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(57) ABSTRACT 

This invention discloses a level-shifting circuit for shifting 
the signal amplitude. This level-shifting circuit includes a 
p-channel transistor having a source for receiving a boosted 
potential, a p-channel transistor having a source for receiv 
ing the boosted potential, a gate connected to the drain of the 
transistor, and a drain connected to the gate of the transistor, 
and an n-channel transistor With a threshold voltage of about 
0V having a drain connected to the drain of the transistor, a 
gate for receiving an output from an inverter, and a source 
for receiving an output from an inverter for inverting an 
output from the former inverter. 
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SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
integrated circuit device having a level-shifting circuit for 
shifting the signal amplitude. 

[0002] In some semiconductor integrated circuit devices, a 
circuit using different voltages to input/output signals of 
different voltage levels is integrated in one chip. Such device 
incorporates a level-shifting circuit to shift, e.g., a poWer 
supply voltage level to another voltage level. 

[0003] In semiconductor storage devices such as a 
DRAM, SRAM, and ?ash memory, many memory periph 
eral circuits use a poWer supply voltage to output a signal of 
the poWer supply voltage level. Of the memory peripheral 
circuits, e.g., a circuit for driving Word lines uses a boosted 
voltage higher than the poWer supply voltage to output a 
signal of the boosted voltage level in order to accurately read 
out data of a memory cell. The level-shifting circuit shifts a 
signal of the poWer supply voltage level to a signal of the 
boosted voltage level. 

[0004] Recently in the semiconductor storage device ?eld, 
the poWer supply voltage is being reduced to reduce poWer 
consumption. HoWever, the Word line driving circuit must 
accurately read out data of a memory cell. Thus, the boosted 
voltage is more difficult to reduce than the poWer supply 
voltage, and the ratio of the poWer supply voltage to the 
boosted voltage is increasing. OWing to this trend, it is 
becoming difficult for the level-shifting circuit to output an 
input signal of the poWer supply voltage level as an output 
signal of the boosted voltage level. 

[0005] FIG. 1A is a circuit diagram shoWing a conven 
tional level-shifting circuit, and FIG. 1B is a Waveform 
chart shoWing operation of this circuit. 

[0006] The arrangement and operation of the level-shift 
ing circuit Will be described. 

[0007] When an input signal IN101 changes from “L” 
level to “H” level at time T1 shoWn in FIG. 1B, a power 
supply potential VCC is input to the gate of an n-channel 
transistor QN102 to turn on the transistor QN102. Since the 
transistor QN102 is turned on, the potential of a node N102 
drops to turn on a p-channel transistor QP101. At this time, 
a ground potential VSS is input to the gate of an n-channel 
transistor QN101, so the transistor QN101 is OFF. The 
potential of a node N101 changes to a boosted potential VPP 
to change an output signal OUT101 to “H” level. Since the 
potential of the node N101 changes to the boosted potential 
VPP, a p-channel transistor QP102 is turned off. Then, the 
potential of the node N102 changes to the ground potential 
VSS (note that the potential of the node N102 in the circuit 
shoWn in FIG. 1A is “VSS-VTH”: VTH is the threshold 
voltage of the transistor QN102). 

[0008] When the input signal IN101 changes from “H” 
level to “L” level at time T2, the poWer supply potential 
VCC is input to the gate of the transistor QN101 to turn on 
the transistor QN101. Since the transistor QN101 is turned 
on, the potential of the node N101 drops to turn on the 
transistor QP102. At this time, the ground potential VSS is 
input to the gate of the transistor QN102, so the transistor 
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QN102 is OFF. The potential of the node N102 changes to 
the boosted potential VPP. Since the potential of the node 
N102 changes to the boosted potential VPP, the transistor 
QP101 is turned off. Then, the potential of the node N101 
changes to the ground potential VSS (note that the potential 
of the node N101 in the circuit shoWn in FIG. 1A is 
“VSS-VTH”: VTH is the threshold voltage of the transistor 
QN101). As a result, the output signal OUT101 changes to 
“L” level. 

[0009] Note that the transistors QP101, QP102, QN101, 
and QN102 are of enhancement type in order to prevent a 
leakage current from ?oWing through each transistor When 
the input signal IN101 is at either “H” level or “L” level. 

[0010] In the level-shifting circuit shoWn in FIG. 1A, to 
change the output signal OUT101 from “L” level to “H” 
level as the input signal IN101 changes from “L” level to 
“H” level, the drivability of the transistor QN102 must be set 
higher than that of the transistor QP102. If the drivability 
ratio of these transistors is small, both the transistors QN102 
and QP102 stay ON, so a punch-through current ?oWs from 
the boosted potential VPP to the ground potential VSS. That 
is, the level-shifting circuit malfunctions. 

[0011] Under these circumstances, the drivabilities of the 
transistors QN101 and QN102 are conventionally set much 
higher than those of the transistors QP101 and QP102. 
HoWever, a loW poWer supply potential VCC decreases the 
current drivabilities of the transistors QN101 and QN102. To 
suppress the decrease in current drivability, the channel 
Widths of the transistors QN101 and QN102 must be large. 

[0012] To raise the sWitching speed, an inverter I102 for 
driving the transistor QN102 and an inverter I101 for driving 
the inverter I102 and transistor QN101 are large in siZe. 
HoWever, this cannot avoid a long sWitching time Tr2 from 
“L” level to “H” level and a long sWitching time Tf2 from 
“H” level to “L” level shoWn in FIG. 1B, i.e., a loW 
sWitching speed. 
[0013] The sWitching speed varies more remarkably along 
With a decrease in poWer supply potential VCC. For 
eXample, the threshold voltage of a transistor varies due to 
manufacturing variations and the like. A loW poWer supply 
potential VCC greatly in?uences the current amount ?oWing 
through the transistors QN101 and QN102 even With slight 
variations in threshold voltage. For this reason, the sWitch 
ing speed varies more remarkably along With a decrease in 
poWer supply potential VCC. 

[0014] If the poWer supply potential VCC drops to values 
in the neighborhoods of the threshold voltages of the tran 
sistors QN101 and QN102, the level-shifting circuit shoWn 
in FIG. 1A cannot operate. 

[0015] In the conventional level-shifting circuit, the 
sWitching speed decreases With a decrease in poWer supply 
voltage. 

[0016] Further, if the poWer supply voltage drops to about 
the threshold voltage, the conventional level-shifting circuit 
cannot operate. 

BRIEF SUMMARY OF THE INVENTION 

[0017] The present invention has been made in consider 
ation of the above situation, and has as its object to provide 
a semiconductor integrated circuit device having a level 
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shifting circuit capable of suppressing a decrease in sWitch 
ing speed even if the poWer supply potential drops, and 
capable of operating even if the poWer supply voltage drops 
to about the threshold voltage. 

[0018] To achieve the above object, according to the 
present invention, there is provided a semiconductor inte 
grated circuit device comprising a ?rst transistor of a ?rst 
conductivity type having a source for receiving a ?rst 
potential, a second transistor of the ?rst conductivity type 
having a source for receiving the ?rst potential, a gate 
connected to a drain of the ?rst transistor, and a drain 
connected to a gate of the ?rst transistor, and a third 
transistor of a second conductivity type having a drain 
connected to the drain of the ?rst transistor, a gate for 
receiving a ?rst signal, and a source for receiving a second 
signal. 

[0019] In the semiconductor integrated circuit device hav 
ing the above arrangement, the second signal is input to the 
source of the third transistor Without ?xing the source 
potential. Thus, the third transistor can be turned off by the 
logic level of the second signal input to the source, unlike the 
prior art in Which the third transistor is turned off by the logic 
level of the ?rst signal input to the gate. This arrangement 
alloWs operation of the semiconductor integrated circuit 
device even if the threshold voltage of the third transistor is 
set loWer than in the prior art. 

[0020] Assuming that a level for turning on the third 
transistor among the logic levels of the ?rst signal is equal 
to that in the prior art, the threshold voltage of the third 
transistor can be decreased to increase the current amount 
?oWing through the third transistor. Since the current 
amount ?oWing through the third transistor can be increased, 
deterioration of the drivability can be suppressed even if the 
poWer supply potential drops. Therefore, even if the poWer 
supply potential drops, a decrease in sWitching speed can be 
suppressed. 

[0021] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0022] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0023] FIG. 1A is a circuit diagram shoWing a conven 
tional level-shifting circuit; 

[0024] FIG. 1B is a Waveform chart shoWing the opera 
tion of the conventional level-shifting circuit; 

[0025] FIG. 2A is a circuit diagram shoWing a level 
shifting circuit according to the ?rst embodiment of the 
present invention; 
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[0026] FIG. 2B is a Waveform chart shoWing the opera 
tion of the level-shifting circuit according to the ?rst 
embodiment of the present invention; 

[0027] FIG. 3A is a graph shoWing the characteristics of 
a transistor QNI; 

[0028] FIG. 3B is a graph for explaining the effects of the 
level-shifting circuit according to the present invention; 

[0029] FIG. 4A is a circuit diagram shoWing a level 
shifting circuit according to the second embodiment of the 
present invention; 

[0030] FIG. 4B is a Waveform chart shoWing the opera 
tion of the level-shifting circuit according to the second 
embodiment of the present invention; 

[0031] FIG. 5A is a circuit diagram shoWing a level 
shifting circuit according to the third embodiment of the 
present invention; 

[0032] FIG. 5B is a Waveform chart shoWing the opera 
tion of the level-shifting circuit according to the third 
embodiment of the present invention; 

[0033] FIG. 6 is a circuit diagram shoWing a level-shifting 
circuit according to the fourth embodiment of the present 
invention; 
[0034] FIGS. 7A, 7B, 7C, 7D, and 7E are circuit diagrams 
each shoWing a circuit eXample of a transfer gate; 

[0035] FIG. 8 is a circuit diagram shoWing a level-shifting 
circuit according to the ?fth embodiment of the present 
invention; 
[0036] FIG. 9 is a circuit diagram shoWing a level-shifting 
circuit according to the siXth embodiment of the present 
invention; 
[0037] FIG. 10A is a circuit diagram shoWing a level 
shifting circuit according to the seventh embodiment of the 
present invention; 

[0038] FIG. 10B is a Waveform chart shoWing the opera 
tion of the level-shifting circuit according to the seventh 
embodiment of the present invention; 

[0039] FIG. 11 is a block diagram shoWing the basic 
arrangement of a semiconductor storage device according to 
the eighth embodiment of the present invention; 

[0040] FIG. 12 is a block diagram shoWing an arrange 
ment eXample of a roW decoder; 

[0041] FIG. 13 is a circuit diagram shoWing a circuit 
eXample of a main roW decoder; 

[0042] FIG. 14 is a circuit diagram shoWing a circuit 
eXample of a sub-roW decoder; 

[0043] FIGS. 15A, 15B, 15C, and 15D are circuit dia 
grams each shoWing an equivalent circuit of a memory cell; 
and 

[0044] FIG. 16 is a circuit diagram shoWing a level 
shifting circuit according to a modi?cation of the ?rst 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] Embodiments of the present invention Will be 
described. 
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[0046] [First Embodiment] 
[0047] FIG. 2A is a circuit diagram showing a level 
shifting circuit according to the ?rst embodiment of the 
present invention. 

[0048] As shoWn in FIG. 2A, a boosted potential VPP is 
applied to the sources of p-channel transistors QP1 and QP2. 
The boosted potential VPP is obtained by boosting, e.g., a 
poWer supply potential VCC. The transistors QP1 and QP2 
are of enhancement type. The gate of the transistor QP1 is 
connected to the drain of the transistor QP2, and the gate of 
the transistor QP2 is connected to the drain of the transistor 
QP1. The drain of the transistor QP1 is connected to that of 
an n-channel transistor QNI1, and the drain of the transistor 
QP2 is connected to that of an n-channel transistor QNI2. 

[0049] The gate and source of the transistor QNI1 receive 
a signal (1)1 output from an inverter I1, and a signal (1)2 output 
from an inverter I2, respectively. The gate and source of the 
transistor QNI2 receive the signals (1)2 and (1)1, respectively. 

[0050] The inverters I1 and I2 are driven by the potential 
difference betWeen the poWer supply potential VCC and 
ground potential VSS (=0V). The inverter I1 receives an 
input signal IN1 having logic levels of the poWer supply 
potential VCC and ground potential VSS as “H” and “L” 
levels. The inverter II inverts the logic level of the input 
signal IN1 to output a signal having logic levels of the poWer 
supply potential VCC and ground potential VSS as “H” and 
“L” levels. The inverter I2 inverts the logic level of the 
signal (1)1 to output a signal (1)2 having logic levels of the 
poWer supply potential VCC and ground potential VSS as 
“H” and “L” levels. 

[0051] In the ?rst embodiment, an output signal from the 
level-shifting circuit is obtained from a node N1 betWeen the 
drains of the transistors QP1 and QNI1. An output signal 
from the level-shifting circuit can be obtained from not only 
the node N1 but also a node N2 betWeen the drains of the 
transistors QP2 and QNI2, and further from both the nodes 
N1 and N2. Note that the potential of the node N2 is inverted 
With respect to that of the node N1. 

[0052] In the present invention, the threshold voltages of 
the transistors QNI1 and QNI2 are set much loWer than those 
of the conventional transistors QN101 and QN102. Espe 
cially in the ?rst embodiment, the threshold voltages of the 
transistors QNI1 and QNI2 are set to about 0V. The tran 
sistors QNI1 and QNI2 are formed on a p-type substrate or 
in a p-type Well to Which the ground potential VSS is 
applied. FIG. 3A shoWs the characteristics of the transistor 
QNI Whose threshold voltage is set to about 0V. 

[0053] For a source potential Vs=0V, a drain potential 
Vd=VPP, a substrate potential Vb=0V, and a gate potential 
Vg=0V, the transistor QNI ?oWs a current Ids de?ning the 
threshold voltage in the drain-source path, as indicated by 
the characteristic curve (a) in FIG. 3A. That is, the transistor 
QNI is turned “on”. 

[0054] For a source potential Vs=VCC, a drain potential 
Vd=VPP, a substrate potential Vb=0V, and a gate potential 
Vg=0V, the characteristic curve (a) in FIG. 3A shifts to the 
characteristic curve (b), and the transistor QNI ?oWs hardly 
any current Ids. That is, the transistor QNI is turned “off”. 
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[0055] This operation Will be eXplained. 

[0056] FIG. 2B is a Waveform chart shoWing operation of 
the level-shifting circuit according to the ?rst embodiment. 
Note that any signal delays in the inverters I1 and I2 are 
ignored in the Waveform chart of FIG. 2B. 

[0057] At time T0 shoWn in FIG. 2B, the input signal IN1 
is at “L” level. Thus, the signals (1)1 and (1)2 are at “H” and 
“L” levels, respectively. In this state, the poWer supply 
potential VCC and ground potential VSS are respectively 
input to the gate and source of the transistor QNI1, and the 
transistor QNI1 is ON. The ground potential VSS and poWer 
supply potential VCC are respectively input to the gate and 
source of the transistor QNI2, and the transistor QNI2 is 
OFF. 

[0058] When the input signal IN1 changes from “L” level 
to “H level at time T1, the poWer supply potential VCC and 
ground potential VSS are respectively input to the gate and 
source of the transistor QNI2 to turn on the transistor QNI2. 
Since the transistor QNI2 is turned on, the potential of the 
node N2 drops to turn on the transistor QP1. At this time, the 
ground potential VSS and poWer supply potential VCC are 
respectively input to the gate and source of the transistor 
QNI1 to turn off the transistor QNI1. The potential of the 
node N1 changes to the boosted potential VPP to change an 
output signal OUT1 to “H” level. Since the potential of the 
node N1 changes to the boosted potential VPP, the transistor 
QP2 is turned off. Then, the potential of the node N2 changes 
to the ground potential VSS. 

[0059] When the input signal IN1 changes from “H” level 
to “L” level at time T2, the poWer supply potential VCC and 
ground potential VSS are respectively input to the gate and 
source of the transistor QNI1 to turn on the transistor QNI1. 
Since the transistor QNI1 is turned on, the potential of the 
node N1 drops. Since the potential of the node N1 drops, the 
transistor QP2 is turned on. At this time, the ground potential 
VSS and poWer supply potential VCC are respectively input 
to the gate and source of the transistor QNI2, so the 
transistor QNI2 is OFF. The potential of the node N2 
changes to the boosted potential VPP. Since the potential of 
the node N2 changes to the boosted potential VPP, the 
transistor QP1 is turned off. Then, the potential of the node 
N1 changes to the ground potential VSS to change the output 
signal OUT1 to “L” level. 

[0060] FIG. 3B is a graph for explaining the effects of the 
level-shifting circuit according to the present invention. 

[0061] The characteristic curve (c) in FIG. 3B represents 
the relationship betWeen the gate voltage Vg and the current 
Ids ?oWing in the drain-source path of the transistor QNI 
(corresponding to the transistors QNI1 and QNI2 of the 
level-shifting circuit according to the ?rst embodiment) 
having a threshold of about 0V. The characteristic curve (d) 
represents the relationship betWeen the gate voltage Vg and 
the current Ids ?oWing in the drain-source path of an 
enhancement type transistor QN (corresponding to the tran 
sistors QN101 and QN102 of the conventional level-shifting 
circuit). The characteristic curves (c) and (d) are for a source 
potential Vs=0V, a drain potential Vd=VPP, and a substrate 
Vb=0V. 

[0062] In the present invention, the threshold voltages of 
the transistors QNI1 and QNI2 are set much loWer than those 
of the transistors QN101 and QN102. 
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[0063] With this setting, When the power supply potential 
VCC is applied to the gate, the transistors QNIl and QNI2 
can How a larger current Ids than the transistors QN101 and 
QN102, as indicated by the characteristic curve This 
state is equivalent to a high current drivability. As is appar 
ent from the characteristic curve (c), the current drivability 
is maintained high even upon a decrease in poWer supply 
potential VCC. Since the current drivabilities of the transis 
tors QNIl and QNI2 can be enhanced, the level-shifting 
circuit of the ?rst embodiment can suppress a decrease in 
sWitching speed even upon a decrease in poWer supply 
potential VCC, compared to the conventional level-shifting 
circuit. 

[0064] In the level-shifting circuit according to the ?rst 
embodiment, When the potential changes from “L” level to 
“H” level and from “H” level to “L” level, a transistor to be 
turned on and a transistor to be turned off are only 
eXchanged, as explained earlier With reference to FIG. 2B. 
This sWitching operation is basically the same as sWitching 
operation of the conventional level-shifting circuit. 

[0065] In the ?rst embodiment, When the poWer supply 
potential VCC is set equal to that in the conventional 
level-shifting circuit, the current drivabilities of the transis 
tors QNIl and QNI2 are much higher than those of the 
transistors QN101 and QN102. The sWitching time Tr1 from 
“L” level to “H” level shoWn in FIG. 2B becomes shorter 
than the conventional sWitching time Tr2 shoWn in FIG. 1B. 
Also, the sWitching time Tfl from “H” level to “L” level 
becomes shorter than the conventional sWitching time T12 

[0066] In the ?rst embodiment, the threshold voltages of 
the transistors QNIl and QNI2 are decreased to, e.g., about 
0V. Even if the poWer supply potential VCC drops to values 
in the neighborhoods of the threshold voltages of the tran 
sistors QN101 and QN102, the level-shifting circuit can 
operate. 

[0067] In the conventional level-shifting circuit, the tran 
sistors QN101 and QN102 may be replaced by the transis 
tors QNIl and QNI2. In this case, the transistors QNIl and 
QNI2 How a larger leakage current. This is because the 
transistors QNIl and QNI2 How a current Ids even upon 
applying the ground potential VSS (=0V) to their gates, as 
indicated by the characteristic curve 

[0068] To the contrary, in the level-shifting circuit accord 
ing to the ?rst embodiment, When the ground potential VSS 
is applied to the gates of the transistors QNIl and QNI2, the 
poWer supply potential VCC is applied to their sources. This 
makes the transistors QNIl and QNI2 ?oW hardly any 
current Ids, i.e., cut off, as indicated by the characteristic 
curve (b) in FIG. 3A. Since the transistors QNIl and QNI2 
can be cut off, the transistors QNIl and QNI2 ?oW hardly 
any leakage current. 

[0069] [Second Embodiment] 
[0070] The second embodiment generaliZes the level 
shifting circuit of the present invention. 

[0071] FIG. 4A is a circuit diagram shoWing a level 
shifting circuit according to the second embodiment of the 
present invention. 

[0072] In FIG. 4A, the same reference numerals as in 
FIG. 2A denote the same parts. 
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[0073] In FIG. 4A, input signals (1)1 and (1)3 are inverted 
With respect to each other, and so are input signals (1)2‘, and 
(1)4. 
[0074] Operation of this level-shifting circuit Will be 
explained. 

[0075] FIG. 4B is a Waveform chart shoWing the opera 
tion of the level-shifting circuit according to the second 
embodiment. 

[0076] At time T0 shoWn in FIG. 4B, the signals (1)1, (1)2‘, 
(1)3, and (1)4 are at “L”, “H”, “H”, and “L” levels, respectively. 
In this state, a ground potential VSS and poWer supply 
potential VCC are respectively input to the gate and source 
of a transistor QNIl, so the transistor QNIl is OFF. The 
poWer supply potential VCC and ground potential VSS are 
respectively input to the gate and source of a transistor 
QNI2, so the transistor QNI2 is ON. 

[0077] When the signal (1)2‘ changes from “H” level to “L” 
level and the signal (1)4 changes from “L” level to “H” level 
at time T1, the ground potential VSS and poWer supply 
potential VCC are respectively input to the gate and source 
of the transistor QNI2 to turn off the transistor QNI2. 

[0078] When the signal (1)1 changes from “L” level to “H” 
level and the signal (1)3 changes from “H” level to “L” level 
at time T2, the poWer supply potential VCC and ground 
potential VSS are respectively input to the gate and source 
of the transistor QNIl to turn on the transistor QNIl. 

[0079] Since the transistors QNI2 and QNIl are respec 
tively turned off and on, the potential of a node N2 changes 
to a boosted potential VPP to change an output signal OUT2 
to “H” level. 

[0080] When the signal (1)1 changes from “H” level to “L” 
level and the signal (1)3 changes from “L” level to “H” level 
at time T3, the ground potential VSS and poWer supply 
potential VCC are respectively input to the gate and source 
of the transistor QNIl to turn off the transistor QNIl. 

[0081] When the signal (1)2‘ changes from “L” level to “H” 
level and the signal (1)4 changes from “H” level to “L” level 
at time T4, the poWer supply potential VCC and ground 
potential VSS are respectively input to the gate and source 
of the transistor QNI2 to turn on the transistor QNI2. 

[0082] Since the transistors QNIl and QNI2 are respec 
tively turned off and on, the potential of the node N2 changes 
to the ground potential VSS to change the output signal 
OUT2 to “L” level. 

[0083] As described above, the second embodiment is 
different from the ?rst embodiment in that the times T1 and 
T3 at Which the n-channel transistor is turned off are set 
earlier than the times T2 and T4 at Which the n-channel 
transistor is turned on. In the ?rst embodiment, the time at 
Which the n-channel transistor is turned off is the same as the 
time at Which the n-channel transistor is turned on. 

[0084] The second embodiment can also attain the same 
effects as in the ?rst embodiment. In addition, the times T1 
and T3 at Which the n-channel transistor is turned off are set 
earlier than the times T2 and T4 at Which the n-channel 
transistor is turned on. Accordingly, the second embodiment 
can reduce any punch-through current that ?oWs from the 
boosted potential VPP to the ground potential VSS. The 
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second embodiment can suppress power consumption, and 
can suppress particularly the consumption amount of 
boosted potential VPP. 

[0085] [Third Embodiment] 
[0086] FIG. 5A is a circuit diagram showing a level 
shifting circuit according to the third embodiment of the 
present invention. In FIG. 5A, the same reference numerals 
as in FIG. 2A denote the same parts. 

[0087] As shoWn in FIG. 5A, input signals (1)1‘ and (1)2 are 
inverted With respect to each other except for the rise of the 
signal (1)2. 
[0088] The third embodiment adopts an n-channel tran 
sistor QN2 in place of the transistor QNI2. The source of the 
transistor QN2 receives a ground potential VSS. The gate 
and drain of the transistor QN2 are connected to the drains 
of transistors QP1 and QP2, respectively. The transistor 
QN2 is of enhancement type. 

[0089] Operation of this level-shifting circuit Will be 
described. 

[0090] FIG. 5B is a Waveform chart shoWing operation of 
the level-shifting circuit according to the third embodiment. 

[0091] At time T0 shoWn in FIG. 5B, the signals (1)1‘ and 
(1)2 are at L” and “H” levels, respectively. In this state, the 
ground potential VSS and poWer supply potential VCC are 
respectively input to the gate and source of a transistor 
QNI1, so the transistor QNI1 is OFF. A boosted potential 
VPP is input to the gate of the transistor QN2 via a node N1, 
so the transistor QN2 is ON. 

[0092] When the signal (1)1‘, changes from “L” level to “H” 
level and the signal (1)2 changes from “H” level to “L” level 
at time T1, the poWer supply potential VCC and ground 
potential VSS are respectively input to the gate and source 
of the transistor QNI1 to turn on the transistor QNI1. Since 
the transistor QNI1 is turned on, the potential of the node N1 
drops to turn on and off the transistors QP2 and QN2, 
respectively. The potential of a node N2 changes to the 
boosted potential VPP to change an output signal OUT2 to 
“H” level. Since the potential of the node N2 changes to the 
boosted potential VPP, the transistor QP2 is turned off. The 
potential of the node N1 changes to the ground potential 
VSS. 

[0093] When the signal (1)2 changes from “L” level to “H” 
level at time T2, the poWer supply potential VCC is input to 
the gate and source of the transistor QNI1. In this state, the 
transistor QNI1 having a threshold voltage of about 0V is 
ON. While the transistor QP1 is OFF, the node N1 is charged 
from the source of the transistor QNI1. As a result, the 
potential of the node N1 starts rising. 

[0094] When the potential of the node N1 exceeds the 
threshold voltage of the transistor QN2 at time T3 after a 
delay time tD, the transistors QN2 and QP1 are turned on. 
When the signal (1)1‘ changes from “H” level to “L” level at 
time T3, the ground potential VSS is input to the gate of the 
transistor QNI1 to completely turn off the transistor QNI1 
(cut off). While leakage of the boosted potential VPP via the 
transistor QNI1 is suppressed, the potential of the node N1 
changes to the boosted potential VPP. The potential of the 
node N2 changes to the ground potential VSS-VTH to 
change the output signal OUT2 to “L” level. 
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[0095] The third embodiment can also attain the same 
effects as in the ?rst embodiment. 

[0096] By charging the node N1 by the transistor QNI1 in 
an initial state, the consumption amount of boosted potential 
VPP can be reduced. 

[0097] Since the transistor QNI1 is turned off, When the 
potential of the node N1 exceeds the threshold voltage of the 
transistor QN2, any punch-through current that ?oWs from 
the boosted potential VPP to the ground potential VSS can 
be reduced. Consequently, the third embodiment can sup 
press poWer consumption, and can suppress particularly the 
consumption amount of boosted potential VPP. 

[0098] Note that a delay time tD Within Which the poten 
tial of the node N1 can be changed to “H” level (e.g., the 
threshold voltage of the transistor QN2) by the transistor 
QNI1 suf?ces. 

[0099] [Fourth Embodiment] 
[0100] FIG. 6 is a circuit diagram shoWing a level-shifting 
circuit according to the fourth embodiment of the present 
invention. In FIG. 6, the same reference numerals as in FIG. 
2A denote the same parts. 

[0101] The fourth embodiment is different from the ?rst 
embodiment in that the drain of a transistor QP1 is con 
nected to that of a transistor QNI1 via a transfer gate 100-1, 
and the drain of a transistor QP2 is connected to that of a 
transistor QNI2 via a transfer gate 100-2. The transfer gates 
100-1 and 100-2 function to increase the snapback break 
doWn voltages of the transistors QNI1 and QNI2. FIGS. 7A 
to 7E shoW several circuit examples of the transfer gate 100. 

[0102] FIGS. 7A to 7E are circuit diagrams, respectively, 
shoWing the ?rst to ?fth circuit examples of the transfer gate 
100. 

[0103] In the ?rst circuit example, as shoWn in FIG. 7A, 
the transfer gate 100 is made from an n-channel transistor 
QNI5 having a drain connected to the drain of the transistor 
QP1 (or QP2), and a source connected to the drain of the 
transistor QNI1 (or QNI2). The gate of the transistor QNI5 
receives a poWer supply potential VCC. The threshold 
voltage of the transistor QNI5 is equal to the threshold 
voltages of the transistors QNI1 and QNI2, and set to 
approximately 0V in the ?rst circuit example. 

[0104] In the second circuit example, as shoWn in FIG. 
7B, 21 boosted potential VPP is input to the gate of the 
transistor QNI5 in the ?rst circuit example instead of the 
poWer supply potential VCC. 

[0105] In the third circuit example, as shoWn in FIG. 7C, 
a boosted potential VPP2 is input to the gate of the transistor 
QNI5 in the ?rst circuit example instead of the boosted 
potential VPP. The boosted potential VPP2 is loWer than the 
boosted potential VPP serving as “H” level of an output 
signal OUT1, and is higher than the poWer supply potential 
VCC. 

[0106] In the fourth circuit example, as shoWn in FIG. 7D, 
the transistor QNI5 in the second circuit example is replaced 
by an enhancement type n-channel transistor QN5. The 
threshold voltage of the transistor QN5 is higher than the 
threshold voltages of the transistors QNI1 and QNI2. 
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[0107] In the ?fth circuit example, as shown in FIG. 7E, 
the transistor QNI5 in the third circuit example is replaced 
by the transistor QN5 having a high threshold voltage. 

[0108] The fourth embodiment can attain the same effects 
as in the ?rst embodiment. At the same time, the fourth 
embodiment can increase the snapback breakdown voltages 
of the transistors QNI1 and QNI2, which is advantageous 
when the boosted potential VPP is high or the ratio of the 
boosted potential VPP to the power supply potential VCC is 
high. 

[0109] Note that the operation of the level-shifting circuit 
according to the fourth embodiment is the same as that of the 
level-shifting circuit according to the ?rst embodiment. 

[0110] The transfer gates 100-1 and 100-2 can be 
assembled in the second embodiment. 

[0111] [Fifth Embodiment] 
[0112] FIG. 8 is a circuit diagram showing a level-shifting 
circuit according to the ?fth embodiment of the present 
invention. In FIG. 8, the same reference numerals as in FIG. 
5A denote the same parts. 

[0113] The ?fth embodiment is different from the third 
embodiment in that the drain of a transistor QP1 is con 
nected to that of a transistor QNI1 via a transfer gate 100-1, 
and the drain of a transistor QP2 is connected to that of a 
transistor QN2 via a transfer gate 100-2. As the transfer 
gates 100-1 and 100-2, the circuits shown in FIGS. 7A to 7E 
can be used. 

[0114] The ?fth embodiment can attain the same effects as 
in the third embodiment. At the same time, the ?fth embodi 
ment can increase the snapback breakdown voltages of the 
transistors QNI1 and QN2, which is advantageous when the 
boosted potential VPP is high or the ratio of the boosted 
potential VPP to the power supply potential VCC is high. 

[0115] Note that the operation of the level-shifting circuit 
according to the ?fth embodiment is the same as that of the 
level-shifting circuit according to the third embodiment. 

[0116] [Sixth Embodiment] 
[0117] FIG. 9 is a circuit diagram showing a level-shifting 
circuit according to the siXth embodiment of the present 
invention. In FIG. 9, the same reference numerals as in FIG. 
2A denote the same parts. 

[0118] The siXth embodiment is different from the ?rst 
embodiment in that the siXth embodiments adopts an 
n-channel transistor QNI7 having a drain connected to the 
drain of a transistor QP1 and a source connected to the drain 
of a transistor QNI1, and an n-channel transistor QNIS 
having a drain connected to the drain of a transistor QP2 and 
a source connected to the drain of a transistor QNI2. The 
gate of the transistor QNI7 receives a signal (1)1 similarly to 
the transistor QNI1, and the gate of the transistor QNIS 
receives a signal (1)2 similarly to the transistor QNI2. The 
transistors QNI7 and QNIS function to increase the snap 
back breakdown voltages of the transistors QNI1 and QNI2, 
similar to the above-described transistor QNI5. 

[0119] The siXth embodiment can attain the same effects 
as in the ?rst embodiment. Further, similar to the fourth 
embodiment, the siXth embodiment can increase the snap 
back breakdown voltages of the transistors QNI1 and QNI2, 
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which is advantageous when a boosted potential VPP is high 
or the ratio of the boosted potential VPP to a power supply 
potential VCC is high. 

[0120] Note that the operation of the level-shifting circuit 
according to the siXth embodiment is the same as that of the 
level-shifting circuit according to the ?rst embodiment. 

[0121] The transistors QNI7 and QNIS can be assembled 
in the second embodiment. The transistor QNI7 can be 
assembled in the third embodiment. 

[0122] [Seventh Embodiment] 
[0123] The ?rst to siXth embodiments have exempli?ed 
the level-shifting circuit of shifting the logic level of a signal 
from the power supply potential VCC to the boosted poten 
tial VPP. 

[0124] The present invention can also applied to a level 
shifting circuit of shifting the logic level of a signal from the 
ground potential VSS to a negative potential VBB. 

[0125] The seventh embodiment concerns an eXample of 
the level-shifting circuit of shifting the logic level of a signal 
from the ground potential VSS to the negative potential 
VBB. 

[0126] FIG. 10A is a circuit diagram showing a level 
shifting circuit according to the seventh embodiment of the 
present invention. 

[0127] As shown in FIG. 10A, the negative potential VBB 
is applied to the sources of n-channel transistors QN3 and 
QN4. The transistors QN3 and QN4 are of enhancement 
type. The gate of the transistor QN3 is connected to the drain 
of the transistor QN4, and the gate of the transistor QN4 is 
connected to the drain of the transistor QN3. The drain of the 
transistor QN3 is connected to that of a p-channel transistor 
QPI3, and the drain of the transistor QN4 is connected to that 
of a p-channel transistor QPI4. 

[0128] The gate and source of the transistor QPI3 receive 
a signal 05 output from an inverter I3, and a signal (1)6 output 
from an inverter I4, respectively. The gate and source of the 
transistor QPI4 receive the signals (1)6 and (1)5, respectively. 

[0129] The inverters I3 and I4 are driven by the potential 
difference between a power supply potential VCC and 
ground potential VSS (=0V). The inverter I3 receives an 
input signal IN2 having logic levels of the power supply 
potential VCC and ground potential VSS as “H” and “L” 
levels. The inverter I3 inverts the logic level of the input 
signal IN2 to output a signal (1)5 having logic levels of the 
power supply potential VCC and ground potential VSS as 
“H” and “L” levels. The inverter I4 inverts the logic level of 
the signal (1)5 to output a signal (1)6 having logic levels of the 
power supply potential VCC and ground potential VSS as 
“H” and “L” levels. 

[0130] The transistors QPI3 and QPI4 have low threshold 
voltages. The transistors QPI3 and QPI4 are formed on an 
n-type substrate or in an n-type well to which the power 
supply potential VCC is applied. 

[0131] In the seventh embodiment, an output signal from 
the level-shifting circuit is obtained from a node N3 between 
the drains of the transistors QN3 and QPI3. An output signal 
from the level-shifting circuit can be obtained from not only 
the node N3 but also a node N4 between the drains of the 










