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TITLE OF THE INVENTION 

DYNA.L'1IC MEMORY 

BACKGROUND OF TEE INVENTION 

The present invention relates to a dynamic R..hlf:: (Random 

Accesss Memory) and a semico~tuctor integrated circuit and 

to a technology for valid use in a memory access technique 

for accessing dynamic memory cells. 

A dynamic RAM is known in which a back bias voltage to 

be 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 described in Japanese Pate~t Laid­

Open Nos. Hei 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. P.n informatio~ 

storage operation is performed whether this capacitor is 

charged or not. To extend an formation retention tine in 

the charged state, it is req~ired 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 its 

effective threshold voltage. In a MOSFET constituting a 

peripheral circuit for address-selecting the above-mencioned 

dy::.anic 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 decreases, 

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 a constitution requires 

to separate the well region on which the memory array 

section is formed from the well region on which the above­

me~tioned peripheral circuit is formed, ma~ing the 

fabrication process complicated. 

:n writing high level to the dynamic memory cell, the 

information storage capacitor is charged up via the address 

se~ecting 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 

-2-



be transmitted to a bit line. Thus, prior-art dynamic ~s 

re~~ire the boosted voltage for a word line selecting 

operation and a charge pump circuit for forming tr.e above­

rne~~ioned back bias voltage, thereby causing problems o: 

corr,paratively large occupancy area and current consumption. 

S~TMIYIAHY OF THE INVENTION 

We found that use of a booster such as mencioned above 

involves a problem of making highly dielectric an eleme~t 

forming such a boosted voltage and a problem of iccreasing 

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 layout area for 

the following reasons. For example, in a mass storage 

dyr.amic RA.~ 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, tI'-ereby 

dividing the memory block into a plurality of memory cell 

arrays. 

The divided memory cell arrays provided for the s~b 

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 

supplied as a bias voltage to the N-well regioL on which the 

P-channel 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-charmel }'.'.OSFET constituting the sense 

amplifier is formed, a back bias is applied and hence its 

threshold voltage is increased, significantly lowering 

opera~ion speed. To circurr.vent 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 

boosted 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-T,vell region on which the above-mentioned memory ·cell array 

is :armed 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 dynamic RAM that implements high integration, high 

operation speed, and low power consumption. Another 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 prese~t 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 RA!'! having a 

memory 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 circ~it 

ground potential, the negative voltage generator being 

composed of an oscillator and a charge pump circuit for 

receiving an oscillation pulse formed by the oscillator. 



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. 

BRIEF DESCRIPTION OF 'THE D~Zi,.WINGS 

FIG. 1 is a general layout illustrating a dynamic .~Ju~ 

associated with the invention, practiced as one embodiment 

thereof; 

FIG. 2 is a block diagram illustrating a main portion 

of the dynamic RAM for describing a relationship between the 

main word line and the sub word line o: the memory array of 

FIG. 1; 

FIG. 3 is a block diagram illustratir.g a main portion 

of the dynamic RAM for describing a re:ationship between the 

main word line and the sense amplifier of FIG. l; · 

FIG. 4 is a circuit diagram illustrating a main portion 

of a sense amplifier section of the dynamic RAM associated 

with this invention, practiced as one embodiment thereof; 

FIG. 5 is a general block diagram illustrating a 

peripheral portion of the dynamic RAi~ 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 dyr:.amic ?AM associated with 

the invention, practiced as one embodixent thereof; 

FIG. 7 is a timing chart for describir.g an example of 

the operation of the circuit shown ir:. ?IG. 6; 

FIG. BA and FIG. BB are circuit diagrams illustrating a 

word line selector for use in the dynanic RAM associated 

with the invention, practiced as o~e er:tbodiment thereof; 

FIG. 9 is a circuit diagram illustrating the word line 

selector for use in the dynamic RJ>.M associated with the 

invention, practiced as another embodiment thereof; 

FIG. 10 is a general block diagram illustrating an 

electrical system of the dynamic RJl...M associated with the 

invention, practiced as one embodiment thereof; 

FIG. 11 is a characteristic diagram of the electrical 

system in the dyr:amic RAM associated with the invention; 

FIG. 12A and FIG. 12B are cross sections illustrating a 

device structure for describing the dynamic RAM associated 

with the invention; 

FIG. 13A and FIG. 13B, and FIG. 13C are cross sections 

illustrating a main portion of the dynamic ?....~~ associated 

with the invention for describing a fabrication process 

practiced as one embodiment thereof; and 



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

are cross sections illustrating a main portion of the 

dyr.amic RAM associated with the invention for describing the 

fabrication process practiced as another embodiment thereof. 

DETAILED DESCRIPTION O? PREFERRED EMBODIMENTS 

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 

ill~strating a dynamic RAM associated with the invention, 

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 integra~ed circuit 

fabrication technology on one semiconductor subs~rate such 

as a single silicon crystal. 

The dynamic RAM of this embodiment has a storage 

capacity of, but not necessarily, about 64 Mbits. The 

memory array is constituted by four memory blocks. Along 

the length of the semiconductor chip, two memory arrays are 

arranged. 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 

supply generator. 
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As described, of the four memory blocks, the two memory 

blocks arranged vertically are paired. Between these two 

menory 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 

capacity of 4 Kbits along the main word line and dynamic 

nemory cells constituting a storage capacity of 4 Kbits in 

pair bit line (also referred as a data line) direction, not 

shown, orthogonally intersecting the main word :ine. Since 

the four memory blocks are provided, a total storage 

capacity is 4 x 4K x 4K = 64 Mbits. 

Each of the above-mentioned memory blocks is divided 

into 8 memory cell arrays along the main word line. Each of 

these memory cell arrays is provided with a sub word driver 

SWD. The sub word driver SWD is divided into a length o: 

1/8 relative to the main word line and forms a select signal 

for selecting a sub word line extending in parallel to the 

~ain word line. In this embodiment, in order to reduce the 

nuniller of main word lines, or reduce the wiring density of 

the main word lines, four sub word lines, but not 

necessarily, are arranged for one main word line in pair bit 

line direction. In order to select one sub word line :rom 

the sub word lines divided into 8 along the main word line 
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and allocated in 4 in pair bit line direction, a sub word 

select line driver to be described later is arranged. This 

s~b 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. 

::\eferring to FIG. 1, SA denotes a sense a:r.plif ier 

arranged in parallel to the length of the semiconductor 

chip. Column Dec provided near the center line of the c~ip 

denotes a column decoder. ACTRL provided between the upper 

and lower memory blocks at the center of the chip denotes an 

array controller for supplying a timing signal necessary for 

an address decoder and certain operations. 

As described 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, thereby-disabling 

to obtain a signal level to be read by a capacitance ratio 

with a minute information storage capacitor. T~erefore, the 

memory block is also divided into 16 memory cell arrays in 

pair bit line direction. That is, the pair bit line 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 consticution, 

except for the sense amplifiers arranged on both sides of a 
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memory array, the pair bit lines are arranged on the left 

and right sides of t~e sense amplifier, which is se~ectively 

con~ected to one the left and right pair bit 1i~es. 

F:G. 2 is block diagram illustrating a main portion o: 

the dynamic RAM for describing a relationship between the 

mai~ word lines and the sub word lines of the above-

mentioned memory array. In the figure, two main word lines 

MWLC a:id MWLl are sl::own typically. The main word line M'V"LO 

is selected by a main word driver MWDO. The main word line 

MWLl is also selected by a similar main word driver. 

The above-mentioned one main word line MliVLO is provided 

with 8 sets of 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 0 to 6 

and odd-nu.T~ered sub word lines 1 to 7, a total of 8 sub 

word lines, are arranged alternately on one memory cell 

array. Except for the even-nurobered sub word li:ies 0 to 6 

adjacent to the main word driver and the odd-numbered s'..lb 

word lines 1 to 7 arranged at the far end side (the side 

opposi:e to the word driver) of the main word line, the sub 

word driver SWD arranged between the mernory arrays forms a 

select signal for selecting the sub word lines i:i t2e memory 

blocks on both sides of the sub word driver. 
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As described above, each memory block is divided into 8 

along the main word line. ~he sub word lines corresponding 

to two memory blocks a~e substantially selected by the sub 

word driver SWD at the same time. Consequently each ilie~ory 

blcck is substantially divided into four. In the above­

mentioned constitution where the sub word lines are divided 

into the even-numbered sub word lines 0 to 6 and the odd-

:m .. Tbered sub word lines l to 7 and the sub word driver SWD 

is arranged on each side of the memory block, ~he 

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 d~iver SWD, so t~at t~e s~b word 

driver SWD and the sub word line SWLO can be laid out 

eff:..ciently. 

The above-mentioned sub word driver SWD supplies the 

se:ect signal commonly to the four sub word lines ·C to 6 (1 

to 7). The SWD also supplies an inverted signa: via an 

:..nverter. In order to select one sub word fron the above­

mentioned 4 s~b word lines, a sub word select line FX is 

provided. The sub word select line FX consists of 8 lines 

FXC through FX7. The even-m.:.mbered sub word select lines 

FXC to FX6 are supplied to the above-mentioned even-nurrbered 

sub word drivers 0 to 6 and the odd-nu.~bered sub word select 

lines FXl to FX7 are supplied to the above-nentioned odd-
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nu:r:l:Jered sub word drivers l to 7. On the periphery of the 

array, the sub word select lines FXO through FX7 are for~ed 

b~t no necessarily on a me~al wiring layer M2, a second 

layer. On a portion in which the sub word select lines 

intersect the main word lines IYIWLO through MTJ1Gn constituted 

by ~he metal wiring layer M2, the second layer, the sub word 

select lines are constituted by a metal wiring layer M3, a 

thi::::-d layer. 

FIG. 3 is a block diagram illustrating a nain 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 MV>iL 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-mentioned 

ever:-mL111bered 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 r~VL. In this 

embodiment, the pair bit lines are, but not necessarily, 

divided into even-nu.."1lber and odd-numbered lines, sense 

amp:ifiers SA being arranged on the left and right side of 

the mereory array. The sense amplifiers are based on shared 

sensing as described above. The sense amplifier arranged at 
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an end is not provided with a pair bit line substantially 

consisting of one line, but is connected to the pair bit 

li~es via a shared switch MOSFET to be described later. 

:n 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 into 

odd-nu.~ber and even-nurrber, resulting in a mitigated pitch 

of sense amplifiers. In other words, while densely 

arranging the pair bit lines, an elemer.t 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 switch. The colu.-nr: switch 

is constituted by a switch MOSFET. The gate of this switch 

MOS?ET is connected to a column select line YS for 

transmitting a column decoder select signal. 

FIG. 4 is a circuit diagram illustrating a main portion 

of a sense amplifier of the dynamic RAM associated with this 

invention, practiced as one embodiment thereof. In the 

fig~re, a sense amplifer SAl arranged between memory cell 

arrays MMATO and MMATl and circuits associated therewith are 

illustrated by way of example. The memory cell array 

(memory mat) MMATl is shown as a black box. A sense 
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amplifier SAO arranged on one end is also shown as a black 

box. 

Four dynamic memory cells are typically illustrated 

corresponding to the sub word line SWL provided on the 

memory mat £1MATO. Each dyna:nic memory cell consists of an 

address select MOSFE~ Qm and an information storage 

capacitor Cs. The gate of the address select MOSF~T Qn is 

conr-ected to the sub word line SWL, the drain is connected 

to the bit line, and the source is connected to tr.e 

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 re~Jired. The pair bit lines 

are connected to an input/output node of a unit circuit of 

the sense amplifier via shared switches MOSFET Ql and MOSFET 

Q2. The unit circuit of the sense amplifier SAl is composed 

of K-channel MOSFETs Q5 and Q6 arranged in a latched state 

in which the source and t!'le drain are cross-connected, and 

P-c~annel MOSFETs Q7 and Q8 arranged in a latched state in 

whicr. the gate and the drain are cross-connected. The 

sources of the N-channel MOSFETs QS and Q6 are connected to 

a common source line CSN. 7he sources of the P-channel 
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MOSFETs Q7 and Q8 are connec::.ed to a common source line CSP. 

The corrmon source line CSN is provided with an ~-channel 

power switch MOSFET and the common source line CS? is 

provided with a P-channel power switch MOSFET. These power 

switch MOSFETs are turned on by a sense amplifier enable 

signal, supplying a voltage necessary for sense anplifier 

operations. 

The input/output node of the unit circuit of the sense 

amplifier is provided with a precharge circuit composed of a 

MOSFET Qll for short-circuit the pair bit lines and switch 

MOSFETs Q9 and QlO for supplying a half precharge voltage 

HVC to the pair bit lines. The gates of these MOSFETs Q9 

t~rough Qll are commonly supplied with a precharge signal 

PC. 

MOSFETs Ql2 and Q13 constitute a column switch that is 

controlled by a column select signal YS. In this· 

e~bodiment, four pairs of bit lines are selected by one 

colum..1 select signal YS. That is, the sense amplifier SAO 

indicated by a black box is also provided with a similar 

column switch. Thus, the two sense amplifiers SAO and SAl 

on both sides of the memory mat MMATO correspond to the 

even-numbered bit lines and the odd-numbered bit lines. 

Consequently, the above-mentioned column select signal 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 

amplifier SAl and the two pairs of bit lines not shown on 

the side of the sense amplifier SAO. These two pairs of bit 

lines are connected to two pairs of comnon input/output 

lines I/0 via the above-mentioned column switch. 

7he sense amplifier SAl is connected to the odd-nu.-nber 

o: pair bit lines in the memory mat MMATl via shared switch 

MOSFETs Q3 and Q4. The even-nurr~ered bit lines of the 

memory mat MMATl are connected to a sense amplifier SA2 not 

shown on the right side of the memory mat MMATl via shared 

switch MOSFETs corresponding to the above-mentioned shared 

switch MOSFETs Ql 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 :MMA':'O is selected, 

the shared switch MOSFET on the right side of the sense 

amplifier SAO and the shared switch MOSFET on .... 
t..:ie left side 

of the sense amplifier SAl are turned on. However, in the 

sense amplifier SAO arranged at the end of the nemory array, 

only the above-mentioned right-side shared switch MOSFE~ is 

provided. A signal SHL denotes a left-side shared select 

signal and a signal SHR denotes a right-side shared select 

signal. 
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FIG. 5 is a general block diagram illustra~ing a 

periphery portion of the dynamic RAH associated with the 

i::wention, practiced as one embodiment thereof. A timing 

cor.~roller TG receives a row address strobe signal /RAS, a 

column address strobe signal /CAS, a write enable signal 

/WE, and an output enable signal /OE and determines an 

opera~ion mode and forms various timing signals necessary 

for the operations of internal circuits according to che 

determined operation mode. The slash {/) preceding the 

above-mentioned signals denotes herein as well as t~e 

attached drawings that these signals are active low signals. 

The peripheral circuits shown in FIG. 5 operate on the 

supply voltage Vee supplied via the exernal terminal and the 

ground potential Vss. 

Signals Rl and R3 are row-system internal timing 

signals and are used for row-system select operations. 

Tining signal ~XL is used to capture a row-system address to 

hold the captured address and supplied to a row address 

buffer RAB. That is, the row address buffer :KA3 captures an 

address inputted from address terminals AO to Ai 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 is, the column address buffer CAB captures 

a col"J.mn address signal inputted from an address terminal by 

the anove-mentioned timing signal ¢YL and holds the captured 

co::..u..rnn address signal in a latch circuit. 

A signal ¢REF is generated in the refresh mode and 

s"J.pplied to a multiplexer }'[..XX arranged at the input section 

of the row address buff er 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, 

auto refresh mode and self refresh mode are provided. 

A ti~ing signal $X is a word line select tixing signal 

and supplied to a decoder XIB by which four word line select 

timing signals XiB are formed based on a signal obtained by 

decoding an address signal of low-order two bits. A ~iming 

signal $Y is a column select timing signal and supplied to a 

col"J.mn-system predecoder YPD, from which col"J.mn select 

signals AYix, AYjx, and AYkx are outputted. Based on this 

coluntn select signal, the column select line YS is selected. 

A tiTiing signal ¢X is a control signal for instructing 

a write operation. A timing signal $R is a control signal 

for instr"J.cting a read operation. These timing sigr:als cj>W 

-19-



and QR are supplied to the input/output circuit I/O to 

enab:e the input buffer included in the input/outpu~ circuit 

I/O in a write operaL.ion, putting the output buffer into 

ou:::;n.:t high-impedance stat.e. In a read operation, these 

sig:ials enable the output b'Jffer, puttir.g the input buffer 

into output high-impedance state. 

A timing signal cpr1S is a signal for instructing, but 

not necessarily, a memory array select operation. This 

signal is supplied to the row address buffer RAB, in 

sync2ronization with which a select signal MSi is outpucted. 

A ti~ing signal $SA is a signal for instructing a sense 

amplifier operation. Based on this signal, an enable pulse 

SAE :or the sense amplifier is formed as will be described 

late:::-. 

In this err~odiment, a row-system redundancy circuit X­

RED is illustrated typically. To be more speci:ic, the 

redundancy circuit X-RED includes a ~emory circuit for 

storing a failing address and an address comparator. The 

stored failing address is compared with an internal address 

signa: BXi outputted from the row address buffer RAB. :::::f a 

mismatch is found, a signal XE is made high and a signal XEB 

is made low, validating the operation of the norxal circuit. 

If t~e inputted internal address signal BXi is found 

matc~ing the failing address, the signal XE is made low to 
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disable the operation of selecting the failing nain word 

line of the normal circuit and the signal XEB is ~ade high 

to output a select signal XRi3 for selecting one standDy 

main word line. 

FIG. 6 is a circuit diagram illustrating a main portion 

of the memory cell array in the dynanic R.!\..M associated with 

the invention, practiced as one err~odiment thereof. This 

figure typically illustrates one word line, a pair of bit 

lines 3L and /BL, a sense a~plifier and a precharge circuit 

associated therewith, and a read-system circuit and a write-

system circuit. 

The dynamic memory ce:l consists of an address select 

MOSFET Qm and an information storage capacitor Cs as 

described before. The gate of the address selec:. MOSFET Qm 

is connected to a word line 1/JL. One source and or_e drain of 

the MOSFET Qm are connected to a bit line 3~. The other 

source and the other drain are connected to the storage node 

of the information storage capacitor Cs. ~he other 

electrode of the information storage capacitor Cs is made 

common, to which a plate voltage VPL is app~ied. 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 lir..e. In this embodiment, to eliminate provision 
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of a booster, the word line select level is a high level 

such as with supply vol ::age VCC. To improve :r,emory eel l 

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 /B~ are arranged in parallel and 

appropriately crossed for balancing bit line capacitance as 

re~uired. The pair bit lines BL and /BL are connected to 

input/output nodes BL-SA and /BL-SA of the sense anplif ier 

via switch MOSFETs Ql and Q2. A unit circuit constit"Jting 

the sense amplifier SA consists of a CMOS (Comp:ementary 

Metal-Oxide Semiconductor) latch circuit composed of N­

channel MOSFETs Q5 and Q6 and P-channel MOSFETs Q7 and Q8 of 

which gate and drain are cross-connected. The sources of 

the N-channel MOSFETs QS and Q6 are connected a corrmon 

source line CSN. The sources of the MOSFETs Q7 and Q8 are 

connected to a common source line CSP. These common source 

lines CSP and CSN are commonly connected to the sources of a 

?-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 wit~ a ?-channel 

power switch MOSFET Q22. To the gate of the Q22, an output 

signal of an inverter IVl that receives the sense aiplifier 

enable signal SAE is supplied. The Q22 is turned on in 
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synchronization with the high level of the ti~ing signal 

SA~, thereby dropping the supply voltage VCC to apply a 

res~ltant internal voltage Vary to the common source line 

CSP. The common source line CSN corresponding to the ~­

channel MOSFETs Q5 and Q6 is also provided with an N-channel 

power switch MOSFET Q21. The timing signal SAE is supplied 

to the gate of the Q21. The Q21 is turned on in 

sy::chronization with the high level o~ the timing signal 

SA~, thereby applying circuit ground potential VSS to the 

corrmon 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 vec is 

app:ied to the bit line, a voltage to be written to the 

menory 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 B~ and /BL is nade 

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

therein. 

In this embodiment, in order to quicken ~he sense 

a~p:ifier operation, a MOSFET Q22' is added, but not 

necessarily, to the co~mon source line MOSFET Q22. This 

MOS?ET Q22' provides the supply voltage VCC as ~he sense 

amplifier operating voltage. To be more specific, when the 

timing signal SAE changes f ron low to high, the gate of the 

MOS?ET Q22' is applied with a timing signal /SAE' that is 

te~porarily turned low such that a high operating voltage is 

terr:porarily applied to the internal drop voltage Vary as the 

sense amplifier operating voltage, namely so-called over 

drive is performed. 

The input/output nodes BL-SA and /BL-SA of the sense 

amp:ifier SA are provided with a precharge circuit composed 

of a short-circuit MOSFET Qll, and switch MOSFETs·Q9 through 

Q~l for supplying a half precharge voltage Vsto (Vary/2) to 

the pair bit lines. The gates of these MOS?ETs Q9 through 

Qll are commonly supplied with a precharge signal SC. ?he 

corrwon source lines CSP and CSN of the sense amplifier SA 

are provided with a precharge circuit composed of a MOSFET 

Q20 for short-circuiting the common source :ines CS? and CSN 

and switch MOSFETs Q18 and Q19 for supplying a ~alf 
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precharge voltage Vsto. The gates of these MOSFETs are 

comnonly supplied with a precharge signal CSPC. 

The input/output nodes BL-SA and /B~-SA o~ the sense 

amplifier SA are connected to the input/ou':.put line IO via 

N-channel column switch MOSFETs Ql2 and Q13. The gates of 

the colunm switc:::i. MOS?ETs Q12 and Q13 are supplied witn. a 

column select sigr:al YS. The input/output line IO is a::.so 

provided with a precharge circuit composed of MOS?~Ts Q23 

through Q25. When a precharge signal IOPC goes high, the 

MOSFETs Q23 through A25 are turned on for a half precharge 

operation. This input/o~tput line IO is connected to the 

ir:p-.it terminal of a main amplifier (Main Amp). .P-.lso, t:ie 

inp~t/output line IO is connected to the output termina: of 

a write buffer composed of N-channel MOSFETs Q26 ar:d Q27 for 

forming a write signal of low level (VSS) and P-channel 

MOS?ETs Q28 and Q29 for forming a write signal of ·high level 

(Va:::-y). 

The MOSFETs Q26 through Q29 of he write buffer are 

controlled by an inverted signal formed by write enanle 

signals WEBO and WEBl and inverters IV2 and IV3. When the 

write enable signal WEBO is high and the write enable signal 

WE31 is low, the MOSFETs Q26 and Q29 are turned on to fa:-~ a 

high level/low level write signal. When the write er:ab: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 thar. a write 

operation, these MOSFETs Q26 through Q29 are t~rr.ed o::, 

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/output nodes B~-SA and /3L­

SA. To be more specific, the SA is connected to the left-

side bit lines BL and /BL via the shared select ~OSFETs Ql 

and Q2 for the input/output nodes BL-SA and /BL-SA and 

connected to the right-side bit lines not sho~m via the 

shared select MOSFETs Q3 and Q4. In this embodiment, select 

signals SHL and SHR are applied to the gates of the shared 

select MOSFETs Ql and Q2, Q3 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 Ql through Q4 are given the same 

threshold voltage as that of the address select MOSF~? Qn of 

the dynamic memory cell. 

When the left-side memory mat is selected, ::.:'.'.'le MOSF~':'s 

Ql and Q2 are kept on by the signal SHL and the signal S2R 

is turned low to disconnect the bit lines of the right-side 

memory mat. When the right-side memory mat is se:ec~ed, the 

MOSF~Ts Q3 and Q4 are kept on by the signal SER and ~he 
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signal SHL is turned low to disconnect the bit line of the 

lef::-side memory mat. In a precharge period with ~emo::::-y 

access ended, the sig~als sr.L and SER both go high, 

precharging both bit lines. For the high level o: the 

signals SHL and SHR, not the boosted high level of a 

conventional dynamic RAL~ but the high ~eve: of the supp:y 

vol::age VCC as with the word line i·.JL 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 

signal /RAS not sho\'.r:l, an address signal is captured. ~··ihen 

a row-system select operation is perforned, the shared 

select signal SHR on the unselect side changes from high 

level such as the supply vol::age VCC to low level such as 

circ-.iit ground potential. Then, the wo::::-d line Ww'rises from 

low :evel such as a negative voltage Vbb to high leve: such 

as the supply voltage VCC. When the word line rises, one of 

the bit lines BL and /BL is char.ged to a ninute voltage 

corresponding to the information charge stored in a selected 

memory cell. 

v'lher.. a timing signal SA~ not shown goes high, the N­

channel MOSFET Q21 is turned on, upon which the cor:imon 

source line CSN changes to low level such as ci::::-cuit 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 corrmon source line CSP changes to 

the internal drop voltage Vary. At this ~oment, if the 

over-drive MOSFET Q22' such as of the embodiment of FIG. 6 

is provided, a timing signa~ /SAE' temporarily goes low as 

indicated by dotted line in synchronization wich the change 

of the timing signal SAE to high level, temporarily turning 

on the MOSFET Q22. 

Consequently, the rising of the common sou!"ce :i.ine CSP 

of :he sense arnplif ier is speeded up, which in :urn speeds 

up :~e rising of the sense amplifier output to high level, 

thereby speeding up the amplifying operation. W!'len the 

timing signal /SAE' goes back to high level, the MOSFET Q22' 

is t"..lrned off, upon which the sense amplifier performs ari 

amp:ifying operation by the internal voltage Vary·a~d 

circ..1it ground potential VSS. Consequer .. tly, the vo::..tage 

dif:erer.ce 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 po:en~ial. 

This turns the pair bit lines BL and /B~ to high level such 

as the internal voltage Vary and low level such as circuic 

grour.d potential VSS via the shared switch MOSFE~s Q: and 

Q2. 
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When the column select signal YS goes higt, the 

input/output nodes BL-SA and /BL-SA are connected to the 

input/output line IO, t:pon which the low level o: t.he 

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/output lines IOT and 

IOB. For the read signals of the input/oucp~: lines :OT and 

IOB, a read signal of high level such as VCC a~d 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 

sho\NTl. 

Although not shown, in a write operatior..., · .. 1hen the 

timing signal SAE goes high, the sense amplifier SA begins 

amplifying as with the above-mentioned read operation. W'nen 

the column select signal YS goes high, the input/output 

nodes BL-SA and /BL-SA are connected to the input/output 

line IO, upon which write signals corresponding to the Vary 

and c.he VSS are transmitted. When the write signal that 

inverts the information stored in the memory ce:l 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 the VSS, 

which are transmitted to the selected memory cel:s ove::::- the 

bit ::...ines. 

This Sheet Has Been Replaced -29-

1111111111111111111111111 



If the select levels of the word line and the shared 

switch MOSFET are set to the s~pply vol:age VCC, no boosted 

vo:~age generator need be provided. Consequently, no 

process is required for forming highly dielectric ~OSFZTs 

otherwise used in such a boosted voltage genera~or and the 

current otherwise consumed by the boosted voltage generator 

can be reduced, resulting in a saved power. F~rther, by 

setting the unselect level of the word line to a negative 

vol~age such as a substrate back bias voltage, the gate of 

the address select MOSFE~ is applied with a bias voltage 

reverse to the source potential, thereby reducing a leak 

current that may lose the change in the information storage 

capacitor. 

If the unselect level of the word line is set to the 

nega~ive value such as the substrate back bias voltage as 

described above, it is not necessary to increase the 

threshold voltage of the address select MOSFET. 7hat is, a 

MOS?ET having a low threshold voltage formed by ~he sa~e 

fabrication process as that for forming the N-cha~nel 

MOSF~Ts constituting peripheral circ~its s~ch as the sense 

amplifier and the address decoder car. be used wi:hou: 

change. Use of such a MOSFET having a low threshold voltage 

(abo~t 0.6 V} can raise the high level to be given to the 

pair bit lines BL and /BL, or set the high leve~ :o a 
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comparatively high voltage obtained by lowering the ser.se 

amplifier operating voltage Vary by the above-mentioned 

threshold voltage relative to the supply voltage VCC. This 

increases the information charge amount. 

FIG. 8A and FIG. SB are circuit diagrams illustrating a 

word line selector for use in the dynamic Rl\.1.~ associa~ed 

with the invention, prac~iced as one ernbodimen~ thereof. In 

FIG. 8A, a decoder, a main word driver, and a sub word 

driver are typically. In FIG. SB, a level converter for use 

therein is illustrated. Circuit symbols in ?IGS. 8A and SB 

are par~ially the same as those in preceding figures, but it 

is to be understood that these same circuit sy:r.bols are for 

implementing separate circuit functions. 

In FIG. SA, a P-channel MOSFET Ql is a precharge MOS?ET 

for precharging the output node to the voltage VCC by the 

output signal of an inverter Nl 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 bloc~. 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 

period in which the signal PC is high, the MOSFE~ 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 

on, t~ereby precharging the series path from beth sides 

thereo:. 

The above-mentioned decoding seccion is co~stituted ir-

a tree manner. That is, the output terminal o: t~e inverter 

N4, branches to the exemplified MOS?ETs Q4 and Q6 and the 

drain side of the MOSFET Q4 branches to the exe~plified 

MOSFETs Q3 and QS, the drain of the MOSFET Q3 being 

connected to the above-mentioned output node. The gates of 

the MOS?ETs Q3 and Q5 are supplied with a predecode signal 

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

Q3 and QS are provided. If four predecode signals are 

forned by decoding a 2-bit address signal for example, four 

branches are made according to the four predecode signals. 

Likewise, the gates of the MOSFETs Q4 and Q6 ·are also 

supplied with a predecode signal formed by a predecoder ?DEC 

1 
.J.. • In the figure, two MOSFETs Q3 and QS are pr8vided. 

four predecode signals are formed by decoding a 2-bit 

address signal for example, four MOSFETs are provided 

according to the four predecode signals. 

In the above-mention decoding section, one of the 

predecode signals formed by the predecoders ?DECl and PD2C2 

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 

on, thereby forming a discharge path. Then, when the 

discharge signal DC goes high, a c"Jrrent flows along one 

discharge path selected as above, thereby setting the output 

node from high level to low level. 

In the figure, the inverters N2, N3, and N4 are, but 

no~ necessarily, CMOS inverters that operate on the s"Jpply 

voltage VCC and the negative voltage Vbb. The inputs of 

these inverters N2 through N4 are supplied with a predecode 

signal having a signal amplitude such as VCC - Vbb and a 

discharge signal. The signal having such a signal amplitude 

is formed by a level converter shown in FIG. 83 of the 

fig"Jre. 

As shown in FIG. 8B, when the level conver~er forms an 

output signal OUT of same phase for the input terminal IN, 

an input signal IN is inverted by ar: inverter N8. - ':'his 

inverter NB 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; 

namely high level is the supply voltage VCC and low level is 

the circ"Jit ground potential VSS. 

In order to convert the above-mentioned CMOS :evel 

signal to a signal amplitude consisting of a positive 

vo::.tage and a negative voltage such as the VCC ar..d the Vbb, 
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a pair of N-channel MOSFETs Q12 and Q13 of which sources are 

connected to the above-mentioned negative voltage Vbb are 

cress-connected to each other in gate and drain co be put in 

a latched state. Between the drain of the MOSFET Ql2 and 

the signal input terminal, a ?-channel MOS?ET Q:O of which 

ga:e is connected to the ground potential VSS is provided. 

Bet~een the drain of the MOSFET Q13 and the supply voltage 

VCC, a P-cha:mel MOSFET Qll is provided of which gate 

provides the above-mentioned signal input terxinal. 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 

in;n.:.t is high, the MOSFET Qll is turned off and the MOSFET 

QlC is turned on. When the MOSFET QlO is turned on, the 

gate of the MOSFET Q13 is supplied with the hi~h level of 

the above-mentioned signal input. Thus turns on the MOSFET 

Ql3, setting the output terminal OUT to low level such as 

the negative voltage Vbb. This low level turns off the 

MOS?ET Q12. When the signal input is low, the MOSFET Qll is 

tur:-~ed on ar_d the MOSFET QlO is turned off. When the MOSFET 

Ql: is :urned on, the output terminal OUT is turned high, so 

that the MOSFET Q12 is turned on. When the MOS?ET Ql2 is 

turned on, the MOSFET Q13 is turned off, so that the high 

-34-



level of the output terminal OUT is turned high such as the 

supply voltage VCC. 

Since the input signals having signal axplitudes such 

as VCC and Vbb are supplied to the decoding section, so that 

the operating voltages of the decoder section are voltages 

suer_ as the supply voltage VCC and the Vbb. Tr_a t. is, to 

maintain the unselect output node at high level, the output 

node is provided with a P-channel MOSFET Q2 to whict. the 

output signal of the inverter NS that receives the output 

signal of the output node is supplied. This ~OSFET Q2 

consists of a small current supply capability MOSF~7 that 

only compensates a leak current of the outp~t node. The 

MOSFET Q2 constitutes a latch circuit i:i whic:'.-1 when the 

output node is turned high, the output signal o= the 

inverter NS is turned low, thereby turning on the MOSFET Q2. 

Since the MOSFET Q2 has a small current supply capability, 

so that, when the MOSFE7s Q3 and Q4 are turned on, the 

output node can be discharged, thereby fo:::-ming a low-level 

select signal. 

A main word line select signal is formed through the 

inve:::-ters NS and N6. The inverters NS and N6 operate on the 

s·...ipply voltage VCC and the negative voltage Vbb and form 

output signals having corresponding signal a:r.pli tudes. The 

inverters NS 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 

icverter circuit. Since the ir_put capacity cf such a:i CMOS 

inverter circuit is comparatively large, the inverter NS is 

provided to drive the CMOS inverter circuit a~ high speeds. 

A sub word section forms a select signal for se~ecting 

one sub word line SWL together with the sub wcrd line select 

signal FX of the main word line. That is, in one menory 

cell array (or memory mat), four odd-numbered and even­

nu.l~ered 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 

of P-channel MOS?ETs Q7 and Q8. The sub word line ST,;JL is 

connected to the output of this CMOS inverter. Betwee:i 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 a~ove­

mentioned signal FX is used. In order to fix the sub word 

line SWL with the main word put in select state and t~e 

signal FX put in unselect state to the low level, an 

inverter N7 is provided and the output signal ~hereof is 

supplied to the gate of the above-mentioned MOS?ET Q9. 
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For example, when the main word line is low, or a::. 

select level, the above-reentioned P-channel MOS?ET Q7 ~s 

turned on and the N-channel ~OSFET Q8 is t~rned o::. At 

this moment, the high level of the signal FX is transmitted 

through the P-channel MOSFE~ Q7 which is on to che sub word 

lir:e SWL, putting the sa:ne ir.. select state. :: the sig:ial 

FX is low, the output signal of the inverter N7 goes high, 

turning on the N-channel MOSFET Q9, so that the sub ward 

lir:e is fixed to low level (Vbb), or select level. When the 

main word line is high, or unselect level, the ?-channel 

MOS?ET Q7 is turned off and the N-channel ~OSFET 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 illustrati~g tI'-e word ::..ine 

se::..ector for use in the dynamic RAM associated with the 

invention, practiced as another embodiment thereof. In the 

figure, a decoding section, a main driver, and a sub word 

driver are illustrated for example. In this enbodinen::., the 

word line selecting circuit consists of an ordinary CMOS 

circuit operating on supply voltage VCC and circuit ground 

potential VSS, including predecoders PDEC 1 and P~EC 2, and 

a decoding section. An inverter N6 for forming select and 

unselect signals of the main word line WtlL is a word driver 
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having the above-mentioned level converting capability. 

That is, the level converter shown in F=G. 8B is used 

wit~out change as the word line driver N6. 

I:i this constitution, or..ly the main word ::.i:ie MWL ar..d 

the si.:b word driver operate on VCC-Vbb, t!:.ereby mitigating 

the load of the negative voltage generator. Further, the 

predecoder and the circuit for forming a precharge signal ?C 

and a discharge sigr .. al DC require no above-mentior_ed level 

convercer, resulting in a simplified circuit consticution. 

This level converter may be p::::ovided only on the su:O word 

driver; however, the numbe:::: of sub drivers is :ar greate:::: 

than the number of main drivers, so that this attachme~t of 

the level converter increases the number of circi.:it elements 

as a whole. Preferably, the level converter is provided 

only on the main word drivers for saving the nu.:."".lber of 

circuit elements. 

FIG. 10 is a general block diagram il~ustrating a power 

supply system of the dynamic RAM associated with the 

invention, practiced as one embodiment thereof. ~r..e supply 

voltage composed of the supply voltage VCC supplied from the 

external terminal and the circuit ground potentia: VSS is 

supp:ied to a column-system selector, a word li:ie selec~or, 

a main amplifier and an I/O system, and a D:KAM control 

system. The supply voltage is also supplied to three types 
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of i:"lternal voltage generators. A negative voltage 

gene:::-ator Vbb-G is a knovm substrate back bias voltage 

generator that receives the above-mentio::J.ed supply vol':.age 

VCC and the circuit ground potentia: VSS and is conposed of 

an oscillator such as a ring oscillator a:J.d a charge punp 

circuit for forming a negative voltage by the oscillation 

pulse formed by the oscillator. In order to s':.abilize ':.his 

negative voltage and prevent wasted current consu.,.~p~io:J. fro~ 

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-dow:i 

circuit for forming a voltage obtained by level-shifting the 

supply voltage VCC by the threshold voltage of ~IOS?ET a:J.d is 

basically constituted by a source follower of an N-chan::J.eJ.. 

MOS?ET. A voltage generator Vsto-G forms a bit l~ne 

precharge voltage Vsto and a plate voltage VPL. This 

voltage generator also forms a voltage obtained by level­

shifting the supply voltage VCC by the threshold voltage of 

MOS?ET and di vi de the obtained voltage by tT.vo. s i::J.ce tt.e 

precharge voltage Vsto and the plate voltage VPL are eq~al 

and hence may be made common; but in order =o prevent these 

voltage from being affected by each other, these voltages 

are outputted from separate drivers. 
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The negative voltage Vbb formed by the negative voltage 

ge:-ierator Vbb-G is supplied not only to the above-mentioned 

word line selector but also to the P-well region on which a 

me~ory array is formed as a substrate back Dias voltage. 

The precharge voltage Vsto is used by a precharge circuit 

?CC and the plate voltage VPL is transmitted to the 

capacitor of a memory cell. ~he internal voltage Vary is 

given as the operating 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 dynamic RAJ."! associated wit~1 

the invention. The horizontal axis indicates external 

supply voltage and the vertical axis indicates internal 

operating voltage. In a range where the external supply 

voltage VCC is about 2V to 4V, the interna::. vol::.age 

generator forms the predetermined voltages Vbb, Vsto, and 

Vary with stability. ~his 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 difference 

Vgs with the supply voltage VCC becomes larger than the 

threshold voltage of MOSFET, thereby enabling to write the 

high level of a bit line according to the internal voltage 

Vary to the information capacitor of a memory cell without 

boosting the word line. In addition, the negative voltage 
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Vbb is set to about -0.8 V, so that the word line unselect 

level is accordingly set to -0.8V. If the threshold voltage 

of the address select MOSFET for se:ecting a dynamic memory 

cell is set to a same low threshold voltage as that o: a 

peripheral circuit MOSFET, a desired data retention 

characteristic can be obtained. Wt.en the supply voltage VCC 

goes over 4V, the internal voltage is raised accordingly. 

~his is performed to efficiently perform acceleration tests 

suc:1. as burn-in. 

In FIG. 11, (A) through (C) show memory cell potentials 

by way of example. (A) shows a high-level ( "l") 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 bic line to 

the capacitor. (B) shows a low-level ("0") write scate, in 

T,vhid: the gate voltage connected to a word line is set to 

3.3 V, writing the low level OV of bit line to the 

capacitor. (C) shows a data retention state, in which the 

gate voltage connected to a word line is set to che unselect 

:evel of -0.8 Vat which the bit line is set co iigh/low 

levels of 0 V and 2.2 Vin the write/read states and to a 

half precharge voltage 1.1 Vin standby state. Since the 

information retention voltage of the capacitor is 0 V or 2.2 

V and the gate of the address select XOS?ET is set to tie 

above-mentioned negative voltage, so chac, if the bit line 
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or =he information retention voltage is 0 V, a reverse bias 

vo:=age such as -0.8 Vis applied, thereby preventing a leak 

current that loses information charge from flowing. 

FIG. 12A and FIG. 123 are cross sections o: a device 

structure for describing the dynamic RA..~ associated ~ith the 

invention. FIG. 12 A shows an example of a double well 

stn.:.cture by using a P-SUB. FIG. 12 B shows an exa:r,ple of a 

triple well structure by using P-SU3. In the ?-SU3 doub:e 

well structure of FIG. 12A, the seffiiconductor substrate is a 

P-type P-SUB. The N-channel MOS?ETs constituti~g the memory 

array and its peripheral circuits are not directly formed on 

the P-type substrate but on a P-well region 3P formed on the 

P-type substrate. The P-channel MOSFETs are formed on the 

N-well region BN formed on the P-type substrate. :n order 

to prevent the small number of carriers genera~ed in the 

peripheral circuit from reaching the semiconductor region or. 

which the memory array is formed and reaching the storage 

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

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-SU3. 

'I'b..at is, while the well region has a double str"J.cture of 3N 

and BP for simplified fabrication process, ~he ~egative 

voltage VBB is supplied to the substrate P-SUB as a back 
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bias voltage, so that the t~reshold voltage of the N-cha!lnel 

MOSFETs for the sense ampli~ier and perip~eral circuits 

rises, thereby delaying the operation speed. 

In the embodiment of FIG. 123, circuit ground potential 

VSS is given to the substrate ?-SUB. For isola~ion from the 

substrate ?-SUB, the substrate peripheral portion on which 

the menory array, sense amplifier, sub word decoder, and so 

on are fo:::-med is provided with a deep N-well region NV'lEL. 

The supply voltage VCC is applied 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 0.iv'lEL 

forns a triple well structure along with the P-well region 

BP and the N-well region BN. 

A substrate back bias voltage consisting of the 

negative voltage VBB is applied to the P-well region BP on 

which the memory array is formed and which is f or~ed on ~he 

deep N-well region Nli'JEL. This raises the thresI:old voltage 

of the address select MOSFET. On the other hand, the 

circuit ground potential VSS is applied to the ?-well region 

BP on which N-channel MOSFETs constituting peripheral 

circuits such as the sense amplifier are forned (not showr~}. 

This provides a low threshold voltage in the perip~eral 

circuits, thereby increasing the operation speed. Likewise, 

the supply voltage VCC is applied as a bias vol~age to the 
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N-well region BP on which ?-channel MOSFETs are formed. The 

well region on which the N-channel MOSFETs constitu~ing the 

peripheral circuits such as an address decoder, an address 

b~ffer, and a controller and the P-channel MOSF:::Ts are 

formed on the N-well region 3N and the P-well region BP 

forDed on the substrate P-SUB. 

When the above-mentioned triple well structu::::-e is 

applied to the embodiment of FIG. l, the deep N-well :!'."egion 

NW:::L can be formed commonly in the above-mentio!led four 

memory 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 N'l'E:., to the N­

well region BN on which the ?-channel MOSFET constituting 

the word driver is formed. Consequently, the deep N-well 

region I:--JWEL is not isolated by the above-me!ltioned 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 red~cing 

t~e area occupied by the memory blocks. If the word line 

select level is a boosted voltage higher than the supply 

vo:.. :age Vee, the N-wel 1 on which the P-char.nel ~IOS?ET is 

formed constituting the word driver must be set to :he 

boosted voltage level, so tha':. this N-well must. be arranged 
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outside the above-mentioned deep N-well. Conseq:Jer.tly, this 

N-wel2. must be formed in separated manr:er ::i one :ne:nory 

:::i1ock. 

FIG. :JA, FIG. 13B, and FIG. 13C are cross sections 

il2.ustrating main portions of the dyna:nic PJ\M associated 

with the invention for describing a fabrication process of 

the dynamic RAM, practiced as one embodiment thereof. In 

the figure, an N-cha:::mel MOSFET of t::i.e memo:!'."y array section 

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

illustrated by way of example. In FIG. 13A, a field 

ins~lation film is formed except on a device forming region. 

Using the field insulation film as a mask, ion implantat:on 

for setting an impurity concentration of the cha~nel region 

is performed. In the semiconductor integ:!'."ated c:..rc~:..c of 

this ewbodiment, the memory array section and t~e peripheral 

circuit section are ion-implanted in the same process. As a 

result of the ion implantation, these N-cha:mel :YlOS?~'I's come 

to have a low threshold voltage of about C.6 V. 

In FIG. 13B, a polysilicon layer FG of the 2.ayer, 

an ?G cap, sidewalls are formed. In FIG. l3C, ion 

implantation (NM implantation) is performed to form the 

source and drain of low concentration n- for making the 

dy:1amic RAM highly dielectric. In this embodimenc, the N-

cr_annel MOSFETs for cons ti tut.i:ng another circuit block 
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formed on the same semiconductor integrated circui: on which 

the memory array section, the peripheral circui: sectior., 

and dynamic RAL~ are formed can also be formed in generally 

the saxe process as above, resulting in the simplified 

fabrication process. 

FIG. 14A, FIG. 14B, FIG. 14C, FIG. l4D, and ?:G. 14E 

are cross sections illustrating main portions of tt.e dynamic 

RAJ..~ associated with the invention for describing the 

fabrication process of the dynamic R..l\M, practiced as another 

embodiment of the invention. In the figure, the N-channel 

MOS?ET of the memory array section and the N-channe~ MOSFET 

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 ins~la:ion film 

as a mask, ion implantation for setting an impurity 

concentration of the channel region is performed. I::-1 tt.e 

semiconcuctor integrated circuit of this enbodi:r.ent., the 

memory array section and the peripheral circuit section are 

ion-implanted in the same process. As a result of :he ion 

implantation, these N-channel MOSFETs come to have a low 

threshold voltage of about 0.6 V. 
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In FIG. 14B, a polysilicor. layer FG of the first layer 

and an FG cap are formed. In FIG. 14C, ion implar.tatio~ (NM 

i~plantation) is performed to form the source and drair. of 

low concentration n· for making the dynamic R.Alv! hig~ly 

dielectric. 

electrodes. 

In FIG. 14D, sidewalls are formed on gate 

In FIG. 14E, ion implantation (~E 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 

constituting another circuit block formed on the same 

semiconductor integrated circuit on which ~he memory array 

section, the peripheral circuit section, and dynamic RAM are 

formed can also be formed in generally the same process as 

above, resulting in the simplified fabrication process. 

The following advantages are obtained fJ::"om tne above­

men:ioned embodiments. 

(1) In a dynamic RA!.~ having a memory cell array in 

which a dynamic memory cell is arranged at an i~~ersection 

between a word line and one of pair bit lines, the select 

level corresponding to a supply voltage and the ~nselect 

level corresponding to a negative potential lower than 

circuit ground potential are supplied to the word line, a 

signal of a memory cell read co the pair bi~ lines by a 
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sense amplifier that operates on the circuit ground 

potential and an interna: voltage formed by dropping the 

supply voltage by an amount equivalent co the ::.hreshold 

vol~age of the address select MOSFET is ampli=ied, and the 

negative voltage is generated by a negative voltage 

ge~era~or that receives the supply voltage and the circuit 

ground potential, the negative voltage generator oeing 

co~posed of an oscillator and a charge punp circuit for 

receiving an oscillation pulse formed 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 word line scheme to reduce the 

layout area. 

(2) The sense amplifier is composed of a power switch 

consisting of a P-channel MOSFET and an N-channel MOSFET for 

supplying an operating voltage and a circuit ground 

potential to a CMOS latch circuit. Use o: a first P-c:tannel 

MOS?ET for supplying the above-mentioned internal voltage 

and a second P-channel MOSFET that is on only dCJ.ring a 

cer~ain period at beginning of a sense operation to supply 

the above-mentioned supply voltage reduces the power 

cons'-.:.....ttption due to the reduced bit lir:e signal amplitude. 



(3) The sense amplifier is a shared sense amplifier 

which is provided com.~only between a pair of bit lines and a 

shared switch MOSFET is provided between the pair of bit 

lines and the input/o~tput r.ode of the sense amp~ifier. 

This novel constitution allows the shared switch MOSFET to 

be turned on by the supply voltage level like 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 

MOSF3Ts constituting peripheral circuits including an 

address selector consisting of N-channel MOSFETs for 

address-selecting the word lines and pair bit :ines. 

(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 connected to a 

memory cell operates on the supply voltage and the nega~ive 

volcage and another peripheral circuit including a colL:..:.~n 

selector for forming the pair bit line select sig~al 

operates on the supply voltage and the circuit ground 

potential. This novel constitution can reduce the load 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 dy:iamic memory cells in matrix, the sense amplifier, the 
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precharge circuit for precharging the pair bit li:-ies, and a 

colt.:.mn switch for selecting the pair bit lines is for~ed in 

a commo:-i deep N-well, so that a ?-well for:r,ed with an K­

cha~nel MOSFET is electrically isolated, the P-well formed 

with the memory cell is supplied with the negative voltage 

as a back bias voltage, and another P-well is given the 

circuit ground potential. This novel constitution further 

i~proves the data retention characteristics while speeding 

up the operation of the peripheral circuits. 

(7) The well regior: formed with a MOSFET constitu:.irig a 

memory block composed of a memory cell array arranged with 

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

precharge circuit for precharging the pair bit lines, and a 

column switch for selecting the pair bit lines is formed in 

a common ?-type semiconductor substrate to which the 

:-iega~ive voltage is supplied as a back bias voltage. This 

novel constitution allows use of double well structure, 

res"J.lting in the simplified fabrication process. 

(8) The word line selector uses a level cor:verter 

composed of a first N-channel MOSFET and a second N-chanriel 

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 betwee~ the supply 

voltage and the drain of the second N-channel ~OSFET and of 

which gate is connected to the input ter~inal, 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 ?-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 che negative 

voltage at least in the main word line. This novel 

constitution allows the sub word driver to be constituted by 

a CMOS circuit, thereby reducing t~e number of circuit 

elements as a whole. 

While the preferred embodiments of the present 

invention have been described using specific ter~s, 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 

1 ~ c_a ... :ms. 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 

a 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 

word line divided scheme composed of main word lines and sub 

word lines. The word line selector may be cons~ituted 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 RA..M. 

As mentioned above and according to the invention, the 

fo:lowing effects can be obtained typically. That is, in a 

dy:-.amic RAM having a memory cell array in which a dynaxic 

memory cell is arranged ac 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 

gro~nd 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 the 

supp:y voltage and the circuit ground potential, the 

negative voltage generator being composed of an oscillator 

and a charge pump circuit for receiving an oscillation pulse 

formed by the oscillator. This novel constitution can 

eli~inate 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 coromonly used for the memory blocks on 

which memory cell arrays, sub word drivers, and sense 

amplifiers are formed. 

-54-



What is claimed is: t 1111111 111111 11111 11111 111111 
* C l M s * 

1. A dynamic memory comprising: 

a dynamic memory cell including an address select 

MOSFET of which gate is connected to a word lir-e and of 

which source drain path is connected between one of a pair 

of bit lines intersecting said word line ar-d 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 t~reshold 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 ce:l, and 

amplifies said differential potential to form an a~plif ied 
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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 

voltage. 

2. A dynamic memory according to cla~m l, wherein said 

se~se amplifier includes a CMOS latch circuit in which an 

input and an output of two CMOS inverter circuits are cross-

cor..nected, 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 first MOSFET 

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 l 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 

node of said sense amplifier. 
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4. A dynamic memory according to claim l, 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 MOS?ET constituting a peripheral circuit 

including an address selector for address-selecting said 

word line and said pair of bit lines. 

5. A dynamic memory according to claim 4, wherein, 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 vol:age and said negative voltage as an 

operation voltage and a column selector for forrr.ing 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 l, wherein a 

well region formed with a MOSFET constituting a memory block 

including a memory cell array arranged with said dynamic 

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-wel~ formed 

with an N-channel MOSFET is electrically isolated, said P-

well formed with said memory cell is supplied wi:h 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 cla.:'..m l, wher-ein a 

well region formed with a MOSFST constituting a memory block 

including a memory cell array arranged with said dynamic 

memory cells in matrix, said sense amplifier, said p~echarge 

circuit, and a column switch which selects said pair of bit 

lines is formed on a com.~on P-type semiconductor substrate 

to which said negative voltage is supplied as a back bias 

voltage. 

8. A dynamic 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 

corrunon source is supplied with said negative voltage and of 

which gate and drain is cross-connected, a first P-channel 

MOSFET of which source drain path is connected between 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 MOSF~T of which source drain 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 

supplied with one of a high level signal corresponding to 

said 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 point between 

said second N-channel MOSFET and said second P-c~a~nel 

MOSFE'I'. 

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 pair of bit lines intersecting said plurality of word 

lines; 

a plurality of dynamic memory cells each having an 

information storage capacitor and an address se~ect MOS?ET; 

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 potentia: to an unselect word line of said 

plurality of word lines; 

a precharge circuit which supplies a predetermined 

precharge voltage to said pair of bit lines; and 

a sense amplifier connected to said pair of bit lines; 

wherein said address select MOS?ET has a gate connected 

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

path connected between one of said pair of bit lines and a 

storage node of said information storage capaci~or; 

wherein said sense amplifier including a C~OS latch 

circuit 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 second power switch circuit which 

supplies an operating voltage to a common source of said 

pair of N-channel MOSFETs, said first power switch circuit 

having a first MOSFET which supplies an interna: voltage 

lower than said supply voltage to the coITmon source of said 

pair of ?-channel MOSFETs and a second MOSFET which supplies 

said supply voltage to the common source; and 

wherein said sense amplifier receives said supply 

voltage and said ground potential at beginning of a sense 

operation, then operates by receiving said inte~nal voltage 
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and said ground potential, and amplifies a differential 

potential between a voltage appearing on or.e of said pair of 

bit lines connected to a selected dynamic memory cell and 

said precharge voltage 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, f~rther 

comprising: 

a step-down circuit; 

wherein said step-down circuit lowers from sa:d supply 

voltage a voltage equivalent 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 an N-channel MOSFET; 

a pair of common data lines; 

a plurality of column switches arranged between said 

plurality pairs of b:t lines and said pair of common data 

lines; 
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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 predetermined 

precharge voltage to said pair of bit lines; 

a word line selector which 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: :Oit lines; 

w~erein said address select MOSFET has a gate con~ected 

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

pat~ 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 

eac~ of said plurality of pairs of bit lines, a di:ferential 

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, 
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thereby providing an internal voltage lower than said supply 

voltage and said ground potential on said pair of b:t lines; 

and 

wherein said N-channel MOSFET constituting each of said 

plurality of dynamic me~ory cells and an N-channel MOSFET 

inc::..uded in said colu..rnn decoder are formed by gene:::::-ally a 

same fabrication process. 

13. A dynamic memory according to claim 12, f"J.rther 

comprising: 

a step-down circuit; 

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 MOS?ET, 

thereby forming said internal voltage. 

14. 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 ~av:ng an 

:nfo:::::-mation storage capacitor and an N-channel MOSFET; 

a first external supply terminal whic~ receives a 

supp:;,.y voltage; 

a second external supply terminal which receives a 

ground potential; 
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a word line selector which supplies a voltage 

corresponding to said supply voltage to a selected word line 

o: said plurality of word lines and a negative voltage lower 

t~an said ground potential to an unselect line o: said 

plurality of word lines; 

a plurality of sense amplifiers connected to said 

pl~rality 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 MOSFETs 

and a pair of N-channel MOSFETs and said plurality of sense 

a~plifiers amplify, in each of said plurality o: 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 supply 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 

cor.unon N-well region, a source and a drain of a P-channel 

~OSFET 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 supp::ed to 

said second P-well region, and said supply voltage is 

supplied to said corru~on N-well region. 

15. A dynamic memory comprising: 

a memory block including a plurality of menory 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 extend~ng 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 to 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 pairs of 

bit lines intersecting said plurality of sub word lines, and 

a pl~rality of dynamic memory cells each having an 

information storage capacitor and an N-channel MOSFET, and 

said address select MOSFET has a gate connected to one o: 

said plurality of sub word , . ... :..nes 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 

amplifiers has a CMOS latch circuit having a pair of P-

channel MOSFETs and a pair of N-channel MOS?ETs 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 

bir- 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 s~b word lines. 

16. A dynamic memory according to claim 15, ',vherein a 

first P-well region in which a source and a drain of the N-

channel MOSFET in each of said plurality of memory cells are 

formed and a second P-well region in whic~ a source and a 

drain of the N-channel MOSFET in each of said plurality 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 

eac~ 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 co~mon N-well region. 
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