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[57] ABSTRACT

A non-volatile memory circuit which may be formed on
the same memory chip as a MOS integrated circuit for
an electronic watch. The non-volatile memory circuit
includes a power source and a high voltage application
terminal for writing data. A non-volatile memory de-
vice is coupled between the power source and the high
voltage application terminal. A voltage limiting circuit
for limiting the voltage applied to the non-volatile mem-
ory is coupled between the power source and the high
voltage application terminal. A current limiting circuit
for limiting the current applied to the non-volatile mem-
ory is coupled between the high voltage application
termunal and the non-volatile memory, whereby the
non-volatile memory i1s protected from stray voltage
and current writing data into the non-volatile memory.
The invention may also be applied to an EEPROM
arrangement in which the data may be read to or erased
from the non-volatile memory without erroneous writ-
ing or erasure due to static noise or other outside noise.

44 Claims, 4 Drawing Sheets
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1
NON-VOLATILE MEMORY CIRCUIT

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The invention is generally directed to a non-volatile
memory circuit in an integrated circuit for an electronic
watch and i1n particular to an integrated circuit for an
electronic watch wherein an EPROM (Erasable Pro-
grammable ROM) or EEPROM (Electrically Erasable
Programmable ROM) are formed on the same chip as a
watch circuit. The circuit allows data to be written into
the ROM and to be erased when desired.

It 1s known to utilize FAMOS (Floating-gate Ava-
lanche Injection MOS) devices in an integrated circuit
for an electronic watch to create an EPROM which can
be written into. Reference is made to FIG. 1 wherein a
circuit, generally indicated as 100, in accordance with
the prior art is depicted. Circuit 100 utilizes FAMOS
devices which are assembled in an integrated circuit
also used for an electronic watch. Circuit 100 has tran-
sistors 101 and 102 with the gate electrodes coupled to
terminals A and B, respectively, which are present to
one of two levels. The terminals are preset to either
V pp=high of to Vss=low. Transistors 101 and 102 act
as switches for the FAMOS devices 103 and 104 which
are connected 1n series with source-drain paths of tran-
sistors 101 and 102. When a2 high negative voltage is
applied to terminal Vpp, transistors 101 and 102 are
preset to the “low” value and electrons are injected into
the FAMOS devices. As the above-injected electrons in
the FAMOS devices are maintained semi permanently,
the FAMOS devices act as 2 semiconductor memory
which 1s non-volatile and which allows data to be writ-
ten electrically.

However, an actual embodiment of the circuit shown
in FIG. 1 as part of an integrated circuit for an elec-
tronic watch has several real world problems. Often,
electrons are injected into the FAMOS devices by mis-
take as a result of noise or static electricity from ocutside
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of the circuit, such as from the static electricity on a 45

wearer’s wrist. This results because the drain of one of
the FAMOS is connected to the drain of the other
FAMOS and the commonly connected drains are con-
nected to a pad which is used as a high voltage applied
terminal for writing Vpp. Accordingly, there is a need
to provide a circuit for writing data in and erasing data
from a non-volatile memory when a high voltage is
applied but which limits the voltage and current when
noise from the outside of the circuit, such as static elec-
tricity is introduced.

SUMMARY OF THE INVENTION

The invention is generally directed to a non-volatile
memory circuit having a power source and a high-volt-
age application terminal. The circuit includes a non-
volatile memory device coupled between the power
source and the high voltage application terminal. A
voltage limiter limits the voltage applied to the non-
volatile memory means and is coupled between the
power source and the high voltage application terminal.
A current limiter limits the current applied to the non-
volatile memory device and is coupled between the
high voltage application terminal and a non-volatile
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memory device. As a result, the non-volatile memory
device is protected from stray voltage and current.

Accordingly, it is an objéct of the instant invention to
provide an improved non-volatile memory circuit.

Another object of the invention is to provide an im-
proved non-volatile memory circuit which allows for
electrical writing data in and erasing of data from the
non-volatile memory device.

A further object of the invention is to provide an
improved non-volatile memory circuit for use on the
same chip as the integrated circuit for an electronic
watch.

Still another object of the invention is to provide a
non-volatile memory circuit which allows writing data
in the non-volatile memory device but has both a cur-
rent and a voltage limiter to prevent static electricity
and other electrical sources from outside the circuit
from affecting the non-volatile memory device data.

Yet another object of the invention is to provide an
improved non-volatile memory circuit which utilizes
FAMOS devices as the non-volatile memory device.

Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from
the specification.

The invention accordingly comprises the features of
construction, combination of elements, and arrange-
ments of parts which will be exemplified in the con-
struction hereinafter set forth, and the scope of the
invention will be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
1s had to the following description taken in connection
with the accompanying drawings in which:

FIG. 1 is a circuit diagram of a non-volatile memory
circutt which allows electrical writing constructed in
accordance with the prior art;

FIG. 2 is a block diagram of a non-volatile memory
circuit which is adapted to electrically write in the
memory, constructed in accordance with the invention;

FIG. 3 1s a circuit diagram of a non-volatile memory
circuit adapted to write data in the memory, con-
structed in accordance with a first embodiment of the
invention;

FIG. 4 1s a circuit diagram of a non-volatile memory
circuit adapted to write data in the memory, con-
structed in accordance with a second embodiment of
the invention; |

FIG. 5 1s a circuit diagram of a2 non-volatile memory
circuit adapted to write data in the memory, con-
structed in accordance with a third embodiment of the
invention:

FIG. 6 1s a circuit diagram of a non-volatile memory
circuit adapted to write data in the memory, con-
structed in accordance with a fourth embodiment of the
invention:

FIG. 7 1s a circuit diagram of a non-volatile memory
circuit adapted to write data in the memory and erase
data from the memory, constructed in accordance with
a fifth embodiment of the invention;

FIG. 8 15 a circuit diagram of a non-volatile memory
circuit adapted to write data in the memory, con-
structed in accordance with a sixth embodiment of the
invention; and

FI1G. 9 is a circuit diagram of a non-volatile memory
circuit adapted to write and erase data constructed in
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accordance with a seventh embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference is made to FIG. 2 wherein a block diagram
of a circuit, generally indicated as 200, constructed in
accordance with the invention 1s depicted. Circuit 200
includes non-volatile memornies 201 and 202 coupled in
parallel with each other and other non-volatile memo-
ries (not shown). One side of the parallel connection of
memories 201, 202 is coupled to a source at terminal
V pp (or Vss). The other side of the parallel connection
of memories 201, 202 is coupled through series con-
nected current limiting elements 205, 206 to high volt-
age applied terminal Vpp used for writing data in the
memories 201, 202. Voltage limiting element 204 1s
connected in parallel with non-volatile memories 201
and 202 between terminals Vpp (or Vgs) and V pp cur-
rent limiting element 203.

Voltage limiting elements 203 and 204 limit the volt-
age applied to non-volatile memories 201 and 202 when
the applied voltage is greater than that requred to write
or erase. Transistors, diodes or capacitors can be used as
voltage limiting devices 203 and 204. On the other hand,
current limiting devices 205 and 206 are used to limat
the current which is passed through the memory de-
vices. Transistors, resistors, inductors, diodes or capaci-
tors can be used as current limiting elements 205 and
206. By providing current and voltage limiting elements
in circuit 200 erroneous writing and erasing is substan-
tially reduced.

Reference is made to FIG. 3 wherein a non-volatile
memory circuit, generally indicated as 300, and adapted
to allow writing and erasing, constructed in a accor-
dance with an embodiment of the invention i1s depicted.
Circuit 300 includes FAMOS devices 303 and 304 con-
trolled by transistor switches 301 and 302. Transistors
301, 302 have their gates respectively connected to
control terminals A, B as described above. The voltage
limiting element present in circuit 300 is capacitor 310
coupled in parallel to the respective memories depicted
by FAMOS 301 and transistor 303 and FAMOS 302
and transistor 304, between terminal V pp and inductor
308, capacitor 309 coupled between terminal V pp and
the junction between inductor 307 and resistor 306. DC
resistances 305 and 306 formed in a p— well and para-
sitic inductances 307 and 308 formed 1n aluminum wir-
ing are series connected and used as the current limiting
elements. Capacitors 309 and 310 are formed in P+-N—
regions in the integrated circuit. The above-described
circuit acts as a low pass filter which filters out the high
frequency components of outside noise and static elec-
tricity. The low pass filter also increases the time re-
quired for the application of the high voltage when
writing into the storage device is desired. However, this
additional period is only several milliseconds and is not
generally a problem. The low pass filter may be con-
structed utilizing resistance and capacitance or induc-
tance and capacitance. However, one pair of the above
components is insufficient to adequately eliminate the
high frequency disturbances and two low pass filters are
utilized. As more low pass filters are used, the voltage
drop across resistors 305 and 306 increases so that it 1s
desirable to design the low pass filters taking into con-
sideration the voltages required for writing and the
frequency spectrum of external noise.
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Reference 1s next made to FIG. 4 wherein a non-
volatile memory circuit generally indicated as 400, con-
structed 1 accordance with a second embodiment of
the invention is depicted. Circuit 400 includes the non-
volatile memory components including switching tran-
sistors 401 and 402 and FAMOS devices 403 and 404,
connected as described above. The voltage limiting
elements for the non-volatile memory devices include a
diode 405 and capacitor 406 coupled 1n parallel between
terminals V ppand Vpp, capacitors 406 and 407 coupled
between terminal Vpp and the junctions between high
break-down transistors 409 and 410 and between high
break-down transistors 410 and FAMOS 403, 404.
Diode 405 is constructed as a pt-N— diode. Ordinarily
diodes are formed parasitically on an integrated circuit.
However, diode 405 1s formed by controlling the con-
centration of N—. As a result, the break down voltage
of diode 405 can be set at a low voltage. The break-
down voltage 1s controlled so as to fall within the nor-
mal writing range of the non-volatile memory device,
that i1s approximately —15 V. As a result, when noise
from the outside with a comparatively high DC compo-
nent invades the circuit, the peak level of the noise is cut
off at about 15 wvolts. The voltage applied to the
FAMOS devices 1s, however, insufficient to cause writ-
ing to the gates of the FAMOS devices without transis-
tors 401 and 402 being switched ON. Capacitors 406,
407, 408 are formed as p+-IN— capacitors.

The current limiting elements in circuit 400 are high
break-down voltage MOS transistors 409 and 410 hav-
ing their respective gates commonly joined to terminal
Vpp and which are adapted to receive high voltage.
High break-down voltage transistors 409 and 410 and
diode 405 and capacitors 406, 407, 408 act as a low-pass
filter to filter out the high frequency components of the
external noise.

Reference is next made to FIG. 5 wherein a non-
volatile memory circuit, generally indicated as 500,
constructed in accordance with a third embodiment of
the invention is depicted. Circuit 500 includes switching
transistors 501, 502 and FAMOS devices 503 and S04
which form the non-volatile memory circuit. Elements
501, 502, 503 and 504 are connected in the same manner
as shown and described above. The voltage limiting
element in circuit 500 is the break-down voltage of the
drain of a transistor 505 connected across terminals
Vpp and V pp with its drain coupled to terminal V pp.
Generally, in an enhancement type MOS transistor,
where the gate electrode and source electrode are con-
nected, a channel is not formed and current will not
flow between the source and drain. However, when
high voltage applied to the drain reaches a certain
break-down level, current begins to flow abruptly.
Transistor 505 is formed so that the break-down volt-
age, that is the voltage above which current begins to
flow, is set to be slightly higher than the voltage re-
quired to write in the FAMOS devices. In this way, a
write signal is not negatively affected by the voltage
limiting element. However, a noise signal with voltage
greater than the voltage required for writing into the
FAMOS devices is reduced to a voltage level only
slightly higher than that ordinarily required to write on
the FAMOS devices. This will not cause data to be
written into the FAMOS devices unless terminals A or
B are selected, thereby turning on transistor switches
501 or 502.

The current limiting element is a transistor 506 which
has the gate and drain electrodes connected to termmnal



Re. 34,974

S

V pp. The drain of transistor 506 has a diode construc-
tion adapted to allow current flow in a direction oppo-
site to V pp. As a result, the breakdown voltage of the
diode 1s set so that high voltages from outside of the
circuit are limited.

Therefore, in accordance with this embodiment, a
non-volatile memory circuit which limits both voltage
and current which serves to prevent unwanted effects
from high voltages applied from outside of the circuit is
provided. This circuit i1s particularly advantageous to
manufacture as only two additional transistors are re-
quired to improve the reliability of the circuit for writ-
ing into a FAMOS device.

Reference is next made to FIG. 6 wherein a non-
volatile circuit, generally indicated as 600, which allows
for writing of data into the non-volatile memory in
accordance with a third embodiment of the invention is
depicted. Circuit 600 has switching transistors 601 and
602 coupled to terminals A, B, respectively for switch-
ing FAMOS elements 603, 604 as described above. The
voltage limiting elements are diodes 605 and 606 which
are coupled, respectively, between terminal Vpp and
the junctions between resistors 607 and 608 and be-
tween resistors 608 and FAMOS 603, 604. Diodes 605
and 606 are formed where the P type and N-type dop-
ing of a P+-N+ junction is adjusted. The breakdown
voltages of diodes 605 and 606 are set slightly higher
than the voltage required for writing. As described
above, this insures that random outside noise does not
cause data to be stored in FAMOS devices 603 and 604
unless terminals A and B are turned ON. The current
limiting elements are resistors 607 and 608 which are
made up of p-wells to limit abrubt punch through cur-
rent while not interfering with the breakdown voltage
effects of diodes 605 and 606. As a result, circuit 600
contains both voltage limiting and current limiting ele-
ments to protect the integrity of the data in FAMOS
devices 603 and 604. The P-well doping in circuit 600 is
less than that in the embodiment of FIG. 4. As a result,
the break-down voltage required in this embodiment is
higher than that required in the embodiment in FIG. 3.
Therefore, circuit 600 is more insensitive to disturb-
ances caused by external noise and static.

Reference is next made to FIG. 7 wherein a non-
volatile memory circuit adapted to allow writing and
erasing of data, generally indicated as 700, is depicted.
Circuit 700 includes switching transistors 701 and 702
for respectively switching double-layer gate FAMOS
transistors 703 and 704. The gate electrode of transistor
701 i1s coupled to a terminal Al. The source electrode
thereof is coupled to terminal A2 whereas the drain
electrode is coupled to the FAMOS device 703. Like-
wise, the gate and source electrodes of transistor 702 are
coupled to terminals Bl and B2, respectively, whereas
the drain electrode of tramsistor 702 is coupled to
FAMOS device 704.

This is an EEPROM circuit which allows for the
writing and erasing of data in FAMOS devices 703 and
704. To write data, terminal A1l is set equal to Vppand
terminal A2 is set to Vss which turns transistor 701 ON.
Then, approximately +21 V is applied to Vpp which
causes a signal to be stored in FAMOS device 703.

'TO erase data, terminal Al is set to Vpp and terminal
Azissetto +21 V. As a result, 421 V is applied to the
drain of transistor 703. Then, Vgsis applied to the gate
electrode of transistor 703. As a result, a voltage differ-
ence between the gate and drain equal in magnitude to
the voltage applied for writing, but of opposite polarity
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1s applied to erase the data. Transistors 703 and 704 are
constructed so that the insulating layer formed between
a floating gate and the drain is partially thinned so that
electrons are more easily stored and discharged by the
polarity of the voltage applied to the layer between the
gate and drain.

No DC circuit is produced between high voltage
terminals V ppand Vhd SS of the EEPROM circuit. As
a result, it is possible to write and erase data using very
little energy. However, such an EEPROM is also very
sensitive to outside and static noise which creates a
potential for mistaken data to be written into or for
written data to be erased from the EEPROM by mis-
take. Circuit 700 utilizes transistors 705, 706 and 707 as
an adjunct to the EEPROM circuit as voltage and cur-
rent imiting elements. Transistor 705, which is coupled
between terminals V ppand Vgs, with its gate coupled to
terminal Vgg, is configured to utilize the break-down
voltage of an N-channel transistor as the voltage limit-
ing element. Likewise, transistors 706 and 707 are uti-
lized to limit the current flowing to transistors 703 and
704. Transistors 706 and 707 are coupled with their
respective source-drain paths in parallel and their drains
respectively coupled to opposed sides of said parallel
connection.

Reference is next made to FIG. 8 wherein a2 non-
volatile memory circuit, generally indicated as 800,
constructed in accordance with another embodiment of
the invention is depicted. Circuit 800 has switching
transistors 801 and 802 for switching FAMOS devices
803 and 804 as described above. The voltage limiting
element is a diode 805 coupled between terminals Vpp
and Vppand produced in the same way as diode 405 in
circuit 400 shown in FIG. 4. N-channel transistor 809
and P-channel transistor 810 are coupled with their
respective source-drain paths in parallel and are used as
part of the current limiting elements. The current limit-
ing elements also include an RC circuit formed from a
resistor 807 and a capacitor 806 coupled in series be-
tween terminals Vpp and Vpp. An inverter 808 is cou-
pled between a point X, between resistor 807 and capac-
itor 806, and the gate electrode of transistor 809. The
gate electrode of transistor 810 is coupled to point X.
When data 1s to be written into FAMOS devices 803,
804, a voltage of approximately —15 V is applied to
Vpp. The gate voltage of inverter 808 is reduced from
the Vpp=0 volts level in a negative direction con-
trolled by the time constant of the RC circuit. When the
gate voltage of diode 808 crosses the threshold voltage
of the inverter, P-channel transistor 810 and N-channel
transistor 809 are switched ON. As a result, the voltage
applied to Vpp is transferred to FAMOS devices 503
and 504 and the electrical charge is injected into the
FAMOS device selected by terminals A or B.

Circuit 800 reacts differently in the case where a
pulse of short duration and high voltage enters the cir-

cuit at terminal V pp. Generally, noise such as that cre-

ated by static 1s of a pulse type in which a high voltage
1s applied for a very brief period of time. When the time
constant of the RC circuit formed by resistor 807 and
capacitor 806 is large relative to the width of the pulse,
the voltage at point X does not exceed the threshold
level of diode 808 as it is maintained near the voltage of
V pp. P-channel transistor 809 and N-channel transistor
810 are not switched ON and the static electrical noise
applied to V ppis cut off. As a result, the voltage applied
to Vppis not allowed to pass through to the FAMOS
devices unless the voltage is applied over a time period
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determined by the time constant of the RC circuit
formed by resistor 807 and capacitor 806.

Reference is next made to FIG. 9 wherein a non-
volatile memory circuit, generally indicated as 900
which is adapted to electrically read and erase data, 5
constructed in accordance with another embodiment of
the invention is depicted. Circuit 900 1s an EEPROM
circuit which allows for both writing and erasing of
data from two-layer gate transistors 903, 904. The EE-
PROM circuit operates in the same manner as described 10
above with respect to the embodiment in FIG. 7. How-
ever, the voltage and current protection circuits are
similar to the protection circuits of circuit 800. The
voltage limiting circuit is a transistor 905 in which the
gate and source electrodes are coupled to Vppand the 15
drain electrode is coupled to terminal Vgs. As a result,
transistor 905 operates as a diode similar to diode 805 in
circuit 800 (FI1G. 8).

The current limiting elements 1n FIG. 9 are the same
as those in FIG. 8. An RC circuit is formed by a resistor 20
907 and a capacitor 906 coupled between terminals V pp
and Vgs. An inverter 900 has its gate electrode coupled
to a point Y between resistor 907 and capacitor 906. An
N-channel transistor 909 and a P-channel transistor 910
are coupled to terminal V ppin the same manner as tran- 25
sistors 909 and 910 in circuit 800. The output of inverter
908 is coupled to the gate electrode of transistor 909.
The gate electrode of transistor 910 1s coupled to point
Y.

When data is to be written into transistor 903, termi- 30
nal Al is set equal to Vpp and terminal A2 is set equal
to Vss. As a result, transistor 9011 is switched ON. A
voltage +21 V is applied to the gate of transistor 903.
As a result, the upper gate and drain are at levels 421
V and Vgs respectively so that electrons are stored in 35
the floating gate by a tunnel effect which also increases
the threshold voltage.

On the other hand, when erasing data from transistor
903, terminal A is set to Vpp and terminal As 1s set to
+21 V. As aresult, Vgsand +21 V are applied to the 40
gate and drain electrodes of transistor 903, respectively.
This results in the electrons in the floating gate of tran-
sistor 903 being erased. Erasure 1s accomplished by
applying a voltage having an opposite polarity to that
utilized when writing. Transistors 903 and 904 are 45
formed so that the thickness of the insulating film be-
tween the floating gate and the drain is particularly
reduced. As a result, the tunnel effect occurs easily.

In the EEPROM circuit of FIG. 9, no DC circuit 1s
produced between high voltage terminal Vpp(+21 V) 50
and Vss when writing or erasing data. As a result, it is
possible to both write and erase data with very little
energy. However, such an EEPROM is particularly
sensitive to noise from the outside and static which have
a tendency to produce errors, such as writing or erasing 55
at inappropriate times.

Accordingly, a protection circuit 1s required. The
protection circuit includes transistor 905 as a voltage
limiting element and resistor 907, capacitor 906, in-
verter 908 and transistors 909, 910, as current limiting 60
elements. The protection circuit operates 1n the same
manner as the protection circuit in F1G. 8. This is, when
writing data, a voltage of +21V is applied to terminal
Vpp. When data is to be erased, a voltage of OV 1s
applied to terminal Vpp. In any event, a certain period 65
of time is required to switch on transistors 909, 910. A
pulse of short width pulse to the time constant of the
RC circuit formed by resistor 907 and capacitor 606

8

fails to turn ON transistors 909, 910. As a result, noise
signals of high voltage but short pulse width are not
transmitted to the gate electrodes of memories 903 or
904.

The non-volatile memory circuits shown in FIGS.
2-9 include two memory elements in each circuit. How-
ever, additional memory circuits can be added 1n paral-
lel to the memory circuits shown. The non-volatile
memory circuits shown in FIGS. 3-9 utilize resistors,
diodes, transistors, capacitors, and so on as voltage
limiting elements and resistors, transistors, inductors as
current himiting elements. As a result of a combination
of the voltage limiting elements and the current limiting
elements with the non-volatile memory circuit, errone-
ous writing caused by noise generated by other devices
and static electricity generated from the human body
can be prevented. In addition, in the non-volatile mem-
ory circuits of FIGS. 7 and 9, the voltage and current
protection circuits prevent erroneous erasure of data
resulting from similar noise.

Because of the compactness and simplicity of the
voltage and current limiting circuits, the area of chip
used for the non-volatile memory circuits constructed
in accordance with the invention are almost the same
size as a conventional non-volatile memory integrated
circuit. This is due to the fact that the difference be-
tween the sizes of the ordinary transistors and the tran-
sistors used in this invention as voltage and current
limiting elements are small. In particular, the channel
width of a transistor constructed in accordance with the
invention i1s about 50 um (W =350 pm) and the channel
length of the transistor is 4 um, (L=4 um). In the cir-
cuits constructed in accordance with the invention, the
voltage 1s dropped by about 2-3 volts by the current
limiting elements. As a result, it is possible to assemble
such a circuit in an electronic watch without any diffi-
culty, preferably on the same chip as the other inte-
grated elements of the watch. Accordingly, a non-
volatile memory circuit for writing and erasing data
located on the same integrated circuit as the compo-
nents for an electronic watch, which 1s particularly
insensitive to static and outside noise is provided.

It will thus be seen that the objects set forth above,
among those made apparent from the preceding de-
scription, are efficiently attained and, since certain
changes may be made in the above constructions, with-
out departing from the spint and scope of the invention,
it is intended that all matter contained in the above
description or shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting
sense.

It is also to be understood that the following claims
are intended to cover all of the generic and specific
features of the invention herein described and all state-
ments of the scope of the invention which, as a matter of
language, might be said to fall therebetween.

What claimed 1s:

1. A non-volatile memory circuit having a power
source and a high voltage application terminal for writ-
ing data and being protected from erroneous writing of
data from noise, comprising:

a plurality of non-volatile memory means coupled
between the power source and the high voltage
application terminal for storing data wherein
[the] each non-volatile memory means includes at
least one memory device and associated switch
means for permitting selective writing of data into
Leach]] the at least one memory device;
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voltage hmiting means commonly shared by and for
Iimiting by serving as a bidirectional current path, the
voltage applied to the plurality of non-volatile
memory means, wherein said voltage limiting means
is coupled between the power source and the high
voltage application terminal; and
current limiting means commonly shared by and for
limiting the current [applied to the] flowing
through the plurality of non-volatile memory means,
wherein said current limiting means is coupled [be-
tween] fo the high voltage application terminal
and the plurality of the non-volatile memory
meansf;
whereby the non-volatile memory means is protected
from erroneous writing of data from outside noise
and static noisel.
2. The non-volatile memory circuit of claim 1
wherein [the} each non-volatile memory means in-
cludes at least one memory device and switch means for

S
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permitting selective writing of data into and erasing of 20

data from each memory device.

3. The non-volatile memory circuit of claim 2
wherein each memory device is a double-layer gate
transistor.

4. The non-volatile memory circuit of claim 2
wherein the switch means includes a transistor switch
for each memory device.

5. The non-volatile memory circuit of claim 1
wherein each of the memory devices is a floating-gate
avalanche injection MOS device coupled between the
high voltage application terminal and the switch means.

6. The non-volatile memory circuit of claim 1
wherein the switch means includes a transistor switch
for each memory device.

7. The non-volatile memory circuit of claim 1
wherein the voltage limiting means includes at least one
diode.

8. The non-volatile memory circuit of claim 7
wherein the voltage limiting means further includes at
least one capacitor in parallel with one of said diodes.

9. The non-volatile memory circuit of claim 8 and
further including at least one high break-down voltage
transistor as said current limiting means.

10. A non-volatile memory circuit having a power
source and a high voltage application terminal for writ-
ing data, comprising:

non-volatile memory means coupled between the

power source and the high voltage application
terminal for storing data;

voltage limiting means for limiting the voltage ap-

plied to the non-volatile memory means, coupled
between the power source and the high voltage
application terminal; and

current limiting means for limiting the current [ap-

plied to} flowing through the non-volatile memory
means [,] and coupled [between] fo the high
voltage application terminal and the non-volatile
mMemory means;

whereby the non-volatile memory means is protected

from erroneous writing of data from outside noise
and static noise, wherein the voltage limiting means
includes at least one diode and at least one capaci-
tor in parallel with said at least one [of said di-
odes] diode and further including at least [one]
two high break-down voltage transistors as said
current limiting means and further including [at
least two series connected high break-down volt-
age transistors and] a capacitor coupled [be-
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tween] to one of the source and drain of each said
high break-down [[transistor] transistors and to
sald power source.

11. The non-volatile memory circuit of claim 1
wherein the voltage limiting means includes a transistor
adapted to have a selected break-down voltage for lim-
iting voltage applied to the memory means.

12. The non-volatile memory circuit of claim 1
wherein the voltage limiting means includes at least one
capacitor.

13. The non-volatile memory circuit of claim 1
wherein the current limiting means includes at least one
resistor.

14. The non-volatile memory circuit of claim 1
wherein the current limiting means includes the break-
down voltage of the drain-substrate junction of at least
one transistor in which the gate and drain electrodes are
tied together.

15. The non-volatile memory circuit of claim 1
wherein the voltage limiting means includes a high
break-down voltage transistor adapted upon break-
down at a selected voltage above the desired voltage of
the high voltage application terminal to prevent appli-
cation of voltages high than said selected voltage to the
memory means.

16. The non-volatile memory circuit of claim 1
wherein the current limiting means includes at least one
inductor.

17. The non-volatile memory circuit of claim 1
wherein the current limiting means includes at least one
inductor and at least one resistor in series.

18. A non-volatile memory circuit having a power
source and a high voltage application terminal for writ-
ing data, comprising:

non-volatile memory means coupled between the

power source and the high voltage application
terminal for storing data;

voltage limiting means for limiting the voltage ap-

plied to the non-volatile memory means, coupled
between the power source and the high voltage
application terminal; and

current limiting means for limiting the current [ap-

plied to] flowing through the non-volatile memory
means[.,] and coupled [between] 7o the high
voltage application terminal and the non-volatile
memory means[,]}

wherein the current limiting means at least one induc-

tor and at least one resistor in series wherein the
resistor and inductor are respectively formed in a
P-well and a parasitic inductance in integrated
wiring of the circuit;

whereby the non-volatile memory means is protected

from erroneous writing of data from outside noise
and static noise.

19. The non-volatile memory circuit of claim 18.
wherein the voltage limiting means includes at least one
capacitor to define a low-pass filter with said resistor
and imductor.

20. The non-volatile memory circuit of claim 19, and
including at least two of said low-pass filters.

21. A non-volatile memory circuit having a power
source and a high voltage application terminal for writ-
ing data and being protected from erroneous writing of
data from noise, comprising:

non-volatile memory means coupled between the

power source and the high voltage application
terminal for storing data;
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voltage limiting means for lhmiting the voltage ap-
plied to the non-volatile memory means, coupled
between the power source and the high voltage
application terminal; and

current limiting means for limiting the current [ap-

plied 1o} flowing through the non-volatile memory
means[[,] and coupled [between] 70 the high-
voltage application terminal and the non-volatile
memory means[[,] ;

wherein the current limiting means includes two tran-

sistors of like conductivity type, one of the source
and drain and the gate electrodes of the first transis-
tor and one of the source and drain electrode of the
second transistor being coupled to the high voltage
application terminal and the gate and the other of
the source and drain electrodes of the second tran-
sistor and the other of the source and drain elec-
trode of the first transistor being coupled to the
non-volatile memory means[;

whereby the non-volatile memory means is protected

from erroneous writing of data from outside noise
and static noise}.

22. The non-volatile memory circuit of claim 21,
wherein the voltage limiting means includes at least one
diode.

23. A non-volatile memory circuit having a power
source and a high voltage application terminal for writ-
ing data and being protected from erroneous writing of
data from noise, comprising:

non-volatile memory means coupled between the

power source and the high voltage application
terminal for storing data;

voltage limiting means for hmiting the voltage ap-

plied to the non-volatile memory means, coupled
between the power source and the high voltage
application terminal; and

current limiting means for limiting the current [ap-

plied to] flowing through the non-volatile memory
means{,] and coupled [between] 7o the high
voltage application terminal and the non-volatile
memory meansf.]

wherein the current limiting means includes a resistor

and a capacitor in series between the power source
and the high voltage apphcation terminal, an in-
verter, the input of the inverter being coupled to a
point between the resistor and the capacitor, a pair
of transistors of opposite conductivity type cou-
pled with their respective source-drain paths in
parallel [between] 1o the high voltage application
terminal and the non-volatile memory means, the
gate electrode of one of the transistors being cou-
pled to the point between the resistor and the ca-
pacitor and the gate electrode of the other transis-
tor being coupled to the output of the inverter
wherein the conductance of the transistors as a
current limiting means is controlled using the resis-
tor-capacitor time constant circuit[;

whereby the non-volatile memory means is protected

from erroneous writing of data from outside noise
and static noiseJ.

24. The non-volatile memory circuit of claim 23,
wherein the time constant of the resistor-capacitor cir-
cuit is selected to be larger than the width of pulses of
noise to prevent the application of such pulses to the
MEemory means.

25. The non-volatile memory circuit of claim 24,
wherein the voltage limiting means includes a transistor
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adapted to have a selected break-down voltage for lim-
iting the voltage applied to the memory means.

26. The non-volatile memory circuit of claim 23
wherein the voltage hmiting means includes at least one
diode.

27. The non-volatile memory circuit of claim 23,
wherein the voltage limiting means includes a transistor
adapted to have a selected break-down voltage for lim-
iting the voltage applied to the memory means.

28. The non-volatile memory circuit of claim 1,
wherein the current and voltage limiting means are
integrated on the same chip as the non-volatile memory
means.

29. The non-volatile memory circuit of claim 28,
wherein the circuit 1s integrated on the same chip as the
integrated circuit of a watch.

30. The non-volatile memory circuit of claim 1, wherein
the voltage limiting means includes transistor means hav-
ing a source-drain path coupled between the power source
and the high voltage application terminal.

31, The non-volatile memory circuit of claim 30, wherein
the transistor means is operable for limiting the voltage
associated with noise which is applied by the high voltage
application terminal to each non-volatile memory means.

32. The non-volatile memory circuit of claim 1, wherein
said voltage limiting means includes diode means for limit-
ing the voltage supplied to each non-volatile memory means
within a predetermined voltage range.

33. The non-volatile memory circuit of claim 1, wherein
the voltage limiting means includes at least one diode.

34. The non-volatile memory circuit of claim 1, wherein
said current limiting means includes at least one transistor
having a source-drain path which is coupled between the
high voltage application terminal and the plurality of non-
volatile memory means.

33. The non-volatile memory circuit of claim 34, wherein
said current limiting transistor serves as diode.

36. The non-volatile memory circuit of claim 1, wherein
the voltage limiting means includes first transistor means

40 for limiting the voltage associated with noise which is ap-
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plied by the high voltage application terminal to each non-
volatile memory means, and the current limiting means
includes second transistor means for serving as a diode.

37. The non-volatile memory circuit of claim 1, wherein
the voltage limiting means includes a capacitor, and the
current limiting means includes a transistor serving as a
diode.

36. The non-volatile memory circuit of claim 1, wherein
the voltage limiting means includes a diode, and the cur-
rent limiting means includes a transistor serving as a diode.

39. The non-volatile memory circuit of claim I, wherein
the voltage limiting means includes a diode, and the cur-
rent limiting means includes a resistor.

40. The non-volatile memory circuit of claim I, wherein
the voltage limiting means includes a capacitor, and the
current limiting means includes a resistor.

41. The non-volatile memory circuit having a power
source and a high voltage application terminal for writing
data and being protected from erroneous writing of data

60 from noise, comprising:

65

non-volatile memory means coupled to the power source
and the high voltage application terminal for storing
data wherein the non-volatile memory means includes
at least one memory device and switch means for
permitting selective writing of data into each memory
device; and

voltage limiting means for limiting, by serving as a bidi-
rectional current path, the voltage applied to the non-



Re. 34,974

13

volatile memory means and coupled between the
power source and the high voltage application termi-

nal, said voltage limiting means including transistor s
means having a gate, source and drain and a source-

drain path coupled between the power source and the
high voltage application terminal wherein the gate and

source are connected together. 10
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42. The non-volatile memory circuit of claim 41, wherein
the transistor means is adapted to have a high break-down
voltage.

43. The non-volatile memory circuit of claim 41, wherein
the voltage limiting means includes a capacitor.

44. The non-volatile memory circuit of claim 41, wherein
the voltage limiting means includes a diode which limits
the voltage supplied to the non-volatile memory means

within a predetermined voltage range.
*x * * * *
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