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(57) ABSTRACT 

A semiconductor device includes an input buffer that receives 
an address signal having a first amplitude, a level shifter that 
converts an amplitude of the address signal output from the 
input buffer to a second amplitude that is smaller than the first 
amplitude, an address controller that receives the address 
signal output from the level shifter, address decoders that 
generate a decode signal by decoding the address signal out 
put from the address controller, and level shifters that convert 
an amplitude of the address signal or of the decode signal 
from the second amplitude to the first amplitude such that at 
least an amplitude level of the decode signal becomes the first 
amplitude. 
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SEMCONDUCTOR DEVICE USING PLURAL 
INTERNAL OPERATION VOLTAGES AND 
DATA PROCESSING SYSTEMUSING THE 

SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
device, and particularly relates to a semiconductor device 
using an internal operation Voltage used in each block con 
stituting the semiconductor device. The present invention 
also relates to a data processing system using the semicon 
ductor device. 
0003 2. Description of Related Art 
0004. In recent years, an internal operation voltage of a 
semiconductor device has been reduced along with downscal 
ing of a semiconductor process. For example, in a conven 
tional DRAM (Dynamic Random Access Memory) described 
with reference to FIG.3 of Japanese Patent Application Laid 
open No. 2002-56671, an internal operation voltage VPERI 
that is lower than an external voltage VDD is used. A signal 
output from the semiconductor device to an external device is 
level-shifted from the internal operation voltage VPERI to the 
external voltage VDD before being output. 
0005 To explain an operation voltage of a DRAM, for 
example, a DDR2 SDRAM of 60-nm generation has an exter 
nal voltage VDD of 1.8 V, a peripheral circuit voltage VPERI 
of 1.3 V, and an array-system circuit voltage VARY of 1.2 V. 
Meanwhile, a DDR3 SDRAM of 50-nm generation has 
reduced voltages of the external voltage VDD of 1.5V, the 
peripheral circuit voltage VPERI of 1.0 V, and the array 
system circuit voltage VARY of 1.0 V. In the 50-nm genera 
tion, the peripheral circuit voltage VPERI is equal to the 
array-system circuit voltage VARY, because a trend toward a 
decrease of the peripheral circuit voltage VPERI is different 
from that of the array-system circuit voltage VARY. That is, 
the array-system circuit voltage VARY cannot be easily 
reduced any more, considering physical constants of memory 
cells, such as a memory cell capacitance, a Vth offset of a 
sense amplifier, and a bit line capacitance, and thus the array 
system circuit voltage VARY cannot be reduced along with a 
reduction trend of a processing dimension. 
0006. However, when the peripheral circuit voltage 
VPERI becomes low to have a very small difference between 
the peripheral circuit voltage VPERI and the array-system 
circuit voltage VARY as described above, an ON-resistance 
of a column Switch becomes relatively high and movement of 
an electric charge via the column Switch becomes slow. 
Therefore, it becomes difficult to write data from an IO line 
pair to a bit line pair and read data from a bit line pair to an IO 
line pair. 
0007 As for a row-system signal, a word line is started by 
using a voltage VPP that is higher than the external voltage 
VDD. However, when the internal operation voltage VPERI 
becomes lower, the difference between the internal operation 
voltage VPERI and the voltage VPP becomes larger. There 
fore, a level conversion from VPERI to VPP takes time, and 
thus start of a word line becomes slow. 

SUMMARY 

0008. In one embodiment, there is provided a semiconduc 
tor device comprising: an input buffer that receives an address 
signal having a first amplitude; a first level shifter that con 
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verts an amplitude of the address signal output from the input 
buffer to a second amplitude that is smaller than the first 
amplitude; an address controller that receives the address 
signal output from the first level shifter; an address decoder 
that generates a decode signal by decoding the address signal 
output from the address controller; and a second level shifter 
that converts an amplitude of the address signal output from 
the address controller or of the decode signal output from the 
address decoder from the second amplitude to the first ampli 
tude Such that at least an amplitude level of the decode signal 
becomes the first amplitude. 
0009. According to the present invention, even when the 
internal operation voltage VPERI is remarkably lower than 
the external voltage VDD, a semiconductor device that per 
forms a high-speed data transfer between a bit line pair and a 
local IO line pair can be provided. Further, according to the 
present invention, a semiconductor device that performs arise 
operation and a fall operation of a word line potential at a high 
speed can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The above features and advantages of the present 
invention will be more apparent from the following descrip 
tion of certain preferred embodiments taken in conjunction 
with the accompanying drawings, in which: 
0011 FIG. 1 is a block diagram showing an entire con 
figuration of a semiconductor device according to a first 
embodiment of the present invention; 
0012 FIG. 2 is a circuit diagram showing a circuit con 
figuration of the sense amplifier and its periphery; 
0013 FIG. 3 is a circuit diagram showing a configuration 
example of the word driver; 
0014 FIG. 4 is a circuit diagram showing a configuration 
of a level shifter according to the first embodiment; 
0015 FIG. 5 is a circuit diagram showing a configuration 
of a level shifter according to a second embodiment of the 
present invention; 
0016 FIG. 6 is a circuit diagram showing a configuration 
of a level shifter according to a third embodiment of the 
present invention; 
0017 FIG. 7 is a signal waveform diagram for explaining 
an operation of the semiconductor device; 
0018 FIG. 8 is a block diagram showing an entire con 
figuration of a semiconductor device according to the second 
embodiment; 
0019 FIG. 9 is a block diagram showing an entire con 
figuration of a semiconductor device according to the third 
embodiment; 
0020 FIG. 10 is a circuit diagram showing a configuration 
of the word driver; and 
0021 FIG. 11 is a block diagram showing a configuration 
of a data processing system using the semiconductor device 
according to the present embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0022 Preferred embodiments of the present invention will 
be now described below in detail with reference to the accom 
panying drawings. 
0023 FIG. 1 is a block diagram showing an entire con 
figuration of a semiconductor device 10 according to a first 
embodiment of the present invention. 
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0024. The semiconductor device 10 according to this 
embodiment is a DDR SDRAM, and includes, as external 
terminals, clock terminals 11a and 11b, a clock enable termi 
nal 11c, command terminals 12a to 12e, address terminals 
13a and 13b, a data system terminal 14, and power source 
terminals 15a and 15b. Although not shown in FIG. 1, the 
semiconductor device 10 also includes other terminals such 
as a calibration terminal and a reset terminal. 
0025. The clock terminals 11a and 11b are supplied with 
external clock signals CK, /CK, respectively. The clock 
enable terminal 11c is Supplied with a clock enable signal 
CKE. The external clock signals CK, /CK and the clock 
enable signal CKE are supplied to a clock input circuit 21. In 
the present specification, a signal attached with "/" at the head 
ofa signal name means an inversion signal of a corresponding 
signal or a low active signal. Therefore, the external clock 
signals CK /CK are mutually complementary signals. 
0026. An output of the clock input circuit 21 is supplied to 
a clock generation circuit 24. The clock input circuit 21 
includes an input buffer 22 and a first level shifter 23. Ampli 
tudes of the external clock signals CK, /CK input to the first 
level shifter 23 via the input buffer 22 are level-converted 
from the external voltage VDD to the internal operation volt 
age VPERI, and the low voltage clock is supplied to a clock 
generation circuit 24. In the first embodiment, the external 
voltage VDD is 1.5V, for example, and the internal operation 
voltage VPERI is 1.0 V. 
0027. The clock generation circuit 24 generates single 
phase internal clock signal ICLK based on the external clock 
signals CK, f(K, and Supplies the single-phase internal clock 
signal ICLK to various internal circuits excluding a data 
output-system circuit. A DLL circuit 80 generates a phase 
controlled internal clock LCLK based on the internal clock 
signal ICLK, and Supplies the internal clock signal ICLK to a 
data input/output (I/O) circuit 90. 
0028. The command terminals 12a to 12e are supplied 
with a chip select signal /CS, a row-address strobe signal 
/RAS, a column-address strobe signal /CAS, a write enable 
signal (WE, and an on-die termination signal ODT, respec 
tively. These signals as command signals CMD are Supplied 
to a command input circuit 31. 
0029. The command signals CMD supplied to the com 
mand input circuit 31 are Supplied to a command decoder 34. 
The command input circuit 31 includes an input buffer 32 and 
a first level shifter 33. An amplitude of the command signals 
CMD input to the first level shifter 33 via the input buffer 32 
is level-converted from the external voltage VDD to the inter 
nal operation voltage VPERI, and these low-voltage com 
mand signals CMD are supplied to the command decoder34. 
0030 The command decoder 34 holds, decodes, and 
counts command signals, thereby generating various internal 
commands ICMD. The internal commands ICMD generated 
are supplied to a control logic 35. The control logic 35 
includes a mode register and a refresh controller. The mode 
register holds various types of operation mode information. 
0031. The address terminals 13a and 13b are supplied with 
an address signal ADD and a bank address signal BANK. The 
address signal ADD and the bank address signal BANK Sup 
plied to the terminals are next Supplied to an address input 
circuit 41. 
0032. An output of the address input circuit 41 is supplied 

to an address controller 50. The address input circuit 41 
includes an input buffer 42 and a first level shifter 43. An 
amplitude of the address signal ADD input to the first level 
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shifter 43 via the input buffer 42 is level-converted from the 
external voltage VDD to the internal operation voltage 
VPERI, and the low-voltage command signal CMD is sup 
plied to the address controller 50. 
0033. Out of the address signal ADD supplied to the 
address controller 50, a row address is latched by a row 
address buffer 51, and a column address is latched by a 
column address buffer 52. When entered in a mode register 
set, the address signal ADD is Supplied to the mode register 
within the control logic 35, thereby updating a content of the 
mode register. 
0034. An output of the row address buffer 51 is supplied to 
a row decoder 61 via a second level shifter 53. An amplitude 
of a row address signal output from the row address buffer 51 
is increased to the voltage VDD by the second level shifter 53. 
0035. The row decoder 61 is a circuit that selects a word 
line WL in a memory cell array 70 according to a row address 
signal. An output of the row decoder 61 is supplied to a word 
driver 63. A third level shifter 62 is provided between the row 
decoder 61 and the word driver 63. An amplitude of a word 
line selection signal output from the row decoder 61 is 
increased to a voltage VPP that is higher than the voltage 
VDD by the third level shifter 62. Although it is not particu 
larly limited, the VPP is 2.6 V. 
0036 When an amplitude of an output signal of the row 
address buffer 51 is VPERI like a conventional level, the level 
shifter 62 needs to increase a voltage from VPERI to VPP at 
once. Therefore, a change from VPERI to VPP becomes slow. 
However, in the first embodiment, the level shifter 53 once 
increases an amplitude of an output signal of the row address 
buffer 51 to VDD, thereby converting an amplitude of a 
word-line selection signal to VDD. Consequently, the level 
shifter 62 can convert VDD to VPP at a high speed. 
0037. The word driver 63 is a circuit activating one word 
line WL selected from plural word lines WL within the 
memory cell array 70. The memory cell array 70 includes 
dynamic memory cells MC arranged in a matrix. A selection 
terminal of a memory cell MC is coupled to a word line WL, 
and a data I/O terminal of the memory cell MC is coupled to 
a bit line BL intersecting with the word line WL. The bit line 
BL is connected to a corresponding sense amplifier SA within 
a sense circuit 64. 
0038 An output of the column address buffer 52 is sup 
plied to a column decoder 65 via a second level shifter 54. An 
amplitude of a column address signal output from the column 
address buffer 52 is increased to the VDD by the second level 
shifter 54. 
0039. The column decoder 65 selects any one sense ampli 
fier SA within the sense circuit 64 according to a column 
address signal, thereby selecting a bit line pair BLT and BLB 
within the memory cell array 70. The bit line pair BLT and 
BLB selected by the column decoder 65 are connected to an 
I/O amplifier 67 via a column switch 66 and a local IO line 
pair LIOT and LIOB. In a read operation, the I/O amplifier 67 
amplifies read data once amplified by the sense amplifier SA, 
and supplies the amplified read data to the data I/O circuit 90 
via a data control circuit 68 and a read/write bus RWBS. On 
the other hand, in a write operation, the I/O amplifier 67 
amplifies write data supplied from the data I/O circuit 90 via 
the read/write bus RWBS, and supplies the amplified write 
data to the sense amplifier SA. 
0040. The data system terminal 14 includes a terminal to 
output read data DQ and input write data DQ, a terminal to 
input and output data strobe signals DQS. (DQS, and a ter 
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minal to input and output a data mask signal, and is connected 
to the data I/O circuit 90. As shown in FIG. 1, the data I/O 
circuit 90 includes a data input circuit 91 and a data output 
circuit 94. The data input circuit 91 includes an input buffer 92 
and a first level shifter 93. The data output circuit 94 includes 
an input buffer 95 and a second level shifter 96. The first level 
shifter 93 is provided to reduce the amplitude of the external 
signal to VPERI. The second level shifter 96 is provided to 
increase the amplitude VPERI of an internal signal to VDD. 
0041. The data I/O circuit 90 is connected to the read/write 
bus RWBS. The read/write bus RWBS is connected to the 
local IO line pair LIOT and LIOB via the data control circuit 
68, and the I/O amplifier 67. The local IO line pair LIOT and 
LIOB are connected to the column switch 66. 

0042. The power source terminals 15a and 15b are sup 
plied with the power source potentials VDD and VSS, respec 
tively. The power source potentials VDD and VSS are sup 
plied to various internal circuits, and are also supplied to an 
internal-voltage generation circuit 16. The internal-Voltage 
generation circuit 16 generates internal power source poten 
tials VPP VOD, VPERI, and VARY based on the power 
source potentials VDD and VSS. These potentials have a size 
relationship of VPP>VDDVOD>VPERIsVARY>VSS. In 
the present specification, symbols which are the same as those 
of these potential are sometimes used for a potential differ 
ence (a voltage) between the power source potential VSS and 
each potential. For example, the voltage VPP indicates a 
potential difference between the power source potential VSS 
and the internal potential VPP 
0043. In FIG. 1, a thick line block indicates a circuit that 
handles the voltage VDD, and a normal line block indicates a 
circuit that handles the voltage VPERI. A double line block 
indicates a circuit that handles the voltage VPP and a broken 
line block indicates a circuit that handles the voltage VARY. A 
level shifter is drawn by two lines of different thicknesses 
indicating a Voltage handled at an input side and a Voltage 
handed at an output side, respectively. 
0044 FIG. 2 is a circuit diagram showing a circuit con 
figuration of the sense amplifier SA and its periphery. 
0045. As shown in FIG. 2, the memory cell MC includes a 
cell transistor (an access transistor) T1 and a cell capacitor 
C1, and is provided at an intersection between one of comple 
mentary bit lines BLT and BLB and a word line WL. A 
memory cell MC1 in FIG. 2 is connected to the bit line BLT, 
and the other memory cell MC2 is connected to the bit line 
BLB. A gate of the cell transistor T1 is connected to the word 
line WL, and a drain of the cell transistor T1 is connected to 
the bit line BLT or BLB. 

0046. The memory cell MC includes the cell transistor T1 
of which a drain is connected to the bit line BLB, and the cell 
capacitor C1 of which one electrode is connected to a source 
of the cell transistor T1 and the other electrode is connected to 
the ground potential VSS. The column switch 66, the sense 
amplifier SA, an equalize circuit EQ, and a precharge circuit 
PCH are connected to the bit line pair BLT and BLB to which 
the memory cell MC is connected. 
0047. The sense amplifier SA has a flip-flop configuration 
including an NMOS cross-coupled circuit (pull-down circuit) 
NDRV. and a PMOS cross-coupled circuit (pull-up circuit) 
PDRV. The NMOS cross-coupled circuit NDRV is connected 
to an NMOS-side common-source control line NCSB, and 
the PMOS cross-coupled circuit PDRV is connected to a 
PMOS-side common-source control line PCST. 
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0048. The common-source control line NCSB is con 
nected to the power source potential VSS via an N-channel 
transistorTr1, and a gate of the transistorTr1 is connected to 
the row decoder 61. When an NMOS activation signal SAN 
output from the row decoder 61 becomes at a high levelVDD, 
the transistorTr1 is turned ON, and the common-source con 
trol line NCSB changes to VSS. In this case, because an 
amplitude of the NMOS activation signal SAN output from 
the row decoder 61 is notVPERI but VDD, an ON-resistance 
of the transistor Tr1 can be reduced, and the NMOS cross 
coupled circuit NDRV of the sense amplifier SA can be acti 
vated at a high speed. 
0049. The common-source control line PCST is con 
nected to the power source potential VARY via an N-channel 
transistorTr2, and a gate of the transistorTr2 is connected to 
the row decoder 61 via the level shifter 62. Although not 
particularly limited thereto, the array-system circuit Voltage 
VARY is 1.0 V, for example, and is equal to the peripheral 
circuit voltage VPERI. When a PMOS activation signal SAP1 
output from the row decoder 61 becomes at a high level, the 
transistor Tr2 is turned ON, and a potential of the common 
source control line PCST becomes VARY, thereby activating 
the PMOS cross-coupled circuit PDRV of the sense amplifier 
SA. 

0050. The common-source control line PCST is also con 
nected to a power source potential VOD via an N-channel 
transistor Tr3, and a gate of the transistorTr3 is connected to 
the row decoder 61 via the level shifter 62. The N-channel 
transistor Tr3 is an overdrive circuit to activate the PMOS 
cross-coupled circuit PDRV at a high speed. Therefore, the 
overdrive voltage VOD is set at a voltage slightly higher than 
VARY. The transistor Tr3 is turned ON at the same time as Tr2 
or slightly earlier. A potential of the common-source control 
line POST becomes the potential VOD that is higher than 
VARY, thereby activating the PMOS cross-coupled circuit 
PDRV of the sense amplifier SA at a high speed. After the 
PMOS cross-coupled circuit PDRV is activated, the transistor 
Tr3 is turned OFF, and only the transistor Tr2 is turned ON. 
Therefore, a potential of the common-source control line 
PCST is maintained at VARY. 

0051. When amplitudes of PMOS activation signals SAP1 
and SAP2 output from the row decoder 61 are VPERI, a 
conversion from VPERI to VPP by the level shifter 62 
becomes slow because of a large potential difference between 
VPERI and VPP, and start of the common-source control line 
POST becomes slow. However, when amplitudes of the 
PMOS activation signals SAP1 and SAP2 output from the 
row decoder 61 are VDD like in the first embodiment, a 
conversion from VDD to VPP by the level shifter 62 becomes 
fast because of a small potential difference between VDD and 
VPP, and the common-source control line POST can be acti 
vated at a high speed. 
0052. When NMOS activation signals SAP1 and SAP2 
output from the row decoder 61 are input directly to Tr2 and 
Tr3 without being level-shifted to VPP, the transistor Tr2 and 
Tr3 cannot be started at a high speed and activation of the 
NMOS cross-coupled circuit NDRV becomes slow because 
voltages applied to gates of the transistors Tr2 and Tr3 are 
low. However, voltages of the NMOS activation signals SAP1 
and SAP2 output from the row decoder 61 are increased by 
the level shifter 62, and are the voltage VPP which are higher 
than VDD. Therefore, ON-resistances of the transistors Tr2 
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and Tr3 can be reduced, and the PMOS cross-coupled circuit 
PDRV of the sense amplifier SA can be activated at a high 
speed. 
0053. The column switch 66 is connected to the column 
decoder 65 via a column selection lineYSLT. An amplitude of 
a column selection signal YS from the column decoder 65 is 
DVV. The column selection signal YS is supplied to gates of 
N-channel transistors TrA and TrS of the column switch 66. As 
a result, the column switch 66 is turned ON, and the bit line 
pair BLT and BLB are connected to the local IO line pair 
LIOB and LIOT, respectively. 
0054 When an amplitude of the column selection signal 
YS output from the column decoder 65 is VPERI, a potential 
difference between the amplitude VARY of the bit line pair 
BLT and BLB and the amplitude VPERI of the local IO line 
pair LIOB and LIOT becomes very small, and a resistance of 
the column switch 66 becomes relatively large. Therefore, the 
moving speed of an electric charge having passed through the 
column Switch 66 becomes slow. Consequently, it becomes 
difficult to write data from the local IO line pair LIOT and 
LIOB to the bit line pair BLT and BLB, or read data from the 
bit line pair BLT and BLB to the local IO line pair LIOT and 
LIOB 

0055. However, in the first embodiment, because an 
amplitude of the column selection signal YS output from the 
column decoder 65 is VDD and because the ON-resistance of 
a transistor of the column Switch is reduced, the resistance of 
the column switch becomes relatively small, and the move 
ment of an electric charge having passed through the column 
switch 66 becomes fast. Therefore, writing of data from the 
local IO line pair LIOT and LIOB to the bit line pair BLT and 
BLB, or reading of data from the bit line pair BLT and BLB to 
the local IO line pair LIOT and LIOB can be securely per 
formed. 

0056 FIG. 3 is a circuit diagram showing a configuration 
example of the word driver 63. 
0057. As shown in FIG.3, the word driver 63 according to 
the first embodiment is connected to the row decoder 61 via 
the level shifter 62. The word driver 63 includes a driver 69a 
that drives a main word line MWL, a driver 69b that drives a 
sub-word selection line FX, a P-channel transistor P31, and 
an N-channel transistor N31. The word driver 63 further 
includes a driver SWD that drives a word line WL, and an 
N-channel transistor N32 and a driver 69c that resets the word 
line WL. The drivers 69a and 69 care an inverting output type, 
and the driver 69b is a non-inverting output type. 
0058. The amplitude VDD of a main word-line selection 
signal MWS and a sub-word-line selection signal SWS out 
put from the row decoder 61 is increased to the amplitude 
VPP by the level shifter 62, and thereafter, the selection 
signals are supplied to the main word line MWL and the 
sub-word selection line FX, respectively. The main word line 
MWL is connected to a control terminal of the driver SWD 
via the driver 69a, and the sub-word selection line FX is 
connected to a power source terminal of the driver SWD via 
the driver 69b. 

0059. When the sub-word-line selection signal SWS out 
put from the row decoder 61 is at a high level (VDD), the 
driver SWD becomes active, and a potential (a logic level) of 
a corresponding word line WL becomes the same as a poten 
tial of the main word line MWL. That is, when the main 
word-line selection signal is at a high level (VPP), a potential 
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of the word line WL becomes VPP. When the Sub-word-line 
selection signal is at a low level (VSS), a potential of the word 
line WL becomes VSS. 
0060. When the sub-word-line selection signal SWS out 
put from the row decoder 61 is at a low level (VSS), the driver 
SWD becomes inactive, and the N-channel transistor N32 is 
turned ON. Therefore, a potential of a corresponding word 
line WL becomes always VSS. 
0061. As described above, the word line WL becomes at a 
high level (VPP) when both the main word-line selection 
signal MWS and the sub-word-line selection signal SWS 
output from the row decoder 61 are at a high level (VPP). 
When at least one of the selection signals is at a low level 
(VSS), the word line WL becomes at a low level (VSS). 
0062. When both amplitudes of the main word-line selec 
tion signal MWS and the sub-word-line selection signal SWS 
output from the row decoder 61 are VPERI, a conversion from 
VPERI to VPP by the level shifter 62 becomes slow due to a 
large potential difference between VPERI and VPP, and 
therefore start of the word line WL becomes slow. However, 
when amplitudes of the main word-line selection signal 
MWS and the sub-word-line selection signal SWS output 
from the row decoder 61 are VDD like in the first embodi 
ment, a conversion from VDD to VPP by the level shifter 62 
becomes fast because of a small potential difference between 
VDD and VPP, and the word line WL can be activated at a 
high speed. 
0063 FIG. 4 is a circuit diagram showing a configuration 
of a level shifter 100 according to the first embodiment. The 
level shifter 100 is preferably used as the level shifters 53 and 
62 of a row system shown in FIG. 1. 
0064. As shown in FIG.4, the level shifter 100 converts an 
input signal to a signal of a predetermined amplitude level. 
and includes a pair of P-channel transistors P1 and P2, a pair 
of N-channel transistors N1 and N2, and an inverter INV1. 
0065. The pair of transistors P1 and P2 constitutes a cross 
coupled latch circuit connected to each other in a flip-flop 
manner. A drain of the transistor P1 is connected to a gate of 
the transistor P2, and a drain of the transistor P2 is connected 
to a gate of the transistor P1. Sources of the transistors P1 and 
P2 are connected to the power source line. The power source 
line is supplied with the power potential VDD in the case 
where the level shifter 100 used as the level shifter 53. The 
power source line is Supplied with the internal power poten 
tial VPP in the case where the level shifter 100 used as the 
level shifter 62. 

0066. The pair of transistors N1 and N2 constitute a dif 
ferential circuit. A drain of the transistor N1 is connected to 
the drain of the transistor P1, and a drain of the transistor N2 
is connected to the drain of the transistor P2. Sources of the 
transistors N1 and N2 are connected to the ground potential 
VSS. 

0067. An input terminal 112a of the level shifter 100 is 
connected to a gate of the transistor N1, and the gate is 
Supplied with an input signal A having an amplitude level 
based on the internal operation voltage VPERI from the input 
terminal 112a. The input terminal 112a is connected to the 
gate of the transistor N2 via an inverter INV1. That is, an 
inverting input terminal 112b is connected to the gate of the 
transistor N2, and an inverting input signal Ab having a 
complementary relationship with the input signal A is Sup 
plied to the gate. 
0068. An output terminal 113a of the level shifter 100 is 
connected to the drain of the transistor P2 (the drain of the 
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transistor N2), and an output signal B that is level-shifted to 
VDD is extracted from the output terminal 113a. An inverting 
output signal Bb having a complementary relationship with 
the output signal B can be extracted from the drain of the 
transistor P1 (the drain of the transistor N1). 
0069 FIG. 5 is a circuit diagram showing a configuration 
of a level shifter 110 according to a second embodiment of the 
present invention. The level shifter 110 is preferably used for 
the level shifter 54 of a column system or the level shifter 96 
of a data I/O circuit 90 shown in FIG. 1. 
0070. The level shifter 110 according to the second 
embodiment has a current supply circuit 114 added to a level 
shifter core circuit 111 having a circuit configuration shown 
in FIG. 4. 
0071. The current supply circuit 114 includes a pair of 
P-channel transistors P3 and P4, and a pair of N-channel 
transistors N3 and N4. The transistors N3 and N4 have a 
function of preventing aggravation of a change rate of output 
duty due to a shortage of driving capacity of the P-channel 
transistors P1 and P2, and the transistors P3 and P4 have a 
function of Suppressing Supply of a large current to the tran 
sistors N3 and N4. 

0072 A series circuit of the transistor P3 and the transistor 
N3 is inserted into between the power source VDD and the 
drain of the transistor N1 (the drain of the transistor P1), and 
is connected in parallel to the transistor P1. Similarly, a series 
circuit of the transistor P4 and the transistor N4 is inserted 
into between the power source VDD and the drain of the 
transistor N1 (the drain of the transistor P1), and is connected 
in parallel to the transistor P2. Sources of the P-channel 
transistors P3 and P4 are connected to the power source VDD, 
and gates of these transistors are clamped at an ON potential 
(a ground potential). A drain of the transistor N3 is connected 
to a drain of the transistor P3, and a drain of the transistor N4 
is connected to a drain of the transistor P4. A gate of the 
transistor N3 is supplied with the inverting input signal Ab. 
and a gate of the transistor N4 is supplied with the input signal 
A 

0073. Although the level shifter 110 according to the sec 
ond embodiment has a series circuit of the N-channel transis 
tors N3 and N1, the transistor N3 is not directly connected to 
the power source VDD, and the P-channel transistor P3 is 
present between the transistor N3 and the power source VDD. 
Although the level shifter 110 has a series circuit of the 
N-channel transistors N4 and N2, the transistor N4 is not 
directly connected to the power source VDD, and the P-chan 
nel transistor P4 is present between the transistor N4 and the 
power source VDD. 
0074. When the P-channel transistors P3 and P4 as current 
limit elements are inserted into between the power source 
VDD and the N-channel transistors N3 and N4, respectively 
in this manner, a large current that becomes a cause of break 
down of a transistor flows to a position of a lower resistance, 
and a flow of a large current to the N-channel transistors N3 
and N4 can be suppressed, even when a large Surge is Super 
imposed on the power source VDD. 
0075. In the case of a conventional level shifter configured 
by only the level-shifter core circuit 111, a change rate of a 
duty of the output signal B to the input signal A is aggravated 
when VDD becomes low. This aggravation occurs because a 
driving capacity of the P-channel transistors P1 and P2 
becomes small when the voltage VDD becomes low and 
because a difference (T1-T2) becomes large, where T1 is 
time required for a potential level of the output signal B to 
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change from VSS to VDD, and T2 is time required for the 
potential level to change from VDD to VSS. However, when 
the current supply circuit 114 is provided in the level-shifter 
core circuit 111, a shortage of a driving capacity of the 
P-channel transistors P1 and P2 is compensated for by the 
N-channel transistors N3 and N4. Therefore, aggravation of 
the output duty can be prevented. 
0076 FIG. 6 is a circuit diagram showing a configuration 
of a level shifter 120 according to a third embodiment of the 
present invention. The level shifter 120 is used to reduce a 
voltage, and is preferably used for the level shifters 23, 33,43, 
and 93 shown in FIG. 1. 
0077. As shown in FIG. 6, the level shifter 120 includes 
buffers 121 to 124 connected in series at four stages. The 
voltage VDD is supplied to power source terminals of first to 
third buffers 121 to 123, and VPERI is supplied to a power 
source terminal of the fourth buffer 124. In this manner, the 
level shifter 120 to reduce a voltage can be configured by a 
multi-stage connection. 
0078 FIG. 7 is a signal waveform diagram for explaining 
an operation of the semiconductor device 10. This signal 
waveform diagram explains an amplitude of each signal, and 
schematically shows read/write timings. Broken lines in FIG. 
7 indicate signal waveforms showing an operation of a con 
ventional semiconductor device. 
0079. As shown in FIG. 7, an external signal of the ampli 
tude VDD is supplied to the clock input circuit 21, the com 
mand input circuit 31, and the address input circuit 41. There 
fore, an amplitude of an output signal of each of the input 
buffers 22, 32, and 42 becomes VDD, but the amplitude 
becomes VPERI after passing through the level shifters 23, 
33, and 43. 
0080 When a row address is input together with an active 
command ACT, the row decoder 61 decodes the row address, 
and outputs a word-line selection signal. Because an ampli 
tude of an output signal of the row decoder 61 is VDD, a 
Voltage of the word-line selection signal can be increased to a 
high potential VPP at a high speed. Broken lines indicate 
output-signal waveforms of a conventional word driver. 
When an amplitude of the output signal of the row decoder 61 
is VPERI, it takes time to increase a voltage from VPERI to 
VPP. Therefore, it is clear that a signal rise from VSS to VPP 
is slow. 
I0081. A word line WL corresponding to a row address is 
then selected by a word-line selection signal. In this case, one 
word line (for example, WL1 in FIG. 2) connected to one 
memory cell is activated, as a selected word line WL, and 
voltage shifts from a waiting level VSS to a selection level 
VPP. In the memory cell MC, the cell transistor TR1 is turned 
ON, the cell capacitor C1 is connected to the bit line BLT, and 
data of the memory cell MC1 is read to the bit line BLT. When 
data of “H” is stored in the memory cell MC, a potential of the 
bit line BLT becomes higher than a precharge level VARY/2 
by an electric charge accumulated in the cell capacitor C1. 
I0082. After a lapse of a predetermined period since the 
word line WL is activated, an NMOS sense-amplifier activa 
tion signal SAN shifts from the ground potential VSS in a 
non-selection state to a word-line boosted voltage VPP in an 
activation state, and the NMOS cross-coupled circuit NDRV 
of the sense amplifier SA is activated. A PMOS sense-ampli 
fier activation signal SAP shifts from the word-line increased 
potential VPP in a non-selection state to the ground potential 
VSS in an activation state substantially simultaneously with 
SAN or in a slight delay, and the PMOS cross-coupled circuit 
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NDRV of the sense amplifier SA is activated. Accordingly, a 
fine potential difference generated between the bit line pair 
BLT and BLB is amplified to VARY. A column command 
input is awaited in this state. An actual column command can 
be input simultaneously with a bit line amplitude that 
becomes a sufficient amplitude or before this timing. 
I0083. When a write command WRIT is input from the 
outside, a column address of a memory cell MC into which 
data is desired to be written simultaneously with the write 
command WRIT is input. Write data is input as a signal of the 
amplitude VDD from a data I/O terminal DQ, is then con 
verted to VPERI by the level shifter 93, and is transferred to 
the local IO lines LIOT and LIOB via the data control circuit 
68 and the I/O amplifier 67. In this case, a potential difference 
occurs between the local IO lines LIOT and LIOB, an ampli 
tude of the local IO line LIOT becomes VPERI, and an ampli 
tude of the local IO line LIOB becomes VSS. The data trans 
ferred is written into a sense amplifier SA connected to a 
writing cell by the column selection signal YS selected 
according to a column address input together with the write 
command WRIT. 
0084. In the sense amplifier SA, the bit line pair BLT and 
BLB are driven according to the data written from the local IO 
line pair LIOT and LIOB, and the data is written into the cell 
capacitor C1 of the memory cell MC. Because an amplitude 
of the output signal of the column decoder 65 is increased to 
VDD at this time, a resistance of the column switch 66 
becomes relatively small, and the movement of an electric 
charge having passed through the column switch 66 becomes 
fast. Therefore, the write data can be securely transferred 
from the local IO line pair LIOT and LIOB to the bit line pair 
BLT and BLB. Broken lines indicate signal waveforms of a 
conventional bit line pair BLT and BLB. When an amplitude 
of an output signal of the column decoder 65 is VPERI, the 
movement of an electric charge having passed through the 
column switch 66 is slow. Therefore, it is clear that a potential 
difference between the local IO line pair LIOT and LIOB is 
not sufficiently reflected to the bit line pair BLT and BLB. 
I0085. When a read command READ is input from the 
outside, a column address of a memory cell MC from which 
data is desired to be read simultaneously with the read com 
mand READ is input. The column selection signal YS from 
the column decoder 65 shifts from a ground potential VSS in 
the waiting state to a high potential VDD (not VPERI) in the 
selection state, and becomes in an activation state, according 
to a column address input simultaneously with the read com 
mand READ. Accordingly, data held in the sense amplifier 
SA is transferred to the local IO line pair LIOT and LIOB. 
I0086. Because an amplitude of the output signal of the 
column decoder 65 is increased to VDD at this time, a resis 
tance of the column switch 66 becomes relatively small, and 
the movement of an electric charge having passed through the 
column switch 66 becomes fast. Therefore, the read data can 
be securely read from the bit line pair BLT and BLB to the 
local IO line pair LIOT and LIOB. Broken lines indicate 
signal waveforms of the conventional bit line pair BLT and 
BLB. When an amplitude of an output signal of the column 
decoder 65 is VPERI, the movement of an electric charge 
having passed through the column switch 66 is slow. There 
fore, it is clear that a potential difference between the bit line 
pair BLT and BLB is not sufficiently reflected as a potential 
difference between the local IO line pair LIOT and LIOB. 
0087. Thereafter, the data transferred to the local IO line 
pair LIOT and LIOB is amplified by the I/O amplifier 67, and 
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a voltage is increased to VDD by the level shifter96. The data 
is output from the data I/O terminal DQ. 
I0088 FIG. 8 is a block diagram showing an entire con 
figuration of a semiconductor device 11 according to the 
second embodiment. 

0089. As shown in FIG. 8, the semiconductor device 11 
according to the second embodiment has a characteristic Such 
that the level shifter 54 of a column system is provided at a 
latter stage of the column decoder 65. Although the level 
shifter 54 is provided between the column address buffer 52 
and the column decoder 65 in the configuration shown in FIG. 
1, an output of the column decoder 65 can be also level 
shifted to VDD like in the second embodiment. An amplitude 
of a column selection signal becomes VDD in this configu 
ration as well. Therefore, the ON-resistance of a transistor of 
a column Switch can be reduced. Consequently, a resistance 
of the column switch becomes relatively small, and an electric 
charge having passed through the column Switch 66 becomes 
fast. As a result, data can be securely written from the local IO 
line pair LIOT and LIOB to the bit line pair BLT and BLB, 
and data can be securely read from the bit line pair BLT and 
BLB to the local IO line pair LIOT and LIOB, in a similar 
manner to that of the semiconductor device 10 according to 
the first embodiment. 

0090 FIG. 9 is a block diagram showing an entire con 
figuration of a semiconductor device 12 according to the third 
embodiment. 

0091. As shown in FIG. 9, the semiconductor device 12 
according to the third embodiment has a characteristic Such 
that a signal of the amplitude VDD output from a row decoder 
61a is supplied to the word driver 63 as well as to the sense 
circuit 64. The row decoder 61a outputs a main word-line 
selection signal of the amplitude VDD, and generates a main 
word-line selection signal MWS1 of which voltage is 
increased to the amplitude VPP by the level shifter 62, and a 
main word-line selection signal MWS2 of the amplitude 
VDD not to pass through the level shifter 62. The main 
word-line selection signals MWS1 and MWS2 are supplied 
to a word driver 63a. Other configurations of the semicon 
ductor device 12 are identical to those of the semiconductor 
device 10 according to the first embodiment, and therefore 
like reference characters are denoted to like constituent ele 
ments, and detailed explanations thereof will be omitted. 
0092 FIG. 10 is a circuit diagram showing a configuration 
of the word driver 63a. 

(0093. As shown in FIG. 10, the word driver 63a according 
to the third embodiment has a characteristic Such that a high 
speed drive circuit 140 that increases a rising speed and a 
falling speed of the word line WL is also included. For the 
main word-line selection signals MWS output from the row 
decoder 61a, there are the main word-line selection signal 
MWS1 of which voltage is increased to the amplitude VPP by 
the level shifter 62, and the main word-line selection signal 
MWS2 of the amplitude VDD not passed through the level 
shifter 62. These signals MWS1 and MWS2 are supplied to 
the high-speed drive circuit 140. An output terminal of the 
high-speed drive circuit 140 is connected to an input terminal 
of the driver SWD that drives the word line WL via the driver 
69a. Other configurations of the word driver 63a according to 
the third embodiment are substantially identical to those of 
the word driver 63a shown in FIG. 3, and therefore like 
reference characters are denoted to like constituent elements, 
and detailed explanations thereof will be omitted. 
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0094. The high-speed drive circuit 140 includes drivers 
69d and 69e connected in series, P-channel transistors P32 
and P33 that pull up an input terminal of an driver 69d to the 
boosted voltage VPP, and an N-channel transistor N33 
inserted into between the drivers 69e and 69d. The main 
word-line selection signal MWS2 of the amplitude VDD 
output from the row decoder 61a is supplied to the driver 69e 
and the N-channel transistor N33, and the main word-line 
selection signal MWS1 of the amplitude VPP is supplied to a 
gate of the P-channel transistor P32. A gate of the P-channel 
transistor P33 is connected to an output terminal of the driver 
69d (an input terminal of the driver 69a). Drains of the 
P-channel transistors P32 and P33 are connected to the 
boosted voltage VPP, and sources of these transistors are 
connected to an input terminal of the driver 69d (the source of 
the transistor N33). 
0095. When the main word-line selection signals MWS1 
and MWS2 output from the row decoder 61a are at a high 
level, the transistor N33 is turned ON, and the transistor P32 
is turned OFF. Therefore, an output signal of the driver 69e at 
a first stage is Supplied to the driver 69d at a second stage. 
Because the output signal of the driver 69e becomes at a low 
level, the output signal of the driver 69d becomes at a high 
level, the transistor P33 is turned OFF, and the output signal of 
the driver 69a becomes at a low level. 
0096. On the other hand, when the main word-line selec 
tion signals MWS1 and MWS2 output from the row decoder 
61a are at a low level, the transistor N33 is turned OFF, and 
the transistor P32 is turned ON. Therefore, an output signal of 
the driver 69e at the first stage is not supplied to the driver 69d 
at the second stage. Instead, because the P-channel transistor 
P32 is turned OFF and because a potential of an input terminal 
of the driver 69d becomes at a high level VPP, an output signal 
of the driver 69d becomes at a low level, the transistor P33 is 
turned ON, and an output signal of the driver 69a becomes at 
a high level. 
0097. When both the main word-line selection signals 
MWS1 and MWS2 and the sub-word-line selection signal 
SWS output from the row decoder 61a are at a high level 
(VPP), the Word line WL becomes at a high level (VPP). 
When at least either the main word-line selection signals 
MWS1 and MWS2 or the sub-word-line selection signal 
SWS is at a low level (VSS), the word line WL becomes at a 
low level (VSS). 
0098. In this manner, the word driver 63a according to the 
third embodiment independently controls the rise operation 
and the fall operation of the word line WL. Atarise time of the 
word line WL, an output signal of the driver 69e is supplied to 
the driver 69d via the transistor N33, and the driver 69e is 
controlled by a signal of the amplitude VDD output from the 
row decoder 61a. At a fall time of the word line WL, a pull-up 
potential VPP is supplied to an input terminal of the driver 69d 
via the P-channel transistor P32, and the P-channel transistor 
P32 is controlled by a signal of the amplitude VPP output 
from the row decoder 61a. Therefore, the word line can be 
driven stably at a high speed. 
0099 FIG. 11 is a block diagram showing a configuration 
of a data processing system 200 using the semiconductor 
device 10 according to the present embodiment. 
0100. The data processing system 200 shown in FIG. 11 
has a configuration that a data processor 220 and the semi 
conductor device (DRAM) 10 are connected to each other via 
a system bus 210. The data processor 220 includes a micro 
processor (MPU) and a digital signal processor (DSP) and the 
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like. Although the data processor 220 and the DRAM 10 are 
connected to each other via the system bus 210 for simplicity 
in FIG. 11, these units can be connected to each other via a 
local bus without via the system bus 210. 
0101 Although FIG. 11 shows only one system bus 210 
for simplicity, plural system buses 210 can be provided seri 
ally or in parallel via connectors as necessary. In a memory 
system data processing system shown in FIG. 11, a storage 
device 240, an I/O device 250, and a ROM 260 are connected 
to the system bus 210, but these are not necessarily essential 
constituent elements. 

0102 The storage device 240 can include a hard disk 
drive, an optical disk drive, and a flash memory. The I/O 
device 250 can include a display device such as a liquid 
crystal display, and an input device Such as a keyboard and a 
mouse. The I/O device 250 can be either an input device oran 
output device. In addition, although FIG. 11 shows each of the 
constituent elements as one for simplicity, the present inven 
tion is not limited thereto and it is also possible to provide 
these constituent elements in plural. 
0103) In the above configuration, a signal from a data 
processor 220 is supplied to the DRAM 10 via the system bus 
210. The DRAM 10 processes the signal from the data pro 
cessor 220 having the amplitude VDD by converting the 
signal to a low Voltage signal of the internal operation Voltage 
VPERI. Data read from a memory cell of the DRAM 10 is 
converted to a signal having the amplitude VDD, and is trans 
ferred to the data processor 220 via the system bus 210. 
0104. It is apparent that the present invention is not limited 
to the above embodiments, but may be modified and changed 
without departing from the Scope and spirit of the invention. 
0105 For example, in the above embodiments, the present 
invention has been explained based on Voltage conditions of 
the DDR3 SDRAM of the 50-nm generation, that is, 
VDD=1.5 V, VPERI=1.0 V, VPP=2.6 V, and VARY=1.0 V. 
However, the present invention is not limited to such voltage 
conditions, and as far as a Voltage condition of 
VPPdVDDVPERIsVARY is satisfied, the present invention 
can be applied to various types of semiconductor devices Such 
as CPU (Central Processing Unit), MCU (Micro Control 
Unit), DSP (Digital Signal Processor), ASIC (Application 
Specific Integrated Circuit), and ASSP (Application Specific 
Standard Circuit). 
0106 Furthermore, in the above embodiments, while the 
level shifters 53 and 54 for increasing the voltage VDD are 
provided in both the column system and the row system, it is 
also possible to have a configuration in which only one of 
these level shifters is provided. 
0107 Moreover, the characteristics of the column system 
circuit shown in FIG. 8, that the amplitude of the decoded 
signal supplied from the column decoder 65 is level shifted to 
VDD level by the level shifter, can be applied to the row 
system circuit shown in FIG. 1, 8 or 9. 

What is claimed is: 
1. A semiconductor device comprising: 
an input buffer that receives an address signal having a first 

amplitude; 
a first level shifter that converts an amplitude of the address 

signal output from the input buffer to a second amplitude 
that is smaller than the first amplitude: 

an address controller that receives the address signal output 
from the first level shifter; 
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an address decoder that generates a decode signal by 
decoding the address signal output from the address 
controller, and 

a second level shifter that converts an amplitude of the 
address signal output from the address controller or of 
the decode signal output from the address decoder from 
the second amplitude to the first amplitude such that at 
least an amplitude of the decode signal becomes the first 
amplitude. 

2. The semiconductor device as claimed in claim 1, 
wherein 

the address signal includes a column address signal, 
the address controller includes a column address controller 

that receives the column address signal, 
the address decoder includes a column decoder that 

decodes the column address signal to generate a column 
Selection signal, and 

the column selection signal is Supplied to a control elec 
trode of a column switch that selects a bit line. 

3. The semiconductor device as claimed in claim 2, 
wherein the second level shifter is provided between the 
column address controller and the column decoder, and con 
verts an amplitude of the column address signal output from 
the column address controller from the second amplitude to 
the first amplitude. 

4. The semiconductor device as claimed in claim 2, 
wherein the second level shifter is provided between the 
column decoder and the column Switch, and converts an 
amplitude of the column selection signal from the second 
amplitude to the first amplitude. 

5. The semiconductor device as claimed in claim 2, further 
comprising a sense amplifier connected to the bit line, 
wherein 

the sense amplifier drives the bit line in an amplitude 
Smaller than the second amplitude. 

6. The semiconductor device as claimed in claim 1, 
wherein 

the address signal includes a row address signal, 
the address controller includes a row address controller that 

receives the row address signal, and 
the address decoder includes a row decoder that decodes 

the row address signal to generate a row decode signal, 
wherein 

the semiconductor device further comprises: 
a word driver that selects a word line based on the row 

decode signal; and 
a third level shifter that converts an amplitude of the row 

decode signal output from the row decoder or of an 
output signal of the word driver from the first amplitude 
to a third amplitude such that at least an amplitude level 
of an output signal of the word driver becomes the third 
amplitude that is larger than the first amplitude. 

7. The semiconductor device as claimed in claim 6, further 
comprising: 

a sense amplifier connected to a bit line; and 
a sense amplifier driver that Supplies an operation Voltage 

to the sense amplifier based on the row decode signal. 
8. The semiconductor device as claimed in claim 7, 

wherein 
the sense amplifier driver includes a first driver that Sup 

plies a first power source potential to the sense amplifier 
and a second driver that Supplies a second power Source 
potential to the sense amplifier, 
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the row decodesignal having the first amplitude is Supplied 
to a control electrode of the first driver, and 

the row decode signal having the third amplitude is Sup 
plied to a control electrode of the second driver. 

9. The semiconductor device as claimed in claim 8, 
wherein a potential difference between the first power source 
potential and the second power source potential is Smaller 
than the second amplitude. 

10. A semiconductor device comprising: 
an address terminal Supplied with an address signal, the 

address signal changing between first and second poten 
tial levels; 

an internal address circuit coupled to the address terminal 
to receive the address signal and outputting an internal 
address signal, the internal address signal changing 
between the first potential level and a third potential 
level, the third potential level being lower than the sec 
ond potential level; and 

an address decoder coupled to the internal address circuit 
to receive the internal address signal and outputting a 
decoded signal, the decoded signal changing between 
the first level and a fourth potential level, the fourth 
potential level being higher than the third potential level. 

11. The device as claimed in claim 10, wherein the second 
potential level is substantially equal to the fourth potential 
level. 

12. The device as claimed in claim 10, wherein the address 
decoder comprises a first level shifter shifting a level of the 
internal address signal to produce an intermediate address 
signal that changes between the first and fourth potential 
levels, and a column decoder coupled to the first level shifter 
to receive the intermediate address signal, the address 
decoder further comprises column address decoder operating 
on the fourth potential level to produce a column address 
decoded signal as the decoded signal changing between the 
first and fourth potential levels. 

13. The device as claimed in claim 10, wherein the address 
decoder comprises a column address decoder decoding the 
internal address signal, the column decoder operating on the 
third potential level to produce an intermediate decoded sig 
nal that changes between the first and third potential levels, 
and the address decoder further comprises a second level 
shifter coupled to the column address decoder to receive the 
intermediate decoded signal and shifting a level of the inter 
mediate decoded signal to produce a column address decoded 
signal as the decoded signal changing between the first and 
fourth potential levels. 

14. The device as claimed in claim 10, wherein the address 
decoder comprises a third level shifter shifting a level of the 
internal address signal to produce an intermediate address 
signal that changes between the first and fourth potential 
levels, and a row address decoder coupled to the third level 
shifter to receive the intermediate address signal, the row 
address decoder operating on the fourth potential level to 
output a row address decoded signal as the decoded signal 
changing between the first and fourth potential levels. 

15. The device as claimed in claim 10, wherein the address 
decoder a row address decoder decoding the internal address 
signal, the row address decoder operating on the third poten 
tial level to produce an intermediate decoded signal that 
changed between the first and third potential levels, and the 
address decoder further comprises a fourth level shifter 
coupled to the row address decoder to receive the intermedi 
ate decoded signal and shifting a level of the intermediated 
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decided signal to produce a row address decoded signal as the 
decoded signal changing between the first and fourth poten 
tial levels. 

16. A semiconductor device comprising: 
a set of address terminals Supplied with a set of address 

signals including row address information and column 
address information, each of the address signals chang 
ing between first and second potential levels; 

an internal address circuit coupled to the set of address 
terminals to receive the set of address signals and out 
putting a set of internal address signals including row 
address information and column address information, 
each of the internal address signals changing between 
the first potential level and a third potential level, the 
third potential level being lower than the second poten 
tial level; 

a row address circuit coupled to the internal address circuit 
to receive the row address information of the set of 
internal address signals and outputting a set of row 
address decoded signals; and 

a column address circuit coupled to the internal address 
circuit to receive the column address information of the 
set of the internal address signals and outputting a set of 
column address decoded signals; 

at least one of the row address circuit and the column 
address circuit changing an associated one of the set of 
the row address decoded signals and the set of the col 
umn address decoded signals between the first potential 
level and a fourth potential level that is substantially 
equal to the second potential level. 

17. The device as claimed in claim 16, wherein the at least 
one of the row address circuit and the column address circuit 
comprises a first level shifter shifting a level of the set of the 
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internal address signals and outputting a set of intermediate 
address signals each changing between the first and fourth 
potential levels, and the at least one of the row address circuit 
and the column address circuit further comprises an address 
decoder operating on the fourth potential level to decode the 
set of internal address signals and outputting the associated 
one of the set of the row address decoded signals and the set 
of the column address decoded signals that changes between 
the first and fourth potential levels. 

18. The device as claimed in claim 16, wherein the at least 
one of the row address circuit and the column address circuit 
comprises an address decoder operating on the second poten 
tial level to decode the set of internal address signals and 
outputting a set of intermediate decoded signals changing 
between the first and second potential levels, and the at least 
one of the row address circuit and the column address circuit 
further comprises a second level shifter shifting a level of the 
set of the intermediate decoded signals and outputting the 
associated one of the set of the row address decoded signals 
and the set of the column address decoded signals. 

19. The device as claimed in claim 16, wherein the row 
address circuit changes the set of the row address decoded 
signals between the first and fourth potential levels and the 
column address circuit changes the set of the column address 
decoded signals between the first and fourth potential levels. 

20. The device as claimed in claim 19, each of the row and 
column address circuits comprises a level shifter circuit and 
an decoder circuit coupled in series, one of the level shifter 
circuit and the decoder circuit operating on the third potential 
levels and the other of the level shifter circuit and the decoder 
circuit operating on the fourth potential levels. 
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