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MANUFACTURI NG THE SAME 5 BACKGROUND OF THE | NVENTI ON AND RELATED ART
STATEMENT The present invention relates to a seniconductor;qug;g gk#ﬁz;
conprising at least 3 transistors, a transistor for read-o ransi's
for wite-in and a junction-field-effect trlamsistor for 10 current contro
a Se”‘Cond“Ct0rIff?ELﬁE_fbﬁ_iﬁﬁ?ﬁiibgg a transistor for read-out, a

transi stor for wi tnctlon-tiel d-effect transistor for current
control and at IeastSE}‘lHFQ)@éU MEMORY [l AP METHQD |OR onpri'si ng at

| east 4 transistcws;Mgnﬂfgmﬁngﬁgm T8k &§8Af-out, a 15 transistor for
wite-in, ajunction-field-effect transistor for current control and a

third transistor for wite- in or a seniconductor menory cel | conpr|5|ng a
transistor fSr BRCS BE E REDZ AR : Elg- ef f ect

transi stor for c;rrent CQRLY ) | 0 tfa '!of for mmlte |ﬁ and at

| east 1 di ode, and a net %@'& g’frer?:eﬁﬁ:f aﬁ* %Zel t(?\;set e conduct or menory
cell. As a|ﬂgﬂsemhsenﬁusbnrcmamgnyocehﬁngoypcesnngtaaréeaas Been nmde
availabl e a dy”@iféﬁs§.§€b£9”dHC{:Q&ng%sESEDF?érCEé{adt LBat, Cé“tPEné’i‘éﬂokofBE a

si ngl e-transi stor_ sem cond{ict or menpr i ncludi ng’ one _transi stor and
one capaci tor s¥olRerHnFrRd QGJuPﬁt%ﬂB‘Sbﬁ%é'Qgﬁ?QBn venrsiskerof9Xrcel I, an

el ectric chpggeceipere canthslpaaasemeonauéeeﬁl ﬁéﬂoi‘ Eéliaééﬁagﬂﬁ!ﬂﬁE to
generate 30 a suf |C|entL¥ g ge voltagg ﬁgﬁﬁ g |% yever, as
the planar di mehstERRSLFEORIRENTFERA G0 S PSLEEPF &PE VEHESe&n'tﬁe
capaci t or for mejunat bopafieldlepfactrtshnpistierr fasesurnentzeonwhothanduses
a new problemt ty Ny i tio 5 s
charge in the c%%aC|¥Q§ %f8%§égge%D$eM@&§Fd#§t§%a@gﬂ°?§ ?ﬁ%§r8§%8 %iﬁg
information is @Url@dstn4nbrééSl%tOIﬁataohr§nal§h9rlfvnlzagé-@hange is
generated ofisthgransidtor for write-in, a junction-field-effect

transistor for current control and a third transistor

for write-in, or a semiconductor memory cell comprising

a transistor for read-out, a transistor for write-in, a
junction-field-effect transistor for current control, a
20 third transistor for write-in and at least 1 diode, and
a method of manufacturing the above semiconductor memory
cell.
As a high-density semiconductor memory cell,
there has been made available a dynamic semiconductor
25 memory cell that can be said to be a single-transistor
semiconductor memory cell including one transistor and
one capacitor shown in Fig. 56. In the above
semiconductor memory cell, an electric charge stored in
the capacitor is required to be large enough to generate
30 a sufficiently large voltage change on a bit line.
However, as the planar dimensions of the semiconductor
memory cell are reduced, the capacitor formed in a
parallel planar shape decreases in size}’which causes a
new problem that, when information which is stored as an
35 electric charge in the capacitor of the memory cell is
read out, the read-out information is buried in noise,
or that only a small voltage change is generated on the



bit line since the stray capacitance of the bit line increases each tine a
new generation of the sem conductor nenory cell is introduced. As neans for
sol ving the above probl ens, there has been proposed a 5 dynanic

sem conductor nenory cell having a trench capacitor cell structure shown in
Fig. 57 or a stacked capacitor cell structuyges Since, homever t he

fabrication-rel ated, technol ogy ts own ligits on e dept f. the
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246264/ 1993 (Japanesed%gfent Lal%tE en ﬁ%g g?% Q% 95% f%%??esﬁ%n %ﬁatto
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(A) and 15 35 (Bl1eé dnDesesexpeheive Laed-tpesr Nols 995 11 1OB5d608Q! £6£S a
first sem dﬁhtlve regéon SClerr] of a first conductivity type forned in
a surface r]géél o)

In the planar dimensions smaller than those of

the low sub-micron rule, the transistor constituting the
semiconductor memory cell also has problems of
deterioration of the dielectric strength characteristic
20 and punchthrough. There is therefore a large risk that
current leakage arises even if the voltage applied to
the semiconductor memory cell is still within a
predetermined range. When a semiconductor memory cell
is made infinitesimal in size, therefore, it is
25 difficult to normally operate the semiconductor memory
cell having a conventional transistor structure.
For overcoming the above limit problems of the
capacitor, the present applicant has proposed a
semiconductor memory cell comprising two transistors or
30 two transistors physically merged into one unit, as is
disclosed in Japanese Patent Application No. 246264/1993
(Japanese Patent Laid-open No. 99251/1995),
corresponding to U.S. Patent No. 5,428,238. The
semiconductor memory cell shown in figs. 15 (A) and 15
35 (B) of Japanese Patent Laid-Open No. 99251/1995
comprises a first semi-conductive region SC, of a first
conductivity type formed in a surface region of a



sem conductor substrate or fornmed on an insulating substrate, a first
conductive region SC2 forned in a surface region of the first

sem -conductive region SCl[err] so as to forma rectifier junction together
with the 5 first sem -conductive region SClerr], a second sem - conductive
region SC3 of a second conductivity type-f@ med in a surface region of the

first sem - condg&&idgné& 9 é&%géfiténgfnf$fﬁgd&5$ﬂééh§%%#%§%1§§ndUCtiVe

regi on SC2, a second conductive e regi on of
t he second senisehskxateyeariirsh QQE@M¢$13% regionf S miomast iin e

junction toget hehrhdd f@&l&ﬁ@f‘dtﬁé”hr%@&ﬁﬂdénd&@t%%ﬁié%; sé‘”d a

conductive gate Gforned Oon a barrier, layer so ,as to brjd irst seni-

conduct i ve regi & &P rform R (FRetEELH l%ﬂﬁEE?PVEOQ%Eh%ﬁ Ytkther] and
S0 as to brisigegiset Ieni_condust ive region S&, abddunc seand

sem - conductive_re ductive gate G hein nnected to a
first menory- c‘é‘?‘?&%ﬁ[’]{aﬁ?lﬁﬁgl‘?%e@g{ ﬁ&nﬁ BE&C 5’612&9&‘%‘\? 1V Y& being
connected to anfonted niti@nsurfice i regboniof theeflﬁ@tasetni-kmomoﬂﬂve

conduct ve, o9 Ao 46! A QIRRL Gk 21Re U AL Seael N

line. The first err annel
form ng reglon5EhpeﬁrFﬁcomﬂecpmdgptdaﬁdaeglm@ €1 borwe} inoafswurfaos as

one sour ce/f§ ai feffon S Oftle éé@o&&%&%d&@@ﬂ&@tté@léﬁ%@nsg%% (to

function as the_other source/drajn region conducti ve gate G

constitute a svﬁ?@ﬁl%gr??%%lf o}um%‘?f?] °‘1§1t¥% ‘ﬁ%‘l‘?értll*%rﬁec‘f% g@Bing
éhe[n ci);]duc'hl v?dmoégl@[ﬁéqimétsn ,UBgid @ncamd@ceﬂ tfe?mfwdeegben
err the first S conductive r to function as one
source/ drain reiAHEL ‘?’ﬁgn@é rﬁf’c%%dti&tl?g’e&-i‘%%% %% ®tihction as the
ot her source/ dr@mndu@glm)regmbn r&:lcanductha/segrmld Goodmsttiiwm gegion
I nformatio t n r ansi t O£ f nis
witten i nnlt%ecga%‘o%ghsga g%n (%laﬁgngrh% cé‘lrlSt cﬁgdgv(\:n\é:l?% rl'%g?r gﬁtss:cgt or
TR err] is browyfl the cesrrsh- W1acou%u<at*‘é%mqglqrhescal the

conductive gate G being connected to a first memory-
cell-selecting line, the first conductive region SC,
being connected to an information write-in setting line,

20 and the second conductive region SC, being connected to
a second memory-cell-selecting line.

The first semi-conductive region SC; (to
function as a channel forming region Ch,), the first
conductive region SC, (to function as one source/drain

25 region), the second semi-conductive region SC, (to
function as the other source/drain region) and the
conductive gate G constitute a switching transistor TR,.
On the other hand, the second semi-conductive region SC,
(to function as a channel forming region Ch,), the first

30 semi-conductive region SC, {(to function as one
source/drain region), the second conductive region SC,
{(to function as the other source/drain region) énd the
conductive gate G constitute an information storing
transistor TR,.

35 When information is written in the above
semiconductor memory cell, the switching transistor TR,
is brought into an on-state. As a result, the



information is stored in the channel formng region Ch[err] of the

I nformation storing transistor TR[err] as a potential or as an electric
charge. When the information is read out, a threshold voltage of the
information storing 5 transistor TR err] seen fromthe conductive gate G
vari es, depending upon the potential or thg electric charge stored in the

h | f ' ' R of t f t tori t | st
TRUerr].  Thor oiBLTRoR e EHESTham IS TRt rorPd (AR dhy o of
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transistor BR ¢riahsiFtdr R, &‘@éﬂ EP6mi eﬁeraahaeetwer&aée%tvakkles
I nformation storln% tran5|stor err| brought into an on-state Or an

off-state, dep iggo MPORe Ly td-ﬂ]st"é'r g destricsihdéddehe second
conductive registoredt i20 the ehamerileddrminke Qiihd(m;n@fYtﬁéI | -sel ecting
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However, when ofmation iS°rea nmenory cel

has no nechan|§#ﬁfmﬁg@dﬁﬂdﬁ oifng Fﬁ@n@ﬁﬂrGNIﬁWW¢cHlmFéW§lmﬂr@ugwrphe first

30 sem - conducina¥® iftededn byCapp AWiped g@g Cicest ReWGlahVed €gi on
SClerr] and th Iég'é'on bg m - cgngkéﬁﬁc rﬁg e Thgggfore when t he

i nf ormati on st PR 1ver §ak&: Con gﬁﬁr%ﬂ o E%? % Fead oyt By
detected with tibtec&ﬂ.dg(:th‘eemtrat@pnomtﬁt& sifalthemingotrmaft ibhe stordwyg ent

whi ch flom§ be g%%% gg st sem -conductive region SC[err] and the second
conductive regl é% F] $° obt ai ned, which causes a problemthat the
nunber of the -5- That is, when the information is read out, the

information storing transistor TR, is brought into an
on-state or an off-state, depending upon the information
stored therein. Since the second conductive region SC,

20 is connected to the second memory-cell-selecting line, a
large current or a small current may flow in the
information storing transistor TR,, depending upon the
stored information (“0” or “1”). 1In this way, the
information stored in the semiconductor memory cell can

25 be read out by utilizing the information storing
transistor TR,.

However, when the information is read out, the
semiconductor memory cell has no mechanism for
controlling the current which flows through the first

30 semi-conductive region SC, sandwiched by the first
conductive region SC, and the second semi-conductive
region SC,. Therefore, when the information stored in
the information storing transistor TR, is detected with
the conductive gate G, only a small margin of the

35 current which flows between the first semi-conductive
region SC, and the second conductive region SC, is
obtained, which causes a problem that the number of the



sem conductor nenory cells connected to the second nenory-cell-selecting
line (a bit line) is limted. OBJECT AND SUMVARY OF THE | NVENTI ON 5

It is therefore an object of the present invention to provide a

sem conductor menory cell which attains the stabl e performance of
transistors, a large wi ndow (current diff-er®enee) for reading out
o At O ot Ok&fl1LBEAEERO R IREEY' 681007 ARLESLER' +0' PFASLABSRG! 10,10
provi de a | ogi c sem con 'S an obj éct of the
pr esent |nvent|m@m©pr¢§ild§ebe§§hn90hGuet6a heﬁnlyDQEILScbnpltGdng at

| east 3 transistors, a transistor for read-out, a transistor for wite-in
and a junction- 15 freld effect transrstor for current control, or a

sem conduct or reey SRR PEERNELENT or read-out, a

transi stor fer wi te in, m—_ j;_lsn(ﬁﬁgi@ffd;[@ dm @fﬁg@at Ufart:nrestp@;resfe@ft current
control and at least, 1 di € g F S fi Ject
of the present TRYEREIGH 18 BF%V%G@ 4 SETH.CORAUCESF ﬂﬁﬂ%?¥ i sing
at |l east 4 transtsaims,thetstabletperformanad- ofit transisberst oa large
wite-in, aju -} f t f o

third 25 transpg% Sﬁﬂr?ﬁ£ §?£5%£§ﬁ§%21géﬁdgé ayﬁﬁegﬁt Jp'll;qfﬁsf‘)ll“corrprrsrng
a transistor fo$t¢eed ‘éhereantaadspem;tﬁommm’eesmah dlmensmns or

junction-figpd- €$f§£6vi&én§'fé&icfQémié'éﬁ&ﬁ&tSEnﬁéﬂéryacéﬁrd transistor
for wite-in and at least 1 I's further another

obj ect of the present inF&FEREE dtpisy Bl obIesH ofhdhe Brefentry cel |

havi ng t][re abﬁvmvem'f:mﬁ tdsapﬁosméSaa@dmﬂcoﬂaumgedemilsp ®sEl and af
process for the manufacture,t ripciple drawings o

B oo ia re | RORRRIAERY e TREFC 3 FRoRRTe kS B EEAR e fBE IR g (o
a first aspect néadheupreaehranayeheroﬁerth3L9e+snpan&ideﬁumctﬁmneonductor
menory cel '1§°”f’ié? ”Sffecf:{:ré{-ansm@ortfé‘PSéﬁI:Pénﬂ_R&%&off Sefirst

conductivity type r ead- out
semlconductor memory cell comprising a transistor for

read-out, a transistor for write-in, a junction-field-

effect transistor for current control and at least 1
diode.

20 Further, it is another object of the present
invention to provide a semiconductor memory cell
comprising at least 4 transistors, a transistor for
read-out, a transistor for write-in, a junction-field-
effect transistor for current control and a third

25 transistor for write-in, or a semiconductor memory cell
comprising a transistor for read-out, a transistor for
write-in, a junction-field-effect transistor for current
control, a third transistor for write-in and at least 1
diode.

30 It is further another object of the present
invention to provide a semiconductor memory cell having
the above various transistors and diode merged into one,
and a process for the manufacture thereof.

As shown in principle drawings of Figs. 1A, 1B,

35 16A and 16B, for achieving the above object, according
to a first aspect of the present invention, there is
provided a semiconductor memory cell comprising a first



a second transistor TR err] of a second conductivity type for wite-in, and
a junction-field-effect transistor TR[err] of a first conductivity type for
current control, 5 wherein: (A-1) one source/drain region of the
first transistor TR err] is connected to a‘fredeternined potential, (A-2)

t he ot her source/drain region of the first @ransistor TR err] has a comon
region with oneg S{ 9F a4 ] 'qn?ﬁ} #ld = >t
transistor TR er]r?fi,*és(:A- ?iagﬁ’ggac&e %ﬁlgér}: oeﬁr r ﬂoJf e |Jrésteé(%r :’lﬁlésﬁt%urt'

TR err] is_conn%p?@ﬁoﬂé rapgiptas Qfe|a -srgand igRdudd vty HyRshe
source/ drain regbpnupitébenpesnadat fanet $6ALF I8 @LEFFEEL COPAREI 8E0FOTR, |
second nenory-cell - %5 selectlngtilne, e ot her source/fraln regi on

B-2) .th
of the second tPEnRi ELEFt 18ONAUCtIVIEKBRPR EPHCHFRNY CPRRERL Y f or ni ng
region CH ers] of the fixdilereisisi stor TR err] and with a first gate region

of the junction-fielcﬂi ffeé:t (2)% nﬁgtor T%err]d (B-3).a.gate region
Jerr] of the secondtTahsT&y l}I'%:iéei I RSIEP 1 (4R AR

menory- cel | - sel exansystoneTR{ Gsl connsdmt tpatee pregietrerpfindgde potential,
junction-field- effegf_4vansl Y f AL St [

t her eof throughta che n’gfg)liegrzﬁgi on e&%&ﬁﬁ%ﬁ% ,f%%éogﬁéaﬁr?{elfgr%é‘g .

CH err] thereof tERRHYS edE] & QEUHPIHITeHOHHAL Ong Eougicg/duaddl on
of the fi rSiOtr?é'@iéﬁOéfTﬂlér%ﬁnc@ﬂ@n-(-@i@idléffééﬁeﬁr&ﬂé‘i@@éf‘r’.ﬁkﬂ regi on of
the 30 junction-freld-effect transistor TR3_i osi.tioned in.the extended
regi on of the other &utk& Haks TeHYh B °tfh§h1gi %&Fsgr §ﬁ§P§F~8F°fRF§H] vi a
t he channel regisncéhfiectéd ¥s ahbinst mempry+rcepl eselavtiggolikeg. 1A the
sem conductor nmenory,.cell acc | the first 3 e f {he present

i nvention preferabl y(igls) é)%beo%oﬂlgft}’?e t(?roanﬂlx nlte\i/éi‘l‘oclh ‘)t%é%%s)eeg%er??fng&at e regi on of
t he junction-fitfansiseer TRals soonetrR®d $aansecoad mempry-cell-second

predeterm npsl polEOLt fhg Pige! he ot her

(B-2) the other source/drain region of the second
transistor TR, has a common region with a channel
forming region CH, of the first transistor TR, and with

a first gate region of the junction-field-effect
20 transistor TR,,
(B-3) a gate region G, of the second tramnsistor TR,
is connected to the first memory-cell-selecting line,
(C-1) a second gate region of the junction-field-
effect transistor TR, faces the first gate region
25 thereof through a channel region CH, thereof, the
channel region CH, thereof being an extended region of
the other source/drain region of the first transistor
TR,, and
{C-2) the other source/drain region of the
30 Jjunction-field-effect transistor TR, is positioned in
the extended region of the other source/drain region of
the first transistor TR, via the channel region CH,.
As shown in a principle drawing of Fig. 1A,
the semiconductor memory cell according to the first
35 aspect of the present invention preferably has a
configuration in which the second gate region of the
junction-field-effect transistor TR, is connected to a



source/drain region of the junction-field-effect transistor TR err] is
connected to an information read-out line. Alternatively, as shown in a
principle drawing of 5 Fig. 1B, the sem conductor nenory cell preferably
has a configuration in which the second gate region of the
junction-field-effect transistor TR3 is eoffnected to a second predeternined

potential, and | ty | f r r Lo region of the
junction-fiel d-éel%&gek?f %%%%%%%rpﬁ'{gng%%fbn%%;oﬁ%géﬁé}n region of the
second transi stipunggéirain xegion pHhe, jmnetiontfield-efEeqtionn in a

principle drawgghmdidtdr Br, ke cOANVI o0 an"INFOY el ion B aldUduter
conprise a diode, D, and preferably has a confhgﬁrathn i.,n_which the second
15 gate regi on b¥%he H adiveldi g B8 Shawn dh & prdnciple draving fect ed
to a Secgndhﬁr mﬁfmﬂe?lé)%@ﬁﬁ:@hdﬁmbf e ¢l %f@teﬁb&fﬂidﬁaaén .
region of the junction-_field:effect transistor, TR.err] is conpected to the
second predet er‘fth’#ejog‘b%?te%?? at® t‘m:'o httfehes%‘%%lb% %t? ?gﬁlemﬁ(f)ﬁr ngs, the
first menory-cejinceleontfigldietfect refans tston BR; '16STonnEEtedad tahe
second nenory- = LSt d [ d y . her,
as shown in a %é\%?%ﬁ%ﬁ%é%w ngirgk?d I'—%Eéﬁ?ﬂ%ﬁ'e %slghm'a% éyct%élyi%%é%el I
accordi ng to tRf Xhe othen Frprcefdrain gregion ohvar | Bingkigrrebeldhas a

configuratimy idffdvehetdips{dter BR! anteone sadstcelZaradnordqddint oednen of
the junction-field-effect tran3|storﬁg§&§rg] arg connected fo each other, a
n<r

junction porti GiPHNG HLRFEFLA FRre PgR Br thktepnatively,
junction-fiel d-: fstodwni rionsa Poindiftl @rdcaning of gaigl &8 0 gagi on of the
second transi st J ' d of t | ode '
connect ed o { ORI RS 4 Lt e iepiiiis€ € Tede v
principl e draniangs pfe3srably has/a aenfiBRirationcm odridiic tithe reeaond cel |
preferably S | td | | o | | e
econd 11 ansy sty Faa SE LIS U LANGT RO S R ot
regi on of thejqﬁﬂgqqﬂgqqqg(pqﬁqeﬁﬂcond predetermined potential and in

which the other source/drain region of the junction-
field-effect transistor TR, is connected to the second
predetermined potential through the diode D. In the

20 drawings, the first memory-cell-selecting line is
referred to as "1ST LINE", and the second memory-cell-
selecting line is referred to as "“2ND LINE".

Further, as shown in a principle drawing of

Fig. 7, the semiconductor memory cell according to the

25 first aspect of the present invention preferably has a
configuration in which the first gate region and the
second gate region of the junction-field-effect
transistor TR; are connected to each other, a junction
portion of the other source/drain region of the

30 Jjunction-field-effect transistor TR, and one
source/drain region of the second tramsistor TR, forms a
diode D, and one end of the diode D is connecteé to the
second memory-cell-selecting line.

Further, as shown in principle drawings of

35 Figs. 16A and 16B, the semiconductor memory cell
preferably has a configuration in which one source/drain
region of the second transistor TR, has a common region



transistor TR3. In this case, as shown in Fig. 16A, the sem conductor
menory cell preferably has a configuration in which one source/drain region
of the second 5 transistor TR err] and the second gate region of the
junction-field-effect transistor TR err] are connected to the second
menory-cel | -selecting line, and the other Source/drain region of the

Y e oot . . ! o
| oad- our 10°1 | netiEiEng @R Mat | Ridlod b MHE ot R ieldl & SRt
menory cel | prdPAHHSEHATRy -cobRi Batat Fa%ei mihFhewnntn shigecel @R ai Bheegi on
of the second tgeiiiddidictdl AdnoRNLLTE PSSR} thdL H Ubifidd¥ation

junction-field-gffect .transistor ery] are, connected to 15 the second
meror y- cel | - sel ISR e sqrrce FeEI e i 8950 her '
sour ce/ dr ai 15 r egtams idftdiherg,uaati the beebifideyhtet regdoai sfothéRlerr], and

one end of the djode D is. n ed to the se ry-cell-selectin
line. As shown ﬂp‘%ﬁoﬁf:'%re?‘g?%%%ﬁ to’fa‘hﬁlgs}océ)gfgﬁggoggf,gef: 3F8a§ﬁ’i lavigng
the above obj edthe sraond memare-celbrikkapuing dinde gnddde athention,
there is provi %&éﬁd(?uagftilf‘w ¥n BF U e CRIdcCRII ¢ S S fddiSt transistor

TRerr] of a first co ty type for read-out, a second transistor
TR err] of a sdesiediRIudRB.yv LBy cPppectsds §p api iafpgmagion read-out

junction-figl d-effect all terpativel 3 aslf shokin’ $h #agduesi,viche type for
current control, and di,ode D erein. (A e source/drai,n region of
Che first 30 ¢ FBMCmpoHRS MR St Hisf euahion Ha 7 o i n
regi on of the jimathiwh fors daifestdtaianstetion TFf ahd seodbnd the ot her
S or ¢ S sl il LRESRSLAR JRLE Chossacgpneked (03
gate regi on J gumctgiontfidglid-affecihdizanaistRie/R,; asecoanaectadt oa first
menory- cel lysseldfd igidhdid Srenldiybc NS SOEQS Y alihd e U Ligildde spond
"9~ transistor f-gﬁneerc{ ]ir: Sthceorg{: Céredsc;[uorc;[eh drsaei%or}degrri%r;lorgg %:Gi\lle -junction—
field-effect transistor TR,;, and one end of the diode D
is connected to the second memory-cell-selecting line.
As shown in principle drawings of Figs. 10 and
20 21, for achieving the above object, according to a
second aspect of the present invention, there is
provided a semiconductor memory cell comprising a first
transistor TR, of a first conductivity type for read-out,
a second transistor TR, of a second conductivity type
25 for write-in, a junction-field-effect transistor TR, of
a first conductivity type for current control, and a
diode D,
wherein:
(A-1) one source/drain region of the first
30 transistor TR, has a common region with one source/drain
region of the junction-field-effect transistor TR,,
{2-2) the other source/drain region of the first
transistor TR, is connected to a second memory-cell-
selecting line through the diode D,
35 {(A-3) a gate region G, of the first transistor TR,
is connected to a first memory-cell-selecting line,
{B-1) one source/drain region of the second



selecting line, (B-2) the other source/drain region of the second
transistor TR2 has a conmon region with a channel 5 formng region CH err]
of the first transistor TRlerr] and with a first gate region of the
junction-field-effect transistor TRerr], (B-3) a gate region & of the
second transistor TR err] is connected te Bhe first nenory-cell-selecting
line, 10 < 1), d.ga ' ' ljop-field-  effect
transi stor TRB%%%éégfaggﬁﬁgs gggﬁghgggggh% h%?%b%%?%%gugﬁEQQ&ﬁﬁﬁah'region
CH3 thereof, tEelkdethimd ¥iagon CHerr] thereof being an extended region of

one sour cel drai N 1 g0 0k BefidrS pohiRddlh Th] ofthelSecona (C2)

the other source/drajn g@gn the junction- ] ect transistor
i s positioned itransistandi. hagi ancemmeRe regien wathca ghanpeldegi on of the

first transisst Gorhfy rﬂeg/ioleh gifaghel riegorrenksEtbr ;e-ngi_é@ cRpEgct ed
of Fibs. 10 and: ZLEAh AL TP ATt e the cecond
aspect of the eaenistiowdaR,on preferably has a configuration in which the
second gate region _tLhe j i on-f.i el d-ef Ee t | St Ls..capnect ed
to a 25 second _predgﬁset?ﬁi r?legg%tgt %%ﬁf“’:gﬁ %AI %érﬁ%?i%%?é#éag{‘%%%{ﬁv\%{:?ﬁ @Hﬂ
pri ncijpl e ;:Ir_a}[/m;xmslmn?@d 1%131;8%4;51: m@mfﬁmidgaeiremgm ;fmé
according {ig the seqend)aapaelofly LA F2Y30N bE' EHel IRnREIbE-FAlat 1S 2
ate 30 t he

configuration in which the secon region o .
junction-fiel deffact wransistiar TRfpreegokhecfdgstodpke regdengate region

thereof. As shaMerddPdriNrouyle dichdnies Hedidis cH,98hapdoZ9Bthkhe

sem conduct or ngﬂpr cell accgﬁglgﬁ to %hg second aspec a t he regent

i nvention furt & S PrGO3s P A ALt GFCPREEF F2E°] S&cond
conductivity type fsmuneeAdraim regiodrproff entedb|fid s taransifstgnr AR, enand
whi ch the ond gatg_Kegi €l Lan-f:iel.d- e - 10 -
transi stor TR err] Kg gqug%tggh%% Fﬁgg%%ﬁggaégtg%Pgéﬁoﬁk the
junction-field-effect transistor TR, is positioned in an
extended region of the other source/drain region of the
first transistor TR, via the channel region CH,, and is
connected to a predetermined potential.

20 As shown in principle drawings of Figs. 10 and

21, the semiconductor memory cell according to the

second aspect of the present invention preferably has a

configuration in which the second gate region of the

junction-field-effect transistor TR, is connected to a
25 second predetermined potential.

Alternatively, as shown in principle drawings
of Figs. 13 and 24, the semiconductor memory cell
according to the second aspect of the present invention
preferably has a configuration in which the second gate

30 region of the junction-field-effect transistor TR, is
connected to the first gate region thereof. As shown in
principle drawings of Figs. 29A and 29B, the '
semiconductor memory cell according to the second aspect
of the present invention further may comprise a third

35 transistor TR, of a second conductivity type for write-
in, and preferably has a configuration in which the
second gate region of the junction-field-effect



thereof through the third transistor TR err]. For achieving the above

obj ect, according to a third aspect of the present invention, there is
provided 5 a sem conductor nenory cell conprising a first transistor

TR err] of a first conductivity type for read-out, a second transistor TR2
of a second conductivity type for wite-Fnl0ard a junction-field- effect

sai d sem conduck5RRbAGes By SRRt dd LR LB 'Ble A | g on
SCl err] having hheeegﬂdtbnnﬂgbtthetyh&ygetrébﬁlatQEcmﬂd sent conductive or
conductive region SC2 forggd %"s"flﬂ Gfe ra‘?ﬂid%f‘dﬂ etcj%_e crc%trdﬁﬂ;‘

SCerr], 15 said second re |on rmng a rectlfler unction together
with the first Ehirdnaspeet:pf the prefenl iawentdaBucthorerigi provifed |

for rreg ina §Ur£a§émi.6§haﬂgﬁ{>ﬁtﬁ&n&tyséelggcsbéﬂpﬁﬂéﬂﬁé]ggﬂgr§ﬁaced frotmthf
second region err sai i i on ing a i conductivity
type, (d) a fou%%ﬂnﬁiﬁFoﬁdmhuﬂf {ﬁkﬁﬁnﬁﬂﬂﬂqQ%}Wiky

surface region afsébendhtrdnsﬁgton BR] of |a sﬁndhd(nuﬂdudtxyxﬁy

formng a recti eth t [ nd 25
(e) afifth sen%bgoﬂ%ggé 5880%d§£9$%23935$e%8 EfE??? €ga§%%§%éLaTﬁ
surface regi on of ahﬁlratrqonégcmeSCYetYPeaﬁqrspu:edntr@mntnelfourth

region SClefg], said fifitdysf unction
t oget her V\n%?t the third %’Jeigfg% i&]od:f Q‘{emdﬁ %erlg‘v\/ftlt]lafvll%rr?J 1)

sour ce/ drai n regi ons(®¥ a Helx¥st sﬁeft‘?aﬁ%ﬁ%‘!‘iﬁlmléﬁgl}mar@mBﬁ?tll'ﬂﬂutaed of the

second regi on S§E€bhd aaﬂdﬁbel&htydtygg;on SC[err] (A—2) a channel form ng
region CHerr] of t ébflrst 35 transj stor
h

%’n stituted of a
surface region of the¥iF FETHY BT Th 'b‘{}]“tt?fe & TP egi on
SC2 and the this$d, feginedd S@ & rdurfacq Ad)ion gdi eheediiostGrergiorofsa,he
first transjstog, Il g6&bnkSrbgioRUse) folitid o HedtTesed’ Tbho¥iddre surface

together with the first region SC,,
{c) a third semi-conductive region SC, formed in a
surface region of the first region SC, and spaced from
the second region SC,, said third region SC, having a
20 first conductivity type,
(d) a fourth semi-conductive or conductive region
SC, formed in a surface region of the third region SC,,
said fourth region SC, forming a rectifier junction
together with the third region SC,, and
25 (e} a fifth semi-conductive or conductive region
SC; formed in a surface region of the third region SC;
and spaced from the fourth region SC,, said fifth region
SC; forming a rectifier junction together with the third
region SC,,
30 wherein;
(A-1) source/drain regions of the first trensistor
TR, are constituted of the second region SC, and the
third region SC;,
(A-2) a channel forming region CH, of the first
35 transistor TR, is constituted of a surface region of the
first region SC, sandwiched by the second region SC, and
the third region SC,,



region of the first region SCerr] sandw ched by the second regi on SC2 and
the third region SCJerr], 5 (B-1) source/drain regions of the second
transistor TR err] are constituted of the first region SClerr] and the
fourth region SClerr], (B-2) a channel formng region CH err] of the second
transistor TR err] is constituted of a sdrlace region of the 10 third

region SCerr] sandw d Y. regign a r regi on
SClerr], (B-3) a gat gl‘% a(g]aer eié:u%n eosegg%%é%lgﬁs?gﬁérgi‘?kgg L‘lJikI‘orrred
on a barrier |ay%rf¢:m©®domnath@rsuerabeyeng@nmed emethei surfageon S err]
sandw ched by (A& féps8f léxéeﬂif&%gté %?d et idHed) By Bt s¥ddfild |

(G1) gate regions_of th Junctlon- ect transis are
constituted of ¥%1‘Pﬁlf$¢u o dhes OoR $htion of the first region

gﬁ%err} f?Ct ﬂg t he Icﬁ-tﬂ)f fﬂx@b/?ﬁﬂﬂ ]re ﬁmst of %@e@xﬂtm{rﬂ%ﬂd@g#ﬁn t
err] o e nction- e ansi stor i s, _constituted of par
of the third re’%#o %%%rﬁrﬁthrre@dt%‘n%%? 1tBfd said
portion of the f¢usthrrggimn5ﬂ¢;¥r] (G 3) source/drain regions of the
junction-field- 25 r [] £ u third
region SClerr] ext eﬁtﬁﬁ% faromr%“f }glbgtﬁteglt%annél éD%‘e{gﬁ‘lﬁgng f)grsr] of
the junction-fittapsister TRads s:tomstm[tmed] Of( B) suxfaget FegdgrowfGtdre | of
the first ty@nsipifd J&y£oh|scndan it HH0 e Frah Hogisacetd and

transistor TR2 areé 30 connected to a first nory-cel | -sel’ecting*line, (E)
t he second reg|W§91¥%hc¥ﬁMe%C¢ro a predeterm ned potential, (F) the

fogrth regi on SO err]B-J 2 R atbdidbm @eagndhae%eﬁgaetkaﬁghgebrnmatI ne,
gpedgfer ni ned( gﬁt t??trag%/%?]fﬁ% %?}?%Zf‘gﬁ{‘]f%gﬁu%ﬁ%ra?@fﬂ?@n cel |
-12- according Jtcagidme ctfnttdeaastpzm négidm $Cesamdwichedt byn thehd ifrsftt h
region SCefd] fBy;dif SONIGE te! ot edlion sc,,

(C-1) gate regions of the junction-field-effect
transistor TR, are constituted of the fifth region SC;
and a portion of the first region SC, facing the fifth
region SC,

20 {C-2) a channel region CH; of the junction-field-
effect transistor TR, is constituted of part of the
third region SC, sandwiched by the fifth region SC; and
said portion of the first region SC,,

(C-3) source/drain regions of the junction-field-

25 effect transistor TR, are constituted of the third
region SC, extending from both ends of the channel
region CH, of the junction-field-effect tramnsistor TR,,

(D} the gate region G, of the first transistor TR,
and the gate region G, of the second transistor TR, are

30 connected to a first memory-cell-selecting line,

(E) the second region SC, is connected to a
predetermined potential,

(F) the fourth region SC, is connected to a second
memory-cell-selecting line, and

35 (G) the fifth region SC, is connected to a second
predetermined potential.

In a variant of the semiconductor memory cell



region SClerr], in place of being connected to the second predeterm ned
potential. 5 The sem conductor nenory cell according to the third
aspect of the present invention including the above variant preferably has
a configuration in which a junction portion of the third region SC3 and the
fourth region SC4 forns a diode D, and onRel2odrce/drain region 10 of the

onctionfield. . : \ .
horror ycel | - sel SepoEaihanes, Ehe ullry 256880°GF nb tpbdfedE Bhlent ion,
menory cel | accehei f5LEh regieni 56 Faede sonnestad dantthenfdmston 15

preferably has pegoohi 0]t bildbeVyfC by dnnedted YohLBddmeur face
regi on of the thlr& gegépn corresponding to (or functioning as) one
source/ drain r SFeReberRhRed PREER 2 el d-effect transistor TR3, and one

source/drainsregi on of tithel weaticonductbt ekl 2@11r acsioriddhgl Rcerhle i S
connected to the s &ond grgde%eggined gotential %hrou h ih&.dio e D. For
achi eving the éﬁ%ﬁg oBFRTET Ak cHhai PECTERY 1RYeR l%gpg%? UER9 B esent

i nvention, therabogepvarviaet preferaibhylukasra neomf igredticonniniwhichaafir st
25 transistor T f b St Qﬂﬂ% L ViLY. f r +Qul , cond
transistor TR eﬁl?égjfog g@%%%#c%ﬁcjuc icf'/f#}i‘/&tr%%ﬂ?%réﬁv& i":lt(?%?lit(r?ﬁé gr??%%
junction-fiel d-¥89teR $¢qoformsom RS Da oneo FOUFCe/idrp iny Fedgion

current conigolef Sehd FOREEOMIUEL OFq IBFREYE COFAnSEYESE: TRO is connledted
first sem -conductjve rggl err| V|ng a second, conducti vjt type, (b)

on S
a second seni - cohdtRe i $eCPRYGi BN ¥ 1% 129 oL LR FERECTER i Theof the
first region S@bsdé¢,Dsaid second region SC2 having a first conductivity

Surface region of the 1 FOFLREr oniacp e eibhy, ST Scoond

regi on SC err],aceexdimg reo ridhe orhBCB aspecty ehecthe prasgent fimeention

conducti Vi tys t yPrerd AL Py 1194 1) S61E 1 GPPAULSA Vin Qbn LN UG e BHON
formed on the surface region of the third region S8C,
corresponding to (or functioning as) one source/drain
region of the junction-field-effect transistor TR,, and
one source/drain region of the junction-field-effect

20 transistor TR, is connected to the second predetermined

potential through the diode D.

For achieving the above object, according to a
fourth aspect of the present invention, there is
provided a semiconductor memory cell comprising a first

25 transistor TR; of a first conductivity type for read-out,
a second transistor TR, of a second conductivity type
for write-in, and a junction-field-effect transistor TR,
of a first conductivity type for current control,

said semiconductor memory cell having;

30 (a) a first semi-conductive region SC, having a
second conductivity type,

(b) a second semi-conductive region SC, formed in a
surface region of the first region SC,, said second
region SC, having a first conductivity type,

35 {(c) a third semi-conductive region SC, formed in a
surface region of the first region SC, and spaced from
the second region SC,, said third region SC,; having the



SClerr] formed in a surface region of the third region SClerr], said fourth
region SClerr] formng a rectifier junction 5 together with the third
region SC3, and (e) a fifth sem -conductive or conductive region SCerr]
formed in a surface region of the second region SCerr], said fifth region
SClerr] forming a rectifier junction togeth®r-with the second region

SClerr], 10 first cdﬁlfﬂ&i\iiﬁf"@ogéource/ drain regions of the first

transistor TR err] are constituted of the second region SC2 and the third
region SClerr], (A Af)aacomrdh memdi-aendigtdvecre copdictiye meaion 5

transistor TR &4d,] fogmeaNshi hUEaE faked redibaC O£ efleORh@frdt Regfibnssd, £gi on
SCerr] sandw ched, by the second regiagn SC2 and the _ third regiqon SClerr],
(A-3) a gate r&ftish ‘E‘F‘?el'} TRIYM 9G¢ LOTMANGs s CEFHERILEF PUPETAOMed on a
barrier |aye ftwgerhemn with sthié adei) regiam Sd,,t hadf i rst region SC[err]
sandwi ched by the s ngd rLg.on er { he i i rr], (B-1)
source/drain regi ong(égf gt ﬁg'%lgglcgﬁ%g ré’lﬁ‘s‘ﬁsé%&};érﬁ%harogldé%%&% itggg.og; t he
first regi on SEG&r fprmed theaf surifaceegiegio8Cosr the g&cond regRod) S€,,
channel formn i [ Jafad N t Is s ' onstituted
of a surface r%ﬁ% fc?frﬁt(qj.eﬁ%%#orrg Srée"g?S%El%%gdsaa%%\%igﬁggib;i@t%ﬁgi?ﬁrst regi on
Sderr] and t h&gaskher ity Fhscsgdqnd (pe@iom ave region Jerr] of the

second trang stor TRl errghéPeiifi;f ormed on a barrier layer formed on the
surface 1euon of (g oSl el SR 3 Slgh A Wl AN 591 0"
junction-fiel deK,fare toassisutedTBfethe seeocadnsegiiones8Cofardiethefth
region Sqerr]éﬁ@i?ég%té@n of the first region SClerr] facing the
fifth region S(err], - a*Channel region CHerr] of the junction-field-
- 14 - effect transi(dtad) FREdannels fogmdnia cesdonr CHaref othe hixstond
region SC gy ]| tSamissaad @y §BecbhbththealossSel 8tkkadBdregion of the

first region SC, sandwiched by the second region SC, and

the third region SC,,

(A-3) a gate region G, of the first transistor TR,

is formed on a barrier layer formed on the surface

20 region of the first region SC, sandwiched by the second
region SC, and the third region SC,,

(B-1) source/drain regions of the second transistor
TR, are constituted of the first region SC, and the
fourth region SC,,

25 {B-2) a channel forming region CH, of the second
transistor TR, is constituted of a surface region of the
third region SC, sandwiched by the first region SC, and
the fourth region SC,,

(B-3) a gate region G, of the second transistor TR,

30 is formed on a barrier layer formed on the surface
region of the third region SC, sandwiched by the first
region SC, and the fourth region SC,, '

(C-1) gate regions of the junction-field-effect
transistor TR, are constituted of the fifth region SC;

35 and a portion of the first region SC, facing the fifth
region SC,,

{(C-2) a channel region CH, of the junction-field-



said portion of the first region SCerr], (C 3) source/drain regions of the
junction-field- 5 effect transistor TR[err] are constituted of the second
regi on SC2 extending fromboth ends of the channel region CH3 of the
junction-field-effect transistor TRerr], (D) the gate region Jerr] of the
first transistor TR err] and the gate regibh g err] of the second

transistor TR t . i S - sel I ng |ine,
(E) the secondeéé%?%w}%%n%t é‘% ?’Sf“gg%tr';‘e‘%?g?% &ggltp§%e§§’%al , (F)
the fourth regiSgray] gregion S&nFesdwdchedabyetbed faElbr yegdpn- §€6s eandng

line, and 15  gajd (fBrdfsh fdf hd o8t Sdgidd 46 connected to a second
. 5 .

predeterm ned potential. In a variant of the sem conductor nenory cel
according to the fodfH )a§§é‘€f’et{ﬂ_rtaﬁé1 FESEONSs oy &he genctienHfieddegi on
SClerr] may $oe epmmasttathididter fR,shrélcoasitatudeliebr] thensekbagaa of being

connected to the seco predet er.m ned potential.. Th m conduct or nmenory
cel | accordi ng %949 uﬁﬁﬁeaaﬁegt%EPgth&tbrggéﬁt°$n§§ﬁtP8ﬁnPﬁ | udi ng t he
above variant prefimmmill, bfisthecnhcgioatfdeldrefifech arahsistoli ®R,portion

of the third region I fourd h _Fegion r .ode D
and one source/draiAﬁsggngg%E%tk%g?fggfit?ghgkgt%$§%f%%%? Q%€§%gng%bted to
t he second nen®nd ddie -gatiediegipn iGeofhtbggRecpaddtsarsbstesr TReARS | ng

the above afj eonmeAUditRd 4 F B30 ddnddy-2eentsfedtihriagRNt i nvention,
d

there is provided a sem conductor, menmgry cell,coqgr|3|n a first transistor
TR err] of a first d&dd PECPNd) FIAGR SCadid Fornecked P 13 ansi stor TR2

of a second conaidbermidedpdtaEntidl,e-in, and a junction-field-effect
transi stor TR3 35 of ucti vit pe.for_current, contro

sem conduct or nennr§F§e& %ﬁg %%3, f??l§n¥§ stl%é%?g%%ﬁﬁﬁ§f?9éar%%?%ﬁéald
SC err] havi ng memorys exdid-sedresiicitiqyitine ,y@md (b) a second seni-conductive
or_conductijee T egi ORGF ZROETREN e it RCCiL CSbhlleOled N6 fd 'SLcd RO O
SCerr],

predetermined potential.

In a variant of the semiconductor memory cell
according to the fourth aspect of the present invention,
the fifth region SC; may be connected to the first

20 region SC,, in place of being connected to the second
predetermined potential.

The semiconductor memory cell according to the
fourth aspect of the present invention including the
above variant preferably has a configuration in which a

25 Jjunction portion of the third region SC; and the fourth
region SC, forms a diode D, and one source/drain region
of the first transistor TR, is connected to the second
memory-cell-selecting line through the diode D.

For achieving the above object, according to a

30 fifth aspect of the present invention, there is provided
a semiconductor memory cell comprising a first
transistor TR, of a first conductivity type for‘fead-out,
a second transistor TR, of a second conductivity type
for write-in, and a junction-field-effect transistor TR,

35 of a first conductivity type for current control,

said semiconductor memory cell having;

(a) a first semi-conductive region SC, having a



said second region SC2 formng a rectifier junction 5 together wth the
first region SClerr], (c) a third sem -conductive region SClerr] forned in
a surface region of the first region SCerr] and spaced fromthe second
region SClerr], said third region SCerr] having the first conductivity
type, 10 (d) a fourth sem - conductt Vi region SClerr] fornmed in a

surface reglonég &Hdﬂéﬂiﬂﬂgy‘éyﬂé”f] said fourth region SC[err]
pe

havi ng t he secon con uctirvity t and (e) .a gate region G shared by the
first transistor TR(& P &8FoRRe FendugStdver or FRM iver megion a 15

barrier |ayer sr,agokfelr ifloa hhefaeéoné iedi 8f Sﬁbefi}:sene}ebhent Ber d
reaon e Ak Madbind SRS SorLish feeaRi gtk hpifoh® oVt
20 TR err] a?_eungeaihémtvad:lpftltehefmto@g;em @C,;$C2 and a surface region of
egion S err] and (ha PoReRd BmIeBmErive ReBR0 SR Foried Fr g
region CH err] ssfrfidee ftegionn®f r‘l‘éhi-‘sifsima‘t TRigdon SG andsspaqeédfvbma
surface regi ontq{ thesddd ?edﬂ‘] (’B 1§5_ ]tﬁggﬁdragggnbgc '\Ehé egi on

SC2 and the thlr reglon sour ce n reglbns he second
transi stor TR2 st aaltigditer BYReAirst region SJerr] and t he 30

Iourt h {egll%mRZSC[ er r(h)t éthtahé:@hc B@&ﬂeb]ghaﬁﬁtﬁ.ﬁer Q&lg@_atnﬁblb?[]fdr@édtm égggnd
ransi stor i S nstitute syr. ion 0 e gi on

whi ch surface &t fgar? ﬁ%%%&uﬁf Sty BAds ﬁ?ftﬁdral n
region of the fnergﬂorﬁ&cgrhavn.ngothél%ecoixdaqdndactimnmycbypebyanﬂe first

region Sqerr] and Y5 LoyatR Legigh BhBarky bO” hedBigstoptans gholn®

junction-field-effe are-consti
fourth region SB;eanil the aepond §ﬁab$lﬁh@rfTRﬁtaI¥CbgﬁQﬁmQ§b[Q§¥ @ facing the

fourth regiign $Er&ildr layer so as to bridge the second region SC, and
the third region SC, and so as to bridge the first
region SC; and the fourth region SC,,
wherein;
{A-1) source/drain regions of the first transistor
20 TR, are constituted of the second region SC, and a
surface region of the third region SC, which surface
region is sandwiched by the first region SC, and the
fourth region SC,,

(A-2) a channel forming region CH, of the first

25 transistor TR; is constituted of a surface region of the
first region SC, sandwiched by the second region SC, and
the third region SC,,

(B-1) source/drain regions of the second transistor
TR, are constituted of the first region SC, and the

30 fourth region S8C,,

{B-2) a channel forming region CH, of the second
transistor TR, is comnstituted of a surface regidh of the
third region SC; which surface region corresponds to (or
functions as) one source/drain region of the first

35 transistor TR, and is sandwiched by the first region SC,
and the fourth region SC,,

{C-1) gate regions of the junction-field-effect



(G2) a channel region CHerr] of the junction-field- 5 effect transistor
TR3 is constituted of part of the third region SCferr] positioned under one
source/drain region of the second transistor TR err] and sandw ched by the
first region SClerr] and the fourth region SCl[err], (C3) one source/drain
region of the junction- 10 field-effect trbaststor TR[err] is constituted

of a surface regiffk dfg(}-f&f" Gpg N F'?'i@ E%Qis%&tﬁ%wo\gﬂ%ac ?oﬁ%ha%ﬁfiﬁgxie%gg of f ect

extends from one en t he *channel regi on CH he junctio

transi stor TR &09 a aaFekgn ik the (Hirstkesinn $G) fardngothee fouaith

regi on of the fhdfton Bd,,ansi stor TR{err], corresponds to (or functions as)

the channel formng region %% of _.the second trgns' st or TR&)err%}E_aEic;il S

sandwi ched by the filCs¥)r &giCHRnEEle HAIINY GHheOF ot nIMRGELANSELELAT (G 4)

tT gg ot her saur W%&cﬂ% "tﬂ‘hgﬁm? Tm_eiaogbuatﬁitaneai eg_dpai:]f:eat tﬁansi ?]t or .
is constityte t t region err] _extendin rgm the other en

of the chamnel g Feeipn B gofdrabaat RRbks EhBocputraiatetd TR, (O

t he gate regi oregion cohrde esbcand fransistomefRyr andeshndwlicbednyyl i ne,

(E) the second i | S o a t kpnedqgpotential, and

(D) the Tourth TRoromreioradic BETLRY ke® rBueth FEliBA‘sEs ©

nmenory- cel | - sel ecti {§-Bi)nenezgource/drain negissnodothec dyncdedy cel |

accordi ng ti@ t e didid¥ fsdieairis idoP@eent tongbitateliubkhar siyabave a
fifth conductive r.egion err]. which js Tornmed.in a surface region of the
third region SERSHIR d H HIEd dRa1GteSS HELP By BEELBPROESHIOR ( ho ¢ hi rd
regi on SC err] exrehdid frron embdlendiasf aodhauned imsyion WH,cofattieode D is
wni on the thi r d Wi TR St L e, Yy 8P SihBhap BT8R g
as) the other domddsiohsiasy a@persairaakdyainttegion oW doirat ansi st or
gﬁ)grer][) IS 10PNRSGIRA 10t AR, S e8¢ BpBRAY- €8/ (opekafibtROnk! A8) L BRAUIh the
channel forming region CH, of the second transistor TR,
and is sandwiched by the first region SC, and the fourth
region SC,,
(C-4) the other source/drain region of the
20 Jjunction-field-effect transistor TR, is constituted of
the third region SC, extending from the other end of the
channel region CH, of the junction-field-effect
transistor TR, '
(D) the gate region G is connected to a first
25 memory-cell-selecting line,
(E) the second region SC, is connected to a
predetermined potential, and
(F) the fourth region SC, is connected to a second
memory-cell-selecting line.
30 The semiconductor memory cell according to the
fifth aspect of the present invention further may have a
fifth conductive region SC; which is formed in a surface
region of the third region SC; and forms a rectifier
junction together with the third region SC,, and
35 preferably has a configuration in which a diode D is
formed of the fifth region SC; and the third region SC,
and in which the third region SC, corresponding to (or



For achi eving the above object, according to a 5 sixth aspect of the
present invention, there is provided a sem conductor nenory cell conprising
a first transistor TR err] of a first conductivity type for read-out, a
second transistor TR err] of a second conductivity type for wite-in, and a
junction-field-effect transistor TRlerr 40 of a first conductivity type

for current CO'Efn@tm?fi'n%[ I'}‘ ‘{:Ex'éd'é‘t‘:h%rr Wc&’?&#&uct | \¢1ty %n oF t%é' rst

senm -conductive re avin secon type, %
second seni - coddpetipa-Tdg %mslwt&rlg'&swfta%n%'ge@nt@ft fle

first region Sgleiond mwo&éﬁ%quds@q ﬁ@vrtm&o@gh kbl aqwéctv vity

type, (c) a third sem -conduct. ve re |on for |n a surfage re i on of

the first region S err]F&hPAbf r?ﬂﬁt Rd Y103 ¢
sem conduct v g ety m’ﬁ?mmm“’”'m?‘e iElproviaed
third region S%[%ewﬁg%g t¥§UP§%°%Xg géls%ggS%Fﬁﬁﬁg &%%%fler junction
together with thansiisterr 8 onf ST £irst cenductiviey typeffor read-out,
sem -conducti Ve Qadeid¥rhinkg sit gﬂJ ﬁ?fsé}eéréeé err a‘?@tﬂ'{%ﬁ‘“ﬁ{éég' on of

t he second regions SClerr], sai reglon ormn ctifier
junction toget K& Waifkerdd,saggnd Jugcs ck §xpBsdsgosn T8,

shared by tipe oifr gt ftlﬁ:%rtswhahc%&vl' thr ealfd»rt Eﬁr&%ﬁ%néohﬁ:ﬁﬁl stor TRlerr]
and formed on a barrier %égﬁw SO, as ridge the %gﬁf |on SC2 and the
third regi on SC3 and so St chfemfl a8 2 g@l 7 and the

fourth region SC er(a) ahfiest; s@hi-conduchide segion/.slcfallrawngj ans of the
first tran5|stg Fh@rghdﬁg%lgg@ tie g ed of the second region SCerr] and a

surface region &F érr] which surface - 18 - region
i s sandwi ched by théb)iasseee oﬂew@@nc]iuqﬁuvehﬁegmntﬁcf dgmedSdrera |,

(A-2) a chagnelyhrda@eneeg80n0B rCeher Flirghk ¥egibn 8t,, said second
region SC, having a first conductivity type,

{(c) a third semi-conductive region SC, formed in a
surface region of the first region SC, and spaced from
the second region SC,, said third region SC, having the

20 first conductivity type,

(d) a fourth semi-conductive or conductive region
SC, formed in a surface region of the third region SC,,
said fourth region SC, forming a rectifier junction
together with the third region SC,,

25 (e) a fifth semi-conductive or conductive region
SC; formed in a surface region of the second regions SC,,
said fifth region SC; forming a rectifier junction
together with the second region SC,, and

(f) a gate region G shared by the first transistor

30 TR, and the second transistor TR, and formed on a
barrier layer so as to bridge the second region SC, and
the third region SC; and so as to bridge the first
region SC, and the fourth region SC,,

wherein;

35 {A-1) source/drain regions of the first transistor
TR, are constituted of the second region SC, and a
surface region of the third region SC; which surface



transistor TR err] is constituted of a surface region of the 5 first region
SC err] sandw ched by the second region SC2 and the third region SCerr],
(B-1) source/drain regions of the second transistor TR err] are constituted
of the first region SClerr] and the fourth region SCerr], 10 (B-2) a
channel forming region CHerr] of the secokl transjstor TR2 is constituted

of a surface r gUbPTid NGddWichd® By RS M reiidr &R, T 88HORhe

corresponds to (or functions as) one source/drain region of the first
transi stor TR rth FeEla ffwr ched by the first region SCerr] 15 and the

fourth region SJ er (h~23Cal chaanelr Foraingoirelgfien eactopnthe effireff ect

transi stor TR3 . are consti ed of the.fifth region SCerr] and a portion of
the first regi drFa8EY :r%@%iﬁﬁ Fﬂﬁsgﬁ%ﬁﬁeaeﬁsoﬁ ggy FF,Lﬁﬁlon ° Fé?Z) a
channel regiSon filfstr mMegifort (8€,) santiwdohedeby- théf setohdanegdbar STR&d] i s

constituted ofﬂﬁg' f ﬁﬁﬁp regi on SC2 sandw ched by the fifth region
SC5 and sai d por |gﬁ8b :#%- |rQ$¥(egion SCerr], (CG3) one source/drain

regi on of the juncti(Bnl)25otireeddepiacregiansi ofotheRperond sreosdsitont ed

of the second mggi QPeSEEn¥Richit8At 8RAEHE Qﬂaﬁeré%oﬁfs&hear@%' regi on
CH err] of the junction-field-effect transistor TR3 and borresponds to (or

functions as) @G iPhiSCar egi on of the first transistor TRl err], 30
(C-4) the atther soupgelqr ai ehaggedn foirming regebnoeH] i ¢f deled fesdond ansi st or

TR err] is con tituLe%<¥ e.second. & g'og S err% xtgndin ofro gg
other end of t REAMATHAE B 3R CORBFHTILRd: RE FUREFFoRGT TepdoRr SEck
transi stor TR[ é:ﬂn]rd Yegion SQ;Dyhitk gurfacegregini sorpespohds to gofir st
T e Aoy ) e RSRHDL LI o A ecled Lo o
to a second nef@psdstiors@Recandgifi aandywighed by the first region SC,

15 and the fourth region SC,,

{(C~1) gate regions of the junction-field-effect
transistor TR, are constituted of the fifth region SC,
and a portion of the first region SC, facing the fifth
region SC,,

20 (C-2) a channel region CH; of the junction-field-
effect transistor TR, is constituted of part of the
second region SC, sandwiched by the fifth region SC; and
said portion of the first region SC,,

(C-3) one source/drain region of the junction-

25 field-effect transistor TR, is constituted of the second
region SC, which extends from one end of the channel
region CH; of the junction-field-effect tramnsistor TR,
and corresponds to (or functions as) one source/drain
region of the first transistor TR,,

30 (C-4) the other source/drain region of the
junction-field-effect transistor TR, is constituted of
the second region SC, extending from the other end of
the channel region CH, of the junction-field-effect
transistor TR,,

35 (D) the gate region G is connected to a first
memory-cell-selecting line,

(E) the second region SC, is connected to a



(G the fifth region SClerr] is connected to a second 5 predeterm ned
potential. The sem conductor nenory cell according to the sixth aspect of
the present invention further nmay have a sixth conductive region SC[err]
which is formed in a surface region of the third region SClerr] and forns a
rectifier 10 junction together with the-t# rd region SClerr], and

preferably has I Qe at 4 ' I«ch a diode Dis fornmed of the sixth
e o

region SC err] region SClerr] and in which the third region
SCerr] correspondi §§)t heofongkbt reging 85 iheconretediacd dFedond egi on

of the 15 fir YenlordVel1UseldA g 1S dedNRgel ed to the second nenory-
cell-selecting line“thro ' urfher, a varjiant of the

ugh the diode D. F
semi conduct or marmr&ec),er'p%agégﬁii RGILON BEs SIS tFPRRGRRAD J10 1 SYFWENt
i nvention pref praidetditEnd jegitiaili.on in which the 20 fifth region
SClerr] is connected to the first region SC . in place of being connected
to the second predeternihdd iﬁW%ﬁ??@ﬁ? ?h Tﬁm%r¥d@%fft?ﬁ9%£§ﬁ%%ﬁﬂﬁdgg?
menory cel |l fustikéh mespdcdy ©fa thex pgresentudnventieog darSGesr maywhiaste ias
formed in a surf; Leg hj egy S¢l.e d; 25
rectifier junctsil%%%tgg’glt eﬁvtﬁe{_h%t%?r{.%q‘dgirlggtﬂo%S&%m%dl%r%fée'rg%ggflghas a
configuration megiencpfa thieoddimd yegione$Cef andefarms areeebifdeterr] and
the third negi GRneelidn koyadndt Wit thee thiirddd re@dionn s€(] eand

corresponding to (or fuynctioning as), the qther, 30 ,sourcé&/ drain region of
the first tran§F§&@Faﬁaﬁé%ﬁﬁ A ra¥iog dRe wdchng diode D is

menor y- cel | - selfegiiedy off thel Biatdh reydoli @de &nd Foke 2emi vy i Fegide sbpve

obj ect, according t.0 a,se eg&% & e%f of .t he esent invention trere is 35
provi ded a sen?88hdiic Mo Hembid, T segieis Ky SOFToOTIIAI &9 of Ry or ]
of a first conduncihioningyps )f dher eddesutsouaceddaadnt regiost of TReerr] of a
second condquct igvi $ et - r ' LA, ' L Q0= i -l fect
ransi stor TRo of X frogpieter dK, 19 cPhhLELLE o8 (I A dfetoly 2"
third transi st 6elirgedecking: dddec Shagughyithe digder B

Further, a variant of the semiconductor memory
cell according to the sixth aspect of the present
invention preferably has a configuration in which the

20 fifth region SC; is connected to the first region SC,,
in place of being connected to the second predetermined
potential. In this case, the semiconductor memory cell
further may have a sixth conductive region SC; which is
formed in a surface region of the third region SC, and

25 forms a rectifier junction together with the third
region SC,, and preferably has a configuration in which
a diode D is formed of the sixth region SC;, and the
third region SC, and in which the third region SC,
corresponding to (or functioning as) the other

30 source/drain region of the first transistor TR, is
connected to the second memory-cell-selecting line
through the diode D. ’

For achieving the above object, according to a
seventh aspect of the present invention, there is

35 provided a semiconductor memory cell comprising a first
transistor TR, of a first conductivity type for read-out,
a second transistor TR, of a second conductivity type



wite-in, 5 said sem conductor nenory cell having; (a) a first
sem -conductive region SC[err] having a second conductivity type, (b) a
second sem -conductive region SClerr] formed in a surface region of the
first region SClerr], said second 10 region SC2 having a first
conductivity type, (c) a third sem -conddc20ve region SClerr] forned in a

surface region the.fir regkon r d ced | e_sggcon

regi on SC err] P(fé i‘gf%tthl 'r'jtgil[‘f e i%‘h“%@%’?}‘f%@%ﬁé@%ﬁ ?lf.étg%q'%g%ﬁu@ﬁﬁ \ﬂdq'y
type, 15 & dfixst ocenduckivityntypei fer occuroenitcconvereokygi and ST4 f or med
in a surface reg e: L ey ), &ﬁc‘f fs | Cerr]
formng a rect %%%ﬁ%ﬁ%&%gﬁ%ﬁ?ﬁ%m tﬁ‘(@f}hi Qrt:élgilir&h’hgé[%%} %2)15( e) a
fifth sen - condWett€el®r conductive region 20 SCerr] formed in a surface

region of the second regigaddSekfichonduitédr nehbriceedn hekingl formng a
rectifier junction together, wi.th the sec nqbi;e ion SClerr], and (f) a gate
region G shared by t{@ @ ré’trst‘? S srnn ‘ﬁg,rq?ﬂé’ SonBavings st or

TRl err] and thesédvnd domducsivityStyp&+t and formed on a barrier |ayer so
as to bridge the firgst, reqjo errd and fourth region ol ] 0 as
to bridge the secon r)eg?l %r? a%ggsr(']{lﬁa-r?}r%%’tecrﬁ T £%£ﬁn0%cgcg§%§dsloma to
bri dge the thi rshrfagecarien rof sblet Hitrst f xeégieni 3R, ,SSpddr secemd

wherein; ( ) | &k ai 00 QNS gl s ibSor TR err] are
constitute %f tﬁ’de @gc%ﬁﬁdhr%ggl n%Ss(g[lersr Q‘S’ﬁ‘?“?&ﬁ?ﬁ?ﬁ%@ on of the third

regi on S err] whi cHurk dhdnde faslcondnadhvien Ke PN IKE:f frEmedednon
SCerr] and theswbfdcuirtdgionien €8¢ efitst (Yedionr staanal spacBdFricagi on
CH err] of the i1.‘1i1r_st tora Sistor T%errsl Jds. canstituted %f sutrfacg, region
of the - 21 the §RGORC TRy Rra sedthhiint Ty 1oRe 5o MAMPEERR a2
and the third reprsin Gjdactivit ypeur ce/ drain regi ons of the second
transistor j5 {(d) a fourth semi-conductive or conductive region
SC, formed in a surface region of the third region SC,,
said fourth region SC, forming a rectifier junction
together with the third region SC,,
(e) a fifth semi-conductive or conductive region
20 SC; formed in a surface region of the second region SC,,
said fifth region SC; forming a rectifier junction
together with the second region SC,, and
(f) a gate region G shared by the first transistor
TR,, the second transistor TR, and the third transistor
25 TR, and formed on a barrier layer so as to bridge the
first region SC, and the fourth region SC,, so as to
bridge the second region SC, and the third region SC,
and so as to bridge the third region SC, and the fifth
region SC,,
30 wherein;
(A-1) source/drain regions of the first transistor
TR, are constituted of the second region SC, and' a
surface region of the third region SC, which surface
region is sandwiched by the first region SC, and the
35 fourth region SC,,
(A-2) a channel forming region CH, of the first
transistor TR, is constituted of a surface region of the



TR[err] are constituted of the first region SCerr] and the 5 fourth region
SCerr], (B-2) a channel formng region CH err] of the second transistor
TRl err] is constituted of a surface region of the third region SCerr]

whi ch surface region corresponds to (or functions as) one source/drain
region of the first 10 transistor TR err]2ang i s sandw ched by the first

region SCferr] a h t I 5 '
junction-field- e??%%tf?égﬁélg?b éﬁ%é%x# 4%1 %ﬁ8§&1€é§46§] g%?ﬁn
SClerr] and a pbheibhisd ragiepr&€asegion SC[err] facing the fifth 15

region SCerr], (C %B-al Freowete /&84 DR ﬁsﬁ& of the :’sétEEﬁdOE‘réhQi@'tor
effect transistor T 1 of the, second regi

i s consti ed of C2
sandwi ched by tHR &% £k "ﬁ ’s%ﬁfd IRFI P Gf aPfe Frst regi on
SClerr], 20 5 foutEhBtegmensso[pe/draln regi on of the junction-

field-effect t i T t ut t d ' SC2
uhi oh extends T rom o Bhek rAMRSLERRRIAY fFefons B, ¢ st
junction-fiel d-tfédmsistonntRsticy ckRjstritjuted] abhra enpiadse tlreq‘x;m fafhcthens
as) one source/gdya.g 2@316&‘%8% Wil i A S f: e déd;ifdét&{r@ ds c%,: rthe

ot her source/drain regi e junction- fect tra err]
i s constituted FUNEHEORECAHY ?E@lﬁﬂuEEzfékﬁéﬁdFﬁglﬂﬂoﬁftﬁbeoﬁHEﬁtend of the

channel regi@n €Fhgséistof TRe dﬂ&‘cité Warldvelche TRE LR firanieddn BEerr],
(D-1) one source/& ah é ﬁ the third transi'stor TR err] is
constituted of ¥MB Ehes ﬁng gFﬁﬂlﬁ? Phe first region SCerr] corresponding
to (or functioning a@-lhega:ttmm‘mjldm hHcchegiurctidmrfiend-éfwedtr st 35
transi otor TR of iﬂ?é%%% SR s e B e At aqion €6,
(D-3) a channelandrai portbgnopf CHperfirst regioni $Q, thamigistdre THESN] is

consti t ut edy of fé@iéﬁcg@d region SClerr] corresponding to (or functioning

as) one source/drain
(C-2) a channel region CH; of the junction-field-

effect transistor TR, is constituted of part of the
second region SC, sandwiched by the fifth region SC,; and
said portion of the first region SC,,

20 (C-3) one source/drain region of the junction-
field-effect transistor TR, is constituted of the second
region SC, which extends from one end of the channel
region CH,; of the junction-field-effect transistor TR,
and corresponds to (or functions as) one source/drain

25 region of the first transistor TR,,

(C-4) the other source/drain region of the
junction-field-effect transistor TR; is constituted of
the second region SC, extending from the other end of
the channel region CH, of the junction-field-effect

30 tramnsistor TR,,

(D-1) one source/drain region of the third
transistor TR, is constituted of the surface region of
the first region SC, corresponding to (or functioning
as) the channel forming region CH, of the first

35 transistor TR,,

{D-2) the other source/drain region of the third
transistor TR, is constituted of the fifth region SC,,



region of the first transistor TR err], 5 (E) the gate region Gis
connected to a first nenory-cell-selecting line, (F) the second region SC2
is connected to a predeterm ned potential, and (G the fourth region
SClerr] is connected to a second 10 nenory_cell-selecting |ine. For

achi eving the above object, according to az%i'ghth aspect of the present

j[nvenjt i ?n, 'El_gfre s (JI;!U-(Z%\'):c died:th%rﬁﬁdn FAIVHAGP ; rmncﬂgebg ﬁﬁtgp{:hirag a fi (ert
ransi st or err] of a fi conduc read-.ou secon
transi stor TR[ errRAstP n&%&ﬁ&ﬁ%ﬁ\éﬁ% \E/’%pé"kﬁo?e\ﬁpppe regio é’n%
junction-fiel dmixfme:spdrtﬁmg' stor (iR fundt idnind i ass) amwadsmireeldraime for
current control r ldg having; (a) a third
senmi - conducti vé § o] onoségl[ er Wﬂﬁé@ tn]'[%g%t& 'fél%“conduct ivity type, (b) a
fourth sem -5:onduct i{\Ed chhec@munega.ome@ dis sonnesybedd tion aa fdnsftace regi on
of the third rwf ]f-]s fé’d I{%qﬁﬁbregl on SClerr] formng a rectifier
re

junction together w |rd i'on SCerr], 25 (c) a first
seni - conducti ve regi{&i S@FelsﬁFOF’@r Fegion $Csuifeenneghed B9 &he third

region SC err] prsbsiagethdd B ﬁé}g;{agwtghdegl on SClerr], said first region

S h d t ty t (d d duct
Cegion SC2 formed | AOH SHOCHARECE FEGHAR S ke FORSTOTeY BN SCREFPRI cai o

second regildn S@tdmldtgl]t-lrme]fedistng;omhmilw ty type, (e) a fifth

] ducti d S f f
the second regi on sqrert To<arhEPrPRe FhE! Bhotdl BBIpbP,, aftbaTRe EY R,
junction 35 togsiightth aapeathef ddunpresgndn isoentiah ( fHhergatse regi on G
shared by the fﬂf&ﬁé@%lé&ﬂcoﬁﬁﬂdr Gdnd Ae éacp%ﬁe;;ﬁﬁ ) Y Ffs@nd

formed on a - - barrier yer ,so as tq “bridge second regl on
SClerr] and thé%%%’cﬁ%l% Sésaaﬁar% SQHPBCBFV&§¥ tweer fp&t reagd-oMt,
SClerr] ands he fesgdrdd "agimyis¥d:eE,, of a second conductivity type

for write-in, and a junction-field-effect transistor TR,
of a first conductivity type for current control,
said semiconductor memory cell having;
(a) a third semi-conductive region SC; having a
20 first conductivity type,
{b) a fourth semi-conductive or conductive region
SC, formed in a surface region of the third region SC,,
said fourth region SC, forming a rectifier junction
together with the third region SC,,
25 (c) a first semi-conductive region SC, formed in a
surface region of the third region SC, and spaced from
the fourth region SC,, said first region SC, having a
second conductivity type,
(d) a second semi-conductive region SC, formed in a
30 surface region of the first region SC,, said second
region SC, having the first conductivity type,
{e) a fifth semi-conductive or conductive fegion
SC; formed in a surface region of the second region SC,,
said fifth region SC; forming a rectifier junction
35 together with the second region SC,, and
(f) a gate reqgion G shared by the first transistor
TR, and the second transistor TR, and formed on a



wherein; 5 (A-1) source/drain regions of the first transistor TR err]
are constituted of the second region SC2 and the third region SCerr],
(A-2) a channel forming region CH err] of the first transistor TR err] is
constituted of a surface region of the 10 first region SCerr] sandw ched
by the second region SC[err] and the thiTd®¥egion Sqerr], (B-1)

source/drain reg f ] r r tdd U of
the first regi ﬁ S %éf rlé%_sﬁlg%jo%é ﬁ%ﬁ%?o%ﬂ%{[ﬁé‘h& lieSé . ééz( tlg%% a
channel form nFheed eF¥9n FiCst ARASEC0RE TPaREAEES: they LArPYi s

constituted of yeqiwd &t &fAd eReOfoulreht Regdonegcpn SClerr] sandw ched by
the first region SClerr] ﬁnd the fourth region SCferr], (C 1) gate regions
of the junction-field-er Tte2Bit r ansi st or TR err] are constituted of the

fifth regi od SC err(Aaidd sopece/dradhn treeijomnssiof eieofifsitetrianisdaitioy t he
fifth region SCler - 2) . npel o] [ err f afhe, ] lon-field-
ef f ect transis§%§ %#ﬁ %ééé%ﬁggﬁgﬁtég Shgpgggogﬁ ?ﬁgkgﬁ ggt&ﬁgyﬁéééon SC2
sandwi ched by tuldrid megianyiSéh,SC err] and said portion of the first region

S(err], (C3) SOUV?ﬁLégah“chEQBQESfQ BBQ.EQQQEEP@mﬂiéfdt STEpPit
transistor TR[err] are constituted of .the“second region SC err] extending
from bot h ends WBRMHE G TFel 180cPRtdfutpderf] 2ofurface region of the

junction-filel d-faffsactrdgiaisist, oOsanBiveéthbd bP) theesgabadr e8426nGstcs and
connected to a E%; .ng¥g$%i£ell- electing line, (E) the second regi on SC2
i s connected t& %%@&' 1% tential, 35 (F) the fourth region
SCerr] is connect e(Btd)assarceddrainr yegdlonss eife thiengeliond, taatsigtoxhe
fifth region Sgger [ e = . 2 rﬁgft I ned
potential. The's né%%ngﬁgggggﬁéﬁgréecgpﬁ gggg?dfﬁalgé ?ﬁg elgﬁﬁkg;spect of

the present i nfontdn negioindl.a

15 (B-2) a channel forming region CH, of the second
transistor TR, is constituted of a surface region of the
third region SC; sandwiched by the first region SC, and
the fourth region SC,,

(C-1) gate regions of the junction-field-effect

20 transistor TR, are constituted of the fifth region SC,
and a portion of the first region SC, facing the fifth
region SCg,

(C-2) a channel region CH; of the junction-field-
effect transistor TR, is constituted of part of the

25 second region SC, sandwiched by the fifth region SC; and
said portion of the first region SC,,

(C-3) source/drain regions of the junction-field-
effect transistor TR, are comstituted of the second
region SC, extending from both ends of the channel

30 region CH, of the junction-field-effect transistor TR,,

(D) the gate region G is connected to a first
memory-cell-selecting line, ’

(E) the second region SC, is connected to a
predetermined potential,

35 (F) the fourth region SC, is connected to a second
memory-cell-selecting line, and

(G) the fifth region SC; is connected to a second



configuration in which the fifth region SClerr] is connected 5 to the first
region SClerr], in place of being connected to the second predeterm ned
potential. Further, the sem conductor nenory cell according to the eighth
aspect of the present invention may have a configuration in which a
junction portion of the third region SC3 &#kl-the 10 fourth region SCerr]

forms a di ode Bredefe?flnedUpotleditdial.Fegion of the first transistor
TR err] is connected to the Secpnd gennr -ceII-seléiig$ | i pe through the

diode D. Further, the s ERINSHAT yRSBPYY £ Y& Rgete Bhen
aspect of the pightht ai it iodn thiey prasent dnviention eaydbeive/e regi on
SCFerr] whi ch Eégfil&r ﬁ%aglzeg a Su%’hﬁ%ﬂmﬁ% %nﬁ;{hht he .tnhi rg: re ie(;n SeC(\:g}I aad
AR INA AR L i AL AR L D
preferably Bas L E [ ng OX
region SC err d hi ' r andg) l.ch e third
reg:on Sg%err}t@%r?%gggﬁdP%%d%gg%%gnégk?P%%ﬁf%%lés)F?ggﬂg¥hth§ourc;/drain

region of the SERICONAEREPTT BEMPRYeCelli aceoxddagedor Sheheighddnaspanty v-
cel | -sel ectingolfi et Fﬁ:@%ﬁhtt RavéinedenDmakOha¥ehia ¥ond ilgue-atiewe i) ect,
according to a %5 Egn h asgect of the preSent invention, there is_provided
a seni conduct oFBAERp Ry JUBCELOBBPELIRG Q1 it tgﬁé regdPnTRCer #d oEhg
firstdconngtitbyxthymegﬁon seadfonts a.dﬁ@dﬁmb;r&&@i?%arﬁdﬁ{eélir@ipa
second conduct jyi type far ifesl uncti.on: field-effect, transistor
TR err] of 30 g¥9ﬁ¥§tX?oﬁh%b?ﬁ%ﬁ%ytf@ﬁggngrbﬁ$$e i %Qﬁﬁ?%ﬁ?&aﬁﬁ gﬂ?hird
transi st or TR4sefoadsmemptyecrdlesieliecyingpd iher tivroughi thesdiidde D.

sem conduct or ce haki.Rg. t R k160 | r egi

Sqerr] having & SBEFF, chep Biaontb By MohBrysBe1ITACERINRS' €8 The | e
or conductive Paéghth sepers:r pEdthe Rregebicdnvegtdanomayhbavei adsd&dihon

SCerr], 15- é&bndugtiidel 2ugibnr 8¢, afh il €14 | £dBidd Nhh 3a r&CEF4ddEr  UNction
Logether wiih Lhesbli oY LAY eR: 20 Slhon( 8L, %ld " Sirme ™ ~SO0dHELLYe reoi on
junction together with the third region SC,, and
preferably has a configuration in which a diode D is
formed of the sixth region SC, and the third region SC,
20 and in which the third region SC, corresponding to (or
functioning as) the other source/drain region of the
first transistor TR, is connected to the second memory-
cell-selecting line through the diode D.
For achieving the above object, according to a
25 ninth aspect of the present invention, there is provided
a semiconductor memory cell comprising a first
transistor TR, of a first conductivity type for read-out,
a second tramnsistor TR, of a second conductivity type
for write-in, a Jjunction-field-effect transistor TR, of
30 a first conductivity type for current control, and a
third transistor TR, of a second conductivity type for
write-in, ’
said semiconductor memory cell having;
{(a) a third semi-conductive region SC,; having a
35 first conductivity type,
(b) a fourth semi-conductive or conductive region
SC, formed in a surface region of the third region SC,,



surface region of the third region SCierr] and spaced from5 the fourth
region SClerr], said first region SClerr] having a second conductivity
type, (d) a second seni-conductive region SC2 formed in a surface regi on of
the first region SCJerr], said second region SC2 having the first
conductivity type, 10 (e) a fifth se®b- eonductive or conductive

S | t
saraTiron reg SALECEebPrR, S 86 sty Edthitly I aRONL: AL foa Pl
second regi on Scpgetherguithithe ghtédréggbﬂncsghared by the first
transistor 15 TRl er ré]d) ti‘%%@r@eﬁ{m&i@iu;ﬂfééio@%t Foridid dn a

transistor TR err] forped on barrier layer s0_as to brldge t he fII’St

regi on SCerr] &hEfase Fegien ?EgT—Bﬁ BeiEd, 1egigna8C At isRACIhLX@R ond

region SC2 amd the fdaufdhrﬁegwnsa:p,r rda jal) OF S A i dif lSithhbﬁ.nbhard
region SClerr] and t % EI on SClerr], wherein; (A1)
source/drain re%?%?l’% o‘?o? ‘écF?‘Y'H'Yt ¥RE1 st or TR[ err] are constituted of the

second regi on SC2 andip & wdamsd regmbrcaidudie véireyicyiSC, $6Imsld dn a
surface 25 eg S h t r Sd.er he fourth
regi on SC[erH éé%?é§ Pgﬂg%ﬁe Efg¥ﬁ1ggr££ Eéﬁiggﬂ EV g%i% rit

transi stor TR[ e¥¢$l¢3 8enavine dhsy fal- m@u@gmrtybftm fi rst regi on

S err] sanggi ched byey he ﬁfﬁﬂp%éxﬁ’.ﬂl&fhcﬁ@tﬁf@ 0?10 ddifadd¥ 1k rf‘&é

SClerr], (B-1) source/drain regions e second transistor TRZ
constituted of $%e formad r’é’glaor?“‘é‘icﬁaé’rer ]re&?dmc 1R e Seqangd &?m%rsc}u
(B-2) a channel sdid nEgthepeg ﬂo@H{;e rﬂomfmgwa seeyitidr tjardigmwr TR2 is

constituted of su face he.third re &Dgerr] whi ch surface
regi on correspond@StRS¥ Vlgﬂngﬁ?o ?c(o’@ﬁi bret %ugé& n region of the
first - 26 - tranGstorgate areg]:.emdhshmdivh;chdnb bfixdte trarssiseoron
SCerr] andlff erxglguﬁ:tﬂé UM Sl ilotdrCrR, 985CthEItRIFaCErbAiSistor

junction-f
R, and formed on a barrier layer so as to bridge the

first region SC, and the fourth region SC,, so as to
bridge the second region SC, and the third region SC,
and so as to bridge the third region SC, and the fifth
20 region SCg,
wherein;

(A-1) source/drain regions of the first transistor
TR, are constituted of the second region SC, and a
surface region of the third region SC, which surface

25 region is sandwiched by the first region SC, and the
fourth region SC,,

{A-2) a channel forming region CH, of the first
transistor TR, is constituted of a surface region of the
first region SC, sandwiched by the second region SC, and

30 the third region SC,,

(B-1) source/drain regions of the second transistor
TR, are constituted of the first region SC; and ‘the
fourth region SC,,

(B-2) a channel forming region CH, of the second

35 transistor TR, is constituted of a surface region of the
third region SC,; which surface region corresponds to (or
functions as) one source/drain region of the first



transistor TR err] are constituted of the fifth region SCerr] 5 and a
portion of the first region SCerr] facing the fifth region SCerr], (C2)
a channel region CHerr] of the junction-field- effect transistor TR3 is
constituted of part of the second region SC err] sandw ched by the fifth
region SClerr] and 10 said portion of t he2Pi rst region SClerr], (C3) one

source/ drai n regi8isfEtbReTRinGld O ddfiwicide Wy toranst Sty £ [s¢ s
constituted of th éﬁco d'rﬁglon 9C2 which extends fromone end of the
channel region %ﬂge $ GPUFHE FEHLPPOR#4 el d-effect transistor TR3 15 and

corresponds to (or fqowl) cystaseqixns cf cellelr punct bon-ofi @fdtdefédt St

jUncti on-1i ol o EFPREtSHOL RE e Aol ISRAL L R0l nstfion s
regi on SC2 eit eandng povhiohecobt hhe Ehusbf regionh8Ceifawialg rdg diifidjerr]
of the junction-éég&ﬂ-géfect transistor TR err], (D 1) one source/drain
regi on of the tJFtn (té;aqn;s'i Stolga;g\;;lpdi S cpnstqi# u]tc)%d@gf t he %qrfa%e. regi on of
the first region SC€+14) ®dre i FREIQN (s PdnECoIURAGLAON-ZI P

channel form ngefeatenceiheistopf Th6 d idoistiaitads oy phterdd td- 2) the
the fi7th rogi RECRTErFeoion & Sandiaiod Sinithe fodiioh Kag et Por 2o
the fifth regi rrys 2 m e
third 30 tr@anssaidrpdf¥ion ebHnshet filestoteybensecond region SO err]

Crans: otor TRerr] . (G7¥ s ST e O MU lop e 11 e
menor y- cel | - sel 8teldgeffect BBansistorFFRs He swp@td tudgidofSthe semanrkct ed
to a predeterm s DOt &AL i3] [ |

connected to a f;‘g%%ﬁxg S& wﬁ'?@raﬁrcedﬁ%df L%JInplsgerfé;(ﬁﬁ itn?g Q_:{I'}ﬁlendél

seni conduct or rERBED By ofc ddeyi et anrd iglste ftremaintayn dont

i nvention nby h@y® €orresponds to (or functions as) one source/drain
region of the first transistor TR,,

{C-4) the other source/drain region of the
junction-field-effect transistor TR, is constituted of
the second region SC, extending from the other end of

20 the channel region CH; of the junction-field-effect
transistor TR,,

(D-1) one source/drain region of the third
transistor TR, is constituted of the surface region of
the first region SC, corresponding to (or functioning

25 as) the channel forming region CH, of the first
transistor TR,,

(D-2) the other source/drain region of the third
transistor TR, is constituted of the fifth region SC,,

(D-3) a channel forming region CH, of the third

30 transistor TR, is constituted of the second region SC,
corresponding to (or functioning as) one source/drain
region of the first transistor TR, ’

(E) the gate region G is connected to a first
memory-cell-selecting line,

35 (F) the second region SC, is connected to a
predetermined potential, and

(G) the fourth region SC, is connected to a second



configuration in which a junction portion of the third 5 region SCerr]
and the fourth region SCJerr] fornms a diode D, and one source/drain region
of the first transistor TR err] is connected to the second
menory-cell-selecting |ine through the diode D. Further, the sem conduct or
menory cell according to the ninth aspecT f The present 10 invention may

have a sixth congity VeeIPSeTestingriindich is formed in a surface reglon
of the third region SCe and,f or rectifier ction to et her

the third region SC[err]Ehgn8eBFEPBHES%th5§m8r¥oﬁ?iguPSFPEﬂl a4 %ﬁléﬁ
diode D is fornethth aspect xdh tlﬁglmﬁiﬁterh}vandmmanaiﬁ hadwe dar egi on
SClerr] and in r (

functioni ng as)%‘{;@{u&{ uﬂ%: ral nr ,‘gtl%tlh (?)t? éf}ﬁ?fl rs tttftgerls#)lé%ﬁ?

TRl err] is cnreegion t3Cy Ands sbendonsikbr yegdon- S| eformg audmoqlearbugh t he
diode D. 20  ang one Tél?u:?@é’? Gty i I E ytl?@'flfgtt

i nvention can be formed in a surface region of a sen con ctor Substiate,
on an |nsulatlr&FIQSRﬁeQQﬁémﬁp(ﬁP%i%ﬁﬁﬁ%ﬁnﬂﬁﬂﬂ%ﬂ Qﬁk%ﬂﬁ%&%?t¥?9al¥ﬁﬁl of

the second cone&mﬁdwgﬁytﬁdmddé el iFardhes) w&dts@tn%osa@wtba:t feffory N the
first to seventh pects é) pr.esent |nvent|on) qta well of the first

conductivity t !HBHHHE ra ¢ PE$REY ght h and
ni nt h aspeck® otmtémtinmam;t hammtsmt)h mndubtaxvelmgmm SCswhdickr, and

is preferably f f Q ng an
insul ating | aye](F)sr anog[dén [ nﬁ aﬁlﬁofé)és%bxg‘%ﬁéh é]fo revenltaé ng ﬂsr:éa%ksﬁ‘oft
error. The juncndriarms R etre@'exfmlarmlm@or( J‘FCEIchﬁFB Wlth H@h%ethbnﬁduct or

menory cell of jtdigi gy &@Nt add FE&%@E‘aB'.‘l Calsbg Eeh&f&qumﬁt&é}l %t Tk,r?ﬂlélhng the
di stance between The famlg go e regionS of, the Junctlon-

transistor TR] & rdiode med 9%, tt{?\é’f’?ﬁ‘bl&féb'so‘bf qahénéhi-ﬁﬁ"el regi on
CH err], arkb (aahm ufagzicng Sapandt incehdent takl ehirdafl refgohasicpg gate

regions and the, GNANACINdAH Wb Y Fdndiddfhg as) the other
source/drain region of the first transistor TR, is
connected to the second memory-cell-selecting line
through the diode D.

20 The semiconductor memory cell of the present
invention can be formed in a surface region of a
semiconductor substrate, on an imnsulating layer formed
on a semiconductor substrate, in a well of the second
conductivity type formed in a semiconductor substrate

25 (in the first to seventh aspects of the present
invention), in a well of the first conductivity type
formed in a semiconductor substrate (in the eighth and
ninth aspects of the present innovation), or on an
electric insulator, and is preferably formed in a well

30 or formed on an insulator including an insulating layer
and an insulating substrate for preventing a-ray soft
error. '

The junction-field-effect transistor (JFET) TR,
in the semiconductor memory cell of the present

35 invention can be formed by

(1) optimizing the distance between the facing gate
regions of the junction-field-effect transistor TR,



junction-field-effect transistor TRerr]. It should be 5 noted that if
nei t her the distance between the facing gate regions (the thickness of the
channel region CHerr]) of the junction-field-effect transistor TR err],
nor the inpurity concentrations of the facing gate regi ons and the channel
region CHerr] of the junction-fiel d- ef fact810 transi stor TR err] are

EDF im tzﬁd’ ot hettﬁm eif.éplr%ﬁé]}’?ﬁidté\kﬂ[xés@%f}[ﬂtﬂ@% G%RS nﬁﬂ?Kingiénim{}SSixm e tOff

ring the junction- fjeld-effect transistor into.an on-s e or an off-

s e o A e B e o 8 S

experiments. acing gate Foeqg eam: ec n | o the

first aspect of, S kN ' | ovi ded h for

manuf act uri Qﬁg Q%‘%ﬁ%‘ﬁﬁ%‘%gﬁ‘%@%ﬁ%ﬁ%@%ﬁ%&@#}’?’g ggf ?E&ﬁféﬁsi stor

TRl err] of & finateddrthaktifingit isidance  betweewnrche rfacingor

TR err] 20 of qagquﬁghj SUFEVZ b & ey :

junction-fiel d-age ect Transi t%éfl_l%ﬂ%é%l?@%é %?&ﬁ%%%ﬁ?%%ég%?/%ec 3‘c}r

current controlof sehel Jungtiprkieldreifrgt ceransibstor; TRa) 194 the

sem - conduct | veigiagt ey SARISHLIGKI o8 %f XREORSI SRS 44 lobiPena (D) o
- uctiv pcti i N ace region

of the first rdgioFheangl | reqion @8&3%@38&%&?%%%&&@65%&&& ifier

junction tdget tarangistdihert) aste optiimizsd,ethle dépletion (@yexr whilld

sem -conducti v ' er ' re0i t |

region SCerr] %afrr\%%]g%%xge t rl%‘-lr%c {ﬁ%@c%%%%%%c%%fg tgtg? d}’ﬁ%{?%&trl_egi on

S err] havi ng fidlid-sefLeotikrans isteoy JER;, datoa ahogn-stade ozomauefifire

region SC4 formRdid, arhesy 1738i0h Yedd'@d He Eah ani?@(‘oﬁq gyl said

fourth region SC4 having the Second conductjvity type, e) a gate
regi on G shar eFMWPIIRE 511134 I0R | QY gpxpPeriments. TR err] and the second
transistor {BRlerr] and f pbedchiedifigr ther abaver obgeas,t acbbirdgaqt ke second

region SC2 and hie L0 JSHAD AL IpALSO ffvddt R 9GNS {415t
provided a method for manufacturing a semiconductor
memory cell comprising a first transistor TR, of a first
conductivity type for read-out, a second transistor TR,
20 of a second conductivity type for write-in, and a
junction-field-effect transistor TR, of a first
conductivity type for current control,
said semiconductor memory cell having;
(a) a first semi-conductive region SC, having a
25 second conductivity type,
(b) a second semi-conductive or conductive region
SC, formed in a surface region of the first region SC,,
said second region SC, forming a rectifier junction
together with the first region SC,,
30 {(c) a third semi-conductive region SC, formed in a
surface region of the first region SC, and spaced from
the second region SC,, said third region SC, having a
first conductivity type,
{(d) a fourth semi-conductive region SC, formed in a
35 surface region of the third region SC,, said fourth
region SC, having the second conductivity type, and
(e) a gate region G shared by the first transistor



region SClerr] and the fourth region SC[err], 5 the first
transistor TR err] having; (A1) source/drain regions constituted of the
second region SCerr] and a surface region of the third region SC[err]

whi ch surface region is sandwi ched by the first region SClerr] and the
fourth region SCferr], and 10 (A-2y %2 channel forni ng region CH err]

constituted of @Rsuhaaezﬁer 82ROkt rah® ilsitoxt gam ﬁq-.eéa]oﬁaadw ched by
t he second regi on_SC2 3{; the third regip S 4% ? second transistor

TR err] havi ng:PPEXST /G £5H T 9¢o FeIIRA 1$¢sants
regi on S err] tinsl third aredion et.0andCker Bk, tancbr(lﬂgé) theclfdmstl for ning

region CHerr] const.itde f &S the third region SC[err]
whi ch surface ré%qn]o&nﬂc%t%lr gé‘%o S #%L?%?l F%%&t o%?‘és) one source/drain
region of tHe first tranthet 6irsg brapsas&torsTRartmwhtgaﬁ by 20 the first

region SClerr] and t(lhe 1f f;‘ﬂate reg| %%s@lﬁ:dt?é@ctdfj'h:f d el d-effect

transi stor TR3 havin const Itute he fourth region
SClerr] and a (f89 1@#93&% G.r andy égﬁ@ﬁfSGFeﬁ'ﬁHlpécpﬁgtﬂ‘ﬁet%rﬁourth

region SClerr] fdgn EEanAeh @a&tfaaechi[e@%h g@nshhbwiefieal batheo! the

third region SClerr osj tioned und ce/draln regi opn of the second
transistor TR %rfgegs%ﬂfh\ﬁ%hé&gbgi’ﬁh% regdronSSy e?‘ﬁ and the

f](c)urt h rfegi](m SC_[ err(]A—ZQ%(za c@hax;in(él- ?c)om:imgsmergdﬂ/rﬂie xng(mlncdm%]tjmuteﬂsb'ft dted

of a surface regj tdie dhidd negi 3R deg&otéh

extends from O%gug%]é) gre1]e hah %&' %ﬁ{ S%ﬁg € e

junction-fiel dssddad neginn SGr ang &he] thiedr e’egamlsSCs), (or functions as)

one source/drain region Qfxet ?E?Bhasﬁrﬁﬁsigﬂ&?' f(orhﬁ'l;ﬂlg corresponds to
% he

(or functions as) the channe orm ng region second

transi stor TR2 and i(B~dan&AUEGed it aegions copsddtotps Of ihe digdstourt h
- 30 - regil®m Jdqiod .sENEnACthp Ebﬁr@hhﬂegianrs Argid regl on constituted

of the third region Al pahead M. iy tr*é%l%g‘%% C08ndl it 8ed of a
surface region of the third region SC, which surface
region corresponds to (or functions as) one source/drain
region of the first transistor TR, and is sandwiched by

20 the first region SC, and the fourth region SC,, and

the junction-field-effect transistor TR,
having;

(C-1) gate regions constituted of the fourth region
SC, and a portion of the first region SC, facing the

25 fourth region SC,,

{C~2) a channel region CH, constituted of part of
the third region SC, positioned under one source/drain
region of the second transistor TR, and sandwiched by
the first region SC, and the fourth region SC,,

30 (C-3) one source/drain region constituted of a
surface region of the third region SC, which surface
reqgion extends from one end of the channel region CH, of
the junction-field-effect transistor TR,, corresponds to
(or functions as) one source/drain region of the first

35 transistor TR,, corresponds to (or functions as) the
channel forming region CH, of the second transistor TR,
and is sandwiched by the first region SC, and the fourth



channel region CHerr] of the junction-field-effect 5 transistor TR err],
said nethod conprising; (1) formng the barrier |ayer on the surface of the
first region SClerr], and then, form ng the gate region G on the barrier
| ayer, and 10 (2) forming the first region SC[err], the third region
SCerr] and the fourth region SC4 by iomi$®l-antation in an arbitrary order
so as to opt|mf%?fbﬁhgdanggdbetween the facing gate regions of the

ef

junction-field ect transistor TR3 and sp, as, to 0 timze inpuri 15
concentrations of tH ti’& SHhen spugiee Qﬁ?’t‘héf‘?g%ﬂh ‘%%I[ kr] of
tge junction- gitﬁied tﬂiimtréqmnat Oléxfahfdﬁ.h]g firoin atlel etheg téinel @ﬁﬁ\iﬂle

obj ect, accordi seco ect of. t tion, there is
20 provided a #(#EQﬁﬁﬂﬁ & %&e J&&% Eﬁfg ﬁéﬁ% cel |

conpri sing eﬁfﬁrmus::msm;r, TR err] of a fi rst conductivity type for -

read-out, a second transg r r Qnd conductivity type for
wite-in, and a Junctlon Fglggg%ﬁgcko@&g%gig 6r TR err] of a first 25

conductivity type fdd)cforaing de darrdgird layerc oxd Fdreosunfasne afelthe
having; (a) a f#fs+ Sx?éﬂi“d?rprébmt aheE tBehoN rerhdhll thaVigate? reRGoM G on

conductivity type, (b second sem - conduct i ve region~SC2 forned in a 30
surface region € F*?%t laxgf oMt err], said second regi on SC2 having a
first conduativity tmpe,fo(m)n@ ey €ivet reyiduciScyp thRei thib&3régiond in a

"eqi on SCL or ] Seale: (PP TPEGE B EBLER FChat ok HOBLR ¥ EISRCERLER vi ¢y
type, (d) a. fownbitsmry mlrctsc/amrtq:mpnmlm aeylmm l:i@lr.wmhit\t}a
surface region fg 4 th%}%é dréfﬁir%‘ o ld 15 un"tl?‘ﬁ]ffhee fid rdé%et h regi on

SCerr] fonnn% er junction to a er w gi on
SCerr], (e) a ﬁaﬂﬁiﬁﬁgﬁ'igbnéuétﬁPeaér eoRpLdNige Appusity

15 concentrations of the facing gate regions and the
channel region CH; of the junction-field-effect
transistor TR,.

For achieving the above object, according to
the second aspect of the present invention, there is

20 provided a method for manufacturing a semiconductor
memory cell comprising a first transistor TR, of a first
conductivity type for read-out, a second transistor TR,
of a second conductivity type for write-in, and a
junction-field-effect transistor TR, of a first

25 conductivity type for current control,

said semiconductor memory cell having;

(a) a first semi-conductive region SC, having a
second conductivity type,

(b) a second semi-conductive region SC, formed in a

30 surface region of the first region SC,, said second
region SC, having a first conductivity type,

(c) a third semi-conductive region SC, formed in a
surface region of the first region SC, and spaced from
the second region SC,, said third region SC, having the

35 first conductivity type,

(d) a fourth semi-conductive or conductive region
SC, formed in a surface region of the third region SC,,



SClerr] formed in a surface region of the second region SCerr], 5 said
fifth region SCerr] formng a rectifier junction together with the second
region SClerr], and (f) a gate region G shared by the first transistor

TR err] and the second transistor TR{err] and formed on a barrier |ayer so
as to bridge the second region SCerr] andi0- the third region SCerr] and

so as to bridggdiee fdusth r@é@ﬁh%&’effbmw Tahee&lifftlerr g@netieg err], the
first tran3|stor T err] % %{% souy ce/ d %faln regi ons constituted of

the second regi'®¥ FIHRDPOF the third 15 region
SC[ err] which surfaqe)raglfdlfﬁts mmwmmemamm@mmaﬂ] and

the f th d
consti tuted of LesIPFREE HEgRoRUBFaPRoiROReR PE,RHY SRebRY SqTd Sten by
the second riegisiddiftl] regiahedhifodmiag anrsctéfipr Zﬁnctlon t he

second transis et &e/g:{-_r ai Qn[egi ons constituted of
the first regi g‘%% eér?lg 111’1%‘ tm%sfourﬂ% regl on SC['err] and (B-2) a channel

form ng regi on CH edd) @oﬂé‘ﬁq Regdoz & &dicofiget Aransistaregi on

S err] which spy.faga 2her Q&b@ﬂdc‘&!’r&ﬂﬁﬁ.@&@i’ (&idffﬁﬁﬂé&ﬂénaé) one
source/drain region of the first tran erre]é;(?tr}fl IS sandvm ched, by
the first regi RIS Ja%6H %‘hé“sl‘cftﬂ C, and

junction-fild dtid exind areyidmwrsCRaadr boha\sl o, b&}@.dge the( Giﬁ:)stgat e

regions constl&gaag?T S[(%hgpg g__hgr %SEE%BSE%§°§] S?nd a portion of the first

region SC err] egron 34 2) a channel region
CH err] constituted of pthe firshetrxansihdtesgTBn lsqmg,] sandwi ched by the

fifth region S e”léa?a& a@@&%@a&g&&f Hedilonsh @ohistituted @F $Heor il (C3)

one source/drain reglion’constitute second  regi on whi ch extends
from one end offQgd regipn SGngRAep FBQ’F‘-GHGCFIFQP-PP gf the third
junction-filg dRidiest s9,aRBiehosurRheer ke@ﬂdncmsreaﬁawd&hba b9r thenctions

as) one sourceldrain red o & Lh§ theSkobkRASLeh5n TBES Tdnq 2N
(A-2) a channel forming region CH, constituted of a
surface region of the first region SC, sandwiched by the
second region SC, and the third region SC,, |

20 the second transistor TR, having;

{(B-1) source/drain regions constituted of the first
region SC, and the fourth region SC,, and

(B-2) a channel forming region CH, constituted of a
surface region of the third region SC; which surface

25 region corresponds to {or functions as) one source/drain
region of the first transistor TR, and is sandwiched by
the first region SC, and the fourth region SC,, and

the junction-field-effect transistor TR,
having; ’

30 (C-1) gate regions constituted of the fifth region
SC; and a portion of the first region SC, facing the
fifth region SC,, ‘

(C-2) a channel region CH,; constituted of part of
the second region SC, sandwiched by the fifth region SC;

35 and said portion of the first region SC,,

(C-3) one source/drain region constituted of the
second region SC, which extends from one end of the



(G-4) the other source/drain region constituted of 5 the second regi on SC2
extending from t-he other end of the channel region CHerr] of the
junction-field-effect transistor TR err], said nmethod conprising; (1)
formng the barrier layer on the surface of the 10 first region SCerr],
and then, formng the gate region G on thébarrier layer, and (2) formng

the first regi ¢hadded Megildif @gcaﬁdthegt.aﬁc%@anaﬁdeuHEefeftercl& regl on
SClerr] by ion_ inplantati'on in
di st ance bet wed¥ansd Sﬁ?rfgghnﬁngaFng§§PBH 8 Fotﬁg 5HBFF&H“ éFd QPFECt

transi stor TR3 sputcey dsin repfion o mnmrﬁt:;sn:mmrﬁw&omrmlof ahde faCI ng

gate regions and the_.chanpel region f, the j.unction-f.ield-

transi stor TR[err].?SGH? the O%HGFn SH%% kF%&Hd6@?&?“ﬁ€ﬁ§ﬁ§légﬁﬁd§ rdlng

to any one &f tihe tseicod gregiomh Sgspexstendinghfrometbat otheenendnpfa regi on

SClerr] contai i e | an t | first
R0 chal rx@ge%lr %‘i%% cH.' 88 Lhe h@ﬂ?&h Ly BR4L Eﬂfggf

conductivity type is pre or ffred under “'t I'rst region err], for
25 increasing FL3esd®ton T,ssan el ectric charge stored in the channel

form ng region CHerr] ofajdieméthéd é6ﬁ§§i§1gé . TR err]. The channel formng
region or the channel can, be rial such as silicon

i on
or 30 GaAs by u5|ng(&)k%gﬁﬂlﬂﬁogggsbaﬁgéﬁr éﬁgeFeQPOF afubLars: fdd te a
mat eri al suoh ﬁmumfe@immsslt|andeth€ﬁAsfdmﬁdng:hb gatenpagliby 6t oa hi gh

concentration %%esz)gir%%%&sﬁ%gr gldm licon or polysilicon doped with an

I mpurity, a polysi process. The 35 barrier |layer can be
formed of a naterlaK2$u€hrmin§|CperfﬁrSS|FegnpN[éCgJ the 25eond pegizl As

by using a knowe, niRacefe FREER’ £6l20n 088, Iy i ethudlarkdy £, 12 Phous

silicon or po ys i con doped W th an |npur|ty, i'cide, a two-
| ayer structur él]’i’d-\?‘-nrﬁgYa ciS@e alsafé’r %H“& 1@&%’&‘& h?é"weoﬁibr?h%r
GaAs doped1wi t FadinigMgatiet Yedtiods of the junctlon-fleld—effect

transistor TR, and so as to optimize impurity
concentrations of the facing gate regions and the
channel region CH, of the junction-field-effect
transistor TR;.

20 In the semiconductor memory cell according to
any one of the third to ninth aspects of the present
invention, a region SC, containing a high concentration
of an impurity having the first conductivity type is
preferably formed under the first region sC,, for

25 increasing a potential or an electric charge stored in
the channel forming region CH; of the first transistor
TR, .

The channel forming region or the channel
region can be formed from a material such as silicon or

30 GahAs by using a known process. Each gate region can be
formed of a material such as a metal, a silicide, GalAs
doped with an impurity at a high concentration or
silicon, amorphous silicon or polysilicon doped with an
impurity, a polyside by using a known process. The

35 barrier layer can be formed of a material such as SiO,,
Si,N,, Al,0, or GaAlAs by using a known process. Each
region can be formed of silicon, amorphous silicon or



hi gh concentrati on by using a known process, depending 5 on characteristics
requi red. When each region in the sem conductor nenory cell according to
any one of the third to ninth aspects of the present invention is
constituted of a conductive region, it can be fornmed of a silicide, a netal
such as 10 M or A, or a netal conpourtd. :N%En t he sixth conductive region

sA er[] }St‘;] orgse,ciysa_tltl%nse!ta dm{cx?raﬂrgllmg } a?t%%q&@lraﬂet% C'{iﬂfb-iﬁ hird
aspect o e preSent .inventio r ef erahl.y., e fi regi on err
constituted of 1&¥: m%ﬁ’gﬁ’&qs@‘ﬁg@@ lﬁfﬁ aﬁigac RERExt h
condugt i ve regiconducitdvel liayergr Hm&ﬂ Gang hi%)mlmmmﬁmi dmpwnity ateld
P of er abl'y, -t nBYeBL eRns Rt igy ¥ R 5 RV B3 Stess e e dting i ve
region. Nbréoven omaaaqﬁe;ﬁabNQs(naqnmnadmareguon SC[err] 20 is fornmed in
the sem conductor menor g %?ﬁQngfS?tﬂnt eeg&ﬁi hméﬁB t of
era

the present invention, pre ourt I on err IS constituted

of a seni - condG€lilyaccexding te taWéf ond dill’@c mmﬁh Fspants

present invent b@nth@.aiﬁewn% rﬁﬁﬂéﬂtﬁfn tike donlsti tit@lRs ot & cURRIddivnd the
second transistor .-TR2"i,s conn t to fhe fl%@b- ry cell-iglectlng l'i ne.
It is therefor 5egdPMicidnCany Jﬁﬂ%@%y- s auah iawy

i ne, so ][Ihat Mbeoe'hm,amaacmﬁae. %mpdﬂmdaasgﬁenl ﬂhéﬂelﬁﬁm con](cjuc:]or
menory ce e . t r t t he

pr esent |nvent|%§hg %’%%F Engh iéiggfﬁ %o%ﬁeéﬁ%n%?ﬂ§8$§5?8?°r
functioni ng asmemne'ysmldemcmndmggwmt@fe tthd rde @spec3s oft tires ipntasrent

TR err] Corres@ﬁ@@itﬁ%nﬁoéyﬁﬁé%aa 3k %ﬁ%t%h%%@&bﬁf%hn‘ﬂg region CHerr]

of the first transistor en |nfornat|on is wiften in, the second
transi stor copgtitymed of @B sEMdreAndustd Ve, Xegionat eFurkhers wheasyl t,

t he i nfor masi Oﬁhéssi&‘thed:ohﬂublt&v%h&@@be{@bmﬂ@ teéahea Lhlene] of the

First tran5|stogmlc ea%kt%i Gieln %&en%@Tl accordlng to the sixth or
seventh aspect of the present invention, preferably, the
fourth region SC, is constituted of a semi-conductive
region. Moreover, when the sixth conductive region SC;

20 1is formed in the semiconductor memory cell according to

the eighth or ninth aspect of the present invention,
preferably, the fourth region SC, is constituted of a
semi~conductive region.

In the semiconductor memory cell of the

25 present invention, each gate region of the first
transistor TR, -and the second transistor TR, is
connected to the first memory-cell-selecting line. It
is therefore sufficient to provide one first memory-
cell-selecting line, so that the chip area can be

30 decreased.

In the semiconductor memory cell according to
the third aspect or the fourth aspect of the present
invention, the first region SC, corresponding to (or
functioning as) one source/drain region of the second

35 tramnsistor TR, corresponds to (or functions as) the
channel forming region CH, of the first transistor TR,.
When information is written in, the second transistor



el ectric charge. When the information is read out, the 5 threshold voltage
of the first transistor TR err] seen fromthe gate regi on varies dependi ng
upon the potential or the electric charge (the information) stored in the
channel forming region CHerr] of the firs:i1 transistor TR[err]. Therefore,
when the information is read out, the storage 10 state of the first

E_raniSi Z_I or TR erg,] i@ah_rbﬁgmtdgﬁiof aAMonhe tEe)| Ial!hlde aef l&x@%ﬁﬂl@' thd r Fnt

i ncluding a zes o, magni f ude appl yi ng_.a pr.oper el ected potentjal to
the gate regi on’?nﬁﬁfﬁ'ﬁmﬁ?n t#e %rﬂ’géj I?gs‘lh?scqgté'be%fmf}gﬁ%t’é%ﬂ'% Fe
oper ati on st at @bfthdef irststtramsiiss b rTR,5 aRacpotenitiathersam conduct or

menory cel | acf%ﬂéﬂt{l%é Cbt?aﬂ%’gé’.”e.w?{e t%ﬁxef 5Tl e rinfa 1o gtsasr%%%t ?;uCE‘, i
pr esent 1| nventi on, e firs regi OnnS er.rl]n correspondl ng to (or
f uncti oni ng Jas)thneshald cglkage ok dilvn Birsthxansinton TR,assen Gromr2

corresponds to ¢y Fé&wtféi&:a%ﬁﬁ 3@%@?&1&@%&9 R el £41 1opf the

first transistor TR err]., Further, Ird region SClerr] correspondi ng

to (or functiorkhf) ekectiHe ghakge (e Moo OHSred el deiid
transi stor TR2 gHithrel rsfenty nted fod OH,20 £ the! FatsBItRahstiB@oFOuREe/ drain

region of the first fransistor errl is connected to the second

nenory- cel | - sé#lb?ﬁ?#fbtef'l H@}ex} oﬁ:li‘ x’d}éﬁ%‘,‘aﬂﬁ%dﬁ If??eé)o?‘rl}'tfe t%}e F VIRt ed
to the i nfdridmatstmte edfil-the flirst thrahsistpmt IR, akni bet Hadgedofdom the
menory- cel | 'Selnf'acq;d" | i e , (ﬂ}% Y., t hreshol d
voltage of the 11 s]quﬁéanryf;ls or I%l%ﬁd%%%ﬁ!f%r%&[%e te'i;zrée%fo‘n can be

al | oned to var yagnitudeld kappieingna prepernky sekeqied paresitial fes of

the first transipd JattrgiloNdThaA® $8G0RMe HaAFSrRb®s ohRE sCHeale out
controll ed by q{yoperl 35 selecting a potential in the first )
menor y- cel | - self¥cdsHFITINE thewoReratioh st qfedthentigist Hrangigtor .

35 - menor yscelir,sel ecting line of the sem conductor nenory cell of the

present i nventfon s setygtyRcPOLRTE)Rkudkol hillok) caPt AdcbERIRLES'

TR err] is sufficiently
any one of the fifth to ninth aspects of the present

invention, the first region SC, corresponding to (or
functioning as) one source/drain region of the second

20 transistor TR, corresponds to {or functions as) the
channel forming region CH, of the first transistor TR,.
Further, the third region SC, corresponding to (or
functioning as) the channel forming region CH, of the
second transistor TR, and corresponding to {or

25 functioning as) the source/drain region of the first
transistor TR, is connected to the second memory-cell-
selecting line, for example, through the diode b, or
connected to the information read-out line. And, a
potential in the second memory-cell-selecting line is

30 properly selected, whereby the threshold voltage of the
first transistor TR, seen from the gate region can be
allowed to vary at a read-out time. As a result, the
on- and off-states of the first transistor TR, and the
second transistor TR, can be controlled by properly

35 selecting a potential in the first memory-cell-selecting
line.

That is, when the potential of the first



into an on-state at a wite-in tine, an electric charge 5 is charged in a
capacitor fornmed between the first region SCerr] and the third regi on SC3
in the second transistor TR err] dependi ng upon the potential of the second
menory-cell-selecting line. As a result, information is stored in the
channel forming region CHerr] 10 (the ¥i¥%t-region SCerr]) of the first

transistor TR gdiloRs GePRlfdtd diiflfﬁ{dﬁr!ff 1 e ddikadetSt d\i/ﬁ:ﬂéf’f he

SClerr] and the t |rd regl on SClerr] or as an, electric charge.

information is qeelé‘d Hutthe Rresthinyenfionds el st P privptial ak set
at a read-out peiiiH ittle swbid thmdfstds e, likagaifsiedehBle’ brought

potent el or el 56 ' MRS WSS AN, Sretb It idClannel
first regiord Sﬁ[sercliam_md eigp andiappd i rfdmmest |lmtwepm§)he hiedediannel
o 00t £ e n P Iodi nli En€0en32a0nel 8P, YL UL gaLEREPONY. "9 (O

(or functioning source/ drain redgl ric Charge. As a
resul t, the thitesmsistay (BRyedependéngi nppnt thnspgtsntiR[Leprf] theen fromthe

gate region var e R dglqn_stgl%ca&c%e nt gl zd nce or
electric chargge%t%he 25, I:})g-or mat i on),. \Wen %@I mg%r rratk%%gﬂ?s read out,
therefore, the J@Eﬁqﬁwa Gitted Ha rhhechanpal fyming e?‘?ql%rpfbe
control | ed 1lgy a(mmieflﬂg:s-t rxrezﬁeﬂi BGi ¢l 6€t eHepglienti erahgibhergaRe 4€ghon.

of the 30 11 BOUPrAe G fokeriay Pedan ae el Rt G Riory

cell of the prd:ﬂmwtthnndarneg:wn SQyr ovi dedani ehecheifuabarge-f i When erléect

{ranst st or TR3 sl 10 Jdi WSt HARRIA IR W ihip second

transistor TR err e on/ df f _operation
junction-fiel dredien SGahsi sebratrperepdirgutorekentéalnhandt B8 itheor mation

;f reag outys afh&@&?ﬁ?ﬁﬂﬁﬂ%ﬂ&!ﬂﬁ@ |€ﬁé Qtehﬁiagubfeﬁhe elec%ﬁlc Wh'Ch
esurt, the nufierdst oA o R 145 (e TAPI. HFREARA o
t he second nenaegion Cles converted to a potential difference
between the first region SC, corresponding to (or
functioning as) the channel forming region CH, and the
20 second region SC, corresponding to (or functioning as)
the source/drain region or to an electric charge. As a
result, the threshold voltage of the first transistor
TR, seen from the gate region varies depending upon the
above potential difference or electric charge (the
25 information). When the information is read out,
therefore, the on/off operation of the first transistor
TR, can be controlled by applying a properly selected
potential to the gate region. That is, the information
can be read out by detecting the operation state of the

3¢ first transistor TR,.

Moreover, the semiconductor memory cell of the
present invention is provided with the junction-field-
effect transistor TR, in addition to the first
transistor TR, and the second transistor TR,.

35 Since the on/off operation of the junction-field-effect
transistor TR, is controlled when the information is
read out, a large margin can be left for the current



cell-selecting line is hardly limted, and further, the 5 information
holding time (retention tine) of the sem conductor nenory cell can be
increased. Further, when the diode Dis provided, the infornation read-out
line connected to the other source/drain regl on of the
junction-field-effect 10 transistor TR3 Tat® b2 onitted. Meanwhile, when the

di ode is const iyHitcl ﬂ.fovéis Flféﬁv&é@rilﬂfélsbd&ﬁi 66 L (B! ahd N thadld  of
the present |nventJon the iﬁ %se ﬁ@%ﬁlng n each r&a ﬁo
constituting tHe& ﬁeﬁ?gﬂ ohEBhtPREPGHOE 5

rel ati onshi ps mtemqh ceﬂgusarthast | oROxE chnserconnecﬂmédlm sy sedaend| memoimren
t he infornatio p

constituted of four | on ‘Isg[ er ra}]?dﬁu%f'ﬁtr%&re%é%w ntd 1t:lllle
first regi o sd{m‘m]matslqn dugldlnmtm oretention dnime heof rithe nat i on
stored 20 in thRufidotad &%Prineigr.? lefPYcdfHe filizauidling the above

probl ens, the voltage s a he second nenory-cell-sel ecting
| i ne when the |nfornat|oﬁuF§h?€adWBﬁP the, dindeeB 18 BEOYiAsH,dEheee of

vol tage (0.4 vdhdfc¥mdtiedi read-Afsea e a:cﬁmedtré?dltﬁﬂ)tlié otheh 25 no large
forward current flows,in thﬁ_eéunctio tggrtron of t %%eretgrgl on SC4 and
the third regl r‘i’i B Eor ?&%E“‘ctér?‘b J0 or exanpl e,
by a nmet hod0 n tdansistor fIK;t banebeoom$€led.] Meanwkeikejiwbanuther nenory
cell according [ t ion or the sixth
region SC err] &l%(i%gsfséréﬁcgon uc c?rq;f y%&cﬁﬁfé@accorﬁ%o the sixth or
seventh aspectSﬁMJQQaQﬂQﬁﬂﬁum&mﬂnyuqQii|Qifﬁhﬂnﬁiﬁ&enUuiQKﬁnt&Qnreymbn of

the third regi o S§eHdvert il Isré@ﬁng’ﬂ iRt o r ey 181 AoPANThd Scie
to constitute the fifth region, a err]” or, 35 the sixth r]%;on SClerr], and

the junction b&kaseh athdhe desiarying, oo mpYridy GRNCENRTRYIQN on SC[er]
in an enbodrsrrerttelmmmb g dd kaadtbaveyianpec iafpridpems e%ﬂch-m/;_entmaan

o and the S G G ol LR, 5 R S, R}
Schot t ky junct isokiptd&r ipnp timansistor constituted of the fourth
region SC,, the third region SC, and the first region SC,
is brought into an on-state, and the information stored
20 in the first region SC, may leak. For avoiding the
above problems, the wvoltage which is applied to the
second memory-cell-selecting line when the information
is read out is required to be a low degree of voltage
(0.4 volt or lower in a case of a pn junction) at which
25 no large forward current flows in the junction portion
of the fourth region SC, and the third region SC,. The
above problems can be overcome, for example, by a method
in which the fifth region SC, in the semiconductor
memory cell according to the fifth aspect of the present
30 invention or the sixth region SC, in the semiconductor
memory cell according to the sixth or seventh aspect of
the present invention is formed in the surface region of
the third region 8C,, a silicide, a metal or a metal
compound is used to constitute the fifth region SC; or
35 the sixth region S8C,, and the junction between the fifth
region SC; or the sixth region SC, in an embodiment
according to the above aspect of the present invention



fifth region SClerr] or the sixth region SC[err] in an 5 enbodi nent
according to the above aspect of the present invention is constituted of a
silicide layer, a nmetal l|layer formed of Mo, Al or the like, or a netal
conpound | ayer, and a di ode of a Schottky #fnction type is fornmed, whereby
the risk of latch-up can be avoided, and the ™10 limtation on the voltage
applied to the airtahe roinivd) rezrildn B9,edsi figrinedeassanguhotgen fnacessary,

or the informatj r et ' t] e r ed.. l.n. so the fifth
Fegion SO orr] gt B Y st & SAn T Hadn e IR EHRA & 1o the
above aspects domwaad Surmesdntlikes entdahottdy Gonsdrisin + uTbdtofisa the

sem conduct or | ; 0 dUGLi¥i s Y Dea~a I ode of a pn
junction type ﬁgxﬁ%29%§P%§h?ﬁ%hggsg§?c§%53§t%%g%éﬁnfg‘ggf%“gf t he present

i nvention rét a'ﬁﬂé)qd@@einﬁ Soeernddnddo, the ahave aspent mft &he oirefignter ence
or an electric jghdm9oniid edmAl tiitdEHf @@ysaddibd URGldrON d fdtalrtc. .
attenuat es theﬁéaponﬁg or !ater. It is therefaore necessary to refresh_it,
and the seni condd¥&ro Pida, iAd Q% dikSee PBRAVMEIRL compound |
the sem c?ndﬁcuaweremn)d @eldioger afdiah Gt taky o%mmﬁ‘idma:yfﬁer Sis tfoxad h
aspects of the_pr t ventj.o rin onfi gur at ca

sinplified by E’S‘ﬁ%e%g’&l ﬁé}% ﬁfgsﬁ ?’ﬁm&gg‘&:ﬁciﬁpsé“g‘r Eﬁe g‘g"’t & i ra&% lr%g’g% on
SClerr]. |40t hdisitadiioonon ddeovdiligge appd ifed te tthenisecend) mesmoayt-s  of
the present i”%ﬁﬂﬁL%%ld%?i Pind 8. oS Lo iﬁﬂé@éégﬁ&%r%k the second
transistor TR2 are nerged 1nto one unit, and the cell area and the |eak
current can beigforagdden pretend ioatdsiel far bendistrased. aBofEMRg to 35

the seventh or caisel,htaePeaictdf ridd oby @t‘;nén&nﬂﬁé_téQﬁthtfé?_whréc% ][ﬁ{‘tSI stor
ec

;rngnfsiO;t 3’?' %%?%S°%-ﬁ§¥?d§%&%g %@OM%JO%QEEC%%;&;%&?{& he on/ of f
operation ab t preskntd inventiionomajRber const idmrtiedoldfed. sémieconduartga:
margin can be &Q?%Efgketﬂg %%Eb%dpﬁgﬂdﬁﬁiﬂvyiy type, and a diode of a
pnh junction type may be formed.
The semiconductor memory cell of the present
invention retains the information as a potential, a

20 potential difference or an electric charge, while leak
current caused by junction leak, etc., attenuates them
sooner or later. It is therefore necessary to refresh
it, and the semiconductor memory cell is operated like
DRAM.

25 In the semiconductor memory cell according to
any one of the first to ninth aspects of the present
invention, the wiring configuration can be simplified by
connecting the fifth region SC; to the first region SC,.
In the embodiments according to the fifth to ninth

30 aspects of the present invention, further, the first
transistor TR, and the second transistor TR, are merged
into one unit, and the cell area and the leak current
can be decreased.

In the semiconductor memory cell according to

35 the seventh or ninth aspect of the present invention,
the third transistor TR, for write-in is provided in
addition to the junction-field-effect transistor TR,,



a current which flows between the second region SC2 and 5 the third region
SCerr]. As aresult, the limtation on the nunber of sem conductor nenory
cells that can be connected to the second nmenory-cell-selecting Iine can be
further decreased. 10 BRI EF DESCRI PTI ON OF,JHE DRAW NGS The present
invention will be explained in detail wi Th? efTerence to draw ngs

herei nafter. Figisd vifermnthdBishermationr iscreadsowt, t tResenyespduct or

Tvent i on. i g oErRBR o ehe (BRLAT Lrdgltér S, B U 5
sem conduct or meexy ylaxge margianphe be therefore rveliaklmtpropidedafor
Cross-secti onal Vét?f.%é’ﬁt %Hféﬁaf'ioﬁé %fw & ER8ILELhd "R é@i&ncgb dny 20

Exanple 1. Fig. ematic parti cross-sectional ew of @ vari ant
of the sen1d%nd&k@d#hhﬁin¥?9é%mls EREnpl sesult; gths ijimisakienhen

principle diffefgatndmioey %ftéah_m@n&ﬁaéer l&mé hefiggagshtBet he
sem conduct or nmenory ce accordin t he flrst ﬁ. Ehlrd aspects of the
T

I
present i nvent iGPNEFEed cte sthe & |@3¥%FYT%§ ecktny e\FaW of a
vari ant of the senfworisketdecrea®ed. cell in 30 Exanple 1. Fig. 7 shows
another principle different fromthat in Figs. 1A and 1B with regard to the
sem conduct or nenory ceII accordlng to the first and third aspects of the
present i nvkht iBRIEF R IRAKINGS d 8C are schematic partia

cross-sectional views an?h §E%§@BE'ﬁnb@h@ibnoglilvﬁé'QQ 193&EGG

sem conductor nenory ce| ﬁg 9C are
schemati ¢ paft|Qﬁt%¥b§%l%%c¥¢€ﬁ%@nﬁ¢éV% QﬁﬁWkPQﬁﬁhﬁ%ﬁ%@af%96ut of a vari ant

o]{ :Ee sem conduct or nenpiyscehh LAAEXBMBhEwlthE Brih@iphewsoeheneri ncipl e
0 e

semiconductor memory cell according to the first and
15 third aspect of the present invention.

Fig. 2 is a schematic partial cross-sectional
view of a semiconductor memory cell in Example 1.

Fig. 3 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in

20 Example 1.

Fig. 4 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in
Example 1.

Fig. 5 shows another principle different from

25 that in Figs. 1A and 1B with regard to the semiconductor
meméry cell according to the first and third aspects of
the present invention.

Fig. 6 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in

30 Example 1.

Fig. 7 shows another principle different from
that in Figs. 1A and 1B with regard to the semiconductor
memory cell according to the first and third aspects of
the present invention.

35 Figs. 8A, 8B and 8C are schematic partial
cross-sectional views and a schematic layout of a
variant of the semiconductor memory cell in Example 1.



5 sem conductor nmenory cell according to the second and fourth aspects of
the present invention or the second and sixth aspects of the present

i nvention. Figs. 11A and 11B are a schematic partial cross-sectional view
and a schematic |ayout of a 10 sem conductor nmenory cell in Exanple 2.
Figs. 12A and 12B are a schematic partial ¥?03s-sectional view and a

> g, 13 shows_another peene pl e o ror ot From ren e pere e

. Fig. shows anot her, pringci pl e di ren rom at 1n Fig. Wi
regard to the s@ﬂ%’rﬁﬁ?&nﬁﬁ?ﬁeﬁ‘?&a%c%?mt%% ?ﬁéo‘é'%c%gogand fourth
aspectis of the ket ld»ﬂvamimid%m%cﬂdﬁ ,mé:ﬂ&l ﬁmbmfélamrmxamwali.(:f ]
partial cross-sectiona l,ews ;an chenmat i t 20 variant of the
sem conduct or nenory cel¥15ﬁ éga%Bﬁg%ZF%Eiéginfgé?glgg 5%8 15C are

schemati ¢ pdt isgmizesiucker imereryieekbl aackcerdime o i the sgecondfandvari ant
of the seniconQﬁﬁi rggﬁg | $ roereh (ShS3 e w t he
principles of the %.se c%%ﬁ(cjﬁé:ft otlfﬁbngég%/)&?%ﬁng%%%%ﬁﬁgrt 0 tggﬁé}r&gt and
fifth aspects dind Helpth aspects of i bhe Bresenty inventiofmatic parti al

cross-sectional view of gijggn ¢9AdHANON 1BEEREY aC8bhemAtE¥apBreidl Figs. 18A
and 18B are schematic aéilaj crpss-lgg ;Fction | . views of variants of the

semi conduct or RIS QRA LT A i%‘é’?e“l&?‘érpoawf?:a‘? & schematic
partial crdss- snicomducten membry sedEhein Exaaysle f a sem conduct or

art1 41 Coross-secti onal  EiSh: ah#Ra20dn 08 Brer 3, pEPenRtic R RBLS The”
sem conduct or mraEs~aedtiomalaigy cand a schepaticilpyout 9iHwe vaeiant
pri nci pl e of thee S A dESP Heriel} SEPOTH Midipidie second and
si xth aspects of the present 1nvention. S. 22A an B.are a schematic
parti al Fig. 13 shows another principle different from
15 that in Fig. 10 with regard to the semiconductor memory
cell according to the second and fourth aspects of the
present invention. .
Figs. 14A, 14B and 14C are schematic partial
cross-sectional views and a schematic layout of a
20 variant of the semiconductor memory cell in Example 2.
Figs. 15A, 15B and 15C are schematic partial
cross-sectional views and a schematic layout of a
variant of the semiconductor memory cell in Example 2.
Figs. 16A and 16B show the principles of the
25 semiconductor memory cell according to the first and
fifth aspects of the present invention.
Fig. 17 is a schematic partial cross-sectional
view of a semiconductor memory cell in Example 3.
Figs. 18A and 18B are schematic partial cross-
30 sectional views of variants of the semiconductor memory
cell in Example 3.
Figs. 19A and 19B are a schematic partial
cross-sectional view and a schematic layout of a
semiconductor memory cell in Example 4.
35 Figs. 20A and 20B are a schematic partial
cross-sectional view and a schematic layout of a variant

of the semiconductor memory cell in Example 4.



5 cross-sectional view and a schematic |ayout of a variant of the

sem conductor nenory cell in Exanple 4. Figs. 23A and 23B are a schematic
partial cross-sectional view and a schematic |ayout of a variant of the
sem conductor nenory cell in Exanple 4. 10 Fig. 24 shows anot her

principle of the sem conductor nmenory cetl4@ccording to the second and

sixth aspects of the preggyf, biveRbwanthe QJ%iP%igl@@fziﬁear? a schematic
ay

partial cross-sectjonal viéw and a schematic ut of a variant 15 of the

sem conduct or nEFRESORAELOR REMEKY Call FRELOrdEng ste Yy seecddsaRdnatic
par;ialdcr?ss-sggitmnaé g@ggv@mdtm?spﬁ@ggﬁtciﬁggﬁyiogf ngariant OL thf-
sem conductor menory cel |..in e 4..Eigs. n ‘B are_a _schematic
partial 20 cross-section P9§r5é§gﬁén9 ggﬁe%ﬁﬁ a&p %GF Partiadnt of the
sem conduct & nernoss-sedtiomabExebed cadd & schefi8tiantapSbt avf a sahkanti c
partial cross-sggtional #i@%@@t@f %ﬁ%ﬁ@%i&eifyfﬁtlzf&ﬁlgaii ant of the
sem conduct or nenory cer n anpl e 4. gs. 29A and 29B
show the principles of tKdgsen23ddnand: @8Bnawer ¢ schematder paxgiad t he

second and sevegids ASHESE ford1 [Eew’ 58 ééﬂéxﬂéif@-lf*cg@? éﬁpaai?grzﬁgxg%are

a schematic partial cross-sectional view and a schemat ayout of a
seni conduct or rRfothe cemicondyeher dmemoxy (selh1in FmempEe e a schematic

partial cropg-sectional yigw aadshowshamether! pyautipfleaofathent of the
sem conduct or nennn¥ ggll I n Exqg%he 5& FH%E- 2A ag ‘é%B are a.schematic
partial 35 crosiSRIEQRRIENOL By SSLE T ERy bRt tRE 88909 ofRdof ¢ he
sem conduct or neintly asgpécts &Karipd epfeséniysin@Sutboml. 33B are a schematic
parti al - 41 - cross- i 0 Lhaw-and s¢h G 4-ls QY a vari ant
of the sem conduct or nengﬁggéePﬁbiéhExggglgég.8F?§§%h§XAéaﬁ§E§3%larg
schemati ¢ part i@fossoiectional onkew ardsa ffchematie olayeit cofidcyariant

substrate, 15 of the semiconductor memory cell in Example 4.
Figs. 26A and 26B are a schematic partial
cross-sectional view and a schematic layout of a variant
of the semiconductor memory cell in Example 4.
FPigs. 27A and 27B are a schematic partial

20 cross-sectional view and a schematic layout of a variant
of the semiconductor memory cell in Example 4.

Figs. 28A and 28B are a schematic partial
cross-sectional view and a schematic layout of a variant
of the semiconductor memory cell in Example 4.

25 Figs. 29A and 29B show the principles of the
semiconductor memory cell according to the second and
seventh aspects of the present invention.

Figs. 30A and 30B are a schematic partial
cross—-sectional view and a schematic layout of a

30 semiconductor memory cell in Example 5.

Figs. 31A and 31B are a schematic partial
cross-sectional view and a schematic layout of a variant
of the semiconductor memory cell in Example 5.

Figs. 32A and 32B are a schematic partial

35 cross-sectional view and a schematic layout of a variant
of the semiconductor memory cell in Example 5.

Figs. 33A and 33B are a schematic partial



5 etc., for the explanation of a manufacturing nethod of the sem conduct or
menory cell in Exanple 1. Figs. 35A and 35B, subsequent to Fig. 34B, are
schematic partial cross-sectional views of a silicon sem conductor
substrate, etc., for the explanation of a 10 manufacturing nethod of the
sem conductor nenory cell in Exanple 1. Tﬁ%ﬁ.“SGAL 36B and 36C are

schemati c part iglogdd-QasctoRsld PRA ew | Y8 Dfschdd t LON HATRE B UL I Eriant
substrate, etc.,_fQqr the ﬁﬁﬁl nation of a naqﬂéapturln 5 t hod of the
sem conduct or r?eﬁrﬂﬁ'&ﬁcseﬁ’?l‘? duepoxy (elbAan FXAMRAE Jubsequent to
Fig. 36C, are schenatic phgsi.aB4Ar and- 348t ampakchematiof parsihilcefoss-

sem conduct or S . r.t £ ' facturing
rethod of t he SHRSTI: AL of )R b O A Shiodbr A e
schemati c pdrtiedic.cr o ddw iewplandtieniof aammuatimivingrawethodedf in
Example 6. Fig. | et it o RIES A | -gﬁ%@' . view of a variant
of the sem con l}%tggre?nrr%m[y celﬁ q?érg@ézlgj Eéx%lrcr]{o?%? . |§Rp?0 s a_schematic
partial cross-sectional Fig§-oB58 3B€i dABrofubsequentcbAdEiger 3ABmAYecel

in _Exa{rplfe ?-h fHchenthl i %%ﬁifamﬂd‘s@ﬁédﬁoggpsiﬁmg td'Ff_Jr@IS4:».391_¢6&W of a
variant o e semni conduct or mory cell .in . Fig. .is a
schematic part isﬁm‘&%g‘g“-“sté?ﬁ i t’%/ﬂttﬁv ihar:y 'va&frgrﬁ%%fe’f AW iR or
menory cel |10 nnamifdotrinp method of e sedilidonducsde mEnarparéiilin
cross-sectiona%ggﬁggcﬁ a variant of the sem conductor nenory cell in

etl. : . . _ _
Exanpl e 6. - i'g. 44 is a schematic partial cross-sectional view of
a variant of the sem conBigser36drod§Bcanf BACERuApFehematiig. pastisla

schemati c partiglosy-QtSiRfld10RAlews of a silicon semiconductor
substrate, etc., for the explanation of a manufacturing
15 method of the semiconductor memory cell in Example 3.

Figs. 37A and 37B, subsequent to Fig. 36C, are
schematic partial cross-sectional views of a silicon
semiconductor substrate, etc., for the explanation of a
manufacturing method of the semiconductor memory cell in

20 Example 3.

Fig. 38 is a schematic partial cross-sectional
view of a semiconductor memory cell in Example 6.

Fig. 39 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in

25 Example 6.

Fig. 40 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in
Example 6.

Fig. 41 is a schematic partial cross-sectional

30 view of a variant of the semiconductor memory cell in
Example 6.

Fig. 42 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in
Example 6.

35 Fig. 43 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in
Example 6.



5 view of a variant of the sem conductor nmenory cell in Exanple 6. Fig. 46
Is a schematic partial cross-sectional view of a variant of the

sem conductor nenory cell in Exanple 6. 10 Fig. 47 is a schematic
partial cross-sectional view of a variant of the sem conductor nenory cel
in Exanple 6. Fig. 48 is a schematic parti$® <Tross-sectional view of a

variant of the sem condupigr HE”QEY&CQEhethtlé Eéﬂmhﬁ éroEggseéﬁlbﬁai
schemati c partlal Cross- sectJonm ﬁsﬁﬁ% a,an%?nt of the sem _conduct or

memory cel | i n B&hA% % Vaiipntse |‘%ﬁmq,xf36§ée]s]ec’ffional 20
view of a sen1mmm@pﬂew6nmnnry cell in Exanple 7. F|g 51 is a schematic

I al - ' I h d |1
o Example 7. Fio. 621 stidschantei & paRrmaris Beleal PaaEb betE BRIl *a
vari ant of tShe wi@ew cxﬁw@oicamlarmmm;/ e Isem@sdrpi’@r? megigry 521k in

schematic partkai Q§§;sect|onal view of a variant of the sem conductor
menory cell in nﬁ% 7. Fig. 54 is a schematic parti al

cross- secti onal V|em10f Elgarﬁéntsoﬁ sfheBakieonattial asasyseetiopal

Exanpl e 7. Fi 0.4i%% iIcF & SANSHEHE 0P ¥ld Vel SRIRAYr alory Q¥10f # vari ant
of the sen1conductor menory cell in 35 Exanple 7. Fig. 56 schematically

shows a conven®*3PRi€%Pe-transi stor menmory cell . - 43 - Fig. 57
schemati callloy shows a copigont4pnab aesohgmathit paritiglactoescbectpenalor

structure. DESGRIETIGHN K vax.‘i%n%R%ﬁ:E'%%ED s%ﬁ%%n%'ifcoé ndgSHP'1h in

Example 6.

Fig. 48 is a schematic partial cross-sectional

view of a variant of the semiconductor memory cell in
15 Example 6.

Fig. 49 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in
Example 6.

Fig. 50 is a schematic partial cross-sectional

20 view of a semiconductor memory cell in Example 7.

Fig. 51 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in
Example 7.

Fig. 52 is a schematic partial cross-sectional

25 view of a variant of the semiconductor memory cell in

Example 7.
Fig. 53 is a schematic partial cross-sectional

view of a variant of the semiconductor memory cell in
Example 7.

30 Fig. 54 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in
Example 7. ’

Fig. 55 is a schematic partial cross-sectional
view of a variant of the semiconductor memory cell in

35 Example 7.

Fig. 56 schematically shows a conventional
one-transistor memory cell.



Exanple 1 is directed to the sem conductor nenory cell according to the
first and third aspects of the present invention. For exanple, as Fig. 1B
shows its principle and as Fig. 2 shows its schematic partial 10 cross
sectional view, the sem conductor nenory cell of Exanple 1 conprises a
first transistor TR err] of a first conduct3vity type (e.g., n-type) for

read-out, a second transpghQr sTREehehathical39ceRdwsondushiéntiohuae (e. g.

p- type) for wite-in, d'a junction-field-effect 15 transistor TR err] of
a first conduct®SRALY t‘iﬁia;gl (léa%mgrp %‘%‘ihf‘?ﬂl’%’?% SIS in Exanpl e
1, the first transistor TRerr] is corrposed of one transistor, the second
transistor TR ( 3 er.. < ( and t he
junction-fiel d- R3 TS COMpost 20~ a further anot her
transi stor. STh&xample e seni conductor nmenory cell in Exanple 1 has three

transistors. Concerning ghgy éiési i&aﬂzgéh%gT&e‘izhb &3 sbnAl&tor

source/drain region is conne ted etern1ne potential, (A-2) the
ot her sour ce/ dMgNPRRe G REcarding e rfel@ﬁ JFinet anshaeind RsprRaEs 9B6gi on

(C);[ceﬁ P]e Jlgngz)lngg:htée téc?eg,{ttf ﬁ‘{éﬂ rre?r:f)%rl-g%l seI@ef:?lsﬁklﬁ %gtBefor gﬁgrrpl e,
VRl o1h g SRR P P VRGeS LR AR R R ST )

fsour ce/ dr iai}m [ eioBE |slectOiuTed Gdlév?, ammmmlmemmm of nﬁ

or exanple in jLon has a
common regi on W af%“pale ﬁar?zog?p?bsrerﬁ n% ﬁe%"f%ﬁt%—r!{}gir rﬁs f| rs?t&%r ansi st or
TR err] and w mm;lufdtrlsutgatiameegﬁmof n+kype) -for Eeé}dﬂmtora fsetondf f ect
transistor TR & :{al I(Bm%) o g2kechbad! QBP@F.IEEE}I:LIE _&9pe gta_ego ﬁcgt-he

first nenory-cel ect| ng,line, tor_exanple rni ng
the junction- fltéﬂRF)efﬁ%tWIELttQ'aﬂﬁbn @ ar F{W’]mn-fleld-effect

15 transistor TR, of a first conductivity type (e.g., n-
type) for current control. In Example 1, the first
transistor TR, is composed of one transistor, the second
transistor TR, is composed of another transistor, and
the junction-field-effect transistor TR, is composed of

20 a further another transistor. That is, the
semiconductor memory cell in Example 1 has three

transistors.
Concerning the first transistor TR;;
(A-1) one source/drain region is connected to a
25 predetermined potential,

(A-2) the other source/drain region has a common
region with one source/drain region of the junction-
field-effect transistor TR,, and

(A-3) a gate region G, is connected to a first

30 memory-cell-selecting line, for example, a word line.
Further, concerning the second transistor TR,;

(B-1) one source/drain region is connected to a
second memory-cell-selecting line, for example, a bit
line,

35 (B-2) the other source/drain region has a common
region with a channel forming region CH, of the first
transistor TR, and with a first gate region of the



(G 1) a second gate region faces the first gate region thereof through a
channel region CH err] thereof, the channel region CH err] thereof being an
extended region of the other source/drain region of the first transistor 10
TR err], and (C2) the other source/drain region is positioned in the
extended regi on of the other source/draim 4%gTon of the first transistor

TR err] via thejufenivn-f gl drefFéet rirandidter sery, canduct or nenory cel |l of
Exanpl e 1, 15 the seco ate .reqgion of the junctiop-fiegld-effect
transistor TR[err] ﬁ%‘ggn%e&a&? &89&°§‘eé"tenasp?888f’8£ﬁ?n§8 Bg?eﬁtlFﬁF, and a
junction porti arenmdfry-eell-+eelasting/ ire ) fogiexandlde heche word line.
Lecond 20 transi stor TROCPACREREnG; She’ fuBBf18HEARRCREREBLT (PG On P N
menory cel | Sf twanglstar HBRs; (a) a first seni-conductive region SCerr]

having a second conqecliyig kot datle PEYRIE £y Rie First (%atﬁé’) a

second sem -conductive region SC err] havi'ng an opposite conductivity type
(a first condudi®9Aqy ¥herechthnudly Anrhanngl ¥y Sy Ghﬁﬁ@%c&%@
conductivity tydiani¥l ar 0 Rfvgebfe bedaigo anSextbaderad relyiansids ci de,
metal or a netgl, conqoun sai d, second re |ogﬁ§0 SCeerr] Jbeing, formed in a
surface region {(HRSY AQuree/ ¥¥1€59#§n He s It ees err ]

form ng a riéct ifR,er apdncti on together with the first region SClerr], (c) a

third sem-conducti \(%-Zgglt?l% ‘gg[h%rrr ]sog}%r raln? YA & $Hsqt i¥ndd e
first region S(err]' ‘and space rom the second-regi on err], Said
third regi on SGh Hdhe mxtended rrgiamdutttihg tathep sounse daais «cegion

nferr]-type, (Qf aHOUWirsts ¥ParfPtt i'M@I vegdl Qﬁesgﬂahﬁ\éhnﬂebfi‘én CH,. 45 -
second conductivity type, for exa err]-ﬁ% gy or_a fourth conductive

region SC4 forned of a sipiﬁpﬁe§eg2%§@§BLEPram €8tpofhdExampder dur t h

regi on SC a5 ] thai ngedondefhtie) rediod ac® HRgiAimatidiiet idlid-tbfRgHon

SAerr], and 5.sald {QU e ©95C8on5kE Ll £8" 11 B9c8nbCELbhbtbrhi Rt O"
potential, and a junction portion of the other
source/drain region of the junction-field-effect
transistor TR, and one source/drain region of the second

20 transistor TR, forms a diode D.

Otherwise, the semiconductor memory cell of
Example 1 has;
(a) a first semi-conductive region SC, having a
second conductivity type, for example, p-type,

25 (b) a second semi-conductive region SC, having an
opposite conductivity type (a first conductivity type
and for example, n‘~-type) to the second conductivity
type, or a second conductive region SC, formed of a
silicide, metal or a metal compound, said second region

30 SC, being formed in a surface region of the first region
SC,, and said second region SC, forming a rectifier
junction together with the first region SC,, ’

(c) a third semi-conductive region SC, formed in a
surface region of the first region SC, and spaced from

35 the second region SC,, said third region SC, having the
first conductivity type, for example, n'~type,

(d) a fourth semi-conductive region SC, having the



together with the third region SClerr], and (e) a fifth sem -conductive
region SCerr] having the second conductivity type, for exanple,
plerr]-type, or a fifth conductive region Serr] forned of a silicide, a
10 nmetal or a netal compound, said fifth re ion SClerr] being forned in a
surface region of the third region SC[erT] nd spaced fromthe fourth

TS st ihudt vt aindyr onseguagidl gty oprelpoct e
transistor TR| eé‘?‘? %‘;‘é‘b TR/ TREIPR 80 m iﬂ%tce‘di%f &he
second ai([:;;?p] Sﬁéﬁl]ofﬁfi héeal Mcbmbdimdpgsﬁmefast]lrtl(lﬁréqlonc.it;apgﬂé;lorfngar m ng
scterr] sandw AR 1 € HE0eled S P oL e L RLEl FralOR 567 b
SClerr], ands (/s8&id af@atﬁl reegbon Gey formd nig mneecdi. fa eyarjunsytilcayer f or med
on the surface 15 ﬂ&e {68 Eﬁésﬁh{%f’%jﬂe%@ $@gdwi ched by the second

region SCferr] |rd regi on On the other
hand, concer ni ng thd@e@rﬁﬁ%%@"ﬁﬂ%ﬁ#‘ﬂe negipn G havangi fheegi ons

?EGZ)COQSELL%?@%#%&%? ‘;3%"’9* ”t’il%ﬁﬁ’é‘%rf@"fé“‘ oI P Lerper on B Ton of

) i i itu .a.sU I

the third regi oh Fre fOMEA O ééfé‘tqﬂ é‘ndthe

}‘ourt hf regl_’gm H$teAY Jor amdnétBaB)cdmmlmd; espa fiftls f@gmd ] d g ﬁrd

ayer forned o i andw che

byyt he first rgfg(%‘l'c];ﬁe%&riera% ‘glﬁ%‘?% P%%{éﬁhéfe%t?%n@%f(gds% '?IE g‘n% I ng

the junction- flﬁ»@mfmmttmsf@lmh TRegioen ;SC,, ands saidCLiyf thatregiegi ons
titut t t

ore, const LUt ecrafuddy { i LenonSGeN andemaniion ale fRiare

region S err] on SC err (G 2) a chann egi on
CH err] is conX8IiAFGF part 5 of the third region Sqerr] sandw ched by

the fifth region And, concerning the first transistor TR,;
(A-1) source/drain regions are constituted of the
second region SC, and the third region SC,,
(A-2) a channel forming region CH, is constituted

of a surface region of the first region SC, sandwiched
20 by the second region SC, and the third region SC;, and
(A-3) a gate region G, is formed on a barrier layer
formed on the surface region of the first region SC,
sandwiched by the second region SC, and the third region
sc,.
25 on the other hand, concerning the second
transistor TR,;
(B-1) source/drain regions are constituted of the
first region SC, and the fourth region SC,,
(B-2) a channel forming region CH, is constituted
30 of a surface region of the third region SC, sandwiched
by the first region SC, and the fourth region SC,, and
(B-3) a gate region G, is formed on a barrier layer
formed on the surface region of the third region SC,
sandwiched by the first region SC, and the fourth region
35 sC,.
Concerning the junction-field-effect
transistor TR;;



SClerr] and said portion of the first region SClerr], and (C 3)
source/drain regions are constituted of the third region SC3 extending from
both ends of the channel region CHerr] of the junction-field-effect
transistor TR err]. 10 The junctjon-field-effect transistor
TRlerr] is formed by (1) optim zing t he ti4& ance between the faci ng gate

regions of the j unct(can fi lt@- olnst l’ai'@esb%h%l’tﬁaﬁ:%ar bf tt:'lk@at ﬁl%tli he
t hi ckness of the channe

t
concent r at i ons T§9%%%e cf“ﬂgl ggpﬁﬁkéopeﬁﬂfoﬁg %%i‘rﬁﬁ Irgﬁihﬁgﬁlc;m e%i‘%x%l—l[ err]
of the junctiorthe ifdlfttefderrion rsdygi stor TR err]. The sem conductor nenory
cell of Exanple 1, Cgagaeghfahgghl hgag?‘or S}.s rfgﬁgglégogéréflp?sgr med in

a well of the secon ucti vi med in
a seni conduét orofs bt rtdtiacd /mmm Sgbt eanégmhe@{ byr }:hef fu.lﬁehf regtion

transi stor TR[%:“ hi%shgq’ BE{:E‘LG be ﬁe“if!:.%éi: Qégfoﬁegbon el

hereinafter) a e gate r g| on err e sec trahsistor TRl err]
(to be referred to. 46-33cE6HECg{dxaingreqions arer cpnstisutedapfethenr e

connected to thpifdd HedWISC, éﬁtbnaehQCEraﬂ bbﬁﬁ eh@E 6¥agnkechhfgerord
ot e e B3R Hoop by dppeLoncBIRER SArbRc: heaBaghER
menor y- (é(e:l[ Ilos]el ecting | |'.nhe jmncﬁﬂonxﬁmalé—efﬁecbltrdmﬂiastarldTRhleLé i fthh
region err e er.
a junction porti g:rx]n S’#]Q’S’ﬁeﬁsmﬁ%‘?‘g‘&%g‘ %éfo %‘i{a%cf% %ﬁlegﬁc?ﬁ fﬁ‘:][:
forns a di ode Batgn&egiensoafcdhy aw%@mqummmsms&qr éli'Rsect

35 transistor TR s I%@%ﬁ@ﬁﬁé&&ﬁ%ﬁ%d&@é@ﬁi 'cn Sehﬁetl ng
line, for exarrple the hi t I|r1e t hrough the diode D

region SClerr] (23neRtAMIF Lngh AP Udie fORSETadfions |°r$p|3:|1§et f"’ﬁ"d\i’fgng the
first condasti \guaa;)e tne@e.dn& rarnaf mh@lc;hafmreleciegidmr dijeofi tBé figfteion-

SClerr], a pot ﬁh?ﬁeﬁs{t e;[rectrl (i:[ aInge stored in 5 the channel form ng

regi on CH[err]
The semiconductor memory cell of Example 1,

more specifically, the first region SC, is formed in a
well of the second conductivity type, for example, p-
20 type, formed in a semiconductor substrate.
And the gate region G, of the first transistor
TR, (to be referred to as "first gate region G,",
hereinafter) and the gate region G, of the second
transistor TR, (to be referred to as “"second gate region
25 G,", hereinafter) are connected to the first memory-
cell-selecting line, for example, the word line.
Further, the second region SC, is connected to the
predetermined potential, the fourth regqgion SC, is
connected to the second memory-cell-selecting line, for
30 example, the bit line, and the fifth region SC, is
connected to the second predetermined potential.
Further, a junction portion of the third
region SC, and the fourth region SC, forms a diode D,
and one source/drain region of the junction-field-effect
35 transistor TR, is connected to the second memory-cell-
selecting line, for example, the bit line, through the
diode D.



TR err] can be increased. The nethod for manufacturing the sem conduct or
menory cell of Exanple 1 will be explained with reference to Figs. 34A,

34B, 35A and 35B, hereinafter. 10 [Step-100] First, a first region SClerr]
of the second conductivity type (e.g., p-E%Pe) is formed in a silicon

sem conductor substrate of the first conductivity type (e.g., n-type) by an

i on-inplanting method (swReki§.rd§ioR48¢, cobtailning aSifighconductive region
o type vl | PEOPCAIIAT LIS ot s SmBUEA, Sawita XA 33Rtol ity type
(e.g., n-type) comdlucdritvdity roype Hisglpredfierabiiyatfioomedf uaderme tiinst f or ned
under the firs Le@H~oNn o] e ti . he
first region SEE%E? ; Sfégﬁ%qﬁfh¥2§%hagnggbga%gﬁﬁiﬁn?ﬁﬂ%ﬁg %§€§8éx?§e

| ayer corr eSpoidien§heangly formdng Fagians CHerafdthe fhesbstsanpsigbosf the

silicon sem copgucton BEDPhERESseq.0- by a thermal oxidation method, and
then a polysilicon | ayer doped with_an iqguritg I s deposited, on an entire

surface by a CVD met hod. The fagthed cfoF starytactyning fthe semicorductor
pol ysi licon | agemorgnéeile ofolExainpieon kaudr bes eXplpdniedr Rddhusi ng t he

resist as a mask,. to form a_f.irst te_regi erfs nd.a_du pattern
Then, a regionr@gﬁfgpﬁﬁhgbaﬁ&ﬁﬁryﬁg 'nﬁ&%gt§gfggpgrh§§’iﬁ9§qgﬁa£¥9§'region
of the fird® r ¢§tep-3004rr] containing a p[err]-type inpurity by
ion-inplanting an n-typegd ritves T tek, an SiN | ayer
is formed on an entire g%*?%%%,éa%ﬁé%%éﬁgiﬁﬁié?%oﬁ?ggpg§§g?% gd_tq form

si dewal | s on t Fendug&iNditys typet He -Hi-rrs P-§¥Pe)r d§ dermesdr Ap a siljgon gnd

the dummy patt gepichhgiictdr! Bubstrade b3y ehe Fir@tMedndabdivity type
lon-inplantation with a hl%s oncent,rati,on_of agn n-t¥5§ inmpurify 'S carried
out. In the abd®eImanRetyP offt APPFIFP13Rsing, metiog, 4 S6niF 193

conduct i ve16egBdRA)SC2Thbi £hrbbsseni-fondtctimdurégionysC, of the

second conductivity type {e.g., p-type) corresponds to a
p-type well. Preferably, a region SC, having the first
conductivity type (e.g., n-type) and containing a high
concentration of an impurity is formed under the first

20 region SC, before or after the formation of the first
region SC,.
[Step-110}

Then, an about 10 nm thick gate oxide layer

corresponding to a barrier layer is formed on the

25 surface of the silicon semiconductor substrate, e.g., by
a thermal oxidation method, and then a polysilicon layer
doped with an impurity is deposited omn an entire surface
by a CVD method. A patterned resist is formed on the
above polysilicon layer, and the polysilicon layer is

30 patterned using the resist as a mask, to form a first
gate region G, and a dummy pattern. Then, a region
containing an n-type impurity is formed in a surface
region of the first region SC, containing a p'-type
impurity by ion-implanting an n-type impurity.

35 Thereafter, for example, an SiN layer is formed on an
entire surface, and then anisotropically etched to form
sidewalls on the side walls of the first gate region G,



type (for exanple, n[err]-type) and forns the rectifier junction together
with the first region SClerr] can be fornmed in the surface region of the
first region SClerr], and the third sem -conductive region SC3 which is
spaced 10 fromthe second region SC2-and ?ﬁs the first conductivity type,
for exanple, n[err]-type can be fornmed in e surface region of the first

region SCerr] ad&tﬁpe]&ﬁimﬁimttermat tHrersd a ediist d:&deor.’lruydzrait'si t he 15
dumy pattern, 0, pattern and the
barrier |ayer uf%ﬁn&% X@Aniw fa‘%ter %?%g\?:léér%v‘g%tﬁk? g the resist as
a mask. Then, apcgmfenmwnayérax@dwezmnunmgutyamamnexedaq@t arkh t he
second gate r ool Aeyd Indimierd o a%wﬂoiﬂsri%cmﬂopaﬁe%é&% 51’“ ty

are forned, vvhereci/astructure hown in i S obtal ned

Then, a pat tr RAPFEIELYE | KeGIRReRC, ét’ili'd-cthh@ﬁsl She Rt MC\HJ{"H- % p- type

inpurity is carg r 25xanipld, Usi-tgpe)e ands iformas theMielet iFiért he resi st
is renmoved. In Il#%j o dtp o pgI2 358 the fourth

| S, janner sh
seni - conduct i vel YRR g@ﬂ%ﬂf ﬁ TRIRR T £F% PFe, for
exanpl e, p[er r]fdx;npaﬂ ainl thoe rmmfamtzrég:hasnJcbmctth@nfirmetimglmtm,t,he third

[ S fe th ' [
503, “and he 113h SR EEEd ORG-Sl NS ARGy ahich e Btabei! O
conduct i vi t30 t yixon fithe eseemid, region |S¢ypayl has $hecédrstom the fourth

region Sqerr] P & f I fr | dRGhp 18, LPURLREN ciin! Be! B rindld
region SClerr], .can be 35 % |n€he su}:!r’face re&?,onco tr?e third reg| on

sderr]. [St ep-%]suﬁfté??earf?%‘%’bl%@lﬁﬁfelfr&’éﬁ ag@l‘?% $G@rmed on an - 49
- entire surfaqesté;pemm portions are forned in the insulation interlayer,

d t | f th Lati t I Th
The wiring- materi al | ayShePe BaBREFRERCRo PBEREoden PPRE | ARNETE above

manner, a <Sém chmnge tpat ey Veloe| 3 iddwaddspire the side walls of the
dummy pattern and the barrier layer under the dummy
pattern are removed with using the resist as a mask.
Then, a gate oxide layer corresponding to a barrier
layer and the second gate region G, formed of
20 polysilicon doped with an impurity are formed, whereby a
structure shown in Fig. 35A is obtained.
[Step-130]
Then, a patterned resist is formed, and then
ion-implantation with a p-type impurity is carried out
25 with using the resist as a mask, and the resist is
removed. In this manner, as shown in Fig. 35B, the
fourth semi-conductive region SC, which has the second
conductivity type, for example, p"-type and forms a
rectifier junction together with the third region SC,,
30 can be formed in the surface region of the third region
SC,, and the fifth semi-conductive region SC; which has
the second conductivity type (for example, p“-type), is
spaced from the fourth region SC, and forms a rectifier
junction together with the third region SC,;, can be
35 formed in the surface region of the third region SC,.
[Step-140] .
Then, an insulation interlayer is formed on an



as shown in Fig. 2 can be produced. Figs. 3, 4, 6, 8A to 8C and 9A to 9C
show variants of the sem conductor nenory cell of Exanple 1. The

sem conductor nenory cell shown in Fig. 3 has a so- 10 called SO
structure, formed on an insulator forned, e g., of Sigerr]. The above

sem conductor nenory cell can be forned Tn %.30 cal | ed bonded substrate

p[ od;Jced bybf ?réf%m@ m@%epods;wﬁng r?@itswf(us:cmkfwf{@fméaxbﬁﬁrane) (a
starting substra osjting an insul ator (insulat,i er).on an
entire surface,t %ﬁ‘i:’é ‘%b ke ﬁg"r@(ﬁ’é‘t o?n‘%%s"fﬂ'%’ﬂq]d“q%?’g{'%fa*ﬁy er siporti ng
substrate to eatdrmedieon tinel glsmbhtu;pmruhtmtlasyemg tiihens e raheo ndilrcitrey -
substrate (the r | anqQt

met hod, for exe{?r{bt?éfi#s%&%%nﬂsgn &(rjﬂé(% %&g’? %cfatgt?lenillé; [ or}'(r%1 F%{ﬁ ant ed
W t h oxygen Jancihawe manger, ta @mqunﬂm@r memornKRekt @f (Exaupbei hg

| ayer) accordi gk tsh@h AP tjﬂ%nq@?ﬂfd@@éa conductor nenory cell can

be formed in a silicon Iayer emai ni ng thereon. In further another nethod,
for exanple, an 25 anorphagd8-sfri fonbraffBr ter8g pBAYIA| LEoAC ghEW i s

deposited on aRrydriamtad st (ttmt&eaﬁid&ldwﬁ e TEIdP ExdlsTe B.

silicon layer ig forned one | e-crystalljzation nethods
such 2 a sone The LSRRI TemRy o P HHOMh oL JAS" bt s
el ectron bddm ami]aed BET eétnnitutep,hmm tmwmﬂﬂmﬂammkfmimedpryst al

5 gronn L oudl it LRI OpE by a e lPUbRIRE AL TRULGH, Ml VG, AN
t he sem conduct or ry céel’l can ove stticon | ayer.

Further, a semhﬁ)rﬁamftg mrﬁ)r%ﬂ?-tﬁéﬁ]ll%dwndﬁd :aslhstgraf@ (Imde&QﬁbtlaY ned by
depositing, forg & bRy dzh?ﬂfh | Ay &f é&mﬁ%rﬁiﬂb’ﬁ&?l@uﬁé&f% {@yer

on an insulator (insulating |aye %ad osited on a supporting

substrate, and SR FYRRER RS R &t dm c@&ﬂsQ%§?¥ﬁﬂ of
Exanpl e 1 iu5 t Neaysoy op @y et oo dunyfice) artagiious diny einsdlwabove

e conduetor L kg B Speliek g Shitiirate s sacn "
other, and grlndlng and polishing the semiconductor
substrate (the starting substrate) from its back surface.
In another method, for example, a silicon semiconductor

20 substrate is ion-implanted with oxygen and then, heat-
treated to obtain an insulator (insulating layer)
according to an SIMOX method, and the semiconductor
memory cell can be formed in a silicon layer remaining
thereon. In further another method, for example, an

25 amorphous silicon layer or a polysiiicon layer is
deposited on an insulator (insulating layer) by a CVD
method, then, a silicon layer is formed by any one of
known single-crystallization methods such as a zone
melting crystallization method using laser beam or

30 electron beam and a lateral solid phase epitaxy method
in which a crystal is grown through an opening formed in
an insulator (insulating layer), and the semiconductor
memory cell can be formed in the above silicon layer.

Further, a semiconductor memory cell shown in

35 Fig. 4 can be obtained by depositing, for example, a
polysilicon layer or an amorphous silicon layer on an
insulator (insulating layer) deposited on a supporting



(see Fig. 5 for its principle), a diode Dis fornmed in a surface regi on of
the third region SClerr] corresponding to (or functioning as) one
source/drain region of the junction-field-effect transistor TR err]. That
is, the 10 sem conductor nenory cell further has a sixth conductive region
SClerr] which is formed in a surface regro®of the third region SClerr] and

f tif dh

2 cont | qurat | off WEE TS e SRR LAT R ddne Fafboldiiter ST
and 15 the thimememyierllsess that mirExample Loin ddieirabove egi on of the
junction-fiel dpp‘ﬂtiﬁiliéémsiai}é}.‘ J:.R[ﬁiid Opﬁ&u&%i?&ﬁ edqiR GHagveecond

pr edet er m ned ential through above sixth region SClerr]
may have the sd&RMIARGUILRY d‘?ﬁ%riﬂ%ﬁ J(‘)f e SRR TFFBEFYFtEres he
20 seni condgict or nenoryraekl séﬂi@bd&ﬂgﬁb@ m}?ﬁﬁstbblaSBnetmofint re.ghr gsent
i nvention. In the ahove t tion,..t Lfth r er

preferably to bcseaeggrﬂ %0?? %@#Jerbﬁ € )y S%rff%)(ﬁ%&s% #f}ﬁﬂﬁ‘} w2
whose schenat i sWEaas asagmtoforiaie vileird scejicom 3¢y Eogre8popsdmgrity. 7

for its princip, duc r Yo shown in
Fig. 2. The flf(]tcﬁ‘) rfelg}%nl |s connec%‘:'cé:j1 e FITS régl{’%en SClerr],

in place of belmmlﬁid-@ ﬁ@%é@:@f@ﬁ%ﬁ%t'@;m rBeapolentthe. Fig. 8B

30 SChe”Htm:a@é(nﬁHMﬁJétd@Moﬂf & ftﬁ&kl%}:q{hﬁs tahesﬂ?élﬁ é&gdlﬂé‘tlve
Further, Fig. 8C shows a chEsjﬁ sectional_ vi ew of each %l on taken along a

line GCin Fi fe8®n fifs Vhich 18,formed & P SHETRAE FP den; di Shescerr]
can be connect athiirel asajior I89,, aadgforg pr wecdifije Juhoetiovhetdgetherwhi ch

t of the f t icinit f. th
B face of ¢ he Ol caib A Aseioh B0 PR t8e18 PRRAISRERRIRTSE or ] and
t he extendi ng whiclsthe phiadenD difs tfarned of ridhg @ix8df erediamC, andont act
wi th each qgtiergitig]dey :{é{? tJl# éihr Sﬂbloﬁnsghi&h] ofie §Bﬁ%e‘/?r§iﬁs 8B and

8C. The wiring conflgura e sem conduct or rrermry ce can
sinplified by Fegiqrqf G ryrangister S &Fned

connected to the second predetermlned potential through
the diode D. The above sixth region SC, may have the
same constitution as that of the sixth region SC,; of the

20 semiconductor memory cell according to the sixth aspect
of the present invention. In the above constitution,
the fifth region SC, is preferably to be a semi-

conductive region.
A semiconductor memory cell whose schematic

25 cross-sectional view is shown in Fig. 8A (see Fig. 7 for
its principle) is a variant of the semiconductor memory
cell shown in Fig. 2. The fifth region SC; is connected
to the first region SC,, in place of being connected to
the second predetermined potential. Fig. 8B

30 schematically shows a layout of each region and the gate
region. Further, Fig. 8C shows a cross-sectional view
of each region taken along a line C-C in Fig. 8B. The
fifth region SC; and the first region SC, can be
connected to each other, e.g., by providing a structure

35 in which part of the first region SC, is extended up to
the vicinity of the surface of the semiconductor
substrate so that the fifth region SC; and the extending



above. There may be forned a structure in which a junction portion of the
third region SC3 and the fourth region SClerr] constitutes a diode D and
one source/drain region of the junction-field-effect transistor TR err] is
10 connected to the second nenory-cell-selecting |line through the diode D.
A seni conductor menory cell shown in Figs.5ba 9B and 9C (see Fig. 7 for

its principle) ﬁ&rt?id&??éﬁr%hé’ff,if@c Sf‘é%f&i‘%@} ComEE AR ¥ontlalctSRAWE i n Fig.
3, and 15 further, it is a varjant of_g@ﬁﬂien1cpnductor neg%hy cell_shown
in Figs. 8A 8IE3ffy afdieru then FFLM ifrsy 38 FROWRS 1R FJ9Sal | ed
SO or ] TN At LoD B Som Candus Cor. e p bl | i ng, 5,20 So- cal | ed
igerr]. In addition. .a . semco ct ce Vi so-calle
TFT structure csa‘?{nlb%o%q%%too%}%? 2 b@éldiggé(g’f %if%gémépl’%ifl%i ysilicon |ayer
or an anor pfoustmysmoingrthe ssmtconductat memury ayeEk] €9 rexpl ainad
supporting subsjygie a e&%eﬂl#%@ ggrﬂ; Feq CROAUELM 'I%"Q:Fﬁche' | on the
pol ysilicon layer or the amorpHous sﬁllcon ayer. Exanplé E&anple 2 1s

directed to thdungtiiunhaettonbrhe dihing wegiony 9SG and theofguatrd

fourth aspects ydgidie dv,ee8nbtikuensi ANgibdeFbdandlofBOWSurte /aRall NCi pl e
and as Figs. 11Aand 1 rtial cross-sectiongl view

1 Jillhow its schem thc)é)
and | ayout, thd&<ERL & rIRstoYRR-det g 15t IR s 456 r st
transi st or I0R] eyornedted fio Hhe @whorid \nemotyHre XX -Feloctinie, 1ind ype) for

read-out, a se<ﬂgaﬁééugﬂéné§ogg%§rr] of a 35 second conductivity type (for

exanpl e, p-type e-1n, and a junction-field-effect transistor
TR err] of a first conduBté&emigongpetofonenguyptellnshoyn) ifioFigs.- 982 -

CaLerE SonL Sl Utk D W, ud B o) | glpbiseet o

TR err] is conpas of , one transistor, the s ransj stor
conposed of andtiferSaRigandncior R Geidc Shoney iid Fig 4 &bt afdhnsi st or

TR3 5 is camoseittiers, fit tirera angtitait oS isdmicBiudtor memory
cell shown in Figs. 8A, 8B and 8C. The above
seniconductor memory cell has a so-called SOI structure
in which it is formed on an insulator composed, e.g., of
Si0,. In addition, a semiconductor memory cell having a

20 so-called TFT structure can be also obtained by
depositing, e.g., a polysilicon layer or an amorphous
layer on an insulator (insulating layer) formed on a
supporting substrate and then forming a semiconductor
memory cell on the polysilicon layer or the amorphous

25 silicon layer.

Example 2

Example 2 is directed to the semiconductor
memory cell according to the second and fourth aspects
of the present invention. As Fig. 10 shows its

30 principle and as Figs. 11A and 11B show its schematic
partial cross-sectional view and layout, the
semiconductor memory cell of Example 2 comprises a first
transistor TR, of a first conductivity type (for example,
n-type) for read-out, a second transistor TR, of a

35 second conductivity type (for example, p-type) for
write-in, and a junction-field-effect transistor TR, of
a first conductivity type (for example, n-type) for



the sem conductor nenory cell of Exanple 2 has three transistors. The

sem conduct or nenory cell of Exanple 2 differs fromthe sem conductor
menory cell of Exanple 1 in that the fifth region SClerr] is forned in a
surface 10 region of the second region SClerr]. Concerning the first
transistor TR[err]; (A-1) one source/dratrn52egi on has a common region with

one source/drai ' ] tion-fkeld- f ' r err],
15 (2 RS SR, |8 Wiodd B: T Mareli AP el
menor y- cel | - seltte ifigrst deransisom e 153 compoisiede oft iongu Firamsdstiaste D,

and (A-3) a gatigd Phd EFddsiscsPnpgctiad cbﬂtg%sfeidr 9f another
menory-cel |l -selecting line, for exapple,,a wyd line, 20 . Furt her,
concer ni ng t he WP 19an 3 o‘?hq'Fg‘,Pn?@ci‘)‘%*%l%ﬁ%Hr%’ﬁP?%%F% TR,

f:_onnecE §d2§ Qst thh.ﬁs tsctﬁ\(p’dkh éd?rtmléa cRittitet etiotiger i theand ¥texamdtat ti, Ei t

i ne, - ot her sourgce/drain region has 0 regi,on with a
channel 1 of m ndHe TG os menery (Felf ol EraRTe Fdd R h a
first gate regitorandidtiorsg undhieo semiciohdeicftort nemory sedl HF @Exampland
B-3) a gate regi ' Qoqglg]g ' {Enpr - ectin
I(i ne? fo? exarrpﬁiia&%ﬁ(wgeefv\%;rn&l??%e. %&gd&&éthn%)gn@rm ng %%gﬂémﬁfé ¥
junction-fiel d-igf fthat tthensfikteh mEgion |SCy &s1foxmedc dnd agauafass on f aces

the first gafe fRp H e d468dd Fedidh bEffect transistor TR3 through a
channel region err] of the junction-field-" 35 ect _transistor

. ef f
TR err], the channel regFBRCEFBIBE; hCafiiEstchUBRSLEEPENTBE one
source/ drai n regi on(a1)henk EdurdeddiadinorefRo®y has an@ommon Xegidic- 2)

ot her sour cel i AR PR A ERT APPSR e HHEE R AR Channel

regi on CH err] effiebt <mamaisstiaad TRy,a predeterni ned potential. 5

I'n the semjgonduct on ATBAOLYCQthed o638 Rrain region is connected to
a second memory-cell-selecting line, for example, a bit
line, through the diode D, and

(A-3) a gate region G, is connected to a first
memory-cell-selecting line, for example, a word line.

20 Further, -concerning the second transistor TR,;

(B-1) one source/drain region is connected to the
second memory-cell-selecting line, for example, the bit
line,

(B-2) the other source/drain region has a common

25 region with a channel forming region CH, of the first
transistor TR, and with a first gate region of the
junction-field-effect transistor TR,, and

(B-3) a gate region G, is connected to the first
memory-cell-selecting line, for example, the word line.

30 Concerning the junction-field-effect
transistor TR;;

{C-1) a second gate region faces the first'gate
region of the junction-field-effect transistor TR,
through a channel region CH, of the junction-field-

35 effect transistor TR,, the channel region CH, being an
extended region of one source/drain region of the first
transistor TR,, and



the second gate region of the junction-field-effect transistor TR err] is
connected to a second predeterm ned potential, and a junction portion of
the other source/drain region of the first transistor TR err] and one 10
source/drain region of the second transistor TRerr] forned the di ode D.

O herwi se, the semiconductor nenory cel |- &3 Exanple 2 (see Figs. 11A and
LB nas: (3 @ {179l 35 THEOBHEL Koy o/ a3 S MNPl 13 HREP
conduct|V|ty type, for I've reglon
SC2 formed in ars@H @@cmiﬁd)rreglqrh@ﬁ ity q@gﬁmrsosq@/rqrazgaumgsmm

regi on SC2 havigyg ¢hd 'f“ﬁts&%fshs‘ﬁdﬁ’ '.ﬁR/ Pgial @heCéflRhB1 PEERbh- bHDE, 20
(c) athird sem - conductlve regl on orrred Jn a surface région.o "the

first region SEM S SaR b ROeddat ], said third
re]gl on EC[ ey ] ha\dn ng thmfthétséﬂﬂdﬁﬁdu&tbyhﬁtmryfGéllsxﬁﬂ’pt:ﬁam@1EYB¢, (d)
a fourth sem -¢qnduct| reqi on SCA 3y the 2 ecq, n tivity type,
for exanpl e, 9:‘ S PSS earfe(ﬁfr% q%\?ct]%%"eo oﬁ%lé‘F 9 of a
silicide, a matte:a:iamaasel:cn:etlriil3 tsnponndctedi tiof ausebondgpnedseérméhng f ormed
in a surface r th i rth region
SClerr] form n?ya réﬁtl |§r@un§[|on%i}gﬁ Kt V\n%?etahel{%lrd regi on
SCerr], and (@purde/dnaige Hegiond @ ithe rfelg1$¢n BEgnsigtara@ihgandeosecond

conducti vi ty t)é%rééﬁdx@i%e%m?{ Vf It/ Rdcdiid & dddd it augt | E&%méagl on
SCerr] formadtg)(s ?d_y icide, "a netal or a netal compound, sai'd fifth

region SC err] formed in a surface regi on of the second region
SClerr], and said fifth oemem1§@[ ethé $enitogdactertmémeryj cetliof

together with d re r 4 Concerning the first
transistor TR g;‘ra]m Pl(eA&l)( e%u&ﬁ“@/sdr :‘11# raé’& (H?E’apé"‘ Sonstituted of the
second r egi on SC er p)aadfikett Hemd-cegdunt$ﬁﬁerey;.om82) kachagnel forning
regi on CH gfr] rf (o] #N I rst region
Cs'e?g?ﬁ‘%dn‘dﬁh%lv’it‘&f tpe’ 18 @A Olp tpd,

S err] san WI .
(b) a second semi-conductive region SC, formed in a

surface region of the first region SC,, said second
region SC, having a first conductivity type, for example,
n+"type ’

20 (c) a third semi-conductive region SC; formed in a
surface region of the first region SC, and spaced from
the second region SC,, said third region SC; having the
first conductivity type, for example, n'-type,

(d) a fourth semi-conductive region SC, having the

25 second conductivity type, for example, p“-type, or a
fourth conductive region SC, formed of a silicide, a
metal or a metal compound, said fourth region SC, being
formed in a surface region of the third region SC,, and
said fourth region SC, forming a rectifier junction

30 together with the third regqgion SC,, and

(e) a fifth semi-conductive region SC; having the
second conductivity type, for example, p“—type,'or a
fifth conductive region SC; formed of a silicide, a
metal or a metal compound, said fifth region SC; being

35 formed in a surface region of the second region SC,, and
said fifth region SC, forming a rectifier junction
together with the second region SC,.



by the second region SC2 and the third region SClerr], and (A-3) a gate
region Jerr] is formed on a barrier layer formed on the surface regi on of
the first region SClerr] sandw ched by the second region SClerr] and the
third region 10 SCferr]. Concerning the second transistor TR err]; (B-1)
source/drain regions are constituted of +h84f+rst regi on SC err] and the

fourth region SCferr], ( I n P

constituted 15 of a(surj]‘e)?lc?:r2-68,'3?;:};11 %(1% ré:rar?%di%%r?ggﬁ{é]i sgndé\nached
by the first regi on (3¢ler rfowrae irpuregioneiarne SoNs i Pf athat e
region gerr] igsedOfderedion SE Hndl ﬂr@’ﬁfhfﬂ %1% tdeg surface region of

the third region S¢err]~san vmched the first “region éC[err] and t he

fourth region 20 Sq@q). Fshannel c@ﬂﬁ@r"fﬂ APdian j@hedsoropsdiifutedect
transistor TR &f]a é@rﬂa\c@af icqi ePstiRé efLog6t hégios srd: tdm&w:n‘dﬁhd egi on

S d t f t f t fifth
Cegi on ScLerr] PY 455 Seesndkeoien § GRS thiohh iR STr AL of
tgretisgﬁog]g {ﬁgl o_n SQ[Ari\-G)] asa;xhns ategiidly G,hésf lfbriue:iegnoa Bajredelr a.taqae;tgl d

i i QRS
(F:)onstitut ed of #f#e’ﬁé% &gco Ff%éeﬁg ?%%(téﬁ) .%‘é% %i§ﬁ egﬂs of the
channel regi on eHidwid¢hed hmetlp@wmmr@guoref%ptamm shdirdrpiegidn  The

juncti on- flﬁjd-sﬁfect transistor TR3 is forned by (1) optimzing the

di stance between the facing 35 gate regions of the junction-field-effect
transistor TR err], that CP§ceFﬁén9hitPEn§§§°8fi Fﬁénéﬂ-ﬁﬁf%l TRegi on CH err],

and (2) optinizing (W) isoeERtdial irpioals @ @ristituted %Of -tigat e
regi ons and the chqgnel a&bt EL Junctlo field-effect
transistor TR erty® %%%%@‘n & rrg%lrt& frple 2, nore
specifically, the fl(raa-tz ¥ egichan®@lerfidruindg aregaebn rCHa sswebhstf tuftedsecond
conducti vityg type, ; T L@ E&idh of the third region SC, sandwiched
by the first region SC, and the fourth region SC,, and
{B~3) a gate region G, is formed on a barrier layer
formed on the surface region of the third region SC,
sandwiched by the first region SC, and the fourth region
20 sc,.
Further, concerning the junction-field-effect
transistor TR,;
{(C-1) gate regions are constituted of the fifth
region SC, and a portion of the first region SC, facing
25 the fifth region SC,,
(C-2) a channel region CH, is constituted of part
of the second region SC, sandwiched by the fifth region
SC; and said portion of the first region SC,, and
(C-3) source/drain regions are constituted of the
30 second region SC, extending from both ends of the
channel region CH;, of the junction-field-effect
transistor TR,. ’
The junction-field-effect transistor TR, is
formed by (1) optimizing the distance between the facing
35 gate regions of the junction-field-effect transistor TR,,
that is, the thickness of the channel region CH,, and
(2) optimizing impurity concentrations of the facing



type, fornmed in a sem conductor substrate. The gate region Qerr] (first
gate region Jerr]) of the first transistor TR[err] and the gate region
Jerr] (second gate region Jerr]) of the second transistor TR err] are 10
connected to the first -menory-cell-selecting line (e.g., the word line).
Further, the second region SClerr] is con@®ted to the predeterm ned

tent I th f t ' ted t
erory- cel | - SSlakd (hg it et (e oyl ed i (chr' BE TREYBincrions o,
SClerr] is conrﬁacﬂleii-eﬁfecme @mtsﬁ_csmledmserm ned potential. Further, a
junction portion of the &Hﬁl f@bﬂauégégrhbmﬁgg Eeglfeffkﬁ?ﬁﬁigoa SC[err]

forns a diode D, and the t regl on correspon
functioni ng as)Mofife sRAFH Qﬂf]élr}fv rdtp FHLEFt (FRI¥QR SHCyt F—§n§P§FIGF1 merr] is

connect ed t g t RRISIECINGEHE BEdoE | don BRI ETFITRE typee, (Ford. exénﬂ?lé" tpline)
through the diode D. Wien a rega on ger[l cont ainin I gh "concentration
of an inpuri tytri’aRﬁ'ngf"c”r'ﬁ,ﬁqE it liﬁ"ﬁ'etgart‘se'pref erably forned
under the first regl on Sﬂlerg&tearegﬁ_entegl(mrsm mtﬂeqamhealgeoft ored in
t he channel for n t he .f t n be
I ncreased. The rﬁﬁﬁ%ﬁé‘ ur| Fﬁg kéﬁlgé%%u% ﬁ%e%p%
Exanple 2 can mgﬂsub3¥anulthytheheasecasdtheansuh&droERnHmuéactur|ng the
sem conductyqy pro); gl Jm%ﬂgﬁgp r

fifth regi o S% err ﬁé 'S to btelﬁf‘(or % etalzﬂdﬁelx aneg)lrloir/lﬁg{h re T' i S
theref ore onitttd word line). FAr§Bﬁ¢aoﬁb&cﬁ@?oﬁéniﬁgl9élScshb%n in Figs.
12A and 12B (S%rﬁiébte@ tfd)rtlié %ﬁdéﬁ‘éﬁdﬁied Sg:cﬁ:é&ﬁﬁa?lt ﬂﬂe tﬁ‘tﬁlrth

duct h Fi.g - d h
o cal led SO THARGREEY HEuRPEReFtenatPorREIEBHOBA PRRAFHr Lo ned. . .
of SiR. In ad@ememtmsg deimec qreduct,orthee oty Idaid) handgle stifidl | ed TFT
structure g; ay rg‘i Pigeed; gs %LECgf\QF?ggﬁEhE' B9coh8’ pref¥elPhined

pol ysi |l i con an’anor p
potentlal.

Further, a junction portion of the third
region SC,; and the fourth region SC, forms a diode D,
and the third region SC, corresponding to (or
20 functioning as) one source/drain region of the first
transistor TR, is connected to the second memory-cell-
selecting line (e.g., the bit line) through the diode D.
When a region SC, containing a high
concentration of an impurity having the first
25 conductivity type is preferably formed under the first
region SC,, a potential or an electric charge stored in
the channel forming region CH, of the first transistor
TR, can be increased.
The method of manufacturing the semiconductor
30 memory cell of Example 2 can be substantially the same
as the method of manufacturing the semiconductor memory
cell of Example 1 except for a position where the fifth
region SC; is to be formed. The detailed explanation
thereof is therefore omitted.
35 A semiconductor memory cell shown in Figs. 12A
and 12B (see Fig. 10 for its principle) is a variant of
the semiconductor memory cell shown in Figs. 11A and 11B,



| ayer on an insulator (insulating layer) fornmed on a supporting substrate,
and then manufacturing a sem conductor nenory cell in the above polysilicon
| ayer or amorphous |ayer. 10 Further, in a sem conductor nenory
cell shown in Figs. 14A to 14C and Flgs 15A to 15C (see Fig. 13 for its
principle), the fifth region SClerr] is cohfeeted to the first region

SCerr], in pl &Qﬂf $0 n e m ngd tial
Figs. 14A and %&iqg s%em&t I ca ?aeg%ovf??gc%gf%g péégggé %gqc ?oﬁggﬁlé?ew
and Figs. 14B 1l AGELRIKLIELT cﬁ@t@eéh(ﬁl-ghe ‘Pﬁy%%@z‘of Ipaaddisdoon and the

gate region. Fudhfdondidor Ménery ééﬁsﬂ&w rTQéJ-éa]?IQQSTﬁ@Ct'OHa'
views taken along lines C-Cin ﬁ@gﬁaﬁéég and fifth, regiagn SC[err]

and the 20 fir ST 9 bhe o%e‘ﬁ? }Plﬁ‘g PSbtiRg, £0F.
provi di ng a St rexdmple; na Wolys Pbid¢owflayer for san r &gd oph&iis eﬂlwsnext ended

the Fittn reg oriss o e gt fIFnEERERd HEVEE) hORRE Sp o on
SC[err] 25 conesdppmdrimg:tswhstrc’dth andethentwanefadeusingna regi on

SCerr]. The wddgg. SoR{ g&%%én?&r fcdtg ﬁ@ﬁé’%’&&é’hﬁ%@i&ﬁiﬁ#'ﬂéﬁaﬁove

simplified by structurin e sem tor nmenory ce
30 Exanpl e 3 BQmARCIPhaugiikaxeld to the sem conductor nenory cel |

according tigpthe first anri:hES:b iﬁpacheﬁ&cbhau@te&ememb&yee@lqnsh%% i's
further directed to, the

facturi m conduct or nor y
cel | 35 accorditfy Ff"'d?*'t'h ]a‘L e"ﬂ FL9fe %s’éﬁtf§ QVERRS ot Thgg
sem conduct or rmimrjyts:e;bﬂ'lmdlpﬂeimltmé ﬂififlenseq.’cmmsd:ge isedotmeddddIto

menory cel | i 7 | |

sem conduct or r@r%ry ce”‘l1 ll%?u%% I' i‘ P(} C% %\A%%%& g&‘“ﬁ&?ﬂ?@ celﬁhe
consti tuted ofSﬁqqnﬂupnndﬂtenmmnadchkEntialcoﬁUQ@St14mnamwbl§énlconductor
gemory cel I 50f fta©ichl BP&IRw S PURCL D] SRSBE Vs &St {onS1 RIS | tahgd of

Figs. 14B and 15B schematically show the layout of each
region and the gate region. Further, Figs. 14C and 15C
show schematic cross-sectional views taken along lines
C-C in Figs. 14B and 15B. The fifth region SC; and the

20 first region SC, can be connected to each other, e.g.,
by providing a structure in which part of the first
region SC, is extended up to the vicinity of the surface
of the semiconductor substrate so that the fifth region
SC, and the extending portion of the first region SC,

25 come in contact with each other outside the second
region SC,. The wiring configuration of the
semiconductor memory cell can be simplified by
structuring the semiconductor memory cell as explained
above.

30 Example 3

Example 3 is directed to the semiconductor
memory cell according to the first and fifth asbect of
the present invention, and is further directed to the
method of manufacturing the semiconductor memory cell

35 according to the first aspect of the present invention.
The semiconductor memory cell of Example 3 differs from
the semiconductor memory cell of Example 1 in the



transistors nerged into 1 transistor and 1 diode. As Fig. 16B shows its
principle and as Fig. 17 schematically shows one exanple of its parti al
cross- sectional view, the sem conductor nenory cell of Exanple 10 3

conprises a first transistor TRerr] of a first conductivity type (for
exanpl e, n-type) for read-out, a second trahststor TR[err] of a second

e | . r. | econd. .
conductivity tyf@liTéggi%@gaﬁe. Prd Wi J&dlwd&&eedg% nidih A It ign-Tie

ef fect transistor rst conductivity typ or 157exanple, n-type)

for current cor¥¥MPlent, seRe copmiCeRIUGEMEJeRerY ¢RLl Im)censtituted
sem -fonduc:lveofe:i!gl@faxié?iﬁ%is hawd np @iéfsomirp@aﬂitc‘ﬂgs\ﬁ,t )ﬁjri?](ﬁ%_ for -
exanpl e, p-type a,second seni-conductive regjo err avi ng an
opposi te conducﬁ?‘é’r‘%?/n‘?%iéo’ffq‘?‘g?r%o%%ﬂtt?t/i ngjp%n%mg?%r exanpl e,
n[err]-type)st sétibcondurtor anelnety @él1 t pecomst btweed nolf chbnduct i ve regi on
SC2 formed of L1 el sai d. ond region
SCl err] being %f%%féltgg%s ?ﬂ%é\%g f%%?o?%ﬁ?%ﬁ@él)#gn c% egicglr‘]&g%[ err], 25
and sai d second regi on SBEeFip.f d6Bi sjowsr étsi prénciplet rod asg&tilger i t h
the first regl Ghidhgtidallf)sfodd! dfle SHAMORIBEie p£08 o Lisdsl | ormed
in a surface region,of the Tirst region SCerr] and space romthe second
regi on SO err],Sefond} rHieegi bie Kemiggn Oy MeERODD Cell of BrERIPVI ty
type, for ex@nm econpriséds tyPEirde)traholetdr SER] oFoRdydliste regi on SC4
formed in a surfac% reqi on of the#hlrd regj on S err}, said f urt@ regi on
SC havi ng t he SORDHIC BHGNCEYRE 1 (195 Sxamioh S Ariie) fSF (Feagrite i 35
(e) a gate regisecdnd harats bytdheTR,) oft at seoenst condkceinvityndyipes (Foaxond
transistor TR e f.or er. layerss . Dri he second
regi on SC2 and éﬁi@&@%’ St%?ﬁ:kr%r B'zf‘]{%% J&l’[ eﬁq %nﬂ%%?%‘g&t 0 lr(ladge t he
first region SG&feqt drxpnmbstourth odgiaokiselecopducsivdityi fypend forr st
transi stor jiiY edfdmpldy - SHYE Fef s abdr F &R BnFSL CORTE SehBEdNaudi®r®
second region Sm%x&orl.[; ger&dl%asg.rface region of the third
14
(a) a first semi-conductive region SC, having a
second conductivity type, for example, p-type,
(b) a second semi-conductive region SC, having an
20 opposite conductivity type (first conductivity type and
for example, n'-type) to the second conductivity type,
or a second conductive region SC, formed of a silicide,
a metal or a metal compound, said second region SC,
being formed in a surface region of the first region SC,,
25 and said second region SC, forming a rectifier junction
together with the first region SC,,
{(c) a third semi-conductive region SC;, formed in a
surface region of the first region SC, and spaced from
the second region SC,, said third region SC, having the
30 first conductivity type, for example, n'-type,
{d) a fourth semi-conductive region SC, formed in a
surface region of the third region SC,;, said fourth
region SC, having the second conductivity type, for
example, p“-type, and
35 (e) a gate region G shared by the first transistor
TR, and the second transistor TR, and formed on a
barrier layer so as to bridge the second region SC, and



region SClerr] "which surface region is sandw ched by the first region
SCerr] and the fourth region SCJerr] , and (A-2) a channel form ng region
CH err] is constituted of a surface region of the first region SCerr]
sandwi ched 10 by the second region SC2 and the third region SCerr].
Concerning the second transistor TR err]T ?%—'1) source/drain regions are

constituted of ¢fie €R1Sd FEGHOD St and st ke IRUge rad Firgd err], and

(B-2) a channel formggqre lon CHerr] .is cqonstituted 15 of a surface
0 ANACEDE: £

region of the tFRFPH itlh X&FCHEGegi on corresponds to (or

functions as) one sourcetdneernifigi eheoffirbe tiraasiktamsTripr TR(err] and

I s sandwi ched by the first regio err nd, the fourth.regipn err]. 20
Further, concerni nge(t%"é )j lfr?&’ﬁ%(ﬁ‘(aﬁ%é _réqigo&s tafrﬁﬁoﬁs(}:rltf%%éfﬁf,g%r@ 1)

gat e regi ons arsecunbtregion 8¢, and Rosurifacegireyis@ ofr thendhdndorti on of
the first regiq%fg r RO u 160915QN <SC 6 2 (G2) a
channel region C ertr?]é(%{s@oiﬁgt fﬁl%'?g %o?e%é'rlb?'ég f%e tﬁ‘:é#lgdrg)é’i (§:r111eSC[err]
posi ti oned undefiiile ERAFUL/IFarRdr &feofoprtbhregdedn§Cir adBdst or TR2 and

sandw ched by the fi(@Z)r%Qi&iAn%glerfdrﬁ% tﬂa@ﬂ&yrdd; ngéeﬂs_§ﬂ:ﬁEbh1 30
d of a surface region of the

(C-3) one source/drain region i s constitut
third regi on SE&& \hiTHAfr¢ &I ¥WYyi “e‘ﬁeﬁ’d@s?r’b‘?ﬁ%ﬁ% Hrd sgRdWE nnel

][egi on CHSlcn; thie ghenadecund imdglici famt fahﬂﬁlth;lce_sthlir'é&R&egﬁ.w ss:pon$sR[to ](or
unctions as) one sourcefdrain_teqi of, t trapsi stor err],
corresponds to (or functé%ﬁgeﬁgf‘gghgﬂ?hgﬁﬁ_gﬁdf JS%%'%EFS@ %%"'Cl-l[err] of the
second transi stor TRB-drd sionresddxiadme aegionise afrier stonsdgitatediCiadt fheand t he
f th - 59 £ [ C [ [ [
our f %Jhlresq?lrﬁoérw &d | ag@{“éh@] ’f%llrttﬂer%gli‘féh geurcgigrain region is

constituted o regi on err] extending fromthe ot her end of the

channel region CH edBr2df a g@anpedt forming Fegiod:CH; if agaenstdtusrderr].

15 of a surface region of the third region SC, which
surface region corresponds to (or functions as) one
source/drain region of the first transistor TR, and is
sandwiched by the first region SC, and the fourth region
sC,.

20 Further, concerning the junction-field-effect
transistor TR;;

{C-1) gate regions are constituted of the fourth
region SC, and a portion of the first region S8C;, facing
the fourth region SsC,,

25 (C-2) a channel region CH; is constituted of part
of the third region SC, positioned under one
source/drain region of the second tramsistor TR, and
sandwiched by the first region SC, and the fourth region
sc,,

30 (C-3) one source/drain region is constituted of a
surface region of the third region SC, which surface
region extends from one end of the channel regibn CH, of
the junction-field-effect transistor TR,, corresponds to
{(or functions as) one source/drain region of the first

35 transistor TR,, corresponds to {(or functions as) the
channel forming region CH, of the second transistor TR,
and is sandwiched by the first region SC, and the fourth



And, the gate region Gis connected to a first nenory-cell-selecting |Iine
(for exanple, a word line), the fourth region SC[err] is connected to a
second nmenory- cell-selecting line (for exanple, a bit line), and the 10
second region SC2 is connected to a predeterm ned potential. Further, the
sem conductor nenory cell of Exanple 3 ma% <ifth conductive region
SCerr] which it | Naggsurface region of the third region S(err] and
15 forms a rectiflerpjunction toggther with the third region SCerr], and
has a configuration{Fr4htle QthegjEonrse/dXRdn: FPILoRC dforonFtd ttadedor ned

of the fifth res aheSElErd mRddhed;hektien@ghgnrobhethe 88Herneyhi sl t he
third region Sg%fr%hgﬁprres onding%#o gOﬁhfunctigming as% t he 20, ot her
source/ drain régi% nﬁﬂezﬁﬁﬁﬁyﬁ st PE| Ghgr JBRCCIPARELELOreRReEEr] i s
connected t & t herapwdetbm@TRLy-cel | - selecting line (for exanple, the bit

more speci 1 hoal Iy, i he APt (uSFERELPUGIOh, €Y doffieceda ESPITF Ty 0

second conduct Remory-yied l-selestdmg dine (fippe examphed ian woxskdiigwniduct or
substrate. The tjneN Fouein irelgdoff fs,%f.:ts.éreaﬁhééeédTBLearJseaén&%aﬁsryx (1)
optim zing the di_stance betvween the facing 3Q gate _r.egigns of the
junction-fiel dS Seleciings ddmerRfoxy ]e,xg\gqu{e,i & bife ldmednand dthe he
channel regioonsedodi Iregddth 62), DPtEshAetted Mo At preéaseepningdons of the
facing gate re%i%ns!anﬂ the channel region CH err] of the junction-
field-effect tPRTS ‘TR[err]. 35 When a region SCerr]
contai ning a hi gh concerfunthen, dfhansempcondycteow i memoine ¢delbtof

conductivi ty tyRenkd Pueheall ¥ i Rhednilel Jehg il sc, gnflh-ige0i on
SClerr], a potenti or an electric charge store& In e”channel “Torm ng
regi on CH err] formere in assurfane Feddlonrpdr thec khigd regiens&¢: and net hod

of manuf actyri Fgrilge as @EEIFd et GunetiBEO kbgethleroliEnawble thirdhe net hod
of nanufacturlgggion SC;, and has a confiquration in which a diode D
Y,
of Schottky junction type is formed of the fifth region
SC; and the third region SC; and in which the third
region SC, corresponding to (or functioning as) the

20 other source/drain region of the junction-field-effect
transistor IR, is connected to the second memory-cell-
selecting line (for example, the bit line) through the
diode D.

The semiconductor memory cell of Example 3,

25 more specifically, the first region SC, is formed in a
well of the second conductivity type, for example, p-
type, formed in a semiconductor substrate.

The junction-~field-effect transistor TR, is
formed by (1) optimizing the distance between the facing

30 gate regions of the junction-field-effect transistor TR,,
that is, the thickness of the channel region CH,, and
(2) optimizing impurity concentrations of the fécing
gate regions and the channel region CH; of the junction-
field-effect transistor TR;,.

35 When a region SC, containing a high
concentration of an impurity having the first
conductivity type is preferably formed under the first



the sem conductor nenory cell of Exanple 3 will be explained with reference
to Figs. 36A, 36B, 36C, 37A and 37B, hereinafter. [Step-300] 10

First, a first sem -conductive region SClerr] of a second conductivity type
(e.g., p-type) is fornmed in a silicon sem conductor substrate of the first
conductivity type (e.g., n-type) by an ioné®npl anting nethod (see Fig

36A). The first, d er

p-type) correspo“rfitﬁf&'?nsc's ea ?bt \/1\181'151'5‘?1 Pr efer%%t&q'@elég{a!o SClerr haV| ng

the first conduehe ¢hann ef?@n-'gng ﬁegm)cﬁmfz&mea.ﬂ%rﬁ@ é:rmwstor
concentration ofracan"Pe linéreaske.med under the first region SCerr]

before or after the formation the first Il on, SC er St ep- 3101
Then, an about 10 nﬁlthlgb g& of, O& é 5%F 9|§9§C% @&% Qbﬁﬁﬁﬁ ng to
a barrlber Iat;/ermemrf rcumbllomftﬂ:mmplecgn slemm@tmb&t@flmml f&c&t@:lrﬁu fage g
e.g., by 25 a L on ySi ayer dope
wth an inpurit Jpgélf(?%%t%ﬂ lg%ﬁ(gﬁ\'l?gﬁg éfe@’ég%@f% %\ﬁf}ﬁgt Bd. A
patterned resi s&xpknimd‘rmm réferenve ol EHisi cDFA) 3B, 36T, tIeA and
polysilicon | aypsgi 31 e Using the resist. as a mask, to forma gate

u

30 region G and a pattern Then, a region containing an n-type
impurity is fcwﬁﬁi?&n? Burface region of the first region SClerr]

gﬁnt ai Plt ng 1a;;p[err] typemﬁsurl hyfb.!tstoBe]gth%bﬁahbl&ﬁvénr?gﬁ_bﬁeSbnpé'f'éy g
erearter, or exa ) orned on an, enti ace, an
then 35  ani sotess? %Pcﬁt%tee‘al% e S ol o SRl 8%, 2

gate region G and.idtm emicqalictor Silestrate foh the deitstyer is formed,

Mpur ty s ooty il (il ke L o P Sl 17
second sen - comfihad, o seg)iBikg SE6Mhi cITM%iJa'ﬁtnFagﬂPncﬁﬁdu@flthey type and
forms a reqty figdcdddd ddifuct 908} Ngfpdii {d. § Ne ditile ) QB AR} dfdd 1tsan be
forned 'na p-type well. Preferably, a region SC, having the first
conductivity type (e.g., n-type) and containing a high
concentration of an impurity is formed under the first
region SC, before or after the formation of the first
20 region SC,. '
[Step-310]

Then, an about 10 nm thick oxide layer (gate
oxide layer) corresponding to a barrier layer is formed
on the silicon semiconductor substrate surface, e.g., by

25 a thermal oxidation method, and then a polysilicon layer
doped with an impurity is deposited on an entire surface
by a CVD method. A patterned resist is formed on the
above polysilicon layer, and the polysilicon layer is
patterned using the resist as a mask, to form a gate

30 region G and a dummy pattern. Then, a region containing
an n-type impurity is formed on a surface region of the
first region SC, containing a p'-type impurity By ion-
implanting an n-type impurity. Thereafter, for example,
an SiN layer is formed on an entire surface, and then

35 anisotropically etched to form sidewalls on the side
walls of the gate region G and the dummy pattern. Then,
a thin oxide layer is formed, and an ion-implantation



surface region of the first region SClerr], and the third sem -conductive
region SClerr] which has the first conductivity type (for exanple,
nferr]-type) and is spaced fromthe second region SC2 can be forned in a
surface 10 region of the first region SClerr]. [Step-320] Then, a patterned
resist is formed, and the dummy pattern,—t®® sidewalls on the S|de wal | s of

the dummy pat t gpqpparg 101 8656 e 1Y R UoHI4n L Aoe Mg DBy [ £E 1 a1 e

renoved with u5|nl? the resist as_a mas whereby a struc hown in Fig.

36C i s obt ai nedarried ol Fifethe, abavie MadneTysias Shownife FigndqBwen

i on-i npl ant at i agheV édodnd- éemﬂ-wmmwvésm@mn%toml& Walsh a#sintg the
resi st as a namsk ‘f‘}f’ fhe resist is,renoved. Jr# mapner, . as shown in

Fig. 37A, the fOtR ¥ E¥ R 139 %nasff':é'? Ighi dMG4LOR he second
conduct i vi ty5 t pegdteher , wilerthe t fixest arelgiaon n8Ca caec bief iformedidin @n

Loget her LN A EDN CLRBRL PR 080 DEqfth | Q5P e Waligee T ool on

of the third reglio ove- exp ai ned %fon- I npl"ant1"ng net hods,

each of the firsgni-epningoee rjegior $¢ wbichybes $b8 Liasthe fourth
region SCerr] d&l&ﬁ% lctgv P& £8P CoLhip PES SR qu%f} ane i St ©

regi ons of the%unctl effect 30 trans|stor T Rlerr] is optimzed and
that the inpuri Kp%cﬁ'%rﬁ‘?“éﬂ@)n‘éeﬁmi €4 §8Pngegfoemedyiiond &¥afase channel

region CH exg ] mdgidie dfineie ofnifde! tegidedet.ransistor TRerr] are

optim zed. The oV %l npl anti ng procedures may be carried out in any
order. 35 [Ste %ﬁﬁ a fifth conductive region SClerr] is fornmed in a

surface region of the thmhdnuegipatﬁétaed]résistoisiﬁgrmed7 ﬁad-taediode of
oLl | et ek B TG0 ln B8 piS LGB
(see Fig. 37B).dupmy qwdkenn tand trheibaxyine | laxer cipdere the dwmy or 5
exanpl e, by g hgdtaldaMa1e NRdntirted With idsidrtiRXaed st as a mask,
whereby a structure shown in Fig. 36C is obtained.
{Step-330]
Then, a patterned resist is formed, and then
ion-implantation with a p-type impurity is carried out
20 with using the resist as a mask, and the resist is
removed. In this manner, as shown in Fig. 37A, the
fourth semi-conductive region SC, which has the second
conductivity type (e.g., p'-type) and forms a rectifier
junction together with the third region SC; can be
25 formed in a surface region of the third region SC,. In
the above-explained ion-implanting methods, each of the
first region S8C,, the third region SC, and the fourth
region SC, is formed such that the distance between the
facing gate regions of the junction-field-effect
30 transistor TR, is optimized and that the impurity
concentrations of the facing gate regions and the
channel region CH; of the junction-field—effect’
transistor TR, are optimized. The above ion-implanting
procedures may be carried out in any order.
35 [Step-340]
Then, a fifth conductive region SC; is formed
in a surface region of the third region SC, for forming




an insulation interlayer is deposited on an entire surface, and a portion
of the insulation interlayer where the titaniumsilicide |layer is to be
formed is renoved. Then, a titaniumlayer is deposited, by a 10 sputtering
met hod, on the insulation interlayer including an exposed surface of the
silicon sem conductor substrate. Then, af82st annealing treatnent is

carried out, a i | rﬁ?ﬁ@: Ll L C §%¥H£§ﬁgy§ rate
are al |l owed torkge%i(.:gt\dét O&qg@-#&({%{n@gﬂ anl%ﬁ?sﬁééci@eb ayer- on %‘gﬁs%%be of
: : unl sl Y .
the silicon seffQREARDEC, Bhenltanium i tieidantarey dferfomedeln nkhe at i on
Second anneal | 1 e R e €0t o
silicide |ayer The abeve %%H@H.S%% Aaver (dan ke [ede E0%Bde is
Such 2 cobal t ol Tel i Lo e o] St beana) da eI,
Then, opening Fﬁﬂ t’r’lﬁ‘g&h‘?’@q o’r‘ﬂg%ﬂ%y?xﬁelﬁ n‘%ﬁ?ﬁ%‘?&% ealrll a?l‘é‘ii,r%
m@ring-nateriﬂsdnﬁ&nejsaﬁdnannbxﬁiQﬁmerthﬂeﬁﬁsuiaﬁﬁanIin&nrlayetthe
wiring-materia r v, ove
manne?, t he serﬁl%:%%u% %r@e&nﬁl{ﬁ%&ﬁ%ﬁﬂ%ﬁéé%s 6(1\%?:9 % igé.) 17 can
be produced. Fixpmoviesly afflrengBasfdhagivay layerofist Heposhtedndddt & menory

cel | of Exanpl %é’utt@ﬁﬁfﬁ&&%&’,ﬁ&{ mwsdﬁﬂi&h%téﬂaﬁ}&s 18A has a
so- called SO structure in which jt is_forne n an, 35 i nsul ator fornmed,
e.g., of SiQerimel DR SRAARD HRRARS rfbfngrQlSP &1 e formed in a

so-cal | ed bondeemsidmidudtomratstachty. f ahenngaa fdestexnpealiing i n - 63
(i nsul at i ng | sy B9 e, B e RS i T o o e o e
(i nsul ati ng | aysirdicon semigypuludtar suthatrate tareadianaterto arebaf i tali ng
and 5 pol i 5y Ngedhif 5 AR 1AHHE 41 R Bl Yrittld'Surface of the
silicon semiconductor. Then, unreacted titanium layer
on the insulation interlayer is removed, e.g., with
NH,OH:H,0,:H,0, and a second annealing treatment is
carried out, whereby a stable titanium silicide layer

20 can be obtained. The material for forming the diode is
not limited to titanium silicide, and it may be selected
from materials such as cobalt silicide and tungsten
silicide.

[Step~350]

25 Then, opening portions are formed in the
insulation interlayer, a wiring-material layer is formed
on the insulation interlayer, and the wiring-material
layer is patterned to form various lines. In the above
manner, the semiconductor memory cell of Example 3 shown

30 in Fig. 17 can be produced.

Figs. 18A and 18B show a variant of the
semiconductor memory cell of Example 3. The ’
semiconductor memory cell shown in Fig. 18A has a so-
called SOI structure in which it is formed on an

35 insulator formed, e.g., of Si0,. The above
semiconductor memory cell can be formed in a so-called
bonded substrate produced by forming a convex portion in



substrate) fromits back surface. In another nethod, for exanple, a silicon
sem conduct or substrate is ion- inplanted with oxygen and then,
heat-treated to obtain an insulator (insulating |ayer) according to an
SIMOX 10 nethod, and the sem conductor nenory cell can be fornmed in a
silicon layer remmining thereon. In furth® =another nethod, for exanple,

an anor phous SidiééﬁhééﬁﬂﬁcﬁﬁrE%ﬁﬁ%ﬂﬁ&iéc éﬁﬂfﬁ '§u5§¥¥5té fd £6rming
insulator (insulatjn %ér) b then a S|l|con 15 Iayer S
formed by any Gk i s({k{rﬂ) s‘%‘b’-aﬂ%t Y‘F‘Ebt‘?%rla‘i‘re?woﬂ%esﬁ% aG€a zone
lrreltl nlg cr?/séaldwaﬁhmg 'ﬁé\oﬁﬁfﬂmtg\aﬁmi‘bﬁmﬁ :e&mywn@eamhand ﬁ
ateral solid phase t ax thod in | crystal ;i s wn _t hrough an
openi ng fornmed Jl}p%%r néllfﬁne‘f’f)?t? fﬁsu?%ﬁ ’?%S’@ Ad %ﬁ%ﬁngeﬁ?‘gonductor
menory cel | S:arpdiasmr:mcthel smmmrumtm@e (staxting a
sem conductor TEAY-AEL) SRMN L Hddk beORRIce ediidl . for
ysil1con

exanpl e, a pol ayeér or_ an anor phous S|1|con ayer on an

i nsul at or (i nsUiQK ieARRLRY )2 dbbbiTan s enicordiplens | sipstmate at® iamd t hen
ranuf acturi ng i, SATRed SHOPUIEN AT e Hote haitad E¥cpLeid | N

t he above pol ysilicon or anorphous, | ayer pove sen1conductor
menory cell hafth Jél?‘b]aﬁt%/ ('Iil"-“ls‘k]ﬁtg’c‘!‘brjéygi@ B&‘Fﬁﬂ‘gmﬂ Bup

directed ]E q%heaaﬁmd:,omh&tﬂte rmﬁqbn:cnidtcﬁ@mmbm dell hﬁaxsa]g@rwbmddsi xt h
aspects of the present,dnvention u r t he net

manuf acturi ng t asesrf'f]t codhg%eﬁrelar%?a ‘&le'f? eta&éc%?o 'ngri?’orkg"‘art?'ﬁg second
aspect of the pEratdmr mwlzimd.orfoxfnmcmﬁe:.ormucnmrpm ysLkil¢omflayanpl e 4
differs fromt &@gﬁg& I | owi ng

- 64 - point. Fﬁrﬁ?s m conduct or Rl fse‘}/dec@ rfapz)[f ﬁﬁé\hgan{e&

seni conduct or iYL atEng | m)pd%iécﬁ V3 m@td?%dst@%nr vhi§iliepn

sem conductiy nRIRYY &l fofedHMSy brié coMaRKA fingidL ansi stor forned

by merging 5 the fdifl {1 AN Wl rli’s R ey SRR Ofng MO L
crystallization method using laser beam or electron beam
and a lateral solid phase epitaxy method in which a
crystal is grown through an opening formed in an
20 insulator (insulating layer), and the semiconductor
memory cell can be formed in the above silicon layer.
Further, a semiconductor memory cell shown in
Fig. 18B can be obtained by forming, for example, a
polysilicon layer or an amorphous silicon layer on an
25 insulator (insulating layer) deposited on a supporting
substrate, and then manufacturing the same semiconductor
-memory cell as that of Example 3 in the above
polysilicon layer or'amorphous layer. The above
semiconductor memory cell has a so-called TFT structure.
30 Example 4
Example 4 is directed to the semiconductor
memory cell according to the second and sixth aépects of
the present invention, and further to the method of
manufacturing the semiconductor memory cell according to
35 the second aspect of the present invention. The
semiconductor memory cell of Example 4 differs from the
semiconductor memory cell of Example 2 in the following



transistor. As Fig. 10 shows its principle and as Figs. 19A and 19B
schematically showits partial cross- sectional view and | ayout, the

sem conductor nenory cell 10 of Exanple 4 conprises a first transistor

TR err] of a first conductivity type (for exanple, n-type) for read-out, a
second transistor TR2 of a second conducti®4ty type (for exanple, p- type)

for wite-in, Ju qok T Ig- I rst
conductivity t?p}gh%‘ &%SLtéh%afﬁp'eﬁJl@onafuype ?l{)r car%gr}tl c%gfﬁt r’Jﬂn{H (? t he
seni conduct or rﬁ;-’%ﬁ)r%)e'@é?qnch‘%tm( Memexy aell ok -eamrrred vef rdgi on SCerr]
havi ng adse;:onehfairmgﬁdsrgz,t ]gwﬁwmg tﬁ@rsé%ﬁﬁﬂ&:%ctﬁbﬁ ViRino )cél]fﬁe&?nd t
sem - conducti ve, reqgi.on orned i surface region e firs
region S err] eE’gaé'?%l ‘gégf ﬁaﬁ?ﬁf‘%‘%q‘?’étw&ﬁ' V€581 9%e,
for exanplesb n[tﬂ'ref]fjtr_;qiﬁ mmrsamt&nt Garidhetlse csubrob nrkanis Mg ttor timge 1c) a
third sem -con t|v.e A lon SC[err] formed in a surface region of the

first region S ﬁ an ‘spaced from 25 the second region SC[err], said
third region SC err] havAagFige 10rshowsnilbst pringipypeanfioasekigple,

nlerrl-type (domd dfynidh '%ﬁlﬁﬁ&g'mﬁm@@a the second

conductivity type, for exanp en@g ype conducti ve region
SC4 formed of Fedtianale view@ndkilaydita the fAemigasinatonmeners gekhed

in at surf?qeb {Em %{:ﬁf Jitére; Edﬁin{ 3 F QN ms 5 Vqra%{ﬁsfﬁ&ﬂﬂﬂq bechl frigest
junction toge e thir on err

seni - conduct i v& §3[Yertr Pena(rvqeoﬁb %&' ﬁ%rf&#&ucﬁ%ﬁ%ﬁq TR 13y
exanpl e, [err]sécaqlfd torams iz dn f-mt; orﬁndust—zcnndr egndncEifdty] thpengdoaf a

silicide, a net r e region
of the second regr“g{ls ’Sggtﬁ}lﬂ orms re’ctﬁﬁer %é%-sﬁju]%gt i on

together with ﬁfé%ﬁcmrﬁé@t@r IYserf] a ﬁmuszzf vopdygtavityi 6¥pe {fared by

the first tlrsan%x%tu@'leTR[tﬁfﬁﬂ é%nftéxh%tﬁﬁ@&d domd1dist OandiN ehel and forned
SO as to brldeth %fqondreglon SC[err] and 5 the

on a barrier
third region Sé“&rﬁ?wc&'é’lié“ g &S Fist

(a) a first semi-conductive region SC, having a
second conductivity type, for example, p-type,
(b) a second semi-~conductive region SC, formed in a
20 surface region of the first region SC,, said second
region SC, having a first conductivity type, for example,
n'-type opposite to the second conductivity type,
(c) a third semi-conductive region SC, formed in a
surface region of the first region SC, and spaced from
25 the second region SC,, said third region SC, having the
first conductivity type, for example, n‘-~type,
(d) a fourth semi-conductive region SC, having the
second conductivity type, for example, p"“-type, or a
fourth conductive region S8C, formed of a silicide, a
30 metal or a metal compound, which is formed in a surface
region of the third region SC, and forms a rectifier
junction together with the third region SC,, '
(e) a fifth semi-conductive region SC; having the
second conductivity type, for example, p*-type, or a
35 fifth conductive region SC; formed of a silicide, a
metal or a metal compound, which is formed in a surface
region of the second regions SC, and forms a rectifier



region SClerr] and the fourth region SC[err]. Concerning the first
transistor TR err]; (A-1) source/drain regions are constituted of the
second region SCerr] and a surface region of the third 10 region S(err]
whi ch surface region is sandwi ched by the first region SClerr] and the
fourth region SCferr], and (A—2) a channel5forn1ng region CHerr] is

constituted of @&n agn %ﬁ &é AR 15 %kgl SAa8dw ched by

t he second reglon the t region S
Concerni ng the secof )tﬁa9§F§t6¢9$R2 G(Bhifeéohy Pér iﬁste§¢§ﬁ§l§ﬁ@r

constituted of g heaﬁdrﬁﬁereswﬂd%}@ﬁéiseaﬁ TRE drl ridineRPican 54, and
(B-2) a channe or,mn |on CHerr] i,s constituted of a.,surface region
of the third rb@fr&;\"% %@i’t’f ti‘@g(?ﬁ’&slrlr $Go2 g
functions as) ehe thiirdeidigdon lse:glmdoéotﬂe torbridgenshet oird®| err] and
I s sandwi ched b IS e fourth region SClerr].
Furt her, conce |h nt%gl %ﬂé ?%% ¥$§¥§ﬁ *?g%gnz transistor TR err]; (C1)
gate regions are constlt¢mnnbzn1mgm¢heffirstxﬁxnn&iﬁtnr]T&ﬂd a portion of

the first region S r } ?ﬁggg{ag Pi%%gi?ﬁglgge S%ﬁg%ltuéga2égétﬁ annel

region CHerr] is c t he second region err
sandwi ched by ﬁﬁ@oﬂﬂf mgﬂ-@@ §€29@[1‘ér@]s‘aﬁﬁa§%| regher oh Bhethairdrst region

SCerr], (%03) regdohostswhich Nstifac8 régs@ﬂsutsléﬁ&hpéhéaebfeeﬁad region

SCl err] which fends fr.om ne en nnel n CHerr] of the
JSECtan f:eld%gFF§c§eﬁg‘¥¥ frai 3R tﬁﬁeg%ﬂﬁgﬁoF?ﬂﬁﬁ% t &% ¥unct|ons

as) one source/drai fa+2Ji anchanhok formlngrnegmenocaTﬂﬁuudnstﬂthﬁéa4) t he

oLrer Toureel g BERAR SeRIBRLE"SRL parerthenith, S BEEAUIAEY, O

j uncti on- f|eIdbgfthetsecandrsegnonR§§5rqndAhUe th@r@areglegi$ﬂhiais

connected §g a first 5 r@g%é/npﬁ{é @%e@émlﬁ%s{é}gm_expﬁrpl e, a word

e, (B-1) source/drain regions are constituted of the
first region SC, and the fourth region SC,, and

(B-2) a channel forming region CH, is constituted
of a surface region of the third region SC; which

20 surface region corresponds to (or functions as) one
source/drain region of the first transistor TR, and is
sandwiched by the first region SC, and the fourth region
sc,.

Further, concerning the junction-field-effect

25 transistor TR,;

(C-1) gate regions are constituted of the fifth
region SC; and a portion of the first region SC, facing
the fifth region SC,,

(C-2) a channel region CH,; is constituted of part

30 of the second region SC, sandwiched by the fifth region
SC; and said portion of the first region SC,,

{C-3) one source/drain region is constituted of the
second region SC, which extends from one end of the
channel region CH; of the junction-field-effect

35 transistor TR, and corresponds to (or functions as) one
source/drain region of the first transistor TR,, and

(C-4) the other source/drain region is constituted



the second region SC2 is connected to a predeterm ned potential, the fourth
region SClerr] is connected to a second nenory cell-selecting line, for

exanple, a bit line, and the fifth region SCerr] is connected to a second
10 predeterm ned potential. Further, a junction portion of the third region
SC3 and the fourth region SClerr] fornms a 8fode D,. and the third regi on SC3

cor respondi ng t@f(@ﬁefb'éééhenréﬁléﬁ) SO RBVHEHS ' Bidh 1 VrHtr Lieg fof St
15 transistor TR err onneg Lﬂﬁqe secon mem)r -cell-_ selecting
line, for exanptde € %‘%? Fegton: Gily éllilfﬁ‘el‘i’eﬁﬁ &siduct or
menory cel |l of &(aﬁ@i_gtér TR{.€ speC|f|caIIy, the fi rst regi on SC[err] S
formed in a 20 well of t cQnducti.vi ty, t. for ex - _type
formed in a sem conductoﬂ%éf(bs tgg% %lﬁﬁ‘cél d#pfdo c° ﬁ afr%s‘?ss or
TRerr] is f®r rmekndalyy(-Q¢1b-psehegtnggthendysfancexbmpheenathrdahng,gate
regions of the gyaciig 'fég f,e sjf dT'%[oeraf] recddi@lidey the
rr

t hi ckness of the chann regro optim ZI ng 1 npurity
concentrations B‘?t?h‘élilhuwgegﬁ@'ér bglf@ﬁéoan t Hl@ Ganneatedkdiom CH err]  of

the junction- fé@é@n&fﬁ&ﬁé *rééflsééiegﬁﬁéfimwefof‘ &88h: gﬂesqae‘bik
containing a hi 30 copncentration of an | urlty havi ng t first

conductivity t ‘?s ﬁ%f@%bﬁ&f?grﬁ%ﬂlﬂﬂdﬁ s tfe qanAGChedithh as@es9d a
potential oroanpeédeterminddrgetenviall.in the channel form ng region

CH err] of the first tra r. TR err ,ncrea 3
sem conductor nenory cel ﬁ§%&)\%ﬁ & I?’ &tggﬁAggﬁa-’l?&Bo?eg@eF%&lrfo for |ts
principle) is arebgii¢mn$cpfamd1¢1@erﬁmm1ﬂumeglqmrﬂ§hyfoms shdindenDli gs. 19A

and 19B, u‘? and tﬁlfﬁ‘sré‘gf&cé‘él Iggape%?{ﬁi(htd"% Sllrv\lm ch |t i's

formed on an insul ator conposed I n addi tion,
sem conduct or nEMRFYLIRRING k) r@n% %QUE%?(@HaWTr%ﬂ-%t%fetléﬁnfbﬁs'él so

obt ai ned by14 orgitdiis istdr . TR, IsP@ortiddted taltdle @ecthd Minidiglediayer on
an insul ator selecting line, for example, the bit line, through the
diode D.

The semiconductor memory cell of Example 4,

more specifically, the first region SC, is formed in a
20 well of the second conductivity type, for example, p-
type, formed in a semiconductor substrate.

The junction-field-effect transistor TR, is
formed by (1) optimizing the distance between the facing
gate regions of the junction-field-effect tramnsistor TR,,

25 that is, the thickness of the channel region CH,, and
(2) optimizing impurity concentrations of the facing
gate regions and the channel region CH, of the junction-
field-effect transistor TR,.

When a region SC, containing a high

30 concentration of an impurity having the first
conductivity type is preferably formed under the first
region SC,, a potential or an electric charge stored in
the channel forming region CH, of the first transistor
TR, can be increased.

35 A semiconductor memory cell shown in Figs. 20A
and 20B (see Fig. 10 for its principle) is a variant of
the semiconductor memory cell shown in Figs. 19A and 19B,



(insulating layer) fornmed on a supporting substrate and then formng the
sem conduct or nenory cell on the polysilicon |ayer or the anorphous silicon
| ayer. In Exanple 4, as Fig. 21 shows a principle, as 10 Fig. 22A shows a
schematic partial cross-sectional view and as Fig. 22B shows a schematic

| ayout, the seniconductor menory cell may ®&ve a sixth conductive region

Sc err] which ignd Of eglad Ny 55L& f‘f@dﬁ?@t%‘tf&cé@fetfhrﬁhiéﬂ'% pelerr] and

fornms a rectifier junction toget with the third region SClerr], and
has a configur aﬁ?mﬁ‘ﬂrpm’&hl%cs‘al%ﬁ%rﬁ%ﬁp‘éﬁ%tt‘Ryg]un‘é-'Fl%-hozt'yp s forned

of the sixth re&d@itﬁiﬁﬁra]samﬂbémuéwfoh\émrprbéﬂelﬁairlx@@dalmwbammeahe
third region S r# cor ond| éor funct i n ¥% t he ot her
source/drain rgbﬁg QP?? %é?% %&“ﬂéﬁ gf 1RPhnEePed fo the
second nmenory- pmijsxkiemmllqyérrmr amramnrpmbﬁs laypebionl| ameinstlatgh t he
diode D. In the L&b, e s a
sem - conduct i ve( ﬁ?&lYf(;%E}_,iél %Iﬁ n%%ory%%%ﬁ%%gﬁrﬁ ééé\

and 23B (see anpe21f¢tm1mgst¢¢|$@m;¢qu¢@t@rummmaﬁy Qﬂllh@nsbheconductor
memory cell sh hoyen #&fw&noﬁ%@r@ﬂaﬁé @nﬁ%;%ﬁoisﬂf@cﬁaﬂerSO;

structure in is f on an | nsul osed

9
SiJerr]. In addition, a §eﬁﬁéﬂﬁaﬁcﬁ@raﬁeﬁﬁﬂy 3&IF RYFi gP£¥§§¥&%q'e@530
TFT struct e @iy be2zh ssheks o nechéiatd HAEE i€l crofsPoeysidhgdnviayer or

an anor phous | a ator i nsul .a fornped on a
supporting subs%/qit aﬁ’ogt[z% f%t??ﬁ's(h t%@%ﬁ%ﬁ%%&%‘b‘? rﬁ%ry cell on the
pol ysi | i con | ayssmixronduecmm rpdmemnsy su:dal]:mtay dyavre 8ixth conduc€iwveher, in

a seniconductor e S |ts
principl e), the %é% F@h§§§i¥%rf% I'S connecteégéﬁéﬁ gﬁf%%f%feéﬁ%n

SClerr], - gehird rﬁ?ﬂm &%: BadhForenac regtis iemwe J%@Gﬁ@npﬁémtéﬁﬁ ned
potential . #%§ 9%&11%5%h8%u?c?& r?&é’c ShQWdS‘h'&%W&t b‘én‘f&@%&aﬁﬂ@d gnal
views. Figs. %b 7B and 2 B che outs o gglon
and the gate 5% ﬁﬁﬁfrP e il €15 OF% oA
SCerr] the sixth region SC and the thlrd reglon SC; and in

which the third region SC, corresponding to (or
functioning as) the other source/drain region of the

20 first transistor TR, is connected to the second memory-
cell-selecting line, for example, the bit line, through
the diode D. In the above structure, preferably, the
fourth region 8C, is a semi-conductive region.

A semiconductor memory cell shown in Figs. 23A

25 and 23B (see Fig. 21 for its principle) is a variant of
the semiconductor memory cell shown in Figs. 22A and 22B,
and it has a so-called SOI structure in which it is
formed on an insulator composed, e.g., of SiO,. In
addition, a semiconductor memory cell having a so-called

30 TPFT structure can be also obtained by forming, e.g., a
polysilicon layer or an amorphous layer on an insulator
(insulating layer) formed on a supporting substrate and
then forming the semiconductor memory cell on the
polysilicon layer or the amorphous silicon layer.

35 Further, in a semiconductor memory cell shown
in Figs. 25 to 28 (see Fig. 24 for its principle), the
fifth region SC, is connected to the first region SC,,



can be connected to each other, e.g., by providing a structure in which
part of the first region SClerr] is extended up to the vicinity of the
surface of the sem conductor substrate so that the fifth region SClerr] and
10 the extending portion of the first region SC[err] conme in contact with
each other outside the second region SC[er®$.~The wiring configuration of

the SedeOPdUCtﬂi ﬂﬂ@é@i’of%élﬁépc@ﬁnééﬂ@élféeﬂhékéééﬂat yféastébﬁmed

sem conductor nenpry, cell as, exp

semi conduct or r'@?r'b‘?%t t 2?# @%Aarﬁi‘dzé’@ﬁ shay tﬁ‘fhﬁ‘%ﬁ‘l’"ycthe
Sﬁrre gs t he serﬁmmséF @twmbrvmm1 dssrmw.‘ 258 ngBA%mrachdL%Bmécept 1‘28rA
t he above point urt condugct o ce wn i i gs

and 208 15 ot r oS 1SRamatrE TEREEE VR ST ERR oA rana ERE 52| “Shome
in Figs. 20/ ame@dén ex s ﬁchrtlt hredilvoy SQoandsth&hfireti regdoat SC, nenory
cel |l shown in Fi t?ﬂ&? C |y,

sem conduct or rre%?)rl))/gcé? %gvﬁ}i *Iiél %‘gg 6%% % QQB% é’or ?he above
poi nts. 25 The ¢ cinrvhichrpace| of sthontivsti %ﬁgl‘ZBAS‘énG-QSB i s

structural l'y theEaiEedsup heo SEne oeiEiei OF 6@”&5& SeFfad80¥h tReFi gs. 23A
and 23B except for,the above é?l nts. Detailed e a{g él ons of structures of

these seni cond REWHCONGUCEPE fYbFLELALS 5 thal the th regioncPhopnsd
manuf act urirg tttse Sémt@m&imtpdsrmrcyfcm&e Pird arggiod SN dome in

substanti al | y t f C ctor
menory cel | %?%ér%% ‘%"%'i g%?nﬁ %?ﬁi?,g O'E%é]#%él é#é o'?&féfg&ff %ﬂ\gﬁ %#
SClerr]. Det a| | Bhie expt Emgt ¢omBigueatbén amé the rséniconduchdr tRemoty

i on-inplantin [ I Eg@gﬂé h of
t he flmr)st reg?oér?isfé[%? %a%ﬁﬁép%%jh%ar gi on "? ﬁg&% f (?%(g?%ﬁgf
SClerr] is for ROy _cghl as ¥platred aboN&¢ ance between t he facing gate
regions of gdie junction-frhel seﬁaﬁaﬁaubtaﬂsmémarﬂabnr bhb&mORL Wiged and

Lot e g TP s SORPLE o e Rl LI 200 Sae Leaigns and e channe
optim zed. Essenmmrddqductor memory cell shown in Figs. 19A and 19B
except for the above points. Further, the semiconductor
memory cell shown in Figs. 26A and 26B is structurally

20 the same as the semiconductor memory cell shown in Figs.
20A and 20B except for the above points. The
semiconductor memory cell shown in Figs. 27A and 27B is
structurally the same as the semiconductor memory cell
shown in Figs. 22A and 22B except for the above points.

25 The semiconductor memory cell shown in Figs. 28A and 28B
is structurally the same as the semiconductor memory
cell shown in Figs. 23A and 23B except for the above
points. Detailed explanations of structures of these
semiconductors are therefore omitted.

30 The method of manufacturing the semiconductor
memory cell of Example 4 can be substantially the same
as the method of manufacturing the semiconductor memory
cell of Example 3 except for the formation of the fifth
region SC,. Detailed explanations thereof are therefore

35 omitted. In ion-implanting methods in a step similar to
Step-330 in Example 3, each of the first region SC,, the
second region SC, and the fifth region SC; is formed



t he above ion-inplanting procedures nmay be carried out in any order.
Exanple 5 Exanple 5 is directed to the sem conductor 10 nenory cel
according to the second and seventh aspects of the present invention and
further to the nethod of the manufacture of a sem conductor nenory cel
according to the second aspect of the pres@ht—invention. The sem conductor

menory cel |l of w | £ f , cpndl o) : | of
Exanp%/e 4 in the tol lgayfntgi%ooﬁ%%ﬁ%]eﬁé;% conduct or ir:rweﬁm ?/‘ér%re]?%g_g??%xanpl e
5 conprises a fa% sthe rimgsion-ielkdreffech rangishor fBR ist pRbisd Zast

read-out, a secil ¢HaOSEd Ofmphdd Y | cOicéntrseivhs WElUché VEAYing Pater
wite-in, ajunction-fi eléi- ffect Ga{ransl stor. TR3 g_'&‘ﬁa Jirst, conductivity
type for curref®THRT AR £hannel (Tegion (G pF Jgnetiodcond
conducti vi tys t yfie¥d+refifedic-trandistderTR] aees optdamidedt.or Eaeantyatdyl, of

Exanple 5 is structyrally. differ § 1 £Q t or no, cel l
expl ai ned 25 i ntlﬁ a%‘r%%aé Af‘?%‘*"?%f%tﬂ%%%@%%?ﬁ%g n%d%;?%) ?%%Fo%e{ & 'Sé
shared by the finsny rerdéstor TR err], the second transistor TR2 and the
third transist%%gﬁ_r_g[ and is fornmed on a barrier |ayer so as to bridge
the first region err] and the fourth region SCferr], so as to bridge 30
the second regi on SO errExamplené igi ddree§edntocther pemigondugtsoro bri dge
the third regi qremfherdd1 Bgbddya{ng o rawe Geddderddd éékz@:d@htw%@cr;%ae
|

first transistor_TRerr], the second, transisitor TR err]. .and the
transistor TR &%t é"-]:,fiﬁ%‘lt?t’tﬂ‘@mb’f‘”i ?‘Pﬁiﬂ ‘f’g'flb‘?qitfﬂ]ot%i tﬂi Rf

transistors 35 tdre namptxbtuise B0 .a Zemimysducior mendry @slFigoc@tdi ngowns
Schemat ¢ | ayodS i SERREHARS, oL Whe budens indoneidd S ohE” 200
first transist cremiRiandyctsr mdnaory eoklduef iBxanple fe qitfers afmor, thet ype)
for read-outs & SEEUHddEHIS ndiry XY loPTERamStONd £ GANEIUES T Mbwb¥nd Y P
(for exanple, p-type) for wite-1n, a
points. The semiconductor memory cell of Example 5
comprises a first tramsistor TR, of a first conductivity
type for read-out, a second transistor TR, of a second
conductivity type for write-in, a junction-field-effect
20 transistor TR, of a first conductivity type for current
control, and a third transistor TR, of a second
conductivity type for write-in. Further, the
semiconductor memory cell of Example 5 is structurally
different from the semiconductor memory cell explained
25 in Example 4 in the following points. A gate region G
is shared by the first transistor TR,, the second
transistor TR, and the third transistor TR, and is
formed on a barrier layer so as to bridge the first
region SC, and the fourth region SC,, so as to bridge
30 the second region SC, and the third region SC; and so as
to bridge the third region SC; and the fifth region SC,.
In addition, the first transistor TR,, the second
transistor TR, and the third transistor TR, are
constituted of 1 transistor into which these transistors
35 are merged.
As Fig. 29 shows a principle, as Fig. 30A
shows a schematic partial cross-sectional view and as



junction-field-effect transistor TR3 of a first conductivity type (for
exanpl e, n-type) for current control, and a third transistor TR err] of a
second conductivity type (for exanple, p-type) for wite-in. 10 And, the
sem conductor nenory cell has; (a) a first sem -conductive region SCerr]
having a second conductivity type, for exd®le, p-type, (b) a second

sem - conduct i ve;| ggggg%sgggwgo %Efﬁh%léuiggeﬁxrth%n %&E%@%dudggi.regron

SClerr], said sé I on avi ng st con tivity type, for

exanpl e, n[errperppy, cedil of Fxampdend- G@W@@éﬁﬁﬁearégﬁﬁﬁ SCANEISEAT i n a

surface regi onpgf f'eaffifétr@&h&&‘ctgﬂ ?ﬂ@ﬁeéxérﬁﬁﬂét hg_eppend
region SCerr], Said third regron err havrng first conductivity

type, for exanmpPE rfadyput '(E)S§°P ﬁ?teﬁhgﬁzﬂFge A 8gFeRdsca havi ng
t he second sondunauwtuyltypeypboqfeta@ﬂhmplpLe kypwgeIGM’wrﬂhaﬂﬂﬂm a

d
conduct v RoTGRL Eh ol Aol Sitbiierle o8, T PlrfeI 2,
SClerr] and focondact&wutyr&yppuN&Dmonxamnghen-prb)tEerthmmdemaglon
SClerrl: (%) ackhtbprseabacanduabias L0 RoCRR e NaVABGokAC second

conductrvrty type, exa Ifth con uctlve regi on
SC5 fornmed of §°§idpp@|1&'étYat3'De rhfpan eé;amﬁlﬁet pHtypRpodRd, wHiterins f or ned

in a surfagg rsﬁaontate tsam&eﬁaﬁétbegmeﬁo§ %”eﬂ.]l a8 ; forms a rectifier
junction together w e re ion G

th E second reg i %
shared by the flrst(??aﬂs irst sepir Tnd?ﬁslgﬁcﬁﬁﬂ ? aﬁgr and the
third transi st pecdndTBbadubtdndtiyotype,otiox exampie, Ipyeypeo as to bridge

Second region S0y or 1) ahEPHRbRrpPALTEERaReLe Foa10n s&) Adh i g°, (N
bri dge the thi sdrfegeomesdpor of she fArsti regioagbEn SGLEdr§ec@dcer ni ng
the first isanibgaeh EBQHJJ@%% Qlﬁ@yréﬂ@u@m’{@;@'%arfof%ﬁm,yéed of

the 5 second regio re specifically, a surface region
n- Ypet

(c) a third semi-conductive region SC,; formed in a
surface region of the first region SC, and spaced from
the second region SC,, said third region SC, having the

20 first conductivity type, for example, n-type,

{d) a fourth semi-conductive region SC, having the
second conductivity type, for example, p“-type, or a
fourth conductive region SC, formed of a silicide, a
metal or a metal compound, which is formed in a surface

25 region of the third region SC; and forms a rectifier
junction together with the third region SC,, _

(e) a fifth semi-conductive region SC; having the
second conductivity type, for example, p”-type, or a
fifth conductive region SC; formed of a silicide, a

30 metal or a metal compound, which is formed in a surface
region of the second region SC, and forms a rectifier
junction together with the second region SC,, and

{f) a gate region G shared by the first transistor
TR,, the second transistor TR, and the third transistor

35 TR, and formed on a barrier layer so as to bridge the
first region SC, and the fourth region SC,, so as to
bridge the second region SC, and the third region SC,



of the second region SCerr] sandw ched by the first region SClerr] and the
fifth region SClerr]) and a surface region of the third region SCerr]
whi ch surface region is sandwi ched by the first region SClerr] and the

fourth region SCferr], and 10 (A-2) a channel formng region CH err]
is constituted of a surface region of th-e 71r-st region SClerr] sandw ched
by the second rggy Sﬁe&s] & Nend Mk e d Ceb @l @6 hd THFF R he
second transrstor . err source rarn regions are constituted of

the 15 first regg¥m serr] (rmre specifically, a surface region of the
first region SCerr] sandghebedily ‘thé iqggr&dt&aggggtsgzmug t he th| rd

' S d f th S d B f
egion Gerr] ie cdSti Olﬁ%ré’cf‘iﬂ[ﬁdg-‘l sl o %cﬁ 5
sq err}dwhr ch ?é)emnciao@gimgr qm[s@ﬁﬂﬁf_hf@aa funehu:cfm:ea‘r)e h -
source ralnre e fir r n
thg first regi o % afh% Jt'%%l#%ﬁ% gléllwd':%[h%e[g’ ]t?xeFE;% Videcaj]r%&r%l ng
the junction- fiSﬂldaa’df ¢be I4fithamsigionr STR) eand ; a (Sunfagat xregignoof are
constituted of 4 dh{d Legan K o Jcha%gx%a Y e ofl sEhealidalenapl on

|

SCerr] facing t on SC[err .region err] is
constituted of Rarthagdtixst kegieR Rl Scf%léﬁé}vmréﬁé@nbﬁchheamif th

region SC erg] and ga-@)P@ dhameil tﬂb&nile§trergegsxp@r§0isrébnsi;@ta);eane

source/drain region is J‘c::onstltuled OjE t.he econd re |on$1(gCL r

extends from orf& ehPHLATR Lo OF ot g t andwic

junction-fiel dlgf fiehg sScdndnsedgion S@Saaﬂddtcher thiprdnateguon( scC, funct i ons

as) one source/drain regbgﬁcgjmlig %sgeggﬁasggg%l;%g and (G 4) the
eT5?

ot her source/drain region1s cons cond regi on SC2
extending fromthe dBrdr) segrse tdr@uhmonﬁe@rm corfsdrituted wfe the

junction-fisg d- ﬁl‘xfs“l‘:trédﬁ}?@é of m-'éBEe%b]e01@9.@:ﬁ§.'19" ng kherhbir Qe%;rl%'ﬂs'éf or
TR 577 hd Bide NS o0t Cseé I e e by 52" SE UL LT e
1
and the third region SC;) and the fourth region SC,, and
(B-2) a channel forming region CH, is comnstituted
of a surface region of the third region SC, which
20 surface region corresponds to (or functions as) one
source/drain region of the first transistor TR, and is
sandwiched by the first region SC, and the fourth region
sc,.
Further, concerning the junction-field-effect
25 transistor TR,;

(C-1) gate regions are constituted of the fifth
region SC; and a portion of the first region SC, facing
the fifth region SC,,

{(C-2) a channel region CH, is constituted of part

30 of the second region SC, sandwiched by the fifth region
SC; and said portion of the first region SC,,

(C-3) one source/drain region is constituted of the
second region SC, which extends from one end of the
channel region CH, of the junction-field-effect

35 transistor TR, and corresponds to (or functions as) one
source/drain region of the first transistor TR,, and

{C-4) the other source/drain region is constituted



surface region of the first region SCerr] corresponding to (or functioning
as) the channel formng region CHerr] of the first transistor TR err],
(D-2) the other source/drain region is constituted 10 of the fifth region
SClerr], and (D-3) a channel formng region CH err] is constituted of the
second regi on SC2 corresponding to (or funtioning as) one source/drain

regi on of the fhfStpdra8ssd %e%%x?ré&- ektending from’the itheidlénd &F on G

is connected to a first nenory- -sel ectin I'ne, far, exanple, a word
line, the secorfdf® e@h%n%bzr%l%rﬁ%cf’édt&'@ %“ﬁ%&“@fﬁﬂ%eﬁﬁ%’rﬁ ial, and
the fourth regioraféistsét TR,.connected to a second nenory cell-selecting
line, for exanple, a bit _20 |line. The sem.caonductor. nmenory cell of Exanple
5, nore specifically, thgof‘F’f%Pngg?‘g‘ﬁ gg‘[‘ﬁar ?:rﬁgsﬁ-ﬁ?:ﬁﬁd&%n' a well of the
second condugtivity (DHlg, dne sowd/@rgin tnguEon drsmesbrst itweed aohdiled or
substrate. 25 ] ' ' = tadr ' r L, 1S
formed by (1) osp‘ﬁ%%? nﬁ?qjl:tgn d‘#sj%é]%gf ;b%{{wg%%{'%g ?%c%%?%tg 4 n-rlgtea[é]' r?‘lé) of

t he junction-fiex-gynetioningsas) ccharghannel tferming regiomi Cknefs of the

channel region Gl ef{dat he)s @t iR Zing inpurity concentrations of the
facing 30 gate regi ons an e channel'’regj on CH3 of, the junction-

th ]
field-effect transi o2 )THhS OthemSource/drainsaagion dshcanatiduted gh
concentratinpn Gf atheé NPUFLR Vrdpdmasd.heahidr st conductivity type is

preferably forned under, .the first .3 reqion SGerr a potential . or., an
el ectric charge st op(g)d':;l)n % ﬁ@%i"’?’ﬁ%ﬁ ﬁ-’&ﬂ%’jﬁ g?‘dfe??]’s%flgflﬁgdfi r st
transi stor TR erf |theansdzondarepisatd.SC, corréspoidiagi tondoet or nenory cel |
shown in Figs. ﬁ%@{%ﬁ,}f | 11ZJEJC% j j Nci | ri ant of
t he sem conduct'or nenory eéﬁg)egﬁg%\n%?n |é%a%}%1jifﬁgoﬁ %l}léds’??r%gs a
so-cal led SO st¥apgiftor ffRhich it is 5 formed on an insul ator conposed,
e.g., of Siderr]. In  and, the gate region G is connected to a first
memory-cell-selecting line, for example, a word line,
the second region SC, is connected to a predetermined
potential, and the fourth region SC, is connected to a

second memory cell-selecting line, for example, a bit

20 line.

The semiconductor memory cell of Example 5,
more specifically, the first region SC, is formed in a
well of the second conductivity type, for example, p-
type, formed in a semiconductor substrate.

25 The junction-field-effect transistor TR; is
formed by (1) optimizing the distance between the facing
gate regions of the junction-field-effect transistor TR,,
that is, the thickness of the channel region CH,, and
(2) optimizing impurity concentrations of the facing

30 gate regions and the channel region CH; of the junction-
field-effect transistor TR,.

When a region SC, containing a high
concentration of an impurity having the first
conductivity type is preferably formed under the first

35 region SC,, a potential or an electric charge stored in
the channel forming region CH, of the first tramsistor
TR, can be increased.



addition, a sem conductor nenory cell having a so-called TFT structure can
be al so obtained by depositing, e.g., a polysilicon |ayer or an anorphous

| ayer on an insulator (insulating layer) forned on a supporting 10
substrate and then form ng the sem conductor nmenory cell on the polysilicon
| ayer or the anorphous silicon | ayer. A-sef8 conductor nenory cell of

Exanpl e 5 shown in Figs.,3 ' \ B; (S | gnq29B
for their principle hasAagéy;?ﬁngéﬁgﬁg??g%g?ggﬁgg?S 8§§]l§5ﬁgﬁgrcﬁlﬁs
formed in a sumdngteliBdisge Flgh@9%ifar ridif eriscipw) fid s wriant fofr

junction toget kgfe wéﬂm&dﬂdﬁ_ﬁéﬁzﬁﬂ &3 gtowr qik%s[?. o (0B,
junction type is forned of the sixth égion SCerr] and the third region
SCerr], and t®@ad {it hased Se-sgided SRR kb W< ALt fifhct i oni ng
as) t h.te gt P@twh d{jxﬁid’h rieﬁéxﬂrawl‘r tdaslmﬂdtsr&i, lté_.ale) ]gdﬁ)rsffﬁ[.elrﬂ. its »
connected to cond nenory. cell-selectin | ne, .for. exanpl e, e

[ he: Ct hrough ARSI B RARIGHAASHAE SRt L, it ) PLRATIRA 1 h
regi on SC err] TFY atymatumendent ibe alasy obtalimed by deposilhimgsene apnduct or
menory cell sh ' i 3 ' I as the
sem conduct or %hm%vc\;/nlr}lsjrjﬂg‘%é)s? %ﬁéz%ﬁ%@?@g}%ﬁﬁ%g aq‘O\S/ag{Tgoi nts. The
seni conduct or rAwlatey |(nwedrtiing-ilgyerd3 Aamed33m s snpRestiing | y t he
same as thq 30 guRRHEHY WPt HE Wording $he %%im&@&xm&oxf&ﬁécéﬂe

above points. Detail ed explanations of structures of these _semc uct or
menory cells af® tthe FUYsidriconedayer O e iamidhaws siddsiop dayeros

Exanpl e 5, the potential Al Sehb€ohdadtor efémtrP@e BN dot NEx@apEOL § akhShni N

third transi ot g FRgET P2 SEDOZR Tt 85 o h e 2h e SIFadd o
t he juncti on- f ifelrd tdfefigr principis )- hasamsissitabh ERneludtiive megiatil \SC,

O ronwects) SGPAIL e e sCd et egion

steps sinilar £6: S@’é@-éemﬁoazsrsggiafé% functhenptegethesnwitht hhe

sem conduct or HRARY region SC,. A diode D of Schottky junction type
is formed of the sixth region SC, and the third region
SC,, and the third region SC, corresponding to (or

20 functioning as) the other source/drain region of the
first transistor TR, is connected to the second memory-
cell-selecting line, for example, the bit line, through
the diode D. In the above structure, preferably, the
fourth region SC, is a semi-conductive region.

25 The semiconductor memory cell shown in Figs.
32A and 32B is structurally the same as the
semiconductor shown in Figs. 30A and 30B except for the
above points. The semiconductor memory cell shown in
Figs. 33A and 33B is structurally the same as the

30 semiconductor shown in Figs. 31A and 31B except for the
above points. Detailed explanations of structures of
these semiconductor memory cells are therefore omitted.

In the semiconductor memory cell of Example 5,
the potential in the third region SC; and the potential

35 in the fifth region SC; are approximately equal to each
other when the third transistor TR, is brought into an
on-state, and the operation of the junction-field-effect



cell of Exanple 3 (oblique ion-inplanting is carried out for formng a
channel formng region CH err] and a channel formng region CHerr]) and
then forming a fifth region SCerr] in a surface region of the second
region SClerr] by an ion- 10 inplanting nethod. Oherw se, the

seni conductor menory cell can be al so prodé#ed by the steps of forning a

gate regi on G siphhafstOr tHaL fi@%@lﬂdb]&%n%l@ by’ Bhd Qfg)ﬂﬂ&:ﬁni ourth

region SClerr], then further formng a date region so"as to ver a portion
of the second r@§ibhesehbrd|tyangisbeEnTReo the surface region of the first

region SClerr], and fornmhe &childohdiRiod meody lcellln JfO Exiaifipiants RGin

met hods in a step simlar,to Step-330.in apple 3, each of e flrst

regi on SC[err],bghgrgégﬁﬂ% ?%g?%ﬁrgif%r?ngﬁgg?ﬁes??+fﬂrrgﬁi% e@I%éﬁrFOis
formed such 5hastépe3sid sfancth@Opbeduetionheff thengemitendectonsmehotpe

j unction-field- e | st or e AR Y! ngl_t

{npurity conceﬁ?ggiiéﬁsé%éwﬁ%% ?a&%ﬁ%fgé%eiégﬁgéhgaéﬁgnghgsc%%%ﬁéegrggFon
CH err] of the femctoomingch dchdteel foxmingtvegiohefH| ande apstharinadd.
Essentially, t b ON- bl ' (fg%q?' ATe4 i t in
any order. Exa2§?§@%H§§§§%F§Hét?§ gﬁﬁtg?ggito t éﬁgenicgﬁghgﬁ%ﬁiﬁgéggy cel
according to thElsRcOHELISR EPgHeR @SpEhesserond Fagion Sen®y ARekd®m. The

principle ofot hemsEaheDhg URéthodt Mthexttise ) the it doridudtvr Rsos t hat
of the sen1conduci€L nqury iell i n.Exagpl e 4, of which £hﬁ f%lnCIg|e LS
shown in Fig. 19°1hFeR bRaldapredecs IR STRRT ot FoTing a gate
sem conduct or neewign 36 shhilaf €oabpat ShowhfinsFiags shdwm amdi 3¥Bgchemati c
partial cross-s | | Vi L s ~338an~ HO , ' tor ry
el ' of Exanpl cLoichdn tEHER FefioTac, PR nd bl BRI o T
first transistoregient$e a®cbpdcevansa sportiengefl the csependnregignesc,

sem conduct pg jder€! to EnEXSPEEE £ h S6F @héifffsérﬁééiéﬁOQCER[err]
o a Tirst Condycl iy LY, 5 T1VE, L8 SAT8R So, ™ WPibol B SHELGL1 2 Second
methods in a step similar to Step-330 in Example 3, each
of the first region SC,, the second region SC, and the
fifth region SC; is formed such that the distance
20 between the facing gate regions of the junction-field-
effect transistor TR, is optimized and that the impurity

concentrations of the facing gate regions and the
channel region CH, of the junction-field-effect
transistor TR, are optimized. Essentially, the above
25 ion-implanting procedures may be carried out in any
order.
Example 6
Example 6 is directed to the semiconductor
memory cell according to the second and eighth aspects
30 of the present invention. The principle of the
semiconductor memory cell in Example 6 is the same as
that of the semiconductor memory cell in Examplé 4 of
which the principle is shown in Fig. 10, while the
constitution of each region in the semiconductor memory
35 cell of Example 6 differs as shown in its schematic
partial cross-sectional view of Fig. 38. However, the
semiconductor memory cell of Example 6 is the same in



transistor TR err] of a second conductivity type (for exanple, p-type) for
wite-in, and a junction-field- effect transistor TR err] of a first
conductivity type (for exanple, n-type) for current control. And the 10
sem conductor nenory cell has; (a) a third sem -conductive region SCerr]
having a first conductivity type for exanpber n-type, (b) a fourth

Sem - conduct V56690 HOCOMLIGfed SETREORILEL [ MANsLHPE: LA8 BB

p[err]-type, ve region |C|de,
a netal or a mmo@@mmsmmemedoxm ome quslifface region of t he

third region SCferr] andgher E&micbﬁahbftb%r | eR1i084! aﬁram\yﬂétet he third

region SCerr], (c) a first_sem-cond uctlve reglho err] fornmed in a 20

surface region Qﬁmﬁﬁks?%?df%’éﬂ:oW@E%l%’iﬂrs%c&f— 1ar #ite qondaat ivedivon
SClerr], saisl fiysé (B OexDpEeé f |nbegpeap £foe Fes@rsu€pngdusétondy type, for
exanpl e, p[err] tLSé éd% ,fi@%o; nsem gond ctlve rsg{)on SClerr] formed in
a surface regi oFHSHHEO e di Sﬁcgefieﬂojn UCHLy Iy @S 9% i on

fSC[f teLr] havi ng e:kmnplestp-etypmrtfcvrtwritw}e;nf oan@xanphmctn@mf:].el?-pe (e) a
[ sem -con [ e

for exanpl e, p([jéel&r‘%é/’fyié)%glll %e#ﬁ%ogg\édu%g::?ggﬁgﬁl%&t%;wq or()r?é) of a
silicide, a 30 ¢xampley &-W :E@trpammen ¥el § odyns a surface
region of tyg f‘gﬁ% égl}gk PA4'E arect|f|er junction together
with the second region SC eryr and (f) ate region G shared by the first
transistor TRl err] dfd #hé& 1'%‘15!51) dél“g? 1]°’hr§?sf9f*‘ffé690ﬂ a 35
barrier |ayer spigst teomducigbrite e SpsONdfdre gtvampe, g pe, third region

gg[[ E:H and _so7gs_t 5r| d%‘%ﬂt‘&rﬁ%ﬁ"t’r& ?ﬁugﬁiyg d:reér‘ﬁne hg fourt h regi on
source/ drain r egpaond arendursivity dyps, tfer sexample eg e-rﬂ:YS@[;EIQI] aand the
third regi oy SC}%&{E n?&ﬁid«ﬁcfs)e %é#h?&g J FoFnag b3IL0
constituted 5 o surtace 0 |rst region %dllerr séngvm ched
metal or a metal compound, which is forme surface
region of the third region SC, and forms a rectifier
junction together with the third region SC,,
(c) a first semi-conductive region SC, formed in a
20 surface region of the third region SC; and spaced from
the fourth region SC,, said first region SC; having the
second conductivity type, for example, p'-type,
(d) a second semi-conductive region SC, formed in a
surface region of the first region SC,, said second
25 region SC, having the first conductivity type, for
example, n'-type,
(e} a fifth semi-conductive region SC; having the
second conductivity type, for example, p‘-type, or a
fifth conductive region SC, formed of a silicide, a
30 metal or a metal compound, which is formed in a surface
region of the second region SC, and forms a rectifier
junction together with the second region SC,, and
(f) a gate region G shared by the first transistor
TR, and the second transistor TR, and formed on a
35 barrier layer so as to bridge the second region SC, and
the third region SC, and so as to bridge the first
region SC, and the fourth region SC,.



by the second region SCerr] and the third region SCerr]. Concerning the
second transistor TR err]; (B-1) source/drain regions are constituted of

the first region SClerr] and the fourth region S(err], and 10 (B-2)
a channel formng region CHerr] is constituted of a surface regi on of the
third region SCerr] sandwr ched by the frr#6 region SCerr] and the fourth

region SClerr]. Further, |d§;gttﬂéeﬂﬂr§q_t t‘i%nfs']g.‘as't:%xeftflgct t ransi st or

TR3; 15 (G at e regi ons re const)tut fh region
SClerr] and a porti okpok) tSRNEGRLIrainy FRIIRDS 3 (GRUSkLEHed  9f ntRhegi on

Sd er (rj] (G 2) S%?@dsa@nﬁé geﬂlso Q:[c?rtgie }tﬂ}}fxﬁﬂ&tégtwre@@f, aagt of the |
second region err ndwi e fi r.e 1 Q rr, sai
portion of theflrstl\re@ ‘%& ?bg/é /d1saF' 5@11‘:6‘%?%51
constituted ®f ¢feassanfiaceegeghohbCher t]leefi.esrtli nggiomnsbptéarﬁhdbcmsidt he
channel region %t[@ﬁé géoﬁgerégggé ?8 félﬁ 1}931‘ fteﬁtrér ngo%t cTR[ err]. 25

And, the gate region STEORonhe MENDTy-C sel&éting |ine,
for exanple, a word | i ne Comieeradagh dhee giegon8Criansdstosci®ds;t o a

predet erm ned potentigly) tg&lf&ljéﬁiﬁgﬁ-%& qlrg e FOBE S b £ e Second

nmenory-cel | -sel ecting Irne for exanple it ne, and _the fiTth
region SCerr] ?Jsr%%nﬁ%%%‘é%l $6: anshddey fauddh é?%lr%’d S¢areRbflal . The

sem conductpg nenor y(gedy @fcHammiel efcﬁms idri ©H,38s BBhetIketed cally,
the third regi on_SC i thefrrgé cond ctrﬁ/ y
u

type, 35 for exahpt suh}f??/'ﬁeregb?ﬂeﬂg ﬁh Jé ohaeteBdr
junction-fiel d-lef fehe fimtsr:seg)loffFBci ardruied foprth) region 209 the

di stance between the faci¥ &O( %é&ce??‘&?gr %9,' Oﬁﬁn%ftlro =field~ feCthanneI

junction-field-effect transr e thicknéss o
region CHerr] ,treams istoB TRyt zing i npurity concentrations of the faci ng

gate regiongsand t he(ccileyn\r,ﬁté %ﬁbx@*[ﬂé ledtistitidd Gf Qhre X d- ef f ect
transi stor TR3. Further a re l.on SC/
region SC; an a po ion of the first region SC, facing
the fifth region SC,,
(C-2) a channel region CH, is constituted of part
of the second region SC, sandwiched by the fifth region

20 SC; and said portion of the first region SC,, and

(C-3) source/drain regions are constituted of the
second region SC, extending from both ends of the
channel region CH, of the junction-field-effect
transistor TR,.

25 And, the gate region G is connected to a first
memory-cell-selecting line, for example, a word line,
the second region SC, is connected to a predetermined
potential, the fourth region SC, is connected to a

" second memory-cell-selecting line, for example, a bit

30 1line, and the fifth region SC; is connected to a second

predetermined potential.
The semiconductor memory cell of Examéle 6
shown in Fig. 38, more specifically, the third region
SC; is formed in a well of the first conductivity type,
35 for example, n-type, formed in a semiconductor substrate.
The junction-field-effect transistor TR, is
formed by (1) optimizing the distance between the facing



containing a high concentration of an inpurity having the first
conductivity type is preferably formed under the first region SCerr], a
potential or an electric charge stored in the channel formng region

CH err] of the first 10 transistor TR err] can be increased. A

sem conductor nenory cell shown in Fig. 897{see Fig. 10 for its principle)

5.2 variant ofgie SEHSRNGE ! Qe TR GEL L SIS0 F GradPieet 4, 12

a so-called SC! struct re I n whi formed on an 15 1 nsul at or

conposed, e.g.,t 81-%{ crhe thickness ioh, the chamnel KeHLoRERry 806 | shown
in Fig. 40 (SEEﬁ ﬂﬂniﬁng tﬁn[ﬂﬁi‘i@ Ri@&céxﬁtﬁaﬁﬁmsicﬁﬁlﬂ@rfi@ﬂ%y cell

having a so-cal T stru i.ch is obtaj ned_ by |t|n . a
pol ysilicon | ay?? t%r %\?F%rm&h?d’q 1 JrPHPR 3& & % g

| ayer) fornmesl qu.éildi-k@ﬂfﬂét ngrandid tat errynd Faebthépy nwngntheregmbnosdj,lct or
e conduct or FEASFEN btk ol AL R Sl 8 Mg, )
and as Figs. 4I!;h®f2flamﬂ: A shuvt scikynmdtype ple tpreferalsky stermesdhaindérws,
the fifth regi e FBY; sf@“”ﬁcb%@eg‘hhﬁeo‘}' 3% et cSE[h%:crg]e

place of being connected to the sééond pr edet er m ne otenti al, ction
portion of the S¥R¥eA 3N thy)ichanngle Hqrming (rRIFQR G P(fglté‘ﬁ §@F(§|tr] for ns

a di ode D, gnujﬁyghgigﬁdfﬁ@kabanrgglQﬁcggabag flrst transistor TR err] is
connected to the second X cel,l - e ectlng f ﬁ gh thg dlogg D. The
met hod expl ai ned in ExangE Eaﬂdﬁﬁ SrplERLY s P11 nEhaKBy incEAfectPons. 35
& herw se, as Hspe Highdks fopritxigptincipld) gis aamariamcbﬂa:lsémw

schemati c partlsaémféﬁ C%rctlﬂé}lnﬁl Vc&I\ISISSt{%Sﬁg]ECJ[ d% or r%yhgselé may

be a - 78 - "senicondu have a st x
conductive registhsdied ]S%uﬁﬂru@um gt whiich sidy f%ﬁ:efqlémd)rplbfan he third

regi on SO elrff] Bkl ébnif[%‘éécf | &, d “6f @‘id QoeiResdat ok heat hird
region SC3. dsle%u.econ ctor ?nremory cell sshown fne IJ_ogn. 84% % rt!e (’ler‘]J(_jgt hpg third
regi on
for its principle) is a semiconductor memory cell having
a so-called TFT structure, which is obtained by
depositing, e.g., a polysilicon layer or an amorphous
20 layer on an insulator (insulating layer) formed on a
supporting substrate and then forming the semiconductor
memory cell on the polysilicon layer or the amorphous
silicon layer.
In the semiconductor memory cell of Example 6,
25 as Fig. 13 shows its principle and as Figs. 41, 42 and
43 show schematic partial cross-sectional views, the
fifth region SC, may be connected to the first region
SC,, in place of being connected to the second
predetermined potential, a junction portion of the third
30 region SC; and the fourth region SC, forms a diode D,
and one source/drain region of the first transistor TR,
is connected to the second memory-cell-selecting line
through the diode D. The method explained in Example 2
can be employed for the above connections.
35 Otherwise, as Fig. 21 shows a principle and
Figs. 44, 45 and 46 show schematic partial cross-
sectional views, the semiconductor memory cell may be a



SClerr], and the third region SC[err] corresponding to (or functioning as)
the other source/drain region of the first transistor TR err] is connected
to the second menory- cell-selecting Iine through the diode D. Preferably,

a 10 silicide, a nmetal or a netal conpound is used to constitute the sixth
region SJerr], and the junction betweerr t#e sixth region SCerr] and third

region SCLert] dend QRS hdulief T nhiseher {@ngffe WPpELRf carriers

mainly constitute a forward curre |1 ke a 15 Schot tk g\gj unctl on. Further
as Fig. 24 shoWendustive Jregion S which is fagmedqikgasfyKiecRenatic
partial cross-sReficinaf WIRWGhihe fedidn rsgi andSEbems] ankechd fiesnected t o’

the first regiaqn SC.err] ace_ qf I ng..con ted t o)
predet er m ned r?é't%’%lroé} toﬁf&rp with t{;‘i}%q% @&?ﬁ %(E%r %E&rb? ecR|
shown in Fi gs. i%l formest of7 thehes ittty degEgimEGChadr ]:hestharrdeatelgrioa wel |
of the first ¢ uc [ ty f e,

sem conduct or (&gétr&gge%ﬁﬁa ﬁizs:‘gmi’%gié b cn%n%r%:e‘%ﬂ hown |n Figs. 42,
45 or 48 has a fomcti®ming @siy é:h%mtlmrsmqlm gregiamraf ddé¢ shown

in Figs. 43, 4@51@s14%£&%§s1%tﬂ:111§$rh!ﬁtébﬁneéﬁéﬁphs anxagebﬁ&nbﬁmsi rect ed
to the sem conductor nenory cel accord ing to the second_a ni nth aspects

of 30 the pres&ft Isedmctdng 'Ilﬂé‘epr HQute te ﬁ?@%rﬂtoﬁ&@@%ﬁh*é’m@y cel |
of Exanpl e1d i sm@mre amdtEll of heaammrpbmtd)rlmww well in

Exanpl e 5 of whj ch .t ri C|ple|s shavvni V.Vhl| t he
constitution off W& é‘gﬁp ﬂ:gl At rcﬁ?’foé’r %f‘fihgﬁéopugg iRB
sem conduct or mmwe,eme:lhe m‘nﬁ:lamﬂga.cﬁl eﬂcsshnd/nthmrdhregmbnnﬁcg Cigparti al

Cross-secti onalfo\ﬁ% s & gjux@}:ldﬂ)"iﬁx Q;hlctﬂﬁ% S&E Wﬁ ggory cel | of

Exanple 7 is % Fe Same in I S con first

transi st or TR] S@AEierss dadadnt %ts‘{té’rteﬂq drorwadiey C&lltnﬁf?td 1t1r1@15ﬁ st or
TRierr] whingh schowthgeduetaon || #asthbe) . aSheigenpaoptiughon memry cel |

of Exanple 7 5 (]::%rlrl%llp es aerlldfl lt rsa.n5| 9{8 'I; 9] s%ow sclhresnga conductivity
partial cross-sectional views, the fifth region SC; may
be connected to the first region SC,, in pace of being
connected to the second predetermined potential.

20 In the semiconductor memory cell shown in Figs.
41, 44 or 47, the third region SC; is formed in a well
of the first conductivity type, for example, n-type,
formed in a semiconductor substrate. Each semiconductor
menmory cell shown in Figs. 42, 45 or 48 has a SOI

25 structure, and each semiconductor memory cell shown in
Figs. 43, 46 or 49 has a TFT structure.

Example 7
Example 7 is directed to the semiconductor
memory cell according to the second and ninth aspects of

30 the present invention. The principle of the
semiconductor memory cell of Example 7 is the same as
that of the semiconductor memory cell in Example 5 of
which the principle is shown in Fig. 29A, while the
constitution of the regions thereof differs from that of

35 the semiconductor memory cell of Example 5 as shown in
the schematic partial cross-sectional view of Fig. 50.
However, the semiconductor memory cell of Example 7 is



type (for exanple, n-type) for read-out, a second transistor TR err] of a
second conductivity type (for exanple, p-type) for wite-in, a
junction-field-effect transistor TR3 of a first conductivity type (for
exanple, 10 n-type) for current control, and a third transistor TR4 of a
second conductivity type (for exanple, p=t¥e) for wite-in. And the

semi conduct or NEYErYarke! in i\gﬁat(fe fst&ﬁéit?ﬁﬁle&%fj%tﬂs’fsﬁe@f&?% Sfr]

having a first con uct|V|ty for exanple

fourth seni-corffet ?véepégﬂoﬁrseﬁéﬁ@rhé"%n@n %e‘é%hﬁacm}ﬂ?@?y Ry pe,

for exanpl e, p[@{idhta&g@ mﬁg@fwrdﬁecwltgﬁ&jegl on SClerr] forned of a
silicide, a netal or i ch |sforg[i BF._;nasufacereglon
J

of the third region SO eﬁ‘? ﬁﬁ?} H’Ecﬁ"FeE‘ﬂ“‘PFgr c$ cEXBAPLEgdt her with
the third regi cubn&ﬁfﬁess] ,a (fBrst fttn‘aiisissalmr Creydodt avEirsgi eondGletrinviitiyor ned

egi on- Srerr] i (on Sl ER AR IS HeAaREii LAl 17, Y
type, for exanﬂmnqﬂsstrqz] -Tlsbpe,f a5second p@pdactemw type- ¢doduct i ve
region SCerr] é nﬁp?&aw n;b ?ﬂé&% oSy VLAl Of %{Jﬂéﬁ?ﬂ—eﬁiﬁh %}f}é&l sai d

second region i rst _conductT V] t¥ or exa
nferr]-type, (&ransistor i ofoadédeslecoagus lSGFE’r FZYPﬁ’a\(lfﬁQ' eranpde,

;(e:[cond] cgﬂd@élﬁuﬁypéyfﬁr L&r@&wmacfmf&w rdnd A thidd t%r&mmm 3 ¢\ﬁﬁ§regl gn
err ornme sili e or, a ne n ich is_fornme
in a surface r 'Pfie%‘l!h‘ﬁ’rfg:e‘%’g‘?%n e&&] é’?‘?gp“mtjr% BrivRe) tfx
junction toget hantm-tjm.t hanﬂed:hedsmgmnndﬁetten:r lemary 3ell has;(f) a gate
regi on G shared by t%e; £l Ll rn]d'gg[tg_;,rﬁ] rntgl(}% %ﬁonﬂa{ri s st or

on

TR err] andthethlr t Fansrator abarrle ayer so
as to bridge tHelrst cqgpluctivigy r‘éﬁ?@n 0] @xampkey thd¥rgw t h regi on

Sqerr], sqss 10 byios ionrtecasthitednduciel &]egéi% ke Aaviggrgoi on
SClerr] and so asto bri dge the regi on err d the ?h regi on
sClerr]. 5 second ‘Gﬂﬁg’é’l"}ﬁ‘h’d: H'é’HGF'r skox r%%‘?%‘t%r PIREEPEY; OF a
fourth conductive region SC, formed of a silicide, a
metal or a metal compound, which is formed in a surface
region of the third region SC, and forms a rectifier

20 Jjunction together with the third region SC,,

{c) a first semi-conductive region SC; formed in a
surface region of the third region SC, and spaced from
the fourth region SC,, said first region SC, having the
second conductivity type, for example, p'-type,

25 (d) a second semi-conductive region SC, formed in a
surface region of the first region SC,, said second
region SC, having the first conductivity type, for
example, n'-type,

(e) a fifth semi-conductive region SC;, having the

30 second conductivity type, for example, p*, or a fifth
conductive region SC, formed of a silicide, a metal or a
metal compound, which is formed in a surface region of
the second region SC, and forms a rectifier junction
together with the second region SC,, and

35 (f) a gate region G shared by the first transistor
TR,, the second transistor TR, and the third transistor
TR, and formed on a barrier layer so as to bridge the



(A-1) source/drain regions are constituted of the second region SC2 and a
surface region of the third region SC[err] which surface region is
sandwi ched by the first region SClerr] and the fourth region SClerr], and
10 (A-2) a channel form ng region Cthrr] is constituted of a surface
region of the first region SC[err] sandw chéd™by the second region SCerr]
?gd1§ he thi r?drgﬂrsﬁ pepeon] scpcumwhmgfdmas Lo mrmsi sborasTI%[oerrC][ |
- source/ drain.reg s_are reqio err
and the fourth ﬁ’ébﬁgﬁ g&ﬁe?ﬁmn 5 é‘-’g) g’ %r}g‘f ftotHﬁ ‘b‘?% [err]
is constituted ahdaseuabate beijdge bhet tbirdi rdgiegi 84, Sﬂidartl}e whi£th
surface region fgég_@ﬁp ds to (or functions as) one source/drain region of
the first transis trr] and is 20 sandw ched by the first region

SClerr] and ®he fourth r &gnseradmg bhe Hjmstertramsiation MRurhe

junction-field-effectalfpnshetss/dFa e i&é)aﬂétéoﬁ@gi@@ée&rgf the
constituted of the fifth 25 real on S%srgg a portion of the first

region SClerr] $8EPRE Fﬁglf’Pf§ ‘} Jregion %fc%n@q?‘egi on
FTEh Tegion SHerr) and sa cpal Ll on ol thert | ror foqon sqo s
(C-3) one sourc Hi?l:i ﬁe?ti,fa?o%c ,t%ch{ flﬁ‘br}lbfr‘?%o%ﬁ(gﬂdap gion SCerr]
whi ch extenti® from offe-2nca cxl’:hartmebkmmeing exp@ihoiCH#y s constdtuted
o ta GEfBChuLEags! SLaiadbE! therpdree! FESRORISC] ]%a(r?ciwﬁicgg@é' ons

as) one source/drarn region rst transisto
(C-4) the ot herb309h6e$§¢anﬁ region $S. @ndtthartdind xegiond¥hd region

SCerr] extending from tkenidienmyan sté&,@atrms]_rsqgﬂoﬁmgbi[err] of the
junction-field- effect tran‘g%hfr JR e Qi Cbncernl { he hlég
transistor TRlerr]; Y B ONR)i B | ° ?%ﬁ??%ﬁe of€he
surface regisn ﬁirsberégieh segiaml IHeerfidutdr nesnioondisgy,t and (or _
leFJngHfm ng as) the ghapnel LAMROY 59 FLS184 &, §HE Jolsthdrls! stor
of a surface region of the third region SC; which
surface region corresponds to {or functions as) one
source/drain region of the first transistor TR, and is

20 sandwiched by the first region SC, and the fourth region
sc,.

Further, concerning the junction-field-effect
transistor TR;;
(C-1) gate regions are constituted of the fifth

25 region SC, and a portion of the first region SC, facing
the fifth region SC,,

{C-2) a channel region CH, is constituted of part
of the second region SC, sandwiched by the fifth region
SC, and said portion of the first region SC,,

30 (C-3) one source/drain region is constituted of the
second region SC, which extends from one end of the
channel region CH, of the junction-field—effect'
transistor TR, and corresponds to (or functions as) one
source/drain region of the first transistor TR,, and

35 (C-4) the other source/drain region is constituted
of the second region SC, extending from the other end of
the channel region CH, of the junction-field-effect



(D-2) the other source/drain region is constituted of the fifth region
SCerr], and (D-3) a channel formng region CHerr] is constituted 10 of

t he second region SC2 corresponding to (or functioning as) one source/drain
region of the first transistor TRerr]. And, the gate region Gis connected
to a first menory-cell-selecting |ine, for8&xanple, a word line, 15 the
second region S@ahglggagegked to a predetermned potential, and the fourth
region SClerr] Is connecte to a second nmenory cell-selecting line, for

exanple, a bit Iine. Furtdefcerningdhe Fhidd |td-'r?f’t§f-"—sttl?e¥ IR« d regi on
S err] and the fourniﬂ-x)egcm@ é?&[xﬂéldf@msr 160 dis ot ©ieedOof the

Second memory- cEPFPRSPCEERAGR PhethRy biEH tﬁs%fr (RO TP or
menory cell 5f Femanpunrctiehing as)Fthe aﬁanmal_efepmingl reglign CHe ofird
region 25 SC er{_jl?l §i£§£n§gahgi§tggl %Rof the first conductivity type, for

exanpl e, n-type, Sem condutt or substrate. The
j unction-fi el d- ef f ectD+2 hriche tekhaR soufce Mraimeedion 13s openstitutedhe

di stance bet \Aeegft@ﬁefggﬁeg gg&go eghonsff the junction-field-effect
transistor TR err] e thickness of the channel ]%g‘on

CHerr], and (2) opt {33} Ry ‘Fliﬁ)‘m?]f yf%ﬁb‘éﬁ]tffﬁ-‘r%sc%f ighgonsd

regi ons andl¢ heotheneekete8doregibar s¢, Wodtwspotidingto fica d- ef f ect
transistor TR e Furt her

oatentr o o uéﬁtmwt§Sﬁhevﬁgsaggvﬁ2dw § EeafoR SELRE ?&5&9. .

preferably fornedansiistorh®Rfd r st regl on SCerr], a potential or

el ectric charge stored i tgl!éa | q‘j_lﬁr st
- 82 - transistor TR err] cdn %rr%cﬁeasg?dﬁggmq%on err(r’Jermr &rﬁll{ét{
shown in Figs. Bemery-cellsselechingohiner foriexppphe; phewprdr éingri ants
of the sem ondgké OscEBAR! ¥e§Ebh SEOWE 'dbxﬁiéibte@tcﬁ%d pr Rt Al nald

structure and a JFL eHIYCt LS cheoRECHLY® ¥ss SO QL IRIRI Y 58 !
second nmemory cell-selecting line, for example, a bit
line. Further, a junction portion of the third region
SC; and the fourth region SC, forms a diode D, and one
20 source/drain region of the first transistor TR, is
connected to the second memory-cell-selecting line
through the diode D.
The semiconductor memory cell of Example 7
shown in Fig. 50, more specifically, the third region
25 SC, is formed in a well of the first conductivity type,
for example, n-type, formed in a semiconductor substrate.
The junction-field-effect transistor TR, is
formed by (1) optimizing the distance between the facing
gate regions of the junction-field-effect transistor TR,,
30 that is, the thickness of the channel region CH,, and
(2) optimizing impurity concentrations of the facing
gate regions and the channel region CH, of the iunction—
field-effect transistor TR,. Further, when a region SC,
containing a high concentration of an impurity having
35 the first conductivity type is preferably formed under
the first region SC,, a potential or an electric charge
stored in the channel forming region CH; of the first



54 and 55 (see Fig. 29A for their principle) are variants of the

sem conduct or nenory cells shown in Figs. 50, 51 and 52, respectively. Each
sem conductor nenory 10 cell has a sixth conductive region SClerr] which is
formed in a surface region of the third region SC3 and fornms a rectifier
junction together with the third region chérr]. A diode is formed of the

sixth region S s t | 'é¥ﬁéggd”r]1 and third region SCerr]
correspondi ng %f%%%l%gfuﬂg’t ft%lr{lf ﬁ)é% the ot her source/ drain region of
the first transistor TR &eicop MRy el s P ELgs . 51

cel | -sel ecting hhaesphyeeehrige gondeop. tﬁéﬁf:ef:ﬁhhﬁipﬂeﬁg hekdQariafekal or
a netal conpound_is used to constitute the S|§ih ﬁeglon C&err% and t he
junction 20 bet@EehhEnECRiGPRANCEPEBPLY  FeLhSPAFRA1PELEn 3PrePPH s
formed as a $unhavenannsebi sbractargeanduabEFTosteactuees prespeytivesyi.tute
a forward current |like a hot Lunction. T ' UGL Or ST ITOT cells
expl ai ned in 25 Exanpl es s&é%&%é&%r}b&%{&ggu%%&igﬁﬁ%% fitzﬁ IFqu n tf%/’?"e' sane
manner as in ExS&pand35&x(see Fhat 298 fooctbeirsprdncfiple)ngreach regi on
differ, and detgi p O, ' r ;0 foneps
omtted. The oﬁgégfggﬁéoéfPE%és€%$g%%§§§?g?9n@%%?%y38eggﬁléﬂg?ﬁEggngﬁgs'l

to 7 will be exPPai nbdand| 2 Frespestivebs- ndiach tseniqondystor i ReRRryf

operation of ot h€es®h&asNEUSiREh NBOHRANCE EVE Srefibiasy] &thikH dis/ firtned
substantially sanme. In Eﬁlte-ln.ogergtﬁﬁn,tﬁot ntials a pog#g§$s 35 of the
seni conduct or bR ySEEFRCG ECELPR 8% ShHBGAN AT T hECTIPR oV n fBFabtY ™S @ .
83 - Table 1 Firettifieryjurttiorl togyebberiwith vherthifidcpedion SC,.
menory-cel | -sel gcki | i pe Bt nO . : :
when witing " 1£ &‘}_L&ge 18 f%ﬁ:gd%%r{rz?glﬁgﬁg -%%f‘orépsécr:%lta}nz)é{n,e{%éoté}fﬁ%l s at
portions of thereghdrob@uctand rviaid) negdion SC;sepraespapdangntenéor

15 functioning as) the other source/drain region of the
first transistor TR, is connected to the second memory-
cell-selecting line through the diode D. Preferably, a
silicide, a metal or a metal compound is used to
constitute the sixth region SC,, and the junction

20 between the sixth region SC, and third region SC, is
formed as a junction in which a larger number of
carriers mainly constitute a forward current like a
Schottky junction.

The semiconductor memory cells explained in

25 Examples 6 and 7 can be produced substantially in the
same manner as in Example 3 except that the procedures
for forming each region differ, and detailed
explanations of their production are therefore omitted.

The operation of the semiconductor memory

30 cells of Examples 1 to 7 will be explained below. It
should be noted that the principles of operation of the
semiconductor memory cells of Examples 1 to 7 are
substantially same.

In write-in operation, potentials at portions

35 of the semiconductor memory cell are set as shown in the
following Table 1.



follow ng Table 2. Further, in read-out operation, a 10 potential of the

I nformation read-out |ine or the second nenory-cell-selecting line to which
the third region SC3 is connected is set as shown in the foll ow ng Table 2.
The predeterm ned potential including O Volt is applied to the second

region SCerr]. 15 Table 2 First nenory-cePB-selecting |ine . V[err]
I nf ormati on reaﬂaﬁﬂ%_iine or second nenory-cell-selecting line: V[err] 20 A
t hreshol d vol t age the first_transistor TR err] seen fromthe gate region

& 0
i s given as shoghrﬁﬁ pREOr¥rrehinge¥estang. LERRt ReVy the rel ati-onshi p anmong

potentials in thecbhdSkembopsteldiséReetihgi 3ifnet as shown 25 in Table 3. A
potential of the channel forniqg Jegion CHerr] of the first transistor

TR err] when infor e W49 84 out is différ¥nt fromthat when

information 51" is rdeeh otitifisgarresult, the theevhol d voltage of the
first transistor TR err] seen fromthe gate regi on changes, 30 dependi ng
upon whether the stored information is "0" or "1". However, unlike a

conventional DRAM the s gwadirondr opsmaticiel [podfenttials edemontivang i on
does not requirgrarraPE&h]LonHiELoR h@ﬁgggcéEﬂ' hrBCEet el EREWRY ift, the

conventional DRAM _When the ratio of an on-state current to an off-state
current of the FohtPVbRdfTableett e HFUEthSL: sty rege-qut |opeatioR ordmti on

can be readigutpytéheialap¥ €héeoint¥eiMation readdout Tebhe SrVWBE sBcond
"1t err. Lon to

wite i nf or mat | BRFOFR-SpLrarebrcting, fias bo which: FhRgehfEdiseatoanstal of
t he second nenoisy-cehhestédcisngeti as shoWhein]the follewiny ubiet ing the
potential of thfhéeﬁfggetermined potential including 0 Volt is applied
to the second region SC,.
15
Table 2
First memory-cell-selecting line : Vi
Information read-out line or
second memory-cell-selecting line: V,
20
A threshold voltage of the first transistor TR,
seen from the gate region is given as shown in the
following Table 3. Further, the relationship among
potentials in the first transistor TR, is set as shown
25 in Table 3. A potential of the channel forming region
CH, of the first transistor TR, when information "“0" is
read out is different from that when information "1" is
read out. As a result, the threshold voltage of the
first transistor TR, seen from the gate region changes,
30 depending upon whether the stored information is "0" or
“1*. However, unlike a conventional DRAM, the
semiconductor memory cell of the present invention does
not require a capacitor with a large capacitance
required by a conventional DRAM. When the ratio of an
35 on-state current to an off-state current of the
junction-field-effect tramsistor TR; is large,
information can be read out without any error even if



menory-cell-selecting line at Verr], the potential of the first
menory-cell-selecting line is set at V[err] (< 0). As a result, the
potential of the gate region G of the 15 second transistor TR err] is set
at V[err] (< 0) as well, and the second transistor TR[err] is brought into
an on-state. Therefore, the potential of-t8& echannel forming region CHerr]
of the first t&ﬁaﬂ§ﬁ Rlerr] is Verr] when information "0" is witten
in, or V[err] nfoffation "1" is witten 20 in. After the information
has been witten in, potentials of portions in the first transistor TR err]
and the second iﬁﬁﬂé;itor TRl err] should be set at such values that these
transi stors do not copduct. For thjis purpose, 25 typically, the potenti al
of the first nmeff®fy- c&]llssﬁ?éét?ﬂ | i rfe Ymaset at 0 Volt and the potential
of the seconsl mEmeny*tel isseeadtony |inev,g,set at V[err]. In operation to

wite informti r P&ﬂngg %,of the gate region Jerr] of the first
transi stor 30 TW”@#‘F atls et‘“—é& Vlerr] (< 0). As aresult, the first
transistor TR err] is in an off-state. In this state, the potential of the

channel for”i”956§%#9915ﬁ{€6r$r9{etEﬁf& ?ﬁ;ﬁSIStOF TRlerr] is V[err]
err

when informati o IS witten 1 n, or en information "1" is

witten in. In spite of 3% ORSIRAdON e WrHite 03 dYc RAtGADINtNe t he | apse

oft}1 i me dueﬁbo ﬁgleéaﬂfap%feﬂné sé&xtsd%ézh@ryswpneséhéctfﬁ {rﬁhatatned
W In an al | owa erane eratli o
information is %5fV¥Eﬁeg }E ?&aﬁ% E%ngftPﬁep?Eﬁﬂﬁbﬁlcﬁf gh?ssﬁ?%ng current

fl owi ng bet weerme:h@rlz-hraemal-sébeotmgrbgnenaﬂ—vgr rt]heofpdﬁmm‘maistoﬂ rtdrsi st or
TR err] and, S e of f - st.ate
current of the fslelg%ﬁgm%lrﬁoaﬁg é‘tg 88{1?{1;; #?ﬁéh%%l de e no ‘bcﬁt r@t' E&‘%
so-cal |l ed refre%hrgﬁwlbilbhelpobem tiall ofitthefgatethegpon ey iofl tdfe t he

channel I or 1§ ngsésgh@NFiheistof TGS idet! o As(8tey IR Lil chagoes with

the lapse of tine to cause an error in operatio to read out the
i nf or mati on. [Cﬁ%@aﬁ?ﬁﬁP?OtF%%ﬂl%H?rl%&DPﬁhFF@NP {nto an on-state.

Therefore, the potential of the channel forming region

CH, of the first transistor TR, is V, when information

“0" is written in, or Vv, when information "1" is written
20 in.

After the information has been written in,
potentials of portions in the first transistor TR, and
the second transistor TR, should be set at such values
that these transistors do not conduct. For this purpose,

25 typically, the potential of the first memory-cell-
selecting line is set at 0 Vvolt and the potential of the
second memory-cell-selecting line is set at v,.
In operation to write information, the
potential of the gate region G, of the first tramsistor
30 TR, is also set at V, (< 0). As a result, the first
transistor TR, is in an off-state. 1In this state, the
potential of the channel forming region CH, of the first
transistor TR, is V, when information "0" is written in,
or V, when information "1" is written in. In spite of
35 the fact that this state changes with the lapse of time
due to leakage currents, this state is none the less
maintained within an allowable range till operation to



In operation to read out the information "0" or "1", the potential of the
first menory-cell-selecting line is set at Verr] (> 0). Therefore, the
potential of 15 the gate region & of the second transistor TR err] is
al so set at V[err] (> 0). As a result, the second transistor TR err] is
brought into an off-state. The potentlal—o$5the gate region Herr] of the

first transistopeddleht]the $REoPhabish'Ls(3aPhias YBLL. hmpfls L5f eshol d
voltage of the first transisto err seen fromthe gate re lon is V[err]

or V[err] for s?%?ehe?h?ﬁ?nﬁﬂFBﬁngi ag agpuryent £y Pgep?t egRethe
threshol d vol t agieamfiel hfofming tegiiohsCr] ofR[the ]flwmnm”tdmemlt ate of

h | of th h I The, 25 I hi
among the. pot ent éféraﬁ%‘%api%??zﬂ% B T o
Therefore, mﬁenst@bes¢mr£dntnéﬁrthelsecond"ﬂtanshetérrmkrlransshbuidTR[err]
s brought into,amgpag! eher dBeBaifeqPorsboh SGpbPbPIOR! LOchRridd oul

t he ot her hand ansi &t err roug o an
However, when tb@f¢éﬁlﬁh@fpehe@h1%la95 bbereh@nnelaﬁonmingtesqlenr€gnt of

the junction- figf dtﬁéffffséréﬁéhéié’ﬁoir%ﬁr Idhadnyds?Réith tﬂH’e iy f;_ﬁ;ér%f on can

be read out wi thout any error 35 even_ if [err], Further, St
transistor TR 1€ €0 (CRRSS| 2R LHOF hin | OPR¥R Hom| &9 JreR e‘B‘EttFBﬁm st or
TR err] on 1de iefommation86 - of the bias conditions of the gate regions

of the junction:{ield-effe I ans ich . are constituted of the
first region S; éﬁ?TaE&ﬁPtﬁ% #??$H$?ég+%% m€+?T](or fourth region
SClerr]). That is, when Ineoperatdon tionreadaoutnthe imformh¢1on "ow
junction-field-gf fe 4t t he
stored infor rrat I on | s’ ﬁﬁgs%éé%e %?h%? ﬁﬁ gﬁﬂ‘%e ] un‘gﬁoﬁ?f %e@??
transi stor TR| etkle|is ek Yt & -of Therafere, nthﬁepaﬁgv‘élﬁr&nﬁér t he
first transjst ofhd Ri£Eé | rd§idmne,be M idid iedoNd tHandisto @Rgrlanamfsa state

with a high degree of yelLaRyl tYsdgPending upgn Lhe stoped . .o, TR,
is brought into an off-state. |
The potential of the gate region G, of the
first transistor TR, is set at Vv, (> 0) as well. The
20 threshold voltage of the first transistor TR, seen from
the gate region is Vy ,, Or Vg ,, for stored information
of "0" or "1" respectively. The threshold voltage of
the first transistor TR, depends upon the state of the
potential of the channel forming region CH,. The
25 relationship among the potentials and the threshold
voltages is as follows.
|Vi-a_11| > lvnl > lvmn_xoj
Therefore, when the stored information is "0", the first
transistor TR, is brought into an on-state. When the
30 stored information is "1", on the other hand, the first
transistor TR, is brought into an off-state. However,
when the ratio of an on-state current to an off-state
current of the junction-field-effect transistor TR, is
large, the information can be read out without any error
35 even if [Vi]| = [Vig -
Further, the first transistor TR; is controlled
by the junction-field-effect transistor TR, on the basis



information. Since the third region SClerr] is connected to the information
read-out |ine or the second nenory-cell- selecting line, a current flows or
does not flow 15 dependi ng upon whether the stored information is "0" or
"1". As a result, the stored information can be read out by the first
transistor TR{err]. The operating states—o#6the first transistor TRlerr],

the second {ranst stie BHAS éIndi€idhe bnehé add obelyi gl bt el ransi i or

TR err] described abpve ar rized in Tab

the val ues of pHiRMEIAREY ?&5&énggq§ﬁﬁ¥?9§%ﬁ¥9ﬁdmﬁoﬁ Rich, R58)pi cal val ues,
whi thPag be artyog@tm]ea d:lﬂrﬂlésfii@tlzcﬁkgﬂ.w_dmm dﬁﬁcf Wﬂﬂh@@l&hﬂﬂ@: ®on
sati sfi ed. - e,4 unit, . te-in o if.e-i ite-in
operation sc§ (QrO' Curth reg g1pn ég:l‘irhti A5 r"gtel}’re%?f V[err]
-3.0 V[ er§] inf@rmatidn - Eel'&'u riche | hendoiem: £ b ldfeSfech dt vensistor
Vierr] 0 V[ I Pot ' f region G
Viorr] a3 O%ﬁ{/vzgs %rg)u%?\g 1?« fc"hré?‘ 'sk-.j% #RLh2En8  s08kEq

ON Potential oficfermationris ntl", \Qrrhe other chand, \khe rjunctzlq;)n-r egi on
CHerr] State ofjdf§féftect transistor TRy is b Eht into_an GFr-shalte.of

TR3 ON F Read-Q of Read-out of
Read- out operation In theoabovelmapgﬁgntpgp SFrFFrEFaﬁﬁﬁﬁFyr TR,
V[err] 1® caV[lss rhrought litkceadl -@el it iae Jot-antatd witlgaae

Gt "0 SRt aehadiy daqt the srored o)

-2.0 regi on CH¥fdnukizwuhol ¢inget &he ¢chiTd eegliione&Q, Visercdnneftsdd to[err]
1.1 fromgate rg@l Ofhformation read-out line or the second memory-cell-
selecting line, a current flows or does not flow
15 depending upon whether the stored information is "0" or
"1". As a result, the stored information can be read
out by the first transistor TR,.
The operating states of the first transistor
TR,, the second transistor TR, and the junction-field-
20 effect transistor TR, described above are summarized in
Table 4. It should be noted that the values of
potentials shown in Table 4 are no more than typical
values, which can be any values as long as the
conditions described above are satisfied.



State of TR[err]
second nenory-
i nformati on read- out
OFF

ON

cell-selecting line or
line State of TR3
- 88 - The sem conductor nenory cel lgpf.the present invention has

1.

OFF Potenti al
0

of
1.0
ON

been explained with reference to preferred enbodi nents herei nabove, while

t he present |rnm¥gﬂfg|§hall not be limted to those enbodi nents. The 5
structures of the semconductor nenory cells, and voltages, potentials,

etc., in the sem conductor nenory cells explalned as enbodﬂﬁﬁﬁis t
exanples and npy—be—eharged—as—regtretd—rof—exanpt HI—he—Sem-cordugt or
menory cells expl ai negraseeyhogdpapat $ont he f i reELY ‘1Fr%Fs it @5 |and
the junction-fifld-effect transistor TR err] |may belhH-t ypel transilstors, |and
t he second tranppstantild] e8¢ | £k th@adyL d Yransi sjor_TRerr] nmgy be
n-type transist ll:’élljélﬂé@&’ﬁk{j pj_ngl enents i eXeh |rahsf sgorVis far3-
exanpl e, and maj chan H5—F-eeH+ed—ARr—tb—+put-H-y—aly—he—+Ht+rodueqd
into each regi oquﬁﬁnml?c@%ﬁpq%n@m@m. g vethbd ut pl sp by az ¢

di f fusion netmaﬁellﬂﬁ¢kﬂctlnﬁa#ﬂ&Sent i nventi on®cah be appli€d ot only to
a silicon sem cEILC] CongIugTIoT .y €. 9., 307 4
GaAs system M ‘ C

i nvention can bﬁfeé}ﬁﬁl@‘d TRy a seni conductor renory OFel | havi ng a@NMVES FET
structure. For mggg [ M £ONEHIE] 97 Menofy celTiof Thg present

i nventi on whose mrgl'q qF%és VIVII?]@J-25 in Figl 1% ap ofe haviVg tlhe2. Oﬁf
structure shown 1 i ne car

provi ded so as

I
positioned betw LA f QE.LN 1egion SCA and
manuf act uri ng tEg%§D_senLcdndungL_nenDLy_Lxu

Is shown in Fig. 16A, as one

whose principle

havi ng the structure shown in

Fig. 17, for expnple,

an | nformation
Read-out operation

Read-out of

ICO!I

Read-out of
"1"

Potential of first memory-
cell-selecting line

1.0

Potential of gate region G

State of TR,

region CH,

Potential of channel forming

Threshold voltage of TR, seen
from gate region

Vg 1

State of TR,

OFF

Potential of second memory-
cell-selecting line or
information read-out line

State of TR,

OFF




read-out |ine can be provided so as to be connected to the surface region
of the third region SC[err] spaced from35 the fourth region SC[err]

wi t hout providing the fifth region SClerr]. For manufacturing the

sem conductor nenory cell of the present invention whose principle is shown
in Fig. - 89 - 16B, as one having the % ucture shown in Fig. 2, the

fifth region SCerr] Ca”&rﬁ@”Qéﬁi@Qn&ﬁe&Bf mem8 HEIII?er £hk! i §§L~‘éﬁrt' ng

line in place of connecting It to second_predeterm ned potent

The nethod of figr¥aMHgiap Safhagn J%ﬂf‘ﬁ’d%?%rw%% rRkerRPs #cbrm;qs@erred
conguct i ve I egifod Iéiitd anir RUIve WIS Giife RESHIR: SIRldntitin be

limted to thos pl ai.ned in les. \en t £C0 cell -
sel ecting line% eﬁo % (}rl‘g‘)y?%ﬁr%lté) ttl}qsaem'ﬂ‘?r’h%f %r TiNis used
to forma b&r |sairda§ymes)roia tgie;sénm;wndumttdm mmir;a dm]r]rs,erami gl ue | ayer

is also formed gy u?&}e” af h he SI d4 'ergdhoé' Sddauddist g%;[{n ’Bf

fifth conductlve re ord conductive regilon
having a commrcelégi @xp&&ﬂn%@%@tﬂ?@mmﬁy-m |exanmlw|.ecnnd]gnay e (nor e

fically, | t
speci 11 cal Y, Wiidhdid C;.g,fso st | 2or! Bughptl, |18 Shis %B)ndﬁ% ﬁt.ve

formed in the sur 1 rd reglon SClerr |n1 ar con
regi on can be MSMAY Gl explaine

the sen conducttanEEdor G, afl th@ Bﬁﬁéﬁmbnl-!ﬂ!@mal-@ﬁfeb’ﬂetQﬁﬁéihtﬁﬁ of
the first transjstor f otentia gr an.electric

charge (i nfor nattoft Ysgﬁrgg%YHetﬁEaBﬁéﬁ%grsfo?ﬁpnﬁﬁﬁeﬁ?SHHSf raBsistor
transi stor forﬂmeadndutheZﬁhinﬁotnansmatas ZR¢ mayerbde ad-type ansi stor, which

|s read out wi téyarhsiét%frrseShThlanﬁa?bﬁﬁ' Bfngl%ﬁéﬁtgeﬁﬁngﬁﬁh 'cl‘{!&gﬂs&@%or

capacitance (e.g., a capacitance o0 region + an ad capaci t ance,
etc.) even if |1tS ian gFaAnnlenaland Med’e @s maguigeshi t Aice probl em

of a 30 conwentjnpnadi t@e'ﬂéipwfitxﬁ!rdmw iGfld & ti:%gq.\éﬁf G oA wren i f
an additi onal eapac Qe Ay nethbd bt A by’ P AL A or B Hod”
i ke DRAM i s n@1 dogsrimp 9 Y

Further, the present invention can be applied not only
to a silicon semiconductor but also to a compound
semiconductor, e.g., of a GaAs system. Moreover, the

20 semiconductor memory cell of the present invention can
be applied to a semiconductor memory cell having an MES
FET structure.

For manufacturing the semiconductor memory

cell of the present invention whose principle is shown

25 1in Fig. 1A, as one having the structure shown in Fig. 2,
for example, an information read-out line can be
provided so as to be laterally connected to the third
region SC, positioned between the fourth region SC, and
the fifth region SC;. For manufacturing the

30 semiconductor memory cell of the present invention whose
principle is shown in Fig. 16A, as one having the
structure shown in Fig. 17, for example, an information
read-out line can be provided so as to be connected to
the surface region of the third region SC, spaced from

35 the fourth region SC, without providing the fifth region
SC;. For manufacturing the semiconductor memory cell of
the present invention whose principle is shown in Fig.



necessary. And, the maxi mum area of the sem conductor nenory cell is equal
to, or smaller, than the area of 35 two transistors. Furthernore, since the
junction-field-effect transistor is provided and is turned on and off in

- 90 - information read-out operation, a large margin is left for a current
whi ch fl ows between the second regi on ane ®8e-third region. As a result,

t he nunber of sggbcoggughgrhgggﬁéytﬁglg hgt gecgpg§ﬁt? Fqﬁihgﬁb&&IS l'ine

is scarcely limted the rmat’i on i 0 tlne) of
t he senlconductéifﬁbnﬁﬁngQISCsaha%eC¢¢n¢%@%®dtoT¥heFﬁ%ﬁﬁ%@ BEM@E¥Hh of the

sem conduct or "EEQ&¥S%§EE%1§§CQ&ﬁannt?1&6@ BEbenh@c%iﬂbhl%SQ%ﬁhﬁ of 10
the present invention is ¢o | ogic circuit formation

process as showfAeFAR |§§ed§EeF919§daEBtPP§§alS6 to 37. Therefore, the area

of one transpstor is nearphe mdtlicd ot ﬁdn‘miﬁqrar&:wtﬁ;lqe m&ftditﬁi%rrrermry
cell, and a DRA func%h a P%n be i.nteagrat,ed,i.nto circuit

with a slight i Pell§ efﬂEWﬁgﬁ PngP8§§veFEF9ﬁ8Ps é@lngéﬁﬁﬁ ogy is
not necessarilyregﬂonsedf watione regmonsdahaml notobe témitedntbe thoseed

near | n the a estr
conve%t:onal se%?glg ﬁ%?o%h gﬂﬁhﬁ%gé ﬁeﬁef %ég%ﬁéém$@§%§nﬁ%%Eg 1S 1.
A sen1conductorsﬁ%ﬁﬁt}nﬁeﬂln@oﬁﬁrﬁ@Fﬁgda forsexemphei stdtapium siddcide

conductivityptygg &Qﬁ &Qaqsaattoaféﬁﬁoadbhkﬁﬁéksla?leoﬁ 8eg2d€ layer,
conductivity ty or wjite-jn fect "transi Stor of a

ncti
DTt omtuct i VPR3 18 sHChof bAFrIAE S5 OLGE LAKEFol BASG, EoRBOS.GPCENE oi o
regi on of the fsugface of the third region SC,, whereby the fifth

conductive region SC; or the sixth conductive region SC,
having a common region with the second memory-cell-

15 selecting line (more specifically, with part of the
barrier layer or the glue layer) can be formed in the
surface of the third region SC,. Similarly, a
conductive region can be formed in the surface region of
each region.

20 In the semiconductor memory cell of the
present invention, the operation of the first transistor
for read-out is defined by a potential or an electric
charge (information) stored in the channel forming
region of the first transistor for read-out.

25 Information as a current of a transistor, which is read
out within a refresh time, is in no case dependent upon
the capacitance (e.g., a capacitance of the gate region
+ an added capacitance, etc.) even if it is additionally
added. Therefore, the capacitance problem of a

30 conventional semiconductor memory cell can be overcome,
and even if an additional capacitor is added, a greatly
large-capacitance capacitor like DRAM is no lonéer
necessary. And, the maximum area of the semiconductor
memory cell is equal to, or smaller, than the area of

35 two transistors.

Furthermore, since the junction-field-effect
transistor is provided and is turned on and off in



transistor is connected to a predeterm ned potential, (A-2) the other
source/drain region of the first transistor has a conmon region with one
source/drain region of the junction-field-effect transistor, (A-3) a gate
region of the first transistor is connected to a first
menory-cel | -sel ecting line, (B-1) one sour@@/drain region of the second

transistor is CORPEFhEFibA ge§§§aﬁé SPaY16R| | a $EHEE'AGghRNEs 48rR) the

ot her source/drain region o secohd transi stor S a conmon, region with
a channel forniB@rragrerrentwhich, floys hetveepr the fpepand regiengand

region of the jtRettRirdi ebdichf eals td ansd ) tHS-rimiFeade region of the
(C1) a second SEMLSPRIRERoE ReRery Fet I8 ko PE) GoBRRELEAr Fanbhe Bt o
(G1) a second f u n="-frel a- t Fan t f aces
the first gabe ligeofstsearcélyhlimijbed, chndnther tnfommbbikonoholdhngchannel

regi on t her eof i ng ed. i t ' C i.n i on of
the first trané?gﬁgrSfgﬁgé%§§§)g%%ggd?ﬁegﬁgogg%g#ggéFﬁegégﬁ%ﬂao F%gg
junction-fiel d-edfcee inereaseds is positioned in the extended regi on of
the other source/drain regiconbdslae off klch b HhY Yembicdddwe:tdrannel

region. 2. The seni conductor nmenory cell  according to claim1,
wherei n the sedBPBOEY%teellsascording Fankheofifth tooninth| aspestet of

transistor 16 ceneestesleh® PnéesLIEN piQd@éﬁ?ﬂtﬂBﬂe PRi€ERt tRe, Mesd1bG&cot her

source/drain region o %he unction-field-e fﬁ$t trangistor_is coggectgd to

an i nfor mat i on SHEGEDht EPFRREION Procest;as hown ik 595 i, bOcap| an

according to clBigsd, 36hkoe3n. t Ithesnxfunre gdthe raagpaoohHiondecyamsis tove

field-effect trpnshshpfy!SuFPIBEEREIroP ForfEARIoRE IEEEGhARLEBR ential,
ra €

e
and a junction portron e other source/drarn regron o .
junction-fiel d-EeReEY ¢ehbhsiandra PRAMnEURGLICR/ @R her batearatedhéntecond

15 an MOS logic circuit with a slight increase in the
number of steps. Further, SOI technology is not
necessarily required, and one semiconductor memory cell
can be formed nearly in the area of one transistor by a
technology for forming a conventional semiconductor

20 memory cell.

* % Kk X %



transi stor fornms a diode. 4. The sem conductor nmenory cell according
to claim1l1, wherein the sem conductor nenory cell further conprises a
di ode, the second gate region of the junction-field-effect transistor is

connected to a second predeterm ned potential, and the - e N
region of the junction-field-effect transr88or is connimmﬂuﬂymnﬂﬂmmlnd
pr edet er m ned pﬁhﬁﬁl&ﬁ%ﬂﬁﬂ?ﬁﬂﬁﬂ{ége di ode. 5. The *sefi cbndtictor *
menory cell according to clarm1l, wherein the first gate region and the
second gate region of the junction-field-effect transistor are connected to
each other, andia juncti @ geaiidoHiuitdhanediditf Il GRInPisidg e ofi et t he
junction-field-effect gransistor.an one sognce/drgin rggion of. the second
transistor fornsTa@NHAELET 8F a Lirsy,goRdRetivity: L¥PRekBry L8Ar°B8teordi ng
to claiml, whesecondneransisebgreifnar sgcondotohliacsdvdty typesiferor has a
common region w he se d.g | O, t Lupction-tLel d- effect
transi stor. 7.m%£EtE-$ﬂé ggﬁi%oﬁﬁﬁ%ﬁgghﬁ£%§;$ %ngggc%%ggﬁ%é%P% g a?nnG
wher ei n the ot h§irgbucesductinitggtypeoforheurreny3coptroli-on-fi el d-ef f ect
transistor is connected tg&pigformtion read-out Iine. 8. The

sem conductor nenory cell according to cbpinLG, wherein a diode is forned
in the other sourceldrai fAdgi SrFares/ drainragiony of tha fikFki st or,
and one end of thangisderi $sceonfieteddt tot hepgeaetdrieiedypoeehtiahgeting

line. 9. A sem condyct.qr mory cell co si,ng a first transistor of
a first conductivity type(L‘{‘F‘(?rCS rt«r,@d-oﬁie,r gogggﬂ@wéﬂﬁeﬁnan (ﬂé &S%eecond
conductivity typerstrtwansdstor haguactommohi ebégiehfwitht oassi stor of a

first conductiviby,b¥par-hoh FUEIER! ofOPhEChun8RTof-£1878 e REEE N (A1) one
source/drain region o e fir
transistor,

{A-3) a gate region of the first transistor is

connected to a first memory-cell-selecting line,

{B-1) one source/drain region of the second
transistor is connected to a second memory-cell-
selecting line,

(B-2) the other source/drain region of the
second transistor has a common region with a channel
forming region of the first transistor and with a first
gate region of the junction-field-effect transistor,

{B-3) a gate region of the second transistor
is connected to the first memory-cell-selecting line,

(C-1) a second gate region of the junction-
field-effect transistor faces the first gate region
thereocf through a channel region thereof, the channel
region thereof being an extended region of the other
source/drain region of the first transistor, and

{C-2) the other source/drain region of the
junction-field-effect transistor is positioned in the
extended region of the other source/drain region of the
first transistor via the channel region.

2. The semiconductor memory cell according to
claim 1, wherein the second gate region of the junction-



transi stor has a common region with one source/drain region of the
junction-field-effect transistor, (A-2) the other som ' ' of
the first transistor is connected to a second mem)ryH mnmﬂﬂm“m i ne

t hrough the diode, (A-3) a gate region of the first ttansidtom i 8 connected
to a first menory-cell-selecting |ine, (B-%23-one source/drain region of the

second transi stgy iéLéﬁfgﬁftéfbﬁéié SES APEMAESPEY - €6 4 -s868bggt 1 ng | i ne,
(B-2) the other §%urce drain regioﬁe§¥ fﬁe second transis?or ﬁas a common

region with a drEgfiRterningedPotnbiabs and the Qthen Rouree/drdinith a
first gate regigegidntde theciunrcioel diefdostrédancrandistdB 88 a gate
regi on of the second tns S|stor.|§ congﬁcted Hg the first

menor y- cel | - sel FHITEEFT ie° 3 [LEMALIMY TR LLi b9t the j uncti on-
field-effect transistor faces the first gate region thereof through a
channel region §hereof, L.on (o] [ t ended regi on
of one -94- %burce/drgﬁﬁ %ggﬁgﬁhgpsgﬁg P%Egggtggggig 8§?d§§8 % -2) the
ot her source/ drelkaim el orheteimethergecond fgatel-rédion of apke sjwrction-
posi tioned in ag &y E%&Fﬁﬂét&@eié)t&g{né&’é&eééir@iébé&ﬁon of the
first transistor via the, channel region, and is connected to a

predet er mi ned piedptermingd potentipl AR GhdIRATHLOR RAKLEQR |0RcER® di ng

Eo cl ai {n 9, whedidr ;éftguts@@my.ehmt%gmé @ Odhé hjaaﬂdtﬂfdt ﬂpﬂ'lneiﬁéﬂf@é{e%
ransi stor is connectfed to a,secon redet eryi ned potential . : e
sem conduct or nARSATERY AL AME 7P W%f‘g?%’b,r?ﬁlﬁq’bi#tﬁées%%‘b‘?ﬁdgate
regi on of the jtreaxisistof ifdxmsefd etiodeansi stor is connected to the first
gate region thereof. 12. The sem conductor nenory cell according to
claim9, wherein the sem conductor nenory cell further conprises a third
transi stor of @ second cBhgusemifppductor memory cell according to

claim 1, wherein the semiconductor memory cell further
comprises a diode, the second gate region of the
junction-field-effect transistor is connected to a
second predetermined potential, and the other
source/drain region of the junction-field-effect
transistor is connected to the second predetermined
potential through the diode.

5. The semiconductor memory cell according to
claim 1, wherein the first gate region and the second
gate region of the junction-field-effect transistor are
connected to each other, and a junction portion of the
other source/drain region of the junction-field-effect
transistor and one source/drain region of the second
transistor forms a diode.

6. The semiconductor memory cell according to
claim 1, wherein one source/drain region of the second
transistor has a common region with the second gate
region of the junction-field-effect transistor.

7. The semiconductor memory cell according to
claim 6, wherein the other source/drain region of the



type for wite-in, and the second gate region of the | unct|
transistor is connected to the first gate region ther % l |rd
transistor. 13. A sem conduct or nmenory cell conp

transistor of a first conductivity type for read-out, a second transi stor
of a second conductivity type for wite-in33and a junction field-effect

transistor of ay ﬁh&éioﬁﬁfﬂéEHLéfkéci:YEEaBQE_sﬁéir ¢8t ceAnkbebd 8! dn
sem conduct or nenory cel |l having first sem -conductive regi on having

a second conduciféPFpatipe, r?gg—gu e 6H8 seni - conducti ve or conductive
region formed in a surface region of the first region, said second region

formng a rectifier junctjaon to et h th the first,,region.,{c) ,athird
sem -conductive region f cpnduc qgﬂﬁ%%x??%ﬁ;%%??ﬁd#QQaq Q1 st
regi on and spaceﬂaimo&wthhesemnnd digdenissfiodmedi id tbegi obhkaving a first
conduct i vity tyBSur&Q?d?ﬁiﬁ“%&Qééﬁ”bfcﬂﬂgughg¥?18ﬁ EﬂaﬁﬁckffchEQ'O“ formed

in a surface region o ourth region formn
rectifier Juncttﬁhnﬁbgﬁﬂﬁeranﬂtﬁnﬁhénﬂhpfdth@gﬂéﬁdeahﬁ F@Pnﬁctﬁﬂtﬁo the

sem - conduct i veg@koRQNMERbFY¥ECEEYL88168ERE L And.surface region of the
third region and spaced fromthe fourth region, said fifth region formng a

rectifier junction together with the third region, wherein; (A1)
source/drain regions of Ehedmnicdnductoy &tenroxq;r @eqqnsidmprtﬁh@‘ d heirgscond

(edton and the UG LERLORe &hefhe SORAIRESVOLY! Pdopepoppafobeel &
sandw ched by t#&ecerdohdansisboraond aheechnddcoe@uoh;v@ﬂySyypegﬁbe region
of the first trgps{SLPh, 1§ junction-field-effect transistor
of a first conductivity type for current control, and a
diode,

wherein

(A-1) one source/drain region of the first
transistor has a common region with one source/drain
region of the junction-field-effect transistor,

(A-2) the other source/drain region of the
first transistor is connected to a second memory-cell-
selecting line through the diode,

(A-3) a gate region of the first transistor is
connected to a first memory-cell-selecting line,

(B-1) one source/drain region of the second
transistor is connected to the second memory-cell-
selecting line,

(B-2) the other source/drain region of the
second transistor has a common region with a channel
forming region of the first transistor and with a first
gate region of the junction-field-effect transistor,

(B-3) a gate region of the second transistor
is connected to the first memory-cell-selecting line,

(C-1) a second gate region of the junction-
field-effect transistor faces the first gate region
thereof through a channel region thereof, the channel
region thereof being an extended region of one



formed on a barrier layer formed on the surface region of the first region
sandwi ched by the second region and the third region, nlmmnﬂu ﬂﬂ
regions of the second transistor are constituted of th

the fourth region, (B-2) a channel formng region of thé sécond ranS|stor
is constituted of a surface region of theﬂﬁﬁTcireglon sandwi ched by the

first region angoured/ardin neyion dithe %ﬁ%ttetrx"agﬂésqs%l}frgfrat hpgecond

transistor is formed on a er f or ned ce region of the
third region sandw ched byg?%£ F$?§? hegi som {¥rpin xegioncef obhhe(C 1)
gate regions ofjuheqnmmyﬁmaldueﬂﬁécteE&em&sﬁm@?sug%@bsakggﬁggphﬁ;Q?ﬁg ?{fth
the fifth regio e first, reqion faci

region, (C-2) ag(}:cﬁgrlllrclle %Iq'(?% g’%r%h’ 3&‘ | SQurcs/dr ag.pf&e[gltqna SRS i s
constituted of ﬁatﬁtotrﬁnglsmpmdvuegthn chadnedheeglipnt, hand filsh regi on and
said portion OfcbﬂﬁeEtﬁattbeS'9Qed%@e§hlﬁgﬁf%8Q@§%&?1reg'0”5 of the

junction- field-effect transis are consti tthe third region
extending from both ends of the channel region of the junction-field-effect

transistor, (D)1bhe gate 7giumidoddifctids Send@p %éipfa@é@ﬁﬁ?%gé’ée region
of the second tf nsi s re connected to a first -ce | ecting
line, (E) the 382 egWﬁﬁr?éncSﬁﬁeEFGHH@ogétSrEﬁgﬂgpnpﬁe&hﬁoﬂéﬁpmﬁoniF%

the fourth regiﬁmeld—eﬁﬁeectedahelateecQadcﬁﬁﬁééﬁeaetb aekeebn@g | ine, and
(G the fifth rggéagtEEmiﬁgﬁeggggn&gaggsecond predeterm ned potential. 14.
' |

The semn conduct MENor acco to claim 13, wherein the fifth
region is connected to the

11. The semiconductor memory cell according to
claim 9, wherein the second gate region of the junction-
field-effect transistor is connected to the first gate
region thereof.

12. The semiconductor memory cell according to
claim 9, wherein the semiconductor memory cell further
comprises a third transistor of a second conductivity
type for write-in, and the second gate region of the
junction-field-effect transistor is connected to the
first gate region thereof through the third transistor.

13. A semiconductor memory cell comprising a first
transistor of a first conductivity type for read-out, a
second transistor of a second conductivity type for
write-in, and a junction-field-effect transistor of a
first conductivity type for current control,

said semiconductor memory cell having;

(a) a first semi-conductive region hav1ng a
second conductivity type,

(b} a second semi-conductive or conductive
region formed in a surface region of the first region,
said second region forming a rectifier junction together
with the first region,

(c) a third semi-~conductive region formed in a



first region, in place of being connected to the secon
potential . 15. The sem conduct or nenory cell acc !%r ﬂ Eﬁ“ or
14, wherein a junction portion of the third region an

forms a di ode, and one source/drain region of the Junctlon field-effect

transi stor |s connected to the second nenoBp-cel | - selectlng | i ne t hrough
the diode. surfaller8gabnOBEUEhal FIRER! ¥e§ibh 2HA06PARAA! Frohdithe! 3.
wherein a dlode orne he surface regqi region

cor r espondi ng t§e§ﬁ§d56§9éepdr§ﬁﬁdr§ai§ﬁ 6?9#9@ Péﬁéﬂgoﬁ-f#€§G~effect
transi stor, andcepgueeyiseydegpe,region of the junction- -97-

field- effect t ransi st or |s conn éted to t he second, predet ern] ned, potenti al

t hrough the diode. 17. qbcﬁﬁi'tfc‘totﬂmﬁféﬁb’r %E‘U‘? ‘F@

claim 13 or 14, regtoai lﬁomneagmnnacsaraan'engeglbngbfcnheenhmtil cregabnan

I mpurity having_.a.fi n Vi LS f n first I on
18. The seﬁgegngééfgﬁ %éﬁ%?é %éfoﬁgcerF %E?geE ﬁgﬁngg rtfg etl rein
t he senfconductwithehbﬁythérd regfiongedndn a well of the second
conductivity type. 19. = (o) He¥H RBMAMABYRIY & doftheA Y0 (o

claim 13 or 14, wherein the senfconductor menory Is formed on an
i nsul ator. 20. regiop §€ﬁm€€néﬂc90Fuﬁ§ﬁﬁ?yr€€FPnc6§th§l fixds region

transistor of aaﬁdr§ba§éad§§bithhé Rﬁi@thoteﬁiéﬂ OthdafiﬁﬁﬁnéeEE_é?\?' s§0r
errec

of a second conducti,Vit WLite-in i el
transi stor of a ?FW%ch%nHéE§F§F?§ Jypetigp gﬂﬁ?gh%chﬁ%goF eskpjrd
sem conduct or meegignecel | haV|ng (a) a first sem -conductive region having
a second conductivity tyQﬁ]i a second sem -conductive region fornmed in a
surface region of the fir reglon sai d second region having a first
conductivity type, (c) a (Bil)d seamcalsinhiot inggionsg @f fderdiinst a

transistor are constituted of the second region and the
third region,

(3-2) a channel forming region of the first
transistor is constituted of a surface region of the
first region sandwiched by the second region and the
third region,

(A-3) a gate region of the first tramnsistor is
formed on a barrier layer formed on the surface region
of the first region sandwiched by the second region and
the third region,

(B-1) source/drain regions of the second
transistor are constituted of the first region and the
fourth region,

{B-2) a channel forming region of the second
transistor is constituted of a surface region of the
third region sandwiched by the first region and the
fourth region,

(B-3) a gate region of the second transistor
is formed on a barrier layer formed on the surface
region of the third region sandwiched by the first
region and the fourth region,

(C-1) gate regions of the junction-field-
effect transistor are constituted of the fifth region



surface region of the first region and spaced fromthe ‘second reliil on lmw d

third region having the first conductivity type, (d) a 1“““%“““' \“n!

sem - conductive or conductive region fornmed in a surfac
third region, said fourth region formng a rectifier junction fogether W th
the third region, and (e) a fifth seni-condfctive or conductive region

formed in a surfgee | (¥€#} +498- | dedfddt h region
formng a recti |er_ajr$%(§$:|&gglf tot(#g;g;t}%:(rﬂv%ﬂ t erbsnecfgr?dﬁ%eﬁn%%%ﬁr ein;
(A-1) source/ dr #i%94¥i ons of the first transistor are constituted of the

SECOHd regipn and_the thi(@—2?QAQ@haﬁﬁéﬁ)régibﬁn6f|tﬁ@r 'ﬂStLSHLEEeQa—the
first transistor js constityted of, a surface region of the first region

sandwi ched by t REf&StofFansdisiorads aonsts; GfoPartaof theydhindgi on
of the first traegishnolsadmiviehsd byn theb@ifith dedyiom fasidrechieh goxtion f ace
region of the fiy regi.Qn..sandw ched by the second region and the third
region, (B-1) sgﬁfégfhgg%%tr§§%3ﬁ®”of the second transistor are constituted
of the first region and t{@3puwsebrcedfdoain(Begions chfinkkeé funatihgnregi on
of the second tr IS ' I3 fs ' hi rd
regi on sandw chefg' .f{eﬁgeﬁir s%?a?ltg&fsgttr?‘igr?gj% %ﬁ&ﬁ%ﬁqfﬁ)n&h@( é@%&a gate
regi on of the s&esdon extending ifyomobeth ends o the g If giesiPo 9% he
surface region ehd Rendbich-SraG1eTFRGY TIQHSstDIE first region and the

fourth region, (C1) gate regions of the junction- d- effect, transistor

fiel
are constituted of the fifRh tRYi FAEAELILIB? dﬁh%}fi¥§Ff$¥§¥s+%ﬁ?Bn

facing the fiftland the gate region of the second transistor are

connected to a first memory-cell-selecting line,

(E) the second region is connected to a
predetermined potential,

(F) the fourth region is connected to a second
memory-cell-selecting line, and

(G) the fifth region is connected to a second
predetermined potential.

14. The semiconductor memory cell according to
claim 13, wherein the fifth region is connected to the
first region, in place of being connected to the second
predetermined potential.

15. The semiconductor memory cell according to
claim 13 or 14, wherein a junction portion of the third
region and the fourth region forms a diode, and one
source/drain region of the junction-field-effect
transistor is connected to the second memory-cell-
selecting line through the diode.

16. The semiconductor memory cell according to
claim 13, wherein a diode is formed on the surface
region of the third region corresponding to one
source/drain region of the junction-field-effect
transistor, and one source/drain region of the junction-



region, (C-2) a channel region of the junction-field- effect transistor is

constituted of part of the second regi on sandw ched by ﬂlmglm “Il”ﬂﬂlﬂ“land
said portion of the first region, (C3) source/drain re
junction- field-effect transistor are constituted of the*secord fegfon®

extendi ng fromboth ends of the channel redgi®en of the junction-field-effect

transi stor, - é#g% d the
gate region of t %1§d(é_?§n trg%é%gl%gﬂog?el@;oc?#glc%déﬁ EJq'inﬁal ssieé’omf

menory- cel | - sel @nedetammiaed potend igdc ddhrovali dhe diggmected to a
predeterm ned potential, (F) the fourth region is connected to a second
menory cel |l -sel ctlng I|ne and (G the fifth region is connected to a
second predeterﬁ1ned poté%@?a?em%% nductoX jpemeny Sl cRerordkngyteel |
according toI cl mlmﬁ%,lswmr didn mﬁé:felfnt fahrzwwin g‘brﬁ:@lﬁﬁcﬁge% tadthe fi rslt
region, in plac connected.to t on term ne tentia
22. The se%og‘ ﬁ(ﬁﬁ_’ r?%‘ffncéﬂpué‘egz rgﬁ n[gg el % I ei n
a junction porttg@eoﬁStEermhdrdndegl@heaﬁdxshexb@dbmh region fornms a diode,
and one source/drain region of the first transistor is connected to the
second nmenory-cell-selecting Iine through the diode. 23. The

sem conduct or ndfery cel |The cteieepductoninemuryrcell agrexding tegi on

containing a hi &ha%nqgnb&atluonw%r@anl T bbhl@%hﬁﬁ@t%xf rﬁbrﬁo%@ﬁ“@ ty

[+

type is fornmed under the firs |on sem co menory
cel | according ger@FgIﬁPZG &é wﬁgﬁeﬁﬁcpﬁé §99ﬂ@€ﬁd¥ ity tPfory cell is
formed in a well of the second conduct|V|ty type. 25. The

sem conduct or ry cellacc cl.aim 0 or erein the
seni conduct or ggggry ceII ﬁ% égﬁgéghé tAfi ory ce accor ing to

claim 13 or 14, wherein the semiconductor memory cell is
formed on an insulator.

20. A semiconductor memory cell comprising a first
transistor of a first conductivity type for read-out, a
second transistor of a second conductivity type for
write-in, and a junction-field-effect transistor of a
first conductivity type for current control,

said semiconductor memory cell having;

(a) a first semi-conductive region having a
second conductivity type,

{b) a second semi-conductive region formed in
a surface region of the first region, said second region
having a first conductivity type,

(c) a third semi-conductive region formed in a
surface region of the first region and spaced from the
second region, said third region having the Ffirst
conductivity type,

(d) a fourth semi-conductive or conductive
region formed in a surface region of the third region,
said fourth region forming a rectifier junction together
with the third region, and

(e) a fifth semi-conductive or conductive
region formed in a surface region of the second region,



formed on an insul ator. 26. A sem conductor nmenory cell conprising a
first transistor of a first conductivity type for read-ﬁﬂ]““m'ul HEH(IHFII
second transistor of a second conductivity type for wilt il
junction-field-effect transistor of a first conductivity*type'for current
control, said seniconductor nenory cell hav?%yg; (a) a first sem -conductive
region having a eedh Sapduesion ol iy 4 Dledt ELEONYIBROL1GRNUGELNE O
conductive region fornmed in a surface region of the Titst region, ~sal
second region fdfithdRe 8RIMG SfegifRt i on together with the first region
(c) a third sem -conductiwRete@hon formed in a surface region of the first
regi on and spaced fromthe, second reaiqn, .said third region_having a first
conductivity type, (d) a i%affh988ﬁ98é3ﬁ8&8tF&glPEGi8ﬁ gb?nﬁ&rﬁﬁ a surface
regi on of the tHirahsistiom asaicbistititedpdrthaviagpndeasgbomdand the

conductivity typ8,s gate region shared by the first transistor and
the second tran§?§1%$q§%§kygrned on a barrier layer so as to bridge the

second region and the thi (#-2pgRorhandedofarmingbreggent b€ thesfiregi on and
the fourth regi Qa3 i RAohs tAUEE] Bl SEE R Bqidif dt 'tHle

transistor are cgnstituted of the second region and a surface region of the
third regi on whifdFstumegion sansiviched, ki ‘%Fﬁed"?ﬁpqqnéqglr% angd efheind t he
fourth layer, (Ahdrd formng region of the first transistor is

I
constituted of a surface jggipn_of _ihe fitst regipn sandw ched by the,.
second region and the thii%‘#gg?oﬂééfBFT?lQBU? e#ﬁ?a?ﬁr?€g£5ﬂ956¥tPﬁels
second transi st dormed const ibaxird@mwflayer fiomted ey crhearmhinfiae-d atedgion
region, of the first region sandwiched by the second region and
the third region,

(B-1) source/drain regions of the second
transistor are constituted of the first region and the
fourth region,

(B~2) a channel forming region of the second
transistor is constituted of a surface region of the
third region sandwiched by the first region and the
fourth region,

(B-3) a gate region of the second transistor
is formed on a barrier layer formed on the surface
region of the third region sandwiched by the first
region and the fourth region,

(C-1) gate regions of the junction-field-
effect transistor are constituted of the fifth region
and a portion of the first region facing the fifth
region,

(C-2) a channel region of the junction-field-
effect transistor is constituted of part of the second
region sandwiched by the fifth region and said bortion
of the first region,

(C-3) source/drain regions of the junction-
field-effect transistor are constituted of the second
region extending from both ends of the channel region of
the junction-field-effect transistor,



(B-2) a channel form ng region of the second transistor
surface region of the third region which surface region B’!ﬂ% g‘! \n
-101- source/drain region of the first transistor and | WL C y ﬁhe

first region and the fourth region, (C-1) gate regions of the
junction-field- effect transistor are const3%uted of the fourth region and

a portion of the first gb?ntﬁéCgQGetPS {8H" &8 ﬁﬁg'fﬂrsﬁcfgggglggggnelo

region of the junctiqn- f| S|stor | S const

the third regi ofbdile gd® FrEonef e secand trangigtar are’ second
transistor and sithectel 4oy d FErfst sdent cﬂ%‘—%ﬁ.ﬂfbéﬂ&ﬁﬁi& tihigegi on, (C 3)

one source/drain region o %ghgaéunctlo ffect transistor is

constituted of a surface of STRR tﬁ??ﬂo?eb?oﬂ°Qﬂ?€Fe§uFPaEe regi on
extends from ongredeterntined potestiedgi on of the junction- field-effect

t | st ds t f th t t t
corresponds o e chamnel® § o nECRECH FE8IOF S Selhnicfed 5 oo credindi o
sandw ched by tm@mﬁrwsPeﬂégﬁ@ﬂe&ﬁdnghdlm@urEMKReglon (C—4) t he ot her
source/drain region of th@G}“ﬂ?é'P{‘fEhefQ%ﬁ;ﬁefé & éé £d Sa CcQBsL LGt ed

of the third rengn extending Tromth end o annel regron of
getermined, potensda

the junction-fi ch) t he gate reglon IS connected to a
first nenory-cell-selecting line, (E) the second region is connected to a

predet ermi ned pgtenti al nd the.fourth region i connec ed to a second
nennry-cell-selgétlng |I&@1 2%ﬂa ondugrox éW?%gﬁﬂ RG| ¥o
according to cIaianmﬁzlwhuhemnlnh&heeiufmhdmegdbnnﬁsnbpnmebheﬁumthmehaS a
fifth conductlvglggglggggghchlhs QLEe fIB urf 3 t he th|

P 108 ChPReFREY, 1, $hel Jodohd

region and fornms a rect junciion oge
predetermined potential.

22. The semiconductor memory cell according to
claim 20 or 21, wherein a junction portion of the third
region and the fourth region forms a diode, and one
source/drain region of the first transistor is connected
to the second memory-cell-selecting line through the
diode.

23. The semiconductor memory cell according to
claim 20 or 21, wherein a region containing a high
concentration of an impurity having a first conductivity
type is formed under the first region.

24. The semiconductor memory cell according to
claim 20 or 21, wherein the semiconductor memory cell is
formed in a well of the second conductivity type.

25. The semiconductor memory cell accordiﬁg to
claim 20 or 21, wherein the semiconductor memory cell is
formed on an insulator.

26. A semiconductor memory cell comprising a first
transistor of a first conductivity type for read-out, a



a diode is forned of the fifth region and the third reaqi -102-
the third region corresponding to the other source/ddﬂﬂﬂ ﬂﬂﬂ "
junction-field-effect transistor is connected to the L : | -

selecting line through the di ode. 28. The sem conduct or nenory cel
according to claim 26, wherein-a region cedf@-ning a high concentration of

an i npurity havi i tivigy, i Lrst
regi on. 29. gé%r?glés.éd’rﬁ%élgﬁ' ucligrdfr/reénosr%/é%g |&aé:é§£¢%]%{f§¥§%$fﬁ§é6,
wher ei n the senwbit®rditor anshw yjunation-Figldeffect Wransistore atcnd

conducti vity ty&%urs?@-conductﬁhﬂtx?ﬁw% LurFdlY Yedifidopccording to

claim 26, wherein the sem conduc nennrg cell is forped on an insul ator.
r

31. A seni conduct or FRA8rFeRECPNABFEPY SMAPOEY PRLL PA¥ARFétor of a
first conductivity type fpa)rgaflipgt, semsceonduttavei ségionf haviagoad

conductivity type for. wite-in, .gnd a junction-field-effect transistor of a
first conductivﬁﬁFqﬂﬂn?qQ§%QﬁﬂWi%¥ 8w ol , said seniconductor nmenory cel
havi ng; (a) a first sem - (bhdacsevend egeni-bandugtiveeonndondndtitvevity
type, (b) a sec SEM | e ' f g?% [ r:?gﬁ r.egl of the
first region, sg{%l?g}r:nc;fr?é%r[ Eéﬁlgﬁ'g{n#as{/uﬁ%g?% frlcgr c‘on‘dtfcj}:clfé_%rjvfif Y, yfr;%% a
third sem - cond$atids & aosgid refgiare faming @ et ifdgnwictinn fYogetheri on

and spaced fromgihg $90Fd reR0irdyicial d third region having the first
conductivity type, (d) a fourth sem_ -congductive or condug¢tive region forned

in a surface region of th&StnRrbhikd; 8AnlzePRdrghive FegioR formpPdgin a
rectifier junctisirflaegetiteyiot 0 W thirst negjidh Al spaced from the

second region, said third region having a first
conductivity type,

(d) a fourth semi-conductive region formed in
a surface region of the third region, said fourth region
having the second conductivity type, and

(e) a gate region shared by the first
transistor and the second transistor and formed on a
barrier layer so as to bridge the second region and the
third region and so as to bridge the first region and
the fourth region,

wherein;

(A~-1) source/drain regions of the first
transistor are constituted of the second region and a
surface region of the third region which surface region
is sandwiched by the first layer and the fourth layer,

{A-2) a channel forming region of the first
transistor is constituted of a surface region of the
first region sandwiched by the second region and the
third region,

(B-1) source/drain regions of the second
transistor are constituted of the first region and the
fourth region,

{B-2) a channel forming region of the second
transistor is constituted of a surface region of the
third region which surface region corresponds to one



-103- (e) a fifth sem -conductive or conductive regfoh f or med in a sugface

regi on of the second regions, said fifth region fornLuHmull MIJEMI

junction together with the second region, and (f) a ; d by
0

the first transistor and the second transistor and forfne é‘bérrfer

| ayer so as to bridge the second region and®lhe third region and so as to

bridge the firs%dﬁ%ﬂé%&fﬁ!ﬁtﬂB@ﬂHﬁ“&f‘ﬂﬁ%ﬁfibsﬁM§¥éﬂgisé&%]é SOj ce/drain
regions of the first transistor are constituted of the seconJlrngon and a
surface regi on éendyeiahad P¥ ddieofimstc Fegimmand dhefourdumrdiond by

tﬂe ;irst region and the (0”1)hgaegi@?giéﬂsZ%fatﬁéaﬁﬁﬁbti@ﬁﬂﬁﬂg%aﬁgiOn of
the first transi r..Js.constituted of a surface regiqgn of t irsf region
sandwi ched by tﬁ?f%é:é:o%‘(faﬂ?g‘is&?raﬁ(fet o 'thdlq}eéjgi%'%,tq'(%-%urs &I n
regi ons of the sabrd pordrsinstodi tdree fiasdt inagieh dfadimy fillestfowmgilon and
the fourth regi i 2) a channel formng region of the second transistor

is constituted of “a sdrface region of the third region which surface region
corresponds to one source{@rd) mrehparebf regioni oft the ajgnstibonafiileld-

sandwi ched byt focS e dafiliacad o Wonelthlt o U0 barkCold 1 {48 05 of

the junction-field- effect transistor are constitut of t regi on
and a portion ofSGHeN PPSHtioRes, under, ne, Sounas drajino Fegicmof thannel
regi on of the j gecondn tidagisdstelf agld bandwisheld by ades tfilrgte G-fi i dndf
t he second regi% s%ndwkgged b% the fifth region and said portion of the

first region, ( B?) ORE 8o dF83P8rai n regi on of the junction- field-effect
transi stor is constituted(®3} me enmncteAirain whegiorexs£ntlse f §ancoienend

of the channel k§Q1@Neffect transistor is constituted of a surface

region of the third region which surface region extends
from one end of the channel region of the junction-
field-effect transistor, corresponds to one source/drain
region of the first transistor, corresponds to the
channel forming region of the second transistor and is
sandwiched by the first region and the fourth region,

(C~4) the other source/drain region of the
junction-field-effect transistor is constituted of the
third region extending from the other end of the channel
region of the junction-field-effect transistor,

(D) the gate region is connected to a first
memory-cell-selecting line,

(E) the second region is connected to a
predetermined potential, and

(F) the fourth region is connected to a second
memory-cell-selecting line.

27. The semiconductor memory cell according to
claim 26, wherein the semiconductor memory cell further
has a fifth conductive region which is formed in a
surface reqgion of the third region and forms a rectifier
junction together with the third region,

a diode is formed of the fifth region and the
third region, and



RS

-104- of the junction-field-effect transistor and corres

source/drain region of the first transistor, (C4) tmmu Bﬂ@iﬁﬁﬁ“ﬁgm" ain
region of the junction-field-effect transistor is co ) e second
regi on extending fromthe other end of the channel region of the

junction-field-effect transistor, (D) théJéﬁ?E region is connected to a
first nmenory-cell-sel ectithe thied reyibhe cdegergonddingN tos thentdeyd to a

ome
det I ned tenti , (F) the f t ' t t d
Temory col | - sel S0ETe it ERaLeeOF HEBF| FERCFERChLrLocehfERt od o a
second predet ertraesiposenis atondected to Ttke seatondduehoryreebly cel
according to cI§%$%é?%#§¢i#§%3t$ﬁg%§ﬁn&g&q&g&&gr menory cell further has a

si xt h conducti ve surface region of the third region,
said sixth region formng a rectifier junction together with the third

region, a diodegs formegpal s%ﬂﬁ.c%h&h@tbggg:r%gnﬁc?eﬁﬁ %\be‘}d&?@i g and the

third region corresponding to the other ain region of ‘the first
transistor is CObhERtZERr {WheFRIR & FRIHRPUFIERIRIRG| 2cRIMY 1ine through

\tAﬂe di odte-h 3?_- fci%nceﬂ'ﬂ.@aﬁféﬁ C@ﬂo&wtm 1{@ ; yh?;@ixh?a&caﬂéﬂggéﬂdféaiﬂ'f&
erein the fi regiopn is connected to_the firsi region, in place o

bei ng connect eotif%et‘ﬂ% g%%‘?fg ‘m‘gﬂ’ét & PP H oA eFPLt . 34, The

sem conductor nenory cell according to claim33, wherein the sem conduct or

menory cel | f‘”% er has gp3 é%ﬂé&%%ﬂﬁki%%}éemreﬁ%%g”c‘éii”S@cBQ ughace
region of the third regidn,” Sald SiX region rmNng a rectifirer junction
toget her with tdkaimi2é, rwhgoein the 19smiconduckor mémenydcetlthe sixth

region and the formed in a well of the second conductivity type.

30. The semiconductor memory cell according to
claim 26, wherein the semiconductor memory cell is
formed on an insulator.

31. A semiconductor memory cell comprising a first
transistor of a first conductivity type for read-out, a
second transistor of a second conductivity type for
write-in, and a junction-field-effect transistor of a
first conductivity type for current control,

said semiconductor memory cell having;

(a) a first semi-conductive region having a
second conductivity type,

(b) a second semi-conductive region formed in
a surface region of the first region, said second region
having a first conductivity type,

(c) a third semi-conductive region formed in a
surface region of the first region and spaced from the
second region, said third region having the first
conductivity type,

(d) a fourth semi-conductive or conductive
region formed in a surface region of the third region,
said fourth region forming a rectifier junction together
with the third region, and '



third region, and the third region corresponding to the other source/drain
region of the first transistor is connected to the sec

menory-cel | -selecting Iine through the diode. 35. (rmmmuulmumlmul
menory cell according to claim31 or 33, wherein a regidn 6onta|h|ﬁb & high
concentration of an inpurity haV|ng a flrsﬂoaenduct|V|ty type is forned

under the Tirst region. 3fe) a £ifBf SEHICOBMGLES ISP ohBhkcagacr di g to

claim31 or 33, whereint e sem con tor nenor wel
of the second cdiRgion viorped, dn a3 surface mmq:foﬁdxﬁ:taﬁcm@gms,

according to cl @amdBJfltftlﬁ?negmﬂf Formiiify &P IRIEP S URoh detFer

formed on an i nsul A sem congduct or nennry cell conprising a
first transisto® %hﬁ Fﬁc%&iﬁqﬁq}h Wi pe for read-out, a second
transi stor of a second cooﬂpcalgatg rggeoﬁoshateaebynthé first

' tion-field- r LS ctivit or_current
chﬂ'frl)l , alnd at %Ets?tzg%g;%s rf% nﬁ// ‘i‘%%lf‘i S &ite-in,
sai d sem conducb@ﬁ‘rmﬂ-y'w@m ISOh@H rtg> b(xei)dge ftiles ts exemid. arepilont ianel rlﬂ'ge' on
having a secondtqlcﬂgugew_lotly e f| rst 3 8%% STl ﬁ%q:ugt gyemr

formed in a surface reglon 0 sal d sécon reglo aV|ng a
first conductlvﬁﬁf oyt h(éﬁgéﬁmhlrd sem - conductive region forned in a
surface region of the firgherephpn and spaced fromthe second region, said

third region having the f conduct| t ) a fourth
sem - conducti ve or conduc(ﬁ °uﬁfﬁf dﬁgéiﬁéidotrF%Fsﬁ¥¥%Ee regi on of
the third regi ortrassu.dtbmualrle cems@itﬁﬁem of & hiee Gleichindr rjd@}'i‘btﬁ @nd eget her

rgﬁgeéh?ntgi;Sr ace reglgﬁl %ngégon&&%DQ%%EO%EW% c%pgur ah¥91%9'5ﬁ1
is sandw1ched by the first reglon and the fourth region,

(A-2) a channel forming region of the first
transistor is constituted of a surface region of the
first region sandwiched by the second region and the
third region,

{B-1) source/drain regions of the second
transistor are constituted of the first region and the
fourth region,

(B-2) a channel forming region of the second
transistor is constituted of a surface region of the
third region which surface region corresponds to one
source/drain region of the first transistor and is
sandwiched by the first region and the fourth region,

(C-1) gate regions of the junction-field-
effect transistor are constituted of the fifth region
and a portion of the first region facing the fifth
region,

(C-2) a channel region of the junction~field-
effect transistor is constituted of part of the second
region sandwiched by the fifth region and said portion
of the first region,

(C-3) one source/drain region of the junction-
field-effect transistor is constituted of the second
region which extends from one end of the channel region



said fifth region formng a rectifier junction together with the second
region, and (f) a gate region shared by the first traﬁj"ﬂlﬁ"llul ﬁll jcmtd
transistor and the third transistor and formed on a barfiaar iRl M (o
bridge the first region and the fourth region, so as to bridge the second
region and the third region and so as to ‘%@e the third region and the

fifth region, vberehd; jafctionoriseidesractediransistothanti Eéi:rb%?ﬁﬁh%t or
are const’ituted of the secon? reglon and a ur%ac%,reglgn of .the third
regi on whi ch sufF?aQRe r8gubrefdrainqhedien ¥ the fir EGPEASERE ¢t he

fourth region, (A-2) a chasagl ther mther epurredfddidin fMagion ramdtited or 1S

tituted of | h ' ' | ,
cecond region arREONEr EbaRrERct (ErabbIbebEli8TeOMBPHERRED B HHE
second transi st@eceond E@@i@h;Gxtan@@nghﬁrﬁmrthereghen end ofietheurth
region, (B-2) acﬁﬁﬁﬂé‘f'ré?iﬁh”&fr tﬁguiti‘%twﬁ-fﬁéﬂage Ii‘%ﬁﬁ' Ei?ﬁsiétor,

constituted of a surface Tegion o 11 rd region surface region
corresponds to one sourcdPdr Xhe gagicoxregiomds qanneatadita & Hat s

sandw ched by thembiysSéelPgselecihgheiseyrth region, (C 1) gate regions of
the junction-field- effec%)t nsi stor are cgonstjtuted of the fifth region

”
and a portion of the firdE€)r &oferRBhFegHO™ i FONGHEE %@ B a channel
regi on of the jpredéeverhinéd-petértialyansistor is constituted of part of

t he second region sandmﬁg?ﬁdtgg E@%x&%&&%g&%%ﬁqg @@%ﬁaﬁﬁ%dmygié) ecod§07'

of the first region, (C one sourcerdrarn region 0 | uncti on-
field-effect trmemoxyorellb-sehectingeliing,tardsecond regi on which extends

fromone end of the chanpel tee 27 reh HogiohNals Yonncthdeided ddyiri stor

and corresponds . .
predetermined potential.

32. The semiconductor memory cell according to
claim 31, wherein the semiconductor memory cell further
has a sixth conductive region formed in a surface region
of the third region, said sixth region forming a
rectifier junction together with the third region,

a diode is formed of the sixth region and the
third region, and

the third region corresponding to the other
source/drain region of the first transistor is connected
to the second memory-cell-selecting line through the
diode.

33. The semiconductor memory cell according to
claim 31, wherein the fifth region is connected to the
first region, in place of being connected to the second
predetermined potential.

34. The semiconductor memory cell according to
claim 33, wherein the semiconductor memory cell further
has a sixth conductive region formed in a surface region
of the third region, said sixth region forming a
rectifier junction together with the third region,



to one source/drain region of the first transistor, the ot her
source/drain region of the junction-field-effect trans Eﬂ mu uﬂw Imﬂted
of the second region extending fromthe other end of t

the junction-field-effect transistor, (D 1) one source/draln reglon of t he
third transistor is constituted of the sut¥0fe region of the first region

correspondi ng to the chapgngliddd M FIraHP B OIH @ ikt irddi¥1S I atiPtpd D 2)
the other source/drain region of the third transistor is constituted of the

fifth region, (BRr3¥daregdPRel @P8rning region of the third transistor is
constituted of the secondhee@hdid degiom bn@sponding Ay atigiciier egi on
Terory- cel |- sel SOTF TEAES edToReo L kBRE enE P RRs Lo cLeqopphgted
predet er mi ned pbdebheasecand méMOryecébm+seleeging 1sneobheotgl thea second
nmenory cell-sel ggbd %g l'i ne. The sem conductor nenory cel

according to clarm mhereln a region containing a high concentration of
an inmpurity having a first conductivity type is fornmed under the first

regi on. 40. 35 The sempgendiealidoniRiiior Ridordcend '&Q:cfd}:dixﬁj Bo38,
wherein the sen1conductor nenDr%gcell is forped™in a well of the second

conduct i vity typeRim13l or 33y SRPiBNAUERTLORFoRTaLRING a8 cBighng to
-108- cl ai m 38 cdﬁ@émmth@nsom mnﬁupﬁﬁityemjmgeal figstocordustittity

i nsul at or. n1co du no conprising a first
transi stor of a.¥??s+sc $ %ﬁ% g%% f%?gf ﬁgb€$ a second transistor
of a second conductivity type for WWIte in, and a junction-field-effect

transistor of ag¢irst C0&%%P%b%hh%nh%&%o&o%m&%&&e%%1§°%EH®rdfﬁE‘Eo
sem conduct or nennry cel
claim 31 or 33, whereln the semiconductor memory cell is

formed in a well of the second conductivity type.

37. The semiconductor memory cell according to
claim 31 or 33, wherein the semiconductor memory cell is
formed on an insulator.

38. A semiconductor memory cell comprising a first

transistor of a first conductivity type for read-out, a

second transistor of a second conductivity type for

write-in, a junction-field-effect transistor of a first

conductivity type for current control, and a third

transistor of a second conductivity type for write-in,
said semiconductor memory cell having;

(a) a first semi-conductive region having a
second conductivity type,

(b) a second semi-conductive region formed in
a surface region of the first region, said second region
having a first conductivity type, ’

{c) a third semi-conductive region formed in a
surface region of the first region and spaced from the
second region, said third region having the first
conductivity type,

(d) a fourth semi-conductive or conductive



(a) a third sem -conductive region having a first conduct|V|ty type,

fourth sem -conductive or conductive region forned in i"l ”

the third region, said fourth region formng a rectifi un ﬂgﬂﬂﬂﬂﬂlgﬂﬂﬁer
with the third region, (c) a first sem -conductive regidn forhed*irs a*
surface region of the third region and spat@é~fromthe fourth region, said

first region ha 1,0 [ ngugt.i (d e
sem - conducti ve rgg gn*tP 5&%@ SB g &} 5% %%eE% n°§f%9% %%qu:r%%ﬁ%ﬁf sai d
second region haamdgfpuethirggleonﬁacmungty mﬁp@;f@ér Juiictiilpn together

sem - conduct i Vey9k cgﬂgughhfg ggg?gﬂ formed in a surface region of the
second regi on, salg regi on orn1n arectifier junction together wth

t he second region, and (f()e)a deﬁ’@?@gﬁ%'ﬁ%@lﬁwqrﬁrﬁqfﬁmﬁlﬁsl stor and
t he second tran§é§i§ﬁ ﬁagméarEﬁdaOBuifaaérkéglbﬁyQE %ﬁea%eb6d@” onde

second region and and so_as t on and
the fourth reglﬁﬁlamﬁé%gbnreﬁﬁ EHFBQIGraﬁﬁ%FSdFEnQ %PHQ %P e
transi stor are wmnhttheteécohdthegienondndeglon and the third region, (A-2)

a channel form ng region (?g)rthe Jﬂé ateiand%é‘#)écfl bbat gtfﬂggd of a

surface region of the S e I on W'C e second regi on and
the third reglohra081§F0§®uthe/aegpndrﬁgauﬁssﬁbrthads§b@n&humdn5|stor are

consti tuted of thgnbikfbe SHIOPoRRLA! BR hOBALR1£8018Yer( Bo2hs? pnBANY

forming region o e secon transistor Is constitut a sur ace rgglon
of the third refh8nfingnregéanpyndnthe; fonrtbyreqignd FReasoler hridgeon,

(G 1) gate regi gne 8écbha regebhoanfi €hd- third region and so as to
bridge the third region and the fifth region,

wherein;

(A-1) source/drain regions of the first
transistor are constituted of the second region and a
surface region of the third region which surface region
is sandwiched by the first region and the fourth region,

(A-2) a channel forming region of the first
transistor is constituted of a surface region of the
first region sandwiched by the second region and the
third region,

(B-1) source/drain regions of the second
transistor are constituted of the first region and the
fourth region,

{(B-2) a channel forming region of the second
transistor is constituted of a surface region of the
third region which surface region corresponds to one
source/drain region of the first transistor and is
sandwiched by the first region and the fourth region,

(C-1) gate regions of the junction-field-
effect transistor are constituted of the fifth region
and a portion of the first region facing the fifth
region,

(C-2) a channel region of the junction-field-
effect transistor is constituted of part of the second
region sandwiched by the fifth region and said portion



effect transistor are constituted of the fifth region and a portion of the
first region facing the fifth region, (C2) a channel region of the
junction-field- effect transistor is constituted of pa

regi on sandw ched by the fifth region and Sal d porti on'lmmll"ﬂn‘ﬂl ﬁm)ulﬂlll on,
(C-3) source/drain regions of the juncti od07 el d-effect” t fankistor® ar'e
constituted of dpq e q@?fg lgxtendlng from both ends of the channel
regi on of the Junctlon ct transi stq (D), the gate region is
connected to a first nenéFy éePPes§PE€FPﬁ8rPFHereGE?ntﬁg tBeodunFEEdPBT i s
connect ed é 0 a ﬁ@wﬁf@wctmmwt id F%or%élelﬁmd f?f etg;@rse@omnnect ed
to a second nmenpry-ce ect.in an flift n

connected to ars%%’ocﬁﬂ "mle%b ‘?ﬁ% %{ﬁnérﬂlf%l the GrI}P‘Femg%]% ‘?ﬁr’cﬁﬁ:tor
menory cel |l acanf dileg jmmsttmnnﬁaaldtmm tttmxisisﬁor ea;nd)rcozs:es:pnsm ed to

the first reg| Uy drﬂel_pécflﬁeceojdr e n mcéfdtﬁ(? accoﬁtpfa j[) term ned

potenti al . he 'sem 'conduct or” nmenor ai m 42 or
43, mhereln a junction péft#pnthe ehberhseurce/dxgmn regnon aﬁdthﬁe fourth

region fornms a g 4o SN SOREGS/ M 68k Ok Cﬁoﬁél?iﬁ‘dﬁe;& tdhfeaxg%ﬁ or

I's connected to the second nenory-cell-selecting |ine thrgﬂg
45, The sERIVMHFIBOHRSET Ty the Phlet 1edn o tHhe 43, wherein

the sem conductafaﬁffémrzse 55000 dﬂrﬁﬂerjﬂm:@bmﬁia&@ﬁwﬂ wﬁra{msa&bfprned
in a surface region of t g i&;rd re
r

th regiop fo
rectifier junction togeth ?ﬁetﬁ ?(arﬁéﬂlBﬁglﬁndagdghﬁsegéfﬁed of the
sixth regionaﬂtraﬂ&isﬂur(iseqpnstltuﬂtd of the surface region of the

first region corresponding to the channel forming region
of the first transistor, .
{D-2) the other source/drain region of the

third transistor is constituted of the fifth region,

(D-3) a channel forming region of the third
transistor is constituted of the second region
corresponding to one source/drain region of the first
transistor,

(E) the gate region is connected to a first
memory-cell-selecting line,

(F) the second region is connected to a
predetermined potential, and

(G) the fourth region is connected to a second
memory cell-selecting line.

39. The semiconductor memory cell according to
claim 38, wherein a region containing a high
concentration of an impurity having a first conductivity
type is formed under the first region.

40. The semiconductor memory cell according to
claim 38, wherein the semiconductor memory cell is

formed in a well of the second conductivity type.

41. The sémiconductor memory cell according to



the third region corresponding to the other source/drain - region of the
first transistor is connected to the second nenory-cell-s “
t hrough the di ode. 46. The sem conduct or nenory cell ﬂm mﬂ““m““
claim42 or 43, wherein a region containing a high concentrattont of* art
inpurity having a first conductivity type—-L88formed under the first region.

47, The sewaaReuy, onaaiy iRl lscafieRitlit dr0 sy Sorr 43 wherein
t he sen1conduct§% gpr%.cel, is_formed in a well second

conductivity ty wahoonduct or menory cell according to
claimd42 or 43, mhereln t he sem conductor nenory cell is formed on an

| at 49, | first .
transistor of atfirst commtibroRieeEer s tey ST CanBEiSing! Rafirstor
of a second condrenisiistprt pfe af diiret miidm,cté.vjlmycttim ffioad d*ea‘d‘-&nit, a
Lransistor of 2skbonls ¢RAMMIkEK %o ¥R BN Wodile SONP eyl Gy |11 1 €

transi stor of a second conductivity or Wi
seni conduct or nEFBtE-d8I| aﬁévﬁn@““@&)‘-%-tﬂﬂﬁd—@ﬁﬁ%orﬂ@@ﬁm@qmg:ﬁ)m havi ng

a first conductipdirk¥ bBRBuctBiridy’ ?b@hﬁ%u%ﬂ%cbbﬁ%r%rl conductive
0

region formed in a surface yegion, e third region, sald fourth region
forming a rectifier junctd Qﬁé B FRp Wﬁ??FtWﬁmQFNrQFilxﬂ%N#th) a first

sem - go?ductlxe regi on f({dﬁﬁhIﬁhirdﬂgémﬁibdﬁﬁnéﬁ%f& ﬁégiéﬁnm&b%ﬁ@l@n and
spaced fromthe irst region having a secon
; 53 28E Pob8leEvitY. Ry nauct | ‘

conductivity type &énduct i ve region formed in a surface
region of the first regi o) snifbwddomenegiamivshive dihecdndwttive

conducti vity t yesglsﬁ) £8rhbl! BnS8MbugaAUC RS oR! goeﬁgcrtm [ ¢y O med

in a surface reqi e second region, region orn1n
rectifier junctF8h tggggﬁgrreglon forming a rectifier Junctlon together

with the third region,

(c) a first semi-conductive region formed in a
surface region of the third region and spaced from the
fourth region, said first region having a second
conductivity type,

(d) a second semi-conductive region formed in
a surface region of the first region, said second region
having the first conductivity type,

(e) a fifth semi-conductive or conductive
region formed in a surface region of the second region,
said fifth region forming a rectifier junction together
with the second region, and

(f) a gate region shared by the first
transistor and the second transistor and formed on a
barrier layer so as to bridge the second region and the
third region and so as to bridge the first region and
the fourth region,

wherein;

(A-1) source/drain regions of the first
transistor are constituted of the second region and the
third region,

(A-2) a channel forming region of the first
transistor is constituted of a surface region of the
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e

with the second region, and (f) a gate region shared bythe first

transi stor, the second transistor and the third transisto Mlﬂmﬁ
barrier layer so as to bridge the first region and the fomﬂm“mm S
to bridge the second region and the third region and so asstocbrtdde the”
third region and the fifth region, wherei0%-A-1) source/drain regions of

the first transgstof ﬁé&i&ﬂﬁ%ﬁéﬂ#ﬁﬁﬁr‘?@fbﬁh@hé%&&ﬂn&eﬁéﬁ‘ﬂoﬁn nd €HEf ace

region of the third_region ace region I's sandw ched by the first
regi on and t he ¥iFd FeEYPBN, (A-2) a channel forning region of the first

transistor is constituteqpofl)asspurteydradad Fegibnshefl the! skeedndn
sandw ched by the seco

d ' .th hi pd ' B-1 i
Tagione of he SERHEETTRATe ariarLtufed o UPRE b F R herrated FaE ERCana
t he fourth regifour{lB-Pégromhannel form ng regi on of the second -112-

transistor is constituteggg?gaasghgﬁﬁglr?%E&Hngfr Bgﬁhgkkdth%?%%%éﬁa‘:h

surface region corresponds, one “source/drarn-reg t he
transi stor and $xarsigiex e egnshitutediof cgyi surtacetpegionref tkei on,

(C1) gate regiQpsrdf rédfon Weddwichdd By €hé CEirst A6y SER" akliCLk@NSt i tuted
of the fifth region and a, portion of the first region Tacing the fifth

region, (C2) linerey on of the junction-field- effect transistor is
constituted of part of the_schaderQ@b@bnsaa&w&ghﬁ?uhbt&bg.tﬁbuh_region and
said portion of e first reagion, (C 3) one soutceldrain_regi on of the
Sinction. 11l Ebfeet ek SO et nefFrdfel S VR "L cFeiohn uni ch
ext ends from orencdral pdrtihen chintied fiEgsonreficomefaoingitmeffiftheff ect

transi stor and fé&i&§ponds to one source/drain region of the first

transi stor, . . )
(C-2) a channel region of the junction-field-

effect transistor is constituted of part of the second
region sandwiched by the fifth region and said portion
of the first region,

{C-3) source/drain regions of the junction-
field-effect transistor are constituted of the second
region extending from both ends of the channel region of
the junction-field-effect transistor,

(D) the gate region is connected to a first
memory-cell-selecting line,

(E) the second region is connected to a
predetermined potential,

{(F) the fourth region is connected to a second
memory-cell-selecting line, and

(G) the fifth region is connected to a second
predetermined potential.

43. The semiconductor memory cell according to
claim 42, wherein the fifth region is connected to the
first region, in place of being connected to the second
predetermined potential.

44. The semiconductor memory cell according to
claim 42 or 43, wherein a junction portion of the third



(C-4) the other source/drain region of the junction-field-effect transistor

5 constituted of the eecond region extend g Trom the LI IEIHIRYN

channel

regi on of

source/drain region of the third transistor is constitut&d of 'the sdrf ace
region of the first region correspondi ng tld&he channel forning region of
the first transfé%
transistor is con € C
region of the tFPRBECE{dRaintERIincehstheufiysti trRRS18EQRJ1FegPBRCCtEd

correspondi ng tgoOtRe SOEE6RA dhiehdryc8eDD-06168Eihy! Binkl BASLEHAN theE) the

24h&h j ' hgpkhi rd
P6n sh4 %?étﬁgﬂ%??[ﬁégﬂgﬁefgffg‘%r8%&%,Oimfi 8okl 1

tituted,o egion, ) a channel form ng

gate region is oq@ected to a first nenory-cell-selecting line, (F) the
second region i 12%finected to a predeterm ned potential, and (G the fourth
region is connected to a second nenory cell-selecting |line. -113- 50.

The seniconduct?%
portion of the thi
source/ drain reglabmot2tor 43 svhereinithersemiconductenr memohy seddnd

menory-cel | -sel g

menory cel |

according to claim49 ereint

Ol ! ! S _
o T ey e sl it Chr R Rd W One
£H8r|ﬁQ§|£héQ%9H %ﬁﬁdg&@ﬂgﬁeéégion fotheaseqi gonduct or

Sém conduct or_ nmenory cel

further has a sPUFFRCenREEioN of cthenthirdenegion, stridc81XERi 5RISPN he
tEi rdh_regi on, spofmEhytd rEGtDOiéHr fan@t Bofi cEdbgétReér] withi Bhet eBEFAEr W th
the thirad reglon
and ther?%+?ﬁ'region corresponding to the other source/drain region
of the first transistor iasddodeedisedormeidhe fsahend intino negien asel adid ng

l i ne through tf@hgggdfégion, and

regi on,

sou

a diode is forned of the sixth region and the third

the third region corresponding to the other
rce/drain region of the first transistor is connected

to the second memory-cell-selecting line through the

diode.
46. The semiconductor memory cell according to
claim 42 or 43, wherein a region containing a high

concentration of an impurity hawving a first conductivity

typ

47.
cla

e is formed under the first region.

The semiconductor memory cell according to
im 42 or 43, wherein the semiconductor memory cell is

formed in a well of the second conductivity type.

48.
cla

The semiconductor memory cell according to
im 42 or 43, wherein the semiconductor memory cell is

formed on an insulator.

49.

A semiconductor memory cell comprising a first

transistor of a first conductivity type for read-out, a

second transistor of a second conductivity type for

write-in, a junction-field-effect transistor of a first

conductivity type for current control, and a third

transistor of a second conductivity type for write-in,
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egi on contai ning a high concentyation of an i mpurity ﬁéﬂ\ﬁ\mmmﬂ\l\!\\\“\
L n

conductivity type is formed under the first region. 53. . _

sem conductor nenory cell according to claim49, wherein the sem conduct or
menory cell is formed in a well of the secddd-conductivity type. 54.

The sem conductor menory gghy §éﬁ9&8h&ﬁc%8rchéF 9ce?gehsb§nbhe

sem conductor nmenory cell is forggd on an insulator. . A nethod for
manuf act uri ng a seni condut®drankhery eemi-copguctiNg xegiest havingi ot or of

a first conductifididst tomridoyiviagd-tgge, a second transistor of a second
conductivity type for wi ' ' ' - field-effect

<in, cand unction- .-114 i
transi stor of a first conhﬁ&t?vF??rFﬁp%e?bFCBHFPEHPVEOHFrSPPdESF&Ye _
sem conduct or n@legipcddrnesl iing;a (Rirfade nsigiamiof drtr diti Mei rlefgg_?_mhaw ng
d d IMid Yedubisy s z Ve, or, conduct i ve
?e;?ggnf o(r:?rgdu?tr??\gdtshfrface re lﬁltmiﬁl éér{e%%én% gg.ff’rc}:]s()&%ﬁ??%’fm
formng a recti Midh jthectihdrd sgaien, with the first region, (c) a third
sem - conductive region f0(@}adalfifsé%éﬁfﬂcéﬁ&ﬁQE%@é_}_-Q&;é{,ﬂ?épﬁggl 9f gnd

spaced fromthe second regi,on, said third region having

conductivity tySerigge regdon pisdhe &k thege ane ginsh SrAcas fuem the f ace
regi on of the t ifondthegieqionsaisdildowWist e@ig@bd Revitd e

' h d by the first transistor and
conductivity ty . a,gate region shared by e firs
t he second trangﬁgpg?%ﬁﬁgk of¥®§70n a barrier | ayer so as to bridge the

second region and the thi{d) reegeromhoseni-asondudt ivigeredibod i foimedgign and
E:Qﬁsz ??LE er g?i ?Egu&?ﬁcﬁai relyibhaBF thy APt FeqdiOnl) QYW G- Yegion >
having the first conductivity type,

(e) a fifth semi-conductive or conductive
region formed in a surface region of the second region,
said fifth region forming a rectifier junction together
with the second region, and

(f) a gate region shared by the first
transistor, the second transistor and the third
transistor and formed on a barrier layer so as to bridge
the first region and the fourth region, so as to bridge
the second region and the third region and so as to
bridge the third region and the fifth region,

wherein;

{A~1) source/drain regions of the first
transistor are constituted of the second region and a
surface region of the third region which surface region
is sandwiched by the first region and the fourth region,

(A-2) a channel forming region of the first
transistor is constituted of a surface region of the
first region sandwiched by the second region and the
third region,

(B-1) source/drain regions of the second
transistor are constituted of the first region and the
fourth region,

(B-2) a channel forming region of the second



second region and a surface region of the third regi on~which—surface—+egion

I s sandwi ched by the first |layer and the fourth | ayer, = e
form ng region constituted of a surface region of the fm gu Diﬂ
sandwi ched by the second region and the third region, t o tor

havi ng; (B-1) source/drain regions cons;?ﬂ&?ed_of the first region and the
fourth region, wthdftdr ais Rasinad it el o & B L St 18 bOftige sur f ace

region of the thisrd region ich surface regi on corresponds to one

sour ce/ drai n r ddtidd o‘?eg?tw :‘A"(?{']'f’s‘ir}’ t§ & FEHRP i%orsra‘?%/ﬁ tDHyPR%e first
regi on and t he goirfddydrgim redqitsh of -thkd-fidet jtirmis ivtdr ednll efd ect

transi stor having;, (C=1 ate.regions constitute f the fqurth region and
a portion of t#‘ﬁﬂn{lsqhe%%&%ﬁtq%%f{gs% SRt ﬁf“fe’&% ,_(m(ré}ﬁ)r%gjc hnel
regi on constituted of paf(€-b) ghbet negionegpobnthesjunchidnufilleldene

7egi on and the T P gt e A e e Lo 1 Pt e of

regi on and the ] one source/ draln region con

a surface regi éhdbfa mertion ef dheofinste regiamdading dheidfds from one
end of the chagglidiegi on of the junction-field-effect transistor
corresponds to one source/drain the first transistor, corresponds

regi on_of
to the channel formng rEgroh 6f°?gﬁn§%c5ﬁﬁl?9aﬂ§iEFGrJgﬂﬁtFQH§§ﬁ8&FChed by
the first reg effant tradsdgtdy riagiconstaitthfdd Hf tgrrotdercsd Wasinl ai n

(52 on, const 1 Wl JHIR Y S5 AR RGP AL S e (1
conprising; (1off dhe jinste xegidrer | ayer on the surface of the first
region, and then, form ngely¢ SALEs&&BE8MArain region of the junction-
field-effect tramnsistor is constituted of the second
region which extends from one end of the channel region
of the junction-field-effect transistor and corresponds
to one source/drain region of the first transistor,
(C-4) the other source/drain region of the
junction-field-effect tramnsistor is comstituted of the
second region extending from the other end of the
channel region of the junction-field-effect transistor,
(D-1) one source/drain region of the third
transistor is constituted of the surface region of the
first region corresponding to the channel forming region
of the first tramsistor,
- {(D-2) the other source/drain region of the
third transistor is constituted of the fifth region,
{(D-3) a channel forming region of the third
transistor is constituted of the second region
corresponding to one source/drain region of the first
transistor,
(E) the gate region is connected to a first
memory-cell-selecting line,
(F) the second region is connected to a
predetermined potential, and
(G) the fourth region is connected to a second
memory cell-selecting line.



on the barrier layer, and (2) formng the first region, the third region
and the fourth region by ion inplantation in an arbitrary order so as to—

optim ze a distance between the facing gate regions of the
junction-field-effect transistor and so as_to optim ze Ie]mmmmr“ “I IM,“I
concentrations of the facing gate regi ons~&hd—t he channdl .
junction-field-effect transistor. 56. A net hod for thdfaéturing a
sem conduct or ry cell_ conprising a first transistor of a first
conductivity tgggqfor reé%ﬂ%ﬂ?%m%P WHEOF (BARPEY ofebl 3cSeEding to
conductivity typdafier 48r,i tehereiniad janction Portiocd &feifRe ttH i Shed¥n Of
a first conductiyist -.116-- current,.contraol ,, said sem conduct or
menory cell hav:axlg;% a Egm;:%?lstreg&#%\_ ESE&’&cﬁ \513‘0 di &?%é\ﬂ"‘hg a second
conductivity tygeurceydxadac megioanofc wheudtired taginmisftormdd icometiddice
region of the fips e gl Sal C regl ' h I onquctivity
type, (c) a thi lrtg 2:(131%1 g%%%&&ctﬂﬁb\glg%ﬁgg?%% %%}%e@a:%y g'g‘é%r ;tzlalg'?a)%rggblnc ¥ of the
first region anélgﬁéeed fromthe second region, said third regi on having
the first conductivity type, (d) a fourth sem -conductive or conductive
regi on forned igFa surfac of the third region, said fourth region

regi on e
forming a rectifirér juncth é%ﬂﬁEQRﬂuQﬁQW1W?ﬂ??YHQQﬂieﬁﬁQPFd{QQ Bofifth
sem - conduct i vectaimoddycwhegeiagithe semiedntiactoUmbaosy’ e@1aN fAfirtig-
second regi ons, i ls i .orm.ng.a_rectifi.er,_juncti t oget her
with the secondhégggo%?&%ﬂdégﬁ?ggtégng?§§PBn%gﬁﬂng1Byatﬁgr&%F§t%egl°n
transi stor and efetbecthdrdr zegioner said séxtbdregienbfiorindng ayer so as to
bri dge the secopdotegiap 3afctient Bbhdthed 42LANERSOtRTrkOrlghdRs the first
region and the fourth regfon, .
a diode is formed of the sixth region and the
third region, and
the third region corresponding to the other
source/drain region of the first transistor is connected
to the second memory-cell-selecting line through the

diode.

52. The semiconductor memory cell according to
claim 49, wherein a region containing a high
concentration of an impurity having a first conductivity
type is formed under the first region.

53. The semiconductor memory cell according to
claim 49, wherein the semiconductor memory cell is
formed in a well of the second conductivity type.

54. The semiconductor memory cell according to
claim 49, wherein the semiconductor memory cell is
formed on an insulator. ’

55. A method for manufacturing a semiconductor
memory cell comprising a first transistor of a first
conductivity type for read-out, a second transistor of a
second conductivity type for write-in, and a junction-



the first transistor having; (A-1) source/drain regions constituted of the
second region and a surface region of the third region Wnlmu m [N
i s sandwi ched by the first region and the fourth region, f( ﬁ nﬂgmmﬁm)
form ng region constituted of a surface rﬁqion of the first r%egiton® s *

i

sandwi ched by the second region and the {7 A region, the second transistor
having; (B-1) shiskdlefffect recamsitsttonsof tat £iirof ddedddt Heiteotyse afrt he
fourth region, (%_}Bxczfg a glaél,élﬁ formng region constituted of a surface
region of the t 5 Ipééfdh th surface -117- region corresponds to one
source/drain regi on of theifli semitoaductbrr memdriyscedddhavtiadg;by the first
region and the fourth regiLon : hedhunekian-fikeld-af tect | gtor
having; (C- 1) gate regiogé?cgngggfgtg gfgkhgﬂf%?ﬁk F% ﬁgﬁ g%gigapgrtion of
the first regi dedend mpndctivity reypon, (C 2) a channel region

constituted of part of tpg)SgceBdonaIkeRiSaBHELERedebyrt BBnfibtviedi on and
said portion of the first fegion, (C3) one source/drain_region constituted

of the second r&fR v?rﬂ’ﬂ??‘%ﬁ‘érﬂjssm?’f%ﬁ%nreewcﬁf the | T@EHPRN of
the junction-fisedilt efdssnid trreficors (o rm@itey oI @SPOFSr tPurdiei G0 WS elidd N

Const it ut ed of I SHERRGT MRendi g from the ofher end of the

channel region of the jufc)i anthirlidsemifeonductivesregionaifdrmetihdd a

conpri sing; (1>th€§£&& gJﬁxPacIf 'He | AU %4% Siid .aégatfgd Ao 'tf.ﬁ%

region, and then, formn e gate regron on e barri ayer, an 2)

form ng the fimgecandyinagiahe sflebighird region having a first
conductivity type,

(d) a fourth semi-conductive region formed in
a surface region of the third region, said fourth region
having the second conductivity type, and

(e) a gate region shared by the first
transistor and the second transistor and formed on a
barrier layer so as to bridge the second region and the
third region and so as to bridge the first region and
the fourth region,

the first transistor having;

{(A-1) source/drain regions constituted of the
second region and a surface region of the third region
which surface region is sandwiched by the first layer
and the fourth layer, and

(A-2) a channel forming region constituted of
a surface region of the first region sandwiched by the
second region and the third region,

the second transistor having;

(B-1) source/drain regions constituted of the
first region and the fourth region, and ’

{B-2) a channel forming region constituted of
a surface region of the third region which surface
region corresponds to one source/drain region of the
first transistor and is sandwiched by the first region
and the fourth region, and



region and the fifth region by ion inplantation in an arbitrary order so as

to optim ze a distance between the facing gate regions of
junction-field-effect transistor and so as to optim ze i n*)unmmlulmluumm
concentrations of the facing gate regions and t he channel
junction-field-effect transistor. ~115

the ]unctlon-fleld—effect trans1stor having;

(C-1) gate regions constituted of the fourth
region and a portion of the first region facing the
fourth region,

(C-2) a channel region constituted of part of
the third region positioned under one source/drain
region of the second transistor and sandwiched by the
first region and the fourth region,

{C-3) one source/drain region constituted of a
surface region of the third region which surface region
extends from one end of the channel region of the
junction-field-effect transistor, corresponds to one
source/drain region of the first transistor, corresponds
to the channel forming region of the second transistor
and is sandwiched by the first region and the fourth
region, and

(C-4) the other source/drain region
constituted of the third region extending from the other
end of the channel region of the junction-field-effect
transistor,

said method comprising;

(1) forming the barrier layer on the surface
of the first region, and then, forming the gate region
on the barrier layer, and

{(2) forming the first region, the third region
and the fourth region by ion implantation in an
arbitrary order so as to optimize a distance between the
facing gate regions of the junction-field-effect
transistor and so as to optimize impurity concentrations
of the facing gate regions and the channel region of the
junction-field-effect transistor.

56. A method for manufacturing a semiconductor
memory cell comprising a first transistor of a first
conductivity type for read-out, a second transistor of a
second conductivity type for write-in, and a junction-
field-effect transistor of a first conductivity type for
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current control,

said semiconductor memory cell having; -

(a) a first semi-conductive region having a
second conductiﬁity type,

(b) a second semi-conductive region formed in
a surface region of the first region, said second region
having a first conductivity type,

(¢) a third semi-conductive region formed in a
surface region of the first region and spaced from the
second region, said third region having the first
conductivity type,

(d) a fourth semi-conductive or conductive
region formed in a surface region of the third region,
said fourth region forming a rectifier junction together
with the third region,

(e} a fifth semi-conductive or conductive
region formed in a surface region of the second regions,
said fifth region forming a rectifier junction together
with the second region, and

(f) a gate region shared by the first
transistor and the second transistor and formed on a
barrier layer so as to bridge the second region and the
third region and so as to bridge the first region and
the fourth region,

the first transistor having;

(A-1) source/drain regions constituted of the
second region and a surface region of the third region
which surface region is sandwiched by the first region
and the fourth region,

(A-2) a channel forming region constituted of
a surface region of the first region sandwiched by the
second region and the third region, ’

the second transistor having;

{(B-1) source/drain regions constituted of the
first region and the fourth region,

(B-2) a channel forming region constituted of
a surface region of the third region which surface
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region corresponds to one source/drain region of the
first transistor and is sandwiched by the first region
and the fourth region, and

the junction-field-effect transistor having;

(C-1) gate regions constituted of the fifth
region and a portion of the first region facing the
fifth region,

(C-2) a channel region constituted of part of
the second region sandwiched by the fifth region and
said portion of the first region,

(C-3) one source/drain region constituted of
the second region which extends from one end of the
channel region of the junction-field-effect transistor
and corresponds to one source/drain region of the first
transistor, and

(C-4) the other source/drain region
constituted of the second region extending from the
other end of the channel region of the junction-field-
effect transistor,

said method comprising;

(1) forming the barrier layer on the surface
of the first region, and then, forming the gate region
on the barrier layer, and

(2) forming the first region, the second
region and the fifth region by ion implantation in an
arbitrary order so as to optimize a distance between the
facing gate regions of the junction-field-effect
transistor and so as to optimize impurity concentrations
of the facing gate regions and the channel region of the
junction-field-effect transistor.
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