of the pn junction diode is formed
of a single crystal semiconductor.

71. The memory cell according to claim 52, wherein
the first non-linear resistance element comprises a pn
junction diode, and

a pn junction region of the pn junction diode

is formed of a single crystal semiconductor.

72. The memory cell according to claim 52, wherein
the first non-linear resistance element comprises a
hetero-junction diode.
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