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SEMICONDUCTOR MEMORY DEVICE 

AND DATA PROCESSING DEVICE USING SAME 

The invention relates to a static type semiconductor memory 

device and a data processing device using same, and more 

particularly to improved peripheral circuits in a static 

RAM (SRAM) with memory cells or flip-flop circuits. 

A typical high resistance type static RAM (SRAM} which 

adopts an internal synchronous mechanism is constituted as 

shown in Fig. 21. The SRAM has memory cell arrays (blocks) 

20~215 formed by arranging a plurality of polysilicon me­

mory cells 1 of the high resistance type in matrix form, 

and a peripheral circuit which performs writing and reading 

operations wherein one ·or more memory cells are selected 

and data or information is written into or read from the 

selected cells. The peripheral circuit shown in Figs. 21 

and 22 is generally constituted by a chip control circuit 

21 which supplies a chip selecting signal C"S", write en­

able signal WE and output enable signal OE to prescri­

bed circuits on a chip on the basis of control signals pro­

vided from the outside, an X-decoder and word line buffer 

circuit 22 for selecting word lines, an Y-decoder 24 for 

selecting transfer gate circuits 23, a Z-address buffer 

circuit (block signal generator) 25 which generates a block 

signal BLOCK for selecting one or more blocks 2s~2109, an 

X-address buffer circuit 26 for sending information to the 

X-decoder 22, an Y-address buffer circuit 27 for sending 

information to the Y-decoder 24, address-transition detec­

ting circuits (ATDs) 28, 29 and 30 which detect transition 

of the address input signals of the X, Y and z-address 

buffer circuits and generate pulses, an internal timing 
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circuit 31 for generating synchronizing signals in order to 

precharge and equalize bit lines BL, BL just before rea­

ding out in a manner to utilize basic pulses generated from 

the ATDs, a data line load circuit 32 which controls the 

potentials of data lines when writing and reading, a sense 

amplifier circuit 33 for producing amplified outputs SO, 

SU and for detecting small voltages SIN, B"IN emerged 

on the data line through the transfer gate circuit 23 from 

memory cells when reading, a writing driver circuit 34 

which sends data for writing to the bit line BL, BI; when· 

writing, a bit line load circuit 35 which controls load of 

the bit lines BL, ITT; when writing and reading and for 

equaling the bit lines BL, BL so as to have the same 

potential just before reading, a bit/data line load control 

circuit 36 for controlling the bit line load circuit 35 and 

data line load circuit 32, an I/O buffer circuit 37, and a 

sense amplifier control circuit 38 for generating a sense 

amplifier control pulse ¢sA which drives the sense ampli­

fier circ~it 33 dynamically according to a signal supplied 

from the internal timing circuit 31. The X-decoder and word 

line buffer circuit 22 is conventionally constituted as 

shown in Fig. 23, wherein it comprises a NAND gate having 

three inputs for receiving buffer outputs Rl-R3 or R"I-

R"J" from the X-address buffer circuit 26, and a NOR gate 

having two inputs for receiving an output of the NAND gate 

and a buff er output Ro or RO from the X-address buff er 

circuit 26. According to the circuit 22, a selected word 

line WL {WLl, WL2 and the like) is set to a supplied po­

tential Voo of high level (hereinafter referred to as "H"). 

To the word lines WL are connected memory cells 1 as shown 

in Fig. 24. To the memory cells 1 connected with a selected 

word line WL, data writing or reading is carried out via 

the bit lines BL, BL. 
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The potential of the selected word line WL is set to be the 
supplied potential Vnn of high level "H", that is, of logi­
cally high level by means of logic circuits comprising the 

X-decoder and word line buffer circuit 22. Consideration is 
made to the case that data writing is carried out by set­
ting the bit line BL to be "H" and setting the bit line 
ITT:; to be low level potential or the ground potential 
(hereinafter referred to as "L"). Potential of the memory 

nodes nl, n2 in the memory cell 1 is established as fol­
lows. Since the potential Vwl of the word line WL is set to 
be the supplied potential Von, the maximum potential of the 
memory node nl is defined by the following expression • 

Vl=Vwl-Vtl-Vb=Vnn-Vtl-Vb • • • ( 1) 

wherein Von is a supplied potential, Vtl is a threshold 
voltage of n-channel MOS transistors N3, N4 acting as 
transfer gates, and Vb -is a voltage drop component resul­
ting from a backgate effect. The memory nodes nl, n2 in the 
memory cell 1 are connected to the supplied potential Voo 

through the polysilicon high resistance resistors HRl, HR2, 
respectively. The values of these polysilicon resistors 
HRl, HR2 are generally set to be in the range of some hun­
dred giga-ohms to a few tera-ohms in order to limit current 
flow to the nodes during the waiting period {stationary pe­

riod). The currents through the resistors HRl, HR2 are very 
s~all, so that the maximum potential of the memory node nl 
during writing operation, which is obtained from the ex­
pression (1), is not likely to rise as high as the supplied 
potential Vnn. If the polysilicon resistors HRl, HR2 are 
set to have smaller values in order to obtain the pull-up 

effect, the current consumption increases during a non-ope­

rating condition. The condition of 

Vl>Vt2 ••• ( 2) 
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must be satisfied to hold data in the flip-flop of the me­
mory cell 1, wherein the maximum potential Vl is given by 
the expression (1), and Vt2 is a threshold voltage of the 
n-channel MOS transistors Nl, N2. Thus, when data writing, 
it is necessary to satisfy the following condition obtained 
by substituting the expression (1) into the expression (2) . 

Vwl-Vt1-Vb=Vnn-Vtl-Vb>Vt2 • • • ( 3} 

If writing operation is carried out under the condition 
that the expression (3) is not satisfied, both of the n­
channel MOS transistors Nl and N2 in the flip-flop become 
off-state and therefore will not be able to hold data of 
the memory cell 1. In this non-operating state wherein the 
memory cell 1 does not function as a flip-flop, when noise 
comes into the memory cell 1 or reading operation begins 
erroneously, the data i-n the memory cell 1 are easily de­
stroyed. 

According to the semiconductor technology, it is necessary 
to satisfy Von > 2.4 Von the assumption that Vtl=Vt2=0.9V, 
Vb = 0.6 V. This means that the SRAM of the prior art can­
not be written or read properly unless the supplied voltage 
Von is higher than 2.4 V. 

In table calculator applications commonly requiring an 
electric battery as a power source, the source voltage is 
3 V for example. However, the voltage value of the battery 
drops according to its lifetime. The SRAM of the prior art 
is driven in the calculator by the 3 V-battery and so the 
battery will need to be frequently changed because the SRAM 
will not work after the voltage drop becomes more than 
0.6 v. 
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On the other hand, there is known a fully CMOS type memory 

cell in which p-channel MOS transistors are used instead of 

polysilicon high resistance resistors HRl, HR2, and a SRAM 

constituted by the fully CMOS type memory cells is driven 

by a low supply voltage. However, this type of memory cell 

tends to increase the size thereof because it must be pro­

vided with an isolation region for device isolation between 

an n-channel MOS transistor and a p-channel MOS transistor 

as known in the semiconductor technology. In contrast, me­

mory cells of high resistance type have the benefit of de-· 

crease in cell size since it is possible to form a 3-dimen­

sional structure with polysilicon high resistance resistors 

on an insulation film covering the n-channel MOS transi­

stor. However, the SRAM equipped with memory cells of the 

high resistance type has the problem that it cannot be ope­

rated by using a low voltage power supply as mentioned 

above. 

Consequently, two methods are proposed in order to satisfy 

the expression (3) in use of a low voltage power supply in 

a manner that memory cells of the high resistance type can 

be operated properly. One of them is to lower the threshold 

voltages Vtl, Vt2, and the other to decrease the voltage 

drop Vb caused by the backgate effect. To decrease the 

threshold voltages Vtl, Vt2 causes the complication of pro­

cess conditions and the deterioration of the memory cells's 

own stabili~y under changing the threshold voltage of n­

channel MOS transisitors Nl, N2, N3 and N4. Hence this 

method is not practical. The decrease of the voltage Vb 

during writing operation is not practical, either. Because 

the substrate capacity of the memory cell is large, the 

method induces an increase in the electricity consumption 

by adding control circuits. 
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It is an object of the present invention to provide a semi­
conductor memory device and a data processing device using 
it which is constructed as an SRAM in which memory cells 
having load resistors of high resistance, load MOS elements 
or thin film type load means are formed and which is not 
the fully CMOS type memory cell. 

This object is achieved with a semiconductor memory device 
and a data processing device, respectively, as claimed. 

According to the invention, the size of a memory part can 
be reduced, the electric power consumption can be decreased 
and the writing operation can be performed by a simple bat­
tery of low voltage power supply. 

In accordance with the present invention, there is provided 
a semiconductor memory device having at least one memory 
cell. The memory cell comprises a flip-flop which includes 
two circuits, each connected between a first supplied po­
tential (for example, high level potential) and a second 
supplied potential (for example, low level potential), res­
pectively. One of the circuits is constituted by a first 
load means (for example, a polysilicon high resistance re­
sistor, a load MOS element, a thin film transistor, and the 
like) and a first insulated gate field effect transistor 
serially connected to the first load means, while the other 
circuit is constituted by a second load means (for example, 
a polysilicon high resistance resistor, a load MOS element, 
a thin film transistor, and the like) and a second insula­
ted gate field effect transistor serially connected to the 
second load means. The memory cell also has insulated gate 
field effect transistors for access to the flip-flop which 
are connected between a memory node of the flip-flop and ~ 
bit line and which have gate inputs for receiving the po­
tential on a word line. The memory device of the present 
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invention is characterized by that it has a word line po­
tential transformation means which controls the word line 
potential during the writing operation to be a writing 
potential. The value of the writing potential is higher 
than both of the supplied potentials. The word line po­
tential transformation means is provided with repeating 
means which repeats to change a potential up and down 
alternately in a manner that the lower-side potential is 
controlled to fall between the supplied potentials, whereas 
the upper-side potential is to be the same as the writing 
potential. The word line potential transformation means is 
also provided with a multiple-stage step-up means which ge­
nerates the writing potential. A preferred embodiment of 
the the word line potential transformation means has a 
pulse generating means, a deviation timing signal genera­
ting means, a stepped-up potential generating means, a 
voltage step-up control signal generating means, a word 
line supplied potentia~ synthesizing means, and a word line 
potential supply control means. The pulse generating means 
repeats to output pulses during the data writing operation. 
On the basis of the generated pulses, the deviation timing 
signal generating means generates a plurality of prescribed 
timing signals. The stepped-up potential generating means 
generates a stepped-up potential which is higher than the 
supplied potential of high level in accordance with the 
prescribed timing signal. The voltage step-up control 
signal generating meqns produces a step-up control signal 
on the basis of the prescribed timing signal. The level of 
control signal is set to be higher than that of the sup­
plied potential of the higher side. The word line supplied 
potential synthesizing means selectively synthesizes the 
stepped-up potential provided from the stepped-up potential 
generating means and the high level potential from the po­
wer supply on the basis of the step-up control signal, so 
that it produces the word line supplied potential in the 
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form of serial pulses. The word line potential supply con­
trol means controls the supply of the word line supplied 
potential to the word line on the basis of the prescribed 
timing signal and the step-up control signal. In order to 
perform the step-up operation of the word line potential 
during the reading operation, improved peripheral circuitry 
is provided according to the present invention, which pro­
duces the potential of the data line. More specifically, 
the peripheral circuitry has a potential setting detection 
means for detecting a point when a selected word line is 
set to be the writing potential during the reading opera­
tion, and a sense amplifier control means which sends out a 
sense amplifier control signal for activating the sense am­
plifier means on the· basis of the output of the potential 
setting detection means. 

According to the above arrangement of the present inven­
tion, the word line pot~ntial is set to be the stepped-up 
potential which is higher than the supplied potential by 
means of the word line potential transformation means. The 
stepped-up potential is applied to the gate of the insula­
ted gate field effect transistors for access to the flip­
flop in the memory cell. Where the potential of the bit 
line is "H", the writing potential is transferred via the 
transistor to the memory nodes of the memory cell, the va­
lue of the writing potential being the difference between 
the stepped-up potential and a threshold voltage (including 
the voltage drop by the backgate effect). In case the dif­
ference in potential is larger than the threshold voltage 
of the insulated gate field effect transistor of the flip­
flop, the proper writing operation is carried out. Thus, 
according to the present invention, even if a power supply 
of low output voltage is utilized, the writing operation 
can be carried out without any trouble because the ga~e ~s 
applied with the stepped-up potential higher than the sup-
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/ plied potential. In other words, the present invention en­
ables to use a low voltage power supply, and furthermore to 
reduce the number of the batteries required to activate the 
transistor. 

It is possible to maintain the potential of a selected word 
line to be a stepped-up potential during the writing pe­
riod. It is, however, preferable to provide the repeating 
means repeating up and down operation of the potential bet­
ween the stepped-up voltage and the low level supplied po-· 
tential during data writing operation. With the repeating 
means, it can be realized that the data writing is carried 
out in a multiple-check manner to write the same data re­
peatedly, whereby erroneous data writing can be avoided. 
Where the word line potential transformation means is pro­
vided with the multiple-state step-up means which generates 
the stepped-up potential obtained by multiple stages of the 
stepping-up operation, ~he stepped-up potential can surely 
be held high enough. 

As described above, according to the present invention, the 
word line is supplied with the stepped-up potential by the 
word line potential transformation means instead of the 
supplied potential. However, a time-lag is produced between 
the start of supplying potential and finishing the setting 
of the word line to the prescribed stepped-up potential. 
According to a preferred embodiment, in order to avoid the 
time lag, the peripheral circuit related to the data line 
is constituted by the potential setting detection means to 
detect when the word lines are set to the writing potential 
during the reading operation, and the sense amplifier con­
trol means which sends the sense amplifier control signal 
to the sense amplifier means on the basis of the output of 
the potential setting detection means. The circuit confiq~­
ration makes it possible to eliminate a period for relaxa-



10 

tion of amplified potential of the inversion data which 

emerges on the data line by a noise in the step-up opera­

tion·, since the sense amplifier is activated after setting 

the potential of the word line to a prescribed value. 

Therefore, the sense amplifier cannot amplify the data. 

Hence it becomes easy to avoid a reading error and to ad­

just the timing of various signals of the circuits connec­

ted to the sense amplifier. 

An embodiment of the invention will be described below with 

reference to drawings in which: 

Fig. 1 is a block diagram showing the whole constitution 

of the static RAM equipped with polysilicon memory 

cells of the- high resistance type of a pref erred 

embodiment according to the present invention; 

Fig. 2 is a block diagram showing a portion of the peri­

pheral circuits in the semiconductor memory device 

of Fig. 1, the portion relating mainly to the wri­

ting operation; 

Fig. 3 illustrates a ring-oscillator circuit and a devia­

tion timing signal generating circuit of the peri­

pheral circuit of Fig. 2; 

Fig. 4 illustrates in detail a ring-oscillator in the 

ring-oscillator circuit of Fig. 3; 

Fig. 5 illustrates in detail a step-up gate control signal 

generating circuit in the peripheral circuit of 

Fig. 2; 

Fig. 6 illustrates in detail a stepped-up potential g~~~­

rating circuit in the peripheral circuit of Fig. 2; 
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Fig. 7 illustrates in detail a word line supplied poten­

tial mixing circuit in the peripheral circuit of 

Fig. 2; 

Fig. 8 illustrates in detail an X-decoder and a word line 

buffer circuit, and a word line potential supplying 

control circuit in the peripheral circuit of Fig. 

2; 

Fig. 9 illustrates in detail a step-up detecting circuit 

in the peripheral circuit of Fig. 2; 

Fig. 10 illustrates in detail a sense amplifier control 

circuit in the peripheral circuit of Fig. 2; 

Fig. 11 illustrates in detail a bit/data line load control 

circuit in the peripheral circuit of Fig. 2; 

Fig. 12 illustrates in detail a bit line load circuit and a 

data line load circuit in the peripheral circuit of 

Fig. 2; 

Fig. 13 is a timing chart showing signals in the ring­

oscillator circuit and the timing signal generating 

circuit of Fig. 3; 

Fig. 14 is a timing chart showing signals in the step-up 

gate control signal generating circuit of Fig. 5; 

Fig. 15 is a timing chart showing signals in the stepped-up 

potential generating circuit of Fig. 6; 

Fig. 16 is a timing chart showing signals in the word line 

supplied potential mixing circuit of Fig. 7; 
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Fig. 17 is a timing chart showing signals in the word line 

potential supplying control circuit of Fig. 8: 

Fig. 18 is a timing chart showing signals in a portion of 
the circuit relating to reading operation for ex­
planation of problems due to noise during reading 

in the device of Fig.l; 

Fig. 19 is a timing chart showing signals in an improved 

portion of circuits relating to reading operation 

for explanation of problems due to noise during 

reading in the device of Fig. 1; 

Fig. 20 is a block diagram showing the constitution of the 

electronic memo pad application including the de­

vice of Fig. 1; 

Fig. 21 is a block diagram showing a typical constitution 

of a static RAM; 

Fig. 22 is a block diagram showing the peripheral circuit 

in a static RAM of the prior art; 

Fig. 23 illustrates in detail an X-decoder and a word line 

buffer circuit of the prior art of Fig. 22; and 

Fig. 24 illustrates a memory cell of the high resistance 

type in the static RAM of Fig. 22. 

The invention will now be explained in detail with refe­

rence to the attached drawings. 

Fig. 1 is a block diagram of an embodiment of the present 

invention, wherein circuits of an SRAM having a monolithic 
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polysilicon memory cell of high load type are generally il­

lustrated. Fig. 2 is a block diagram which illustrates cir­

cuit portions relating mainly to the SRAM for writing ope­

rations. The components shown in Fig. 1 corresponding to 

those of Fig. 22 are designated by the same numerals, so 
that these components will not be explained in the fol­
lowing. 

For this embodiment, the word line pulse-driving method is 

adopted. When a certain word line WL is selected, in order. 

to reduce an amount of current flowing into a memory cell 

1, an internal timing or synchronizing circuit 31 generates 

an automatic power down signal APD according to basic pul­

ses generated by address-transition detection circuits 
(ATD) 28, 29 ·and 30, and thereby the word line WL is opera­

ted by a pulse-driving method during a predetermined period 
of time. A chip control circuit 21 generates a system con­
trol signal CR, a write enable signal WE and an output 
enable signal OE. One aspect newly provided for this em-

bodiment, is that a word line voltage transformation cir­

cuit 50 is provided to maintain the value of potential on 

the word line WL to be higher than that of the source vol­
tage Vno when the word line is selected for writing opera­
tion. An internal arrangement of the word line voltage 
transformation circuit 50 is shown in Fig. 2. This trans­
formation circuit 50 is constituted by a ring oscillator 

circuit 51, a voltage transformation timing signal genera­

ting circuit 54, a step-up voltage gate control signal ge­

nerating circuit 55, a step-up voltage generating circuit 
56, a word line supplying voltage synthesizing circuit 57 

and a word line applying voltage control circuit 59. 

The ring oscillator circuit 51 generates recurring pulses 
based on the system control signal S"C of the internal ti­

ming circuit 31. As shown in fig. 3, the ring oscillator 
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circuit 51 is cons.tituted by a ring oscillator 52 and a se­

lective driving circuit 53. The selective driving circuit 

53 activates the oscillator 52 selectively based on the in­

put of the automatic power down signal ADP, the write en­

able signal WE and the system control signal S"C". The 

ring oscillator 52 is, as shown in Fig. 4, constituted by 

connecting a plurality of logic circuits 128-134 in the 

form of a loop, and generates recurring pulses B as long as 

an output A ("H") is supplied from the selective driving 

circuit 53. 

The voltage transformation timing signal generating circuit 

54 is shown in Fig. 3. The generating circuit 54 has logic 

circuits 101-105, 109-111, 114, 116-127 and delay circuits 
. 

112, 113, 115, and produces preset timing signals tR, ti, 

t2 and t3 , each of which has substantially a pulse ampli­

tude corresponding to the source voltage Voo. These signals 

are generated in accordance with the recurring pulses B 

sent out from the ring oscillator circuit 51 when the sy­

stem control signal 'S"C" is applied. 

Based on the timing signals t2, ti, t2, t3 and a block sig­

nal BLOCK, the step-up voltage gate control signal genera­

ting circuit 55 generates step-up voltage gdte control sig­

nals VTo and Vgate, and thereby a gate of a pre-selected 

MOS transistor in the word line voltage transformation cir­

cuit 50 is driven selectively. The circuit arrangement of 

the control signal generating circuit 55 is shown in Fig. 

5. The signal generating circuit 55 has a first step-up 

voltage gate control signal generating circuit 55a which 

generates the step-up voltage gate control signal VTo, and 

a second step-up voltage gate control signal generating 

circuit 55b which generates the step-up voltage gate con­

trol signal Vgate. 
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The first step-up voltage gate control signal generating 

circuit 55a is constituted by a charge injection circuit 

55aa which charges a voltage step-up capacitor Cl based on 

the timing signal tl and the block signal BLOCK, a poten­

tial applying circuit 55ab which increases a voltage appea­

ring on the negative electrode of the capacitor Cl when it 

receives the block signal BLOCK and timing signals tR and 

ti, and a limiting circuit 55ac which controls the value 

of the step-up voltage gate control signal VTo so as not be 

higher than the required voltage value. One of the electro­

des of the capacitor Cl is formed by a first layer of poly­

silicon by which a gate electrode {or gate electrodes) of a 

MOS transistor(s) is also formed. The other electrode of 

the capacitor Cl is formed by a second polysilicon layer 

via an insulating layer. The second layer is of high resi­

stance polysilicon. The second step-up voltage gate control 

signal generating circuit 55b has a first step charge in­

jection circuit 55ba, ~ part of which is common to that of 

the first control signal generating circuit 55a and that of 

the charge injection circuit 55aa, and which charges a 

first voltage step-up capacitor C2 when it receives the ti­

ming signal tt and the block signal BLOCK. The circuit 55b 

also has a first step potential applying circuit 55bb which 

increases the potential appearing on the negative electrode 

of the capacitor C2 when it receives the timing signal t2 
/ 

and the block signal BLOCK, 'a limiting circuit 55bc which 

protects a MOS transistor T6 in the charge injection cir­

cuit 55bd from a damage while the potential is raised, a 

potential transfer circuit 55bd which sends out the poten­

tial appearing on the negative electrode of the capacitor 

c2,ja second step potential applying circuit 55be which 

raises the potential appearing on the negative electrode of 

a second voltage step-up capacitor C3 when it receives the 

block signal BLOCK and the timing signal t3 , and a dischar­

ging circuit 55bf which discharges the capacitor C3 accor-
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ding to the block signal BLOCK and the timing signal ti . 
The first step charge injection circuit 55ba, the voltage 
step-up capacitor C2, the potential applying circuit 55bb 
and the limiting circuit 55bc constitute a charging circuit 
for the second voltage step-up capacitor C3. One of the 
electrodes of each of the step-up capacitors C2 and C3 is 
formed by the first layer of polysilicon by which a gate 
electrode (or gate electrodes) is also formed. The other 
electrodes of the capacitors are formed by the second 
polysilicon layer via an insulating layer. This second 
layer is of a high resistance polysilicon. 

The step-up voltage generating circuit 56 generates a step­
up voltage Vpp on the basis of the source voltage Voo when 
it receives the timing signals tt, t2, ta and the write en­
able signal WE. The value of the voltage Vpp is higher 
than that of the source voltage Von. A circuit arrangement 
of this generating circuit 56 is shown in Fig. 6. The gene­
rating circuit 56 is constituted by a first step charge in­
jection circuit 56a for charging a first voltage step-up 
capacitor C4 when it receives the timing signal t1, a first 
step potential applying circuit 56b for raising the poten­
tial of the negative electrode of the capacitor C4 when it 
receives the write enable signal WE and the timing signal 
t2, a potential transfer circuit 56d, a limiting circuit 
56c for protecting a MOS transistor Tll in the potential 
transfer circuit 56d from damage during the voltage in­
creasing operation, a voltage applying circuit 56e which 
applies the source voltage Voo to the potential transfer 
circuit 56d when it receives the write enable signal ~ 
and the timing signal t2 , and a second step potential ap­
plying circuit 56f for raising the potential of the nega­
tive electrode of a voltage step-up capacitor C5. Electro­
des of one side of the respective step-up capacitors C4 and 
C5 are formed by the first layer of polysilicon by which a 
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gate electrode (or gate electrodes) is also formed. The 
other electrodes of the respective capacitors are formed by 
the second polysilicon layer via an insulating layer. The 
second layer is of high resistance polysilicon. 

The word line supplying voltage synthesizing circuit 57 
produces a word line supplying voltage VvoL on the basis of 
either the source voltage Vno or the step-up voltage Vpp in 
accordance with the write enable signal WE, the block 
signal BLOCK, the timing signal t2 and the step-up gate 
control signals V10, Vgate. This word line supplying vol­
tage VvoL is supplied to the word line. An arrangement of 
the word line supplying voltage synthesizing circuit 57 is 
shown in Fig. 7. This synthesizing circuit 57 has a source 
voltage supplying portion 57a and a step-up voltage sup­
plying portion 57b. The source voltage supplying portion 
57a supplies a voltage, the value of which is substantially 
the same as that of th~ source voltage Voo, to the word 
line applying voltage control circuit 59 during read opera­
tion in accordance with the write enable signal WE and 
the step-up voltage gate control signals V10, Vgate. The 
step-up voltage supplying portion 57b supplies intermit­

tently and periodically a potential which is nearly the 
same as the step-up voltage Vpp during writing operation in 
accordance with the block signal BLOCK, timing signal tR 
and step-up voltage gate control signals VTo and Vgate. 

The source voltage supplying 

cuit 57aa to which the write 

a potential transfer circuit 

portion 57a has a 

enable signal WE 

57ab controlled by 

buff er cir­

is applied, 

the step-up 
voltage gate control signal VTo, a voltage step-up capaci­
tor C6 whose voltage is increased when it receives the 
step-up voltage gate control signal Vgate, a potential 
transfer circuit 57ac controlled by the charged potential 
of the capacitor C6, and a limiting circuit 57ad for pro-
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tecting a MOS transistor T14 in the potential transfer cir­
cuit 57ac against a break. 

The step-up voltage supplying portion 57b has a logic cir­
cuit 57ba which receives the write enable signal WE, the 
block signal BLOCK, and the timing signal tR , a potential 
transfer circuit 57bb controlled by the step-up voltage 
gate control signal Vto, a voltage step-up capacitor C7 
whose voltage value is increased when it receives the step­
up voltage gate control signal Vgate, and a potential 
transfer circuit 57bc which is controlled by the charged 
voltage of the capacitor C7. Electrodes of one side of 
respective step-up capacitors C6 and C7 are formed by the 
first layer of polysilicon by which a gate electrode (or 
gate electrodes) is also formed. Electrodes of the other 
side of these capacitors C6 and C7 are formed by the second 
polysilicon layer via an insulating layer. This second 
layer is of high resistance polysilicon. 

The word line applying voltage control circuit 59 controls 
the application of the word line supplying voltage VvoL to 
the word line WL in accordance with the block signal BLOCK, 
the timing signal t2, the step-up voltage gate control sig­
nals Vro, Vgate and an output of the X-decoder and word li­
ne buffer circuit 22. As shown in Fig. 8, although the X­
decoder and word line buffer circuit 22 is of a conventio­
nal type, the.word line applying voltage control circuit 59 
is additionally provided between the circuit 22 and the me­
mory cell 1. An arrangement of this control circuit 59 is 
shown in Fig. 8. This control circuit 59 is constituted by 
a first ~otential transformation circuit 59a which compen­
sates for a decreased potential value of the output of the 
X-decoder and word line buffer circuit 22 and then sends 
out the compensated potential, a voltage step-up capacitor 
CB (or C9) whose voltage value is increased when the step-
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up voltage gate control signal Vgate is applied thereto, a 
second potential transformation circuit 59b for transfor­
ming the word line supplying voltage VvoL in response to 
the step-up voltage of the aforesaid capacitor CB (or C9), 
a discharge timing circuit 59c which generates a discharge 
timing signal t20 based on the block signal BLOCK and the 
timing signal tR, a voltage step-up capacitor discharging 
circuit 59d for discharging the voltage step-up capacitor 
ca (or C9) according to the above discharge timing signal 
tRo, and a word line discharging circuit 59e for dischar­
ging electricity appearing on the word line WL rapidly if 
this word line WL in not selected. Electrodes of one side 
of step-up capacitor CS and C9 are formed by the first 
layer of polysilicon by which a gate electrode (or gate 
electrodes) is also formed. Electrodes of the other side of 
these capacitors are formed by the second polysilicon layer 
via an insulating layer. This second layer is of high resi­
stance polysilicon. 

In the present embodiment, there is provided an additional 
circuit for controlling the read operation. The reason for 
providing the control circuit will be described later. The 
voltage step-up detection circuit 39 detects the completion 
of the voltage step-up operation of the word line WL in ac­
cordance with the timing signal ta from ~he word line vol­
tage transformation circuit 50 and the write enable signal 
WE and in response delivers the timing signal En to the 
sense amplifier control circuit 38 and bit/data line load 
control circuit 36. As shown in Fig. 9, the voltage step-up 
detection circuit 39 comprises a delay circuit 39a for de­
laying the timing signal ta by a prescribed delay time, the 
timing signal t3 being used for determining the point when 
the final voltage step-up operation begins, and a timing 
circuit 39b for producing the timing signal t;- based on 
the delayed signal and the write enable signal WE. The 
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sense amplifier control circuit 38 generates a sense ampli­

fier control signal cl>sA for controlling the state of the 

sense amplifier 33 on the basis of the system control sig­

nal SC', timing signal l:i", automatic power down signal 

APD, and write enable signal WE. The sense amplifier con­

trol circuit 38 is constituted as shown in Fig. 10. The 

bit-line and data-line load control circuit 36 outputs the 

bit-line control signal <t>Eo, the bit line variable impe­

dance control signal LDO and the data line load control 

signal 4li>e. The circuit 36 is constituted as shown in Fig.· 

11. The signals <f>Eo and ~B are produced in consideration 

of the timing signal l:i" as an output of the voltage step­

up detection circuit. The bit-line load circuit 35 and the 

data-line load circuit 32 may be conventionally constitu­

ted, an example of which is shown in Fig. 12. 

The writing operation of the present embodiment will now be 

described. During the writing operation, the write enable 

signal WE is set to be "L" and the automatic power down 

signal is also set to be "L". The internal timing circuit 

31 outputs the system control signal ~ of "L" immediate­

ly before the writing operation begins, which causes the 

selective driving circuit 53 of Fig. 3 to output a logical­

ly high signal A. During the period wherein the output A is 

"H", the ring oscillator 52 outputs pulses B as shown in 

Fig. 13. The appearance of the output B makes the timing 

signal generating circuit .54 to generate timing signals tR, 

ti t2 and ta • The timing signal tR is of a series of pulses 

which rise immediately after a respective pulse B drops and 

which have a pulse width narrower than that of the pulses 

B. The timing signal ti is of a series of pulses which rise 

when the timing signal tR rises and which have a pulse 

width narrower than that of the pulses B and wider than 

that of the timing signal ta. The timing signal t2 is of a 

series of pulses which change in their logical level in re-
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verse to the pulses of the timing signal tt . The remaining 

timing signal ta is also of a series of pulses which go 

down to a logically low level in response to going down of 

the timing signal t2 and which have a pulse width narrower 

than that of the signal t2. The ring oscillator as oscil­

lation means is provided in order that the stepped-up po­

tential higher than the source potential is applied to the 

word lines repeatedly to thereby carry out the write and 

read operations of data to the memory cell 1 securely. 

Fig. 14 illustrates signals appearing in the step-up 

voltage gate control signal generating circuit 55 of Fig. 

5. Where a certain block (memory cell array) is in a 

selected condition, the block signal assigned to the 

selected block is "H". Where the timing signals t2 and ta 

are "L", the change in the logical state of the timing 

signals tR and ti from "L" to "H" activates the MOS tran­

sistor Tl of the first voltage step-up gate control signal 

generating circuit 55a. Since the voltage step-up capaci­

tors Cl and C2 are logically low at their negative electro­

des, they are charged. During the charging operation, the 

potential of the voltage step-up gate control signal VTo is 

set to be [Voo-Vt{T2)l, and the node Pl is set to be {Voo­

Vt{T4) I, wherein Vt(T2) and Vt(T4l are threshold voltages 

(including a component of voltage drop due to a back gate 

effect) of the MOS transistors T2 and T4, respectively. 

When the timing signal tR is changed in its state from 

logically high to low while the timing signal t1 remains 

logically high, the source voltage Voo appears on the nega­

tive electrode of the voltage step-up capacitor Cl, so that 

the voltage of the voltage step-up gate control signal VTo 

is raised to the upper limit of {Voo + Vt(TJ) I. The MOS 

transistor T3 is a part of the limiting circuit 55ac and 

functions to control the rise in voltage of the signal VTo 
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as a positive potential of the voltage step-up capacitor 
Cl. 

When the timing signal tl is changed from logically high to 
low and at the same time the signal t2 is changed from lo­
gically low to high, the voltage applying circuit 55bb 
makes the negative potential of the voltage step-up capa­
citor C2 to be logically high. Thus, the node Pl is set to 
a potential of {Von + Vt(T5)J, wherein Vt(T5) is a thres­
hold voltage of the transistor T5 including a voltage drop· 

component due to a back gate effect. The MOS transistor T5 
is a part of the limiting circuit 55bc and controls the 
rise in potential of the node Pl in order to avoid the de­
struction of the transistor T6. The node potential is the 
positive potential of the capacitor C2. The gate potential 

of the MOS transistor T6 in the potential transfer circuit 
55bd is {Von + Vt(T5)} and the drain potential thereof is 

Vnn. If the condition of Vt(T6) ~ Vt(T5) is satisfied, the 
source potential thereof, that is, the potential of the 
voltage step-up gate control signal Vgate rises at least to 
the source potential Vno, so that the capacitor C3 is char­
ged. Vt{T6) is a threshold voltage (including a voltage 

drop component due to a back gate effect) of the MOS tran­
sistor T6. 

When the timing signal t3 is changed from logically low to 
high while the timing signal t2 rema~ns logically high, the 
potential applying circuit 55be controls to raise the nega­
tive potential of the capacitor C3 to the source potential 
Voo, which makes the potential of the voltage step-up gate 
control signal Vgate to rise to the extent that it exceeds 

the source potential Voo. Provided that the charged voltage 
of the capacitor C3 is represented by Vc3, the potential of 
the signal Vgate is expressed by {Von + Vc3l. The ~iming 
signals tR , tl are then changed from logically low to high 
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and the timing signals tz, ta are changed from logically 

high to low. While the timing signal ti is logically high, 

the MOS transistor T! which is part of the discharging cir­

cuit 55bf is activated to thereby maintain the potential of 

the signal Vgate to be logically low. 

Referring now to Fig. 15, the operation of the stepped-up 

potential generating circuit 56 will be described. The wri­

ting operation is defined by the period during which the 

write enable signal WE is maintained logically low. 

Firstly, when the timing signal ti is changed from high to 

low while the timing signals tz and t3 are low, the MOS 

transistor TS of the charge injection circuit 56a is acti­

vated to switch the MOS transistor T9 on. Hence, the capa­

citor C4 is charged because the potential of its negative 

electrode is low. During this charging operation, the po­

tential of the node P2 is set to be [Von-Vt(T9}} as shown 

in Fig. 15, wherein Vt(T9) is a threshold voltage (inclu­

ding a voltage drop component due to a back gate effect) of 

the MOS transistor T9. 

When the timing signal ti becomes logically low and the ti­

ming signal tz logically high, the potential applying cir­

cuit 56b raises the negative potential of the capacitor C4 

to reach the potential Von. Therefore, the potential of the 

node P2 rises to reach the upper limit of {Voo + Vt(TlO)} 

wherein Vt(TlO) is a threshold voltage (including a voltage 

drop component due to a back gate effect) of the MOS tran­

sistor TlO. The MOS transistor TlO is a part of the limi­

ting circuit 56c and functions to control the potential 

rise of the node P2 so as not to destruct the MOS transi­

stor Tll. At the same time, the potential applying circuit 

56e applies the source potential Von to the drain of the 

MOS transistor Tll of the potential transfer circuit 56d. 

Since the gate potential of the MOS transistor Tll is (Voo 
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+ Vt(TlO)} and the drain potential thereof is VnD, if the 

following formula is satisfied, the source potential 

thereof, that is, the potential Vpp is raised at least to 

the source potential Voo and therefore the charging of the 

capacitor C5 is carried out. 

Vt(Tll} S Vt{TlO) 

wherein Vt(Tll) is a threshold voltage (including a voltage 

drop component due to a back gate effect) of the MOS tran­

sistor Tll. 

Next, when the timing signal ta is changed to be logically 

high, the potential applying circuit 56f makes to raise the 
-

negative potential of the capacitor C5 to the source poten-

tial Von, and the potential Vpp rises to exceed the source 

potential Voo. The stepped-up potential Vpp is- expressed by 

{Von + Vc5}, wherein Vc5 represents the charged voltage of 

the capacitor C5. Thereafter, the timing signal ti is chan­

ged to be logically high and the timing signals t2 and t3 

are changed to be logically low. The potential of the 

signal Vpp is maintained to be logically low during the 

logically low period of the timing signal ti . 

With reference to Fig. 16, the writing operation of the 

word line potential synthesizing circuit 57 will be explai­

ned. In the writing operation, the write enable signal WE 

is set to be logically low so that the source potential 

supplying circuit 57a is not activated to supply the source 

potential Voo as word line supplying potential VvoL. When 

the timing signal tR is changed from logically high to low, 

the logic circuit 57ba raises the drain potential of the 

MOS transistor T15 of the potential transfer circuit 57bb 

to the source potential Vno. The potential of the voltage 

step-up gate control signal Vto is elevated to {Voo + 
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Vt(T3)J. Hence, the potential of the node P3 is set to be 

{VDD + Vt(T3) - Vt(T15) l (=Voo) so that the charging of the 

capacitor C7 is carried out. Vt(Tl5) is a threshold voltage 

{including a voltage drop component due to a back gate ef­

fect) of the MOS transistor T15. 

When the potential of the signal Vgate and the stepped-up 

potential Vpp are elevated to the source potential Vno, the 

potential of the node P3 is set to exceed the source poten­

tial VoD and to be {Voo + Vc7}, wherein Vc7 represents the· 

charging voltage of the capacitor C7. At this moment, the 

gate potential of transistor T16 of the potential transfer 

circuit 57bc is {Von + Vc7} and the drain potential thereof 

is the stepped-up potential Vpp (=Voo), so that the word 

line supplying potential VvoL becomes (Voo + Vc7 -

Vt{T16)}, wherein Vt(T16) is a threshold voltage (including 

a voltage drop component due to a back gate effect) of the 

MOS transistor T16. Where Vc7 is set to be equal to or lar­

ger than Vt(T16), the word line supplying voltag VvoL beco­

mes VoD. Whe the potential of the voltage setp-up gate con­

trol signal Vgate becomes {Vno + Vc3l, the gate potential 

of transistor T16 of the potential transfer circuit 57bc 

becomes [Vno + Vc7 + Vc771 and therefore the word line sup­

plying potential VvoL is further elevated to become {Voo + 

Vc7 + Vc77 - Vt(Tl6} }. Vc77 represents a potential increase 

by the second step-up operation. Accordingly, the word line 

supplying potential Vvot is stepped up through two-stage 

step-up operation so as to sufficiently exceed the source 

potential VoD. 

Fig. 17 illustrates the writing operation of the word line 

potential applying circuit. In the following, explanation 

will be made as to the case where the word line WLl is se­

lected. In response to the X-address buffer ouputs RO-R3, 
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RU-ID" I the X-address decoder and ~ord line buff er cir-

cuit 22a generates the source potential Voo. The first po­

tential delivering circuit 59a is activated while the word 

line discharging circuit 59e is not activated. More speci­

fically, when the potential of the voltage step-up control 
signal VTo becomes {Voo + Vt(T3)}, the potential of the 

node P5, which is the source potential of the MOS transi­

stor T17, is set to be {Voo + Vt(T3) - Vt(T17}} (= Voo), by 

which the capacitor CB is charged. Whereas, when the poten­

tial of the voltage step-up gate control signal Vgate beco~ 

mes the source voltage Voo, the node potential of the node 

P5 is elevated to be {Voo + Vc8J, wherein Vc8 represents 

the charged voltage of_ the capacitor C8. At this moment, 

the word line supplying potential VvoL is {Voo + Vc7-

Vt(T16) !, and the potential applied to the word line WLl is 

{Voo + Vc8 - Vt{T18)}. In addition, when the potential of 

the gate control signal Vgate becomes the source potential 

{Voo + Vc3}, the node P5 potential is elevated to be as 

high as {Voo + Vc8 + Vc88I (Vc88 represents a potential in­

crease by the second step-up operation). Simultaneously, 

the word line supplying potential Vvot is elevated to be 

{Voo + Vc7 + Vc77 - Vt(Tl6) I. Therefore, the maximum poten­

tial applied to the word line WLl becomes [VDo + Vc8 + Vc88 

- Vt(T18)J. 

The following formula (5) can be obtained by substituting 

the source potential Voo for the maximum potential Vmax in 

the above formula (3). 

Vmax > Vtl + Vt2 + Vb (5) 

Provided that Vtl and Vt2 were set to be 0.9 V while Vb 

were set to be 0.6 V in view of the semiconductor manufac­
turing process, the writing word line potential Vmax should 
be higher than 2.4 V. If the maximum potential Vmax is set 
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to be 1.8 Vnn, the source potential Vdd should be higher 
than 1.33 V. The decrease in value of the source potential 
Voo is beneficial for the battery source in terms of simp­
lification thereof. According to the present invention, the 
data writing can be carried out even by using a power sour­
ce comprised of a single dry battery. Although the above 
formula (5) is established by the two-stage potential step­
up, it can be satisfied by a single-stage potential step-up 
using a higher charging voltage. Where a higher charging 
voltage is impossible or where it is desirable to assure a­
high stepped-up potential, a multiple-stage voltage step-up 
circuit may be utilized. The voltage step-up means may be a 
charge pump. 

After the word line WLl is applied with the stepped-up po­
tential, the timing signal tR is changed to be logically 
high and, in response, the discharge timing signal tRo is 
generated. During the period that the timing signal tRo is 
high, the voltage step-up capacitor discharge circuit 59d 
is activated to discharge the capacitor ca and therefore 
the potential of the node P5 is maintained to be logically 
low. 

The reading operation will now be explained. In reading, 
the ring oscillator circuit 51 is driven and the transfor­
mation timing signal generating circuit 54 generates the 
timing signals tR, ti, t2 and ta as shown ~n Fig. 13. In 
the step-up potential generating circuit 56, although the 
first stage of the charge injection circuit 56a is activa­
ted, the potential applying circuits 56b, 56e and 56f are 
not activated because the write enable signal WE is main­
tained logically high. Thus, the stepped-up potential Vpp 
remains logically low as shown in Fig. 15. 



-======:::::'=- ·-==========---~-~-- ·-·-- ---··- .. -·.--~---

28 

In the word line potential synthesizing circuit 57, since 

the write enable signal WE is high and the stepped-up po­

tential Vpp is low, the potential of the node P3 is fixed 

to be logically low as shown in Fig. 16 and therefore the 

MOS transistor T16 is in a non-driven condition. Where the 

write enable signal WE is high, the drain potential of 

the MOS transistor Tl2 is set to be the source potential 

Von, whereas when the voltage step-up gate control signal 

Vro becomes {Voo + Vt(T3) }, the potential of the node P4 is 

set to be the source potential Voo and the charging of the· 

capacitor C6 is carried out. Thereafter, when the potential 

of the voltage step-up gate control signal Vgate becomes 

the source potential Von, the potential of the node P4 is 

elevated to be (Vno + Vc6), wherein Vc6 represents the 

charging voltage of the capacitor C6. Then, when the poten­

tial of the voltage step-up gate control signal Vgate beco­

mes the source potential {Von + Vc3), the potential of the 

node P4 is elevated temporarily to be (Voo + Vc6 + Vc66). 

The node potential is then lowered to {Von + Vt(Tl3)} under 

the control of the limiting circuit 57ad. Vt(Tl3) repre­

sents a threshold voltage (including a voltage drop compo­

nent due to a back gate effect) of the MOS transistor T13 

and Vc66 represents the increase in potential obtained by 

the second step-up operation. The MOS transistor T14 is 

prevented from being destructed by the limiting circuit 

57ad. So long as the threshold voltage Vt(T14) is maintai­

ned to be equal to or less than Vt(T13), the word line sup­

plying potential Vvot, which is generated during data wri­

ting operation, is set to be equal to the source potential 

Voo as shown in Fig. 16. 

With reference to Fig. 17, the read operation of the word 

line potential applying control circuit will be explained. 

In the following, the read operation wherein the ~o~d i~ne 

WLl is selected will be explained by way of example. In re-
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sponse to the X-address buffer outputs RO-R3, RO-lfJ, 

the X-decoder and word line buff er 22a generates the source 

potential Vnn. The word line discharging circuit 59e is not 

driven while the first potential delivering circuit 59a is 

driven. More specifically, when the potential of the con­

trol signal VTo becomes {Von + Vt(T3) J, the potential of 

the node P5 which is the source potential of the MOS tran­

sistor T17 is set to be {Von + Vt(T3) - Vt(T17)} (=Von}, 

and therefore the charging of the capacitor CS is carried 

out. Next, when the potential of the signal Vgate becomes 

the source potential Voo, the potential of the node P5 is 

elevated to be (Voo + Vc8) and the word line supplying 

potential VvoL is set to be Von. During the reading ope­

ration, a selected word line is supplied directly with the 

source potential Von. 

In the present embodiment, multiple step-up operation is 

carried out by the ring oscillator circuit 51 during the 

writing operation, and the writing of the same data is 

tried into the same memory cell for several times. There­

fore, even if the first writing of data into a memory cell 

is not carried out properly, the same data is securely 

written into the memory cell by the second or later wri­

tings. Hence, the proper writing can be obtained. 

There is a time lag between the point when the voltage 

step-up operation begins and that when the maximum stepped­

up potential is obtained. The time lag introduces a period 

in which the word line potential is temporarily low when 

the memory cells are activated. In other words, a transi­

tion period appears between the state wherein a word line 

is not selected and that wherein the word line is selected. 

As shown in Fig. 17, the transition period in the writing 

operation is such that the potential of the selected ~o~~ 

line changed from OV to (Voo + Vc8) - Vt(T18), whereas that 
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in the reading operation is such that the potential is 

changed from OV to VDo - Vt(T18). 

In connection· with the transition period in the reading 

operation, referring to Fig. 18, there will be described a 

generation of the sense amplifier control signal ¢sA under 

the control of the internal timing circuit 31, which is 

carried out before the word line potential is not suffi­

ciently elevated. When noises are induced during the step­

up of the word line potential, there is a possibility that· 

the potential on the data line DB is adversely effected by 

noises, which can make the data D which is to be read on 

the data line DB to be an inverted data Dinv. If the inver­

ted data Dinv is set on the data line instead of the origi­

nal data D, the pote.ntial of the inverted data is amplified 

since the sense amplifier circuit 33 has already been acti­

vated by application of the sense amplifier control signal 

~A· The sense amplifier 33 is set for its output to be an 

inverted signal Oinv obtained by amplifying the potential 

of the inverted data Dinv. Thereafter, if the original data 

D appears on the data line, it needs a relatively large 

amount of time td before the proper output signal O which 

is obtained by amplifying the potential of the data D ap­

pears on the outputs SO and SU of the sense amplifier 33. 

In order to avoid such a time delay td. according to the 

present embodiment, the following.circuit structure is 

adapted. 

The present embodiment is provided with the voltage step-up 

detection circuit 39 which detects the completion of the 

step-up operation based on the timing signal t3 supplied 

from the word line potential transformation circuit 50 and 

generates the detection signal t;"", and the sense ampli-

fier control circuit 38 which activates the sense ampli{~er 

circuit 33 according to the detection signal r;- after 
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completion of the step-up of the potential of the word 
lines. As is apparent from Fig. 14, the voltage step-up 
gate control signal Vgate is ·set to be a maximum potential 
when the timing signal ta is high. The stepped-up applying 
potential {Vun + Vc8 + Vc88 - Vt(Tl8)J appears on the word 
line when the step-up gate control signal Vgate is set to 
be the maximum potential. In the reading operation, the 
word line is set to be the source potential V»» before the 
timing signal ta becomes high. Therefore, according to the 
present embodiment, the sense amplification control signal· 
<f>sA is generated after the timing signal ta changes from 
low to high in reading operation. As shown in Fig. 19, the 
step-up detection circuit 39 generates the detection signal 
t;- which has its level dropped a prescribed period of 
time after the timing signal ta rises and risen at the same 
time when the timing signal ta drops. 

The sense amplifier control circuit 38 supplies the sense 
amplifier control signal <f>sA to the sense amplifier circuit 
33, wherein the signal <f>sA has its level risen at the same 
time when the detection signal Ei" drops and dropped at 
the same time when the signal Ei" rises. The sense ampli­
fier circuit 33 when receiving the signal <f>sA is activated 
and amplifies the potential difference of the data line. As 
described above, since the sense amplifier 33 is activated 
after completion of word line potential step-up, the impro­
per inverted data Dinv which is introduced by the noises 
appearing on the data line will not be amplified. There­
fore, the proper data D appearing on the data line is am­
plified via the sense amplifier 33. The amplified voltage 
of the inverted data Dinv varies depending on the amount of 
induced noises and so the time consumption for compensating 
the such erroneous data varies accordingly. In contrast, 
according to the present embodiment, such a time consump­
tion can be avoided. In the present embodiment, the control 
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signal from the bit-line/data-line load control. circuit 36 
is also generated in accordance with the timing signal 
t;. 

The SRAM of Fig. 1 can be adopted for use in electronic de­
vices such as a table calculator of Fig. 20 and the like. 
This type of portable electronic device functions to store 
data such as date, time and the like which is input through 
a key matrix 71 into an SRAM 73 under the control of a 
microprocessor unit (MPU) 72 and displays the stored data 
in the SRAM 73 on an LCD panel 74 in accordance with in­
structions input through the key matrix. This type of de­
vice must be of compact size and light weight and have a 
prolonged life time rather than a .high processing speed. 
Thus, it is preferable that this type of device is provided 
with the SRAM of Fig. 1 which is capable of being driven by 
a relatively low voltage so that such a device can be ope­
rated by a reduced number of dry batteries or a reduced­
capacity-type dry battery. 
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CLAIMS 

1. A semiconductor memory device with a memory cell, 
said memory cell comprising a flip-flop circuit which has a 
first load means and a first insulated gate field effect 
transistor forming a series connection to which a source 
voltage is applied, and a second load means and a second 
insulated gate field effect transistor forming a series 
connection to which said source voltage is applied, and 
insulated gate field effect transistors for accessing which 
are connected between memory nodes of said flip-flop cir­
cuit and bit lines and receive a voltage of a word line as 
a gate input, said memory device comprising: 

a word line voltage transformation means which con­
trols the writing voltage of said word line to be selected 
during data writing so that said writing voltage exceeds 
said source voltages. 

2. A semiconductor memory device according to claim 
1, wherein the word line voltage transformation means com­
prises means for repeatedly conducting a potential stepping 
up and down operation between the source voltage and the 
writing voltage. 

3. A semiconductor memory device according to claim 1 
or 2, wherein the word line voltage transformation means 
comprises a voltage multi-step-up means which produces the 
writing voltage through at least two stages of step-up 
operations. 

4. A semiconductor memory device according to claim 
1, wherein the word line voltage transformation means com­
prises: 

I IHlllf 111111111111111111 1111 
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oscillator means generating recurring pulses during 
the writing operation; 

voltage transformation timing signal generating means 
generating timing signals based on the above pulses; 

step-up voltage generating means for generating a 
step-up voltage according to a selected signal among the 

timing signals, the value of said voltage exceeding the 
source voltage; 

step-up voltage control signal generating means for 
generating a voltage step-up control signal according to a 
selected signal among the timing signals, the voltage of 

said signal exceeding the source voltage; 
word line supply voltage synthesizing means receiving 

the step-up potential from the step-up voltage generating 
-

means and the source potential from the source voltage, and 
selectively outputting one of the received potentials as a 

word line supply potential in accordance with the step-up 
voltage control signal; and 

word line potential applying control means control­
ling the application of the word line supply voltage to a 
word line to be selected, in accordance with the selected 
timing signal and voltage step-up control signal. 

5. A semiconductor memory device according to claim 

4, wherein the oscillator means is a ring oscillator means. 

6. A semiconductor memory device according .to claim 
5, wherein the ring oscillator means has a ring oscillator 
comprising a plurality of logic circuits, and a selective 

driving means which activates the ring oscillator selecti­
vely in accordance with internal signals. 

7. A semiconductor memory device according to any one 
of claims 4 to 6, wherein the voltage transformation timing 

f lllf HI llllll ;Hlll lllf I II 1111 
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signal generating means has a plurality of logi~ circuits 

and a plurality of delay circuits. 

8. A semiconductor memory device according to any one 
of claims 4 to 7, wherein the step-up voltage generating 
means has a charging means which charges a first voltage 
step-up capacitor according to a selected signal among the 
timing signals, and a first potential applying means for 

changing a potential of said capacitor in accordance with a 
pre-selected signal among the timing signals. 

9. A semiconductor memory device according to claim 
8, wherein the charging means has: 

a charge injection means which charges a second vol­
tage step-up capacitor according to a selected signal among 

the timing signals; 

a second potential applying means for changing a po­
tential of the second voltage step-up capacitor in accor­
dance with a selected signal among the timing signals; 

a potential transfer means for receiving the stepped­

up potential of the second voltage step-up capacitor as a 

control input in accordance with a selected signal among 
the timing signals; and 

a third potential applying means which applies either 

one of said source voltages to the potential transfer means 
in accordance with a selected signal among the timing sig­
nals. 

10. A semiconductor memory device according to any 
one of claims 4 to 9, wherein the step-up voltage genera­
ting means has a limiting means which limits an increase in 
voltage by the voltage stepping-up operation. 

11. A semiconductor memory device according to any 
one of claim 4 to 10, wherein the step-up voltage control 
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signal generating means has a first step-up voltage control 
signal generating means which generates a first step-up 
voltage control signal, and a second step-up voltage con­
trol signal generating means which generates a second step­
up voltage control signai. 

12. A semiconductor memory device according to claim 
11, wherein the first step-up voltage control signal gene­
rating means has a charge injection means which charges a 
voltag~ step-up capacitor according to a selected signal 
among the timing signals, and a potential applying means 
for changing a potential of said capacitor in accordance 
with selected signals among the timing signals. 

13. A semiconductor memory device according to claim 
11 or 12, wherein the first step-up voltage control signal 
generating means has a limiting means which limits an in­
crease in voltage by the voltage stepping-up operation. 

14. A semiconductor memory device according to any 
one of claims 11 to 13, wherein the second step-up voltage 
control signal generating means has a charging means which 
charges a first voltage step-up capacitor according to pre­
selected signals among the timing signals, and a first po­
tential applying means for changing a potential of said ca­
pacitor in accordance with selected signals among the ti­
ming signals. 

i5. A semiconductor memory device according to claim 
14, wherein the charging means has: 

a charge injection means which charges.a second vol­
tage step-up capacitor according to a selected signal among 
the timing signals; 

a second potential applying means for increasing the 
potential at an electrode of the second voltage step-up ca-
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pacitor in accordance with selected signals among the ti­

ming signals; and 

a potential transfer means for receiving a stepped-up 

potential from the second step-up voltage capacitor and 

sending out the received potential in accordance with pre­

selected signals among the timing signals. 

16. A semiconductor memory device according to any of 

claims 4 to 15, wherein the word line supply voltage syn­

thesizing means has a source voltage supplying portion 

which supplies one potential of said source voltage to the 

word line potential applying control means when the data 

reading operation is selected, and a step-up voltage sup­

plying means which supplies the writing voltage to the word 

line potential applying control means when the writing ope­

ration is selected. 

17. A semiconductor memory device according to claim 

16, wherein the source voltage supplying portion has a 

first potential transfer means which is controlled by the 

first step-up voltage control signal based on internal si­

gnals, and a voltage step-up capacitor which begins voltage 

stepping-up operation when it receives the second step-up 

voltage control signal, and a second potential transfer 

means for transferring one potential of said source voltage 

in accordance with the charged potential of said capacitor. 

18. A semiconductor memory device according to any 

one of claims 16 or 17, wherein the step-up voltage sup­

plying portion has a first potential transfer means which 

is controlled by the first step-up voltage control signal 

on the basis of internal signals and a selected signal 

among the timing signals, and a voltage step-up capacitor 

which begins voltage step-up operation when it receives the 

second step-up voltage control signal, and a second poten-
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tial transfer means for transferring the step-up voltage in 

accordance with the charged potential of the above capaci­

tor. 

19. A semiconductor memory device according to any 
one of claims 16 to 18, wherein the source voltage sup­

plying portion has a limiting means which limits an in­

crease in voltage by the voltage stepping-up operation. 

20. A semiconductor memory device according to any 

one of claims 11 to 19, wherein the word line potential ap­

plying means has a first potential transfer means which 

transfers a selected potential of a line decoder and word 

line buffer means under the control of the second voltage 

step-up control signal, a step-up capacitor which begins 

voltage stepping-up operation, and a second potential 

transfer means which supplies the word line supplying vol­

tage to the word line under control of the step-up voltage. 

21. A semiconductor memory device according to claim 

20, wherein the word line potential applying control means 

has a discharge timing means which generates a discharge 

timing signal when it receives internal signals and selec­

ted signals among the timing signals, and a discharging 
means which discharges the voltage step-up capacitor accor­

ding to said discharge signal. 

22. A semiconductor memory device according to claim 

20 or 21, wherein the word line potential applying control 

means has a word line discharging means which discharges 

the charge of the word line in accordance with a potential 

representing a non-selected condition by the line decoder 

and word line buffer means. 
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23. A semiconductor memory device according to any 

one of claims a' to 22, wherein one electrode of each of 

said step-up capacitors is formed by a first semiconductor 

layer and the other electrodes of each of said capacitors 

are formed by a second semiconductor layer provided via an 

insulating layer on said first semiconductor layer. 

24. A semiconductor memory device according to claim. 

23, wherein the negative electrode of each of said step-up 

capacitors is formed by the second semiconductor layer, and 

the positive electrode of each of said capacitors is formed 

by the first semiconductor layer. 

25. A semiconductor memory device according to any 

one of claims 1 to 24, wherein the first and second load 

means are high resistance type load elements. 

26. A semiconductor memory device according to claim 

25, wherein the high resistance type load elements are of 

polysilicon of high resistance. 

27. A semiconductor memory device according to claim 

25, wherein the high resistance type load elements are of 

load type MOS elements. 

28. A semiconductor memory device with a memory cell, 

said memory cell comprising a flip-flop circuit which has a 

first insulated gate field effect transistor with a first 

serial connection load means inserted between a source vol­

tage, and a second insulated gate field effect transistor 

with a second serial connection load means inserted between 

said source voltage, and insulated gate field effect tran­

sistors for accessing which are connected between memory 

nodes of said flip-flop circuit and bit lines and receive a 
voltage of a word line as a gate input, wherein: 
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it has a word line voltage transformation means which 

controls the writin~ voltage of said word line to be selec­

ted during data writing so that said voltage exceeds said 

source voltage. 

29. A semiconductor memory device according to any of 

claims 1 to 27 or 28, wherein a first source potential of 

the source voltage is a higher one and a second source po-. 

tential of the source voltage is a lower one. 

30. A semiconductor memory device according to claim 

29, wherein the word line voltage transformation means has 

a step-up voltage generating means which generates a step­

up voltage that is higher than the first source voltage 
-

when the data writing operation is selected, and a poten-

tial applying control means for applying the step-up vol­

tage to the word line when the writing operation is selec­

ted and for applying the first source potential to the word 

line when the data reading operation is selected. 

31. A semiconductor memory device according to claim 

29 and 30, further comprising an applied potential detec­

ting means which detects a point when the potential of the 

word line is set to be one for data reading operation, and 

a sense amplifier control means which generates a sense am­
plifier control signal for activating a sense amplifier 

means based on the output of the applied potential detec­

ting means. 

32. A data processing device having a memory means 

according to any of the preceding claims for storing data, 

a logical operation means which performs logic operation of 

data, and an input/output means which performs input or 
output of the data. 
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