2128430 "A SEM CONDUCTOR MEMORY DEVI CE" The present invention relates to a
sem - conductor nenory device, and nore particuarly to a sem conductor -
menory device having a one-transistor type nenory cell in which one
transi stor and one 5 .capacitor are connected in series. A'dynanic
RAM (Random Access Menory) .is now extensive by used practice in the -
enpl oyi ng a one-transistor type nenory cell i-n which one insul-ated 98@28439
type field effect transistor 10 (hereinafter referred to as a

"M SFET")and one capacitor are connected in series. A theme on the
nanufacrnrlng technol ogy of this dynamc RAMis to reduce to the utnost the
occupyirg area of the capacitors of a |arge nhunber of menory cells 15

whi ch are forned on %i@m %Riﬁﬁﬁft&VICﬁs a solution for reducing
the occupying area q red to use a material of

hi gher permttivity as a dielectrie material which constitutes the

capaC|tors Prevsiously 20 a silicon oxide fil mhas been common, as the
dielectric material put intofh R¥¢TeRt u‘s‘é"e‘ﬁl‘?"s rhRkefertet & G9! ace

t hi t | with tride filmof h ttivit |
e g o err) 5. obieEl: BT devlte! S Btaidiad st of "

the silicon oxide f'érgeﬁlﬁkéﬁﬂé%bé e%gf§]éév1ce having a one-transistor

type memory cell in whlch one tran51stor and one

K,; 5 | capacitor are connected in series.
A dynamlc type RAM (Ramdom Access Memory) is
now extensive by used practlce in the RAM
employing a one-transistor type memory cell in which
one insnlated gate type field effect transistor
10 .(hereinafter referred to as a'“MISFET“)and one
capacitor are connectedlin series. A theme on
the manufacturlng technology of this dynamlc RAM
is to reduce to the utmost the occupylng area of
the capac1tors of a large number of memory cells
15 -Whlch are formed on a semiconductor substrate. As
a solutlon for reducing the occupying area of the
capacitors,'it is considered to use a.material of
. : higher pernittinity as a dielectric material
which:constitntes the capacitors. Prevsiously
20 a silicon oxlde fllm has been common as the dlelectrlc
material put into practlcal use. It is considered
to replace this material with a_silicon nitride

film of high permittivity. The silicon nitride



substantial decrease in the occupying area relative to that of the
conventional capacitor 5 enpl oying the silicon oxide filmcan be
expected. As the result of experinmental. researches, we have di scovered the
probl that, when a capacitor is fornmed on the surface of a sem -
cond(i§Fph substrate by enploying the silicon 10 nitride filmas the
di el Ic material between the two el ectrodes of the capacitor, the
surfaCe state of the sem conductor, substrate surface changes to vary the.
val ue of capacitance of the_caﬁac?tof, i n accordance with the.magnitude and
15 polarity of a voltage applied across the el ectrodes. Mre .
specifically, our expernental researches have revealed that, in the cese
where a silicon oxide filmis formed on the surface of a sem conductor” '
substrate 2G4 Holf " HorMi it Unicl 58 2nsuk! aaARAL! thdg T11m So as to
| he di e ic-Ti

use both the ns as _ ect iT'mof a capacitor, unfavourable
carriers argfag¢hdnsiatiedn Bxdde F1ngJ0aea bRingdtonwhiendgel ectric filmin

accordance with the nagnitude and polarity of the applied 25 vol tage, ,
and they chaupetiantidladecileadee incthe ocRtlpytiag auwleat rate surface, thereby
produci ng -3- avariation-with-tine in the value of capacitance of the .

capacitor. relatime & dhat afhehealconventiapadi capaeisort he capdacitor is
|iable to cause a soft error or mal function-of -~ = :
5 employing the silicon oxide film:can_be expected.
As the resﬁlt of exéerimental reseatches,
we have discovered ﬁhe_problem-that,lﬁhen a
eapacitor is formed on'the.sﬁfface o£ e_semi—
conductor substrate by employing the silieon
10 nitride film as the dielectricﬂmaferiel between =
the two electro&es of.the capaciter;.ihe surface
state of the semiconductor.substraﬁe surface
changes to vary the_valﬁe 6f capacitance of the
capacitor, in accordance with'the magniﬁude and
15 polarity ofsa voltage applieﬂ across the
electrodes. Moreespecifica;ly, our expermental | <
researches have reveaied that, in the.case where
a silicon oxide film is formed on the surfaee of
a semiconductor substrate and is fuither_overlaid
20 with a silicon nitride film so as to ﬁse both
the-films as the dieleetric film'of a eapaciﬁor, | .
unfavourable carriers are accumulated.in a trap
region formed in the dielectric film,in accordance
with the magnitude and polarity of the applied
25 voltage, and they change the state of the semi-

conductor substrate surface, thereby producing



a nenory device, and results in linmiting the lifetine during 5 which the
menory device perfornms normal operations. The present invention has Ae#
made on the basis of the finding of the above referred to problem ~
vol t age- dependency involved when a dielectric filmof high permt-~Fity
s used. 10 - It is an object of the present invention to prevent
the deterioration_of characteristics attriputed to the voltage-dependency
in a nmenory device having a nmenory cell in which a data storage capacitor
is formed of a dielectric filmhaving a high permttivity such as silicon
15 nitide filInVaHRmHythime dh dhrectalofe tafe qarastihanaey @ft ithe there
i's provi ded a cHidSHBRICt OFhd BRIV DatdDH G ftdBfh1ale fMRidPaSiWa e oFf the
sem conduct or substrate,.sqgﬂggfngéy devi ce including:- 2 . (a) a
memory cel | wifRBRF A udes § &° SR GPito RN fF e lfwgtdon
M SFET and a < onemperyajmdidey amsihirksatlrsagan daipeict ey tden sl iftdtigneolduaing
sem - condugct Qr; [ , ] uGt '%Wﬁit e, a.silicon nitride film
f ar med ovégr: g'Shs{ur at((::igé 0 enioalﬁgraseﬁ%%orc?f% c_’or_ O?rtenballo%pearna ¢ nduct i ve '
| ayer formed over said élfhﬁ_ @resant ildwentinn hes desn nade ashitdte basis
coln[lect ed go gma &l Ofndidid Serdms W@éf&r}rﬁ!ﬁ Mlﬁﬁmﬁldﬁzo@tﬁﬁ@al
vgl t age and,; . (c), a termna hich is connected to . the other
end of said séf‘?‘%ﬁs"‘%ﬁﬂﬁ%@t’?(‘ﬁhvﬁéj WRATCIR SELIE ot i F (T an iR T rsy
end of said seriwitydmardedn so that a voltage of said storage capacitor
to be stor e, betveen saifh S GO JRURD AR 4RAANGH (g ! aver
X,/ © prevent the deterioration of characteristics attributed to
the voltage—dependency-in-a.memory device having a memory

cell in which a data storagé capacitor is formed of a
dielectric film having a high permittivity such as silicon

15 nitride film. . _

According to a first aspect of the present
invention there is proviaed'a semiconductor memory device
- formed at a major surface of a semiconductor substrate,
said memory device including:- .

20 - (a) a memory cell which includes a series _
connection consisting of a switching MISFET and a storage
capacitor, said storage capacitor consisting of a semi-

p conductor region of a semiconductor substrate, a silicon
nitride film formeq over a surface of said semiconductor
25 region, and a conductive layer formed over said silicon
nitride film; | - o
{b) a bit line which is.cbnnected to one end of
- ' said series connection and which supplies a signal voltage
and; . .
. 30 ' (c) a terminal which is connected to the other
. end of said series connection and which supplies a voltage
to said other end of said series connection so that a
voltage of said étorage capacitor to be stored between said
- semiconductor region and said conductive layer may become
35 smaller in an absolute value than the signal voltage -
supplied to said bit line.



35 smaller in an absolute value than the signal voltage supplied to said
bit line. . -4- According to a second aspect of the present invention
there is.provided a sem conductor nenory device formed at a major surface
of a s"ﬁhonductor substrate, said nenory device including: 5 a
nennr$\§§V| whi ch includes a series connection-conprised of a swtching
- M SFE d a storage capacitor connecfed Tn series, said storage capacitor

bei ng conprised of a flrs .conductive |layer for sen1conductor
region of a senicondﬁSFSF Ugsg?a?e?egog I?%Bﬁcﬂ??F %g fPFﬁ?T@ formed over
sai d firstinwﬁdutonvehaneLsapdouiéeéoadsemhdqndhceorayemofprdedloaer ald

silicon nlk&fﬂeafakg§ mﬂﬁbﬁ %BPE?EQiBP ssssﬂ ?SgtBP gassﬁpgtgf S21 8w

series connection._a ies a S|gna tage havi
predetern1ﬂ%ﬂ°ﬁ¥gﬁeYé9§l1WCFPQHHQ& predetern1ned | ow | evel 15 [err] to said

- nmenory sell; and a termbmaﬁymbemF WEléﬁnﬂﬁﬁlﬁde%OatBérQéBﬁépﬁﬂéc@i?ﬁal?h
series conpnection and_whi ¢ e - tage_[e ich is.greater an
VL but | ecSotRERSeA 95 dLE i SRR CRACEH ARE e LFERLaEE FRRRFIROED that o |

"~ vol t age [ecoynecteélunsserags,zeaidpatbregetoapacstoreuebagmeempsasddfirst

conducti vekayes; agd éahauéeeead1§ga9ueakmsﬁleds& 828R 88RaLEEoBPSO! UL €

val ue than the a ute val ue _of Accordlng‘
to a th|rdr%Sb@Et°5fatﬁ@meegéﬁFt25 FHQEHF?Bﬁrtﬁe$é1F§°Br6%FHé@eaf11m -

Sen1COnﬂUCfGfmé&n66¥rd§dhaef1rst conductive layer and a second
conductive layer formed over said silicon nitride film;
| a bit line which is connected to one end of said A\
series connection and which supplies a signal voltage having
a predetermined high level VH and a predetermined low level
15 VL to said memory cell; and :

a terminal which is connected to the other end of

said series connection and which supplies a voltage V, which

P

is greater than VL-but less than VH tos said other end of

said series connection so that a voltage V. of said storage

20 capacitor to be stored between said first 2onductive layer
and said second conductive layer has a smaller absolute
value than the.abéolute value of VH-supplied to said bit
line. o

‘According to a third aspect of the present

25 invention there is prbvided a semiconductor memory device
formed at a major surface of a semiconductor substrate,
said memory device including:

o a memory-cell.which includes a series connection
comprised of a switching MISFET and a storage capacitor =

30 connected in series, said storage capacitor being comprised
of a first conductive layer formed over.a semiconductor : +
region of a semiconductor suwstrate, a silicon nitride film
formed over said first conductive layer and a second
conductive layer formed over said silicon nitride film;

35 a bit line which is connected to one end of said

series connection and which supplies a signal voltage



formed at a mpjor surface of a sem conductor substrate, said nenory device
including: a menory cell which includes a series connection conprised of a
switching M SFET and a storage capacitor 30.connected in series, said /4
storage capacitor being conprised of a first conductive layer forned / €
sem conduct or region of a sem conductor substrate, a silicon nitride film
formed over said first conductive |ayer -am@ & second conductive | ayer

formed over said silicon nitride film 35 a bit line which is
connected to da¥iagdaobrededesarined oamigen wnlandtwhsaﬁdsmppbrgscelsugnal
vol t dge -4@ng having a predeterm ned nmaxi mum val ue to said nenory cel

and &t erm nal which. is connected to the other end of said series
connection and whi ch sufpfeERizajomhigd d§ sannested; ker thadoshesarndsefi es

connection SOshhdtsbh&eﬁObb&gécthhea&HOMQﬂchys&@pdlébohagalﬁagéctboéaha

th it d bstantia ess in.a ute n|t de
?Lane{hgoigx:#&%&swﬁﬁgakﬁvgﬁ d S%%éFSVSPP§§§¥§SBpFPe&th ghFdVB Ean 10
Acgcording to @ef§@prhdabwesaldfSKheageegapacuMmenusoaltherep051pn05|ded a
Se”‘CondUCtorn@%ﬁ?&¥edSKHC§uBQEgB@1 ﬁl q%bgr iAUEHAGEuRE ﬁa%ﬂgg PdEBEgr

substrate, said nenory device incl u a) a storage capa orne
tkherein, saidths Béﬁ&EPWoFWH&9|ﬁQ §h§aFP9§ﬁ1eW8éFPEGe§UEH igd teaseid
silicon nitri gdetf timelocat ed therebet ween;

10 According to a fourth asbect of the present
invention there is provided a'semiéonductor memory device
formed at a major surface of a semiconductor substrate,
said memory device including: '

(a) a storage capacitor formed therein, said

15 capacitor having a pair of eiectrodes and at least a silicon

nitride film located therebetween; |

(b) a terminal connected to a first electrode for
applying a specified voltage thereto;

(c) means for applying either one of two logic

20 level voltages to said second electrode;

whereby said specified voltage has a relationship
with the two logic level voltages that said capacitor can
store either a positive voltage or a negative voltage

&;/ depending on which logic level voltage is applied to

25 second electrode.

According to a fifth aspect of the preSent
invention there is provided a semiconductor memory device
formed at a major surface of a semiconductor substrate,
said memory device including:

30 - (a) a storage capacitor forméd therein, said
capacitor having first and second electrodes and at least
a silicon nitride film formed between said electrodes;

(b) a terminal for applying a first voltage to
the first electrode;

35 (c) means for applying one of second and third
voltages to the second electrode;



(b) a terminal connected to a first electrode for applying a specified
vol tage thereto; (c) neans for applying either one of two logic 20 |evel
_ sai d second el ectrode; whereby said specified voltage has a
relationghily with the two | ogic |evel voltages that said capacitor can
_ >f a positive voltage or a negative voltage dependi ng on which
l ogic level voltage is applied to 25 secabd-el ectrode. According to a fifth
aspect of the present invention there is provided a sem conductor nenory
device fornmed at a nawbersunftbe absalséri veddecodr thebzesaltantai d nenory
devi ce i ncl ) tReS a bkOR£f in, sad
capaci tor hggFgg F.?EPlaﬁﬁ gggg%% tﬁecEQE ggegﬁgeﬁbg égsehgegF% % nltﬁgﬂe
filmfornmedcpepRétArsaBdsSBALEeFolBaN EBP abselwtravaiue QSpFVPng a first

vol tage to ahgfétéﬁbeebeehéedethaSsecond and eahraeaastsgésapplylng one of
- second agd third volt secon rein the

absol ut e®val ue of the%ﬁgsﬁFﬁﬁﬁP vBVER éogpﬁﬁlgdngyrggdeﬁgrf§ggeF8ctrodes
of the storggeatapadetaili byswakl of ekampfleewidlbbolrefereakeetof thke

di fference ae .S d Ql.tages. 5 The present
.dnvention m??%waggnggﬁaegggggnggln%g%gg#ér det ai | % way of exanple with
‘reference to the accoRpaRyeng éﬁaﬂnﬁ§§tlﬂﬁéﬂewﬁew showing the

structure of a preferred form of a memory cell in a

10 semlconductor memory device;
Flgure 2 is an equlvalent circuit diagram of
the memory cell shown in Figure 1; . '
Flgure_3 is a graph show1ng the relatlonshlp

and the change AV of the

between the stress voltage V FB

15 flat band voltage; _ .
Figure 4 is a graph showing the relationship

S

between the stress voltage V., and the time T for changing

S

'AVFB to a predetermined value;.

Figure 5 is a circuit diagram showing a
20 preferred form of semiconductor memory device;



Figure 1 is a sectional view showing the structure of a preferred formof a
menory cell in a 10 sem conductor nenory device; Figure 2 is an eqU|vaIent
circuit diagramof the menory cell shown in Figure 1; Figure 3 is
‘showi ng the relationship between the stress [err] and the change [err
the 15 flat band voltage: Figure 4 is a ggaph’shomﬁng the rel ations
between the stress voltage [err] and: the fine T for changi ng AVFB to a
predeterm ned value; Figure 5 is a circuit diagram show ng a 20 preferred

f.orm of sem conductor nenory device; 5 and Figure 6 is a graph to assi st
i n-eXpl ai ning thapgperation of the circuit shown in Figure 5. 'Figures 1 and
2 shefv an embodi nent of a 5 dynam ¢ RAM according to the present

i nvention wherein a seri gdguirecéi iscangiraphngoohssisei inherplMifERg and a
storage capacitor is forned as a nenory cell on a sem conductor substrate.
First, the nenor gheebpepatiionnofi kthebeidesdti Bbdwni iih Figurer Sference to
Flgure 1. Wth reference to Figure 1, letter C designates a part where the
st orage capacitor of theFiomyep derndi 2 sbpwean embodimest Qﬁd95|gnates a

part where the sw tching N-channel M SFET :
5 dynamic” RAM accordlng to the present invention

) wherein a series c1rcu1t eop51st1ng of a switching
MISFET and a Storage capacitor is formed as a
l’} : 'memory eeil on a semicbnduetor substrate. First,
| tﬁe memory ce}l portion will be described with
10 . reference to Figﬁre 1. |
With reference to Figure 1, letter C
designates'a ﬁart where the storage capacitor of
the memory cell is formed; and letter Q designates
a part wgere the-Switchiné.N4chapne1 MISFET
15 connected in series with the capacitbr.C is
formed. The switching MISFET Q includes a thin
'-gate insuiator film 10 which is formed on the
'umejor surface of a P—type'semiconductor_eubstrate
"?i,'and a'gate electrode li'which is formed'thereon.
20 iA P-type 51ngle crystal 5111con substrate hav1ng,
e.g. the (100) plane surface, is used as the
'substrate 1, and a silicon oxide (si0,) film is
used as the gete;insﬁlatorlfilm,lo. In addition,
a polycrystalline silicon film is used as the
25" gate electrode 11. In the substrate 1, Nt -type
eemiconductor ;egione 8-ahd 9 are formed so as

to define the channel region of the MISFET Q.



15 connected in series with the capacitor Cis forned. The switching

M SFET L. ncludes a thin gate insulator film 10 which is forned on the

maj or ace of a P-type sem conductor substrate 1, and a gate el ectrode
.11 whicWifs forned thereon. 20 A P-type single crystal silicon '
substrat¥® having, e.g. the (100) .pl ane surface, is used as the substrate 1,

and a silicon oxide [err] filmis 2 gs?d_as the gate insulator film10. In
addi'tion, a polycrystalline silicon filmis used as the 25 gate
electrode 11. In the substrate 1, N -type sem conductor_regions-8 and 9

are forned so &t thesenregdionsh ARaNatefsofWraehang sratngregiong, Bot h
these regions operate as source and drain regions, or drain and source .
regions. The cdfad%d® FRd SARTCHFLHPMN -t ype senmiconductor region 7
which is formed adjacent_.the 5 . sem cqonduct region & gperating as the
drain or source region. %hﬁich’fié:g‘ﬁﬂf PHF g-é’&gg’-‘mbﬁe Y§€cupyi ng area

I n accordance ';p %ﬂﬂﬂﬁi I sSqUIsr £ It and forns
one el ectrode \(I)% ‘%ncapam% (?%Cg%l _ '}."%ﬂféﬂj.lse %%#3@%%%3‘%%?‘ e film2 *
is formed on t he@iddhckor Higion d bRty fdd Pres dralionded sbarksl i eve
a stress on the substrate surface ascribable to the -difference of the _
coefficients ofrddisrel midRANSdibn 7 has a predetermined occupying o

area in accordance with_a capacitance value required
of the capacitor, ahd forms one electrode of the o
 capacitor. |
10 A thin silicon oxide film 2 is formed on the
region 7. This silicon oxide:film is_intended to relieve
-a stress on the substrate surface ascribable to the
*difference of the coefficients of thermal expansion -
of a silicon nitride (Si3N ) film to be formed thereon
Is5 and:;hé substrate 1, in order to prevent crystal
deggfzs from developing. | _
A silicon nitride_film 3 is formed on the
silicon oxide film 2. Furthermore;_a thin silicon {;/'
oxide film 4 is-formed on thé silicon nitride film 3,
20 and a counter electrode 5 of _tﬂe capacitor is formed
of éolycrystalline silicon thereon. The counter : -
electrode 5 is opposite the region 7, and has an
occupying area substantially equal to that of the
latter. This electrodé 5 may well be formed integrally
25, with a wiring lead which extends on the semicohdﬁctor

substrate. A thick silicon oxide film (field silicon



of a silicon nitride [err] filmto be fornmed thereon 15 an
-1, in order to prevent crystal defects from devel oping. A S;LZ n nitride
film3 is formed on the silicon oxide film 2. Furt her nor e\ hin silicon
oxide film4 is fornmed on the silicon nitride f|In13, 20 and a counter
. electrode 5 of the capacitor is fornmed of polycrystalline silicon thereon.
The counter electrode 5 is opposite the regi an 7, and has an occupying area
substantially equal to that of the latter. This electrode 5 nay well be
formed integral.l : rin ead whi ch extends on the semi conductor
sulistrate. A9 fﬁﬁ%k%gﬁm énléx@bémF Ihﬁfﬁ?@PdFEQ|9§&& formingo%FGéOPﬁln) 6

i s ¥6r med between the I r Ion this str, he _silicon
~nitride film3 having a |§ﬁ%p§%%§€t|%|fy%h§ ﬁ&ﬁ@ﬂn § élgpeétrlc

filmof the taRa%q & nigh PRFni'thevaequRRYLAG1RLRA Oh ihet 38 G3REL LOT

form ng portion C'can bé reduced ' n“one §°1 i con At T Il m may
be formed di Faqw BoRHeh@apR@iebr] eb thats¢hst b%fc%p%;ylnésa%ﬁ%tbed above,
fowever, when the silicon nitride filmis fornmed directly on the surface of
“the regi ob 7theheagiakfitoencerafingh@ot@ionctf icanebles retiubléar malrnespansi on of
the silicon substrate and the silicon nitride filmincurs a thermal strain
< n the surfadersf thiee sdilliiconnnitiriieatfélin may bei formeldodtirekbe1gr pat al

defects therein. It is therefore preferable to formthe silicon nitride
(Si 3\4) the region 7 of the substrate 1. -As described above,

U

‘the substrate

however, when the silicon nitride film is formed directly
on the surface of the region 7, the difference of the
10 coefficients of thermal expansion of the silicon
suhstrate and the eilicon.nitride_film'ihcurs a thermal
strain in the surface of.the.silicoh substrate 1 and
.brings'about the crystal defects therein. It is
therefore preferable to form the 3111con nltrlde (Sl 4)
15 film 3 through the 5102 film 2. Moreover, -in the case |
where the SJ.O2 film is not interposed, the interface
characteristics become unstable, and quantitatively,
W the flat-hand voltage VFB is chenged to cause
variation-with-time in the capacitance (C) - voltage
20 (V) charaoteristic. Furthermore, a leakage'current
takes place, and the breakdown'voltage is reduced.
It is therefore favourable to form the Si,N, film 3

374

o _ through the SlO film 2.

2



15 film3 through the [err] film2. Mreover, in the case where the [err]
filmis not interposed, the interface characteristics beconme unstable, and
quantitatively,~the flat band voltage VFB is changed to cause .
variation-wi ¢'hy g7 in the capacitance (C) - voltage 20 (V) characteristic.
Furt her nor e, \a”t gakage current takes pgace, and the breakdown voltage is
reduced. It herefore favourable to formthe Si N film3 through the

[err] film2. 8 I'n the above described nenory cell device, a term nal
[err] is connected to the electrode 5 of the capacitor C A specified
voltage [err] is applied through this terminal [err] As 5 i1 lustrated

in Figure 2, the voltage [err] is determ ned according to a voltage whi ch™"
is applied to a bit |inelfdthe above desoribed pemenyrgell| deviemect ed
thereto, in correspondence with the logic_level "1" or "0" of data.

Letting [err] 102 temsipat Ppelgorerpectsdite Fheielegtredepd applied to .

the bit line BL, gnd VL denote thg voltagg of thg Iogic "o, the voltage

[err] is deterni REJERG FABRELFATiGnship Ppegified voltage Yarticular, to a

the end of | yi, I i . for.b t he it d ti

Silansof & vol 1 S48 aRPLRer < EaraReR Rhe  ePhubFL cRutc: P substrate | o

el ectrode of tk LiQr:C, N Oht [ sgyoul d desirably be set .
5 De168PRGELA ifr Pi8Rr¥Ob! A0Re [$E1tage GP ad

at
| ‘is determined according to a voltage which is
applied to a bit line (data-liné)'ét wifh thé mémofy_
cell connected thereto, in Correspbndehce with the-
logic levél "1®" or “0“_of-dataQ Létting Vﬁ
10 denote the v01tage'of.the'logi¢ "1l" to be applied
to the bit line BL, and VL denote the voltage
of the logic "0", the fbltage vy

by the relationship of VL <Vp < Vﬁ; In

particular, to the end of applying equal voltages

is determined

15 for both the positive and negative signs of a
voltage which is applied tb the semiconductor
_s;bstrate'elecfrode 7 of the capacitor C, the ~

LvBltage v should desirably be set at

P _ .
. Vg T+ Vo
VP = = By way of example, when the

20  voltage of the bit line BL changes between VH = }5 v -

and VL = 0V, it is desirable to set

VP' = +2.5 V. In the case of setting V, = +2.5 V,

a voltage Vg which is applied across both the

electrodes (5, 7) of the capacitor at Vy = +5 V

25  becomes +2.5 V, so that the substrate electrode



By way of exanple, when the 20 vol tage of the bit Iine BL changes
between VH = +5 V and [err] it is desirable to set In the cage:pf setting
[err] a voltage[err]which is applied across both the electr (5, 7) of
. the capacitor at VH = +5 V 25 ‘beconmes +2.5 V, so that thg Substrate
electrode = -9- 7 is positively biased with respect to the Stbstrate 5.
Conversely, the.voltage Vs appli‘ed %cross ‘both the el ectrodes of the ' ,
capacitor at.VH.= 0 V becones -2.5 V, so that the substrate electrode 7 is
5 negatively biased with respect to the electrode 5. As a result of the
above, ..the voltage V to be applied across both the el ectrodes (5,7) of

t h&=capacitor .C (hereinafter, this voltage will be referred to as the
"stress vol tagej)id pdLirel Hihsed witdestedtOtd M ffibdtia el t ages
of both the positive and negative signs.  The reason therefor will be _
clarified fromsghe corpesrsl Wettie Pioltagd iV StappiE dih \eors3 Beited that the
15  follow ng phenonenon arises in the capacitor C which uses the silicon
snitride film asthdeekbactmmies of ithe dappoitdy izt &.gragh Elhedones he resul t
of an experinment which was conducted on the relation- 20 shi p between

‘the'stress vol tages [\pf 'do Ahe hd |fbstrate electrode 7 is

5 negatively biased with resbect to the electrode 5.

As a resuittf'the above , .the voltage Vg
_ i o té be apﬁliéd across Both'thé elecﬁrddes (5,.7) of.
the capacitor C (hereinafter, this voltage will
be referred to as the "stress voltage") is rendered
10 . as small as possible for the ﬁoltages of both |

the positive and negative signs. The reason

STy

therefor will be clarified from the ensuring

_déscripﬁion. |
First, we have discovered that the

15 '_follbwing phenomenon.arises in the capécitor C which
‘uses the silicon nitride film as the dielectric
_€ilm. | -

s Figure 3 is a graph showing the result of
- an expérimént which was ¢onductéd pn'thé relation-

20 ship between the stress voltage V. (V) and the flat

s
. band voltagelvpg (V) serving as an indicator for
a surface charge state.' as to the cépaciLor"
structure wherein similarly to.the dapacitor o
shown by the embodiment of Figure l,'én Si
25 substrate was successively formed thereon with Sio2

£film Si3N4 film, SiO2 film and a polycrystalline



band voltage VFB (V) serving as an indicator for a surface charge state,

as to the-capaci or structure wherein simlarly to the capacitor C shown by.
t he embodi¥rnt of Figure 1, an Si 25  substrate was successively forned

t her eon "pw SIS filmJ[err] film [err] filmand a polycrystalline = -10-
silicon I@ r. The positive stress yvol{gqge [err] denotes that the _
sem conductor substrate el ectrode 7 becones a positive voltage.w th respect
to the electrode 5, whereas the negative stress voltage 5 [err]

denotes that the substrate electrode 7 becones a negative voltage-with
respect to the electrode 5. In the above experinent, the thickness of the; -
silicon nitride film3 was 180 R, and that of the uppernost silicon oxi de’ ™
filma4 was 20 [ersilikbn layern.herThe positivensshrass vol tagethost silicon
oxide film2 was vaired between the values of 110 [err] [err] The stress

vol tage [err] wadepfidsedhat rthen samronduetor gubstraha eleghnrde A B and
Cin Figure 3 correspond to sanples in which 15 the | owernost silicon

oxide films [err]? RacOUas @ RIFLEIVE SLQEATS HiLth AesReSi(hutdt® in Figure
ool oD, en Lhe S ISald 205 Lott] Slees e Lt bt sl ege [err]
contrast, ghe flat fand 0dae UL Jubilfe | AR PGSR 1200
_a negative voltage with-respec; to the electrode 5.
In thé above experiment,.the thickness of {
the silicoﬁ nitride £ilm 3 was 180 £, and that of
‘the Eppermost.silicon oxide film 4 was 20 ):
10 Fqéﬁ}er, the.thickness of the lowérmost silicon
oxide film 2 was vaired.beﬁﬁeen the.QaIués of 110 &,

150 B and 210 8. The stress voltage V. was

S
appiied at room temperature for 1 minute. Curves A,
B an& C in Figure 3 correspdnd_to saméles in.which
15 -the.lqwermost_silicon oxide films (Si0,) were
- 110 8, 150 & and 210 § thick, respectively.
e As illus;rated in Figure 3, even when the

stress voltage V changes,fthe_flat band voltage

S
Vop does not change and is substantially flat in
20 a range R1; In cbntrast, the flat band véltage
vFB varies for higher stress voltages Vg, and it
deviates from the flat state outside the range R,.
Upon further studying the above phenomenon,
we have_observed at a measurement temperatqre of
25 125°%¢ the relationship between the positve stress

voltage Vg (V) and the period of time T (minutes)



deviates fromthe flat state outside the range RL. Upon further studying

t he above phenonenon, we have observed at a neasurenent tenperature of 25
[err]. the relationship between the positve stress voltage [err] (V) and -y
the period of time T:(mnutes) - 11 - in which AVFB changes o
predet erm ned val ues (here, 30 nV and 100 mV). Figure 4 illustrates tHexD,
variations of [err] depending upon the stress voltage [err] A straig

line Ain Figure 4 has been obtained by ptadttisng the 5 periods of tinme
din which [err] became - 30 nv, and a straight line B by plotting the
peti‘eds of time_in which AVFB becane -100 nv in relation to the stress

vol¥age [err] |inwhichd Vg thangss mepdeterningd valyesfhere, 3Gh&Vease
Lhe. pr edet or ni 1ERE vERS RChor TEREREE (£ L uR AR A HYE TR AR AR Ao Fi gur e
fnsurating i1 ienrAeneha iy e hid s Mottdds W L A | (e
“applied vol tage}%ﬁ'%‘nﬂefntf'f%l?f%‘;?ﬁlga%tﬁé& | 56 1 e ﬁ)ﬁ?ﬁ I\iﬁiq{g e i as

stated below. 1 he case _ he silicon nitri m "a region
(trap levgl) WhpeP;bd&Pss CEAR@SEn Ivwhich ML | TbddiineQ 30 mvNardd lgn and the
«charges are stored at the trap level by t B appl i ed voltage, so that the
surface state ofttAfghen LROWIBYIpEOSindilEhe GPetiddl iol i in which

5
1

AV, became -100 mV, in relation to the stress voltage
~ | V- |
' It will be noted from Figure 4 that, with an
10 increase in the stress voltagejvs,'the period of time

in wﬁich AV?E changes to-the.predete:mined value |
‘shortens. It has accordingly béen known from Figﬁre 4
that, in the capacitor employing the silicon nitride
film as the insulating f£ilm, the operation with a lower
15 gtress voltage or lower applied voltage éhahges the
,Surfacé'state less. '
The reason for this is as stated below. In
. the.case of using the silicon nitride film, a region
:'(%fap.level) which traps charges is formed in the
20 i8i3N4'film,'and the charges are stored at the trap
 ié%e1 by the applied voltége,'so that the surface state
. - of the semiconauctor substrate constituting the
capaci-.or changes. The change of VfB results in the
change of the value of capacitance of the’gapacitor.
25 This change varies greatly in accordance with the

time of application of the stress voltage V In

s.



capaci or changes. The change of [err] results in the change of the value

of capacitance of the capacitor. 25  This change varies greatly in

“accor dan with the tine of application of the stress voltage Vs. In - -
12.- co ence, a great capacitance change is exhibited with respect to a
pr edet yhed initial value, and the function as the capacitor of the .
menory is spoilt. The cause of this &3 considered to be that the - -
stored 5 charges of the trap level w [T change with a | apse of tine.

The variation of the capacitance value, nanely, that of [err] becones

greater as the 5%?;%%5&%%%@16& Yredt9ehpats thfbeAlctdnyeo Tst R&nakeyear esul{s,

illustrated 10 gures ‘3 and 4, the function as a nenory cell can be-
increased as a rqa¥ht refsgdid reddC predeitdriiaed (9SGt iwdl kadfedPRhidedhacr 0ss
both the el ectrodes of the capacitor. In principle, the voltages for the
capacitor C 15 funttienh azolthe icapacdterr @fddhed remryraldldst speppibke
applied voltages. That is, when the voltage [err] (nmenory cell electrode

PR

vol tage) to be affihe eduse ofe tdiscisodonsidered foadiet bhat \the storedr ni nal
Pl is determined by the relationship of@hgrn] as descri bed above, 20 t he
vol tage [er¥] tocharges iafd e dsan Revedpadildochansenithdacdass 8l ow
| evel for the voltages of both palarities E%Pecialgé in the case ere the
vol tage [err] time. The variation of the apac1t ce value, namely, .
that of ‘SVFB becomes greater_as the stress voltage
is larger. o ' - ) <
As revealed from the above results illustrated
10 in Figures 3 and 4, the function as a memory cell can
bé increased as a result of the feduction in the stress
voltage applied_across both the electrodes of the
capacitor. N
) In principle, the voltages for the capacitor C
4 15 - in both polarities are rendered the smallest possible
e applied'voltages. That is, when the voltage V? (memory
cell electrode voltage) to be applied to one electrodé

of the capacitér C via the terminal Pl is determined
1By the relationship of VL_< Vo < Vg as described above,
20 the voltage VS to be applied across the capacitor can

be. reduced to a low level for the voltages of both

polarities.
Especially in the case where “he voltage VP
' vV, + V
is determined by the equation Vp = —L—E——E——

25 equal voltages can be applied. for the voltages of both

polarities.

®

L3



[err] is determned by the equation V = L H 25 equal vol tages can
be applied f.or the voltages of both polarities. = - 13 - Consider _ty way
of exanple that, in the case of operating the nenory device, the '
("1" level) VH of the bit line BLis 5V, while the |low level ( "
[err] is O V. Then, in the case where the nenmory 5 cell electrode voltage
[err] has been set at 2.5 V, the stress voltages V of the. capacitor C can
be reduced to 2.5 V in the absolute value a3 thdicated in the fol |l ow ng

table: LOG C LEVEL _ errs ilst, in the above, the jmenmpry cel
el ectrode voltage [err] ha%‘grb*?e F Wi i b %’éarb%f%gﬂﬁtfv«a’o‘,’ nﬁ'h‘%/s"%?fbl.i ed

volta@ﬁ&f[err] may. b | ect ed : | s of Yy V. age, { Whi.c :
substantially de fergr;?é?lxgés&trﬁi T}ggrl]@?ée{}g@% or’ e&kg%p%rjgﬁilne‘%fe galsevqg‘#vem)
setting [err] c | 4 t (100 g Of =y 4 + fgy%'n i case
of setting [errf@%?@f eérlﬁ %g%wb;éﬁ% irhn]?t{e%r?m'e‘trhi%h%lérgtn%%ﬁo%- 4 12 (?g + 1
V. The stress voléede) My D& Gef ectiieny tin NtRdecd 8108nd 04 FihS o i
Figure 3 within which [efr] does not rise, and the voltage [err] _may be set
at a voltage $evedll né badrexibde evdikbtaperv ] Meadilpdemnset ot | 0 'c+l\éwe_l s. 25
The present invention is also applicabl - 2 N '

, + 2.5 V, the stress voltages VS of the capacitor C can

be reduced to 2.5 V in the absolute value as indicated

in the following table:

LOGIC LEVEL V, =+ 2.5V

10 -vH=%¢5v- ........ V. =+ 2.5V

VL'=-0 V eereeeans WV = - 2.5 V..

Whilst, in the above, the memory cell

P
halved, this applied vdltage VP may be selected on

electrode voltage V has been'exemp1ified as being

15 the basis of a supply voltage (which substantially

determines the Vu levél). For example, in the case

of setting V, at + 1 V, V. can be limited within a

P S

o/ range of - 1 to + 4 Vv, and in the case'of setting Vo

s
20 to + 1 V. The stress voltage may be selected within

at + 4 V, V_, can be limited within a range of - 4 V

B the range R; shown in Figure 3 within which AV, does

not rise, and the voltage V, may be set at a voltage

level intermediate between the high and low logic
levels.

25 The présent invention is also applicable

to a silicon nitride dielectric film which has the



to a silicon nitride dielectric filmwhich has the - 14 - so-called
voltagevde endency in order to render the surface state of a sem conductor

substr gt @ %urface unstabl e, dependi ng upon the magnitude of a voltage of
t he diregfiyon of an electric field. The electric 5 field of the capacitor
portiom of /a menory cell is optimzed, :whereby enhancenent in the
reliabi Iy and enhancenent in the bregakdown voltage can be achi eved.

Furthernmore, the capacitance el ectrodes of a one-transistor type RAM can be
rendered snal |l e ich 10 is effective.for_enlarqing. the acitor of the
one;transi§?6?agﬁﬁ¥h¥?gﬁ?%?ﬁggﬁ% e%?%i%Bu?fgﬁfaggaﬁggé?fhgﬁgbove-desgribed
se conductgr ¢ JENDLYA 08 VE 6, CODRI LURAELOP BuBLpokeeSEt poodout or subsupat e
by. enpl oyi ng e 15 nenory cell's as descri bed above.- The nenory device

i ncl udes tﬂﬁsHEBPéK &@%énmﬁ?i@ﬂomgﬁumasﬁﬁﬁeé be abpyeragbe menmory cells
being arrayed in the shape of a matrix. A'sense-circuit SATs conposed of

N-channel MeSERISajeeétionhbehaseasecerioUEield. conheokigde20cby a control
pul se signal [err] Each sense circuit is coupled to one pair of - N

adj oi ni Big bieldi aesthercipaniitbéerportidndainy membrP €&ll is coupled to
each bit line, and is conposed of a MSFET Q and a capacitor C in simlar
manner to ohetimbredy whereby.erbarcementhanviheerelishpbityamnd of the

x
~enhancement in the breakdown véltage can be achieved.
Furthermore, the capécitance electrodes of a
one~transistor type RAM can be rendered smaller, which
10 is effective for enlarging the capécitor of the
one-transistor RAM.
Figure 5 shows a circuit diaqrém of the
above described semiconductor ﬁemory'aevice const;ucted
on a single semicondcutqf subétrate by employiﬁg the
15 memory cells as describe§ above. The memory device
includes the memory cell portion M-CELL reférred to
abéve, the memory.cells being.arréyed in the shape of
a matrix. A sense circuit SA 1s composed of N-channel ;\J_
MISFETs_\Q1 - Q5, which sense ciréuit_is con;rolled
20 by a control pulse signa1-¢é, Each sense circuit is
coupled to one pair 6f_adjoining bit lines §L1 and
EEI (BL2 and ﬁf;). A dummy Cell'D—CELL is coupled
to each bit line, and is composed of a MISFET Q' Iy

and a capacitor C' in similar manner to the memory

25 cell. However, the value of capacitance of the



- .15 - capacitor C of the dummy cell D-CELL is set at about 2 of that of
the capacitor C of the nenmory cell M CELL. The capacitor C can be formed
by the sanme.structure:as ‘that of the capacitor. C of the nenmory cell/ {)=-}\
described 5 above. . The nenory device al so includes word |ines _
which are coupled to the menory cells or dummy cells arrayed in the
respective rows,. an active restore circuit AC, and a precharge circuit PC
10  constructed of an N-channel- M SFEP: 6 which is driven by a control
signal [err]In this circuit arrangenment, a supply voltage VDD is set at +5
V by way of exanghpacHidgect hef sthe! qumsy t GOE1 \BATELDSiadd@ldy s fies
‘the>high | evel 15 of the logic levels of the bit Iine BL to +5 V, the

vol tage [err] tojbefappatedftthé heapaeitonlC|[ef r¢he memdryntce?l MACELIL
order to reduce the stress voltage [err] of the capacitor Cor C as
‘referred to abovEhe Thapacitonal' Riascre efoxmed ipipl the eamx tstnutt e
voltage Vp for reducing the application of the stress voltage [err] on the
capaci tor. The tasnthatsopithe caraciirriC®E thememeryreahlhdrseribad
matrix are_connected in conmmon and to a power supply [err] (not shown).
Wring for>inter2Bf¥®cting the terninals Pl can be 25 formed by a

pol yerystal line silicon hayer gL, aal JEOL1 SPLo ! 1S udls Wodd £AILL NUOUS! Y

WLy - WL6 which are coupled to the memory cells or

U dummy cells_arrayed in the fespective rows, an active
restore circuit AC, and.a;precharqe circuit PC
10 constructed of an N-channel MISFET Q6 which is driven
by a control signal By .
| In this'ci:cuit-arrangement, a suppiy voltagé
- VDD is set at +5 V by way qf éxample. Since the'supply
voltage va substantially specifies the high level Vg
- 15  of the logic levels of the bit line BL to +5 Vv, the
voltage VP to be applied to the terminal P1 is set
] . at +2.5 V, in order to redﬁce the stress voltage VS
S of the capacitor C or C' as referred to above.
The termiﬁal Pl'serves to supply tﬁe external
20 _ ”foltage VPsfor reducing the appliéation of the stress
“ ’ ' i'&pltage-vs on the éapacitor. 'The:termiﬁals P, of the
| “éapacitors'C'and C"=$rranged in the matrix are connected
iﬁ’common and to a powér supply Vp (not shown).
Wiring for interconnecting the terminals P1 can be

25 formed by a polycrystalline silicon layer at an

identical level so as to continuously extend from the



- .16 - polycrystalline silicon layer 5 (Figure 1) which fornms one el ectrode
of. each of~the capacitors C and C. Referring now to the waveform.di agram
shown in {Fi\Jure 6, [err] indicates the point-of tine-at which the 5
precharge\¢yfrcuit PC operates, and t2 the point of time at which a pair. of
predetermed word lines W. are selected to operate a specified nenory ceI
M CELL and a dummy cell D CELL correspopglifig thereto. Further [err]

indi cates the point of time at which the anplifying 10 - operation of the
sense circuit SAis started, and t the point of tinme at which the active
restore circuit pelopeysteiline silichme hmpare&t(FigmmérE»cwhiéhliwrmshe
pair of bit lines BL and BL have their voltage |evels changed e
conpl enent ari |l y,ose ehectrxedeiofil eyohtefjethdcapaditers s¢ ard dphosite to
each other are applied to the respective capacitors C and C of the nenory
cel| and the dummy cel | .R&EF@ERiINGt QW 8Ot the WRFRIQEN t $RIT3IM SSRAWR GBI t O

tnd of each of tHE %Q% €}?Qx'se@aﬁ%@é“%%@#{‘ﬁéflsmreﬁ FBEe e © O™,
descr! bed ghove, piRehLoar ARPLI 68 SELEIRd Bl oEl RSBl cime
variation-w th- téEEwRIcﬁhg FAPRACLE O Pe§éPe ARifed woPd YA E WL are_17 -
selected to.operate a specified memory cell M-CELL and-
a dummy cell D~CELL corresponding-thereto.  Further t3-. i;j
indicates the point of time at which the amplifying
10 operation of the sehse circuit SA is started, and t4
the point of time at which the active restore circuit
AC operates. As-will'be apparent from the'operation,
the pair of bit lines BL and BL have their vcltage
levels changed complementarily, so that terminal voltages
15 vSpr signs opposite to each other are applied to the
respective capacitors C and C' of the memory cell and
the dummy cell. .
- 8ince, at this time, the voltage (2.5 V) equal o
to 3 of 5 V being the high level of the bit lines is
20 applied to one end of each of the capacitors C and C*
through the terminal P, as described above, the voltage @
applied across tﬁe-electrodes of each capacitor is
render3§72.5 V in the absolute value. Accordingly,
the vaiiation—with-time of the capacitors can-be.

25 prevented.



CLAI IVB.. 1. A sem conduct or nmenory device forned at a maj or su

of ‘a senmiconductor ‘substrate, said nenory de\;“m”mm“uml ) a
cell which includes a series. 5 connection h | M FFET_af

storage capacitor, said storage capacitor havihg a fir8t EonductilyeTa
formed over a sem conductor region of a sem conductor substrate, a silicon
nitride filmformed over said first comduk?ive layer, and a second .
conductive | ayetafged 10 over said silicon nitride film (b) a bit line
which is connécted to one end of said series connection and which supplies
a si-gnal vol tage; and (@ senifdchdadtdihidmbBy COEMEES efbimed NP O B3k end
of safd series connection and which supplies a voltage to'said other” end of
" said series coweRGOPE@ tdaticondidtge sibstrdts] SHNE MG} tadvice be
stored between said first conductive |ayer and said second conductive |ayer
may becone snednekudimam absol ute val ue than the 20 signal vol tage supplied
to said bit line. 2. : A sem conduct or  nenory. device according to
cdaim 1, wherein said sifl3kch memoryiecel) iwhich ommh:dfgs aa-sﬁem@;a; oxi de
filmwhichds fornmed .on sai d sem conductor region. 25 3.

seni c'o.nductgor TRARFSF AR iR e & At ehing a“i‘%@%ra’ﬂ HFBAIA. vol t age
te‘guglal Ejot Q?H na pasé.ltqbls,l %naai!d Vsqzlc;[ra ee Ocra}_giaé/fil_é:?qaea\%nogs ea tg]iel’.[seé Ocolnsduaépt%.lvleed

layer formed over a semiconductor region of a semiconductor

Ky) . substrate, a silicon nitride.film formed over said first
conductive layer, and a second.conduétive-layer formed
. 10 over said silicon nitride f£ilm;
_(b) a bit line which is connected to one end of
'said series connection and which supplies a signal véltage;
. and |
.(c).a terminal which is connected to the other
15 end of said series connection and which supplies a voltage
to_said other end of said series connection so that a
voltage of said storage capacitor to be stored between.
said first conductive layer and said second conductive
layer may become smaller in an absolute value than the

20 signal voltage supplied to said bit line.

€

2. A semiconductor memory device according to
claim 1, wherein said silicon nitride film is formed on a
silicon oxide film which is formed on said semiconductor
region.

25 3. A semiéonductor.memory device according to
claim 1 or 2, whe;ein a voltage equal to half of said
signal voltage or a voltage close thereto is applied to

. said terminal.



-18- 4. A sem conduct or menory device fOFHEG—&L—&-ﬂE%QL_SuLiaCE of a

sem con uei r substrate, said nenory device incl nennr ceII mhlch
i ncl ud Séq eries connection 5 conprised of a Sgl ﬂ ﬂ ! 'ﬂ
storag ﬁ citor connected in series, said stor _

conpris f a first conductive |ayer forned over a sen1conductor reglon of
" .a’'sem conductor substrate, a silicon nlt i de filmformed over, said first.

~ conductive | yer and aA se%(lzv%{ld ,%&u&@&d%é@;gy'@é&{cé of Cpsal c?se}‘kach szl l'i con

nitride fil a bit IS connec t 0 one en

.connection gg@} _ av, d hi-gh
“level [err] aéa]"gr a %%%egt)gérénﬁc%“ﬁ ev %er r igt oéaggli 3“&%? ‘mﬁge andg'I’B
a term nal Wy&tudshgonnected to-the other end of said series connection
and which supplies a voltage [err] which is greater than [err] but |ess
than [err] to said ot hermefsk Pfcsbl dvlsEh ebnEDdESta esies hednrfestnidrage
[err] of said storage capacitor to be stored between said first 20

conducti v® | aympr bsetl sof ch ssebinching MISFEE andeaa $tasrage ned paritaisol ut e ¥

val ue than the absolute value of VH supplied to said bit |line. 5. A
seni conduct ozomremtsd diavi ser tesorsnhd $torage ntapagkeRipeing comprisad VL
25 2 -19- *

of a first conductlve layer formed over a semiconductor
region of a semiconductor substrate, a silicon nitride film _
formed over said first conductive layer and a second v
10 conductive layer formed ovet said silicen nitride film;
a bit line which is connected to one end of said
series connection and wh1ch supplles a signal voltage

having a predetermined high level V., and a predetermined

H
"low level-VL to said memorz'cellj and
15 . a terminal which ‘is connected to the other end

of said series connection and which supplies a voltage VP

which is greater than VL'but'less.than Vy to said other

end of said series connection so that a voltage Vs of said.

storage capacitor to be stored between said first .
20 conductive layer and said second conductive layer has a

smaller,abselute value than the absolute value of VH

%h

supplied to said bit 1line.
5. A semiconductor memory device according to
claim 4, wherein

25



6. A sem conduct or nmenory device forned:iédi?ﬁ;\7\§UTTace~of a

sem conduct or substrate, said nenory device incl @M”

= |
i ﬂ"mw' el | which
i ncludes a series connection 5 conprised.of a s H’#gwgnd -
e o

storage capacitor connected in series, said storage capacltdr in

conprised of a first conductive |layer fornmed over a sem conductor N of
a seniconductor substrate, a silicon mt¥3de filmforned over sa
conductive | ayer and a second 10_conductive |ayer forned over sai ton

nitride film®a bit |irfe SAMIGPIAGHTIERIEY AN krared At adm iar

comecti on and ich s | i es, a sjgnal. voltage having, a predetern ned
rexietum val PYREASE P hehdPisandutknr ibstrate, seid deRory RHATE | s

connected to f%ﬁﬁéﬁ#ﬁﬂ; end of said series connection and which supplies a
vol tage to sard otner’’end of said series connection so that the voltage to

be stored by said storgfqn ALT LI ivenall hﬁ%ﬂp&é%g%@hé@%ﬂﬂ&ﬁ%

.substantially less in solute 20 nmagnitude than the maximumswng I n the-

si gnal’ volg ageompPidd £ b & Witk diingd IMESFET and a s¥bsadd {4y Menmory
device forned at a major surface of a sem conductor substirate, said nenory

devi ce incl udidrriected in seriedd)s#Hi SISt AIHgE aPRsad Dol Wety tdunitisedai d
«apacitor having a pair of electrodes and at least a silicon nitride film
| ocat ed t her ebletavefirst con@fctive layer formed over a semiconductor
| region of a semiconductor substrate, a silicon nitride
|\ 3 film formed over said first conductive 1aYer and a second
10 conductive layer formed over said silicon nitride film:

" a bit line which is connected to one énd of said
series connection and which supplies a éignal voltage
having A predeterminéd maximum value to said memory cell;

" and

- 15 - --a'terminal_Which-is connected to ﬁhe other end
of said series connection ahd which supplies a voltage to
said othef end of said series connection so that the
'vcltage to be stored bj said.storage.capacitor is either
positive or negatiﬁe and-substantialiy less in absolﬁte

" 20 magnitude than the maximum swing in the signal voltage
supplied to said bit line.
7. A semiconductor memory dévice formed at a major
surface of a sémiconductor-substréte, said memory device
including: |

25 o (a) a storage capacitoi formed therein, said

capacitor having a pair of.electrodes and at least a

silicon nitride film located therebetween:



. —

(b) a termnal connected to a first electrode f Mified
vol tage thereto; (c) neans for applying either lm m g, | evel
vol tag 's“£ said second el ectrode; 5 * g’lﬁﬁmeci fied
vol tage had a relationship with the two |ogic |evel voltfages at said
capaci tof” can store either a positive voltage or a negative voltage
dependi ng on which |ogic |evel vo|rad3)rs applied to second el ectrode. 10

.. A seni conduct Qr. menory devj ce accor dj to claim7, wherein said
specifi ed vol tage [er r]&?’s 3t FH R ‘Tﬁf’rt%t‘?‘%lr% iHrisH 5 (9599w ch-

[err] are respectively. the |ogic Jevels Q and 1 of data applied to said . -

second el ect rfg?ﬁa.a g)éng a s&%ésléerfcvo %lﬁqeort]rfﬁﬁﬁﬁci/" devicce accordi ng t Ow?

claim8, wherein the spggy fi (1S, 4 by r : -
€& xﬁé‘éjné’fédélﬁgfq%fy&%‘g rﬁ%gt}{ﬁ] dndbf two 1d%ﬁ ogi ¢

sem conductor nenory device acco erel n when sai

I evel voltagegsepdi arsh dhd£r#d HFa rEsisd iemddesdagnd 0 volts, the
specified voltage [err] 1s + 2.5 volts. 11. A sem conductor nmenory -
device acc®drding .to cl aiefebyheiid NspdelE Sd Grd D de 13| a vl IAgRMmsdpand ¢
VL are respectively 0 and -5 volts, the specified 25 voltage [err] is -2.5
volts. * with thé two Mogid level -vdlltagd®.that saiAl sexpamithie taan
_menory device formed at a mgj or _ %
' store either a positive voltage or a negative voltage

depending on which logic level voltage is applied to

second electrode. S B i;}
10 8. A semiconductor memory.device according to

claim 7, wherein said specified voltage (VP) is determined

by the relationship Vi <Vp<Viyy in which Vv

P L H
respectively the logic levels 0 and 1 of data applied to

and V., are

'said second electrode.
15 9. " A semiconductor memory device according to

claim 8, wherein the specified voltage is set at

%VH + VL)/Z.

io. : A semiconductor memory device according to -

claim 9, wherein when said logic level voltages VH and ~
20 VL are respectively +5 and 0 volts, the specified voltége '

Vo is_f 2.5 volts.

11. : A semiconductof memory device according to ¥

claim 9, wherein when said logic level volta-ges.VH and

ay

L
25 voltage V

V, are respectively 0 and -5 volts, the specified

p is -2.5 volts.



surface of a sem conductor substrate, said nenory device including: (a) a
storage capacitor forned therein, said 5 capgagm ' fugy st and seoond
el ectrodes and-at |east a-silicon nitride fi Imﬂﬂmtlmgnmm[sal d & -5

el ectrodes; (b) a terminal for applying a first voltage t® the firsf Zf- |
el ectrode; (c) nmeans for applying one of second and third 10 vol tages t
‘the second el ectrode; wherei'n the absol @le-val ue of the resultant voltage

appl i ed acrosi the two el ectrodes of the storage capacitor is smaller than
the absol ute vaFue of tReSEMEFOREHCECE-TREORY REViEEoAgTaRE i pdmajor

vol t.ag m.con 0 evice according to claim
12, tlﬂ.Alnereln tﬁngFF§t°5oPt§§8159T$ F%°Ee?8g%¢¥@&ebysﬁﬁa PemeryoASKipe err].
in which V2 and.Y3ad §: respectively the-logic levels 0 and 1 of data
applied to the seconé él ectrode. 20 14. A sem conduct or nmenory devi-ce

according (o claim i3, 4asT i Bebbagk! Eabakgkba0RolheliifbrbinlEast™ Of (e

second and third vol tages divi ded em conductor menory
devi ce accerdtagabmtakahabiﬁ? vhegei AngakdconaoBlekekbads hﬁdahteﬁéﬁgt
potential 25 representing.a [ogic O and the third voltage is at the
positive operat shyivoht agerdfiet félfefornedebeeReefpEasantlecigodekgi c 1.
16. A sem conductor nenory device according to claim 14, wherein said
second voltage is at a gb\)_eg terminal for applying a first voltage to

the first electrpde;
U | '. (c) means for appljing one of second and tﬁird
10 voltages to the éecénd electrode;
ﬁherein the absolute value of the resultant
voltage applied.across the two.electrodes of the storagé
capacitor is smaller than the absolute value of the
" difference between'the secdnd and thifd voltages.

15 13. o A semiconductor memory device accordlng to
claim 12, wherein the first voltage (V ) is determined by
the relationship V2<V1<V3, in which V2 and V3 are
reSpeétively the }ogic levels 0 and l.of data applied to
the second electrode. | |

20 14.° A éemiconductor meﬁory device according to
claim 13, wherein the first voltage is equal to the sum

_of the second and third voltages divided by two.
15. | A semiconductor memory device according to
claim 14, wherein said recond voltage is at earth potential

25 representing a logic 0 and the third voltage is at the

positive operating voltage of the memory device represent-

ing a logic 1.



negative potential representing-a logic O and the—thitd voltage is at earth

pot ent ralgyrepresenting a logic 1. 5 17. ' nory
~devic rding to any one of the preceding clai mmll (“M in the
stora e”¢apaci tor conprises between its two respectivwe el e#trddes, a first

de film the said silicon nitride film and a second silicon
oxide fr+rm 10 18.° A seniconductbr?%eﬁnry devi ce according to any

f th di ' wh Ln_th fo | yi ] ft
Tl tages to Hhe: second® cre LSO aendEd RekPle SRBFHERENS o St 1o
A ' d . | t d te -~
cubst ant 1l IS TALHLLPL FWRENLER, SO0 LUELRE, F0Teade 26 AEOE ol PpRET! 2t od 1S
the accompanyifgr f@WH8éntial representing a logic 0 and the third '

voltage is at earth potehtial representing a logic 1.
5 17. A semiconductor memory device according to any ' 3

one of the preceding claims 7 to 16, wherein the storage

oy, i

capacitor comprises between its two respective electrodes,

a first silicon oxide film, the éaid siLiéon nitride film,.'

and a second silicon oxide film. : E\J_
10 18. A semiconductor memory device according to any

one of the preceding claims, wherein the means for applying

one of two voltages to the second electrode of the

capacitor comprises a MISFET. . |

19, : A semiconductor memory device constructed and
15 arrangéd to operate substantially as herein deécribed

with refgrénce to and as illustrated in the_accdmpanying

drawings.

R ‘.,p -l



