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Specification 

Title of the Invention 

Semiconductor Memory Device 

2. Claims

(1) A semiconductor memory device that has a memory array composed of nonvolatile
memory elements and that is electrically capable of writing and erasing data, the
semiconductor memory device characterized in that a booster circuit is provided that can
generate two types of voltage higher than a power supply voltage supplied from the
outside, writing to the memory elements is performed by the lower voltage generated by
the booster circuit, and information stored in the memory elements is erased by the higher
voltage generated by the booster circuit.

(2) The semiconductor memory device according to claim 1, wherein the booster circuit
comprises a charge pump circuit and clamping means for fixing the voltage boosted by the
charge pump circuit at a constant level.

(3) The semiconductor memory device according to claim 2, wherein the clamping means
comprises at least two clamp diodes each adapted to have a different breakdown voltage
and a switching means connected in series with the clamp diodes that is turned ON during
writing or erasing, and the breakdown voltages of the clamp diodes are formed to match the
write voltage and the erase voltage.

Detailed Description of the Invention 

[Technical Field] 

[01] The present invention relates to a semiconductor memory technology and, more
specifically, to a technology that is especially effective when applied to a data write/erase
system of an electrically erasable programmable read-only memory device, such as to a
write/erase circuit of an EEPROM device.

[Background Art] 

[02] Read-only semiconductor memory devices in which information can be written and
erased electrically have been proposed, such as EEPROM devices using insulated gate field
effect transistors called MNOS (metal nitride oxide semiconductor) transistors as the
memory elements.

In an MNOS, data is written by trapping a charge at the interface between a nitride film 
(Si3N4 film) and an oxide film (SiO2 film) formed under the gate electrode using the tunnel 
effect. During erasing, a reverse voltage is applied to remove the trapped charge. 

[03] The present inventors developed such a data write/erase system for an EEPROM device
in which a well region in which MNOS transistors have been formed is set to the ground
potential and a high voltage such as +15 V is applied to the gate electrodes to inject
charges during writing, and the gate electrodes are set to the ground potential and a
voltage of +15 V is applied to the well region to remove the charges during erasing.
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[04] However, in the write/erase system described above, because the write voltage and
the erase voltage are equal, the minimum erase time is about 10 times longer than the
minimum write time due to the difference in mobility between electrons and holes.

[05] More specifically, in a graph showing the relationship between the programming and
erasing voltage VPP and the required time on the time axis with a logarithmic scale, such as
the one shown in Fig. 5, the write characteristics form straight line A and the erase
characteristics form straight line B sloping downward to the right. Thus, when the write
voltage and erase voltage are equal (VPP1), the time tE required for erasing is approximately
ten times greater than the time tP required for writing. As a result, the time required to
rewrite data in the entire EEPROM device is significantly longer. (An EEPROM is explained in
comparative detail in JP S55-156370 A.)

[Object of the Invention] 

[06] An object of the present invention is to provide a writing/erasing system that makes
the data erasing time substantially equal to the writing time in an EEPROM device, thereby
shortening the total data rewriting time.

[07] Other purposes and novel characteristics of the present invention will become clear
from information provided in the present specification and the appended drawings.

[Summary of the Invention] 

[08] The following is a summary of representative aspects of the present invention among
the aspects of the invention disclosed in the present application.

[09] Specifically, the object mentioned above, namely, shortening the erase time to
approximately that of the write time and thus reducing the time required to overwrite all
data in an EEPROM device by removing charges injected by a write voltage at a higher
voltage, is achieved using a configuration in which a booster circuit is provided that can
generate two different voltages in response to the signals used to control writing and
erasing and, during erasing, a higher voltage than during writing is applied to the
nonvolatile memory elements in the opposite direction to remove charges.

[Embodiments] 

[10] Fig. 1 is a block diagram showing an example of an EEPROM device to which the
present invention has been applied.

[11] In this figure, 1 is a memory array in which a plurality of memory cells are arranged in,
for example, a 256 x 256 bit matrix. As shown in Fig. 2, each memory cell that makes up
the memory array 1 includes a selection switch MOSFET Qs that has a gate terminal
connected to a word line WL and a drain terminal connected to a data line DL (or bit line),
and a nonvolatile storage element Qm made of an MNOS transistor or the like connected
between the source of the selection switch MOSFET Qs and a circuit ground point.

[12] While not limited in any particular way, each row of the memory array 1 may be
divided into words (8 bits), and groups of memory cells (256 words) arranged in word units
may be formed in the column direction (data line direction) in the same well region.

[13] X-system selection circuits 2a, 2b are arranged on both sides of the memory array 1 in
which an X-decoder that selects a single word line among the 256 word lines is integrated
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with a write circuit that applies a high voltage (write voltage) VPP1 such as +15 V to the gate 
electrodes of a memory element (MNOS transistor) during writing. 

X-system selection circuits 2a, 2b are arranged on both sides of the memory array 1 in this
way because it is difficult to arrange relatively large X-decoders and write circuits within the
minimum spacing of the word lines, so the word line pitch is minimized by alternately
arranging write circuits on the left and right sides of the memory array.

[14] A Y-system selection circuit 3 in which a word line, a parallel Y gate, and an erase
circuit are integrated is arranged outside of the memory array 1 (on the lower side in the
drawing). A sense amplifier 4 is provided adjacent to the Y-system selection circuit 3, and
the Y gate of the Y-system selection circuit 3 connects eight data lines to which 8-bit
memory cells are connected to the sense amplifier 4 to amplify the read signal during data
writing by a selection signal from the Y-decoder 5 that decodes a Y-system address signal.
During data erasing, the erase circuit in the Y-system selection circuit 3 applies an erase
voltage VPP2 that is higher than the write voltage VPP1 to the well region in which the
corresponding 8-bit memory cells are formed based on a selection signal supplied from the
Y-decoder 5.

[15] The read data amplified by the sense amplifier 4 is outputted through an input/output
buffer circuit 6 to an external terminal I/O.

[16] A write blocking circuit 7 connected to each data line in the memory array 1 is
arranged on one side of the memory array 1 opposite the Y-system selection circuit 3 (on
the upper side in the drawing). During data writing, the write blocking circuit 7 blocks
writing by applying a high voltage similar to the write voltage VPP1 to the drains of memory
elements that do not require writing (charge injection).

[17] In a memory element such as an MNOS transistor, a charge is trapped at the interface
between nitride film and oxide film under a gate electrode when the well region is grounded
and a high voltage (VPP1) such as 15 V is applied to the gate electrode due to the tunnel
effect. However, if a high voltage similar to the write voltage (VPP1) is applied to the drain
region of an MNOS transistor at this time, charge injection does not occur due to the tunnel
effect. This enables the writing of "1" and "0" data.

[18] In the present embodiment, a booster circuit 8 is provided that boosts a power supply
voltage VCC such as +5 V, generates the write voltage VPP1 and the erase voltage VPP2 and
supplies them to the write circuit in the X-system selection circuits 2a, 2b, the erase circuit
in the Y-system selection circuit 3, and the write blocking circuit 7 during writing and
erasing. Also provided is a control circuit 9 for forming internal control signals for controlling
the booster circuit 8, the X-system selection circuits 2a, 2b, Y-system selection circuit 3,
etc. based on control signals supplied from the outside such as chip enable signals  and
write enable signals .

[19] Fig. 3 shows an example of this booster circuit 8.

[20] The booster circuit 8 includes a charge pump 10 that receives charges from an
externally supplied power supply voltage VCC such as +5 V and gradually raises the level to
generate a voltage that is much higher than the power supply voltage VCC such as 20 to 25
V, clamp diodes D1, D2 for limiting the voltage generated by the charge pump 10 to form a
constant write voltage VPP1 and erase voltage VPP2, and switch MOSFETs Q1, Q2 connected in
series with clamp diodes D1 and D2, respectively.
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[21] In other words, in order to define the write time tP and the erase time tE, the write
voltage VPP1 and the erase voltage VPP2 have to be determined relatively accurately.
However, when a charge pump 10 is used alone, the level of the boosted voltage fluctuates
significantly due to variations in the constitutive elements. Therefore, the present
embodiment uses clamp diodes D1, D2 that can be formed with a relatively high degree of
accuracy to clamp the voltage boosted by the charge pump 10 with the breakdown voltages
of the clamp diodes, and generate a stable write voltage VPP1 and erase voltage VPP2.

[22] The clamp diodes D1, D2 are formed to have breakdown voltages that are equal to write
voltage VPP1 and the erase voltage VPP2, respectively.

Diodes with different breakdown voltages can be formed with a high degree of accuracy by 
using, for example, Zener diodes and appropriately controlling the amount of ion 
implantation that occurs into the semiconductor region. 

[23] Control signals A1, A2 supplied from the control circuit 9 are applied to the gate
terminals of each switch MOSFET Q1, Q2. Control signal A1 is set to high level only when
data is written, and control signal A2 is set to high level only when data is erased. Control
signals A1 and A2 turn the switch MOSFETs Q1, Q2 ON and OFF.

[24] Therefore, when the charge pump 10 is activated and the control circuit 9 supplies
high-level control signal A1 to the booster circuit 8, MOSFET Q1 is turned ON while MOSFET
Q2 remains turned OFF. Therefore, when the output voltage from the charge pump 10 is
equal to or greater than the breakdown voltage (VPP1) of diode D1, current flows from the
charge pump 10 via diode D1 and MOSFET Q1. As a result, the output voltage from the
booster circuit 8 is fixed to the breakdown voltage of diode D1, that is, VPP1, and this voltage
is supplied to the write circuit and the write blocking circuit 7 in the X-system selection
circuits 2a, 2b.

[25] Meanwhile, when erasing data, a high-level control signal A2 is supplied from the
control circuit 9 to the booster circuit 8, and MOSFET Q2 is turned on while MOSFET Q1

remains turned OFF. As a result, current flows through diode D2, and the output from the
booster circuit 8 is fixed at the breakdown voltage of diode D2, that is, VPP2, which is
supplied to the erase circuit in the Y-system selection circuit 3.

[26] Moreover, in the present embodiment, diodes D1, D2 are formed in advance so that the
breakdown voltages of the clamp diodes D1, D2 match a write voltage VPP1 and an erase
voltage VPP2 that make the erase time tE equal to the write time tP as indicated by the
dashed line in Fig. 5. As a result, erasing is performed at a higher voltage than writing, the
time tE required for erasing becomes almost the same as the time P required for writing,
and the time required for rewriting all data is shortened significantly.

[27] In the present embodiment, a diode-connected MOSFET Q3 is provided between the
output terminal of the charge pump 10 and the power supply voltage VCC. Because the gate
terminal of the MOSFET Q3 is connected to the power supply voltage VCC, it remains ON until
the output voltage from the charge pump 10 reaches the VCC level (5 V). As a result,
immediately after the charge pump 10 starts boosting, the output terminal of the charge
pump 10 is charged up to the power supply voltage VCC via the MOSFET Q3, shortening the
time required for boosting the voltage to the target voltage.

[28] There are no particular restrictions on the charge pump 10, which can be configured,
for example, as shown in Fig. 4.
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[29] In other words, a plurality of diode-connected MOSFETs Qd1, Qd2 ... Qdm are connected
in series between the power supply voltage VCC and the output terminal, and capacitors C1,
C2, … Cm are connected, respectively, to nodes N1 to Nm on the gate connection side of each
MOSFET Qd1 to Qdm. Two clock pulses φ,  with opposite phases supplied from the control
circuit 9 are applied to the terminals opposite the capacitors C1 to Cm.

[30] When clock pulse φ changes to the high level, the levels of nodes N1, N3, etc. are
raised via the odd-numbered capacitors C1, C3, etc., so MOSFETs Qd1, Qd3, etc. are turned
ON in an instant, and the charge of nodes N1, N3, etc. is sent toward nodes N2, N4, etc.

[31] Because MOSFETs Qd2, Qd4, etc. are OFF at this time, the charge does not flow in the
reverse direction (to the VCC supply side). Next, when clock pulse φ changes to the high
level, the levels of nodes N2, N4, etc. are raised via the even-numbered capacitors C2, C4,
etc., and the charge is sent to nodes N3, N5, etc. via MOSFETs Qd2, Qd4, etc.

[32] In this way, the charge is gradually sent to the output terminal side, and the output
voltage of the charge pump 10 is boosted. Because the charge pump 10 experiences a little
loss at each stage, the voltage cannot be boosted by 5 V at each stage. However, the
desired voltage can be obtained by connecting the MOSFETs Qd and the capacitors C over an
appropriate number of stages. For example, when a voltage of 20 to 25 V is to be generated
by the charge pump 10 as in the present embodiment, a connection with 10 stages between
the MOSFETs Qd and capacitors C is sufficient.

[33] Note that the present embodiment may be configured so that, in the write circuit and
erase circuit on the side receiving the write voltage VPP1 and the erase voltage VPP2

generated by the booster circuit 8, a single stage (or several stages) are provided with the
same configuration as each stage of the charge pump in Fig. 4, and the boosting
compensates for the loss occurring in the supply path from the booster circuit 8.

[Effects] 

[34] Because a booster circuit is provided that can generate two different voltages in
response to signals that control writing and erasing, and because a voltage higher than the
voltage used during writing is applied when erasing data to the nonvolatile memory
elements in the opposite direction to remove charges, the erase time is shortened to the
same level as the write time due to the effect of removing the charge injected by the write
voltage by using a higher voltage, and this results in a significantly shorter time required to
rewrite all data in an EEPROM device.

[35] A detailed description of the invention devised by the present inventors was provided
above with reference to an embodiment. However, the present invention is not limited to
this embodiment and various modifications can be made without departing from the spirit of
the invention. For example, the booster circuit 8 in the embodiment is not limited to the
configuration of the embodiment shown in Fig. 3 and Fig. 4, and various modifications are
conceivable. Also, the clamp diodes D1, D2 do not have to be formed on the same chip, and
can be external diodes.

[Field of Industrial Applicability] 

[36] In the description provided above, the invention devised primarily by the present
inventors was applied to an EEPROM device using MNOS transistors as memory elements,
which is the background art in the field of industrial applicability. However, the present
invention is not limited to this description, and can be applied to floating gate tunnel
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injection-type MOSFETs and all other semiconductor memory devices that use electrically 
programmable and erasable nonvolatile memory elements. 

Brief Description of the Drawings 

Fig. 1 is a block diagram showing an example of an EEPROM device to which the present 
invention has been applied; 
Fig. 2 is a circuit diagram showing an example of the configuration of a memory cell in the 
EEFROM device; 
Fig. 3 is a circuit diagram showing an example of a booster circuit; 
Fig. 4 is a circuit diagram showing an example of a configuration for the charge pump; and 
Fig. 5 is a diagram used to explain the relationship between the write voltage, erase 
voltage, and time required for writing and erasing. 

1: Memory array 
2a, 2b: X-system selection circuit 
3: Y-system selection circuit 
4: Sense amplifier 
5: Y-decoder 
6: Input/output buffer circuit 
7: Write blocking circuit 
8: Booster circuit 
9: Control circuit 
10: Charge pump 
Qm: Memory element (MNOS) 
Qs: Selection switch MOSFET 
WL: Word line 
DL: Data line 
D1, D2: Clamp diode 
Q1, Q2: Switch MOSFET 

Agent Akio TAKAHASHI, Patent Attorney [seal] 
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Fig. 1 

1: Memory array 
2a, 2b: X system selection circuits (X decoder + write circuit) 
3: Y system selection circuit (Y gate, erase circuit) 
4: Sense amplifier 
5: Y decoder 
6: Input/output buffer 
7: Write blocking circuit 
8: Booster circuit 
9: Control circuit 
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Fig. 2 

Fig. 3 

10: Charge pump 
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Fig. 4 

Fig. 5 
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