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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a non-volatile
semiconductor memory device and, more particularly,
to a non-volatile semiconductor memory device in which
each memory cell includes a non-volatile memory cell
and a capacitive element, and which operates as a high-
speed DRAM (Dynamic Random Access Memory) in a
normal operation mode and operates as a non-volatile
memory in a data retaining mode.

2. Description of the Related Art

[0002] Generally, there are two kinds of semiconduc-
tor memory devices. One is a non-volatile memory (such
as EEPROM) in which stored contents are retained
even after a power supply is turned off. The other is a
volatile memory (such as RAM) in which the stored con-
tents disappear when the power supply is turned off.
[0003] The non-volatile memory having the above-de-
scribed advantage has been remarkably progressed
and has reached flash memories having a large capacity
which are applied to various kinds of commercial prod-
ucts. Generally, a period of time required for rewriting in
non-volatile memories is relatively longer than that of
random access memories such as DRAM or SRAM. In
order to obtain at least some improvement, the following
measures have been taken. For example, in flash mem-
ories of NOR type, a rewriting speed in each memory
cell is made higher by employing a CHE (Channel Hot
Electron) method. In flash memories of NAND type, the
rewriting speed is made higher by rewriting a large
number of cells in parallel by using FN (Fowler Nordhe-
im) tunnel current.
[0004] However, in conventional non-volatile memo-
ries such as a flash memory of NOR type or a flash mem-
ory and NAND type mentioned above, the shortest avail-
able period of time required for rewriting is about 1 µs/
byte. This period of time is longer than the rewriting
speed of DRAM or SRAM, which is about several ten
nano second.
[0005] Thus, there has been an eager desire for the
development of a non-volatile semiconductor memory
device which can retain the above advantage as a non-
volatile memory and which can allow a high-speed ran-
dom access to such an extent as in an ordinary DRAM.
[0006] US 5,389,567 discloses a one-transistor non-
volatile DRAM cell having a floating gate constructed so
as to allow the contents of a storage capacitor to be
transferred by election tunnelling to the floating gate dur-
ing power interruptions. For this purpose, an electrode
of the capacitor is formed by a drain diffusion region of
the transistor, the source region of which is connected
to a bit line.

[0007] The above object is achieved by a non-volatile
semiconductor memory device as defined in claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will be better understood
from the following detailed description of preferred em-
bodiments of the invention, taken in conjunction with the
accompanying drawings, in which:

Fig. 1 is a circuit diagram showing a construction of
a non-volatile semiconductor memory device ac-
cording to the present invention;
Fig. 2 is a timing chart showing a writing operation
as a DRAM according to the present invention;
Fig. 3 is a timing chart showing a reading operation
as the DRAM according to the present invention;
Fig. 4 is a timing chart showing a recalling operation
according to the present invention;
Fig. 5 is a timing chart showing a storing operation
according to the present invention; and
Fig. 6 is a circuit diagram showing a construction of
another non-volatile semiconductor memory device
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0009] The non-volatile semiconductor memory de-
vice of each embodiment mainly includes the memory
cell section, the register section, the bit line selector and
the sensing amplifier.
[0010] The memory cell section includes the flash cell
section and the DRAM capacitor section.
[0011] The flash cell section has at least the drain, the
source and the floating gate. The drain is connected to
the bit line. The flash cell section is preferably formed
of a non-volatile memory transistor. The non-volatile
memory transistor generally includes a first dielectric
film, the floating gate, a second dielectric film and a con-
trol gate, which are successively formed on a semicon-
ductor substrate, and source/drain formed in the semi-
conductor substrate. The first dielectric film is generally
referred to as a tunnel dielectric film and may be formed
of a silicon oxide film, a nitrogen-containing silicon oxide
film or the like. The thickness of the first dielectric film
may be suitably adjusted depending on a voltage ap-
plied in operating the transistor, or the like. The floating
gate is preferably formed of a material capable of suit-
ably accumulating an electric charge, such as polysili-
con or silicon nitride film. The thickness of the floating
gate is not specifically limited. In the present invention,
the floating gate functions as an electric charge accu-
mulating layer for accumulating an electric charge and
may be formed of a layer having a lot of traps, such as
a two-layer structure of SiN-SiO2 or a three-layer struc-
ture of SiO2-SiN-SiO2 in addition to the above materials.
The second dielectric film is formed between the floating
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gate and the later-mentioned control gate and may be
formed of a material similar to that of the first dielectric
film. The material for the control gate is not specifically
limited as long as it can be used generally as an elec-
trode material. The control gate may be formed of poly-
silicon, silicide, polycide or one of various metals to a
desired thickness to cover the floating gate completely
or partially so that the injection of electrons into the float-
ing gate can be controlled. The source/ drain are formed
to contain a P-type impurity or an N-type impurity. The
source/drain are preferably formed in symmetry with the
same impurity concentration for ease of manufacturing
processes. However, the drain may have an impurity
concentration higher than that of the source, or the
source and the drain may be non-symmetrically posi-
tioned relative to the floating gate in order to facilitate
injection/extraction of electrons into/from the floating
gate at least through the drain of the non-volatile mem-
ory transistor.
[0012] Also, in the non-volatile memory transistor, the
first dielectric film may be formed to have an uneven
thickness such that a portion of the first dielectric film
near the drain has a smaller thickness than a portion of
the first dielectric film near the source in order to facili-
tate injection/extraction of electrons into/from the float-
ing gate at least through the drain of the non-volatile
memory transistor.
[0013] The non-volatile memory transistor of the
present invention may be achieved by either of an N-
type transistor and a P-type transistor.
[0014] The DRAM capacitor section is preferably
formed of a capacitor that is generally used as a capac-
itive element. The capacitor generally has a structure in
which a capacitor dielectric film is interposed between
two electrodes, for example, between an accumulation
electrode and a plate electrode. The material for the ca-
pacitor dielectric film is not specifically limited. The ca-
pacitor dielectric film may be formed of, for example, sil-
icon oxide film, silicon nitride film, a laminated film of
these films or the like to an arbitrary thickness. The ac-
cumulation electrode may be formed of any material to
any thickness as long as it can be generally used as an
electrode, as mentioned above. Here, although the ac-
cumulation electrode is electrically connected to the
source of the non-volatile memory transistor, the accu-
mulation electrode may instead be formed integrally
with the source as a common diffusion layer formed in
the semiconductor substrate. The plate electrode may
be formed of a material similar to that of the accumula-
tion electrode and may be formed to have an arbitrary
thickness. Here, although the plate electrode may be
formed for each memory cell, the plate electrode of a
memory cell is preferably formed integrally with plate
electrodes of a plurality of adjacent memory cells.
[0015] In the memory cell section constructed as
above, electrons are injected into and extracted from the
floating gate at least through the drain by a tunnel cur-
rent.

[0016] This injection/extraction of electrons may be
achieve by an arbitrary combination of the above mem-
ory cell section and optionally a register section, a bit
line selector and/or a sensing amplifier; and further op-
tionally, one or more of a voltage adjustment circuit, a
bit line decoder, a precharging latch circuit, a multiplex-
er, a word line decoder, a driver circuit, a timing circuit
and the like. Here, the bit line decoder, the precharging
latch circuit, the multiplexer, the word line decoder, the
driver circuit and the timing circuit may be formed of
known ones.
[0017] The injection/extraction of electrons into/from
the floating gate at least through the drain by a tunnel
current means that the injection/ extraction of electrons
is performed at least between the drain and the floating
gate. For example, if the non-volatile memory transistor
is in an ON state, a channel is formed in a surface of the
semiconductor substrate immediately under the floating
gate, so that the electrons are injected into or extracted
from the floating gate also through this channel. Accord-
ingly, the electron injection/extraction referred to in the
present invention may include injection/ extraction of
electrons into/from the floating gate through the drain
and a part or whole of the channel or through the entire
surface area extending from the drain to the source.
[0018] The bit line to which the drain in the memory
cell is connected preferably constitutes one of a pair of
complementary bit lines.
[0019] The register section can be connected to the
memory cell section via the bit line. The register section
may include the flash cell section and the DRAM capac-
itor section constituting the memory cell in a manner
similar to the memory cell section. Also, the drain of the
non-volatile memory transistor constituting the flash cell
section may be connected to the bit line; the source of
the non-volatile memory transistor may be connected to
one of the electrodes of the capacitive element consti-
tuting the DRAM capacitor section; and the other of the
electrodes of the capacitive element may be connected
to the power supply terminal. Alternatively, the DRAM
cell may include the transistor formed of the flash cell
section without a floating gate, and the capacitive ele-
ment.
[0020] The bit line selector is constructed in such a
manner that a signal from the bit line is input into the bit
line selector and this signal is input into the sensing am-
plifier, as mentioned later. The bit line selector connects
a pair of complementary bit lines to, for example, first
and second input terminals of the sensing amplifier. For
that purpose, the bit line selector may include a pair of
transistors connecting one of the pair of complementary
bit lines to the first input terminal of the sensing amplifier
and connecting the other one of the pair of complemen-
tary bit lines to the second input terminal of the sensing
amplifier, and another pair of transistors connecting said
one of the pair of complementary bit lines to the second
input terminal of the sensing amplifier and connecting
said other one of the pair of complementary bit lines to
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the first input terminal of the sensing amplifier.
[0021] The sensing amplifier receives an output from
the bit line selector as an input, whereby the information
in the memory cell is detected and amplified.
[0022] A voltage adjustment circuit may be provided
between the memory cell array and the sensing ampli-
fier connected to the memory cell array for changing an
input voltage of the sensing amplifier. The voltage ad-
justment circuit may include capacitive elements re-
spectively connected to the first and second input ter-
minals of the sensing amplifier. The capacitive elements
in the voltage adjustment circuit may have a construc-
tion similar to those constituting the DRAM capacitor
section.
[0023] The present invention is now detailed by way
of examples shown below in conjunction with the at-
tached drawings.

Example 1

[0024] Referring to Fig. 1, a non-volatile semiconduc-
tor memory device includes a memory array 1 having a
number of memory cells M arranged in a matrix-like con-
figuration, a precharging circuit 2, a bit line selector 3, a
voltage adjustment circuit 4, and a sensing amplifier SA.
[0025] As shown in Fig. 1, the memory array 1 in-
cludes a memory cell section 10 and a register section
11. The memory cell section 10 includes n x m memory
cells M arranged in a matrix-like configuration. Each of
the memory cells M is constructed in such a manner that
a flash cell section 12 having one non-volatile memory
transistor is connected to a DRAM capacitor section 13
having one capacitor. The register section 11 includes
similar memory cells M arranged in a lateral direction in
an area adjacent to the memory cell section 10. A drain
of the flash cell section 12 is connected to the bit line
BL, and a source of the flash cell section 12 is connected
to one end of the DRAM capacitor section 13. Further,
a voltage terminal (a plate voltage VPL of the DRAM ca-
pacitor section 13) is connected to the other end of the
DRAM capacitor section 13.
[0026] More specifically explained, word lines WL
(WL0 to WLn+2) are wired in a lateral direction and bit
lines BL (BL0 to BLm) are wired in a longitudinal direc-
tion on a substrate (not shown). Each of the memory
cells M is disposed in an area surrounded by two adja-
cent word lines WL and two adjacent bit lines BL. Thus,
the memory cells M are arranged in a matrix-like con-
figuration. Here, the areas surrounded by the word lines
WL0 to WLn and the bit lines BL0 to BLm constitute the
memory cell section 10, and the areas surrounded by
the word lines WLn+1 to WLn+2 and the bit lines BL0 to
BLm constitute the register section 11.
[0027] The bit line selector 3 includes two pair of tran-
sistors. In one pair of transistors, i.e., transistors Tr1 and
Tr2, the transistor Tr1 connect a bit line BL to a second
input terminal of the sensing amplifier SA and the tran-
sistor Tr2 connect another bit line BL, which is comple-

mentary to the above bit line BL, to a first input terminal
of the sensing amplifier SA respectively. In another pair
of transistor, i.e., transistors Tr3 and Tr4, the transistor
Tr3 connect the bit line BL to the first input terminal of
the sensing amplifier SA and the transistor Tr4 connect
another bit line BL, which is complementary to the above
bit line BL, to the second input terminal of the sensing
amplifier SA respectively.
[0028] The voltage adjustment circuit 4 includes ca-
pacitive elements C1, C2 respectively connected to the
first and second input terminals of the sensing amplifier
SA.
[0029] In accordance with the above structure, non-
volatile data are stored in the flash cell section 12 and
volatile data are stored in the DRAM capacitor section
13. For example, in this non-volatile semiconductor
memory device, the flash cell section 12 can be operat-
ed as a non-volatile memory by applying voltages
shown in the following table 1.

[0030] Hereafter, an explanation will be given on var-
ious operations of the non-volatile semiconductor mem-
ory device constructed as above, namely, a writing op-
eration as a DRAM, a reading operation as a DRAM, a
recalling operation, a storing operation, a verifying op-
eration and a refreshing operation.
[0031] The following explanation of the operations
mainly refers to operations in a destructive mode, i.e.
operations in which the non-volatile data are not re-
tained when the memory cell M operates as a DRAM.
However, since the non-volatile semiconductor memory
device of the present invention can be operated also in
a non-destructive mode, explanation of the operations
in the non-destructive mode will also be given at an ap-
propriate time.

(Writing operation as a DRAM)

[0032] First, the writing operation as a DRAM will be
explained with reference to Fig. 2. This writing operation
as a DRAM is similar to the writing operation of a general
DRAM. In accordance with "0" or "1" of the data, the bit
lines BL and BL# are set to have voltages Vcc or Vss
(See (a) and (b) of Fig. 2), and a selected word line (for
example, word line WL0) is raised to a voltage of Vcc +
Vth or more and then lowered after a predetermined pe-
riod of time (See (c) of Fig. 2). Through this operation,
predetermined data are stored in the DRAM capacitor
section 14 of the corresponding memory cell M.

Table 1

reading program erasing

word line +3V -10V +16V

bit line +1.5V +3V 0V
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(Reading operation as a DRAM)

[0033] Next, , the reading operation as a DRAM will
be explained with reference to Fig. 3. This reading op-
eration as a DRAM is also similar to the reading opera-
tion of a general DRAM. The precharging signal PRE of
the precharging circuit 2 is raised for a predetermined
period of time (See (a) of Fig. 3) to precharge all the bit
lines BL0 to BLm to a voltage of Vcc/2 (the precharging
voltage Vpre for reading in Fig. 1) (See (b) and (c) of
Fig. 3). Thereafter, a selected word line WL (for exam-
ple, WL0) is raised to a voltage of Vcc (a power supply
voltage of the device) + Vth or more (See (d) of Fig. 3).
Subsequently, after a bit line separation signal CUT of
the bit line selector 3 is lowered as shown by (e) of Fig.
3, the sensing amplifier SA is actuated. Namely, the
sensing amplifier SA is activated by giving an enable
signal to the sensing amplifier SA as shown by (f) of Fig.
3. Through this operation, the data in all the memory
cells M (M00 to M0m-1) connected to the word line WL0
are read out.
[0034] In this sensing operation, only the differential
amplification generally used in a conventional DRAM is
carried out. Thus, the sensing operation is not accom-
panied by a voltage step-up operation which is used in
an operation for reading the non-volatile data in the flash
cell section 12 as described in the second stage of the
later-explained recalling operation.

(Recalling operation)

[0035] Next, with reference to Fig. 4, the recalling op-
eration in the non-volatile semiconductor memory de-
vice according to the example 1 of the present invention
is now explained. Here, the recalling operation as used
herein refers to an operation in which the non-volatile
data stored in the flash cell section 12 of the memory
cell M of the present invention are read out (temporarily
stored) into the register section 11 for a while and then
re-stored into the DRAM capacitor section 13 of the
same memory cell M. However, depending on the ap-
plication, the non-volatile data once read out into the
register section 11 may be written into a memory cell M
at another address.
[0036] This recalling operation is carried out through
the following five stages (first stage to fifth stage), as
shown in Fig. 4.
[0037] In the first stage, the threshold voltage of the
flash cell section 12 of the memory cells M (Mn0 to Mnm-
1) in the register section 11 is lowered beforehand in
order to allow a DRAM operation of the register section
11. Namely, the precharging signal PREH of the pre-
charging circuit 2 is lowered as shown by (a) of Fig, 4 to
set all the bit lines BL0 to BLm to have a voltage of Vcc
(See (f) and (g) of Fig. 4). Then, a negative voltage is
applied for a predetermined period of time to word lines
WLn+1, WLn+2 corresponding to the register section 11
(See (i) of Fig. 4). Here, if the threshold voltage of the

flash cell section 12 of the memory cells M constituting
the register section 11 is low, the first stage can be omit-
ted.
[0038] Then, in the second stage, "0" data are written
into all the memory cells as a preliminary step for read-
ing the non-volatile data stored in the flash cell section
12 of the memory cells M. Namely, a precharging signal
PREL of the precharging circuit 2 is raised (See (b) of
Fig. 4) to set all the bit lines BL0 to BLm to have a voltage
of Vss and all the word lines WL0 to WLn are raised to
a voltage of Vcc (See (h) of Fig. 4), thereby to store the
"0" data into the DRAM capacitor section 13. However,
"0" data are not written into memory cells having a high
threshold voltage in the flash cell section 12.
[0039] Next, in the third stage, the non-volatile data
stored in the flash cell section 12 of the memory cell sec-
tion 10 are read out and transferred to the register sec-
tion 11. Namely, after a precharging signal PRE of the
precharging circuit 2 is raised for a predetermined peri-
od of time (see (c) of Fig. 4) to precharge all the bit lines
BL0 to BLm to a voltage of Vcc/2, a selected word line
(for example, WL0) is raised to a voltage of Vcc (See
(h) of Fig. 4).
[0040] In the third stage, in a similar manner as in the
second stage, it is not necessary that the voltage of the
word lines WL0 to WLn is raised to Vcc + Vth or more,
which is required in the above-described reading oper-
ation as a DRAM. This is because only the "0" data of
Vss have been written into the DRAM capacitor section
13 and the problem of threshold voltage fall does not
occur.
[0041] Here, if the threshold voltage of the flash cell
section 12 of the selected memory cell M is high, namely
if the non-volatile data is "1", the memory cell M is not
turned ON, so that the bit lines BL to BLm are held at
the precharging voltage. On the other hand, if the
threshold voltage of the flash cell section 12 of the se-
lected memory cell M is low, namely if the non-volatile
data is "0", the memory cell M is turned ON, so that the
bit lines BL to BLm fall from the precharging voltage by
a predetermined voltage ∆V. This predetermined volt-
age ∆V is a voltage determined by the capacitance Cs
of the DRAM capacitor section 13 and the bit line ca-
pacitance Cb, as shown by the following formula (1).

[0042] Next, the voltage step-up signal (for example,
BOOST0) of the sensing amplifier input node of the volt-
age adjustment circuit 4 is raised (See (d) of Fig. 4) to
raise the voltages of the bit lines BL and BL# by ∆V/2
(See (f) and (g) of Fig. 4). Thereafter, by operating the
sensing amplifier SA, the non-volatile data in the flash
cell section 12 can be read out.
[0043] Here, the slight voltage to be sensed is ∆V/2,
which is half of the voltage ∆V to be sensed in the above-
described reading operation as a DRAM. Therefore, it

∆V = Vcc • Cs/(Cb + Cs) (1)
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is sufficient to allow the operation speed of the sensing
amplifier SA to be about a half in order to increase the
sensing sensitivity and to allow differential amplification
with precision. Even if the operation speed of the sens-
ing amplifier is thus reduced, the period of time required
for the sensing operation is about 20 ns, which is suffi-
ciently smaller than the period of time (about 1 ms) re-
quired for changing the threshold voltage of the flash
cell section 12. Therefore, the adverse effects on the
total period of time required for the recalling operation
can be ignored.
[0044] Subsequently, the non-volatile data in the flash
cell section 12 of the memory cells M00 to M0m-1 con-
nected to the word line WL0, for example, are written
into the memory cells Mn0 to Mnm-1 connected to the
word line WLn+1 of the register section 11 by raising a
word line (for example, WLn+1) of the register section
11 to a voltage of Vcc + Vth or more and then lowering
it after a predetermined period of time (See (i) of Fig. 4).
[0045] Next, in the fourth stage, the threshold voltage
of the flash cell section 12 from which the non-volatile
data have been read out is lowered so that the flash cell
section 12 can be used as a transistor in a DRAM oper-
ation. Namely, with the bit line voltage kept in the state
of being sensed, a negative voltage is applied for a pre-
determined period of time to a word line WL (for exam-
ple, WL0) to be selected.
[0046] Here, if the threshold voltage is originally low,
i.e. if the non-volatile data is "0", the threshold voltage
does not fall further below that level because the bit line
voltage is Vss. On the other hand, if the original thresh-
old voltage is high, i.e. if the non-volatile data is "1", the
threshold voltage falls because the bit line voltage is
Vcc.
[0047] Next, in the fifth stage, the data temporarily
stored in the memory cell M of the register section 11
are returned to the selected memory cell M of the mem-
ory cell section 10. Namely, the word line (for example,
WLn+1) of the registering section 11 having the tempo-
rarily stored data is raised to a voltage of Vcc + Vth or
more (See (i) of Fig. 4); the bit line separation signal
CUT of the bit line selector 3 is lowered (See (e) of Fig.
4); and the sensing amplifier SA is actuated. Thereafter,
the bit line separation signal CUT is raised, and the se-
lected word line WL (for example, WL0) is raised to a
voltage of Vcc + Vth or more and then is lowered after
a predetermined period of time (See (h) of Fig. 4).
[0048] The recalling operation for all the memory cells
M will be completed by conducting the processes from
the third stage to the fifth stage for all the word lines WL.
The memory cells M are then used as a DRAM.
[0049] Here, the explanation has been given on a
mode in which the non-volatile data stored in the flash
cell section 12 of the memory cell M are destroyed as a
result of the recalling operation. However, a recalling op-
eration of a non-destructive mode is possible if the word
line voltage for the reading operation and the writing op-
eration as a DRAM is set to have a voltage higher than

the maximum threshold voltage of the flash cell section
12 to omit the fourth stage of the recalling operation.

(Storing operation)

[0050] Next, the storing operation in the non-volatile
semiconductor memory device according to the first em-
bodiment is now explained with reference to Fig. 5. The
storing operation refers to an operation in which the vol-
atile data stored in the DRAM capacitor section 13 of
the memory cell M of the memory cell section 10 are
read out (temporarily stored) into the register section 11
and then re-stored into the flash cell section 12 at the
same address.
[0051] The storing operation is carried out through the
first stage to the fourth stage, as shown in Fig. 5.
[0052] In the first stage, the threshold voltage of the
flash cell section 12 of the memory cell M of the register
section 11 is lowered so as to allow a DRAM operation
of the register section 11. Namely, after the precharging
signal PREH of the precharging circuit 2 is lowered (See
(a) of Fig. 5) to set all the bit lines BL to have a voltage
of Vcc (See (f) and (g) of Fig. 5), a negative voltage is
applied to word lines WLn+1 and WLn+2 for a predeter-
mined period of time (See (i) of Fig. 5). Here, the first
stage can be omitted if it is ensured that the threshold
voltage of the flash cell section 12 of the memory cell M
of the register section 11 is low.
[0053] In the second stage, the volatile data stored in
the DRAM capacitor section 13 of the memory cell M of
the memory cell section 10 are read out and transferred
to the register section 11. Namely, the precharging sig-
nal PRE of the precharging circuit 2 is raised for a pre-
determined period of time (See (c) of Fig. 5) to pre-
charge all the bit lines BL0 to BLm to a voltage of Vcc/
2 (See (f) and (g) of Fig. 5); a selected word line WL (for
example, WL0) is raised to a voltage of Vcc + Vth or
more (See (h) of Fig. 5); the bit line separation signal
CUT of the bit line selector 3 is lowered (See (e) of Fig.
5); and the sensing amplifier SA is actuated.
[0054] Thereafter, the bit line separation signal CUT
is raised, and a word line WL (for example, WLn+1) of
the register section 11 is raised to a voltage of Vcc + Vth
or more (See (h) of Fig. 5) and then is lowered after a
predetermined period of time. Through this step, the vol-
atile data in the DRAM capacitor section 13 of the mem-
ory cell M connected to the word line WL0, for example,
are written into the register section 11, for example, a
memory cell M connected to the word line WLn+1.
[0055] Next, in the third stage, the threshold voltage
of the flash cell section 12 is raised for a while as a pre-
liminary step for writing the data transferred to and tem-
porarily stored in the register section 11 into the flash
cell section 12 of the memory cell M from which the data
have been read out. Namely, the precharging signal
PREL of the precharging circuit 2 is raised (See (b) of
Fig. 5) to set all the bit lines BL to have a voltage of Vss
(See (f) and (g) of Fig. 5) and a predetermined high volt-
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age is applied to a selected word line WL (for example,
WL0) for a predetermined period of time (See (h) of Fig.
5).
[0056] This operation may be carried out for all the
memory cells M connected to the selected word line WL.
This is because the threshold voltage of the flash cell
section 12 of all the memory cells M are set to be low
for allowing the DRAM operation. Here, in the case of
the above-described non-destructive mode, although
the non-volatile data are stored in the flash cell section
12, excessively high voltage would not usually be a
problem if the data are to be renewed. Therefore, also
in the non-destruction mode, initial application of the
high voltage to the selected word line WL may be carried
out for all the memory cells M.
[0057] In the fourth stage, the data temporarily stored
in the memory cell M of the register section 11 are written
into the flash cell section 12 of the memory cell M in the
memory cell section 10 from which the data have been
read out. Namely, after the precharging signal PRE of
the precharging circuit 2 is raised for a predetermined
period of time (See (c) of Fig. 5) to precharge all the bit
lines BL to a voltage of Vcc/2 (See (f) and (g) of Fig. 5),
a word line WL (for example, WLn+1) of the register sec-
tion 10 in which the data are temporarily retreated is
raised to a voltage of Vcc + Vth or more (See (i) of Fig.
5); the bit line separation signal CUT of the bit line se-
lector 3 is lowered (See (e) of Fig. 5); and the sensing
amplifier SA is actuated.
[0058] Thereafter, the reverse data transfer signal
REV of the bit line selector 3 is raised (See (d) of Fig.
5) to return the reverse data of the result of sensing to
the bit line BL, and a negative voltage is applied to a
selected word line WL (for example, WL0) for a prede-
termined period of time (See (h) of Fig. 5). Here, if the
result of sensing is "0", a voltage of Vcc is applied to the
bit line BL, so that the threshold voltage of the flash cell
section 12 of the selected memory cell M falls. On the
other hand, if the result of sensing is "1", the bit line volt-
age is Vss, so that the threshold voltage of the flash cell
section 12 of the selected memory cell M does not fall.
[0059] The storing operation for all the memory cells
M is completed by carrying out the processes from the
second stage to the fourth stage for all the word lines
WL. Here, if the period of time required for raising the
threshold voltage of the flash cell section 12 is shorter
than the period of time required for lowering the thresh-
old voltage, the above-described third stage can be
omitted and it is sufficient to apply a predetermined high
voltage to the word line WL in the fourth stage. This pro-
vides an advantage that the storing operation can be
carried out at a higher speed.
[0060] Further, the storing operation will be unneces-
sary if the memory cells are operated in a non-destruc-
tive mode and the non-volatile data need not be re-
newed.

(Verifying operation)

[0061] If the threshold voltage of the flash cell section
12 of the memory cells M in the memory cell section 10
or in the register section 11 is to be controlled, a verifying
operation is needed for confirming whether the prede-
termined threshold voltage has been achieved or not,
although it has been omitted in the above explanation
of operations. This confirming operation (judgment) is
carried out by conducting the processes up to the sens-
ing amplifier operation of the third stage of the above-
mentioned recalling operation.

(Refreshing operation)

[0062] The refreshing operation has also been omit-
ted in the above explanation of operations. However, the
memory cells M operating as a DRAM need the refresh-
ing operation. While the memory cells M are performing
the reading operation or the writing operation as a
DRAM, the refreshing operation is carried out from the
system side in the same manner as in a general DRAM
device, so that no problem will occur.
[0063] However, during the above recalling operation
and the storing operation which the device, i.e. the non-
volatile semiconductor memory device, automatically
performs, the device itself must carry out the above re-
freshing operation periodically. Namely, the precharging
signal PRE of the precharging circuit 2 is raised for a
predetermined period of time to precharge all the bit
lines to a voltage of Vcc/2; a predetermined word line
WL is raised to a voltage of Vcc + Vth or more; the bit
line separation signal CUT of the bit line selector 3 is
lowered; the sensing operation is actuated; and there-
after the corresponding word line WL is lowered.
[0064] Actually, the refreshing operation is carried out
periodically (for example, for every 250 µs) in the fourth
stage of the above recalling operation for the memory
cells M that have finished the recalling operation and in
the third and fourth stages of the above storing operation
for the memory cells M before the storing operation.

Example 2

[0065] The non-volatile semiconductor memory de-
vice according to a second embodiment of the present
invention has the same structure as the non-volatile
semiconductor memory device according to the first em-
bodiment of the present invention except that the struc-
ture of the register section 11' is different, as shown in
Fig. 6. Accordingly, like parts are represented by like
symbols, and the explanation of the like parts will be
omitted, so that only the different parts will be hereafter
explained.
[0066] Referring to Fig. 6, the register section 11' ac-
cording to the Example 2 of the present invention in-
cludes DRAM memory cells 14. Namely, the register
section 11' includes DRAM memory cells 14 in which the
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flash cell section 12 is formed without a floating gate,
while the register section 11 of the Example 1 includes
a flash cell section 12 and a DRAM capacitor section 13
as a part of a memory array 1 in the same manner as
the memory cell section 10.
[0067] According to the Example 2, the first stage of
the above recalling operation and the storing operation
can be omitted, thereby providing a non-volatile semi-
conductor memory device in which the operation can be
carried out at a further higher speed.
[0068] Here, from a practical point of view, the register
section 11 or 11' is preferably constructed as a part of
the memory array 1, as shown in Fig. 1 or Fig. 2, be-
cause the area occupied by the register section 11 or
11' with respect to the total chip area can be minimized.
[0069] Also, although the memory cells in the register
section 11' are composed of DRAM memory cells 14 in
the Example 2, the memory cells in the register section
11' may alternatively be composed of SRAM memory
cells or other register circuits.
[0070] As is apparent from the above description of
the preferred embodiments, the non-volatile semicon-
ductor memory device of the present invention has a
structure such that each of the memory cells includes a
non-volatile memory cell and a capacitive element,
whereby the non-volatile data can be stored in the non-
volatile memory cell section and the volatile data can be
stored in the capacitive element section. Therefore, in
the normal operation mode, it is possible to achieve a
high-speed random access similar to the one in a gen-
eral DRAM by reading out or rewriting the volatile data
stored in the capacitive element section. On the other
hand, in the data retaining mode, final information or in-
variable information can be stored in the non-volatile
memory cell section as non-volatile data.
[0071] Also, in the non-volatile semiconductor mem-
ory device of the present invention, data can be tempo-
rarily stored in the register section in performing conver-
sion between the non-volatile data and the volatile data,
namely, in the recalling operation in which the data in
the non-volatile memory cell section are read out into
the capacitive element section and in the storing oper-
ation in which the data in the capacitive element section
are written into the non-volatile memory cell section.
This provides an advantage that the recalling operation
and the storing operation can be carried out at a high
speed and with high reliability.
[0072] Further, the non-volatile semiconductor mem-
ory device of the present invention includes a bit line
selector. This provides an advantage that the storing op-
eration in which the temporarily stored data are stored
into the non-volatile memory cell section, i.e. the oper-
ation of applying a reverse voltage of the sensed data
can be facilitated. To be more specifically explained, in
the storing operation, the reverse data of the result of
sensing must be applied to the bit line BL in rewriting
the data into the flash cell section. The reverse data can
be easily applied to the bit line BL by allowing the REV

signal to be a "H" level.
[0073] Also, the non-volatile semiconductor memory
device of the present invention includes a voltage ad-
justment circuit. Accordingly, the data in the non-volatile
memory section can be easily sensed by using a sens-
ing amplifier which is generally used in a DRAM. Gen-
erally, a major method in sensing the non-volatile mem-
ory cell employs an electric current sensing operation
using a reference cell. In this method, the data in the
non-volatile memory cell section and the data in the ca-
pacitive element section must be frequently sensed in
the recalling operation and in the storing operation. Ac-
cording to the non-volatile semiconductor memory de-
vice of the present invention, each of the data can be
sensed by almost the same sensing operation using an
ordinary sensing amplifier which is used in a general
DRAM. This eliminates the need of providing an addi-
tional circuit element and provides an advantage in
achieving a device operating at a higher speed and in
reducing the size of the circuits.
[0074] Further, according to the first embodiment of
the present invention, since the register section is com-
posed of the same memory cells as used in the memory
cell section, the area occupied by the register section
with respect to the total chip area can be minimized,
thereby providing an advantage that a non-volatile sem-
iconductor memory device having a practical chip size
can be realized.
[0075] Also, according to the second embodiment of
the present invention, since the register section includes
DRAM memory cells in which the memory cells in the
memory cell section are formed without a floating gate,
initialization of the register section is unnecessary in the
recalling operation and in the storing operation, thereby
providing an advantage that the operations can be per-
formed all the more at a higher speed.
[0076] Further, the bit line selector includes transis-
tors connecting a bit line to first and second input termi-
nals of the sensing amplifier respectively, and transis-
tors connecting another bit line, which is complementary
to the above bit line, to the second and first input termi-
nals of the sensing amplifier respectively. This provides
an advantage that the storing operation in which the
temporarily stored data are stored into the non-volatile
memory cell section, i.e., the operation of applying a re-
verse voltage of the sensed data can be facilitated.
[0077] Also, since the voltage adjustment circuit in-
cludes capacitive elements respectively connected to
the first and second input terminals of the sensing am-
plifier, a sensing amplifier for a general DRAM can be
used for sensing the data in the non-volatile memory
section of the present invention. This provides an ad-
vantage in achieving a device operating at a higher
speed and in reducing the size of the circuits.
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Claims

1. A non-volatile semiconductor memory device com-
prising:

a memory cell section (10) having a plurality of
memory cells (Moo to Mn-1 m-1) each of the
memory cells including a flash cell section (12)
and a DRAM capacitor section (13), the flash
cell section being connected to a bit line and
having at least a drain, a source and a floating
gate, the DRAM capacitor section having a ca-
pacitive element with two electrodes, one of the
electrodes being connected to the flash cell,
and the other one of the electrodes being con-
nected to a power supply terminal, and the
memory cell being constructed in such a man-
ner that electrons are injected into and extract-
ed from the floating gate through the drain by a
tunnel current; and
a bit line selector (3) into which a signal from
the bit line is input;

characterised in that the device also com-
prises;

a register section (11) connected to the mem-
ory cell section through the bit line; and

a sensing amplifier (SA) for receiving an out-
put from the bit line selector as an input signal;

in that the bit line selector is operable in a da-
ta storing operation to apply to the bit line data which
has been temporarily stored in the register section
and which is to be written into the flash cell section;

and in that the drain of the flash cell section
is connected to the bit line, and the source of the
flash cell section is connected to said one of the
electrodes of the DRAM capacitor.

2. A non-volatile semiconductor memory device ac-
cording to claim 1, further comprising a voltage ad-
justment circuit (4) for changing an input voltage of
the sensing amplifier (SA).

3. A non-volatile semiconductor memory device ac-
cording to claim 2, wherein the voltage adjustment
circuit comprises capacitive elements (Cl, C2) re-
spectively connected to first and second input ter-
minals of the sensing amplifier.

4. A non-volatile semiconductor memory device ac-
cording to any of claims 1 to 3, wherein the register
section (11) comprises a flash cell section (12) and
a DRAM capacitor section (13) constituting a mem-
ory cell (Mno to Mn m-1).

5. A non-volatile semiconductor memory device ac-
cording to any of claims 1 to 3, wherein the register
section comprises a DRAM cell (14) including a

transistor and a capacitive element, the transistor
being formed of a flash cell section without a floating
gate.

6. A non-volatile semiconductor memory device ac-
cording to any preceding claim, wherein the bit line
constitutes one of a pair of complementary bit lines.

7. A non-volatile semiconductor memory device ac-
cording to claim 6, wherein the bit line selector com-
prises:

a pair of transistors (Tr1, Tr2) connecting one
of the complementary bit lines to a first input
terminal of the sensing amplifier (SA) and con-
necting the other one of the complementary bit
lines to a second input terminal of the sensing
amplifier, and
another pair of transistors (Tr3, Tr4) connecting
the one of the complementary bit lines to the
second input terminal of the sensing amplifier
and connecting the other one of the comple-
mentary bit lines to the first input terminal of the
sensing amplifier.

Patentansprüche

1. Nichtflüchtiger Halbleiterspeicher mit:

- einem Speicherzellenabschnitt (10) mit einer
Vielzahl von Speicherzellen (M00 bis Mn-1 m-1),
von denen jede über einen Flashzellenab-
schnitt (12) und einen DRAM-Kondensatorab-
schnitt (13) verfügt, wobei der Flashzellenab-
schnitt mit einer Bitleitung verbunden ist und
über mindestens einen Drain, eine Source und
ein Floatgate verfügt, der DRAM-Kondensator-
abschnitt über ein kapazitives Element mit zwei
Elektroden verfügt, von denen eine mit der
Flashzelle verbunden ist und die andere mit ei-
nem Spannungsversorgungsanschluss ver-
bunden ist, und die Speicherzelle auf solche
Weise ausgebildet ist, dass Elektronen durch
den Drain mittels eines Tunnelstroms in das
Floatgate injiziert und aus ihm entnommen wer-
den; und

- einem Bitleitungsselektor (3), in den ein Signal
von der Bitleitung eingegeben wird;

dadurch gekennzeichnet, dass er auch Folgen-
des aufweist:

- einen Registerabschnitt (11), der über den
Speicherzellenabschnitt mit der Bitleitung ver-
bunden ist; und

- einen Leseverstärker (SA) zum Empfangen ei-
nes Ausgangssignals des Bitleitungsselektors
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als Eingangssignal;
- dass der Bitleitungsselektor in einem Daten-

speicherbetrieb so betreibbar ist, dass er an die
Bitleitung Daten liefert, die im Registerab-
schnitt zwischengespeichert wurden und die in
den Flashzellenabschnitt zu schreiben sind;

- und dass der Drain des Flashzellenabschnitts
mit der Bitleitung verbunden ist und seine Sour-
ce mit einer der Elektroden des DRAM-Konden-
sators verbunden ist.

2. Nichtflüchtiger Halbleiterspeicher nach Anspruch 1,
ferner mit einer Spannungseinstellschaltung (4)
zum Ändern einer Eingangsspannung des Lesever-
stärkers (SA).

3. Nichtflüchtiger Halbleiterspeicher nach Anspruch 2,
bei dem die Spannungseinstellschaltung kapazitive
Elemente (C1, C2) aufweist, die mit dem ersten
bzw. zweiten Eingangsanschluss des Leseverstär-
kers verbunden sind.

4. Nichtflüchtiger Halbleiterspeicher nach einem der
Ansprüche 1 bis 3, bei dem der Registerabschnitt
(11) einen Flashzellenabschnitt (12) und einen
DRAM-Kondensatorabschnitt (13), um eine Spei-
cherzelle (M00 bis Mn-1 m-1) zu bilden, aufweist.

5. Nichtflüchtiger Halbleiterspeicher nach einem der
Ansprüche 1 bis 3, bei dem der Registerabschnitt
eine DRAM-Zelle (14) mit einem Transistor und ei-
nem kapazitiven Element aufweist, wobei der Tran-
sistor aus einem Flashzellenabschnitt ohne Float-
gate besteht.

6. Nichtflüchtiger Halbleiterspeicher nach einem der
vorstehenden Ansprüche, bei dem die Bitleitung ein
Paar komplementärer Bitleitungen bildet.

7. Nichtflüchtiger Halbleiterspeicher nach Anspruch 6,
bei dem der Bitleitungsselektor Folgendes auf-
weist:

- ein Paar Transistoren (Tr1, Tr2), die eine der
komplementären Bitleitungen mit einem ersten
Anschluss des Leseverstärkers (SA) verbinden
und die andere der komplementären Bitleitun-
gen mit einem zweiten Anschluss des Lesever-
stärkers verbinden; und

- ein anderes Paar Transistoren (TR3, Tr4), die
die eine der komplementären Bitleitungen mit
dem zweiten Eingangsanschluss des Lesever-
stärkers verbinden und die andere der komple-
mentären Bitleitungen mit dem ersten Ein-
gangsanschluss des Leseverstärkers verbin-
den.

Revendications

1. Dispositif de mémoire à semi-conducteurs non vo-
latile, comportant:

une section de cellules de mémoire (10) ayant
une multiplicité de cellules de mémoire (M00 à
Mn-1 m-1), chacune des cellules de mémoire
comprenant un section de cellule flash (12) et
une section de condensateur DRAM (13), la
section de cellule flash étant reliée à une ligne
de bits et ayant au moins un drain, une source
et une grille flottante, la section de condensa-
teur DRAM ayant un élément capacitif doté de
deux électrodes, l'une des électrodes étant re-
liée à la cellule flash, et l'autre des électrodes
étant reliée à une borne d'alimentation en éner-
gie, et la cellule de mémoire étant construite de
telle sorte que des électrons soient injectés
dans la grille flottante et extraits de cette der-
nière par l'intermédiaire du drain par un courant
de tunnel; et
un sélecteur de lignes de bits (3) dans lequel
est entré un signal provenant de la ligne de bits;

caractérisé en ce que le dispositif comporte
également:

une section de registres (11) reliée à la section
de cellules de mémoire par l'intermédiaire de la
ligne de bits; et
un amplificateur de lecture (SA) prévu pour re-
cevoir, en tant que signal d'entrée, une sortie
provenant du sélecteur de lignes de bits;
en ce que le sélecteur de lignes de bits est apte
à être utilisé, lors d'une opération de stockage
de données, pour appliquer à la ligne de bits
des données qui ont été stockées temporaire-
ment dans la section de registres et qui doivent
être écrites dans la section de cellule flash; et
en ce que le drain de la section de cellule flash
est relié à la ligne de bits, et en ce que la source
de la section de cellule flash est reliée à ladite
première électrode du condensateur DRAM.

2. Dispositif de mémoire à semi-conducteurs non vo-
latile selon la revendication 1, comportant, en outre,
un circuit de réglage de tension (4) pour modifier la
tension d'entrée de l'amplificateur de lecture (SA).

3. Dispositif de mémoire à semi-conducteurs non vo-
latile selon la revendication 2, dans lequel le circuit
de réglage de tension comporte des éléments ca-
pacitifs (C1, C2), reliés, respectivement, à de pre-
mière et seconde bornes d'entrée de l'amplificateur
de lecture.

4. Dispositif de mémoire à semi-conducteurs non vo-
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latile selon l'une quelconque des revendications 1
à 3, dans lequel la section de registres (11) com-
porte une section de cellule flash (12) et une section
de condensateur DRAM (13) constituant une cellule
de mémoire (Mn0 à Mn m-1).

5. Dispositif de mémoire à semi-conducteurs non vo-
latile selon l'une quelconque des revendications 1
à 3, dans lequel la section de registres comporte
une cellule DRAM (14) comprenant un transistor et
un élément capacitif, le transistor étant constitué
d'une section de cellule flash sans grille flottante.

6. Dispositif de mémoire à semi-conducteurs non vo-
latile selon l'une quelconque des revendications
précédentes, dans lequel la ligne de bits constitue
une ligne d'une paire de lignes de bits complémen-
taires.

7. Dispositif de mémoire à semi-conducteurs non vo-
latile selon la revendication 6, dans lequel le sélec-
teur de lignes de bits comporte:

une paire de transistors (Tr1, Tr2) reliant l'une
des lignes de bits complémentaires à une pre-
mière borne d'entrée de l'amplificateur de lec-
ture (SA) et reliant l'autre des lignes de bits
complémentaires à une seconde borne d'en-
trée de l'amplificateur de lecture; et
une autre paire de transistors (Tr3, Tr4) reliant
l'une des lignes de bits complémentaires à la
seconde borne d'entrée de l'amplificateur de
lecture et reliant l'autre des lignes de bits com-
plémentaires à la première borne d'entrée de
l'amplificateur de lecture.
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