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(57) ABSTRACT 

Avoltage-level shifter has a ?rst and a second poWer supply 
terminal to Which a ?rst and a second potential are supplied, 
respectively, the second potential being loWer than the ?rst 

(43) Pub. Date: Jun. 14, 2001 

potential; a ?rst input terminal to Which a ?rst input signal 
is supplied, the ?rst input signal having a high and a low 
level according to the ?rst and the second potentials; a 
second input terminal to Which a second input signal is 
supplied, the second input signal being an inverted signal of 
the ?rst input signal. The voltage-level shifter also has a ?rst 
PMOS transistor having a source connected to the ?rst 
poWer supply terminal, a gate connected to the ?rst input 
terminal, and a drain connected to a ?rst output terminal for 
outputting a ?rst output signal; a second PMOS transistor 
having a source connected to the ?rst poWer supply terminal, 
a gate connected to the second input terminal, and a drain 
connected to a second output terminal for outputting a 
second output signal that is an inverted signal of the ?rst 
output signal; a ?rst NMOS transistor having a drain con 
nected to the ?rst output terminal and a gate connected to the 
?rst input terminal, a second NMOS transistor having a 
drain connected to the second output terminal and a gate 
connected to the second input terminal; a third NMOS 
transistor having a source connected to the second poWer 
supply terminal, a drain connected to the source of the ?rst 
NMOS transistor, and a gate connected to the second output 
terminal; and a fourth NMOS transistor having a source 
connected to the second poWer supply terminal, a drain 
connected to the source of the second NMOS transistor, and 
a gate connected to the ?rst output terminal. 

For achieving a voltage-level shifting operation provided are 
transistors controlled by an input signal for current restric 
tion along a current path in a voltage-level shifter having a 
pair of PMOS transistors and another pair of NMOS tran 
sistors. The transistors for current restriction are NMOS 
transistors for shifting a loW-level side of an input signal to 
a further loW level and PMOS transistors for shifting a 
high-level side of an input signal to a further high level. 
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VOLTAGE-LEVEL SHIFTER AND 
SEMICONDUCTOR MEMORY USING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of priority under 
35USC §119 to Japanese Patent Application No. 1999 
342573 ?led on Dec. 1, 1999 in Japan, the entire contents of 
Which are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a signal voltage 
level shifter and a semiconductor memory using the shifter. 

[0003] Several electrically-erasable non-volatile semicon 
ductor memories (EEPROM) have been knoWn. Each 
memory cell of EEPROMs is constituted by a MOS tran 
sistor having stacked ?oating and control gates. A memory 
cell array can be formed by connecting a plurality of 
memory cells in NOR- or NAND-type. Both types of 
memory cell array require several internal boosted high 
voltages and negative voltages according to operation mode, 
such as, data programming and erasing. 

[0004] A NOR-type EEPROM operates as folloWs: Volt 
ages at 5V and 9V are applied to the drain and the control 
gate, respectively, of a selected memory cell While the 
source is grounded, for data programming. This voltage 
application alloWs hot electrons to be injected into the 
?oating gate to shift a threshold level of the selected memory 
cell toWard a positive level, Which is a programmed state, 
such as, a “0”-state. 

[0005] Data programming includes a data veri?cation 
operation to verify that data has been programmed. The 
veri?cation operation applies a voltage, such as, 6.5V, to the 
control gate, that is higher than that for a regular data reading 
operation to judge Whether the programmed data is “0” or 
not. Data programming is performed again if programming 
is insuf?cient. 

[0006] Concerning data erasing, all data are usually erased 
for each unit of block. Voltages at —7V and 5V are applied 
to the control gate and the common source, respectively, 
While the drain is ?oating in each memory cell in a selected 
block. 

[0007] This voltage application alloWs electrons in the 
?oating gate to be discharged to the source With a tunnel 
current to shift a threshold level of the selected memory cell 
toWard a negative level, Which is an erased state, such as, a 
“1”-state. The same can be done by applying, for eXample, 
10V to the source and Well regions, electrons being dis 
charged from the entire channel region With a tunnel current. 

[0008] Data erasing also includes a data veri?cation opera 
tion to verify that data has been erased. The veri?cation 
operation applies a voltage, such as, 4V, to the control gate, 
that is loWer than that for a regular data reading operation to 
judge Whether the memory cell in the erased block is “1” or 
not. Data erasing is performed again if insuf?cient. 

[0009] Over-erasing occurs to memory cells that are easily 
erased among blocks to be erased. An over-erased memory 
cell, having a negative threshold level at Which a current 
?oWs even at 0V to the control gate, obstructs a regular 
reading operation due to a leakage from a non-selected cell 
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When 0V and a voltage for reading are applied to the control 
gates of the non-selected cell and a selected cell in a 
“0”-state, respectively, thus resulting in erroneous reading of 
a “1”-state from the “0”-state selected cell. 

[0010] A Weak programming is performed to ease an 
over-erased state of an over-erased memory cell. One tech 
nique is to apply 0V and 5V to the control gate and the 
corresponding bit line, respectively, to set memory cells 
connected to the bit line to meet a Weak programming 
requirement. This technique utiliZes potential rising at the 
?oating gate due to capacitance-coupling from the drain, 
Which is called a self-convergence technique due to that fact 
that electrons injected into the ?oating gate decrease its 
potential so that the programming requirement is not met. 

[0011] Another technique to ease an over-erased state of 
an over-erased memory cell is to apply 3V and 5V to the 
control gate and the drain, respectively, to set selected 
memory cells to meet a Weak programming requirement. 
This voltage application alloWs hot electrons to be injected 
into the ?oating of an over-erased memory cell to ease the 
over-erased state. This technique requires a voltage of, for 
eXample, —1.5V, to the control gate of non-selected cells for 
non-selected over-erased cells not to be turned on. 

[0012] FIG. 1 represents Vgs-to-Ids characteristics for 
several states of EEPROM as described above. 

[0013] A normally programmed state “0” and a normally 
erased state “1” are represented by OFF and ON, respec 
tively, for a voltage Vread for reading applied to the control 
gate. An over-erased state is a state in Which electrons have 
been discharged until the threshold level becomes negative. 
Self convergence state (1) and Weak program state (2) 
represent a Weak programming and an active programming, 
respectively, under the self-convergence technique. 

[0014] As discussed, EEPROMs use variety of voltages 
according to operation modes. EEPROMs have a chip-in 
voltage booster for generating several high voltages and also 
a chip-in-voltage-level shifter in an address decoder for 
shifting VCC-VSS amplitude signal voltage to control volt 
ages of several levels. 

[0015] For eXample, as shoWn in a Well-known circuit in 
FIG. 2, a ?rst voltage-level shifter 2 and a second voltage 
level shifter 3 are connected to the output of a roW decoder 
1 for selectively activating Word lines. 

[0016] The roW decoder 1 performs an identi?cation 
operation to addresses A0,A1, . . . , to output complimentary 

decode output signals “a” and “b” having an amplitude of 
VCC-VSS. 

[0017] The signals “a” and “b” are supplied to the ?rst 
voltage-level shifter 2 and converted into signals “A” and 
“B”, respectively, having a potential VSW higher than the 
high level of the corresponding signal “a” or “b”. The 
potential VSW is a high potential for programming and 
supplied by a voltage booster (not shoWn), Which Will 
become a potential Vread in reading. 

[0018] The signals “A” and “B” are supplied to the second 
voltage-level shifter 3 and converted into signals “OUTA” 
and “OUTB”, respectively, having a potential VBB loWer 
than the loW level of the corresponding signal “A” or “B”. 
At least either the signal “OUTA” or “OUTB” is supplied to 
a Word line driver (not shoWn). 
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[0019] The ?rst voltage-level shifter 2 consists of NMOS 
transistors QN1 and QN2 provided at the VSS-side, that 
receive the signals “a” and “b”, respectively, and PMOS 
transistors QP1 and QP2 provided at the VSW-side. The 
transistors QP1 and QP2 constitute a ?ip-?op in Which the 
gate and drains are cross-connected for positive feed-back to 
shift the high-level potential of the signals “a” and “b” from 
VCC to VSW. 

[0020] The second voltage-level shifter 3 consists of 
PMOS transistors QP3 and QP4 provided at the high-level 
VSW-side, that receive the signals “A” and “B”, respec 
tively, and NMOS transistors QN3 and QN4 provided at the 
loW-level VBB-side. The transistors QN3 and QN42 con 
stitute a ?ip-?op in Which the gate and drains are cross 
connected to shift the loW-level potential “A” and “B” from 
VSS to VBB. 

[0021] The voltage-level shifters 2 and 3 are, hoWever, are 
disadvantageous for an unstable sWitching operation in 
voltage-level shifting. 
[0022] This disadvantage is discussed in detail With 
respect to the second voltage-level shifter 3 for loW-level 
side shifting. 

[0023] FIG. 3 represents voltage-to-current characteristics 
of the PMOS transistor QP3 and the NMOS transistor QN3. 
The curve C1 represents a static characteristic When a gate 
voltage Vg -supplied to the NMOS transistor QN3 is VSW. 
The curve C2 is a load characteristic curve given by the 
PMOS transistor QP3 the conductance of Which is con 
trolled by the input signal “A”. 

[0024] The signs I1 and I2 represent a current at a voltage 
OV (“A”=VSS) to the PMOS transistor QP3 on the load 
characteristic curve C2 and a current at a voltage 0V to the 
NMOS transistor QN3 on the static characteristic C1, 
respectively. 
[0025] A normal voltage-level shifting for the second 
voltage-level shifter 3 must meet the requirement I1>I2. If 
I1§I2, the transistors QP3 and QP4 are tuned off and on, 
respectively, thus the transistors QN3 and QN4 are tuned on 
and off, respectively, at “A”=VSW and “B”=VSS. 

[0026] Inversion of the input signals to the second voltage 
level shifter 3 hardly turns off and on the transistors QN3 
and QN4, respectively. This is because the loW level of the 
input signal “A” to the PMOS transistors QP3 is VSS, and, 
as indicated in FIG. 3, the transistors QP3 cannot produce 
a current more than the current I1; and moreover, the NOMS 
transistor QN3 has been tuned on by means of the negative 
potential VBB supplied to its source and is hardly turned off. 

[0027] There are some Ways to overcome the disadvantage 
discussed above, such as, providing PMOS transistors QP3 
and QP4 having large current capacity or keeping VSS until 
the loW-level side potential VBB is supplied after the 
transition of the circuit shoWn in FIG. 2. 

[0028] The former Way, hoWever, increases a layout area 
on a chip, and the latter increases time for data programming 
control, etc. 

SUMMARY OF THE INVENTION 

[0029] A purpose of the present invention is to provide a 
voltage-level shifter having an accurate voltage-level shift 
ing operation With no increase in chip area and time for 
control. 
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[0030] Another purpose of the present invention is to 
provide a semiconductor memory housing such a voltage 
level shifter. 

[0031] The present invention provides a voltage-level 
shifter including: a ?rst poWer supply terminal to Which a 
?rst potential is supplied; a second poWer supply terminal to 
Which a second potential is supplied, the second potential 
being loWer than the ?rst potential; a ?rst input terminal to 
Which a ?rst input signal is supplied, the ?rst input signal 
having a high and a loW level according to the ?rst and the 
second potentials; a second input terminal to Which a second 
input signal is supplied, the second input signal being an 
inverted signal of the ?rst input signal; a ?rst PMOS 
transistor having a source connected to the ?rst poWer 
supply terminal, a gate connected to the ?rst input terminal, 
and a drain connected to a ?rst output terminal for outputting 
a ?rst output signal; a second PMOS transistor having a 
source connected to the ?rst poWer supply terminal, a gate 
connected to the second input terminal, and a drain con 
nected to a second output terminal for outputting a second 
output signal that is an inverted signal of the ?rst output 
signal; a ?rst NMOS transistor having a drain connected to 
the ?rst output terminal and a gate connected to the ?rst 
input terminal; a second NMOS transistor having a drain 
connected to the second output terminal and a gate con 
nected to the second input terminal; a third NMOS transistor 
having a source connected to the second poWer supply 
terminal, a drain connected to the source of the ?rst NMOS 
transistor, and a gate connected to the second output termi 
nal; and a fourth NMOS transistor having a source con 
nected to the second poWer supply terminal, a drain con 
nected to the source of the second NMOS transistor, and a 
gate connected to the ?rst output terminal. 

[0032] Moreover, the present invention provides a volt 
age-level shifter including: a ?rst poWer supply terminal to 
Which a ?rst potential is supplied; a second poWer supply 
terminal to Which a second potential is supplied, the second 
potential being loWer than the ?rst potential; a ?rst input 
terminal to Which a ?rst input signal is supplied, the ?rst 
input signal having a high and a loW level according to the 
?rst and the second potentials; a second input terminal to 
Which a second input signal is supplied, the second input 
signal being an inverted signal of the ?rst input signal; a ?rst 
PMOS transistor having a source connected to the ?rst 
poWer supply terminal, a gate connected to the ?rst input 
terminal, and a drain connected to a ?rst output terminal for 
outputting a ?rst output signal; a second PMOS transistor 
having a source connected to the ?rst poWer supply terminal, 
a gate connected to the second input terminal, and a drain 
connected to a second output terminal for outputting a 
second output signal that is an inverted signal of the ?rst 
output signal; a ?rst NMOS transistor having a drain con 
nected to the ?rst output terminal and a gate connected to the 
second output terminal; a second NMOS transistor having a 
drain connected to the second output terminal and a gate 
connected to the ?rst output terminal; a third NMOS tran 
sistor having a source connected to the second poWer supply 
terminal, a drain connected to the source of the ?rst NMOS 
transistor, and a gate connected to the ?rst input terminal; 
and a fourth NMOS transistor having a source connected to 
the second poWer supply terminal, a drain connected to the 
source of the second NMOS transistor, and a gate connected 
to the second input terminal. 
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[0033] Furthermore, the voltage-level shifter including: a 
?rst power supply terminal to Which a ?rst potential is 
supplied; a second poWer supply terminal to Which a second 
potential is supplied, the second potential being loWer than 
the ?rst potential; a ?rst input terminal to Which a ?rst input 
signal is supplied, the ?rst input signal having a high and a 
loW level according to the ?rst and the second potentials; a 
second input terminal to Which a second input signal is 
supplied, the second input signal being an inverted signal of 
the ?rst input signal; a ?rst NMOS transistor having a source 
connected to the ?rst poWer supply terminal, a gate con 
nected to the ?rst input terminal, and a drain connected to a 
?rst output terminal for outputting a ?rst output signal; a 
second NMOS transistor having a source connected to the 
second poWer supply terminal, a gate connected to the 
second input terminal, and a drain connected to a second 
output terminal for outputting a second output signal that is 
an inverted signal of the ?rst output signal; a ?rst PMOS 
transistor having a drain connected to the ?rst output ter 
minal and a gate connected to the ?rst input terminal; a 
second PMOS transistor having a drain connected to the 
second output terminal and a gate connected to the second 
input terminal; a third PMOS transistor having a source 
connected to the ?rst poWer supply terminal, a drain con 
nected to the source of the ?rst PMOS transistor, and a gate 
connected to the second output terminal; and a fourth PMOS 
transistor having a source connected to the ?rst poWer 
supply terminal, a drain connected to the source of the 
second PMOS transistor, and a gate connected to the ?rst 
output terminal. 

[0034] Moreover, the present invention provides a volt 
age-level shifter including: a ?rst poWer supply terminal to 
Which a ?rst potential is supplied; a second poWer supply 
terminal to Which a second potential is supplied, the second 
potential being loWer than the ?rst potential; a ?rst input 
terminal to Which a ?rst input signal is supplied, the ?rst 
input signal having a high and a loW level With respect to the 
?rst and the second potentials; a second input terminal to 
Which a second input signal is supplied, the second input 
signal being an inverted signal of the ?rst input signal; a ?rst 
NMOS transistor having a source connected to the ?rst 
poWer supply terminal, a gate connected to the ?rst input 
terminal, and a drain connected to a ?rst output terminal for 
outputting a ?rst output signal; a second NMOS transistor 
having a source connected to the second poWer supply 
terminal, a gate connected to the second input terminal, and 
a drain connected to a second output terminal for outputting 
a second output signal that is an inverted signal of the ?rst 
output signal; a ?rst PMOS transistor having a drain con 
nected to the ?rst output terminal and a gate connected to the 
second output terminal; a second PMOS transistor having a 
drain connected to the second output terminal and a gate 
connected to the ?rst output terminal; a third PMOS tran 
sistor having a source connected to the ?rst poWer supply 
terminal, a drain connected to the source of the ?rst PMOS 
transistor, and a gate connected to the ?rst input terminal; 
and a fourth PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a drain connected to the 
source of the second PMOS transistor, and a gate connected 
to the second input terminal. 

[0035] Moreover, the present invention provides a semi 
conductor memory including: a memory cell array having a 
plurality of electrically-reWritable memory cells; a decoder 
that decodes an address signal to output a decoded output 
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signal for selecting at least one of Word lines and bit lines of 
the memory cell array; a ?rst voltage-level shifter that shifts 
a high level of the decoded output signal for selecting at least 
one of the Word lines to a further high level according to an 
operation mode to output a ?rst voltage-level shifted output 
signal; a second voltage-level shifter that shifts a loW level 
of the ?rst voltage-level shifted output signal to a further loW 
level according to the operation mode to output a second 
voltage-level shifted output signal; and a Word line driver 
that is controlled by the second voltage-level shifted output 
signal to drive the selected Word line, Wherein the ?rst 
voltage-level shifter includes: a ?rst poWer supply terminal 
to Which a ?rst potential is supplied; a second poWer supply 
terminal to Which a second potential is supplied, the second 
potential being loWer than the ?rst potential; a ?rst input 
terminal to Which the decoded output signal is supplied, the 
decoded output signal having a high and a loW level accord 
ing to the ?rst and the second potentials; a second input 
terminal to Which a second input signal is supplied, the 
second input signal being an inverted signal of the decoded 
output signal; a ?rst NMOS transistor having a source 
connected to the ?rst poWer supply terminal, a gate con 
nected to the ?rst input terminal, and a drain connected to a 
?rst output terminal for outputting a ?rst output signal as the 
?rst voltage-level shifted output signal; a second NMOS 
transistor having a source connected to the second poWer 
supply terminal, a gate connected to the second input 
terminal, and a drain connected to a second output terminal 
for outputting a second output signal that is an inverted 
signal of the ?rst output signal; a ?rst PMOS transistor 
having a drain connected to the ?rst output terminal and a 
gate connected to the ?rst input terminal; a second PMOS 
transistor having a drain connected to the second output 
terminal and a gate connected to the second input terminal; 
a third PMOS transistor having a source connected to the 
?rst poWer supply terminal, a drain connected to the source 
of the ?rst PMOS transistor, and a gate connected to the 
second output terminal; and a fourth PMOS transistor hav 
ing a source connected to the ?rst poWer supply terminal, a 
drain connected to the source of the second PMOS transistor, 
and a gate connected to the ?rst output terminal. 

[0036] Furthermore, the present invention provides a 
semiconductor memory including: a memory cell array 
having a plurality of electrically-reWritable memory cells; a 
decoder that decodes an address signal to output a decoded 
output signal for selecting at least one of Word lines and bit 
lines of the memory cell array; a ?rst voltage-level shifter 
that shifts a high level of the decoded output signal for 
selecting at least one of the Word lines to a further high level 
according to an operation mode to output a ?rst voltage 
level shifted output signal; a second voltage-level shifter that 
shifts a loW level of the ?rst voltage-level shifted output 
signal to a further loW level according to the operation mode 
to output a second voltage-level shifted output signal; and a 
Word line driver that is controlled by the second voltage 
level shifted output signal to drive the selected Word line, 
Wherein the second voltage-level shifter includes: a ?rst 
poWer supply terminal to Which a ?rst potential is supplied; 
a second poWer supply terminal to Which a second potential 
is supplied, the second potential being loWer than the ?rst 
potential; a ?rst input terminal to Which the ?rst voltage 
level shifted output signal is supplied, the ?rst voltage-level 
shifted output signal having a high and a loW level according 
to the ?rst and the second potentials; a second input terminal 



US 2001/0003511 A1 

to Which a second input signal is supplied, the second input 
signal being an inverted signal of the ?rst voltage-level 
shifted output signal; a ?rst PMOS transistor having a source 
connected to the ?rst poWer supply terminal, a gate con 
nected to the ?rst input terminal, and a drain connected to a 
?rst output terminal for outputting a ?rst output signal; a 
second PMOS transistor having a source connected to the 
?rst poWer supply terminal, a gate connected to the second 
input terminal, and a drain connected to a second output 
terminal for outputting a second output signal that is an 
inverted signal of the ?rst output signal; a ?rst NMOS 
transistor having a drain connected to the ?rst output ter 
minal and a gate connected to the ?rst input terminal; a 
second NMOS transistor having a drain connected to the 
second output terminal and a gate connected to the second 
input terminal; a third NMOS transistor having a source 
connected to the second poWer supply terminal, a drain 
connected to the source of the ?rst NMOS transistor, and a 
gate connected to the second output terminal; and a fourth 
NMOS transistor having a source connected to the second 
poWer supply terminal, a drain connected to the source of the 
second NMOS transistor, and a gate connected to the ?rst 
output terminal. 

[0037] Moreover, the present invention provides a semi 
conductor memory including: a memory cell array having a 
plurality of electrically-reWritable memory cells; a decoder 
that decodes an address signal to output a decoded output 
signal for selecting at least one of Word lines and bit lines of 
the memory cell array; a ?rst voltage-level shifter that shifts 
a loW level of the decoded output signal for selecting at least 
one of the Word lines to a further loW level according to an 
operation mode to output a ?rst voltage-level shifted output 
signal; a second voltage-level shifter that shifts a high level 
of the ?rst voltage-level shifted output signal to a further 
high level according to the operation mode to output a 
second voltage-level shifted output signal; and a Word line 
driver that is controlled by the second voltage-level shifted 
output signal to drive the selected Word line, Wherein the 
second voltage-level shifter includes: a ?rst poWer supply 
terminal to Which a ?rst potential is supplied; a second 
poWer supply terminal to Which a second potential is sup 
plied, the second potential being loWer than the ?rst poten 
tial; a ?rst input terminal to Which the ?rst voltage-level 
shifted output signal is supplied, the ?rst voltage-level 
shifted output signal having a high and a loW level according 
to the ?rst and the second potentials; a second input terminal 
to Which a second input signal is supplied, the second input 
signal being an inverted signal of the ?rst voltage-level 
shifted output signal; a ?rst NMOS transistor having a 
source connected to the second poWer supply terminal, a 
gate connected to the ?rst input terminal, and a drain 
connected to a ?rst output terminal for outputting a ?rst 
output signal as the second voltage-level sifted output sig 
nal; a second NMOS transistor having a source connected to 
the second poWer supply terminal, a gate connected to the 
second input terminal, and a drain connected to a second 
output terminal for outputting a second output signal that is 
an inverted signal of the ?rst output signal; a ?rst PMOS 
transistor having a drain connected to the ?rst output ter 
minal and a gate connected to the ?rst input terminal; a 
second PMOS transistor having a drain connected to the 
second output terminal and a gate connected to the second 
input terminal; a third PMOS transistor having a source 
connected to the ?rst poWer supply terminal, a drain con 
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nected to the source of the ?rst PMOS transistor, and a gate 
connected to the second output terminal; and a fourth PMOS 
transistor having a source connected to the ?rst poWer 
supply terminal, a drain connected to the source of the 
second PMOS transistor, and a gate connected to the ?rst 
output terminal. 

[0038] Furthermore, the present invention provides a 
semiconductor memory including: a memory cell array 
having a plurality of electrically-reWritable memory cells; a 
decoder that decodes an address signal to output a decoded 
output signal for selecting at least one of Word lines and bit 
lines of the memory cell array; a ?rst voltage-level shifter 
that shifts a loW level of the decoded output signal for 
selecting at least one of the Word lines to a further loW level 
according to an operation mode to output a ?rst voltage 
level shifted output signal; a second voltage-level shifter that 
shifts a high level of the ?rst voltage-level shifted output 
signal to a further high level according to the operation mode 
to output a second voltage-level shifted output signal; and a 
Word line driver that is controlled by the second voltage 
level shifted output signal to drive the selected Word line, 
Wherein the ?rst voltage-level shifter includes: a ?rst poWer 
supply terminal to Which a ?rst potential is supplied; a 
second poWer supply terminal to Which a second potential is 
supplied, the second potential being loWer than the ?rst 
potential; a ?rst input terminal to Which the decoded output 
signal is supplied, the decoded output signal having a high 
and a loW level according to the ?rst and the second 
potentials; a second input terminal to Which a second input 
signal is supplied, the second input signal being an inverted 
signal of the ?rst voltage-level shifted output signal; a ?rst 
PMOS transistor having a source connected to the ?rst 
poWer supply terminal, a gate connected to the ?rst input 
terminal, and a drain connected to a ?rst output terminal for 
outputting a ?rst output signal as the ?rst voltage-level 
shifted output signal; a second PMOS transistor having a 
source connected to the ?rst poWer supply terminal, a gate 
connected to the second input terminal, and a drain con 
nected to a second output terminal for outputting a second 
output signal that is an inverted signal of the ?rst output 
signal; a ?rst NMOS transistor having a drain connected to 
the ?rst output terminal and a gate connected to the ?rst 
input terminal; a second NMOS transistor having a drain 
connected to the second output terminal and a gate con 
nected to the second input terminal; a third NMOS transistor 
having a source connected to the second poWer supply 
terminal, a drain connected to the source of the ?rst NMOS 
transistor, and a gate connected to the second output termi 
nal; and a fourth NMOS transistor having a source con 
nected to the second poWer supply terminal, a drain con 
nected to the source of the second NMOS transistor, and a 
gate connected to the ?rst output terminal. 

[0039] According to the present invention, providing tran 
sistors controlled by an input signal for current restriction 
along the current path in a voltage-level shifter having a pair 
of PMOS transistors and another pair of NMOS transistors, 
achieves an accurate voltage-level shifting operation. 

[0040] The transistors for current restriction are NMOS 
transistors for shifting a loW-level side of an input signal to 
a further loW level Whereas they are PMOS transistors for 
shifting a high-level side of an input signal to a further high 
level. 
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[0041] Provision of these transistors for current restriction 
requires a layout area smaller than that for increasing current 
capacity of transistors to be sWitched by an input signal. 

[0042] Moreover, the present invention achieves shorten 
ing of time for a voltage-level shifting control compared to 
voltage-level shifting after a voltage-level shifter is 
sWitched, thus producing no unnecessary delay in operation 
mode control for a semiconductor device housing the volt 
age-level shifter according to the present invention. 

BRIEF DESCRIPTION OF DRAWINGS 

[0043] FIG. 1 represents Vgs-to-Ids characteristics for 
several states of a Well-known EEPROM; 

[0044] FIG. 2 shoWs a circuit diagram of a roW decoder 
for a Well-known EEPROM; 

[0045] FIG. 3 represents voltage-to-current characteristics 
of a level-shifter shoWn in FIG. 2; 

[0046] FIG. 4 shoWs a block diagram in Which the present 
invention is applied to an EEPROM; 

[0047] FIG. 5 illustrates a structure of a memory cell 
shoWn in FIG. 4; 

[0048] FIG. 6 shoWs an equivalent circuit of a memory 
cell array shoWn in FIG. 4; 

[0049] FIG. 7 shoWs a circuit diagram of the ?rst embodi 
ment of a voltage-level sifter according to the present 
invention; 
[0050] FIG. 8 shoWs signal Waveforms for the voltage 
level sifter shoWn in FIG. 7; 

[0051] FIG. 9 represents current-to-voltage characteristics 
for the voltage-level sifter shoWn in FIG. 7; 

[0052] FIG. 10 shoWs a block diagram of the second 
preferred embodiment of a voltage-level shifter according to 
the present invention; 

[0053] FIG. 11 shoWs a block diagram of the third pre 
ferred embodiment of a voltage level shifter according to the 
present invention; 

[0054] FIG. 12 shoWs signal Waveforms for the voltage 
level sifter shoWn in FIG. 11; and 

[0055] FIG. 13 shoWs a block diagram of the fourth 
preferred embodiment of a voltage level shifter according to 
the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0056] Preferred embodiments according to the present 
invention Will be disclosed With reference to the attached 
draWings. 
[0057] The First Embodiment 

[0058] FIG. 4 shoWs a block diagram in Which the present 
invention is applied to an EEPROM. 

[0059] A memory cell array 11 is provided With a plurality 
of bit lines BL and Word lines WL intersecting each other 
and a memory cell MC located at each intersection. 

[0060] The Word lines WL and the bit lines BL are selected 
by a roW decoder 12 and a column decoder 17, respectively. 
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Bit lines BL selected by the column decoder 17 in response 
to a column address signal CA are connected to a sense 
ampli?er 18. 

[0061] In response to a roW address signal RA, the roW 
decoder 12 outputs complementary decoded signals “a” and 
“b” having an amplitude (VCC-VSS) Where VCC and VSS 
denote a poWer supply potential and a ground potential, 
respectively. 
[0062] The high-level side potential VCC of each of the 
output signals “a” and “b” is shifted to a further higher 
potential VSW by a ?rst voltage-level shifter 13. Comple 
mentary output signals “A” and “B” of the voltage level 
shifter 13 have an amplitude (VSW-VSS). 

[0063] The loW-level side potential VSS of each of the 
output signals “A” and “B” is shifted to a further loWer 
potential VBB by a second voltage-level shifter 14. Comple 
mentary output signals “OUTA” and “OUTB” of the volt 
age-level shifter 14 have an amplitude (VSW-VBB). 

[0064] The high-level potential VSW is generated by a 
voltage booster 16 that has a voltage regulator (not shoWn) 
generating several levels of the potential VSW. 

[0065] At least either one of the output signals “OUTA” 
and “OUTB” is supplied to a Word line driver 15 having a 
CMOS driver, although not shoWn, constituted by PMOS 
and NMOS transistors at the high- and loW-level sides, 
respectively. The Word line driver 15 outputs a Word line 
driving signal to the memory cell array 11 according to the 
output of the second voltage level shifter 14. 

[0066] Each memory cell MC has a structure as illustrated 
in FIG. 5. A ?oating gate 23 (a charge storage layer) is 
formed over a Well structure, or a p-type region in a silicon 
substrate 21 via a tunnel insulating ?lm 22. Stacked on the 
?oating gate 23 via a gate insulating 24 is a control gate 25 
that is continuously formed in one direction to form a Word 
line. Formed With the control gate 25 by self-alignment is 
source and drain diffusion layers 26. The memory cell 
transistor is covered With an inter-layer insulating ?lm 27 
formed With a bit line 28 thereon. 

[0067] An equivalent circuit of the memory cell array 11 
for a NOR-type EEPROM is shoWn in FIG. 6. 

[0068] A plurality of bit lines BL and Word lines WL 
intersect each other With a memory cell MCij at each 
intersection. The drain and source of the memory cell MCij 
are connected to a bit line BL and a common source line SL, 
respectively. 
[0069] Acircuit diagram of the second voltage-level sifter 
14 (FIG. 4) is shoWn on FIG. 7. 

[0070] The voltage-level sifter 14 is provided With a 
sWitching stage of a PMOS transistor pair QP41 and OP 42, 
the sources of Which are connected to a high-level side 
poWer supply terminal 41. The gates of the transistors QP41 
and QP42 are connected to terminals 43 and 44 to Which the 
complementary output signals “A” and “B” are supplied, 
respectively, from the ?rst voltage-level sifter 13. The drains 
of the transistors QP41 and QP42 are connected to output 
terminals 45 and 46, respectively. 

[0071] The sources of an NMOS transistor pair QN41 and 
QN42 are connected to a loW-level poWer supply terminal 
42, the gates of Which are cross-connected to the output 
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terminals 46 and 45, respectively, for shifting output signals 
appearing at the terminals 45 and 46 to a loW level according 
to the input signals. 

[0072] Connected betWeen the drains of the NMOS tran 
sistor pair QN41 and QN42 and those (the output terminal 
45 and 46) of the PMOS transistor pair QP41 and QP42 are 
an NMOS transistor pair QN43 and QN44 for current 
restriction. The drains of the transistors QN43 and QN44 are 
connected to the output terminal 45 and 46, respectively, the 
sources of Which are connected to the drains of the NMOS 
transistors QN41 and QN42, respectively. 

[0073] The gates of the transistors QN43 and QN44 are 
connected to the input terminal 43 and 44, respectively. 

[0074] As disclosed above, the complementary signals 
“A” and “B” supplied to the second voltage-level shifter 14 
are VSW and VSS at the high-and loW-level sides, respec 
tively. 

[0075] The second voltage-level shifter 14 receives VSW 
and the negative potential VBB at the high-level side poWer 
supply terminal 41 and the loW-level side poWer supply 
terminal 42, respectively, to output signals OUTA and 
OUTB for Which the loW level VSS of each of the input 
signals “A” and “B” is shifted to the further loW level VBB. 

[0076] An operation of the second voltage-level shifter 14 
is disclosed. 

[0077] Suppose that the voltage-level shifter 14 is noW in 
a stable state at input signals “A”=VSW and “B”=VSS. In 
this stable state, the PMOS transistors QP41 and QP42 are 
turned off and on, respectively, and the NMOS transistors 
QN41 and QN 43 are turned on While the NMOS transistors 
QN42 and QN 44 are turned off, thus OUTA=VSW and 
OUTB=VBB at the output terminals 46 and 45, respectively, 
as shoWn in FIG. 8. 

[0078] Suppose neXt that the input signals “A” and “B” are 
shifted to VSS and VSW, respectively. The PMOS transis 
tors QP41 and QP42 are then turned on and off, respectively. 
Avoltage increase at the output terminal 45 is supplied to the 
gate of the NMOS transistor QN42 Whereas a voltage 
decrease at the output terminal 46 is supplied to the gate of 
the NMOS transistor QN41. The NMOS transistor QN41 
and QN42 are thus turned off and on, respectively. Simul 
taneously, the NMOS transistors QN43 and QN44 are turned 
off and on, respectively, by the input signals “A” and “B”. 

[0079] The transition of the NMOS transistors QN41 and 
QN42 from on to off and off to on, respectively, achieves a 
positive feed-back operation to stimulate voltage shift at the 
output terminals 45 and 46 in Which the output signals 
OUTA and OUTB gradually become VBB and VSW, 
respectively. 

[0080] An accurate voltage shift operation of the voltage 
level shifter 14 (FIG. 7) disclosed so far is discussed further 
in detail With respect to current-to-voltage characteristics 
shoWn in FIG. 9 With respect to the current path along the 
PMOS transistor QP41 side. 

[0081] A curve C10 represents a static characteristic curve 
of the NMOS transistor QN41 at Vg=VSW. A curve C20 
represents a load characteristic curve of the PMOS transistor 
QP41 controlled by the input signal “A” and being a load 
against the NMOS transistor QN41. A curve C30 represents 
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a load characteristic curve of the NMOS transistor QN43 
also controlled by the input signal “A”. 

[0082] Gate threshold voltages for the NMOS transistor 
QN43 and the PMOS transistor QP41 are Vt1 and Vt2, 
respectively. 
[0083] A composite current flowing through the series 
connected NMOS transistors QN41 and QN43 is repre 
sented by a thick solid line, Which depends on a smaller 
current flowing through either the transistor QN41 or QN43. 
Compared to a current I12 at 0V on the static characteristic 
curve C10, a composite current I13 becomes small at 0V to 
the NMOS transistors QN41 and QN43. 

[0084] If the NMOS transistors QN43 and QN44 are not 
provided, like the circuit shoWn in FIG. 2, it is required that 
a current I11 at 0V on the load characteristic curve C20 is 
larger than a current I12 at 0V on the static characteristic 
curve C10, as discussed With reference to FIG. 3. A loW 
(high-level side) potential VSW varied according to an 
operation mode Would provide a load characteristic curve as 
a dashed line C40 Which does not to meet the requirement 
I11>I12. On the contrary, the circuit shoWn in FIG. 7 meets 
the requirement in that, even if the load characteristic curve 
C40 is provided due to a current restriction operation of the 
NMOS transistor QN42, a current I11‘ at 0V is kept higher 
than the composite current I13 to the NMOS transistors 
QN41 and QN43. The voltage-level shifter 14 according to 
the present invention therefore achieves an accurate voltage 
shift operation over a Wide range of the high-level side 
potential VSW. 

[0085] As disclosed above, the requirement for an accu 
rate voltage shift operation according to this embodiment is 
that current I12 on the static characteristic curve C10 is 
larger than the current I13 on the load characteristic curve 
C30 at 0V in FIG. 8. 

[0086] The foregoing discussion on the requirement is also 
applied to the current path along the PMOS transistor QP42 
side of the voltage-level sifter 14 shoWn in FIG. 7. 

[0087] This requirement is met by correctly adjusting the 
threshold levels Vt1 for the NMOS transistors QN43 and 
QN44, transistor siZe and so on, With respect to the poten 
tials VSW and VBB. 

[0088] Compared to the circuit shoWn in FIG. 2, the 
circuit shoWn in FIG. 7 requires the NMOS transistors 
QN43 and QN44. HoWever, increase in chip area for those 
transistors is smaller than that for achieving a large current 
density by having a Wide gate for the sWitching transistors 
QP41 and QP42. 

[0089] Moreover, the voltage-level shifter according to 
this embodiment requires no operation such as supplying a 
loW-level potential VBB for voltage-level shifting after the 
transistors are sWitched, thus achieving decrease in opera 
tion time for a high-speed EEPROM. 

[0090] Moreover, the voltage-level shifter according to 
this embodiment achieves restriction on a tunnel current by 
means of the NMOS transistors QN41 and QN42. 

[0091] The Second Embodiment 

[0092] FIG. 10 shoWs a block diagram of the second 
preferred embodiment of a voltage-level shifter according to 
the present invention. 
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[0093] Elements in this embodiments that are the same as 
or analogous to elements in the ?rst embodiment (FIG. 7) 
are referenced by the same reference numbers and Will not 
be explained in detail. 

[0094] The difference betWeen the ?rst and the second 
embodiments is that the NMOS transistors QN41 and QN43 
are reversed to each other, the same going to the NMOS 
transistors QN42 and QN44. In other Words, the NMOS 
transistors QN43 and QN44 to be controlled by input signals 
for current restriction are provided betWeen the sources of 
the NMOS transistors QN41 and QN42 that constitute a 
?ip-?op for loW-level shifting and the loW-level side poWer 
supply terminal 42. 

[0095] Like the ?rst embodiment, the second embodiment 
achieves an accurate voltage-level shift operation. 

[0096] In the ?rst embodiment shoWn in FIG. 7, forming 
the substrate regions of the NMOS transistors QN41, QN42, 
QN43 and QN44 as a p-type region and connecting them to 
the poWer terminal 42 produces a back-gate bias to the 
transistors QN43 and QN44 to raise their threshold voltages 
for a stable voltage-level shift operation discussed With 
reference to FIG. 9. 

[0097] Contrary to this, forming the substrate regions of 
those NMOS transistors as a p-type region and connecting 
them to the poWer terminal 42 in the second embodiment 
(FIG. 10) produces a back-gate bias to the transistors QN41 
and QN42, Which Will, hoWever, not obstruct a stable 
voltage-level shift operation. 

[0098] The Third Embodiment 

[0099] The ?rst and second embodiments disclosed so far 
are applied to the second voltage shifter 14 shoWn in FIG. 
4. The present invention is, hoWever, applicable to the ?rst 
voltage-level shifter 13 shoWn in FIG. 4 for high-level side 
voltage-level shifting. 

[0100] FIG. 11 shoWs a block diagram of the third pre 
ferred embodiment of a voltage level shifter according to the 
present invention, Which is applicable, for eXample, to the 
?rst voltage shifter 13. 

[0101] The voltage-level sifter 13 is provided With a 
sWitching stage of a NMOS transistor pair QN81 and QN82, 
the sources of Which are connected to a loW-level side poWer 
supply terminal 82. The gates of the transistors QN81 and 
QN82 are connected to terminals 83 and 84 to Which the 
complementary output signals “a” and “b” are supplied, 
respectively, from the roW decoder 12 (FIG. 4). The drains 
of the transistors QN81 and QN82 are connected to output 
terminals 85 and 86, respectively. 

[0102] The sources of a PMOS transistor pair QP81 and 
QP82 are connected to a high-level poWer supply terminal 
81, the gates of Which are cross-connected to the output 
terminals 86 and 85, respectively, for shifting output signals 
appearing at the terminals 85 and 86 to a high level accord 
ing to the input signals. 

[0103] Connected betWeen the drains of the PMOS tran 
sistor pair QP81 and QP82 and those (the output terminal 85 
and 86) of the NMOS transistor pair QN81 and QN82 are a 
PMOS transistor pair QP83 and QP84 for current restriction. 
The drains of the transistors QP83 and QP84 are connected 
to the output terminal 85 and 86, respectively, the sources of 

Jun. 14, 2001 

Which are connected to the drains of the PMOS transistors 
QP81 and QP82, respectively. The gates of the transistors 
QP83 and QP84 are connected to the input terminal 83 and 
84, respectively. 

[0104] Like disclosed above, the complementary signals 
“a” and “b” supplied to the ?rst voltage-level shifter 13 are 
VCC and VSS at the high and loW-level sides, respectively. 

[0105] The ?rst voltage-level shifter 13 receives the VSW 
and VSS at the high-level side poWer supply terminal 81 and 
the loW-level side poWer supply terminal 82, respectively, to 
output signals “A” and “B” for Which the high level VCC of 
each of the input signal “a” and “b” is shifted to the further 
high level VSW. 

[0106] The ?rst voltage-level shifter 13 operates basically 
the same as the second voltage-level shifter 14 shoWn in 
FIG. 7. The difference is that the second voltage-level 
shifter 14 shifts a loWer level of the input signal “A” and “B” 
to further loWer Whereas the ?rst voltage-level shifter 13 
shifts a higher level of the input signal “a” and “b” to further 
higher, as illustrated in FIG. 12. 

[0107] The operation of the ?rst voltage shifter 13 shoWn 
in FIG. 11 is understood by any person skilled in the art With 
reference to the disclosure for the second voltage shifter 14 
shoWn in FIG. 7 and also FIG. 12, hence description for the 
?rst voltage shifter 13 is omitted for brevity. 

[0108] The third embodiment also achieves a stable volt 
age-level shift operation like the foregoing embodiments. 

[0109] The Fourth Embodiment 

[0110] FIG. 13 shoWs a block diagram of the fourth 
preferred embodiment of a voltage level shifter according to 
the present invention, Which is a modi?cation to the third 
embodiment (FIG. 

[0111] The locations of the PMOS transistors QP81 and 
QP83 and also PMOS transistors QP84 and QP82 are 
revered to each other betWeen the third and the fourth 
embodiments shoWn in FIGS. 11 and 13, respectively. 

[0112] In other Words, in FIG. 13, the PMOS transistors 
QP83 and QP84 to be controlled by the input signals for 
current restriction are provided betWeen the high-level side 
poWer supply terminal 81 and the sources of the PMOS 
transistors QP81 and QP82 connected in a ?ip-?op for 
loWer-level shifting. 

[0113] The operational relationship betWeen the embodi 
ments shoWn in FIGS. 11 and 13 are the same as that 
betWeen the embodiments shoWn in FIGS. 7 and 10, hence 
the fourth embodiment also achieves a stable voltage level 
shifting, like the foregoing embodiments. 

[0114] Although disclosed in detail as above, the present 
invention is not limited to the foregoing embodiments. 

[0115] The voltage level shifters shoWn in FIGS. 7 and 10 
are disclosed as for shifting only a loW-level potential of the 
input signals. The present invention is, hoWever, applicable 
to shifting a high-level potential of the input signals to a 
loWer level When a high-level input potential is higher than 
the high-level side potential VSW. 

[0116] Moreover, the voltage level shifters shoWn in 
FIGS. 11 and 13 are disclosed as for shifting only a 
high-level potential of the input signals. The present inven 
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tion is, however, applicable to shifting a loW-level potential 
of the input signals to higher level When a loW-level input 
potential is higher than the loW-level side potential V55. 

[0117] In FIG. 4, the ?rst voltage-level shifter 13 and the 
second voltage-level shifter 14 can be replaced With each 
other, causing no problems. 

[0118] The foregoing embodiments are disclosed as 
applied to a NOR-type EEPROM, hoWever, the present 
invention is also applicable to a NAND-type EEPROM and 
DRAM that require controlling a control signal level. 

[0119] Furthermore, not only a semiconductor memory, 
the present invention is applicable to several types of 
semiconductor device. 

[0120] As disclosed above, according to the present inven 
tion, current-restricting transistors that are controlled by an 
input signal are provided along current paths of a voltage 
level shifter constituted by a PMOS transistor pair and an 
NMOS transistor pair, achieving an accurate voltage-level 
shifting. 
What is claimed is: 

1. A voltage-level shifter comprising: 

a ?rst poWer supply terminal to Which a ?rst potential is 
supplied; 

a second poWer supply terminal to Which a second poten 
tial is supplied, the second potential being loWer than 
the ?rst potential; 

a ?rst input terminal to Which a ?rst input signal is 
supplied, the ?rst input signal having a high and a loW 
level according to the ?rst and the second potentials; 

a second input terminal to Which a second input signal is 
supplied, the second input signal being an inverted 
signal of the ?rst input signal; 

a ?rst PMOS transistor having a source connected to the 
?rst poWer supply terminal, a gate connected to the ?rst 
input terminal, and a drain connected to a ?rst output 
terminal for outputting a ?rst output signal; 

a second PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a gate connected to the 
second input terminal, and a drain connected to a 
second output terminal for outputting a second output 
signal that is an inverted signal of the ?rst output signal; 

a ?rst NMOS transistor having a drain connected to the 
?rst output terminal and a gate connected to the ?rst 
input terminal; 

a second NMOS transistor having a drain connected to the 
second output terminal and a gate connected to the 
second input terminal; 

a third NMOS transistor having a source connected to the 
second poWer supply terminal, a drain connected to the 
source of the ?rst NMOS transistor, and a gate con 
nected to the second output terminal; and 

a fourth NMOS transistor having a source connected to 
the second poWer supply terminal, a drain connected to 
the source of the second NMOS transistor, and a gate 
connected to the ?rst output terminal. 

2. The voltage-level shifter according to claim 1, Wherein 
the high level of the ?rst input signal is a third potential that 
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is equal to or higher than the ?rst potential and the loW level 
of the ?rst input signal is a fourth potential that is loWer than 
the ?rst potential but higher than the second potential, each 
of the ?rst and the second output signals having a potential 
equal to the ?rst or the second potential. 

3. The voltage-level shifter according to claim 1, Wherein, 
When the ?rst input signal is at the loW level, a current on a 
load characteristic curve of the ?rst PMOS transistor is 
larger than a composite current of a current on a load 
characteristic curve of the ?rst NMOS transistor and a 
current on a static characteristic curve of the third NMOS 
transistor. 

4. The voltage-level shifter according to claim 1, Wherein, 
When the second input signal is at the loW level, a current on 
a load characteristic curve of the second PMOS transistor is 
larger than a composite current of a current on a load 
characteristic curve of the second NMOS transistor and a 
current on a static characteristic curve of the fourth NMOS 
transistor. 

5. The voltage-level shifter according to claim 1, Wherein 
each of the ?rst, the second, the third and the fourth NMOS 
transistors has a p-type substrate region connected to the 
second poWer supply terminal. 

6. A voltage-level shifter comprising: 

a ?rst poWer supply terminal to Which a ?rst potential is 
supplied; 

a second poWer supply terminal to Which a second poten 
tial is supplied, the second potential being loWer than 
the ?rst potential; 

a ?rst input terminal to Which a ?rst input signal is 
supplied, the ?rst input signal having a high and a loW 
level according to the ?rst and the second potentials; 

a second input terminal to Which a second input signal is 
supplied, the second input signal being an inverted 
signal of the ?rst input signal; 

a ?rst PMOS transistor having a source connected to the 
?rst poWer supply terminal, a gate connected to the ?rst 
input terminal, and a drain connected to a ?rst output 
terminal for outputting a ?rst output signal; 

a second PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a gate connected to the 
second input terminal, and a drain connected to a 
second output terminal for outputting a second output 
signal that is an inverted signal of the ?rst output signal; 

a ?rst NMOS transistor having a drain connected to the 
?rst output terminal and a gate connected to the second 
output terminal; 

a second NMOS transistor having a drain connected to the 
second output terminal and a gate connected to the ?rst 
output terminal; 

a third NMOS transistor having a source connected to the 
second poWer supply terminal, a drain connected to the 
source of the ?rst NMOS transistor, and a gate con 
nected to the ?rst input terminal; and 

a fourth NMOS transistor having a source connected to 
the second poWer supply terminal, a drain connected to 
the source of the second NMOS transistor, and a gate 
connected to the second input terminal. 
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7. The voltage-level shifter according to claim 6, wherein 
the high level of the ?rst input signal is a third potential that 
is equal to or higher than the ?rst potential and the loW level 
of the ?rst input signal is a fourth potential that is loWer than 
the ?rst potential but higher than the second potential, each 
of the ?rst and the second output signals having a potential 
equal to the ?rst or the second potential. 

8. A voltage-level shifter comprising: 

a ?rst poWer supply terminal to Which a ?rst potential is 
supplied; 

a second poWer supply terminal to Which a second poten 
tial is supplied, the second potential being loWer than 
the ?rst potential; 

a ?rst input terminal to Which a ?rst input signal is 
supplied, the ?rst input signal having a high and a loW 
level according to the ?rst and the second potentials; 

a second input terminal to Which a second input signal is 
supplied, the second input signal being an inverted 
signal of the ?rst input signal; 

a ?rst NMOS transistor having a source connected to the 
second poWer supply terminal, a gate connected to the 
?rst input terminal, and a drain connected to a ?rst 
output terminal for outputting a ?rst output signal; 

a second NMOS transistor having a source connected to 
the second poWer supply terminal, a gate connected to 
the second input terminal, and a drain connected to a 
second output terminal for outputting a second output 
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a second input terminal to Which a second input signal is 
supplied, the second input signal being an inverted 
signal of the ?rst input signal; 

a ?rst NMOS transistor having a source connected to the 
?rst poWer supply terminal, a gate connected to the ?rst 
input terminal, and a drain connected to a ?rst output 
terminal for outputting a ?rst output signal; 

a second NMOS transistor having a source connected to 
the second poWer supply terminal, a gate connected to 
the second input terminal, and a drain connected to a 
second output terminal for outputting a second output 
signal that is an inverted signal of the ?rst output signal; 

a ?rst PMOS transistor having a drain connected to the 
?rst output terminal and a gate connected to the second 
output terminal; 

a second PMOS transistor having a drain connected to the 
second output terminal and a gate connected to the ?rst 
output terminal; 

a third PMOS transistor having a source connected to the 
?rst poWer supply terminal, a drain connected to the 
source of the ?rst PMOS transistor, and a gate con 
nected to the ?rst input terminal; and 

a fourth PMOS transistor having a source connected to the 
?rst poWer supply terminal, a drain connected to the 
source of the second PMOS transistor, and a gate 
connected to the second input terminal. 

11. The voltage-level shifter according to claim 10, 
signal that is an inverted signal of the ?rst output signal; 

a ?rst PMOS transistor having a drain connected to the 
?rst output terminal and a gate connected to the ?rst 
input terminal; 

a second PMOS transistor having a drain connected to the 
second output terminal and a gate connected to the 
second input terminal; 

a third PMOS transistor having a source connected to the 
?rst poWer supply terminal, a drain connected to the 
source of the ?rst PMOS transistor, and a gate con 
nected to the second output terminal; and 

a fourth PMOS transistor having a source connected to the 
?rst poWer supply terminal, a drain connected to the 
source of the second PMOS transistor, and a gate 
connected to the ?rst output terminal. 

9. The voltage-level shifter according to claim 8, Wherein 

Wherein the high level of the ?rst input signal is a third 
potential that is loWer than the ?rst potential but higher than 
the second potential and the loW level of the ?rst input signal 
is a fourth potential equal to or loWer than the second, each 
of the ?rst and the second output signals having a potential 
equal to the ?rst or the second potential. 

12. A semiconductor memory comprising: 

a memory cell array having a plurality of electrically 
reWritable memory cells; 

a decoder that decodes an address signal to output a 
decoded output signal for selecting at least one of Word 
lines and bit lines of the memory cell array; 

a ?rst voltage-level shifter that shifts a high level of the 
decoded output signal for selecting at least one of the 
Word lines to a further high level according to an 
operation mode to output a ?rst voltage-level shifted 

the high level of the ?rst input signal is a third potential that 
is loWer than the ?rst potential but higher than the second 
potential and the loW level of the ?rst input signal is a fourth 
potential equal to or loWer than the second, each of the ?rst 
and the second output signals having a potential equal to the 
?rst or the second potential. 

10. A voltage-level shifter comprising: 

a ?rst poWer supply terminal to Which a ?rst potential is 
supplied; 

a second poWer supply terminal to Which a second poten 
tial is supplied, the second potential being loWer than 
the ?rst potential; 

a ?rst input terminal to Which a ?rst input signal is 
supplied, the ?rst input signal having a high and a loW 
level according to the ?rst and the second potentials; 

output signal; 

a second voltage-level shifter that shifts a loW level of the 
?rst voltage-level shifted output signal to a further loW 
level according to the operation mode to output a 
second voltage-level shifted output signal; and 

a Word line driver that is controlled by the second voltage 
level shifted output signal to drive the selected Word 
line, 

Wherein the ?rst voltage-level shifter includes: 

a ?rst poWer supply terminal to Which a ?rst potential 
is supplied; 

a second poWer supply terminal to Which a second 
potential is supplied, the second potential being 
loWer than the ?rst potential; 
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a ?rst input terminal to Which the decoded output signal 
is supplied, the decoded output signal having a high 
and a loW level according to the ?rst and the second 
potentials; 

a second input terminal to Which a second input signal 
is supplied, the second input signal being an inverted 
signal of the decoded output signal; 

a ?rst NMOS transistor having a source connected to 
the second poWer supply terminal, a gate connected 
to the ?rst input terminal, and a drain connected to a 
?rst output terminal for outputting a ?rst output 
signal as the ?rst voltage-level sifted output signal; 

a second NMOS transistor having a source connected 
to the second poWer supply terminal, a gate con 
nected to the second input terminal, and a drain 
connected to a second output terminal for outputting 
a second output signal that is an inverted signal of the 
?rst output signal; 

a ?rst PMOS transistor having a drain connected to the 
?rst output terminal and a gate connected to the ?rst 
input terminal; 

a second PMOS transistor having a drain connected to 
the second output terminal and a gate connected to 
the second input terminal; 

a third PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a drain connected to 
the source of the ?rst PMOS transistor, and a gate 
connected to the second output terminal; and 

a fourth PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a drain connected to 
the source of the second PMOS transistor, and a gate 
connected to the ?rst output terminal. 

13. The semiconductor memory according to claim 12, 
Wherein the high level of the decoded output signal is a third 
potential that is loWer than the ?rst potential but higher than 
the second potential and the loW level of the decoded output 
signal is a fourth potential equal to or loWer than the second, 
each of the ?rst and the second output signals having a 
potential equal to the ?rst or the second potential. 

14. The semiconductor memory according to claim 12, 
Wherein each memory cell a non-volatile memory cell that 
includes a MOS transistor having a gate insulating ?lm With 
a charge storage layer therein. 

15. A semiconductor memory comprising: 

a memory cell array having a plurality of electrically 
reWritable memory cells; 

a decoder that decodes an address signal to output a 
decoded output signal for selecting at least one of Word 
lines and bit lines of the memory cell array; 

a ?rst voltage-level shifter that shifts a high level of the 
decoded output signal for selecting at least one of the 
Word lines to a further high level according to an 
operation mode to output a ?rst voltage-level shifted 
output signal; 

a second voltage-level shifter that shifts a loW level of the 
?rst voltage-level shifted output signal to a further loW 
level according to the operation mode to output a 
second voltage-level shifted output signal; and 
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a Word line driver that is controlled by the second voltage 
level shifted output signal to drive the selected Word 
line, 

Wherein the second voltage-level shifter includes: 

a ?rst poWer supply terminal to Which a ?rst potential 
is supplied; 

a second poWer supply terminal to Which a second 
potential is supplied, the second potential being 
loWer than the ?rst potential; 

a ?rst input terminal to Which the ?rst voltage-level 
shifted output signal is supplied, the ?rst voltage 
level shifted output signal having a high and a loW 
level according to the ?rst and the second potentials; 

a second input terminal to Which a second input signal 
is supplied, the second input signal being an inverted 
signal of the ?rst voltage-level shifted output signal; 

a ?rst PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a gate connected to 
the ?rst input terminal, and a drain connected to a 
?rst output terminal for outputting a ?rst output 
signal as the second voltage-level shifted output 
signal; 

a second PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a gate connected to 
the second input terminal, and a drain connected to 
a second output terminal for outputting a second 
output signal that is an inverted signal of the ?rst 
output signal; 

a ?rst NMOS transistor having a drain connected to the 
?rst output terminal and a gate connected to the ?rst 
input terminal; 

a second NMOS transistor having a drain connected to 
the second output terminal and a gate connected to 
the second input terminal; 

a third NMOS transistor having a source connected to 
the second poWer supply terminal, a drain connected 
to the source of the ?rst NMOS transistor, and a gate 
connected to the second output terminal; and 

a fourth NMOS transistor having a source connected to 
the second poWer supply terminal, a drain connected 
to the source of the second NMOS transistor, and a 
gate connected to the ?rst output terminal. 

16. The semiconductor memory according to claim 15, 
Wherein the high level of the ?rst voltage-level shifted 
output signal is a third potential that is equal to or higher 
than the ?rst potential and the loW level of the ?rst voltage 
level shifted output signal is a fourth potential that is loWer 
than the ?rst potential but higher than the second potential, 
each of the ?rst and the second output signals having a 
potential equal to the ?rst or the second potential. 

17. The semiconductor memory according to claim 15, 
Wherein, When the ?rst voltage-level shifted output signal is 
at the loW level, a current on a load characteristic curve of 
the ?rst PMOS transistor is larger than a composite current 
of a current on a load characteristic curve of the ?rst NMOS 
transistor and a current on a static characteristic curve of the 
third NMOS transistor. 

18. The semiconductor memory according to claim 15, 
Wherein, When the second input signal is at the loW level, a 
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current on a load characteristic curve of the second PMOS 
transistor is larger than a composite current of a current on 
a load characteristic curve of the second NMOS transistor 
and a current on a static characteristic curve of the fourth 
NMOS transistor. 

19. The semiconductor memory according to claim 15, 
Wherein each of the ?rst, the second, the third and the fourth 
NMOS transistors has a p-type substrate region connected to 
the second poWer supply terminal. 

20. The semiconductor memory according to claim 15, 
Wherein each memory cell is a non-volatile memory cell 
includes a MOS transistor having a gate insulating ?lm With 
a charge storage layer therein. 

21. A semiconductor memory comprising: 

a memory cell array having a plurality of electrically 
reWritable memory cells; 

a decoder that decodes an address signal to output a 
decoded output signal for selecting at least one of Word 
lines and bit lines of the memory cell array; 

a ?rst voltage-level shifter that shifts a loW level of the 
decoded output signal for selecting at least one of the 
Word lines to a further loW level according to an 
operation mode to output a ?rst voltage-level shifted 
output signal; 

a second voltage-level shifter that shifts a high level of the 
?rst voltage-level shifted output signal to a further high 
level according to the operation mode to output a 
second voltage-level shifted output signal; and 

a Word line driver that is controlled by the second voltage 
level shifted output signal to drive the selected Word 
line, 

Wherein the second voltage-level shifter includes: 

a ?rst poWer supply terminal to Which a ?rst potential 
is supplied; 

a second poWer supply terminal to Which a second 
potential is supplied, the second potential being 
loWer than the ?rst potential; 

a ?rst input terminal to Which the ?rst voltage-level 
shifted output signal is supplied, the ?rst voltage 
level shifted output signal having a high and a loW 
level according to the ?rst and the second potentials; 

a second input terminal to Which a second input signal 
is supplied, the second input signal being an inverted 
signal of the ?rst voltage-level shifted output signal; 

a ?rst NMOS transistor having a source connected to 
the second poWer supply terminal, a gate connected 
to the ?rst input terminal, and a drain connected to a 
?rst output terminal for outputting a ?rst output 
signal as the second voltage-level sifted output sig 
nal; 

a second NMOS transistor having a source connected 
to the second poWer supply terminal, a gate con 
nected to the second input terminal, and a drain 
connected to a second output terminal for outputting 
a second output signal that is an inverted signal of the 
?rst output signal; 
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a ?rst PMOS transistor having a drain connected to the 
?rst output terminal and a gate connected to the ?rst 
input terminal; 

a second PMOS transistor having a drain connected to 
the second output terminal and a gate connected to 
the second input terminal; 

a third PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a drain connected to 
the source of the ?rst PMOS transistor, and a gate 
connected to the second output terminal; and 

a fourth PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a drain connected to 
the source of the second PMOS transistor, and a gate 
connected to the ?rst output terminal. 

22. A semiconductor memory comprising: 

a memory cell array having a plurality of electrically 
reWritable memory cells; 

a decoder that decodes an address signal to output a 
decoded output signal for selecting at least one of Word 
lines and bit lines of the memory cell array; 

a ?rst voltage-level shifter that shifts a loW level of the 
decoded output signal for selecting at least one of the 
Word lines to a further loW level according to an 
operation mode to output a ?rst voltage-level shifted 
output signal; 

a second voltage-level shifter that shifts a high level of the 
?rst voltage-level shifted output signal to a further high 
level according to the operation mode to output a 
second voltage-level shifted output signal; and 

a Word line driver that is controlled by the second voltage 
level shifted output signal to drive the selected Word 
line, 

Wherein the ?rst voltage-level shifter includes: 

a ?rst poWer supply terminal to Which a ?rst potential 
is supplied; 

a second poWer supply terminal to Which a second 
potential is supplied, the second potential being 
loWer than the ?rst potential; 

a ?rst input terminal to Which the decoded output signal 
is supplied, the decoded output signal having a high 
and a loW level according to the ?rst and the second 
potentials; 

a second input terminal to Which a second input signal 
is supplied, the second input signal being an inverted 
signal of the ?rst voltage-level shifted output signal; 

a ?rst PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a gate connected to 
the ?rst input terminal, and a drain connected to a 
?rst output terminal for outputting a ?rst output 
signal as the ?rst voltage-level shifted output signal; 

a second PMOS transistor having a source connected to 
the ?rst poWer supply terminal, a gate connected to 
the second input terminal, and a drain connected to 
a second output terminal for outputting a second 
output signal that is an inverted signal of the ?rst 
output signal; 




