:1- A NON- VOLATILE MEMORY CIRCUI T Thi§ invention relates to non-vol
menory circuits, for exanple, for electronic watches. According to
present invention 'there is provided a.non-volatile nemory circuit
conpr|s+ng at | east one 5 menory. element; a voltage |limting el enen
dlsposed between a data term.nal to mhlch a relatively high voltage signal
S apphl/ed to wite data into the nenoryl&l'ement or el ements and a power
source terninal; and a current limting el enent di sposed between the data
termnal and the menory el ement or elenments. 10° I n one enbodi nent the
voltage limting elenent is a capacitor. The current limting el ement may
be a resistor and inductance connected in series. |In another enbodi nent the
voltage limting elenment consists of a diode and a capacitor connected in
parallel. 15 The current limting el enent may be a relatively high
resi stance MOS transistor wi'th drain and source connected. |n another

epbodi nent the nenory circuit includes a tine- constant circuit for

bl ocking or attenuating the id&ﬁﬂo {i& Ligedat @ terminal unless it
persists for a predeterm ne e =2t Tus - arr |nverter may contr ol
“the current limting elenent in

This invention relates to non-volatile memory circuits, for
example, for electronic watches.

According to the present inveation there is
provided a gon-volatile memory circuit compricing: at-least one

5 memory element; a voltage limiting element disposed between a

dcta terminal to‘which a relatively high voltage signal is applied
to write data into the memory element or elements and a power
source terminai; and a current limiting element disposed between
the.data_termincl and the memory element or elements.

10 - In one embodiment the voltage iimiting element ic a capacitor.
The current limiting clement_may'be a resistor and inductance
connected in series.

* In another emSodimect the.voltage liﬁiting element consists
of a diode and a capacitor connected in parallel.

R 15 The current limlting element may be a relatxvely high resistance

MOS transistor with drain and scurce connected.

In another embodiment the memory circuit includés a time-~-
consﬁant circuit for blocking or attenuating che signal applied

to the data terminal unless it persists for a predetermined time.

20 . -



Nni%ing el ements connected in series. The or each nenory el enent may be an
.EEPROM el ement, The invention is illustrated, nerely by way of exanple, in

t he -acconpanyi ng drawings, in-which:- Figure 1 is a circuit diagram of .part
of a conventional nenory circuit; 10 -2~ - Figure 2 is a block di ag_r-gr_n,-of

a non-vol atile nenory -circuit according to the present invention; and =~
Figures 3 to 9 are circuit diagrans of enbodi nents of non- volatile nmenory
circuits according to the present invention. Figure 1 shows a conventi onal
MENDry circuit franswn ihvertdb may daitaol nthanckRROM 1imk tthg eFMRD in

(Fl oati ng- Gate Aval anche Injection MOS) el enents assenbled into an

i nt egrat ed ci r cdiepeddencampehethe outmtwaf dhe figrentoredtantA cBraxie.preset eit her
~to arelatively high voltage V or a relatively low voltage [err]. Wen a
negati ve DD hi gh volRrg§erablyghsrectre wa vedtagendiniting |elenentst ronnsched
injected 20  into FAMOS el ements 103,104 each_of which is preset to a low *
condition and edBnP¥RaLif} ARd| o GRTRERE cHEmLRiRG el aRenkF t gpraesiedpir tSeykes.
transi stor 101, 102. the electrons_injected_ into_the FAMOS el enents are

As
mai nt ai ned Seni - per MATeRt 172 FAIFECPAGLE I CRRh P8 R EEROM, element onductor ~

o ot o S8, TP g, merety 867D S0,
- | in the acccméanying drawings, in which:~ ' '
Figure 1 is a c¢ircuit diagram 6f paft of a conventional N/
-memory circuit; | | |
10 - Figure 2 is a blbck diagram'of a non-volatile memory circuit
according to the présént invention; and |
Figures 3 to 9 are éircuiﬁ diagrams of embodiments of noﬂ-
ﬁolatile memory circuits according to the present invention.
.figufe 1'shcws_a conventional meﬁory circuit fdr writing
15 data in an EPROM usiné " FaMoS (Floating-Gate Avalanche Injection -
-;MOS)-elements assembled into an integrated ciréuit for an electronic
watch. .Terminals.A,B are preset either td a relétively high | L;)

voltage VDD or a relatively low voltage Vss

high voltage is applied to a terminal VPP' electrons are injectéd

. When a ﬂegative

20  into FAMOS elements 103,104 each of which is preset to a.low
| condition and each'of_which is connected in series with a respective
transistor 101,102. As the electrons injected into the FAMOS
elemeﬁts are maintained sémi-permahentiy, the FAMOS elements
 act as é seﬁiconductor memory into which data méy be written.

25 However, when incorporating the circuit shown in Figure 1



-3- into an integrated circuit for an'electronic watch, there is the 2
probl em that electrons may be injected.into the FAMOS el ements by acci deaf
due to external noise or static electricity. This is because the drains
t he FAMOS ‘el enents are connected with each other and the drains are /
t hensekves connected to a ternminal pad which is also used- as the termnal V
to whi ™ the high voltage for witing is applied. Figure 2 is a bl ock '
di agram of a non-volatile nmenory circuit according to the present
~invention. Two non-volatile nenory 10 el ement's 201, 202 are arranged on
the same substrate. Voltage |imting elenents 203,204 |imt the voltage
applied to the nonntvoimihteyraeeDicyrali®Nesd an2éXdcPishivhedtch, ihghe il t age
which is greater than that required for witing or erasing is applied to a
termnal V Thechabprodlem|thay eelechidnisngaie be nerjestead ¢nthi $ho FAHOd e lementis:
parallel with a termnal to which the voltage V or the voltage V is
applied and the t&ynkeridepedup, to Baterngd| naige 94 statiggeldcsrigittynnyThiie a
transi stor, diode or capacitor. Current limting el ements 205,206 are
provided for |initiSnBedanae cther Sraing . ithe FAYOS P‘Fae'ﬁ?}ﬁ-sv%?eafﬂ“éecmh
elements. The current |ljmting elenents 20 205, 206 _are _di sposed i n :
Sories betweef t hEATAPSIEANY ERS FraLin, SrhFIRTFENAF AOPRECtoEntR b EPTHBAL s

Each current limtj el enent .may _be a transistor, diode. or citor. By
providing a vol taé’gglg'fhrﬁcgilhsg aéf%é@ﬁ? #n %Qgﬁﬁngﬁitv!}?i g?t'ﬁhﬁﬁh gﬁﬁgghelr#

erroneous witing rast QG ; L$i&v0i ded. 25 , Figure 3 is a
ci rcuit diagram ofvggg%gge%g%%?lﬁgﬁgdg% aagb%jb%

\—/ Figure 2 is a block diagram of a non-volatile memory. circuit
| according to the present invention. Two non-~volatile memory

10 elements 201,202 are arranged on the same substrate. Voltage
limiting elements 203,204 limit the voltage applied to the non-
volatile memory elements 203,204 when a high voltage which is
greater'than that required for writing or erasing is appliéd _
to a terminal Vép. The above voltage limiting elements are disposed

15 in parallel with a terminal to which the voltage V. p °F the voltage

D

: Vss is applied and the terminal pr.- Each voltage limiting element
may be a transistor, diode or capacitor. Current limiting elements
205,206 are provided for limiting the current applied to the

. non-volatile memory elements. The eurrent;limiting elements

26 205,206 are disposed in series between the terminal VPP and the

non-volatile memory elements. Each current limiting element
may be a transistor, diode or capacitor. By providing a voltage
iimiting element and a current limiting element erroneous writing
and erasing of data is a&oided.

25 Figure 3 is a circuit diagrag of one embodiment of a non-

volatile memory circuit according to the present invention. DC



N.e nenory circuit according to the present invention. DC ~ resistors’
g formed in a P well and parastic i-nductances 307,308 forned in

M-t um wiring are .used as current limting elenents. Further,
capdcitors 309,310 forned’in P --- N regions are used as voltage liniting
el ements. The resistors 305,306, 5 - inductances 307,308 and capamtors‘

- 309,310 forma low pass filter to renove-dr attenuate the high frequeng

- conponent of external noise, static electricity, etc. Wwen witing data
‘into the non-volatile memory circuit a high voltage is applied to the .
~terminal V for a longer tine than that in a _non-volatile nenory PP 10
circuit having ngesitopasidsSsPla EprmRec Alise Pofweltsand ﬁéri‘,sd‘ﬁgt’éﬁt“’tmver
‘thiS is only several mlliseconds and so dges not create an fi cant

problem A |ow pd8% 30| femefelp BLURISHYE HELRY BF ‘%f’efiegﬁ §P6’F¥"§na itor -
duct d Ho 15, |
Chi o enbod: mont - SEES L FPFaIs SHRRcarh Aoy D30, etped MEFO T e 7%9@?.“4

frequency componghl baHd G ilge Ml eing ledbhdnts! e%@ £lds sofd Sos, in .~
~Figure 3, the reS|stors I nduct’ances and capacitors are | cat e fo form

the low pass {il { Rluctadils 58P0t S capsbiBdfs 308,310 ?@fnﬁla' féw pagk tetter .
‘resistor 305 and inductance 307 are in 20 series with the resistor 306 :

and the inductangs R@dve dioMERLatd the QW PARGehdy tOEpdnRAt &FSEHtdrhel
~voltage drop across the resistors 305,306 so that it is desirable to design -

._t he |.ow pass fil heise, static electricity, etc. When writing data into the
| | non-volatile memory.circuit a high voltage is applied to the i_)
- terminal VPP for a longer time than that in a non-volatile memory
10 cirguit having no low pass filter because of its time constant.
However, this is only several milliseconds and so does not create
any significant problem.
A low pass filter may be constructed by a resistor and capacifdr
or an inductance and capacitor. However, one pair of components
15 - in this embodiment is not sufficient to eliminate or attenuate
the high frequency component of external noise, static electricity,
etc.  Thus in Figure 3, the\resisto#s, inductances énd capacitors .
are duplicated to form the low pass filtexr. The capacitors 309,310 -
are in parallel and the resistor 305 and inductance 307 are in
20 series with the resistor 306 and the inductance 308. However,
this low pass filﬁer increases the. voltage drop across the resistors
305,306 so that it is desirable to design the low pass filter
:taking-into consideration ﬁhe voltage needed for writing data

and the frequency spectrum of external noise. In Figure 3 there

25 is shown two memory elements one of which consists ‘of a P-channel



tak| ng into consi deration the vol tage' needed for witing data and the
~frequency spectrum of ‘external noise. In Figure 3 there 25 is shown twos_“°
menory el ements orie of which consists.of a P-channel transi stor 301 ang
a FAMOS el ement 303 and the-other of whi ch consi sts of a P-channel -
transistor 302 and FAMOS el ement 304. Figure 4 i-s a circuit diagramof
anot hersenbodi ment of a non-vol atile MENMDI¢_Ci rcuit according to the

present invention. 5 in Figure 4, a voltage limting el enent

constructed by a P - N diode 405 and P - N .capacitors 406, 407 408. Hi gh
resi stance MOS transistors 409,410 which can endure a relatively high :
vol tage are used asafsisEent3oliamdt angpmebesenbst 308 Gindathd pthéx dEOodchs

fornmed parasitically on an integrated circuit. However, in this 10

enbodi ment the di edesi4®Ss of af Bramaondly teantisodd 302 ANERMOST eldment H0dan N
region.,so that it has a reldtively |ow break-down voltage which is

controll ed to be w thiFhgetre 4nts raFixeuit jagram@é Inother iembedingnt 5t Aat i s
approximately -15V.. In_the event of external noise having a conparatively-

hi gh DC conponent PPReropatile Bemary &ircult (aereefingstq t?ﬁtfﬁ'ﬁs?ﬁf' fREe¥io%e 405

to about 15V.. The _voltage a d thereafter is in the nornmal voltage
range for wi®ing ﬁa‘f’ﬁ“g%ﬁﬁgtvﬁﬁﬁ?egg“f“st’ﬁgtelﬁﬁ‘ﬁ“r &8 BSERETEdiR% 3P FA

el ements 403, 404 0 tiye P ch nnel ,tr or s, 401, 40 be| ng
switched ON. Are |evaeipy aﬁ‘l g bréak ovvn Vo 4[°§g‘gd]7ts?aér13| gf‘ r56152t tOget her -

with a capacitor ﬁg% g@%&%‘%@r@%@,lﬁ""wﬂf&sc& lehtrd 9 PAl%E&é’& bl ObAdGe 405

and the capacitor
> ~ are used as current limiting elements. Ordinarily, a diode is

formed parasitically on an integrated circuit. However, in this
'16 . embodiment the diode 405 is formed by controlling concentration
of an N-_region so that it has a rélatively lcw.break-down voltage
which is controlled to be within the normal voltage range for
wriiing daté that is.apéroximately -15v. In_the event of external -
noiéé having a-comparatively-high DC component the peak level
15  thereof is limited by the diode 405 to about 15V. The voltage
| aPpiied théreafter is within the normal voltage range for writing
data so that charge is not applied to the gates-of FAMOS.elements
403,404 without respective P-channel tiansistors 401,402 being
switched ON. A relatively high break-down #oltage transistor
20 togefher with a capacitér may be used as a low pass filter in
place of the diode 405 and the capacitor 406.
Figuré 5.is'a circuit diagram of another.embodiment of a
non-Qolatile membry circuit accdrding to the present invention;
There are two basic differences between the eﬁbodiment of Figure

25 5 ahd the embbdiments-of-Figures 3 and 4. One is that P-channel



re 5 is a circuit diagramof another "enbodi ment of a non-volatile:
circuit according to the present invention. There are two basic
~f¥erences between the enbodi ment of Figure 25 5 and the enbodi nents of
-Flgures 3 and 4. One is that - P-channel -6- and N-channel MOS transistors
are used as limting elenents and the aother i$§ that a tine-constant citguit .
..1$ constituted by a -capacitor 506 and a~%esistor ‘507. In Figure 5 a dijgde
505 is used as a voltage limting el enent. The di ode 505 is produced 5

and operates in the sane manner. as the di ode 405 of Figure 4. An N-channel

transistor 509 angd g cﬁxa&p@fﬂSé DAL ard 0o 85 UG ARy GHAREL draM L1 N0

el enents. When writing tageo approximately 1SV is applied to

the term nal [er{hb otrﬂ}elg%stvaﬂtmoggte& LIvegit ofs eOfkiegdueesy f4 om the
vol t age VDD(= OV) - in the negative direction at a rate determ ned by

the time constandap QI:itIOIiGSQG ARA CDReEAor C3OG U in ridilleNsi 4 9i6aé Soyoid age is
greater than the threshold vol tage of the inverter, the P-channel

transi stor 510 amddtée aNveltageclimitans ie$én(dht50@har<ﬁcawi s05hesl produddde
voltage applied to the terminal V - is transferred to FAMOS el enments 15
503, 504. Thér ebyandetprrakes iphtheysans manhex pedthendiodeh40F AV BirenbNt S .
503,504 selected by the voltage applied to'a terminal Aor terminal Bvia a
respective trandinsNoghappgl Fgansigter 399 and ggPichannele $5a35istemn S53P ange case

of the application_of a pulse.tqg the non-volatile nenory circuit of Figure
5. A used as current limiting elements. When writ;ng data, a voltage

_ of approximately -15v ls applied to the termlnal VPP' The gate \-;
voltage of an inverter 508 reduces from the voltage V (- ov)
10 ‘in the negative direction at a rate determined by the time constant
| of the time—conetant circuit. When its gate voltage is greater
tnan the threshold voltage of the inverter; the P-channel transistor
510 and the N-channel transistor 509 are switched on. The voltage
, applled to the terminal v - is transferred teIFAMOS elements
15 .503,504, Thereby, electric charge is injected into the FAMOS
elements 503,504 selected by the voltage applied to a terminal
A ef terminal B via a respective transistor 501,502,
The following is a description of the case of the application- K“/
of a pulse to the non-volatile memory circuit of_Fignre 5. A
20. pulse of relatively hign voltage and relatively narrow width
is similar to static electrical nqise. When the time constant
of the time-constant circuit is la;ge, the voltage at a point.x
~is less than the_threshold voltage of the_invexter 508 and is
close to the ﬁoltage_VDD. Accordingly, the P-channel transistor
25 509 and the N-channel transistor 510 are not switched ON and the



20 pul se of relatively high voltage and relatively narrow width is
simlar to static electrical noise. Wen the tine constant of the
ti me-constant circuit is large, the voltage at a-point Xis less than t
threshal d voltage of the inverter 508 and is close to the voltage [err]
Accordrrngly, t he P-channel transistor 25 509 -and t he N-channel

transi s¥or 510 are not switched ON and the =7- pul se (static el ectrical

noi se) applied to the terminal [err] is attenuated. Thus a voltage applied

to the termnal [err] is not transferred to the- FANCS el enents 503, 504
unless it persists for a given peri gu e 6is acircujt

di agram of an emboB#iPEn{stEELG erJrSHtrj\FBildﬁllsé) rﬁ?ﬁ‘b’r?’ P i 1B Fengt 0 t he
present invention where_ t tecti circuj.t i 5 i.S applle ‘to an
EEPROM el enent . g%eﬁﬂ?'ee% st sf stgggg%ﬁgﬁ%ﬁg eti“géﬁ‘%%ﬂ n'ew afst<tors
-and transrstors 60 Y, | te 10
const ruction. Dat graggéﬁa{etﬁ tgaﬁr{g% %‘%‘ége ‘%; OFF?\QOQ%%%\QW %%Sg%at a
into the transist0g,,6Q3iv@n tehabgal Als preset to the voltage [err] and a
terminal [err] is preset to the voltage [err] so that the transistor 601 is
swi tched on amgl a vol t agfirefe 481lY divcapplaiegkabOot ke @icBiddntt € 4 hamsi st or
603. Thereby t he upper 15 gate and drain of the transistor 603 becone
respectively +21V wladtibs mpnay thrduiel &brdity 86 echet preddnt rintr&etibhoaidrag
gate by the tunnel effect and the threshold voltage increases. On the other
hand, when er asi ngth#aprotecbive kkdrduiknef Ftionre563is appliedr b raal EEPROM element.

K,) In Figure 6 transistors 601,602 are selection transistors and

Y
a

“transistors 603,604 are memory transistors having a two-layer gate
10_ construction. Data is written or erased as follows. When writing

data into the transistor 603, a terminal A, is preset to the.

1

voltage VDD and a terminal A2 is preset to the voltage Vss so

that_the transistor 601 is switched on and a voltage of +21V
is qpplied to tﬁe gate of ;he transistor 603. Thereby,'the upper
15 gate and drain of the trensistor 603 become respectivelf +21v
and VS; so that electrons are stored in the floating gate by
~ the tunnel effect and the threshold voltage increases. On the
other hand, when erasing data frem the transistor 603, the terminal

A, is preset to the voltage VDD and the terminal A, to 21V so

2
and a voltage of 21V are applied respectively

1
20 . that_the voltage Vés
~ ._ to the gate and the drain of the transistor 603. As a fesult,
electrons are erased. Thus for erasing the applied voltage is
of opposite polarity to that for writing. 1In the transistor 603,604,
the thickness of the film between the floating gate and the drain

25 is partially thin, so that the tunnel effect is easily achieved.

2.
-



(s preset to t'he voltage [erf] and the terninal 2 to 21V so 20
Ae voltage [err] and a voltage -of 21V are applied respectively to the

gat\e=aMd the drain of the transistor 603. As a result, electrons are
~erased. Thus for erasing the applied voltage is of opposite polarity to
that for witing. In the transistor - 603,604, the thickness of the film_,
between the floating gate and the drain 23_ is partially thin, so t.h-@(;' :
the tunnel effect is easily achieved. I'n an EEPROM el ement of this
construction when witing or erasing data, no DC circuit is produced
~between the high voltage termnals ([err] ( +21V) and [err]). Thus it is
possible to wite or 1gras&roadid eMehdht! 8F ani¥ edoastinddtlién QMRA QYri€RGUNPL i ON.
5 Such an EEPROM el enent, however, is sensitive to external noise and
‘static electriciby &tusihg Wathpuio BC prietelt ieproduced betwrthdtlansgh sof t
errors such as.ms-witing or ms-erasing. A P-channel transistor 605 is
-used as a vol t ageoliapet tengziehare(ﬂ)t_’ al+a1p- e@hdrinel . arfuslichaansissthlnsi st or s

609, 610 are 10

used as current ' Timting elements. The protective

circuit shown intFivute o gpasadata withelabinelyakitéle fpergnicoprumtdore 5.
Nanely, when witing data, a vol tage of . +21V is applied to the termnal:V
BYr

and when er aBi ngSHEH RnCRERROM psme

del ay determned b

PREFERT. 15 PREFEIPD §% oKt 9l tUFRi ned

| time tant ‘circuit. 15 Sj Sti f it
606 and a resi st 8P COPHEABFETIARY MELEh i OPRPESL ERE NS pul se.

whose width is | %gésé gggtté}gors.such as mis-writing or mis-erasing.

10

15

20

25

A P-channel transistor 605 is uséd as a voltage limiting \/

element and'?-channel and N-channel transistors 609,610 are

used as current'limiting elements. The pfotective circuit shown

"in Figuré 6 operates in the same manner as that of Figure 5.

Namely, when writing data, a voltage of +21V is applied to the

terminal VPP and when erasing data bV is appliéd thereto. There

is a predetermined delay determined by a time constant circuit

" consisting of a capacitor 606 and a resistor 607 before transistors

609,610 are switched ON. A pulse whose width is less than the

timé constant of the resistor 607 and the capacitor 606 can

‘not be transferred to the gate of the transistor 603 or the

transistor 604 because the transistors 609,610 are.not switched
ON by éﬁ inverter 608 such as the inverter 508 of Figure 5.

Figure 7 is a circuit diagram of a further embodiment of

" a non-volatile memory circuit according to the'preseht invention.

In this embodiment, the break-down voltage of the drain of a

transistor 1305 is used as a voltage limiting element. Generally,

"in an enhancement type MOS tranéistc;, when cdnnecting the gate

¥



ti rre const ant of the resistor 607 and’the capacitor 606 can not be _ _
transferred to the gat'e of the transistor 603 or the transistor 604 because.
the transistors 609,610 are. not sw tched 20 ON by an inverter 608 suciqi— \
as the inverter 508 of Figure 5. Figure 7 is a circuit diagramof a fur
enbodifrent of a non-volatile menory circuit accor di ng to the present
inventixsen. In this enbodi ment, the break- d0\@1 vol tage of the drain of a-
transistor 1305 is used as a voltage limting element. Generally, 25 - in
an enhancenent type MOS transistor, when connecting the gate -9-

el ectrode with the source el ectrode a channel is not formed and so current
does not flow. : Howen@Erodeh@itra thé GBuyed 266 r3RR) i£ehimel e doifdrhenches a
certain level, current suddenly begins to flow The voltage at which
current. suddenly haeg@ 86 du@rédtodbed not floR. (HoRewdrgakhehOWhivyhl ¢Agege pploset
to be slightly higher than thé voltage for witing data in FAMOS el enents
1303, 1304. It is, tchehefdyrin peesiHsbhecdrtain ilevelcqurrend sisidanliebegins y and
to protect the data fromthe effects of external noise and static
electricity. FurtHer fiov.r aFld ypikage3do wihels cugeent avdfleginibegingpto flgwe
connected, is used as a current limting element. The transistor 1306 is
constructed as a d Gdetl'%chF??d“fi?f'ma"ﬁ}?@&t+§)ri’r8iﬁib§f’t1?-? gHightdy, hehex thant

f t | to, which th Th f th
transi stor ”‘1286 | b el bage o5 iAo e e PRI Rlaenys pagetseds e 1

is, therefore, possible to write required data certainly and

(7 " to protect the data from the effects of external noise and static
electricity. Further, a transistor 1306 whose gate and drains
' 10 are connected, is used as a cuirent limiting element. The transistoi
" 1306 is constructed as a diode acting in a direction opposite
to flow of current from a terminal to which the voltage VDD is
-applied. The break-down of the transistor 1306 is such as to
limit an& external high voltage.
15 In this embodiment, both voltage and current are limited
in order to reduce any externally applied high-voltage. The
only components additionai to memory elements-consisting of the
FAMOS elements 1303,1304 and P-channel transistors-1301,1302
.are'the'two transistors 1305,1306 which greatly improve the
20 reliability of the non-volatile memory circuit and writing‘in
the FAMOS elements.
- Figure 8 is a circuit diagram of yet another emboaiment
of a non-volatile memory circuit according to the present invention.

Diodes 1405,1406 are formed by controlled P-type and N-type doping

25 - of a P+ - N+ junctions. * The break-down voltage of these diocdes is



15 - In this enbodi ment, both vol tage and current are limted.in

or ders\t 0 reduce any externally appl i ed hi gh vol tage. The only conponents
anal to menory el enments consisting of the FAMOS el enment's 1303, 1304
transi stors 1301, 1302 are the two transistors 1305, 1306 which

and ¢hannel

;greatly |rrprove t he 20- rellablllty of the non-volatile nmenory circuit_

cand witing in

the FAMOS el ements. Figurg.8 is a circuit di agram’of ye{\,(

anot her enbodi nent of a non-volatile memory circuit according to the

~ present invention. Diodes 1405, 1406 are formed by controlled P-type and’
- N-type doping 25 of a[err] - [err] junctions. The break-down voltage
- of these di odes silsghtly- Hiphes!| tight the Rbptwye kdtpiréd Eoyohtidgey . eqedistdrs Of
wWriting. Re3|stors 1407, 1408 forned as a P-well limt sharp punch through

current,

' anéotMﬂérﬂorhecﬂnatﬂ adP-eledhelimit shasp punch Nihsowgtbedryantt,

~.there- are tmo protective circuits one, the diodes 1405, 1406, 5 for
limting voltagé-andreheuxsent rliniping elemenge M@WIMUS-S prhodinest | ng
current. However, P-well doping in this enbodiment is less than that int

"Figure 3 enbodi FBfEe 278 "5"8 lﬁﬁﬁtﬂfﬁ/\/ﬁlﬁ*ég@%’s“ﬁ Sh%‘?'es 1485180 e, t hi's

enbodi nent |s m%re

Figure 3. 1B
circuit incorpo
respectlve FA

10

15

nal .noi se than th nbodl nment. of -

B naE%@%‘o BT RS Rb R sl s it

is less than that in the Figure 3 embodlment and so break—down

voltage is higher. Therefore, this embodiment is more acceptable

to external noise than the embodiment of Figure 3.

Figure 9 is a circuit diagram of a non-volatile memory circuit
incorporating EEPROM elements. Transistors 1501,1502 select
respective FAMOS elements 1503,1504 which have a double-layer
gate construction. For'example, in the case_of writing data,
first a terminal A, is preset to voltage V and a terminal Aé

1
is preset to voltage V and the trans;stor 1501 is switched

 on. Then a voltage of approximately +21V is applied to the terminal

20

25 .

VPP" In the case of erasing data, first the terminal A1 is preset

to the voltage VDD and the terminal A, is preset to the voltage

421V and in conSeqﬁenCe a voltage of +21V is applied to the drain

of the FaMOS element 1503 and the voltage Vss is applied to the
gate thereof. In other words for erasing data voltages of oppesite
polarity to those of the writing data are required. The FAMOS
elements 1503,1?04 have a construction where only a-gate layer
formed between a floating gate and the drain is of reduced fhickness

and so electrons are stored and discharged by the polarity of the

he

.
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‘gate construction. For exanple, in thé cdse of witing data, first a
termnal Al is preset to voltage [err]--and.a termnal [err] 15 IS pré€
‘to voltage [err] dnd the transistor 1501.is switéhed on. Then a vol t'agq
approxi mately +21V is applied to the termnal [err]. In the case of |
erasing data, first the terminal [err] is preset to the voltage [err] and .-
the tenginal [err] is preset to the voltagai+21V and in consequence a _

vol tage of +21V is applied to the drain 20 of the FAMOS el enent 1503 and
the voltage [err] is applied to the gate thereof. In other words for '
erasi ng data.voltages of opposite polarity to those of the witing data are
requi red. The FAMESledgerepplded 503 théPbrhione betweenstireugateandtithecdiny a

gate layer formed between a floating gate and the drain.is of reduced

t hi ckness 25 and sdnepe EEPROIS edementt censtraghedder dhar Fpereyrinkepisol-arity

of the vol tage applied to the portion between the gate and the drain. In
an EEPROM el enent WEeh Sttt r diFapheg 88b%e "BrihERETRE h@xoRiqed; PRFVSPR the
erasi ng data; no -current is produced between the high.yoltage term nal
Terr] and the ¢ ePtPh I AP EH o peof Phgle cemtyal 1F wnbon sfR wiadng i

IS possible tg wite or erase data . wi.th relatively little_ener -

consunpti on. Fher gsaries, a@%@ﬁgElﬁgﬂdﬁeseﬁ%sﬁtlgi%\rég ‘\é%irtfse.i zl'\/eé'g %d%(é (ﬁlﬁgl

noi se and this ca L 5l : sl itt at ' Mnaly

- erased. This enbg%?éng%?,ipa%gg O\fﬁé%g%nlg:l gur ét%gn'utl irgfe%gt'r%#g E%%Pbsa

1505, 1506, 10 = 13@fentbhérd Ealicst@ltolSarHii lhosid@nlr @ak- duses @lthage of
an‘_N-,.channeI transistor to act as a voltage limting elenment. The

AV : to be erronecusly written or data mistakingly erased. This

eﬁbodiment, as_shown in Figure 9, utilises transistors 1505,1506,
10 1507, the transistor 1505 utilising break-down vgltage of an
N-channel transistor to act as a voltage limiting element. The
transistors 1506,1507 act as current limiting elements.
As ghown.in Figqures 3 to 9, resistors,'diodes; transistors,
capacitors, etc. a;e-provided as vbitage limiting elements and
15 resistors, transistors, ihductances, etc. are provided as current
limiting elements. Mis-writing due to external noise or static
electricity generated from the human body can be prevented by
providing at least one voltage limiting element and one current
limiting element. Further, in a non~volatile memory circﬁit
20 for writing and for érasing data in EEPROM elements, as
shown in Figures 6 or 9, it is possible to prevent erroneous
writing and erasing due to.noise or static electricity. Furthermore, .
the area of a memory chip incorporating the preseant invention
is almost the same as a conQentional memory chip because there

25 is not much difference between the size of ordinary transistors



i stors 1506, 1507 act as current l'imiting el enents. As shown in Figures’
B 19, resistors, diodes, transistors, capacitors, etc. "are provided as
age limting elements and 15 -resistors, transistors, i-nductances,
etc.-are provided as current limting elenents. Ms-witing due to external
~noi'se or static electricity generated fromthe human body can be prevented .
by providing at |east one voltage Ilmtl'hér el enent and one current Ilm\;t[ng
el ement. Further, in a non-volatile nmenory circuit 20  for witing and
-for erasing data in EEPROM el enents, as shown in Figures 6 or 9, it is

ible t t d dye .t tatic
ol ectricity.  Furt ew%ié’ PRBsifekt ol fr TSR EiS %%%fasﬁénqshi ¢
' h [ :
present inventi % h dﬁ:}:.]pé el et?ﬁ é‘n%ﬁ’lyoqﬂhf“a ”rr%g‘”é’culb 20§ ”Se

‘there 25 is I’lO rence - ween the size o nar transi S OI‘S.

-12- and that ofggt Eﬁ@%&é&&{tslm@lﬁ vehd %ﬂﬁnﬁél”lvidﬁgo@ae@éﬁsis%f WBUg T ent

~limting el ements in non-vol atile menory . circuit according to the present
i nvention. The r‘afaaa%lltuéitﬂﬂmmma b1kt FrOh &iFREnt?idi M40kt @heht Nt | NQ
element or a current limting element in 5 a non-vol atile-menmory circuit
accordi ng toSthea poxe&ematnmvwdrgncimlbacﬁefﬁhg]m (tHeé pre8bet rihdntaed t he
channel length may be 4[err]m (L = 4[err]m. In a non-volatile menory
circuit accordi mgytle SR pNesdithm) nndntho chansllt deregthayaybbe umpEERG Bym)2 t 0

3 volts by the current limting elenent. It is possible to assenble such a
non- \H)Iatll e rnaﬁﬁryvnon-volatile memory circuit accordlng to the present invention,

voltage_may be dropped by 2 to 3 volts by the current limiting -\_J
element. It is possible to assemble such a non-volatile memory

10 circuit in an electronic watch without any great difficulty.

15



10 " ‘circuit in an el ectronic watch without any great difficulty. 15

- 13- CLAIMS 1. A non-vol atile nmenory..circuit ceﬁﬂpH—a—ng—at—J—easLone o
menmory el ement; a-voltage limiting el ement dispos mﬂigt ween a data ' :

to which-a relatively high voltage signal is appl mnul!‘l’]ﬂlﬂﬁ!n | nto
rrent

menory el ement or el ements and a power source ter
I|mt|n,g el enent -di sposed between the data term nal and the nenory el enent
or elements. 2. A menory circuit as clai-oed in claim1 in which the
voltage limting elenment is a capacitor. 3. A nenory circuit as clained
inclaiml or 2 in which the 10 -current |jmting element is a resistor and
i nduct ance connected in series. 4. A mepmxMg circuit as clainmed in claim1
in which the voltage limting el ement consists of a diode and a capacitor
connected in parallel. 15 5. A menory circuit as clained in claim1 or 4
in which the current limting elenent is a relatively high resistance MOS
transistor with driai n imgnsmietele ospnt efircudt comprigimg: yatcileash Pnayemry
ctaimed in'claim1 including a time- constant circuit for blockin

‘attenuating the sﬁljﬁsﬁmapﬁl TR¥a9® ]tlﬂlﬁ-iﬁ’@ elament Gigpenad befwess § @a %r‘?i‘%’c’?l

for a redeterm nedt
P {ni a relatlvely high voltage signal is applled to write

data into the memory element or elements and a power source terminal;
5 and a current limiting elemenﬁ disposed between the data terminal
kvf.f. ' and the memory-elemeﬁt'or elements.. | |
2. A memory circuit as claimed in claim 1 in which the voltage
limiting element is a capacitor.
3. A memory circuit as claimed in claim 1 or 2 in which the

N o 10 currert limiting_element is a resistor and inductance connected
in series. |
4. A memory circuit as claimed'in_claim 1 in which the voltage
limiting element consists of a diode and a capacitor conneéted
in parallel.

15 | 5. A memory.cirCuit as claimed in claim 1 or 4 in which the
.current limiting element is a rélatively high resistance MOS
transistor with drain and source.connected.

6. A memory circuit as claimed in claim l.including a time-
constant circuit for blocking or attenuating the signal applied

20 to the data terminal unless it persists for a predetermined time.
7. A memory circuit as claimed in claim 6 in which an inverter
controls the current limiting element in dependence upon the

output of the time constant circuit.
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7. A nermory circuit as claimed in cl'aim 6 in which an inverter ‘controls
=\Ur rent Iiniting el ement in dependence upon the output of the tine

ant circuit. -14- 8. A nenory circuit_as claimed-im—-any preceding
in which there are two voltage limting el enments connected in

parallel and two current limting elements con”m“tmuul H uﬂm 9. A
nmenory circuit as clainmed in any precedriy cla each
menory el enent is an EEPROM el enent. 10. A non- vol atile menory circuit
substantially as herein descrlbed with reference to any one of Flgures 2to
9 of the acconpanyhnncl; dra \S.u.t as claimed in any preceding claim in which =

there are two voltage limiting' elements connected in parallel
and two cu_rren't -limiting elements connected in series.
9, A memory gi'rcuit as claimed in any preceding c_:laim in which
5 the or each memory element is an EEPROM element.
10. a rionfvolatil_e memory _circuit_: substantially as herein described

with reference to any one of Figures 2 to 9 of the accompanying

drawings. _ ' _ . | : \J :
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