TITLE OF THE INVENTION

DYNAMIC MEMORY

BACKGROUND OF TEE INVENTION

The present invention relates to a cynamic RAM (Random
Accesss Memory) and a semicontuctor integrated circuit and
to a technology for valid use in a memory access technigque
for accessing dynamic memory cells.

A dynamic RAM is known in whicn a back bias wvoltage to
pe supplied to a substrate and a boosted select voltage for
selecting a word line are formed by a voltage generator
using a built-in charge pump circuit.

Using an external supply voltage for the voltage for
selecting a word line or lowering a unselect voltage for not
selecting a word line is describecd in Japanese Patent Laid-
Open Nos. Heil 2-5290, Hei 5-89673, Hei 6-215566, Hei 6-
215572, and Hei 5-12866.

A dynamic memory cell consists of an address select
MOSFET (Metal-Oxide Semiconductor Field-Effect Transistor)
and an information storage capacitor. An informatiocn
storage operation is performed whether this capacitcr is
charged or not. To extend an formation retention time in
the charged state, it is required to supply a negative back

bias voltage to a substrate gate (a channel section) on
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which the address select MOSFET is formed to raise 1its
effective threshold voltage. In a MOSFET constituting a
peripneral circuit for address-selecting the above-mentioned
dynamnic memory cell and a sense amplifier and main
amplifier, when a negative back bias voltage is applied to
the substrate gate, the threshold voltage increases by that
amount and the conductance in the on state deéreases,
slowing operation speed. To solve this problem, a method in
which such a back bias voltage is supplied only to the
memory array section on which the dynamic memory cell is
formed is proposed. However, such & constitution requires
to separate the well region on which the memory array
section is formed from the well region on which the above-
menticned peripheral circuit is formed, making the
febrication process complicated.

In writing high level to the dynamic memory cell, the
information storage capacitor is charged up via the address
selecting MOSFET, the charge-up level is lowered by an
amount equivalent to the threshold voltage of the address
select MOSFET, thereby reducing the amount of information
charge. To prevent the charge-up level from being lowered,
the select level of the word line connected to the gate of
the above-mentioned address select MOSFET is set to a

voltage boosted by a threshold voltage for the high level to
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be transmitted to a bit line. Thus, prior-art dynamic RAMs
regquire the boosted voltage for a word line selecting
operation and a charge pump circuit for forming the above-
mer.cioned back bias voltage, thereby causing problems o:

comparatively large occupancy area and current consumption.

SUMMARY OF THE INVENTION

We found that use of a booster such as mentioned above
involves a problem of making highly dielectric an element
forming such a boosted voltage and a problem of ircreasing
current consumption due to extremely poor efficiency because
the booster forms a voltage higher than a supply voltage and
on.y about 40% of the current consumed in the booster may be
used for boosting. In addition, the booster presents a
problem of increasing a memory cell array layou:i area for
the following reasons. For example, in a mass storage
dyriamic RAM of about 64 Mbits, one memory block arranges a
plurality of sub word lines for the main word line and each
sub word line is connected to a memory cell, thereby
dividing the memory block into a plurality of memory cell
arrays.

The divided memory cell arrays provided for the subd

word lines are laid out divided by the above-mentioned sense

amplifier and a sub word driver. When a boosted voltage
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such as mentioned above is used, since the sub word driver
outputs the boosted voltage, sub word driver must be
suppiiled as a bias voltage to the N-well regior on which the
P-charnel MOSFET constituting the sub word driver is formed.
On the other hand, if the boosted voltage is supplied to the
N-well on which the P-channel MOSFET constituting the sense
amplifier is formed, a back bias is applied and hence its
threshold voltage is increased, significantly lowering
operation speed. To circumvent this problem, a supply
voltage must be supplied to the N-well region on which the
P-channel MOSFET of the sense amplifier is formed and the
poosted voltage must be supplied to the N-well region on
which the P-channel MOSFET of the sub word driver is formed.
However, we found that these two N-well regions cannot be
commonly formed on a deep N-well region for separating the
P-well region on which the above-mentioned memory-cell array
is Zormed and to which the above-mentioned substrate back
bias voltage is applied, thereby increasing the memory block
layout area.

It is therefore an object of this invention to provide
a dynemic RAM that implements high integration, highk
operation speed, and low power consumption. Ancther object
of this invention is to provide a dynamic RAM that

implements high integration, high operation speed, and low
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power consumption, while simplifying the fabrication
process. The above and other objects, features and
advantages of the present invention will become more
apparent from the accompanying drawings, in which like
reference numerals are used to identify the same or similar
parts in several views.

In carrying out the invention and according to one
aspect thereof, there is provided a dynamic RAM having a
nemory cell array in which a dynamic memory cell is arranged
at an intersection between a word line and one of pair bit
lines, wherein the select level corresponding to a supply
voltage and the unselect level corresponding to a negative
potential lower than circuit ground potential are supplied
to the word line, a signal of a memory cell read to the pair
bit lines by a sense amplifier that operates on the circuit
ground potential and an internal voltage formed by dropping
the supply voltage by an amount equivalent to the threshold
voltage of the address select MOSFET is amplified, and the
negative voltage is generated by a negative voltage
generator that receives the supply voltage and the circuit
ground potential, the negative voltage generator being
composecd of an oscillator and a charge pump circuit for

receiving an oscillation pulse formed by the oscillator.

This Sheet Has Been Replaced

= R




The above and other objects,

features and advantages of

the present invention will become more apparent from the

accompanying dr

awings,

in wnich like reference numerals are

used to identify the same or similar parts in several views.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1

is a general layout illustrating a dynamic RAM

associated with the invention, practiced as one embodimen:z

thereof;

FIG. 2 is
of the dymamic
main word line
FIG. 1;

FIG. 3 is

of the dynamic
main word line

FIG. 4 is

a block

RAM

and the

a block

RAM for

and the

diagram illustrating a main portion

describing a relationship between the
sub word line of the memoxy array of
diagram illustrating a main portion
describing a relationship between the

sense amplifier of FIG. 1;-

a circuit diagram illustrating a main portion

of a sense amplifier section of the dynamic RAM associated

with this inwventiocn,

FIG.

practiced as one embodiment thereof;

5 is a general block diagram illustrating a

peripheral portion of the dynamic RAM associated with the

invention, practiced as one embodiment thereof;
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FIG. 6 is a circuit diagram illustrating a main portion
of a memory cell array in the dyrnamic RAM associated with
the invention, practiced as one embodiment thereof;

FIG. 7 is a timing chart for describing an example of
the operation of the circuit shown in FIG. 6;

FIG. 8A and FIG. 8B are circuilt diagrams illustrating a
word line selector for use in the dynamic RAM associated
with the invention, practiced as one embodiment thereof;

FIG. 9 is a circuit diagram illustrating the word line
selector for use in the dynamic RAM associated with the
invention, practiced as another embodiment thereof;

FIG. 10 is a general block diagram illustrating an
electrical system of the dynamic RAM associated with the
invention, practiced as one embodiment thereof;

FIG. 11 is a characteristic diagram of the electrical
system in the dyramic RAM associated with the invention;

FIG. 12A and FIG. 12B are cross sections illustrating a
device structure for describing the dyramic RAM associated
with the invention;

FIG. 13A and FIG. 13B, and FIG. 13C are cross sections
illustrating a main portion of the dynamic RAM associated
with the invention for describing a fabrication process

practiced as one embodiment thereof; and
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FIG. 14A, FIG. 14B, FIG. 14C, FIG. 14D, and FIG. 1l4=
are cross sections illustrating a main portion of the
dyramic RAM associated with the invention for describing the

fabrication process practiced as another embodiment thereof.

DETAILED DESCRIPTION OF PREFERRED EMBODIMZENTS

This invention will be described in further detail by
way of example with reference to the accompanying drawings.
Now referring to FIG. 1, there is shown a general layout
illustrating a dynamic RAM associated with the inavention,
practiced as one embodiment thereof. In the figure, of the
circuit blocks constituting the dynamic RAM, the blocks
associated with the invention are illustrated. These blocks
are formed by a known semiconductor integrazed circuit
fabrication technology on one semicconductor substrate such
as a single silicon crystal.

The dynamic RAM of this embodiment has a storage
capacity of, but not necessarily, about 64 Mbits. The
mernory array is constituted by four memory blocks. Along
the length of the semiconductor chip, two menory &arrays are
arrangec. Between these memory arrays, an input/output
interface circuit composed of an address input circuit, a
data input/output circuit, and bonding pads, and a power

stupoly generator.
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As described, of the four memory blocks, the two memory
blocks arranged vertically are paired. Between these two
memory blocks, a main word driver MWD is provided. This
main word driver MWD forms a select signal for selecting a
main word line passes one memory block. One memory block is
connected to dynamic memory cells constituting a storage
cavacity of 4 Kbits along the main word line and dynamic
nemory cells constituting a storage capacity of 4 Kbits in
palr bit line (also referred as a data line) direction, not
shown, orthogonally intersecting the main word Zine. Since
the four memory blocks are provided, a total stcrage
capacity is 4 x 4K x 4K = 64 Mbits.

Each of the above-mentioned memory blocks is divided
irto 8 memory cell arrays along the main word lire. Each of
these memory cell arrays is provided with a sub word driver

SWD. The sub word driver SWD is divided into a lencgth o2

[
~
[090]

relative to the main word line and forms a select signal

h
O
3

selecting a sub word line extending in parallel to the
main word line. In this embodiment, in order to reduce the
numper of main word lines, or reduce the wiring cdensity of
the main word lines, four sub word lines, but not
necessarily, are arranged for one main word line in pair bit
iirne direction. In order to select one sub word line from

the sub word lines divided into 8 along the mair word line
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anc allocated in 4 in pair bit line direction, a sub word
select line driver to be described later is arranged. This
sub word select driver forms a select signal for selecting
one of the four sub word select lines extending along the
above-mentioned sub word driver array.

Referring to FIG. 1, SA denotes a sense arplifier
arranged in parallel to the length of the semiconductor
chip. Column Dec provided near the center line of the chip
derotes a column decoder. ACTRL provided betweern the upper
and ower memory blocks at the center of the chip denotes an

ray controller for supplying a timing signal necessary for
an address decoder and certain operations.

As cdescribed above, one memory block has a storage
capacity of 4 Kbits in pair bit line direction. However,
connecting memory cells as large as 4 Kbits to one pair bit
line increases its parasitic capacitance, therepy ‘disabling
to odtain a signal level to be read by a capacitance ratio
with a minute information storage capacitor. Therefore, the
memory block is also divided into 16 memory cell arrays in
pair bit line direction. That is, the pair bit lire is
divided by 16 by the above-mentioned sense amplifier SA. As
will be described, the sense amplifier is constituted but
not necessarily by shared sensing. In this constitution,

except for the sense amplifiers arranged on both sides of a
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mencry array, the pair bit lines are arranged or the left
ané right sides of the sense amplifier, which is selectively
connected to one the left and right pair bit line

FIG. 2 is block diagram illustrating a main portion o=
the dynamic RAM for describing a relationship between the
main word lines and the sub word lines of the abocve-
mentioned memory array. In the figure, two main worcd iines
MWLC and MWL1 are shown typically. The main word line MWLO
is selected by a main word driver MWDO. The main word lire
MWLY is also selected by a similar main word driver.

The above-mentiocned one main word line MWLO is provided
with 8 sets 0f sub word lines along the main word line. In
FIG. 2, two sets of sub word lines are shown typically. For
the sub word line SWL, even-numbered sub word lines 9 to 6
and odd-numbered sub word lines 1 to 7, a total of 8 subd
word lines, are arranged alternately on one memnory cell
array. Except for the even-numbered sub woxrd lines C to 6
adjecent to the main word driver and the odd-numbered sub
word lines 1 to 7 arranged at the far end side (the side

opposite to the word driver) of the main word lirne, the sub

-

word driver SWD arranged between the memory arrays forms a
select signal for selecting the sub word lines in the memory

blocks on both sides of the sub word driver.
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As cescribed above, each memory block is divided into 8§
along the main word line. The sub word lines corresponding
o two memory blocks are substantially selected by the sub
word driver SWD at the same time. Consequently each memnory
oleck is substantially divided into four. In the above-
mentiored constitution where the sub word lines are divided
into the even-numbered sub word lines 0 to 6 arnd the odé-
numbered sub word lines 1 to 7 and the sub word driver SWD
is arranged on each side of the memory block, the
substantial pitch of the sub word lines SWL arranged densely
according to the memory cell arrangement can be mitigated
two times in the sub word driver SWD, so that the sud word

river SWD and the sub word line SWLO can be laid out
efficiently.

The above-mentioned sub word driver SWD supplies the
select signal commonly to the four sub word lires-C to 6 (1
to 7). The SWD also supplies an inverted signal via an
inverter. In order to select one sub word from the above-
nmentioned 4 sub word lines, a sub word select line FX is
vrovided. The sub word select line FX consists of 8 lines
FXC through FX7. The even-numbered sub word select lines
FXC to FX6 are supplied to the above-mentiored even-numbered
sub word drivers 0 to 6 and the odd-numbered sub word seiect

lines FX1 to FX7 are supplied to the above-men-:oned odd-
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nunmdered sub word drivers 1 to 7. On the periphery of the
array, the sub word select lines FX0 through FX7 are formed
but no necessarily on a metal wiring layer M2, a second
layer. On a portion in which the sub word select lines
intersect the main word lines MWLO through MWLn constituted
by the metal wiring layer M2, the second layer, the sub word
select lines are constituted by a metal wiring layer M3, a
third layver.

FIG. 3 is a block diagram illustrating a main portion
of the dynamic RAM for describing a relationship between the
above-mentioned main word lines and the above-mentioned
sense amplifiers. In the figure, one main word line MWL is
shown typically. This main word line MWL is selected by the
mair word driver MWD. Adjacent to this main word driver,
the sub word driver SWD corresponding to the above-ment:ioned
ever-numpered sub word lines is provided. .

Although not shown in the figure, pair bit lines are
provided that orthogonally intersect the sub word line
arranged in parallel to the main word line MWL. In this
embodimert, the pair bit lines are, but not necessarily,
divided into even-number and odd-numbered lines, sense
amp_ifiers SA being arranged on the left and right side of
the memory array. The sense amplifiers are based cn shared

sensing as described above. The sense amplifier arranged at

-13-
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an ené is not provided with a pair bit line substantially
consisting of one line, but is connected to the pair bit
lires via a shared switch MOSFET to be cescribed later.

In the above-mentioned constitution in which sense
amplifiers SA are arranged in distributed manner on both
sides of the memory block, pair bit lines are divided inrto
odéd-number and even-number, resulting in a mitigated pitch
of sense amplifiers. 1In other words, while densely
arranging the pair bit lines, an element area for forming
the sense amplifier SA can be allocated. A common data line
CDL is arranged along the above-mentioned array of sense
amplifiers SA. This common data line CDL is connected to
the pair bit lines via a column switcn. The column switch
is constituted by a switch MOSFET. The gate of this switch
MOSTET is connected to a column select line YS for
transmitting a column decoder select signal.

FIG. 4 is a circuit diagram illusirating a main pcrtion
of & sense amplifier of the dynamic RAM associated with this
irvention, practiced as one embodiment thereof. 1In the
figure, a sense amplifer SAl arranged between memory cell
arrays MMATO and MMAT1l and circuits assoclated therewith are
illustrated by way of example. The memory cell array

(memory mat) MMAT1 is shown as a black box. A sense
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amplifier SAQ0 arranged on cne end is also shown as a black
box.

Four dynamic memory cells are typically illustrazed
corresponding to the sub word line SWL provided or. the
memory mat MMATO. Each dynamic memory cell consists of an
address select MOSFET Om and ar information storage
capacitor Cs. The gate of the address select MOSFEIT Qm is
corrnected to the sub wbrd line SWL, the drain is connec:ed
to the bit line, and the source is connected to thre
information storage capacitor Cs. The other electrode of
the information storage capacitor Cs is made common, to
which a plate voltage is applied.

Pair bit lines are arranged in parallel to each other
and, in order to balance the bit line capacitance, cross
each other appropriately as recuired. The pair bit lines
are conrected to an inpu:t/output node of a unit circuit of
the sense amplifier via shared switches MOSFET Q1 and MOSFET
Q2. The unit circuit of the sense amplifier SAl is composed
of N-channel MOSFETs Q5 and Q6 arranged in a latched state
in which the source and the drain are cross-connected, and
P-channel MOSFETs Q7 and Q8 arranged in a latched s:tate in
which the gate and the drain are cross-connected. The
sourxces of the N-channel MOSFETs Q5 and Q6 are connected to

a commen source line CSN. The sources of the P-channel
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MOSFETs Q7 and Q8 are connected to a common source line CSP.
The common source line CSN is provided with an N-channel
power switch MOSFET and the common source line CSP is
provided with a P-channel power switch MOSFET. These power
switch MOSFETs are turned on by & sense amplifier enable
signal, supplying a voltage necessary for sense amplifier
operations.

The input/output node of the unit circuit of the sense
amplifier is provided with a precharge circuit composed of a
MOSFET Ql1 for short-circuit the pair bit lines and switch
MOSFETs Q9 and Q10 for supplying a half precharge voltage
HVC to the pair bit lines. The gates of these MOSFETs Q9%
through Q11 are commonly supplied with a precharge signal
PC.

MOSFETs Ql2 and Q13 constitute & column switch that is
controlled by a column select signal YS. Iﬁ this -
embodiment, four pairs of bit lines are selected by one
column select signal YS. That is, the sense amplifier SAQ
indicated by a black box is also provided with a similar
column switch. Thus, the two sense amplifiers SAO and SAl
orr both sides of the memory mat MMATO corresvond to the
even-numbered bit lines and the odd-numbered bit lines.
Consequently, the above-mentioned column select sigral YS

can select a total of four pairs of bit lines, namely the
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two pairs of bit lines illustrated on the side of the sense
amp.ifier SAl and the two pairs of bit lines not shown on
the side of the sense amplifier SA0. These two pairs of bit
lines are connected to two pairs of common input/output
lines I/0 via the above-mentioned column switch.

7he sense amplifier SAl is connected to the odd-number
of pair bit lines in the memory mat MMAT1l via shared switch
MOSF=ETs Q3 and Q4. The even-numbered bit lines of the
memory mat MMAT1 are connecied to a sense amplifier SAZ not
shown on the right side of the memory mat MMAT1 via shared
switch MOSFETs corresponding to the above-mentiocned shared
switch MOSFETs Q1 and Q2. By this repetition, the sense
amplifiers provided between memory mats (namely the above-
mentioned memory cell arrays) obtained by dividing the
memory array are connected sequentially. For example, when
the sub word line SWL of the memory mat MMATO is selected,
the shared switch MOSFET on the right side of the sense
amplifier SAQ0 and the shared switch MOSFET on the left side
of the sense amplifier SAl are turned on. However, In the
sense amplifier SAQ0 arranged at the end of the memory array,
cnly the above-mentioned right-side shared switch MOSFET 1is
provided. A signal SHL denotes a left-sicde shared selec:
signal and a signal SHR denotes a right-side shared select

signal.
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FIG. 5 is a general block diagram illustrating a
periphery portion of the dynamic RAM assoclated with the
invention, practiced as one embodiment therecfi. A timing
con=roller TG receives a row address strobe signal /RAS, a
column address strobe signai /CAS, a write enable signal
/WE, and an output enaple signal /OE and determines an
operation mode and forms various timing signals necessary
for the operations of internal circuits according to the
determined operation mode. The slash (/) preceding the
above-mentioned signals denotes herein as well as the
attached drawings that these signals are active low signals.
The peripheral circuits shown in FIG. 5 operate on the
supply voltage Vcc supplied via the exernal terminal and the
ground potential Vss.

Signals R1 and R3 are row-system internal timing
signals and are used for row-system select operations.
Timing signal ¢XL is used to capture a row-system acddress to
noldé the captured address ard supplied to a row acddress
puffer RAB. That is, the row address buffer RA3 captures an
adcdress inputted from address terminals A0 to Al by the
above-mentioned timing signal ¢XL to hold the captured
address in a latch circuit.

A timing signal ¢YL is used to capture a column-system

address to hold the same and supplied to a column address
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buffer CAB. That 1s, the column address buffer CAR captures
a column address signal inputted from an address terminal by
the above-mentioned timing signal ¢YL and holds the captured

column address signal in a latch circuit.

A sigral ¢REF is generated in the refresh mode and
supplied to a multivplexer MXX arranged at the input section
of the row address buffer to control the MXX such that
switching is made to an address signal for refreshing formed
by a refresh address counter RFC in the refresh mode. The
refresh address counter RFC generates a refresh address
signal by counting an increment pulse ¢RC for refreshing
formed by the timing controller TG. In this embodiment,
auvto reiresh mode and self refresh mode arxe provided.

A timing signal ¢X is a word line select timing sigral
ancd supplied to a decoder XIB by which four word line select
timing signals XiB are formed based on a signal obtairned by
decoding an address signal of low-order two bits. A timing
sigrnal ¢Y is a column select timing signal and supplied to a
column-system predecoder YPD, from which column select
signals AVix, AYjx, and AYkx are outputted. Based on this
column select signal, the column select line ¥YS is selected.

A timing signal ¢X is a control signal for instructing
a write operation. A timing signal 9R 1is a control signal

for irstructing a read operation. These timing sigrnals ¢W
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and 9OR

are supplied to the input/output

circuilt I/0 to

enaple the input buffer included in the input/outpuz circuit
I1/0 in a write operation, putting tne output buffer into
outztt high-impedance stacte. In a read operation, these

signals enable the output buffer,

putting the input buffer

into output high-impedance state.

A timing signal ¢MS is a

not recessarily, a memory arx

signal for

ay select operation.

instructing, bu:

=

This

signal is supplied to the row address buffer RAB, in

syncorornization with which a select

A timing signal

ampiifier operation. Based

SAE Zor the sense amplifier is

later
In

this embodiment,

RED is illustrated typically.

redundancy circuit X-RED inciudes a memory circuit

storing a failing address and an address comparator.

stored failing address
sigral

mismaich is found, a signal XE

9SA 1is a signal for

on this signal,

To be more speciiic,

BXi outputted from the row add

signal MSi is outputted.

instructing a sense

an enable pulse

.

formed as will be described

a row-system redundancy circuit X-

tne

£
Z0Y

The

is compared with an interral address

ress buffer RAB. If a

is made high and a signal XEB

is mace low, validating the operation of the normal circuit.
If the inputted internal address signal BXi is found
matchiing the failing address, the signal XE is made low to
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disable the operation of selecting the failing main word
line of the normal circuit andéd the signal XEB is made high
to output & select signal XRi3 forx selecting one standoy
main word line.

FIG. 6 is a circuit diagram illustrating & main pocrtion
cf the memory cell array in the dynamic RAM associated with
the invention, practiced as one embodiment therecf. This
figure typically illustrates one word line, a pair of bit
lines 3L and /BL, a sense amplifier and a precharge circuit
associated therewith, and a read-system circuit and a write-
system circuit.

The dynamic memory cell consists of an address select
MOSFET QOm and an informatior. storage capacitor Cs as
described before. The gate of the address selec:t MOSFET Qm
is connected to a word line WL. One source and ore drain of
the MOSFET Qm are connected to a bit line RL. The other
source and the other drain are connected tc the storage node
of the information storage capacitor Cs. The other
electrode of the information storage capacitor Cs is made
common, to which a plate voltage VPL is appried. If the
above-mentioned divided word line scheme consisting of a
main word line and a sub word line is used, the above-
mentioned word line corresponds, but not necessarily, to the

sub word lire. 1In this embodiment, toc eliminate provision
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of a booster, the word line select level is a high level
such as with supply voltage VCC. To improve memory cell
information retention characteristic, the word line unselect
level is a negative level such as with a substrate back bias
voltage.

The bit lines BL and /BL are arranged in parallel ard
appropriately crossed for balarcing bit line capacitance as
recuired. The pair bit lines BL and /BL are connected to
input/output nodes BL-SA and /BL-SA of the sense amplifier
via switch MOSFETs Q1 and Q2. A unit circuit comstituting
the sense amplifier SA consists of a CMOS (Compiementary
Metal-Oxide Semiconductor) latch circuit composed of N-
channel MOSFETs Q5 and Q6 and P-channel MOSFETs Q7 and C8 of

which gate and drain are cross-connected. The scurces o

Hh

the N-channel MOSFETs Q5 and Q6 are connected a common
source line CSN. The souxces of the MOSFETs Q7 and Q8 are
connected to a common source line CSP. These common source
lires CSP and CSN are commonly connected to the scurces of a
P-channel MOSFET and an N-channel MOSFET similar to those
mentioned above in another similar CMOS latch circuit.

The common source line CSP is provided with a 2-channel
power switch MOSFET Q22. To the gate of the Q22, an output

signal of an inverter IVl that receives the sense amplifier

enable signal SAE is supplied. The Q22 is turned on in
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synchronization with the high level of the timing signal
SAT, thereby dropping the supply voltage VCC to apply a
restltant internal voltage Vary to the common source line
CSP. The common source line CSN corresponding to the N-
channel MOSFETs Q5 and Q6 is also provided with an N-crhannel
power switch MOSFET Q21. The timing signal SAE is supplied
to the gate of the Q21. The Q21 is turned on in
synchronization with the high level of the timing signal
SAZ, thereby applying circuit ground potential VSS to the
cormon source line CSN.

The internal drop voltage Vary is used as the sense
amp>ifier operating voltage for the reason that follows.
Since the word line select level is the supply voltage VCC
as described above, if the sense amplifier operating voltage
is set to the supply voltage VCC and a high-level
amplification signal such as the supply voltage VCC is
app-ied to the bit line, a voltage to be written to the
mencry cell information storage capacitor Cs by the
threshold voltage of the above-mentioned shared switch
MOSFET or the address select MOSFET is only VCC - Vth (where
Vth stands for the threshold voltage of these MOSFETs).
Therefore, by use of the internal drop voltage Vary, a
potential variation in the pair bit lines BL and /BL is made

smaller corresponding to the signal level to be stored in
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the capacitor Cs, thereby reducing the current consumption
therein.

Ir this embodiment, in order to cuicken the sense
amplifier operation, a MOSFET Q22' is addec, but not
necessarily, to the common source line MOSFET QzZ2. This
MOSFET Q22*' provides the supply voltage VCC as the sense
amplifier operating voltage. To be more svecific, when the
timing signal SAE changes from low to high, the gate of the
MOSFET Q22' is applied with a timing signal /SAE' that is
temporarily turned low such that a high operating voltage is
temporarily applied to the internal drop voltage Vary as the
sense amplifier operating voltage, namely so-called overxr
drive is performed.

The input/output nodes BL-SA and /BL-SA of the sense
amprifier SA are provided with a precharge circuit composed
of a short-circuit MOSFET Q1l1, and switch MOSFETs-Q% throughn
QL1 for supplying a half precharge voltage Vsto (Vary/2) to
the pair bit lines. The gates of these MOSFrETs Q9 through
Q011 are commonly supplied with a precharge signal SC. The
common source lines CSP and CSN of the sense amplifier SA
are provided with a precharge circuit composed of a MOSFET
02C for short-circuiting the common source lines CSP? and CSN

and switch MOSFETs Q18 and Q19 for supplying a half
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precharge voltage Vsto. The gates of these MOSFETs are
commonly supplied with a precharge signal CSPC.

The input/output nodes BL-SA and /BL-SA oI the sense
eamplifier SA are connected to the input/ocutput line I0 via
N-channel column switch MOSFETs Q12 and Ql3. The cgates of
the column switch MOSFETs Q12 and Ql3 are supplied with a
column select sigrnal YS. The input/output line IO is also
provided with a precharge circuit composed of MCSFITs Q23
tarough Q25. When a precharge signal IOPC goes hich, the
MOSFETs Q23 through A25 are turned on for a half precharge
cperation. This input/output line IO is connec:ted to the
irput terminal of a main amplifier (Main Amp). Also, the
input/output line IO is connected to the ocutput terminal of
a write buffer composed of N-channel MOSFETs Q26 and Q27 for
forming a write signal of low level (VSS) andé P-channel
MOSTETs Q28 and Q29 for forming a write sigral of ‘high level
(Vary) .

The MOSFETs Q26 through Q29 of he write buffer are
controlled by an inverted signal formed by write enable
signals WEBQ and WEBl and inverters IV2 and IV3. When the
write enable signal WEBQO is high and the write enable signal
WEBL is low, the MOSFETs Q26 and Q29 are turned on to fcrm a
hignh level/low level write signal. When the write erab.e

signal WEBO is low and the write enable signal W=Bl is high,
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the MOSFETs Q27 and Q28 are turned on to form a low
level/high level write signal. In other than a write
operation, these MOSFETs Q26 tnrough Q29 are turnacd oIf,
entering the output high-impedance state.

The sense amplifier SA of this embodiment is a so-
called shared sense amplifier in which two pairs of bit
lines are provided for the input/ocutput nodes BL-5A and /3BL-
SA. To be more svecific, the SA is connected to the left-~
side bit lines BL ard /BL via the shared select MOSFETs Ql
and Q2 for the input/output nodes BL-SA and /BL-S2 and
connected to the right-side bit lines not shown via the
shared select MOSFETs Q3 and Q4. In this embodiment, select
sigrals SHL and SHR are applied to the gates of the shared
select MOSFETs Q1 and 02, Q03 and Q4. The select levels of
these select signals SHL and SHR are turned high such as the
supply voltage VCC like the word line select level. Hence,
the shared select MOSFETs Q1 through Q4 are given the same
threshold voltage as that of the address select MOSFET QOm of
the dynamic memory cell.

When the left-side memory mat 1is selected, the MOSFIET

oL

Q1 and Q2 are kept on by the signal SHL and the signal SHR
is turned low to disconnect the bit lines of the right-side

memory mat. When the right-side memory mat is selec-ed, the

MOSFZTs Q3 and Q4 are kept on by the signal SHR and the

-2€- .
This Sheet Has Been Replaced

AR




signal SHL is turned low to disconnect the bit line of the
lefz-side memory mat. In a precharge vericd with memory
access ended, the signals SEL anc SER both go high,
precharging both bit lines. For the higkh level oI the

cnals SHL and SHR, not the boosted hign level of a
conventional dynamic RAM but the high level of the supply
volzage VCC as with the word line WL can be used, so that no
booster is required.

FIG. 7 is a timing chart for describing an example of
the operation of the embodied circuit shown in FIG. 6. In
synchronization with the falling of a row address strobe
sigrnal /RAS not shown, an address signal 1s captured. When
a row-system select operation is performed, the shared
seilect signal SHR on the unselect side changes from high
level such as the supply voltage VCC to low level such as
circuit ground potential. Then, the word line WL ‘rises from
low Zevel such as a negative voltage Vbo tc high level such
as the supply voltage VCC. When the word line rises, one of
the bit lines BL and /BL is changed to a minute voltage
corresponéing to the information charge stored in a selected
memcry cell.

wWhen a timing signal SAZ not shown goes high, the N-
channel MOSFET Q21 is turned on, upon which the cormon

source line CSN changes to low level such as circui:t ground
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potential. When the timing signal SAE goes high, the output
signal of the inverter IVl goes low to turn on the P-channel
MOSFET Q22, upon which the common source line CSP changes to
the internal drop voltage Vary. At tnis moment, if the
over-drive MOSFET Q22' such as of the embodiment of FIG. 6
is provided, a timing signal /SAE' temporarily goes low as
indicated by dotted line in synchronization with the change
of the timing signal SAE to high level, temporarily turning
on the MOSFET Q22.

Consequently, the rising of the common source 1ine CSP
of the sense amplifier is speeded up, which in zurn speeds
up the rising of the sense amplifier output to high level,
thereby speeding up the amplifying operation. When the
timing signal /SAE' goes back to high level, the MOSFET Q22°'
is turned off, upon which the sense amplifier performs an
amp_.ifying operation by the internal voltage Vary ‘and
circuit ground potential VSS. Consequently, the voitage
differerce between the input/output nodes BL-SA and /BL-SA
of the sense amplifier grows, which varies toward the
internal drop voltage Vary and circuit ground potential.
This turns the pair bit lines BL and /BL to high level such
as the internal voltage Vary and low level such as circuic
ground potential VSS via the shared switch MOSFETs QL and

Q2.
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When the column select signal YS goes nigh, the
input/output nodes BL-SA and /BL-SA are connected to the
input/output line IO, upon which the low level of the
input/output nodes BL-SA and /BL-SA temporarily raises. A
level difference corresponding to the amplification signal
of the sense amplifier appears on input/ouipu: lines IOT and
IOB. For the read signals of the input/outpu:z lines IOT and
IOB, a read signal of high level such as VCC and a read
signal of low level such as VSS are outputted to a data
common bus CB to be transmitted to an output circuit not
shown.

Although not shown, in a write operation, when the
timing signal SAE goes high, the sense amplifier SA begins
amplifying as with the above-mentioned read operation. When
the coilumn select signal YS goes high, the input/output
nodes BL-SA and /BL-SA are connected to the input/output
lire IO, upon which write signals corresponding to the Vary
ancd the VSS are transmitted. When the write signal that
inverts the information stored in the memory cell is
transmitted, the levels of the input/output nodes BL-SA and
/BL-SA are inverted. The sense amplifier amplifies the
inverted levels to form the supply voltage Vary and -“he VSS,
which are transmitted to the selected memory cells over the

pit iines.
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If the select levels of the word line and the shared

switch MOSFET are set to the supply voltage VCC, no boosted
voltage generator need be provided. Consequently, no
process is required for forming highly dielectric MOSFETS
otherwise used in such a boosted voltage generator and the
current otherwise consumed by the boosted voltage generator
can be reduced, resulting in a saved power. Furxther, by
set-ing the unselec:t level of the word line to a negative
voltage such as a substrate back bias voltage, the gate of
the address select MOSFET is applied with a bias volitage
reverse to the source potential, thereby reducing a leax
current that may lose the change in the information storage
capacitor.

If the unselect level of the word line is sef to the
negative value such as the substrate back blas voltage as
described above, it is not necessary to increase the
threshold voltage of the address select MOSFET. That is, a
MOSFET having a low threshold voltage formed by the same
fabrication process as that for forming the N-channel

MO

98]

FiTs constituting peripheral circuits sucn as the sense
amplifier and the address decoder can be used without
chance. Use of such a MOSFET having a low threshold voltage
(about 0.6 V) can raise the high level to be givern to the

pair bit lines BL and /BL, or set the high level o0 &
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comparatively high voltage obtained by lowering the sense
amplifier operating voltage Vary by the above-mentionecd
threshold voltage relative to the suppiy voltage VCC. This
increases the information charge amount.

FIG. 82 and FIG. 8B are circuit diagrams illustrating a
word line selector for use in the dynamic RAM associated
with tke invention, practiced as one embodimen: therecf. In
FIG. 82, a decoder, a main word driver, and a sub word
driver are typically. 1In FIG. 8B, a level converter £for use
therein is illustrated. Circuit symbols in FIGS. 8A and 83
are partially the same as those in preceding figures, but it
is to be understood that these same circuit symbols are for
implementing separate circuit functions.

In FIG. 8A, a P-channel MOSFET Ql is a precharge MOSTE
for precharging the output rode to the voltage VCC by the
output sigral of an inverter N1 that receives a precharge
signal PC. The output node is provided with N-channel
series MOSFETs Q3 and Q4 constituting a discharge path
constituting a logical block. The source of this MOSFET Q4
is connected to the output terminal of an inverter N4 that
receives a discharge signal DC. That is, during a precharge
period, the signal DC goes low to turn high the output
signal of the inverter N4. Consequently, during a precharge

veriod in which the signal PC is high, the MOSFET Ql is
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turned on, so that, when the output node is precharged, no
current path is formed when the series MOSFETs Q3 and Q4 are
cn, thereby precharging the series path from bcth sides
thereoi.

The above-mentioned decoding section is constituted in
a tree manner. That is, the output terminal of the inverter
N4, branches to the exemplified MOSFETs Q4 and Q& ard the
drairn side of the MOSFET Q4 branches to the exemplified
MOSFETs Q3 and Q5, the drain of the MOSFET Q3 keing
connected to the above-mentioned output node. The gates of
the MOSFETs Q3 and Q5 are supplied with a predecode signal

formed by a predecoder PDEC 2. In the figure, :iwo MOSFETs

=
h

Q3 and Q5 are provided. four predecode signals are

formed by decoding a 2-bit address signal for exarple, four

branches are made according to the four predecoce signals.
Likewise, the gates of the MOSFETs Q4 and Q% -are also

supplied with a vredecode signal formed by a predecoder PDEC

1. In the figure, two MOSFETs Q3 and Q5 are provided.

-

four predecode signals are formed by decoding a 2-bit
address signal for example, four MOSFETs are prcvided
according to the four predecode signals.

In the above-mention decoding sectior, one of the
predecode signals formed by the predecoders PDEC1l and PDEC2

is set to the select level and only the MOSFETs constituting
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one path in the above-mentioned tree structure are turned
or., thereby forming a discharge path. Then, when the
discharge signal DC gces high, a current flows along ore
discharge path selected as above, thereby setting the ocutput
ncde from high level to low level.

In the figure, the inverters N2, N3, and N4 are, but
not necessarily, CMOS inverters that operate on the supply
voltage VCC and the negative voltage Vbb. The inputs of
these inverters N2 through N4 are suppliied with a predecode
signal having a signal amplitude such as VCC - Vbbb and a
discharge signal. The signal having such a signal amplitude
is formed by a level converter shown in FIG. 83 of the
figure.

As shown in FIG. 8B, when the level conver:zer forms an
output signal OUT of same phase for the input terminal IN,
an input signal IN is inverted by an inverter N8. - This
irnverter N8 operates on the supply voltage VCC and the VSS
like an ordinary CMOS circuit. Therefore, the output signal
of the CMOS inverter circuit N8 is a CMOS level signal;
nanely high level is the supply voltage VCC and low level is
the circuit ground potential VSS.

In order to convert the above-mentioned CMCS level
signal to a signal amplitude consisting of a pcsitive

itage and a negative voltage such as the VCC and the Vbb,
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a pair of N-channel MOSFETs Q12 and Q13 of which sources are
cornectad to the above-mentioned negative voltage Vbb are
crcss-connected to each other in gate and crairn tTo be put
a latched state. Between the drain of the MOSFET Q12 and
the signal input terminal, a P-channel MOSFET Q10 of which
gate 1is connected to the ground potential VSS is provided.
Between the drain of the MOSFET Q13 and the supply voltage
VCC, a P-channel MOSFET Qi1 is provided of which gate
provides the above-mentioned signal input termiral. That
is, to this signal input terminal, the output signal of the
above-mentioned CMOS inverter N8 is applied.

In the above-mentioned constitution, when the signal

'_l.

nput is high, the MOSFET Ql1 is turned off and the MOSFET
QlC is turned on. When the MOSFET Q10 is turned on, the
gate of the MOSFET Q13 is supplied with the hich level of
the above-mentioned signal input. Thus turns on the MOSFET

Q1l2, setting the output terminal OUT to low level such as

the negative voltage Vbb. This low level turns off the

=z

OSFET Ql2. When the signal input is low, the MOSFET Q11 is
turned on and the MOSFET Q10 is turned off. When the MOSFET
Ql: is :turned on, the output terminal OUT is turned high, so
that the MOSFET Q12 is turned on. When the MOSFET QiZ is

turned on, the MOSFET Q13 is turned off, so that the high
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level of the output terminal OUT is turned high such as the
suppiy voltage VCC.

Since the input signals having sigral amplitudes such
as VCC and Vbb are supplied to the deccding section, so that
the operating voltages of the decoder section are voltages
such as the supply voltage VCC and the Vbb. Trhat is, to
maintain the unselect output node at high level, the ocutdut
node is provided with a P-channel MOSFET Q2 to which the
output signal of the inverter N5 that receives the output
sigral of the output node is supplied. This MOSFET 02
consists of a small current supply capability MOSFET that
only compensates a leak current of the output node. The
MOSFET Q2 constitutes a latch circuit in which when the
output node is turned high, the output signai oi the
inverter N5 is turned lcw, thereby turning on the MOSFET Q2.
Since the MOSFET Q2 has a small current supply capability,
so that, when the MOSFETs Q3 anc Q4 are turned on, the
output node can be discharged, thereby forming & low-level
select signal.

A main word line select signal is Zormed through the
inverters N5 and N6. The inverters NS5 and N& operate on the
supply voltage VCC and the negative voltage Vbb and form
output signals having corresponding signal arplitudes. The

inverters N5 and N6 constitute a word driver. That is, in
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order to operate the main word line at high speeds, the
inverter N6 consists of a comparatively large-size CMOS
inverter circuit. Since the irput capacity c¢f such an CMOS
inverter circuit is comparatively large, the inverter N5 is
proviced to drive the CMOS inverter circuit az high speeds.
A sub worc section forms a select signal for selecting
one sub word line SWL together with the sub wcrxd line select
sigral FX of the main word line. That 1is, in one mencry
cell array {(or memory mat), four odd-numbered and even-
numbered sub word lines are allocated to the main word line,
so that one of the four sub word lines is selected by the
above-mentioned signal FX. That is, the main word line is
supplied to the input terminal of a CMOS inverter consisting
0f P-channel MOSFETs Q7 and Q8. The sub word line SWL is
connected to the output of this CMOS inverter. Between the
output of this CMOS inverter and the negative voltage Vbb,
an N-channel MOSFET Q9 is provided. For the operating
voltage of this CMOS inverter, the high level of the above-
mentioned signal FX is used. 1In order to fix the sub word
lire SWL with the main word put in select state and the
signal FX put in unselect state to the low level, an
inverter N7 is provided and the output signal thereof is

supplied to the gate of the above-mentioned MOSFET Q9.
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For example, when the main word line is low, or a:
select level, the above-mentioned P-channel MOSTET Q7 is
turned on and the N-channel MOSFET Q8 is turned off. At
this moment, the high level of the signal FX is transmitted
through the P-channel MOSFET Q7 which is on to the sub word
lire SWL, putting the same in select state. I the signal
FX is low, the output signal of the inverter N7 goes high,
turning on the N-channel MOSFET Q9, so that the sub wcrd
lire is fixed to low level (Vbb), or select level. When the
main word line is high, or unselect level, the P-channel
MOSFET Q7 is turned off and the N-channel MOSFET Q8 is
turned on. Consequently, regardless of the high and low
levels of the signal FX, the sub word line SWL is fixed to
low level, or unselect level.

FIG. 9 is a circuit diagram illustrating the word _ine
seiector for use in the dynamic RAM associated with the
invention, practiced as ancther embodiment thereof. In the
figure, a decoding section, a main driver, and a sub word
driver are illustrated for example. 1In this embodimenz, the
word line selecting circuit consists of an orcéinary CMOS
circuit operating on supply voltage VCC and circuit ground
potential VSS, including predecoders PDEC 1 and PDEC 2, and
a decoding section. An inverter N6 for forming select and

unselect signals of the main word line MWL is a word driver
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having the above-mentioned level converting capability.
That is, the level converter shown in FIG. 8B is used
without change as the word line driver N6.

In this constitution, ornly the main word -ine MWL and
the sub word driver operate on VCC-Vbb, thereby mitigating
the load of the negative voltage generator. Further, the
predecoder and the circuit for forming a precharge sigrnal 2C
and a discharge sigrnal DC require no above-mentiorned level
converter, resulting in a simplified circuit constitufion.
This level converter may be provided only on the sub wcrd
driver; however, the number of sub drivers is Zfar greater
than the number of main drivers, so that this attachment of
the level converter increases the number of circuit elements
as a whole. Preferably, the level converter is proviced
only on the main word drivers for saving the number of
circult elements. :

FIG. 10 is a general block diagram illustrating a power
supply system of the dynamic RAM associated with the
invention, practiced as one embodiment therecf. The supply

voltage composed of the supply voltage VCC supplied from the
external terminal and the circuit ground potential VSS is
suppiried to a column-system selector, a word line selec:tor,

a mein amplifier and an I/0 system, and a DRAM control

system. The supply voltage is also supplied to three types
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of internal voltage generators. A negative voltage
generator Vbb-G is a known substrate back bias voltage
generator that receives the above-menticned supply voliage
VCC and the circuit ground potentiail VSS ard is composed of
ar. oscillator such as a ring oscillator and & charge pum
circuit for forming a negative voltage by the oscillation
pulse formed by the oscillator. In order to szzbilize :this
negative voltage and prevent wasted current consumption from
occurring, a controller is, but not necessarily, provided
that monitors the substrate voltage and intermittently

performs a charge pump operation.

An internal voltage generator Vary-G is a step-down

O
=
5]
QO
o
[
r

for forming a voltage obtained by level-shifting the
supply voltage VCC by the threshold voltage of MOSFET and is
basically constituted by a source follower of zn N-channel
MOSFET. A voltage generator Vsto-G forms a bit line
precharge voltage Vsto and a plate voltage VPL. This
voltage generator alsc forms a voltage obtained by level-

shifting the supply voltage VCC by the threshold voltage of

=

MOSFET and divide the obtained voltage by two. Since thke
precharge voltage Vsto and the plate voltage VPL are egual
and herce may be made common; but in crder :to prevent these
voltage from being affected by each other, these voltages

are outputted from separate drivers.
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The negative voltage Vbb fcrmed by the negative voltage
generator Vbb-G is suppliec not only to the above-mentioned
word lire selector but also to the P-well region on which &
memory array is formed as a substrate back bias voltage.
The precharge voltage Vstec is used by a precharge circuilt
PCC anc the plate vo.tage VPL is transmitted tc the
capacitor of a memory cell. The internal voltage Vary is
given as the overating voltage for a sense amplifier SA and
a write buffer WB.

FIG. 11 is a diagram illustrating characteristics of
the power supply system of the dymamic RAM associated with
the invention. The horizontal axis indicates exterral
supply voltage and the vertical axis indicates internal
operating voltage. In a range where the exterrnal supply
voltage VCC is about 2V to 4V, the internal vol:zage
gererator forms the predetermined voltages Vbb, Vstc, and
Vary with stability. This embodiment is assumed to operate
on the supply voltage of about 3 V. Therefore, by setting
the internal voltage Vary to about 2.2 V, voltage diZference
Vgs with the supply voltage VCC becomes larger than the
threshold voltage of MOSFET, thereby enabling to write the
nigh level of a bit line according to the internal voltage
Vary to the information capacitor of a memcry cell without

boosting the word line. 1In addition, the rnegative voltage
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Vbbb is set to about -0.8 V, so that the word line unselect
level is accordingly set to -0.8V. If the :threshcld voltage
of the address select MOSFET for selecting a dyramic memory
cell is set to a same low threshold voltage as that oI a
peripheral cilrcuit MOSFET, a desired data retention
characteristic can be obtained. When the supply vcltage VCC
goes over 4V, the internal voltage is raised accordingly.
This is performed to efficiently perform acceleration tests
sucn as burn-in.

In FIG. 11, (A) through (C} show memory cell potentials
oy way of example. (A) shows a high-level ("1") write
state, in which the gate voltage connected to a word line is
set to 3.3 V, writing the high level 2.2 V of bi:t line to
the capacitor. {(B) shows a low-level ("0") writze state, in
wnich the gate voltage connecied to a word line is set to
3.3 V, writing the low level 0V of bit iine to the
capacitor. (C) shows & data retention state, ir. which the
gate voltage connected to a word line is set to the unselect
—evel of -0.8 V at which the bit line is set to high/low
levels of 0 V and 2.2 V in the write/read states and to a
nalf precharge voltage 1.1 V in standby state. Since the

-

information retention voltage of the capacitor is 0 V or 2.2
V and the gate of the address select MOSFET is set to the

above-mentioned negative voltage, so thaz, if the bit line
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or the information retention voltage is 0 V, a reverse bias
volzage such as -0.8 V is applied, thereby preventing a leak
current that loses information charge from flowing.

FIG. 12A and FIG. 123 are cross sections of a device
structure for describing the dynamic RAM associa:ted with the
invention. FIG. 12 A shows an example of a double well
structure by using a P-SUB. FIG. 12 B shows an example of a
triple well structure by using P-SUB. In the 2-SUR doub.e
well structure of FIG. 12A, the semiconductor substrate is a
P-type P-SUB. The N-channel MOSFETs constituting the memory
array and its peripheral circuits are not directly formed on
the P-type substrate but on a P-well region BP formed on the
P-type substrate. The P-channel MOSFETs are formed cn the
N-well region BN formed on the P-tyve substrate. In order
o prevent the small number of carriers generated in the
veripheral circuit from reaching the semiconduc-or reglion on
which the memory array is formed and reaching the storage

node of a memory cell to lose information charge, a guar

(o8

ring for absorbing these carries is provided.

In the embodiment of FIG. 12A, the substrate back bias
voltage VBB (= Vbb) is supplied to the substrate P-SUSB.
That is, while the well region has a double structure of 3N
and BP for simplified fabrication process, :the negative

voltage VBB is supplied to the substrate P-SUB as a kack
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pias voltage, so that the threshold voltage of the N-channel

r

IOSFETs for the sense amplifier and peripheral circuits
rises, thereby delaying the operatlion speed.

In the embodiment of FIG. 12B, circuit g¢round potential
VSS is given to the substrate P-SUB. For isola:tion from the
substrate P-SUB, the substrate peripheral portion on which
the menory array, sense amplifier, sub word decoder, and so
on are formed is provided with a deep N-well region NWEL.
The supply voltage VCC is apvlied to the N-well region NWEL
as a bias voltage for electrical isolation from the
substrate P-SUB. Provision of this deep N-well region NWEL
forms a triple well structure along with the P-well region
BP and the N-well region BN.

A substrate back bias voltage corsisting of the
negative voltage VBB is applied to the P-well region BP on
which the memory array is formed and which is formed on the
Ceep N-well region NWEL. This raises the threshold voltacge
cf the address select MOSFET. On the other hané, the
circuit ground potential VSS is applied to the 2-well region
B? on which N-channel MOSFETs constituting periopheral
circuits such as the sense amplifier are formed (not shown).
This provides a low threshold voltage in the peripheral
circuits, thereby increasing the operation speed. Likewise,

the supply voltage VCC is applied as a blas volzage to the
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N-well region BP on which P-channel MOSFETs are formed. The
well region on which the N-channel MOSFETs constituting the
peripheral circuits such as an address decoder, an address
buffer, and a controller and the P-channel MOSFZTs are
formed on the N-well region BN and the P-well region BP
formed on the substrate P-SUB.

When the above-mentioned triple well structure is
aprlied to the embodiment of FIG. 1, the deep N-well region
NWZL can be formed commonly in the above-menticned four
menory blocks. That is, if not a boosted voltage but the
supply voltage VCC is used for the select level of the word
line to which a memory cell is connected, the supply voltage
VCC is applied, like the deep N-well region NWEL, to the N-
we .l region BN on which the P-channel MOSFET constituting
the word driver is formed. Consequently, the deep N-well
recion NWEL is not isolated by the above-mentioned sequence
of sense amplifiers. This constitution eliminates the
necessity for providing a space for forming the deep N-well
region by the sequence of sense amplifiers, thereby recducing

ne area occupied by the memory blocks. If the word line
select level is a boosted voltage higher than the SUpp.Ly

voltage Vcc, the N-well on which the P-channel MOSFET :ig

formed constituting the word driver must be set to zhe

boosted voltage level, so that this N-well must be arranged
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outside the above-mentioned deep N-well. Consecuently, this
N-well must be formed in separated manner In One TEemMOry
nlock.

FIG. 13A, FIG. 13B, and FIG. 13C are cross sections
illustrating main portions of the dynamic RAM associated
with the invention for describing a fabricatiorn process of
trhe dynamic RAM, practiced as one embodimernt therecoi. In
the figure, an N-channel MOSFET of the memory array sec:tion

and an N-channel MOSFET of a pheral circuit section are

g

illustrated by way of example. In FIG. 132, a field
insulation film is formed except on a device forming regiocn.
Using the field insulation film as a mask, ion implanta-ion
for setting an impurity concentration of the channel region
is performed. In the semiconductor integrated circult of
this embodiment, the memory array section and the peripheral
circuit section are ion-implanted in the same process. As a
result of the ion implantation, these N-channel MOSFETs come
to have a low threshold voltage of about C.6 V.

In FIG. 13B, a polysilicon layer FG of the Zirst laver,
\ *G cap, sidewalls are formed. In FIG. 1i3C, ion
implancation (NM implantation) is performed to Zorm <he
source and drain of low concentration n” for making the
Gynamic RAM highly dielectric. 1In this embodimentc, :the N-

channel MOSFZTs for constituting another circuit block
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formed on the same semiconductor integrated circuit on which
the memory array section, the peripheral circui: sectiorn,
and dynamic RAM are formed can also be formed in generally
the same process as above, resulting in the simplified
fabrication process.

FIG. 14A, FIG. 14B, FIG. 14C, FIG. 14D, and FIC. 14

!

are cross sections illustrating main portions of the dynamic
RAM associated with the invention for describing the
fabrication process of the dynamic RAM, practiced as another
embodiment of the invention. In the figure, the N-charnel

MOSFET of the memory array section arnd the N-charnnel MOSFET

h

of the peripheral circuit section are illustrated by way of
example. Processes of FIG. 14A through FIG. 14C are the
same those mentioned above except for some portions. That
is, in FIG. 14A, a field insulation film is formed except on
the device forming region. Using the field insulation film
as a mask, ion implantation for setting an impurity
concentration of the channel region is performed. In the
semiconcuctor integrated circuit of this embodimrent, the
memcry array section and the peripheral circuit section are
ion-implanted in the same process. As a result of zhe ion

implantation, these N-channel MOSFETs come %o have a low

threshold voltage of about 0.6 V.
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In FIG. 14B, a polysilicorn layer FG of the first layer
anc an FG cap are formed. In FIG. 14C, ion implantation (NM
implantetion) 1s performed to form the source and drain of
low concentration n” for making the dynamic RAM highaly
dielectric. In FIG. 14D, sidewalls are formed cn gate
electrodes. In FIG. 14E, ion implantation (NE implantation)
is performed for forming the high-concentration n+ source
and drain for forming the source and drain regions on the
above-mentioned gate side by using these side walls as
masks. In this embodiment, the N-channel MOSFETs for
cornstituting another circuit block formed on the same
semiconductor integrated circuit on which the memory array
section, the peripheral circuit section, and dynamic RAM are
formed can also be formed in generally the same process &s
above, resulting in the simplified fabrication process.

The following advantages are obtained from the above-
men:ioned embodiments.

{1) In a dyramic RAM having a mernory cell array in
which a dynamic memory cell is arranged at an intersection
petween a word line and one of pair bit lines, the select
level corresponding to a supply voltage and the unselect
level corresponding to a negative potential lower than
circuit ground potential are supplied to the woxrd line, a

sigral of a memory cell read to the pair bit lines by a
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sense amplifier that operates on the circuit ground
pctential and an internal voltage formed by dropping the
supply voltage by an amount equivalent to the threshoid
vo_zage of the address select MOSFET is amplified, and the
necative voltage is generated by a negative voltage
generator that receives the supply voltage and the circuit
ground potential, the negative voltage generator oteing
composed of an oscillator and a charge pump circuit for
recelving an oscillation pulse formed by the oscillator.
This rovel constitution can eliminate the necessity for
providing a voltage booster to lower the power consumption
and, at the same time, share a deep N-well recion by memory
blocks composed of memory cell arrays, sub word crivers, and
serse amplifiers in divided word line scheme to reduce the
ilayout area.

(2) The sense amplifier is composed of a power swi:ich
corsisting of a P-channel MOSFET and an N-cnarrel MOSFET for
supclying an operating voltage and a circuit ground
voterntial to a CMOS latch circuit. Use of a first P-channel
MCSZET for supplying the above-mentioned internal voltage
ancd a second P-channel MOSFET that is on only cduring a
cerzain period at beginning of a sense operation to supply

the above-mentioned supply voltage reduces :he power

consumption due to the reduced bit line signal amplitude.
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(3) The sense amplifier is a shared sense amplifier
which is provided commonly beiween a pair of bit ilines and a
shared switch MOSFET is provided between the pair of bit
lines and the input/output node of the sense amp:ifier.

This novel constitution allows the shared switch MOSFET to

be turned on by the supply voltage level 1ike a word line.

(4) By setting the word line unselect level to a
negative voltage, an address select MOSFET can be formed by
the same fabrication process as that by which the N-channel
MOSFETs constituting peripheral circuits including an
adéress selector consisting of N-channel MOSFETs for
address-selecting the word lines and pair bit lines.

(5) Of the word line selectors for forming the word
line select signal, at least the word driver for forming the
select signal for selecting a word line conneéted to a
memory cell operates on the supply voltage and the negative
voltage and another peripheral circuit including a cclumn
selector for forming the pair bit line select signal
operates on the supély voltage and the circuit ground
potential. This novel constitution can reduce the loacd of

the negative voltage.

(6) The well region formed with a MOSFET constituting a

memory block composed of a memory cell array arranged with

the dynamic memory cells in matrix, the sense amplifier, the
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precharge circuit for precharging the pair bit lines, and a
column switch for selecting the pair bit lines is formed in
a commecn deep N-well, so that a P-well formed with an N-
charnnel MOSFET is electrically isolated, the P-well formed
with the memory cell is supplied with the negative vcltage
as a back bilas voltage, and another P-well is given the
circuit ground potential. This novel constitution further
improves the data retention characteristics while speeding
up the operation of the peripheral circuilts.

{(7) The well regiorn formed with a MOSFET ccnstituzing

")

memory block composed of a memory cell array arranged with

the dynamic memory cells in matrix, the sense amplifier, the

-1

precharge circuit for precharging the pair it lines, and a
column switch for selecting the pair bit lines is formed in
a common P-type semiconductor substrate to which the
negative voltage is supplied as a back bias voltage. This
novel constitution allows use of double well structure,
resulting in the simplified fabrication process.

(8) The word line selector uses a level conver
composed of a first N-channei MOSFET and a second N-channel
MOSFET of which source is supplied with the negative voltage
and of which gate and drain is cross-connected to put the

first N-channel MOSFET and the second N-channel MOSFET in a

latch form, a first P-channel MOSFET of which source drain
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path is connected between the drain of the first N-channel
MOSFET and an input terminal and of which gate is supplied
with circuit ground potential, and a second P-channel MOSFET
of which source drain path is connected betweer. the supply
voltage and the drain of the second N-channel MOSFET and of
which gate is connected to the input terminal, the input
terminal being supplied with word line select/unselect
signals consisting of the supply voltage/ground potential,
thereby forming output signals of the supply
voltage/negative voltage from a drain connection point
between the second N-channel MOSFET and the second P-channel
MOSFET. Use of the CMOS circuit that operates on the above-
mentioned supply voltage and negative voltage can form the
word line select and unselect signals.

(9) The word line consist of a main word line and a
plurality of sub word lines commonly allocated to-the main
word line, the word line being set to a select/unselect
signal composed of the supply voltage and the negative
voiltage at least in the main word line. This novel
constitution allows the sub word driver to be constituted by
a CMOS circuit, thereby reducing the number of circuit
elements as a whole.

While the preferred embodiments of the present

invention have been described using specific terms, such
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description is for illustrative purposes only, and it is to
be understood that changes and variations may be made
without departing from the spirit or scope of the appended
claims. For example, in order to speed up the falling of
the negative voltage at power-on sequence, the substrate
back bias generator may be provided with a charge pump
circuit for strongly generating a negative voltage and a
charge pump circuit that operates regularly and indirectly.
By switching between these circuits appropriately, the low
power consumption and the fast falling of the negative
voltage may be implemented. Further, a control capability
may be added in which, by outputting the negative voltage on
a2 monitor, memory access is disabled until the negative
voltage reaches a level at which a desired data retention
characteristic is satisfied. In the above-mentioned
constitution, the negative voltage of the word line is
formed commonly by the substrate bias voltage generator.
The unselect level of the word line may be formed separately
from the substrate bias voltage.

The word line selector is not limited to that of the
worcd line divided scheme composed of main word lines and sub
word lines. The word line selector may be constituted in

which a word line connected to memory cells is provided for
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each word driver for each memory block. The present
invention is widely applicable to the dynamic RAM.

As mentioned above and according to the invention, the
foliowing effects can be obtained typically. That is, in a
dyramic RAM having a memory cell array in which a dymnamic
mencry cell is arranged at an intersection between a word
line and one of pair bit lines, the select level
corresponding to a supply voltage and the unselect level
corresponding to a negative potential lower than circuit
ground potential are supplied to the word line, a signal of
a memory cell read to the pair bit lines by a sense
amp-ifier that operates on the circuit ground potential and
an internal voltage formed by dropping the supply voltage by
an amount equivalent to the threshold voltage of the address
select MOSFET is amplified, and the negative voltage is
generated by a negative voltage generator that receives £he
supply voltage and the circuit ground potential, the
regative voltage generator being composed of an oscillator
and a charge pump circuit for receiving an oscillation pulse
forrmed by the oscillator. This novel constitution can
eliminate the necessity for providing a voltage booster to
lower the power consumption and, at the same time, share a
deep N-well region by memory blocks composed of memory cell

arrays, sub word drivers, and sense amplifiers in divided
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word line scheme to reduce the layout area. This novel
constitution eliminates the necessity for providing a
boosted voltage generator to lower the power consumption.
At the same time, in the divided word line scheme, the deep
N-well region can be commonly used for the memory blocks on
which memory cell arrays, sub word drivers, and sense

anmplifiers are formed.
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1. A dynamic memory comprising:
a dynamic memory cell including an address select
MOSFET of which gate is connected to a word lire and of

which source drain path is connected between one of a pair

of bit lines intersecting said word line arnd a storage node
of an information storage capacitor

a word line selector which supplies to said word line a
select level corresponding to an external supply voltage and
an unselect level corresponding to a negative potential
lower than a circuit ground potential;

a precharge circuit which sets said pair of bit lines
to a predetermined voltage;

a sense amplifier that is operated by an internal
voltage obtained by dropping said external supply voltage by
an amount equivalent to a threshold voltage of said address
select MOSFET and by said circuit ground potential, receives
a differential potential between a signal voltage read :to
said one of said pair of bit lines and a precharge voltage
of the other of said pair of bit lines formed by charge
distribution of a precharged charge of said one of pair bit
lines and a storage charge of said dynamic memory cell, and

amplifies said differential potential to form an amplified
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signal corresponding to said internal voltage and said
circuit ground potential; and

a negative voltage generator including an oscillator
and a precharge pump circuit which receives an oscillation
pulse formed by said oscillator to generate said negative
voitage.

2. A dynamic memory according to claim 1, wherein said
sense amplifier includes a CMOS latch circuit in which an
input and an output of two CMOS inverter circuits are cross-
connected, each of said inverter circuits including a P-
channel MOSFET and an N-channel MOSFET, and a first power
switch circuit and a second power switch circuit giving an
operation voltage and a circuit ground potential to said
CMOS latch circuit, said first power switch circuit
supplying said operation voltage including a f£irst MOSFZ
for supplying said internal voltage and a second MOSFET that
is turned on only in a certain period at beginning of a
sense operation to give said external supply voltage.

3. A dynamic memory according to claim 1 or 2, wherein
said sense amplifier is a shared sense amplifier provided
between pairs of bit lines, a shared switch MOSFET being
provided between said pairs of bit lines and an input/output
nocde of said sense amplifier.
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4. A dynamic memory according to claim 1, 2 or 3,
wherein said address select MOSFET consists of an N-channel
MOSFET and is formed in generally a same fabrication process
for an N-channel MOSFET constituting a perivheral circuit
including an address selector for address-selecting said
word line and said pair of bit lines.

S. A dynamic memory according to claim 4, whereir, of
said word line selector for forming a select signal of said
word line, at least a word driver for forming the select
signal of the word line connected to a memory cell uses said
external supply voltage and said negative voltage as an
operation voltage and a column selector for forming a select
signal for selecting said pairs of bit lines operates on
said external supply voltage and said circuit ground
potential.

6. A dynamic memory according to claim 1, wherein a
well region formed with a MOSFET constituting a memory block
including a memory cell array arranged with said cdymamic
memory cells in matrix, said sense amplifier, said precharge
circuit, and a column switch which selects said pair of bit
lines is formed in a common N-well, so that a P-well formed
with an N-channel MOSFET is electrically isclated, said P-

well formed with said memory cell is supplied wi:th said
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negative voltage as a back bias voltage, and another P-well
is given said circuit ground potential.

7. A dynamic memory according to claim 1, wherein a
well region formed with a MOSFET constituting a memory block
inciuding a memory cell array arranged with said dynamic
memncry cells in matrix, said sense amplifier, said precharge
circuit, and a column switch which selects said pair of bit
iines is formed on a common P-type semiconductor substrate
to which said negative voltage is supplied as a back bias
voltage.

8. A cdynamic memory according to claim 1, wherein said
word line selector uses a level converter including a first
N-channel MOSFET and a second N-channel MOSFET of which
common source is supplied with said negative voltage and of
which gate and drain is cross-connected, a first P-chanrel
MOSFET of which source drain path is connected petween the
drain of said first N-channel MOSFET and an input terminal
and of which gate is supplied with circuit ground potential,
and a second P-channel MOSFET of which source cdrain path is
connected between said external supply voltage and the drain
of said second N-channel MOSFET and of which gate is
connected to said input terminal, said input terminal being
supprlied with one of a high level signal corresponding to

sald external supply voltage and a low level signal
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corresponding to said ground potential, thereby forming one
of the high level signal corresponding to said external
supply voltage and the low level signal corresponding to
said negative voltage from a drain connection pointi petween
said second N-channel MOSFET and said second P-channel
MOSFET.

9. A dynamic memory according to claim 1, wherein said
word line is divided into a plurality of word lines along a
main word line and a main word selector is provided for
supplying a select level corresponding to said external
supply voltage and an unselect level set to said negative
voltage to said main word line.

10. A dynamic memory comprising:

a plurality of word lines;

a vair of bit lines intersecting said plurality of word
lines;
a plurality of dynamic memory cells each having an
information storage capacitor and an address select MOSFET;
a first external supply terminal which receives a
supply voltage;

a second external supply terminal which receives a
ground potential;

a word line selector which supplies a voltage

corresponding to said supply voltage to a selected word line
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of said plurality of word lines and a negative voltage lower
than said ground potential to an unselect word line of said
plurality of word lines;

a precharge circuit which supplies a predetermined
precharge voltage tc said pair of bit lines; andc

a sense amplifier cornected to said pair c¢f bit lines;

wherein said address select MOSTET has a cate connected

to one of said plurality of word lines and a source drain

path connected between one of said pair of bi

cr
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storage node of said information storage capacizor;

wherein said sense ampiifier including a CMOS latch
circult having a pair of P-channel MOSFETs and a pair of N-
channel MOSFETs, a first power switch circuit which supplies
an operating voltage to a common source of said pair of P-
channel MOSFETs, and a secondé power switch circuit which
supplies an operating voltage to a common source cof said
pair of N-channel MOSFETs, said first power switch circuit
having a first MOSFET which supplies an intermal voltage
lower than said supply voltage to the common source of said
vair of P-channel MOSFETs and a second MOSFET which supplies
said supply voltage to the common source; and

wherein said sense amplifier receives said supoly
voltage and said ground potential at beginning of a sense

operation, then operates by receiving said internal voltage
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and said ground potential, and amplifies a differential
potential between a voltage appearing on ore of said pair of
bit lires connected to a selected dynamic memory cell and
said precharge vol:iage appearing on the other of said pair
of bit lines, thereby providing said internal voltage and
said ground potential on said pair of bit lines.

11. A dynamic memory according to claim 10, further
comprising:

a step-down circuit;

wherein said step-down circuit lowers from said supply
voltage a voltage equivalen:t to a threshold voltage of an N-
channel MOSFET constituting said address select MOSFET,
thereby forming said internal voltage.

12. A dynamic memory comprising:

a plurality of word lines;

a plurality pairs of bit lines intersecting said
plurality of word lines;

a plurality of dynamic memory cells each having an
information storage capacitor and ar N-channel MOSFET;

a pailr of common data lines;

a plurality of column switches arranged between said

plurality pailrs of bit lines and said pair of common data

lines;

This Sheet Has Been Replaced

<= [N




U8

a first external supply terminal which receives a
supply voltage;

a second external supply terminal which receives a
ground potential;

a precharge circuit which supplies a precetermined
precharge voltage to said pair of bit lines;

a word line selector whnich supplies a voltage
corresponding to said supply voltage to a selected word line
of said plurality of word lines and a negative voltage lower
than said ground potential to an unselect line of said
plurality of word lines;

a column decoder which forms a select signal for
selecting said plurality of column switches; and

a sense amplifier connected to said plurality of pairs
o pit lines;

wherein said address select MOSFET has a gate connected
to one of said plurality of word lines and a source drain
path provided between one of the pair of bit lines and a
storage node of said information storage capacitor;

wherein said plurality of sense amplifiers amplify, in
each of said plurality of pairs of bit lines, a differential
potential between a voltage appearing on one of the bit
lires connected to a selected dynamic memory cell and said

precharge voltage appearing on the other of bit lines,
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thereby providing an internal voltage lower than said supply
voltage and said ground potential on said pair of bit lines;
and

wherein said N-channel MOSFET constituting each of said
plurality of dynamic memory cells and an N-channel MOSFE
included in said column decoder are formed by generally a
same fabrication process.

13. A dynamic memory according to claim 12, further
comprising:

a step-down circult;

wherein said step-down circuit lowers from said supply
voltage a voltage equivalent to a threshold voltage of an N-
channel MOSFET constituting said address select MOSFET,
thereby forming said internal voltage.

14. A dynamic memory comprising:

a oiurality of word lines;

& plurality pairs of bit lines intersecting said
plurality of word lines;

a plurality of dynamic memory cells each having an
information storage capacitor and an N-channel MOSFET;

a first external supply terminal which receives a
supp.y voltage;

a second external supply terminal which receives a

ground potential;

This Sheet Has Been Repl

T



RN RO

a word line selector which supplies a voltage
cerresponding to said supply voltage to a selected word line
of said plurality of word lines and a negative voltage lower
than said ground potential to an unselect line of said
plurality of word lines;

a plurality of sense amplifiers connected to said
plurality of pairs of bit lines;

wherein said address select MOSFET has a gate connected
to one of said plurality of word lines and a source drain
path provided between one of the pair of bit lines and a
storage node of said information storage capacitor;

wherein said plurality of sense amplifiers each having
a CMOS latch circuit including a pair of P-channel MOSFETSs
ané a palir of N-channel MOSFETs and said plurality of sense
amplifiers amplify, in each of said plurality of pairs of
bit lines, a differential potential between a voltage
appearing on one of the bit lines connected to a selected
dynamic memory cell and said precharge voltage appearing on
the other of bit lines, thereby providing an internal
voltage lower than said supgly voltage and said ground
potential on said pair of bit lines; and

wherein a first P-well region in which a source and a
drain of the N-channel MOSFET in each of said dynamic memory

cells are formed and a second P-well region in which a
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source and a drain of the N-channel MOSFET in each of said
plurality of sense amplifiers are formed are formed in a
common N-well region, a source and a drain of a P-channel
MOSFET in said word line selector are formed in said common
N-well region, said negative voltage is supplied to said
first P-well region, said ground potential is supplied to
said second P-well region, and said supply voltage is
supplied to said common N-well region.

15. A dynamic memory comprising:

a memory block including a plurality of memory cell
arrays arranged in a matrix, a plurality of sense amplifying
sections arranged between the memory cells arrays adjacent
in X direction, and a plurality of sub word line drivers
arranged between the memory cell arrays adjacent in Y
direction;

a plurality of main word lines each extending on said
plurality of memory cell arrays in Y direction;

a main word line driver arranged at an end portion of
said memory block for supplying a signal toc said plurality
of main word lines;

a first external supply terminal which receives a
supply voltage; and

a second external supply terminal which receives a

ground potential;
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wherein each of said plurality of memory cell arrays

has a plurality of sub word lines, a plurality of

th

airs o

'g

bit lines intersecting said plurality of sub word lines, and
a plurality of dynamic memory cells each having an
information storage capacitor and an N-channel MOSFET, and
sald address select MOSFET has a gate connected to one of
said plurality of sub word lines and a source drain path
provided between one of the pair of bit lines and a storage
node of said information storage capacitor;

wherein each of said plurality of sense amplifying
sections has a plurality of sense amplifiers connected to
said plurality of pairs of bit lines and each of said sense
ampiifiers has a CMOS latch circuit having a pair of P-
channel MOSFETs and a pair of N-channel MOSFETs and
amplifies, in each of said plurality of pairs of bit lines,
a differential potential between a voltage appearing on one
of the pair of bit lines connected to a selected dynamic
memory cell and said precharge voltage appearing on the
other of the pair of bit lines, thereby providing said
internal voltage and said ground potential on said pair of
bit lines; and

wherein each of said plurality of sub word line drivers

has a sub word line selector which supplies a voltage

corresponding to said supply voltage to a sub word line to

.
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be selected of said plurality of sub word lines and a
negative voltage lower than said ground potential to an
unselect word line of said plurality of sub word lines.

16. A dynamic memory according to claim 15, wherein a
first P-well region in which a source and a drain of the N-
charnel MOSFET in each of said plurality of memory cells are
formed and a second P-well region in which a source and a
drain of the N-channel MOSFET in each of said plurzlity of
sense amplifying sections are formed are formed in a common
N-well region, a source and a drain of a P-channel MOSFET of
each of said plurality of sub word line drivers are formed
in said common N-well region, said negative voltage is
supplied to said first P-well region, said ground potential
is supplied to said second P-well region, and said supply

voltage is supplied to said common N-well region.
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