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SEMCONDUCTOR DEVICE HAVING 
HIERARCHICAL POWER SUPPLY LINE 

STRUCTURE IMPROVED IN OPERATING SPEED 

TITLE OF THE INVENTION 

0001) Semiconductor Device Having Hierarchical Power 
Supply Line Structure Improved in Operating Speed 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device, and more specifically, it relates to a Semiconductor 
device having a hierarchical power Supply line Structure. 
0004 2. Description of the Prior Art 
0005 The withstand voltage of a transistor is reduced as 
the transistor is refined, and hence the operating Voltage 
must inevitably be lowered. For battery driving which is 
prerequisite for a portable device, an operation under a low 
Voltage and low power is essential. 
0006 When the operating voltage is lowered, however, 
the operating Speed is reduced in general. In order to 
implement a low-voltage operation without reducing the 
operating speed, therefore, the threshold voltage of a MOS 
transistor must be lowered. If the threshold voltage is 
excessively lowered, however, the transistor cannot be Suf 
ficiently cut off but an unnegligible subthreshold current 
flows also when the transistor is in an OFF state. Thus, low 
power consumption, which is the maximum feature of a 
conventional CMOS circuit, is lost. 

0007 FIG. 44 is a circuit diagram showing the structure 
of an invertor 1500 in a conventional semiconductor device. 

0008 Referring to FIG. 44, the invertor 1500 includes a 
P-channel MOS transistor 1501 having a gate receiving an 
input signal IN and a Source coupled to a power Supply 
potential Vdd, and an N-channel MOS transistor 1502 
having a gate receiving the input Signal IN, a Source coupled 
to a ground potential VSS and a drain connected to that of the 
P-channel MOS transistor 1501. 

0009. The drain of the N-channel MOS transistor 1502 
outputs an output Signal OUT. ASSuming that Vt represents 
the threshold voltage of the N-channel MOS transistor 1502, 
the operating speed of the transistor 1502 is substantially in 
inverse proportion to Vdd-Vt. In order to Suppress reduction 
of the operating Speed, therefore, the threshold Voltage Vt 
must be reduced in response to reduction of the power 
Supply potential Vdd. 

0010) If the threshold value Vit is excessively lowered, 
however, an unnegligible subthreshold current IL flows in 
the N-channel MOS transistor 1502 also when a potential 0 
V is Supplied as the input Signal IN. 

0.011 FIG. 45 illustrates the relation between a gate-to 
Source voltage VGS and a drain current IDS of the N-chan 
nel MOS transistor 1502. 

0012. This figure shows change of the drain current IDS 
following change of the gate-to-Source Voltage VGS around 
the threshold voltage Vt. The drain current IDS is logarith 
mically plotted on the vertical line. 
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0013 Referring to FIG. 45, it is assumed that the gate 
to-source voltage VGS reaches the threshold voltage Vt 
when a constant current IO flows in the transistor 1502 in a 
line 1504. Consider the case of employing an N-channel 
MOS transistor having a lower threshold voltage Vt2 in 
place of the threshold voltage Vt, to be usable under a low 
power Supply Voltage. 

0014) A line 1506 shows the relation between the drain 
current IDS and the gate-to-source voltage VGS of this 
N-channel MOS transistor. Comparing the values of the 
drain currents IDS on the lines 1504 and 1506 when the 
gate-to-Source Voltages VGS are Zero, the value of the drain 
current IDS rises from IL to IL2. Therefore, the Subthreshold 
current cannot be neglected following high integration and 
reduction of the power Supply Voltage, and increase of a 
Standby current causes a critical problem in a portable 
device driven by a battery. 
0015 FIG. 46 is a circuit diagram showing an invertor 
1510 reducing a subthreshold current by Switching a source 
Voltage proposed in general. 

0016 Referring to FIG. 46, the invertor 1510 includes an 
invertor 1511 having a power supply node coupled with a 
power Supply potential Vdd and a ground node connected to 
a node N100 for receiving an input signal IN and outputting 
an output signal OUT, and an N-channel MOS transistor 
1516 having a gate receiving a control signal SCRC, a drain 
connected to the node N100 and a source coupled to a 
ground potential VSS. 

0017. The invertor 1511 includes a P-channel MOS tran 
Sistor 1512 having a gate receiving the input signal IN, a 
Source connected to the power Supply node and a drain 
connected to an output node, and an N-channel MOS 
transistor 1514 having a gate receiving the input Signal IN, 
a Source connected to the node N100 and a drain connected 
to the output node. 
0018 FIGS. 47A and 47B are diagrams for illustrating 
types of transistors. FIG. 47A is a diagram for illustrating 
the symbol of a transistor 1518 having a high threshold 
voltage, and FIG. 47B is a diagram for illustrating the 
symbol of a transistor 1520 having a low threshold voltage. 

0019 Referring to FIGS. 47A and 47B, it is assumed 
that the symbol of the transistor 1518 shown in FIG. 47A 
Stands for a transistor having a high threshold Voltage, and 
the symbol of the transistor 1520 shown in FIG. 47B stands 
for a transistor having a low threshold Voltage. 
0020 Referring again to FIG. 46, this circuit renders the 
N-channel MOS transistor 1516 conductive, sets the poten 
tial VN of the node N100 at the ground potential VSS and lets 
the invertor 1511 perform an ordinary logic operation with 
the control signal SCRC in ordinary operation. 
0021 When the potential Supplied by the input signal IN 
is at a low level, the P-channel MOS transistor 1512 is 
rendered conductive while the N-channel MOS transistor 
1514 is rendered non-conductive, and the output potential of 
the output Signal OUT goes high. In this case, a Subthreshold 
current flows in the non-conductive N-channel MOS tran 
sistor 1514 and a current resulting from the subthreshold 
current flows from the power Supply node Supplied with the 
power Supply potential Vdd to the ground node Supplied 
with the ground potential VSS. 
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0022. When the input level of the input signal IN is high, 
on the other hand, the P-channel MOS transistor 1512 is 
rendered non-conductive while the N-channel MOS transis 
tor 1514 is rendered conductive, and the level of the output 
Signal OUT goes low. In this case, a Subthreshold current 
flows in the non-conductive P-channel MOS transistor 1512, 
to flow from the power Supply node to the ground node. 
Thus, power is unavoidably consumed by the subthreshold 
current in an ordinary operating State. 
0023. When employing this circuit during a period when 

it is recognized that input logic is previously fixed, e.g., 
during a Standby period when the chip is in a Standby State, 
power consumption by the Subthreshold current can be 
reduced. 

0024 Assuming that the input signal IN for this circuit 
goes low in the standby state, the P-channel MOS transistor 
1512 is rendered conductive while the N-channel MOS 
transistor 1514 is rendered non-conductive. At this time, the 
output signal OUT is at a high level. 
0025. When switching the control signal SCRC from a 
high level to a low level for Switching control from an 
operating state to the standby state, the N-channel MOS 
transistor 1516 is rendered non-conductive. The absolute 
value of the threshold voltage of the N-channel MOS 
transistor 1516 is greater than that of the N-channel MOS 
transistor 1514, and hence a subthreshold current flowing 
through the N-channel MOS transistor 1516 is remarkably 
smaller than that flowing in the N-channel MOS transistor 
1514. 

0026. Thus, a leakage current flowing from the power 
Supply node to the ground node depends on the Subthreshold 
current of the N-channel MOS transistor 1516, and hence 
power consumption by the Subthreshold current can be 
reduced in the Standby State. 
0.027 Despite the high threshold voltage of the N-channel 
MOS transistor 1516, the operating speed of the invertor 
1511 is not influenced when the N-channel MOS transistor 
1516 is in a conductive state. Further, the speed for Switch 
ing from the operating State to the Standby State may not be 
So high as the operating Speed of the invertor 1511, and 
hence no problem arises even if the N-channel MOS tran 
sistor 1516 has a high threshold voltage and a slightly low 
operating Speed. 

0028. When the input signal IN is at a low level, as 
hereinabove described, the circuit can be set in the Standby 
state through the control signal SCRC while statistically 
holding the output potential of the output signal OUT. 
0029 FIG. 48 is a waveform diagram for illustrating 
change of the sub ground potential VN of the node N100 
around Switching of the control signal SCRC. 
0030) Referring to FIGS. 46 and 48, the N-channel MOS 
transistor 1516 is rendered non-conductive when the level of 
the control Signal SCRC changes from the power Supply 
potential Vss to 0 V. Then, the subthreshold current flows in 
the N-channel MOS transistor 1516, and a current of the 
same magnitude also flows in the N-channel MOS transistor 
1514. 

0.031 Slightly after Switching the control signal SCRC, 
therefore, the potential of the node N100 reaches 0 V+Vvn 
slightly above 0 V. 
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0032 FIG. 49 is a graph for illustrating the relation 
between a drain current IDS flowing in the N-channel MOS 
transistor 1514 in the Standby State and a gate-to-Source 
voltage VGS. 

0033 Referring to FIGS. 46 and 49, the potential VN of 
the node N100 reaches Vvn in the standby state, and the 
level of the input signal IN is 0 V at this time. In the 
N-channel MOS transistor 1514, therefore, the gate-to:D 
Source voltage VGS reaches a negative level-Vvn. It is 
understood from the graph shown in FIG. 49 that the 
subthreshold current flowing in the N-channel MOS tran 
sistor 1514 is reduced from IL to IL1 due to the provision of 
the N-channel MOS transistor 1516. This current IL1 is also 
the Subthreshold current of the N-channel MOS transistor 
1516. 

0034). If the input signal IN goes high in the standby state, 
a similar effect can be attained by inserting a P-channel 
MOS transistor having a high threshold voltage on the 
power supply node side of the invertor 1511. 

0035 FIG. 50 is a circuit diagram for illustrating the 
structure of a circuit 1530 employing serially connected 
invertors of FIG. 46 and the state of each node in a standby 
State. 

0036) Referring to FIG.50, the circuit 1530 includes an 
invertor 1536 receiving an input signal IN, inverting the 
Same and outputting the inverted Signal to a node N106, an 
invertor 1538 receiving the potential of the node N106, 
inverting the same and outputting the inverted potential to a 
node N108, an invertor 1540 receiving the potential of the 
node N108, inverting the same and outputting the inverted 
potential to a node N110, and an invertor 1542 receiving the 
potential of the node N10, inverting the same and outputting 
an output signal OUT. 

0037. The circuit 1530 further includes a P-channel MOS 
transistor 1532 having a gate receiving a control Signal/ 
SCRC, a Source coupled to a power Supply potential Vdd 
and a drain connected to a node N102 (sub power supply 
line), and an N-channel MOS transistor 1534 having a gate 
receiving a control Signal SCRC, a Source coupled to a 
ground potential VSS and a drain connected to a node N104 
(Sub ground line). 
0038 Power supply nodes of the invertors 1536 and 1540 
are coupled to the power supply potential Vdd. Power 
supply nodes of the invertors 1538 and 1542 are connected 
to the node N102. Ground nodes of the invertors 1536 and 
1540 are connected to the node N104. Ground nodes of the 
invertors 1538 and 1542 are coupled to the ground potential 
VSS. 

0039. The P-channel MOS transistor 1532 has a threshold 
Voltage whose absolute value is greater than the threshold 
voltages of P-channel MOS transistors included in the 
invertors 1536 to 1542. The N-channel MOS transistor 1534 
has a threshold Voltage whose absolute value is greater than 
the threshold voltages of N-channel MOS transistors 
included in the invertors 1536 to 1542. 

0040. The invertors 1536 to 1542 are similar in structure 
to the invertor 1511 shown in FIG. 46, and hence redundant 
description is omitted. 
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0041) A standby state of the circuit 1530 is now 
described. 

0042. In the standby state, the control signal/SCRC is set 
high and the node N102 is cut off from the power supply 
nodes. The control signal SCRC is set low and the node 
N104 is cut off from the ground nodes. In the standby state, 
the input signal IN is at a low level, the nodes N106 and 
N110 go high, and the node N108 and the output signal OUT 
go low. The potential VN of the node N104 is slightly higher 
than the ground potential VSS, and Subthreshold currents of 
the N-channel MOS transistors included in the invertors 
1536 and 1540 are reduced. The potential VP of the node 
N102 is slightly lower than the power supply potential Vdd, 
and Subthreshold currents of the P-channel MOS transistors 
included in the invertors 1538 and 1542 are reduced. 

0.043 FIG. 51 is a circuit diagram for illustrating the state 
of each node in an ordinary operating State of the circuit 
1530. 

0044) In the ordinary operating state, a low level is 
supplied as the control signal/SCRC, and the potential VP of 
the node N102 reaches the power supply potential Vdd. 
Further, a high level is supplied as the control signal SCRC, 
and the potential VN of the node N104 reaches the ground 
potential VSS. In this State, the input signal IN is properly 
Switched to a high or low level, to perform a logic operation. 
004.5 FIG. 51 shows the state of each node when a high 
level is supplied as the input signal IN. When the input 
signal IN is high, the nodes N106 and N110 go low while the 
node N108 and the output signal OUT go high. 
0046) When a low level is supplied as the input signal IN, 
the nodes N106, N110 and N108 and the output signal OUT 
are in states similar to those shown in FIG. 50, and hence 
redundant description is omitted. 
0047. When employing a hierarchical power Supply line 
Structure for reducing Subthreshold currents as described 
above, a P-channel MOS transistor OHP and an N-channel 
MOS transistor OHN for controlling a sub power supply 
potential VP and a sub ground potential VN must be 
controlled. These transistors QHP and QNP must be adjusted 
in size in response to current consumption of a circuit 
connected to a Sub power Supply line. 
0.048 If the transistor size is smaller than that corre 
sponding to the consumed current in this case, a potential 
drop is caused on the Sub power Supply line due to current 
consumption of the circuit, to increase noise of the Sub 
power Supply line and exert a bad influence on the circuit 
operating Speed. 
0049. When employing the hierarchical power supply 
Structure, the size of the transistor for driving the Sub power 
Supply line must be adjusted to an optimum State, while this 
adjustment is hard to attain. 
0050 FIG. 52 is a waveform diagram for illustrating the 
potential VP of the Sub power supply line and the potential 
VN of the Sub ground line when the circuit 1530 described 
with reference to FIGS. 50 and 51 repeats a standby state 
and an operating State. 
0051 Referring to FIGS. 51 and 52, the power supply 
potential Vdd rises before a time t1. At the time t1, the 
control signals SCRC and/SCRC are set to inactivate the Sub 
power Supply line and the Sub ground line. In other words, 
the circuit 1530 is set in the standby state. 
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0.052 The potential difference AVd0 between the power 
supply potential Vdd and the potential VP of the sub power 
Supply line depends on the Voltage Vtph and the gate width 
of the P-channel MOS transistor 1532. The potential differ 
ence AVg0 between the ground potential Vss and the poten 
tial VN of the sub ground line depends on the threshold 
voltage Vitnh and the gate width of the N-channel MOS 
transistor 1534. Considering the worst state, AVd0=Vtph 
and AVg0=Vtnh when taking the maximum values. 
0053 At a time t2, the control signals SCRC and/SCRC 
change to activate the Sub power Supply line and the Sub 
ground line, and the circuit enters an active State. At this 
time, fluctuation of the potential levels is approximately 1 V 
in total. 

0054) When the potentials VP and VN of the sub power 
Supply line and the Sub ground line remarkably fluctuate, 
considerable time is required for activating the circuit. 
Therefore, it is important when to Switch the control signals 
SCRC and/SCRC for the timing of the circuit operation. The 
operating Speed of the circuit is reduced if the Switching 
timing for the control signals SCRC and/SCRC is late, while 
the Subthreshold currents are increased to increase power 
consumption if the Switching timing is too early. Thus, it is 
hard to decide the timing. 
0055. Further, the remarkable potential difference around 
Starting itself causes increase of the Starting time for acti 
Vating the Sub power Supply line and the Sub ground line. If 
the potential difference is excessively Small, however, the 
Subthreshold currents cannot be Suppressed. It is difficult to 
Set the potential difference at an optimum value due to 
fluctuation of the threshold Voltages etc. resulting from 
dispersion of process parameters in fabrication. 

SUMMARY OF THE INVENTION 

0056 An object of the present invention is to provide a 
Semiconductor device having a hierarchical power Supply 
Structure, which can reduce noise caused on a Sub power 
Supply line and a Sub ground line for increasing the Speed of 
a circuit operation. 
0057 Another object of the present invention is to pro 
vide a Semiconductor device, which can adjust a timing for 
activating a Sub power Supply line and a Sub ground line 
with respect to an operation timing of an internal circuit. 
0058 Still another object of the present invention is to 
provide a Semiconductor device, which can check and adjust 
optimum potentials of a Sub power Supply line and a Sub 
ground line in a Standby State. 
0059 Briefly stated, the present invention is directed to a 
Semiconductor device comprising a first main power Supply 
line, a Second main power Supply line, a first Sub power 
Supply line, a Second Sub power Supply line, a first internal 
circuit, a first connection circuit, a Second connection cir 
cuit, and a power Supply noise reduction circuit. 
0060. The first main power supply line is supplied with a 

first power Supply potential. The Second main power Supply 
line is Supplied with a Second power Supply potential lower 
than the first power Supply potential. The first Sub power 
Supply line is provided in correspondence to the first main 
power Supply line. The Second Sub power Supply line is 
provided in correspondence to the Second main power 



US 2002/0000873 A1 

Supply line. The first internal circuit has first and Second 
power Supply nodes connected to the first and Second Sub 
power Supply lines respectively, receives at least one input 
Signal and performs a prescribed operation. The first con 
nection circuit connects the first main power Supply line 
with the first Sub power Supply line in an operating mode, 
and Separates the first main power Supply line from the first 
Sub power Supply line in a Standby mode. The Second 
connection circuit connects the Second main power Supply 
line with the Second Sub power Supply line in the operating 
mode, and Separates the Second main power Supply line from 
the Second Sub power Supply line in the Standby mode. The 
power Supply noise reduction circuit is connected to the first 
and Second main power Supply lines and the first and Second 
Sub power Supply lines. The power Supply noise reduction 
circuit includes a first capacitor connected between the first 
main power Supply line and the Second Sub power Supply 
line, a Second capacitor connected between the first Sub 
power Supply line and the Second main power Supply line, 
and a third capacitor connected between the first Sub power 
Supply line and the Second Sub power Supply line. 
0061 According to another aspect of the present inven 
tion, a Semiconductor device comprises a first main power 
Supply line, a Second main power Supply line, a first Sub 
power Supply line, a Second Sub power Supply line, a first 
internal circuit, a first connection circuit and a control 
circuit. 

0062) The first main power supply line is supplied with a 
first power Supply potential. The Second main power Supply 
line is Supplied with a second power Supply potential lower 
than the first power Supply potential. The first Sub power 
Supply line is provided in correspondence to the first main 
power Supply line. The Second Sub power Supply line is 
provided in correspondence to the Second main power 
Supply line. The first internal circuit is connected to the first 
Sub power Supply line and the Second Sub power Supply line, 
and performs a prescribed operation in response to at least 
one input signal. The first connection circuit connects the 
first main power Supply line with the first Sub power Supply 
line in response to a first activation Signal. The control 
circuit generates the first activation signal. 
0.063. The control circuit includes a timing change circuit 
changing the activation timing for the first activation signal 
with reference to an input timing of an input Signal in a test 
mode. 

0064. According to still another aspect of the present 
invention, a Semiconductor device comprises a first main 
power Supply line, a Second main power Supply line, a first 
Sub power Supply line, a Second Sub power Supply line, a 
first internal circuit, a first control circuit and a Second 
control circuit. 

0065. The first main power supply line is supplied with a 
first power Supply potential. The Second main power Supply 
line is Supplied with a Second power Supply potential lower 
than the first power Supply potential. The first Sub power 
Supply line is provided in correspondence to the first main 
power Supply line. The Second Sub power Supply line is 
provided in correspondence to the Second main power 
Supply line. The first internal circuit has first and Second 
power Supply nodes connected to the first and Second Sub 
power Supply lines respectively, receives at least one input 
Signal and performs a prescribed operation. The first control 
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circuit connects the first main power Supply line with the 
first Sub power Supply line in an operating mode, and holds 
the potential difference between the first main power Supply 
line and the first Sub power Supply line at a prescribed first 
value in a Standby mode. The Second control circuit connects 
the Second main power Supply line with the Second Sub 
power Supply line in the operating mode, and holds the 
potential difference between the Second main power Supply 
line and the Second Sub power Supply line at a prescribed 
Second value in the Standby mode. 
0066. Therefore, a main advantage of the present inven 
tion resides in that, in a circuit block having a hierarchical 
power Supply Structure, the operating Speed of the circuit can 
be improved by employing a power Supply-to-power Supply 
capacitance cell. 
0067. Another advantage of the present invention resides 
in that an optimum timing for activation of hierarchical 
power Supply lines compatibly implementing a high-Speed 
operation and reduction of a leakage current and current 
consumption can be evaluated through a test. 
0068. Still another advantage of the present invention 
resides in that the potential of a Sub power Supply line can 
be adjusted So that the optimum potential of the Sub power 
Supply line causing no leakage current can be measured. 
0069. The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0070 FIG. 1 is a block diagram functionally showing the 
Structure of a principal part of a Semiconductor device 1 
according to an embodiment 1 of the present invention; 
0071 FIG. 2 is a circuit diagram showing an exemplary 
Structure of an internal circuit included in the Semiconductor 
device 1 according to the embodiment 1; 
0072 FIG. 3 shows waveforms in cases of using and not 
using a power Supply-to-power Supply capacitance cell 102, 
0073 FIG. 4 schematically illustrates the power supply 
to-power supply capacitance cell 102 shown in FIG. 2 
employed as a Standard cell; 
0074 FIG. 5 is a layout diagram showing the arrange 
ment of each element of the power Supply-to-power Supply 
capacitance cell shown in FIG. 4; 
0075 FIG. 6 is a flow chart for illustrating a case of 
forming the layout of a circuit block employing the power 
Supply-to-power Supply capacitance cell shown in FIGS. 4 
and 5; 
0076 FIG. 7 is a model diagram showing exemplary 
arrangement of a circuit; 
0077 FIG. 8 is a circuit diagram for illustrating a second 
hierarchical power Supply Structure; 
0078 FIG. 9 is a circuit diagram for illustrating rise of a 
Sub power Supply line and noise thereof; 
007.9 FIG. 10 is an operating waveform diagram of the 
circuit shown in FIG. 9; 
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0080 FIG. 11 illustrates the relation of change of an 
activation time Ta and a delay time Td in a case of providing 
a sleep transistor and a capacitance cell in parallel; 

0.081 FIG. 12 is a circuit diagram showing the structure 
of a cell PSLEEP employing a P-channel MOS transistor 
QHP initially as a sleep transistor; 

0082 FIG. 13 is a circuit diagram showing the structure 
of a cell P CAP employing a P-channel MOS transistor 
QHP initially as a sleep transistor; 

0.083 FIG. 14 is a circuit diagram showing the structure 
of a cell N SLEEP employing an N-channel MOS transistor 
QHN initially as a sleep transistor; 

0084 FIG. 15 is a circuit diagram showing the structure 
of a cell N CAP employing an N-channel MOS transistor 
QHN initially as a MOS capacitor; 
0085 FIG. 16 is a diagram for illustrating Switching of 
connection by a mask pattern; 

0.086 FIG. 17 illustrates the layout of the cell P SLEEP 
shown in FIG. 12; 

0087 FIG. 18 illustrates the layout of the cell P CAP 
shown in FIG. 13; 

0088 FIG. 19 illustrates an exemplary circuit Switching 
a Switch with a fuse element and connection States, 

0089 FIG. 20 is a diagram for illustrating the layout of 
a changeover Switch including the fuse element shown in 
FIG. 19; 

0090 FIG. 21 illustrates exemplary arrangement of the 
circuit shown in FIGS. 12 to 15 on a circuit block having a 
hierarchical power Supply Structure; 

0091 FIG. 22 illustrates the structure of a circuit block 
of a Semiconductor device according to an embodiment 3, 
0092 FIG. 23 is a block diagram schematically showing 
the Structure of a Semiconductor device according to an 
embodiment 4, 

0.093 FIG. 24 is a schematic block diagram of a hierar 
chical power Supply test circuit in the Semiconductor device 
according to the embodiment 4, 

0094 FIG. 25 is a circuit diagram showing the structure 
of a hierarchical power Supply control circuit 412, 

0.095 FIG. 26 is a circuit diagram showing the structure 
of a test mode selector 24 shown in FIG. 24; 

0.096 FIG. 27 is a circuit diagram showing a structure 
related to a row-System power Supply wire in a Semicon 
ductor device according to an embodiment 5; 

0097 FIG. 28 is a waveform diagram for illustrating an 
activation timing for a Sub power Supply line connected to 
a word line driver and a column decoder; 

0.098 FIG. 29 is a waveform diagram for illustrating 
timings for activating timing signals RASF, RX and RXD; 

0099 FIG. 30 is a circuit diagram showing a structure 
related to a column-System power Supply wire in a Semi 
conductor device according to an embodiment 6; 
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0100 FIG. 31 is a circuit diagram showing a structure 
related to a power Supply wire in a Semiconductor device 
according to an embodiment 7; 
0101 FIG. 32 is a circuit diagram showing the structure 
of a delay circuit 650; 
0102 FIG. 33 illustrates the structure of a principal part 
of a leakage current test circuit in an embodiment 8, 
0.103 FIG. 34 is a circuit diagram showing the structure 
of a Signal generation circuit 702; 

0104 FIG. 35 is a circuit diagram showing the structure 
of a voltage generation circuit VDCH1; 

0105 FIG. 36 is a circuit diagram showing the structure 
of a voltage generation circuit VDCL1; 

0106 FIG. 37 is a circuit diagram showing the structure 
of a leakage test circuit 706 in FIG. 33; 
0107 FIG. 38 is a circuit diagram showing a principal 
part of a circuit Structure related to a leakage test in an 
embodiment 9; 

0.108 FIG. 39 is a circuit diagram showing the structure 
of a voltage generation circuit VDCH2 in FIG. 38; 
0109 FIG. 40 is a circuit diagram showing the structure 
of a Voltage generation circuit VDCL2, 

0110 FIG. 41 is a circuit diagram showing the structure 
of a circuit block employed for a Semiconductor device 
according to an embodiment 10; 
0111 FIG. 42 is a waveform diagram for illustrating a 
driven state of each power supply line of a circuit block 800; 
0112 FIG. 43 is a circuit diagram showing the structure 
of a circuit block 820 employed in an embodiment 11; 
0113 FIG. 44 is a circuit diagram showing the structure 
of an invertor 1500 in a conventional Semiconductor device; 

0114 FIG. 45 illustrates the relation between gate-to 
Source voltages VGS and drain currents IDS of N-channel 
MOS transistors; 
0115 FIG. 46 is a circuit diagram showing a generally 
proposed invertor 1510 for reducing a subthreshold current 
by Switching a Source Voltage; 

0116 FIGS. 47A and 47B are diagrams for illustrating 
types of transistors, with FIG. 47A illustrating the symbol of 
a transistor having a high threshold voltage and FIG. 47B 
illustrating the Symbol of a transistor having a low threshold 
Voltage; 

0117 FIG. 48 is a waveform diagram for illustrating 
change of a subground potential VN of a node N100 around 
Switching of a control signal SCRC; 

0118 FIG. 49 is a graph for illustrating the relation 
between a drain current IDS flowing in an N-channel MOS 
transistor 1514 in a Standby State and a gate-to-Source 
voltage VGS; 

0119 FIG. 50 is a circuit diagram for illustrating the 
structure of a circuit 1530 employing serially connected 
invertors of FIG. 46 and the state of each node in a standby 
State, 
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0120 FIG. 51 is a circuit diagram for illustrating the state 
of each node in an ordinary operation of the circuit 1530; 
and 

0121 FIG. 52 is a waveform diagram for illustrating a 
potential VP of a sub power supply line and a potential VN 
of a sub ground line when the circuit 1530 illustrated in 
FIGS. 50 and 51 repeats a standby state and an operating 
State. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.122 Embodiments of the present invention are now 
described in detail with reference to drawings. Referring to 
the drawings, identical numerals denote the same or corre 
Sponding parts. 

0123 Embodiment 1 
0.124 FIG. 1 is a block diagram functionally showing the 
Structure of a principal part of a Semiconductor device 1 
according to an embodiment 1 of the present invention. 
0.125 FIG. 1 shows the structure of a functional part 
related to 1-bit input/output data in a Synchronous dynamic 
random access memory (hereinafter referred to as SDRAM) 
operating in Synchronization with a x8-bit structure clock 
Signal as an exemplary Semiconductor device. 
0126. A memory cell array part related to a data input/ 
output terminal DQi includes memory cell arrays 71a form 
ing a bank A and memory cell arrayS. 71b forming a bank B. 
0127. The bank A is split into memory cell array banks 
A0 and A1 Selected in response to an address Signal, and the 
bank B is split into memory cell array banks B0 and B1. 
0128. For each of the memory cell array banks AO and 
A1, an X decoder group 52a including a plurality of row 
decoderS decoding address Signals A0 to A and Selecting 
corresponding rows of each memory cell array 71a, a Y 
decodergroup 53a including a plurality of column decoders 
decoding column address Signals Y1 to Yk and generating 
column Selection Signals Selecting corresponding columns 
of the memory cell array 71a and a Sense amplifier group 
54a detecting and amplifying data of a memory cell con 
nected to a selected row of the memory cell array 71a. 
0129. The X decoder group 52a includes a row decoder 
provided in correspondence to each word line of the memory 
cell array 71a. In accordance with address signals X0 to X, 
the corresponding row decoder Selects a word line. 
0130. The Y decoder group 53a includes a column 
decoder provided for each of column Selection lines of the 
memory cell array 71a. Each column Selection line Selects 
four pairs of bit lines. The X decoder groups 52a and 53a 
Simultaneously Select 4-bit memory cells in each of the 
memory cell array banks AO and A1. The X decodergroup 
52a and the Y decoder group 53a are activated by a bank 
Specifying Signal BA respectively. On the other hand, an X 
decodergroup 52b and a Y decodergroup 53b are provided 
also for each of the memory cell array banks B0 and B1, and 
activated by a bank Specifying Signal BB respectively. 
0131 The bank A is further provided with internal data 
transmission lines (global I/O lines) for transmitting the data 
detected/amplified by the sense amplifier groups 54a while 
transmitting write data to the Selected memory cells of the 
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memory cell arrays 71a. A global I/O line bus GIO0 is 
provided for the memory cell array bank A0, while a global 
I/O line bus GIO1 is provided for the memory cell array 
bank A1. Each global I/O line bus includes four pairs of 
global I/O lines for Simultaneously transferring data to the 
Simultaneously Selected four-bit memory cells. 
0.132. A write register 59a and a write buffer group 60a 
are provided in correspondence to the global I/O line bus 
GIO0 for the memory cell array bank AO, while a write 
register 59a2 and a write buffer group 60a2 are provided in 
correspondence to the global I/O line bus GIO1 for the 
memory cell array bank Al. 
0.133 An input buffer 58a of a 1-bit width generates 
internal write data from input data Supplied to the data 
input/output terminal DQi. A selector 69a is controlled by a 
Selector control Signal (pSEA outputted from a Second con 
trol Signal generation circuit 63 for Switching an output of 
the input buffer 58a and supplying the same to the write 
register 59a or 59a2. In other words, the input/output buffer 
58a is activated in response to an input buffer activation 
Signal (pDBA for generating the internal write data from the 
input data Supplied to the data input/output terminal DQi, 
while the selector 69a is controlled in response to the 
Selector control Signal pSEA outputted from the Second 
control Signal generation circuit 63 in response to an address 
Signal to output the internal write data to either one of the 
right registers 59a and 59a2. The write registers 59a and 
59a2 are activated in response to register activation signals 
(pRWA0 and (pwA1 respectively for sequentially storing the 
write data outputted from the selector 59a. The write buffer 
groups 60a and 60a2 are activated in response to write buffer 
activation signals (pWBAO and pWBA1 respectively for 
amplifying data Stored in the corresponding write registers 
59a and 59a2 and transmitting the same to the corresponding 
global I/O line buses GIO0 and GIO1 respectively. 
0.134. An equalizer circuit group 61a is provided for the 
two systems of global I/O line buses GIO0 and GIO1 in 
common and activated in response to an equalizer circuit 
activation signal pWEQA for equalizing the global I/O line 
buses GIOO and GIO1. 

0135). Each of the write buffer groups 60a and 60a2 and 
the write registers 59a and 59a2 has a 8-bit width. 
0.136 The bank B also includes the memory cell array 
banks B0 and B1. Each of the memory cell array banks B0 
and B1 includes an X decodergroup 52b, a Y decodergroup 
53b, a Sense amplifier group 54b activated in response to a 
Sense amplifier activation signal (pSAB, an equalizer circuit 
group 61b activated in response to an equalizer circuit 
activation signal pWEQB, a write buffer group 60b or 60b2 
activated in response to a buffer activation signal OWBB0 or 
(pWBB1, a write register 59b or 59b2 activated in response 
to a register activation signal (pRwB0 or (pRw B1, a selector 
69b controlled by a selector control signal pSEB, and an 
input buffer 58b activated in response to a buffer activation 
signal (pDBB. 
0.137 The banks A and B are identical instructure to each 
other. Data can be inputted/outputted in Synchronization 
with a high-speed clock signal due to the provision of the 
write registers 59a, 59a2, 59b and 59b2. 
0.138. In accordance with the bank specifying signal BA 
or BB, only each control signal for either the bank A or the 
bank B is generated. 
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0139 A functional block 100 shown in FIG. 1 is pro 
Vided in correspondence to each data input/output terminal. 
The x8-bit structure SDRAM includes eight functional 
blocks 100 in correspondence to the respective data input/ 
output terminals. 
0140. The banks A and B are rendered substantially 
identical in Structure to each other So that only one of the 
bankSA and B is Selected by the bank Specifying Signal BA 
or BB, whereby the banks A and B can operate substantially 
completely independently of each other. 
0.141. A first control signal generation circuit 62, the 
Second control Signal generation circuit 63 and a clock 
counter 64 are provided as a control System for individually 
driving the banks A and B respectively. 
0142. The first control signal generation circuit 62 incor 
porates externally Supplied control Signals, i.e., an external 
row address Strobe Signal eXt./RAS, an external column 
address Strobe Signal eXt./CAS, an external output enable 
Signal ext./OE and an external write enable signal (write 
authorization signal) ext./WE in Synchronization with an 
external clock Signal CLK and generates internal control 
Signals (pxa, pya, (pW, (pO, (pR and (pC. 
0143. The second control signal generation circuit 63 
generates the bank Specifying Signals BA and BB, the least 
Significant bit Y0 of an external address Signal, control 
signals for individually driving the banks A and B in 
response to the internal control Signals (pW, (pO, pR and pC 
and an output of the clock counter 64, i.e., the equalizer 
circuit activation signals (pWEQA and pWEQB, the sense 
amplifier activation signals (pSAA and (pSAB, the write 
buffer activation signals (pWBA0, pWBA1, pWBB0 and 
(pWBB1, the write register activation signals (pRWA0, 
(pRw A1, pRwB0 and pRw B1, the selector control signals 
(pSEA and cpSEB, the input buffer activation signals (pDBA 
and (pDBB, a signal CASO activated (low level) when the 
timing of an internal control Signal is for a write operation, 
and a write decode enable signal WDE activated (high level) 
during a write operation period. 
0144. As peripheral circuits, the semiconductor device 1 
further includes an X address buffer 65 incorporating exter 
nal address Signals ext. A0 to ext. Ai in response to the 
internal control Signal pXa and generating the internal 
address Signals X0 to X and the bank Specifying Signals BA 
and BB, and a Yaddress buffer 66 activated in response to 
the internal control Signal (pya for generating column Selec 
tion signals Y0 to Yk for Specifying a column Selection line. 
0145 As a peripheral circuit, the semiconductor device 1 
further includes a Y address operation circuit 68 controlled 
by the external clock signal CLK for receiving the column 
selection signals Y0 to Yk outputted from the Y address 
buffer 66 and the signals CASO and WDE and outputting the 
column address signals Y1 to Yk and a Y decoder activation 
signal ENCSL. 
0146 In the aforementioned SDRAM, an operating mode 
is decided in response to the values of the externally 
Supplied control Signals incorporated in Synchronization 
with the external clock signal CLK. The bit number of 
continuously read or written data, which is called a burst 
length, is set at any of 1, 2, 4 and 8 bits in the SDRAM by 
changing the value of a mode register included in the first 
control Signal generation circuit 62 by an internally Supplied 
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control Signal. In addition, the mode register holds a Set 
value of a CAS latency, a Set value of a burst type interleave/ 
Sequential mode and the like. 

0147 The SDRAM does not regularly transmits/receives 
data to/from an external device but is generally Set in a 
Standby State while a microprocessor performs data proceSS 
ing, for example. In order to reduce power consumed by the 
SDRAM in Such a standby state, it is effective to reduce 
Subthreshold currents of MOS transistors. 

0.148. The present invention is employed for reducing 
subthreshold currents in the standby state. While the 
SDRAM is employed as an exemplary semiconductor 
device in the above description, the present invention is not 
restricted to a Semiconductor memory device Such as the 
SDRAM in particular, but is applicable to all semiconductor 
devices (e.g., a microprocessor, a logic LSI and the like) 
including MOS circuits. 
014.9 FIG. 2 is a circuit diagram showing an exemplary 
Structure of an internal circuit included in the Semiconductor 
device according to the embodiment 1. 

0150 Referring to FIG. 2, this internal circuit includes a 
main power Supply line MVL Supplied with a power Supply 
potential Vdd, a main ground line MGL supplied with a 
ground potential VSS, a Sub power Supply line SVL Supplied 
with a current from the main power supply line MVL in 
response to a control Signal/SCRC, a Sub ground line SGL 
supplied with a current from the main ground line MGL in 
response to a control signal SCRC, a P-channel MOS 
transistor QHP having a high threshold voltage connected 
between the main power supply line MVL and the sub power 
Supply line SVL with a gate receiving the control Signal 
/SCRC, and an N-channel MOS transistor OHN having a 
high threshold Voltage connected between the main ground 
line MGL and the subground line SGL with a gate receiving 
the control signal SCRC. 

0151. This internal circuit further includes an invertor 
104 connected to the main power supply line MVL and the 
Sub ground line SGL for receiving an input Signal IN, an 
invertor 106 connected to the sub power supply line SVL 
and the main ground line MGL for receiving and inverting 
an output of the invertor 104 and outputting an output signal 
OUT, and a power Supply-to-power Supply capacitance cell 
102 connected to the main power Supply line MVL, the Sub 
power supply line SVL, the sub ground line SGL and the 
main ground line MGL. 

0152 The invertor 104 includes a P-channel MOS tran 
sistor OLP1 and an N-channel MOS transistor OLN1 seri 
ally connected between the main power supply line MVL 
and the Sub ground line SGL with gates receiving the input 
signal IN. A connection node between the P-channel MOS 
transistor OLP1 and the N-channel MOS transistor OLN1 
outputs the output signal of the invertor 104. 

0153. The invertor 106 includes a P-channel MOS tran 
sistor OLP2 and an N-channel MOS transistor OLN2 seri 
ally connected between the sub power supply line SVL and 
the main ground line MGL with gates receiving the output 
from the invertor 104. A connection node between the 
P-channel MOS transistor OLP2 and the N-channel MOS 
transistor QLN2 outputs the output signal OUT of the 
invertor 106. 
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0154) The P-channel MOS transistors QLP1 and QLP2 
have threshold voltages lower than that of the P-channel 
MOS transistor OHP. Further, the N-channel MOS transis 
tors QLN1 and QLN2 have threshold voltages lower than 
that of the N-channel MOS transistor OHN. 

O155 Thus, the main power supply line MVL and the Sub 
power supply line SVL are provided and two types of 
P-channel MOS transistors having different threshold volt 
ages are employed for Suppressing current consumption in 
the standby state of this circuit. Subthreshold currents in the 
Standby State are reduced due to employment of Such a 
hierarchical power Supply Structure. 
0156 The P-channel MOS transistor QHP has a high 
threshold Voltage for reducing the Subthreshold currents, 
while the P-channel MOS transistors OLP1 and OLP2 have 
low threshold Voltages for increasing the operating Speed. 
This also applies to the N-channel MOS transistors QNP and 
OLN1 and OLN2. 
O157 The power Supply-to-power supply capacitance 
cell 102 includes a capacitor SC connected between the Sub 
power supply line SVL and the sub ground line SGL, a 
capacitor VDC connected between the main power Supply 
line MVL and the subground line SGL, and a capacitor VSC 
connected between the sub power supply line SVL and the 
main ground line MGL. 
0158. The power Supply-to-power supply capacitance 
cell 102 indicates that the capacitors SC, VDC and VSC are 
regularly combined with each other to form a single cell. 
When the capacitors SC, VDC and VSC are thus connected 
to the power supply lines MVL and SVL, the sub power 
supply line SVL and the sub ground line SGL can be 
regularly Stabilized for Stabilizing the operation of the circuit 
connected to the sub power Supply line SVL and the Sub 
ground line SGL. 
0159 FIG. 3 illustrates operating waveforms in cases of 
using and not using the power Supply-to-power Supply 
capacitance cell 102 shown in FIG. 2 respectively. 
0160 Referring to FIGS. 2 and 3, consider that the input 
Signal IN changes from a low level to a high level. At this 
time, the control signal SCRC goes high, and the N-channel 
MOS transistor OHN and the P-channel MOS transistor 
QHP are rendered conductive. The output signal OUT also 
changes from a low level to a high level in response to the 
change of the input signal IN, through operations of the 
invertors 104 and 106. At this time, a voltage drop is 
developed on the potential of the Sub power Supply line 
SVL, i.e., a sub power supply line potential VP, only by the 
resistance of the P-channel MOS transistor OHP due to 
currents consumed in the invertors 104 and 106. On the 
other hand, the potential of the Sub ground line SGL, i.e., a 
sub ground potential VN floats by the resistance of the 
N-channel MOS transistor OHN. The output signal OUT is 
delayed due to such voltage fluctuation. Referring to FIG. 3, 
symbols VP1,VN1 and OUT1 denote the waveforms of the 
sub power supply potential VP, the subground potential VN 
and the output signal OUT at this time respectively. 
0.161 The power Supply-to-power Supply capacitance 
cell 102 is added in order to reduce this output delay. In this 
case, the currents consumed in the invertors 104 and 106 are 
partially Supplied from the power Supply-to-power Supply 
capacitance cell 102. Therefore, noise appearing on the Sub 
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power Supply line SVL and the sub ground line SGL is 
reduced. Referring to FIG.3, symbols VP2, VN2 and OUT2 
denote the waveforms of the Sub power supply potential VP, 
the Sub ground potential VN and the output signal OUT at 
this time respectively. 

0162 FIG. 3 shows that output delay of the internal 
circuit is improved by arranging the power Supply-to-power 
supply capacitance cell 102 shown in FIG. 2. 
0163 FIG. 4 is a schematic diagram for illustrating the 
power Supply-to-power Supply capacitance cell 102 shown 
in FIG. 2 employed as a standard cell. 
0.164 Referring to FIG. 4, a power Supply-to-power 
Supply capacitance cell 110 includes a main power Supply 
line MVL, a sub power Supply line SVL, a sub ground line 
SGL and a main ground line MGL arranged in parallel with 
each other along the shorter Side direction of a rectangular 
cell frame. 

0165 Capacitors SC, VDC and VSC are arranged 
between the sub power Supply line SVL and the sub ground 
line SGL. A first electrode of the capacitor SC is connected 
to the Sub power supply line SVL through a contact cell 114. 
A Second electrode of the capacitor SC is connected to the 
sub ground line SGL through a contact cell 118. 

0166 A first electrode of the capacitor VDC is connected 
to the main power Supply line MVL through a contact cell 
112. A second electrode of the capacitor VDC is connected 
to the Sub ground line SGL through a contact cell 120. 

0.167 A first electrode of the capacitor VSC is connected 
to the Sub power supply line SVL through a contact cell 116. 
A second electrode of the capacitor VSC is connected to the 
main ground line MGL through a contact cell 122. 

0.168. The term “contact cell' stands for a part of an 
interlayer isolation film provided with a through hole, which 
is filled up with a metal layer for connecting each power 
Supply line and an electrode layer of each capacitor with 
each other. 

0169 FIG. 5 is a layout diagram showing arrangement of 
each element of the power Supply-to-power Supply capaci 
tance cell 110 shown in FIG. 4. 

0170 Referring to FIG. 5, the power Supply-to-power 
Supply capacitance cell 110 includes the main power Supply 
line MVL, the Sub power supply line SVL, the sub ground 
line SGL and the main ground line MGL arranged in parallel 
with each other along the longer Side direction of a rectan 
gular N well NW. These power supply lines MVL and SVL 
and ground lines SGL and MGL are prepared from Second 
layer metal wires. 
0171 The capacitors SC, VDC and VSC are arranged 
between the sub power Supply line SVL and the sub ground 
line SGL. The capacitors SC, VDC and VSC are formed by 
MOS transistors. In these MOS transistors, Sources and 
drains are connected to define the first electrodes of the 
capacitors SC, VDC and VSC, while gates define the second 
electrodes of the capacitors SC, VDC and VSC respectively. 

0172 For convenience of illustration, hereinafter a first 
connection node of each MOS transistor is referred to as a 
Source while a Second connection node thereof is referred to 
as a drain regardless of the level of a Supplied potential. 
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0173) In the capacitor SC, a source 160 and a drain 180 
of the MOS transistor are connected with each other through 
contact cells 158 and 178 and a first layer metal wire 156, 
while a gate 132 made of polysilicon is connected with a first 
layer metal wire 136 through a contact cell 134. 
0174) The first layer metal wire 156 forming the first 
electrode of the capacitor SC is connected to the Sub power 
supply line SVL through the contact cell 114. The first layer 
metal wire 136 forming the second electrode of the capacitor 
SC is connected to the sub ground line SGL through the 
contact cell 118. 

0175. In the capacitor VDC, a source 166 and a drain 186 
of the MOS transistor are connected with each other through 
contact cells 164 and 184 and a first layer metal wire 162, 
and the gate 132 made of polysilicon is connected to a first 
layer metal wire 144 through a contact cell 142. 
0176) The first layer metal wire 162 forming the first 
electrode of the capacitor VDC is connected to the main 
power supply line MVL through the contact cell 112. The 
first layer metal wire 144 forming the second electrode of the 
capacitor VDC is connected to the Sub ground line SGL 
through the contact cell 120. 
0177. The second electrodes of both capacitors SC and 
VDC are connected to the sub ground line SGL, and hence 
the gate 132 of polysilicon is common to these capacitorS SC 
and VDC. In order to stabilize the potentials, the gate 132 is 
connected to a first layer metal wire 140 through a contact 
cell 138 in a portion between the capacitors SC and VDC, 
while the first layer metal wire 140 is connected to the sub 
ground line SGL through a contact cell 119. 
0178. In the capacitor VSC, a source 172 and a drain 192 
of the MOS transistor are connected with each other through 
contact cells 170 and 190 and a first layer metal wire 168, 
and a gate 154 made of polysilicon is connected to a first 
layer metal wire 152 through a contact cell 150. 
0179 The first layer metal wire 168 forming the first 
electrode of the capacitor VSC is connected to the sub power 
supply line SVL through the contact cell 116. The first layer 
metal wire 152 forming the second electrode of the capacitor 
VSC is connected to the main ground line MGL through the 
contact cell 122. 

0180. In order to stabilize the potential, the gate 154 is 
connected to a first layer metal wire 148 through a contact 
cell 146 in a portion adjacent to the capacitor VDC, while 
the first layer metal wire 148 is connected to the main 
ground line MGL through a contact cell 123. 
0181 FIG. 6 is a flow chart for illustrating a case of 
forming the layout of a circuit block with the power Supply 
to-power supply capacitance cell shown in FIGS. 4 and 5. 
0182 Referring to FIG. 6, a logic gate cell and the power 
Supply-to-power Supply capacitance cell are arranged at a 
step ST21. Then, the main power supply line MVL, the Sub 
power supply line SVL, the main ground line MGL and the 
sub ground line SGL are wired at a step ST22. Second layer 
metal wires are employed as power Supply wires therefor. 
0183 Each logic gate cell and each power Supply line of 
the power Supply-to-power Supply capacitance cell arranged 
at the step ST21 are connected with each other at the step 
ST22. 
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0.184 At a step ST23, signal lines from an input signal in 
the designed circuit block to an output Signal are arranged. 
0185. Layout data of the circuit block is then completed. 
A computer automatically performs the design flow of the 
circuit block employing the standard cell shown in FIG. 6 
on the basis of connection information for circuits and 
information on the Sizes of each logic cell and the power 
Supply-to-power Supply capacitance cell. 
0186 FIG. 7 is a model diagram showing exemplary 
arrangement of the circuit. 
0187 Referring to FIG. 7, the power Supply-to-power 
Supply capacitance cell 110 is arranged adjacently to a logic 
gate cell 132. The main power supply line MVL, the Sub 
power supply line SVL, the sub ground line SGL and the 
main ground line MGL are So arranged that the logic gate 
cell 132 and each power Supply line of the power Supply 
to-power Supply capacitance cell 110 are connected with 
each other. 

0188 Thus, three capacitors are included in the power 
Supply-to-power Supply capacitance cell 110 for creating 
layout data, whereby the arrangement area can be reduced 
and management of arrangement points is simplified as 
compared with the case of Separately arranging capacitors. 
From the P-channel MOS transistor QHP supplying the 
current to the sub power Supply line SVL and the N-channel 
MOS transistor OHN supplying the current to the Sub 
ground line SGL shown in FIG. 2, an effect can be attained 
by arranging the power Supply-to-power Supply capacitance 
cell in proximity to a circuit located on a separate position 
in the block. 

0189 In other words, an effective arrangement point of 
the power Supply-to-power Supply capacitance cell must be 
taken into consideration in the block. In this regard, the cell 
including three capacitors leads to reduction of the number 
of design Steps for the Semiconductor device 1. 
0190. A second exemplary hierarchical power supply 
Structure employing Such a power Supply-to-power Supply 
capacitance cell is now described. 
0191 FIG. 8 is a circuit diagram for illustrating the 
Second hierarchical power Supply structure. 
0.192 Referring to FIG. 8, a circuit block having this 
hierarchical power Supply structure includes a connection 
circuit 202 in place of the P-channel MOS transistor QHP 
and a connection circuit 204 in place of the N-channel MOS 
transistor OHN with invertors 104 and 106 both supplied 
with currents from a sub power supply line SVL and a sub 
ground line SGL, dissimilarly to the internal circuit shown 
in FIG. 2. The remaining structure is similar to that of the 
internal circuit shown in FIG. 2, and hence redundant 
description is not repeated. 

0193 The connection circuit 202 includes a P-channel 
MOS transistor QLP0 connected between a main power 
supply line MVL and the sub power supply line SVL with 
a gate receiving a control signal/SCRC and a diode 206 
forwardly connected between the main power Supply line 
MVL and the Sub power supply line SVL. 

0194 The connection circuit 204 includes an N-channel 
MOS transistor QLNO connected between the Sub ground 
line SGL and a main ground line MGL with a gate receiving 
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a control signal SCRC and a diode 208 forwardly connected 
between the Sub ground line SGL and the main ground line 
MGL. 

0195) In the circuit shown in FIG. 8, the threshold 
voltages of the P-channel MOS transistor QLP0 and the 
N-channel MOS transistor QLP0 may be equal to those of a 
P-channel MOS transistor and an N-channel MOS transistor 
employed for an internal circuit such as the invertor 104 
respectively. Therefore, no plurality of threshold Voltages 
are required and hence the fabrication process can be Sim 
plified. 

0196. Also in the circuit having such a structure, noise 
caused on the Sub power Supply line SVL and the Sub ground 
line SGL can be reduced by employing a power Supply-to 
power Supply capacitance cell 102 advantageously for a 
high-Speed operation of the circuit. 

0.197 As hereinabove described, the semiconductor 
device 1 according to the embodiment 1 attains an effect of 
improving the operating Speed of the circuit by employing 
the power Supply-to-power Supply capacitance cell in the 
circuit block having a hierarchical power Supply Structure. 
Further, the number of design Steps can be reduced by 
employing this cell as a Standard cell and applying the same 
to design of layout data of the block. 

0198 Embodiment 2 
0199. With reference to an embodiment 2 of the present 
invention, adjustment for reducing the time required for 
reducing noise of a Sub power Supply line SVL and activat 
ing the Sub power supply line SVL is described. 

0200 FIG. 9 is a circuit diagram for illustrating rise and 
noise of the sub power Supply line SVL. 

0201 Referring to FIG. 9, this internal circuit includes a 
transistor driving circuit 302. The transistor driving circuit 
302 includes an invertor 304 receiving and inverting a 
control Signal SCRC and outputting the inverted Signal to a 
gate of a P-channel MOS transistor QHP, and an invertor 
306 receiving and inverting a control signal/SCRC and 
outputs the inverted signal to a gate of an N-channel MOS 
transistor QHP, dissimilarly to the circuit shown in FIG. 2. 
The remaining Structure is similar to that of the circuit 
shown in FIG. 2, and hence redundant description is not 
repeated. 

0202) In this circuit, a power Supply-to-power Supply 
capacitance cell 102 reduces noise of the Sub power Supply 
line SVL, as shown in the embodiment 1. 

0203 FIG. 10 is an operating waveform diagram of the 
circuit shown in FIG. 9. 

0204 Referring to FIGS. 9 and 10, the P-channel MOS 
transistor OHP and the N-channel MOS transistor OHN for 
Supplying currents to the Sub power Supply line SVL and a 
Subground line SGL respectively are nonconductive and the 
sub power supply line SVL and the subground line SGL are 
inactive up to a time t1. Transistors coupling a main power 
Supply line and a Sub power Supply line in operation Such as 
the P-channel MOS transistor OHP and the N-channel MOS 
transistor QHP Supplying currents to the Sub power Supply 
line SVL and the sub ground line SGL are hereinafter 
referred to as Sleep transistors. 
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0205 At the time t1, the control signal SCRC goes high 
and the sleep transistors QHP and OHN are responsively 
rendered conductive. At a time t2 after a lapse of an 
activation time Ta, the potential of the Sub power Supply line 
SVL reaches a power supply potential Vdd while that of the 
Subground line SGL reaches a ground potential VSS. In other 
words, the circuit connected to the Sub power Supply line 
SVL and the Sub ground line SGL enters an active state after 
the time t2. At a time t3, an output Signal OUT changes in 
response to on change of an input signal IN, while an 
operation delay time varies with presence/absence of the 
power Supply-to-power Supply capacitance cell 102. The 
output signal OUT rises (shown in a waveform OUT1) at a 
time t5 if no power Supply-to-power Supply capacitance cell 
102 is provided, while the output signal OUT rises (shown 
in a waveform OUT2) at a time tA if the power supply-to 
power supply cell 102 is provided. Therefore, the operation 
delay time of the internal circuit is Tcl 1 or Ta2 depending on 
presence/absence of the power Supply-to-power Supply 
capacitance cell 102. 

0206. As the sleep transistors QHP and QNP are 
increased in size, the currents for charging the Sub power 
supply line SVL and the sub ground line SGL can be 
Supplied in larger quantities and hence the activation time Ta 
is reduced. In order to reduce the output delay time of the 
internal circuit, it is advantageous to increase the capaci 
tance value of the power Supply-to-power Supply capaci 
tance cell 102. In place of increasing the Sleep transistors 
QHP and QNP in size, a plurality of sleep transistors of the 
same size may be provided in parallel between the main 
power supply line MVL and the sub power supply line SVL. 
This also applies to Sleep transistors connected between the 
main ground line MVL and the sub ground line SVL. 
Alternatively, a similar effect can be attained by arranging a 
plurality of power Supply-to-power Supply capacitance cells 
in parallel in place of increasing the capacitance value of the 
power Supply-to-power Supply capacitance cell 102. 

0207 FIG. 11 illustrates the relation between the activa 
tion time Ta and the delay time Td when providing Sleep 
transistors or capacitance cells in parallel. 

0208 Referring to FIG. 11, the activation time Ta is 
reduced when the number of Sleep transistors provided in 
parallel is increased, while the delay time Td of the internal 
circuit is reduced in this case. 

0209 When the number of capacitance cells is increased, 
on the other hand, the activation time Ta is increased due to 
a time for charging the Sub power Supply line and the Sub 
ground line having increased capacitance values. When the 
number of the capacitance cells is increased, further, the 
delay time Td is reduced as described with reference to the 
embodiment 1. 

0210. When the number of the sleep transistors or the 
capacitance cells is increased, however, the effect varies 
with the positions of arrangement thereof. If employing cells 
uSable both as Sleep transistors and power Supply-to-power 
Supply capacitance cells by Switching Setting, therefore, 
arrangement of the power Supply-to-power Supply capaci 
tance cells and Sleep transistors can be optimized in an 
internal circuit having a hierarchical power Supply structure 
in response to the State of current consumption of the 
internal circuit. 



US 2002/0000873 A1 

0211 FIG. 12 is a circuit diagram showing the structure 
of a cell PSLEEP employing a P-channel MOS transistor 
QHP initially as a sleep transistor. 

0212 Referring to FIG. 12, the cell P SLEEP includes 
the P-channel MOS transistor QHP, a Switching circuit 
SW1P connected to a gate of the P-channel MOS transistor 
QHP, and a Switching circuit SW2P connected to a drain of 
the P-channel MOS transistor QHP. An input node PVcc of 
the cell P SLEEP is connected to a source of the P-channel 
MOS transistor OHP. 

0213 The Switching circuit SW1P, connecting an input 
node P/SCRC of the cell P SLEEP with the gate of the 
P-channel MOS transistor OHP in initialization, can connect 
an input node PGND to the gate of the P-channel MOS 
transistor QHP by changing Setting later. 

0214. The Switching circuit SW2P, connecting an input 
node PVP of the cell P SLEEP with the drain of the 
P-channel MOS transistor OHP in initialization, can connect 
the input node PVcc to the drain of the P-channel MOS 
transistor QHP by changing Setting later. 

0215 Thus, the cell P SLEEP, initially operating as a 
Sleep transistor, also serves as a capacitor connected 
between the nodes PVcc and PGND by changing setting at 
need. 

0216 FIG. 13 is a circuit diagram showing the structure 
of a cell P CAP employing a P-channel MOS transistor 
QHP initially as a MOS capacitor. 

0217 Referring to FIG. 13, the cell P CAP includes the 
P-channel MOS transistor QHP, a switching circuit SW1P 
connected to a gate of the P-channel MOS transistor QHP, 
and a Switching circuit SW2P connected to a drain of the 
P-channel MOS transistor QHP. An input node PVcc of the 
cell P CAP is connected to a source of the P-channel MOS 
transistor OHP 

0218. The Switching circuit SW1P, connecting an input 
node PGND of the cell P CAP with the gate of the P-chan 
nel MOS transistor OHP in initialization, can connect an 
input node P/SCRC to the gate of the P-channel MOS 
transistor QHP by changing Setting later. 

0219. The Switching circuit SW2P, connecting the input 
node PVcc of the cell P CAP with the drain of the P-channel 
MOS transistor QHP in initialization, can connect an input 
node PVP to the drain of the P-channel MOS transistor OHP 
by changing Setting later. 

0220 Thus, the cell P CAP, initially serving as a capaci 
tor connected between the nodes PVcc and PGND, also 
operates as a Sleep transistor by changing Setting at need. 

0221 FIG. 14 is a circuit diagram showing the structure 
of a cell N SLEEP employing an N-channel MOS transistor 
QNP initially as a sleep transistor. 

0222 Referring to FIG. 14, the cell N SLEEP includes 
the N-channel MOS transistor OHN, a Switching circuit 
SW1N connected to a gate of the N-channel MOS transistor 
QHN, and a Switching circuit SW2N connected to a drain of 
the N-channel MOS transistor QHN. An input node PVss of 
the cell N SLEEP is connected to a source of the N-channel 
MOS transistor OHN. 
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0223) The Switching circuit SW1N, connecting an input 
node PSCRC of the cell N SLEEP with the gate of the 
N-channel MOS transistor OHN in initialization, can con 
nect an input node PVDD to the gate of the N-channel MOS 
transistor OHN by changing Setting later. 

0224. The Switching circuit SW2N, connecting an input 
node PVN of the cell N SLEEP with the drain of the 
N-channel MOS transistor OHN in initialization, can con 
nect the input node PVss to the drain of the N-channel MOS 
transistor OHN by changing Setting later. 

0225. Thus, the cell N SLEEP, initially operating as a 
Sleep transistor, also serves as a capacitor connected 
between the nodes PVss and PVDD by changing setting at 
need. 

0226 FIG. 15 is a circuit diagram showing the structure 
of a cell N CAP employing an N-channel MOS transistor 
QHN initially as a MOS capacitor. 

0227 Referring to FIG. 15, the cell N CAP includes the 
N-channel MOS transistor QHN, a switching circuit SW1N 
connected to a gate of the N-channel MOS transistor OHN, 
and a Switching circuit SW2N connected to a drain of the 
N-channel MOS transistor QHN. An input node PVss of the 
cell N CAP is connected to a source of the N-channel MOS 
transistor OHN. 

0228. The Switching circuit SW1N, connecting an input 
node PVDD of the cell N CAP with the gate of the N-chan 
nel MOS transistor OHN in initialization, can connect an 
input node PSCRC to the gate of the N-channel MOS 
transistor OHN by changing Setting later. 

0229. The Switching circuit SW2N, connecting the input 
node PVss of the cell N CAP with the drain of the N-chan 
nel MOS transistor OHN in initialization, can connect an 
input node PVN to the drain of the N-channel MOS tran 
Sistor OHN by changing Setting later. 

0230 Thus, the cell N CAP, initially serving as a capaci 
tor connected between the nodes PVSS and PVDD, also 
operates as a Sleep transistor by changing Setting at need. 

0231 FIG. 16 is a diagram for illustrating Switching of 
connection through a mask pattern. 

0232 Referring to FIG. 16, a connection pattern of a 
wire between nodes B and Y is removed in order to connect 
the node Y with a node A. 

0233. In order to connect the node B with the node Y, a 
wiring pattern between the nodes A and Y is removed. 

0234 Thus, connection can be switched by simply 
changing only a mask pattern of a wiring layer without 
changing a mask (employed for formation of transistors or 
the like) under the wiring layer. 

0235 FIG. 17 illustrates the layout of the cell P SLEEP 
shown in FIG. 12. 

0236 Referring to FIG. 17, the cell P SLEEP includes 
Second layer metal wires 220, 222 and 222 corresponding to 
the input nodes PVCC, PVP and PGND respectively, a first 
layer metal wire 226 corresponding to the input node 
P/SCRC and the P-channel MOS transistor QHP provided in 
an N well. 
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0237). In the P-channel MOS transistor QHP, a source 236 
is connected to the Second layer metal wire 220 through 
contact cells 234 and 230 and a first layer metal wire 232, 
while a drain 257 is connected to a first layer metal wire 256 
through a contact cell 258. A gate 264 made of polysilicon 
is connected to a first layer metal wire 260 through a contact 
cell 262. 

0238. In the switch SW1P, the first layer metal wire 260 
is connected to either a first layer metal wire 246 connected 
to a Second layer metal wire 224 through a contact cell 242 
or the first layer metal wire 226 corresponding to the input 
node P/SCRC. In the state shown in FIG. 17, a first layer 
metal wire 248 which is a Switching pattern is provided to 
connect the first layer metal wires 260 and 226 with each 
other. 

0239). In the switch SW2P, a first layer metal wire 256 is 
connected to either a first layer metal wire 252 connected to 
the second layer metal wire 222 through a contact cell 250 
or a first layer metal wire 240 connected to the second layer 
metal wire 220 through a contact cell 238. In the state shown 
in FIG. 17, a first layer metal wire 254 which is a Switching 
pattern is provided to connect the first layer metal wires 256 
and 252 with each other. 

0240 FIG. 18 illustrates the layout of the cell P CAP 
shown in FIG. 13. 

0241 Referring to FIG. 18, a first layer metal wire 249 
which is a Switching pattern is provided to connect first layer 
metal wires 260 and 246 with each other in the Switch SW1P, 
while a first layer metal wire 255 which is a Switching 
pattern is provided to connect first layer metal wires 256 and 
240 with each other in the switch SW2P in the cell P CAP, 
dissimilarly to the cell P SLEEP shown in FIG. 17. The 
remaining structure is similar to that of the cell P SLEEP 
shown in FIG. 17, and hence redundant description. 
0242 Although not illustrated, the layouts of the cells 
N SLEEP and N CAP shown in FIGS. 14 and 15 can be 
readily created through the aforementioned layouts of the 
cells PSLEEP and P_CAP. 
0243 FIG. 19 illustrates an exemplary circuit Switching 
a Switch with a fuse element and connection States. 

0244 Referring to FIG. 19, either node A or B is con 
nected to a node Y in this Switching circuit. A resistance RI 
having a large resistance value is connected between the 
nodes A and Y. A fuse element Hi is connected between the 
nodes B and Y. When connecting the nodes B and Y with 
each other, the fuse element HI is left intact. In this case, the 
nodes B and Y are connected with each other since the fuse 
element HI has a low resistance value while the resistance 
R1 has a high resistance value. 
0245 When connecting the nodes A and Y with each 
other, the fuse element Hi is cut with a laser beam or the like. 
Then, the node Y is not influenced by the node B but 
connected with the node A. 

0246 FIG. 20 is a diagram for illustrating the layout of 
a changeover Switch including the fuse element Hi Shown in 
FIG. 19. 

0247 Referring to FIGS. 19 and 20, this changeover 
Switch includes a first layer metal wire 272 corresponding to 
the node A, a second layer metal wire 280 having a first end 
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corresponding to the node B and a Second end corresponding 
to the node Y, the resistance RI, and a first layer metal wire 
278 for connecting the resistance R1 and the node Y with 
each other. 

0248. The resistance R1 is an N-or P-type impurity 
region having high resistance, for example. A first end of the 
resistance R1 is connected to the first layer meal wire 272 
through a contact cell 274. A second end of the resistance R1 
is connected to the first layer metal wire 278 through a 
contact cell 276. 

0249. A fuse blow window 284 is provided on a protec 
tive oxide film of a Semiconductor Substrate acroSS the 
center of the second layer metal wire 280. In the second 
layer metal wire 280, a part enclosed with the fuse blow 
window 284 corresponds to the fuse element Hi. In the 
second layer metal wire 280, a part closer to the node Y than 
the fuse blow window 284 is connected to the first layer 
metal wire 278 through a contact cell 282. 
0250 When arranging such a changeover Switch on a 
corresponding region as the Switch SW1P shown in FIG. 17 
or the Switch SW1N, connection can be changed also after 
formation of wires for Switching a sleep transistor to a 
capacitor or Vice versa. 
0251 FIG. 21 illustrates the circuit shown in FIGS. 12 to 
15 arranged on a circuit block having a hierarchical power 
Supply Structure. 
0252 Referring to FIG. 21, this circuit includes power 
supply-to-power supply capacitance cells PS1 to PS3 and 
NS1 to NS3 in place of the power supply-to-power supply 
capacitance cell 102, an invertor 312 receiving and inverting 
a control Signal SCRC and Supplying the inverted Signal to 
the power supply capacitance cells PSI to PS3 and an 
invertor 314 receiving and inverting a control signal/SCRC 
and Supplying the inverted Signal to the power Supply-to 
power supply capacitance cells NS1 to NS3, dissimilarly to 
the circuit shown in FIG. 9. The remaining structure is 
similar to that of the circuit shown in FIG. 9, and hence 
redundant description is not repeated. 
0253) The power Supply-to-power Supply capacitance 
cell PS1 has the structure shown in FIG. 12, and operates as 
a sleep transistor provided between a main power Supply 
line MVL and a sub power Supply line SVL. 
0254 The power Supply-to-power Supply capacitance 
cells PS2 and PS3 have the structure shown in FIG. 13, and 
the power Supply-to-power Supply capacitance cell PS2 
Serves as a decoupling capacitance provided between the 
main power Supply line MVL and a sub ground line SGL, 
while the power Supply-to-power Supply capacitance cell 
PS3 Serves as a decoupling capacitance provided between 
the Sub power supply line SVL and the subground line SGL. 
0255 The power Supply-to-power Supply capacitance 
cell NS1 has the structure shown in FIG. 14, and operates 
as a sleep transistor connected between a main ground line 
MGL and the Sub ground line SGL. 
0256 The power Supply-to-power Supply capacitance 
cells NS2 and NS3 have the structure shown in FIG. 15, and 
the power Supply-to-power Supply capacitance cell NS2 
Serves as a decoupling capacitance provided between the Sub 
power supply line SVL and the main ground line MGL, 
while the power Supply-to-power Supply capacitance cell 
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NS3 Serves as a decoupling capacitance provided between 
the Sub power supply line SVL and the subground line SGL. 
0257 These power Supply-to-power Supply capacitance 
cells NS2 and NS3 have Switching circuits including fuses 
and the like therein, and can be changed to Sleep transistors 
at need. 

0258 By employing this structure, the number of sleep 
transistors, the number of power Supply-to-power Supply 
capacitances and the arrangement relation therebetween can 
be adjusted and optimized by actually operating an internal 
circuit and observing the current State of a Sub power Supply. 
0259 Embodiment 3 
0260 FIG. 22 illustrates the structure of a circuit block 
of a Semiconductor device according to an embodiment 3 of 
the present invention. 
0261 Referring to FIG. 22, this circuit block includes a 
main power Supply line MVL Supplied with a power Supply 
potential Vdd, a main ground line MGL supplied with a 
ground potential VSS, a Sub power Supply line SVL Supplied 
with the power supply potential Vdd by a P-channel MOS 
transistor QHP when a control signal/SCRC is at a low level, 
and a Sub ground line SGL Supplied with the ground 
potential Vss by an N-channel MOS transistor OHN when a 
control signal SCRC is at a high level. 
0262 This circuit block further includes serially con 
nected invertors 104 and 106 as an exemplary internal 
circuit. 

0263. The invertor 104 includes a P-channel MOS tran 
sistor OLP1 and an N-channel MOS transistor OLN1 seri 
ally connected between the main power supply line MVL 
and the Sub ground line SGL with gates receiving an input 
signal IN. A connection node between the P-channel MOS 
transistor OLP1 and the N-channel MOS transistor OLN1 
outputs an output signal of the invertor 104. 
0264. The invertor 106 includes a P-channel MOS tran 
sistor OLP2 and an N-channel MOS transistor OLN2 seri 
ally connected between the Sub power supply line SVL and 
the main ground line MGL with gates receiving the output 
of the invertor 104. The connection node between the 
P-channel MOS transistor OLP2 and the N-channel MOS 
transistor QLN2 outputs an output signal OUT of the inver 
tor 106. 

0265). The P-channel MOS transistors QLP1 and QLP2 
have threshold voltages lower than that of the P-channel 
MOS transistor OHP. The N-channel MOS transistors OLN1 
and QLN2 have threshold voltages lower than that of the 
N-channel MOS transistor OHN. 

0266 The circuit block further includes power supply 
to-power supply capacitance cells PS1 and NS1. The power 
Supply-to-power Supply capacitance cell PS1 has the circuit 
Structure shown in FIG. 12, and operates as a Sleep tran 
Sistor. The power Supply-to-power Supply capacitance cell 
NS1 has a structure similar to that shown in FIG. 14, and 
operates as a sleep transistor. Therefore, redundant descrip 
tion is not repeated. 
0267 The circuit block further includes a pad 322 con 
nected to the sub power supply line SVL and a pad 324 
connected to the sub ground line SGL. The feature of the 
Semiconductor device according to the embodiment 3 
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resides in the inclusion of these pads 322 and 324. While the 
power Supply-to-power Supply capacitance cells PS1 and 
NS1 are representatively Singly shown on the power Supply 
Side and the ground Side respectively, a plurality of power 
Supply-to-power Supply capacitance cells are provided in 
parallel in practice. 
0268. The number of power Supply-to-power supply 
capacitance cells for operating as Sleep transistors and 
arrangement thereof can be optimized by externally observ 
ing potential fluctuation of the Sub power Supply line SVL 
and the sub ground line SGL through the pads 322 and 324 
and changing internal Setting of the plurality of power 
Supply-to-power Supply capacitance cells. 
0269. Therefore, the power supply-to-power supply 
capacitance cells can be adjusted while actually operating 
the Semiconductor device and observing the State of the Sub 
power Supply line SVL, for correctly and Simply optimizing 
Sleep transistors and power Supply-to-power Supply capaci 
tanceS. 

0270 Embodiment 4 
0271 FIG. 23 is a block diagram schematically showing 
the structure of a semiconductor device 400 according to an 
embodiment 4 of the present invention. 
0272 Referring to FIG. 23, the semiconductor device 
400 includes a timing register 414 incorporating control 
signals/RAS, /CAS./WE and/CS in response to a clock 
Signal CLK and a clock enable Signal CKE, a row address 
buffer 416 incorporating address signals A0 to Ai (i: natural 
number) in accordance with a control signal from the timing 
register 414, a row predecoder 418 predecoding an internal 
row address Signal incorporated by the row address buffer 
416, an input/output buffer 422 transmitting/receiving data 
signals DQ0 to DOn to/from an external device, a column 
decoder 420 incorporating and decoding a column address in 
response to a control Signal of the timing register 414, a 
memory array 404 having an address specified by the row 
predecoder 418 and the column decoder 420 for receiving 
the data signals DQ0 to DOn, and a hierarchical power 
Supply control circuit 412 receiving a power Supply potential 
Vcc and a ground potential VSS for controlling a hierarchical 
power Supply. 

0273) The memory array 404 includes a row decoder 407 
receiving the row address Signal from the row predecoder 
418 and decoding the same, and sub memory arrays SMAHO 
to SMAin writing data in corresponding memory cells in 
response to signals outputted from the row decoder 407 and 
the column decoder 420. Each sub memory array is provided 
with a word driver WD activating a word line WL and a 
Sense amplifier S/A amplifying data of a memory cell read 
on a bit line. 

0274 The hierarchical power supply control circuit 412 
controls sub power supply lines SVL1 to SVL4 and Sub 
ground lines SGL1 to SGLA. The sub power supply line 
SVL1 and the Sub ground line SGL1 Supply power supply 
potentials VP1 and VN1 to a circuit block 406 including the 
row decoder 407. The Sub power Supply line SVL2 and the 
sub ground line SGL2 Supply power supply potentials VP2 
and VN2 to a circuit block 408 including the column 
decoder 420 respectively. The Sub power supply line SVL3 
and the Sub ground line SGL3 Supply power Supply poten 
tials. VP3 and VN3 to a circuit block 410 including the 
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input/output buffer 422 respectively. The sub power supply 
line SVL4 and the Sub ground line SGL4 Supply power 
supply potentials VP4 and VN4 to a circuit block 402 
including the timing register 414, the row address buffer 416 
and the row predecoder 418 respectively. 

0275 When the hierarchical power supply is thus split in 
units of circuit blockS or banks and has a plurality of Sub 
power Supply lines, arrangement of monitor pads corre 
sponding to all Sub power Supply lines disadvantageously 
leads to increase of the chip area. A circuit Structure for 
reducing the number of Such monitor pads is shown with 
reference to the embodiment 4. 

0276 FIG. 24 is a schematic block diagram of a hierar 
chical power Supply test circuit in the Semiconductor device 
according to the embodiment 4. 

0277 Referring to FIG. 24, this hierarchical power Sup 
ply test circuit includes a test mode Selector 424 receiving 
test signals TS1 and TS2 inputted from an external pad and 
decoding a combination thereof, and a hierarchical power 
Supply control circuit 412 receiving output signals TM1 to 
TM4 from the test mode selector 424 and supplying any of 
power Supply potentials V-P1 to V-P4 to a pad PADA while 
supplying any of power supply potentials VN1 to VN4 to a 
pad PADB. 

0278 FIG. 25 is a circuit diagram showing the structure 
of the hierarchical power Supply control circuit 412. 

0279 Referring to FIG. 25, the hierarchical power Sup 
ply control circuit 412 includes a Sub power Supply circuit 
434 receiving a power Supply potential Vcc and a ground 
potential VSS and outputting the power Supply potentials 
VP1 to VP4, a Switching circuit 426 supplying the power 
supply potential VP1 to the pad PADA when the signal TM1 
is at a high level, a Switching circuit 428 Supplying the 
power Supply potential V-P2 to the pad PADA when the 
signal TM2 is at a high level, a Switching circuit 430 
supplying the power Supply potential VP3 to the pad PADA 
when the Signal TM3 is at a high level, and a Switching 
circuit 432 supplying the power Supply potential VP4 to the 
pad PADA when the signal TM4 is at a high level. 

0280 The Switching circuit 426 includes an invertor 436 
receiving and inverting the signal TM1, an N-channel MOS 
transistor 438 connected between a sub power supply line 
SVL1 and the pad PADA with a gate receiving the signal 
TM1, and a P-channel MOS transistor 440 connected 
between the Sub power supply line SVL1 and the pad PADA 
with a gate receiving an output of the invertor 436. The 
Switching circuits 428, 430 and 432 are similar in structure 
to the Switching circuit 426, and hence redundant descrip 
tion is not repeated. 

0281 FIG. 26 is a circuit diagram showing the structure 
of the test mode selector 424 shown in FIG. 24. 

0282 Referring to FIG. 26, the test mode selector 424 
includes an invertor 454 receiving and inverting the test 
signal TS1 and outputting a signal/TS1, an invertor 452 
receiving and inverting the test Signal TS2 and outputting a 
signal/TS2, a NAND circuit 456 receiving the test signal 
TS1 and the signal/TS2, and an invertor 458 receiving and 
inverting an output of the NAND circuit 456 and outputting 
the signal TM1. 
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0283 The test mode selector 424 further includes a 
NAND circuit 460 receiving the signals/TS2 and/TS1, an 
invertor 462 receiving and inverting an output of the NAND 
circuit 460 and outputting the signal TM2, a NAND circuit 
464 receiving the test signals TS1 and TS2, an invertor 466 
receiving and inverting an output of the NAND circuit 464 
and outputting the signal TM3, a NAND circuit 468 receiv 
ing the Signal/TS1 and the test Signal TS2, and an invertor 
470 receiving and inverting an output of the NAND circuit 
468 and outputting the signal TM4. 
0284. By employing this structure, one of the signals 
TM1 to TM4 goes high in response to the logic combination 
of the test signals TS1 and TS2, so that a Switching circuit 
corresponding thereto is rendered conductive to connect the 
monitor pad PADA with a monitor wire for the sub power 
supply line SVL. The test signals TS1 and TS2 for Switch 
ing, which are inputted from dedicated pads, may alterna 
tively be generated by a combination of input Signals from 
pins exerting no influence on the operation. 
0285) In the semiconductor device according to the 
embodiment 4, as hereinabove described, the monitor pad 
PADA may not be provided for each sub power supply line, 
whereby the Situation of each Sub power Supply line can be 
observed through a Small number of monitor pads, and 
optimization of Switching between power Supply-to-power 
Supply capacitances and Sleep transistors can be adjusted in 
each circuit block similarly to the embodiment 3. 
0286 Embodiment 5 
0287 FIG. 27 is a circuit diagram showing a structure 
related to a row-System power Supply wire of a Semicon 
ductor device according to an embodiment 5 of the present 
invention. 

0288 Referring to FIG. 27, the semiconductor device 
according to the embodiment 5 includes memory arrayS 
MA#1 to MA#4 storing data, sense amplifiers SA#1 to SAIF5 
amplifying and reading data written in memory cells of the 
memory arrays MA#1 to MA#4, and main word drivers 
MWD#1 to MWD#4 activating word lines of the memory 
arrays MA#1 to MA#4. 
0289 Sub power supply lines SVLif1 to SVLif4 are 
provided in correspondence to the main word drivers 
MWD#1 to MWD#4 respectively. P-channel MOS transis 
tors QHPif1 to QHPi4 which are sleep transistors are 
provided in correspondence to the Sub power Supply lines 
SVLif1 to SVLita respectively. 

0290 The sleep transistor QHP#1 is connected between 
a main power Supply line MVL Supplied with a power 
supply potential Vdd and the Sub power supply line SVLif1 
with a gate receiving a control Signal/SCRC. The Sleep 
transistor QHPH2 is connected between the main power 
supply line MVL and the Sub power supply line SVLi2 with 
a gate receiving the control Signal/SCRC. The Sleep tran 
sistor QHPi3 is connected between the main power supply 
line MVL and the sub power supply line SVLif3 with a gate 
receiving the control signal/SCRC. The sleep transistor 
QHP#4 is connected between the main power supply line 
MVL and the sub power supply line SVLita with a gate 
receiving the control signal/SCRC. 

0291. The semiconductor device further includes a selec 
tion circuit 482 inverting one of row-System timing Signals 
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RASF, RX and RXD and outputting the inverted signal as 
the control Signal/SCRC in response to States of Signals 
TEST1, TEST2 and NORMAL. 
0292. The row-system timing signals RAS, RX and RXD 
are row-System reference Signals generated by a control 
Signal generally provided at the center of the chip for 
generating control signals from external command Signal 
and clock signal. 
0293. The selection circuit 482 includes a NAND circuit 
488 receiving the timing signal RASF and the signal TEST1, 
a NAND circuit 490 receiving the timing signal RX and the 
signal TEST2, a NAND circuit 492 receiving the timing 
signal RXD and the signal NORMAL, a three-input NAND 
circuit 486 receiving outputs of the NAND circuits 488, 490 
and 492, and an invertor 484 receiving and inverting an 
output of the NAND circuit 486 and outputting the control 
signal/SCRC. 
0294 The timing signals RASF, RX and RXD are row 
System control Signals generated by the control Signal gen 
eration circuit at the center of the chip on the basis of 
externally supplied signals ext/RAS, ext./CAS and ext/WE. 
For example, the signal RASF is the earliest row-system 
Signal Serving as the reference for activation of a bank or the 
like, the Signal RX controls the timing for activating a word 
line, and the Signal RXD controls the timing for activation 
of a Sense amplifier. 
0295 FIG. 28 is a waveform diagram for illustrating an 
activation timing for a Sub power Supply line connected to 
a Word line driver and a column decoder. 

0296 Referring to FIG. 28, a sub power supply line of a 
main word line driver is turned on in advance to an operation 
timing of a row-System circuit at a time t1, to prepare for an 
input Signal Such as a row address Signal. At a time t2, the 
row address signal reaches each memory array, So that a 
main word line is activated, followed by activation of a sub 
word line SWL. Data of a memory cell corresponding to an 
address is read on a pair of bit lines BL and/BL, and a Sense 
amplifier SA is activated to amplify the data. 
0297. A power supply line of a column decoder is turned 
on at a time t3, and then a column Selection line is activated 
at a time tak, for Selecting a corresponding bit line So that the 
data is read on a data bus. 

0298. A circuit having a hierarchical power supply struc 
ture connects a Sub power Supply line and a main power 
Supply line with each other in units of a block of a certain 
degree of circuits. If the Sub power Supply line is excessively 
quickly activated, current consumption is increased due to 
leakage although a high-Speed operation can be imple 
mented. If the timing for activating the Sub power Supply 
line is delayed, an input signal Such as an address signal is 
inputted to drive the circuit while the power Supply potential 
of the Sub power Supply line is not Sufficiently recovered and 
hence no high-Speed operation can be attained although 
current consumption resulting from leakage can be Sup 
pressed. 
0299 FIG. 29 is a waveform diagram for illustrating 
timings for activating the timing Signals RASF, RX and 
RXD. 

0300 Referring to FIG. 29, the row-system timing signal 
RASF is activated first, then the timing signal RX is acti 
Vated, and then the timing Signal RXD is activated. 
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0301 Referring to FIGS. 27 and 29, the signal NOR 
MAL is at a high level in an ordinary operation and hence 
each Sub power Supply line is turned on in accordance with 
activation of the timing signal RXD. When either signal 
TEST1 or TEST2 goes high after entering a test mode, a 
trigger Signal for activating the Sub power Supply line is 
Switched. 

0302) The point of this embodiment resides in that the 
Sub power Supply line is controlled with the latest Signal in 
ordinary Setting, while a test of Starting charging the Sub 
power Supply line at an earlier timing can also be made. 
0303 An optimum timing compatibly attaining imple 
mentation of a high-speed operation and reduction of current 
consumption resulting from leakage can be evaluated by this 
teSt. 

0304. The optimum timing for activating the sub power 
Supply line can be found out by providing the test circuit 
according to the embodiment 5. 
0305 Embodiment 6 
0306 FIG. 30 is a circuit diagram showing a structure 
related to a column-System power Supply wire of a Semi 
conductor device according to an embodiment 6 of the 
present invention. 
0307 Referring to FIG. 30, the semiconductor device 
according to the embodiment 6 includes memory arrayS 
MAH1 to MA#4 storing data, sub word drivers SWD#1 to 
SWDif5 driving Sub word lines for accessing memory cells 
of the memory arrays MA#1 to MA#4, and column decoders 
CD#1 to CD#4 selecting bit lines of the memory arrays 
MAH1 to MA#4. Sub power supply lines SVLif5 to SVLif8 
are provided in correspondence to the column decoders 
CD#1 to CD#4 respectively. P-channel MOS transistors 
QHP#5 to QHPi?8 which are sleep transistors are provided 
in correspondence to the Sub power supply lines SVLif5 to 
SVLif8 respectively. 
0308 The sleep transistor QHP#5 is connected between 
a main power Supply line M Supplied with a power Supply 
potential Vdd and the Sub power supply line SVL45 with a 
gate receiving a control Signal/SCRC2. The Sleep transistor 
QHP#6 is connected between the main power supply line 
MVL and the sub power supply line SVLif6 with a gate 
receiving the control signal/SCRC2. The sleep transistor 
QHP#7 is connected between the main power supply line 
MVL and the sub power supply line SVLif7 with a gate 
receiving the control signal/SCRC2. The sleep transistor 
QHP#8 is connected between the main power supply line 
MVL and the sub power supply line SVLif8 with a gate 
receiving the control signal/SCRC2. 

0309 The semiconductor device further includes a selec 
tion circuit 602 Selecting one of column-System timing 
signals RW and TAdd in response to states of signalsTEST3 
and NORMAL, inverts the same and outputs the inverted 
Signal as the control signal/SCRC2. 

0310. The selection circuit 602 includes a NAND circuit 
608 receiving the signals. RW and TEST3, a NAND circuit 
610 receiving the signals TAdd and NORMAL, a NAND 
circuit 606 receiving outputs of the NAND circuits 608 and 
610, and an invertor 604 receiving and inverting an output 
of the NAND circuit 606 and outputting the control signal/ 
SCRC2. 



US 2002/0000873 A1 

0311. In a column-system operation, the signal RW 
which is a read/write identification clock is first Supplied to 
each memory array, followed by Supply of the Signal TAdd 
indicating a timing for outputting a column address to each 
memory array. The Signal TAdd changes Slower than the 
Signal RW by a time required for predecoding the address. 
0312 Therefore, the optimum timing for activating a 
hierarchical power Supply line can be examined by Switch 
ing the trigger Signal between an ordinary mode and a test 
mode, similarly to the embodiment 5. 
0313 Embodiment 7 
0314 FIG. 31 is a circuit diagram showing a structure 
related to a power Supply wire of a Semiconductor device 
according to an embodiment 7 of the present invention. 
0315 Referring to FIG. 31, the semiconductor device 
according to the embodiment 7 includes a delay circuit 650 
receiving a timing Signal RASF in place of the Selection 
circuit 482, dissimilarly to the structure shown in FIG. 27. 
The remaining structure is similar to that shown in FIG. 27, 
and hence redundant description is not repeated. 
0316 FIG. 32 is a circuit diagram showing the structure 
of the delay circuit 650. 
0317 Referring to FIG.32, the delay circuit 650 includes 
serially connected invertors 652 and 654 receiving the 
timing signal RASF, serially connected invertors 658 and 
670 receiving an output of the invertor 654, and serially 
connected invertors 674 and 676 receiving an output of the 
invertor 670. 

0318. The delay circuit 650 further includes a switch 678 
Supplying an output of the invertor 676 to an output node as 
a control signal/SCRC when a signal NORMAL is in an 
active State, a Switching circuit 656 Supplying the output 
signal of the invertor 654 to the output node as the control 
signal/SCRC when a signal TEST1 is in an active state, and 
a Switching circuit 672 Supplying the output signal of the 
invertor 670 as the control signal/SCRC when a signal 
TEST2 is in an active state. 

03.19. The timing for activating the control signal/SCRC 
can be quickened as compared with that in an ordinary 
operation by inactivating the signal NORMAL and activat 
ing either signal TEST1 or TEST2 in a test mode due to 
provision of the delay circuit 650, whereby an effect similar 
to that of the embodiment 1 can be attained for examining 
the optimum timing for activating a Sub power Supply line. 

0320 Embodiment 8 
0321) A semiconductor device according to an embodi 
ment 8 of the present invention enables monitoring of a 
leakage current in a Standby State of the Semiconductor 
device having a hierarchical power Supply structure. 
0322 FIG. 33 illustrates the structure of a principal part 
of a leakage current test circuit according to the embodiment 
8. 

0323 Referring to FIG. 33, an internal circuit 704 is 
Supplied with operating currents from a main power Supply 
line L1, a Sub power Supply line L2, a main ground line L3 
and a sub ground line L4. The internal circuit 704 includes 
an invertor X1 Supplied with the operating currents from the 
main power Supply line L1 and the Sub ground line L4, an 
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invertor X2 Supplied with operating power Supply currents 
from the Sub power Supply line L2 and the main ground line 
L3 for receiving and inverting an output of the invertor X1, 
and an invertor X3 Supplied with operating power Supply 
currents from the main power Supply line L1 and the Sub 
ground line L4 for receiving and inverting an output of the 
invertor X2. A sleep transistor P0 is provided between the 
main power Supply line L1 and the Sub power Supply line 
L2. A sleep transistor NO is connected between the main 
ground line L3 and the sub ground line L4. The sleep 
transistor P0 is a P-channel MOS transistor having a high 
threshold Voltage with a gate receiving a control Signal/ 
DLCC. The sleep transistor NO is an N-channel MOS 
transistor having a high threshold Voltage with a gate 
receiving a control Signal DLCC. 

0324. A signal generation circuit 702 is provided for 
receiving a control signal/CS and a reference potential Vrefo 
and generating the control signals/DLCC and DLCC for 
driving the sleep transistors P0 and NO. 

0325 Between the main power supply line L1 and the 
Sub power Supply line L2, further, a diode-connected 
N-channel MOS transistor N7 is provided for preventing the 
potential difference from exceeding a constant value. 
Between the Sub ground line L4 and the main ground line 
L3, in addition, a diode-connected P-channel MOS transistor 
P7 is provided for preventing the potential difference from 
exceeding a constant value. 

0326. The potentials of the main power supply line L1 
and the Sub power Supply line L2 are Supplied by a voltage 
generation circuit VDCH1. 

0327. The potential of the subground line L4 is supplied 
by a Voltage generation circuit VDCL1. The main ground 
line L3 is Supplied with a ground potential VSS. 

0328. The Sub power supply line L2 and the Sub ground 
line L4 are connected with a leakage test circuit 706 for 
monitoring a leakage current generated in the internal circuit 
704 in response to the potentials thereof respectively. The 
leakage test circuit 706 is connected with external terminals 
TLC, TOUTP and TOUTN. 

0329 FIG. 34 is a circuit diagram showing the structure 
of the signal generation circuit 702. 

0330 Referring to FIG. 34, the signal generation circuit 
702 includes a differential amplifier circuit 707 receiving a 
control signal /CS, comparing the same with a reference 
potential Vrefo and outputting a signal/OUT, a buffer 708 
receiving the output of the differential amplifier circuit 707, 
delay circuits 718 and 709 receiving and delaying an output 
of the buffer 708, an invertor 720 receiving and inverting an 
output of the delay circuit 718, a NAND circuit 722 receiv 
ing outputs of the buffer 708 and the invertor 720, an 
invertor 710 receiving and inverting the output of the buffer 
708, and a NAND circuit 712 receiving outputs of the 
invertor 710 and the delay circuit 709. 

0331. The signal generation circuit 702 further includes a 
latch circuit 711 receiving outputs of the NAND circuits 722 
and 712, an invertor 713 receiving and inverting an output 
of the latch circuit 711, a buffer 714 receiving an output of 
the invertor 713 and outputting the control signal/DLCC, an 
invertor 715 receiving and inverting the output of the 
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invertor 713, and a buffer 716 receiving an output of the 
invertor 715 and outputting the control signal DLCC. 

0332) The differential amplifier circuit 707 includes an 
N-channel MOS transistor N4 having a gate supplied with a 
power Supply potential Vcc and a drain coupled to the 
ground potential Vss, an N-channel MOS transistor N5a 
having a gate receiving the control Signal/CS and a Source 
connected to a drain of the N-channel MOS transistor N4, a 
P-channel MOS transistor P5a having a gate and a drain 
connected to a drain of the N-channel MOS transistor N5a 
and a Source coupled to the power Supply potential Vcc, an 
N-channel MOS transistor N5b having a gate receiving the 
reference potential Vrefo and a source connected to the drain 
of the N-channel MOS transistor N4, and a P-channel MOS 
transistor P5b having a gate connected to the N-channel 
MOS transistor N5a, a source coupled to the power supply 
potential Vcc and a drain connected to that of the N-channel 
MOS transistor N5b. The drain of the N-channel MOS 
transistor N5b outputs the signal/OUT. 

0333. The latch circuit 711 includes cross-coupled 
NAND circuits 711a and 711b. An input node of the NAND 
circuit 711a is supplied with the output of the NAND circuit 
722. An input node of the NAND circuit 711b is supplied 
with the output of the NAND circuit 712. An output of the 
NAND circuit 711a is supplied to an input node of the 
invertor 713 as an output of the latch circuit 711. 
0334. The signal generation circuit 702 generates the 
control signals DLCC and/DLCC controlling the hierarchi 
cal power Supply in response to fall/rise of the control 
Signal/CS. 

0335 FIG. 35 is a circuit diagram showing the structure 
of the voltage generation circuit VDCH1. 
0336 Referring to FIG. 35, the voltage generation circuit 
VDCH1 includes a reference potential generation circuit 
732a generating reference potentials VrefH and Vref, a 
differential amplifier V3a having a positive input node 
supplied with the reference potential VrefH and an output 
and a negative input node connected to the main power 
Supply line L1 and activated in response to the control Signal 
DLCC, a differential amplifier V3b having a positive input 
node Supplied with the reference potential Vref and a nega 
tive input node and an output node connected to the main 
power supply line L1, a differential amplifier V3c having a 
positive input node Supplied with the reference potential 
Vref and a negative input node and an output node con 
nected with the main power Supply line L1 and activated in 
response to a signal ACT, and a differential amplifier V3d 
having a positive input node Supplied with the reference 
potential Vrefl and a negative input node and an output node 
connected to the Sub power Supply line L2. 
0337 The reference potential generation circuit 732a 
includes a constant current Source 734a connected between 
a power Supply node and a node ND1, a P-channel MOS 
transistor P9a and a variable resistance 736 a connected in 
parallel between the node ND1 and a node ND2, a P-channel 
MOS transistor P8a connected between the node ND2 and 
a node ND3, a P-channel MOS transistor P9b and a resis 
tance 738a serially connected between the nodes ND2 and 
ND3, and seven P-channel MOS transistors P8b to P8h 
serially connected between the node ND3 and a ground 
node. 
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0338. The P-channel MOS transistor P9a has a gate 
receiving a control signal TESTPH. The P-channel MOS 
transistor P9b has a gate receiving a control signal TESTPL. 
Gates of the P-channel MOS transistors P8a to P8h are 
connected to the ground node. The resistance value of the 
variable resistance 736a changes in response to a control 
signal TUNa. 

0339) The control signal TESTPH is set low and the 
control signal TESTPL is set high in an ordinary operation. 
In the ordinary operation, therefore, the P-channel MOS 
transistor P9a is rendered conductive and the reference 
potential VrefH outputted from the node ND1 and the 
reference potential Vref outputted from the node ND3 
reach constant values regardless of the State of the control 
signal TUNa. 

0340 When executing a leakage monitor test, on the 
other hand, the control signal TESTPH is set high and the 
control signal TESTPH is set low. In the test, therefore, the 
P-channel MOS transistor P9a is rendered non-conductive, 
the resistance value of the variable resistance 736a change 
in response to the State of the control Signal TUNa, and the 
values of the reference potentials VrefH and VrefL can be 
changed in response. 

0341 FIG. 36 is a circuit diagram showing the structure 
of the voltage generation circuit VDCL1. 

0342 Referring to FIG. 36, the voltage generation circuit 
VDCL1 includes a reference potential generation circuit 
732b generating a reference potential Vref 2, and a differ 
ential amplifier V4 having a positive input node Supplied 
with the reference potential Vref 2 and a negative input 
node and an output node connected to the Sub ground line L4 
and activated in response to the control Signal/DLCC. 

0343. The reference potential generation circuit 732b 
includes a constant current Source 734b connected between 
a power supply node and a node ND4, an N-channel MOS 
transistor N9a connected between the node ND4 and a node 
ND6 with a gate receiving a control signal TESTSH, a 
variable resistance 736b connected between the nodes ND4 
and ND6 with a resistance value changed in response to a 
control signal TUNb, a P-channel MOS transistor P8i con 
nected between the node ND6 and a node ND7 with a gate 
connected to a ground node, an N-channel MOS transistor 
N9b and a resistance 738b serially connected between the 
nodes ND6 and ND7, and P-channel MOS transistors P8i 
and P8k serially connected between the node ND7 and the 
ground node with gates connected to the ground node. 

0344) The gate of the N-channel MOS transistor N9b 
receives a control signal TESTSL. 

0345. In the voltage generation circuit VDCL1, the con 
trol signal TESTSH is set high and the control signal 
TESTSL is set low in the ordinary operation. Therefore, the 
N-channel MOS transistor N9a is rendered conductive, and 
hence the reference potential Vref 2 reaches a constant 
value in the ordinary operation regardless of the State of the 
control signal TUNb. 

0346) When executing the leakage monitor test, the con 
trol signal TESTSH is set low and the control signal 
TESTSH is set high. In this case, the N-channel MOS 
transistor N9a is rendered non-conductive and the resistance 
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value of the variable resistance 736b changes in response to 
the control signal TUNb, and hence the reference potential 
Vref 2 can be changed. 
0347 FIG. 37 is a circuit diagram showing the structure 
of the leakage test circuit 706 shown in FIG. 33. 
0348 Referring to FIG. 37, the leakage test circuit 706 
includes an N-channel MOS transistor 748a connected 
between the test terminal TLC and a node ND 10a with a 
gate receiving a control signal ENP, a P-channel MOS 
transistor 752a connected between the sub power supply line 
L2 and a node ND13a with a gate receiving a control 
signal/ENP, a P-channel MOS transistor 750a connected 
between the node ND13a and a node ND12a with a gate 
connected to the main power Supply line L1, a current 
compare circuit 742a comparing a current flowing into the 
node ND10a with that flowing into the node ND 12a and 
outputting the result of comparison to a node ND11a, and a 
buffer 746a having an input connected to the node ND11a 
and an output connected to the test terminal TOUTP. 
0349 The leakage test circuit 706 further includes an 
N-channel MOS transistor 748b connected between the test 
terminal TLC and a node ND10b with a gate receiving a 
control signal ENN, an N-channel MOS transistor 752b 
connected between the Sub ground line L4 and a node 
ND13b with a gate receiving the control signal ENN, an 
N-channel MOS transistor 750b connected between the node 
ND13b and a node ND12b with a gate connected to the main 
ground line L3, a current compare circuit 742b comparing a 
current flowing out from the node ND10b with that flowing 
out from the node ND12b and outputting the result of 
comparison to a node ND11b, and a buffer 746b having an 
input connected to the node ND12b and an output connected 
to the test terminal TOUTN. 

0350. The current compare circuit 742a includes an 
N-channel MOS transistor 754a having a gate and drain 
connected to the node ND10a and a source connected to a 
ground node, an N-channel MOS transistor 756a having a 
gate connected to the drain of the N-channel MOS transistor 
754a and a Source connected to a ground node, a P-channel 
MOS transistor 758a having a gate and a drain connected to 
the drain of the N-channel MOS transistor 756a and a Source 
connected to a power supply node, a P-channel MOS 
transistor 760a connected between the node ND11a and a 
power Supply node with a gate connected to the drain of the 
N-channel MOS transistor 756a, an N-channel MOS tran 
sistor 762a connected between the node ND11a and a 
ground node with a gate connected to the node ND12a, and 
an N-channel MOS transistor 764a having a gate and a drain 
connected to the node ND12a and a Source connected to a 
ground node. 
0351. The current compare circuit 742b includes a 
P-channel MOS transistor 754b having a gate and a drain 
connected to the node ND10b and a source connected to a 
power supply node, a P-channel MOS transistor 756b hav 
ing a gate connected to the node ND 10b and a Source 
connected to a power supply node, an N-channel MOS 
transistor 758b having a gate and a drain connected to the 
drain of the P-channel MOS transistor 756b and a Source 
connected to a ground node, an N-channel MOS transistor 
760b connected between the node ND11b and a ground node 
with a gate connected to the drain of the P-channel MOS 
transistor 756b, a P-channel MOS transistor 762b connected 
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between a power Supply node and the node ND11b with a 
gate connected to the node ND12b, and a P-channel MOS 
transistor 764b having a Source connected to a power Supply 
node and a gate and a drain connected to the node ND12b. 
0352. A circuit operation for a leakage test in the embodi 
ment 8 is now described. 

0353 With reference to FIGS. 35 and 37, description is 
now made on the case of monitoring a leakage current 
generated in the internal circuit 704 in response to the 
potential of the main power Supply line L1 and the Sub 
power Supply line L2. In this case, the control Signal ENP is 
set high and the control signal ENN is set low. Thus, the gate 
of the P-channel MOS transistor 750a is connected with the 
main power Supply line L1 and the Source thereof is con 
nected with the Sub power supply line L2. This state is 
identical to that in a standby mode of a P-channel MOS 
transistor included in the invertor X2 shown in FIG. 33. 
Therefore, a leakage current Similar to that flowing in a 
cut-off P-channel MOS transistor in the internal circuit 704 
flows in the P-channel MOS transistor 750a. On the other 
hand, the node ND10a of the current compare circuit 742a 
is connected with the test terminal TLC since the N-channel 
MOS transistor 748a is rendered conductive. When exter 
nally feeding a current gradually into the test terminal TLC, 
therefore, the current exceeds the leakage current of the 
P-channel MOS transistor 750a at a certain value, and hence 
a logical level outputted at the test terminal TOUTP is 
inverted. This current value is correlated with the leakage 
current of the P-channel MOS transistor 750a flowing in the 
internal circuit 704. 

0354) In order to attain a high-speed operation, the poten 
tial difference between the main power Supply line L1 and 
the Sub power Supply line L2 is preferably minimized in a 
Standby State. In order to reduce the leakage current in the 
P-channel MOS transistor in the internal circuit 704, on the 
other hand, the potential difference between the main power 
Supply line L1 and the Sub power Supply line L2 is prefer 
ably maximized. Similarly to the above, the potential dif 
ference between the main ground line L3 and the Sub ground 
line L4 is advantageously reduced in order to attain a 
high-speed operation in the Standby State. In order to Sup 
preSS a leakage current generated in an N-channel MOS 
transistor in the standby state of the internal circuit 704, 
however, the potential difference is preferably increased. 
0355. At this time, the potentials of the main power 
Supply line L1 and the Sub power Supply line L2 can be 
changed by changing the control Signal TUNa from the 
voltage generation circuit VDCH1 shown in FIG. 35, and it 
is possible to measure the optimum potentials of the main 
power Supply line L1 and the Sub power Supply line L2 
generating no leakage current. 

0356) When setting the control signal ENP low while 
setting the control signal ENN high, on the other hand, the 
N-channel MOS transistor 750b enters the same standby 
state as an N-channel MOS transistor included in the inver 
tor X3 of the internal circuit 704, and hence a leakage 
current flowing in the N-channel MOS transistor of the 
internal circuit 704 can be monitored. 

0357 Also in this case, the potential of the Sub ground 
line L4 can be changed by adjusting the control signal TUNb 
inputted in the voltage generation circuit VDCL1 shown in 
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FIG. 35, and hence it is possible to measure the optimum 
potential of the Sub power Supply line L3 generating no 
leakage current. 

0358 Embodiment 9 
0359 FIG. 38 is a circuit diagram showing a principal 
part of a circuit structure related to a leakage test according 
to an embodiment 9 of the present invention. 
0360 Referring to FIG. 38, the circuit structure of a 
Semiconductor device according to the embodiment 9 is 
different from that shown in FIG.33 in a point that the same 
includes voltage generation circuits VDCH2 and VDCL2 in 
place of the voltage generation circuits VDCL1 and VDCL2 
respectively. The remaining Structure is similar to that of the 
circuit shown in FIG. 33, and hence redundant description 
is not repeated. 

0361 FIG. 39 is a circuit diagram showing the structure 
of the voltage generation circuit VDCH2 shown in FIG. 38. 
0362 Referring to FIG. 39, the voltage generation circuit 
VDCH2 includes a reference voltage generation circuit 771a 
in place of the reference Voltage generation circuit 732a, a 
Voltage conversion circuit 770a receiving a reference poten 
tial VrefH outputted from the reference voltage generation 
circuit 771a, converting the same and Supplying the con 
verted potential to a differential amplifier V3a and a voltage 
conversion circuit 770b receiving a reference potential 
Vref, converting the same and Supplies the converted 
potential to positive input nodes of differential amplifiers 
V3b, V3c and V3d, dissimilarly to the voltage generation 
circuit VDCH1 shown in FIG. 35. The remaining structure 
is similar to that of the voltage generation circuit VDCH1, 
and hence redundant description is not repeated. 

0363 The reference potential generation circuit 771a 
includes a resistance 786a in place of the variable resistance 
736a, dissimilarly to the reference potential generation cir 
cuit 732a shown in FIG. 35. The remaining structure is 
Similar to that of the reference potential generation circuit 
732a, and hence redundant description is not repeated. 

0364. The voltage conversion circuit 770a includes a 
compare circuit 772a having a negative input node receiving 
the reference potential VrefH generated by the reference 
potential generation circuit 771a, a P-channel MOS transis 
tor 774a having a gate receiving an output of the compare 
circuit 772a and a Source connected to a power Supply node, 
and resistances 776a, 778a, 780a and 782a serially con 
nected between a drain of the P-channel MOS transistor 
774a and a ground node. 

0365. Output nodes of the P-channel MOS transistor 
774a and the resistance 776a are at a converted potential 
Vr1. Output nodes of the resistances 776a and 778a are at a 
converted potential Vr2. A connection node between the 
resistances 778a and 780a is at a converted potential Vr3. 
Output nodes of the resistances 780a and 782a are at a 
converted potential Vrá. The converted potential Vr3 is 
Supplied to a positive input node of the compare circuit 
772. 

0366) The voltage conversion circuit 770a further 
includes a selector 784a receiving the converted potentials 
Vr1 to Vra and outputting any one of the converted poten 
tials Vr1 to Vrain response to a selection signal HSEL1. The 
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output of the selector 784a is supplied to a positive input 
node of the differential amplifier V3a. 
0367 The voltage conversion circuit 770b includes a 
compare circuit 772b having a negative input node receiving 
the reference potential VrefH generated by the reference 
potential generation circuit 771a, a P-channel MOS transis 
tor 774b having a gate receiving an output of the compare 
circuit 772b and a Source connected to a power Supply node, 
and resistances 776b, 778b, 780b and 782b serially con 
nected between a drain of the P-channel MOS transistor 
774b and a ground node. 
0368 Output nodes of the P-channel MOS transistor 
774b and the resistance 776b are at a converted potential 
Vr5. Output nodes of the resistances 776b and 778b are at a 
converted potential Vré. A connection node between the 
resistances 778b and 780b is at a converted potential Vr7. 
Output nodes of the resistances 780b and 782b are at a 
converted potential Vrs. The converted potential Vr7 is 
Supplied to a positive input node of the compare circuit 
772b. 

0369. The voltage conversion circuit 770b further 
includes a selector 784b receiving the converted potentials 
Vr5 to Vrs and outputting any one of the converted poten 
tials VrS to Vrs in response to a selection signal HSEL2. The 
output of the selector 784b is supplied to positive input 
nodes of the differential amplifiers V3b, V3c and V3d. 
0370 FIG. 40 is a circuit diagram showing the structure 
of the voltage generation circuit VDCL2. 
0371 Referring to FIG. 40, the voltage generation circuit 
VDCL2 includes a reference potential generation circuit 
771b generating a reference potential VrefL2, a voltage 
conversion circuit 770c converting the reference potential 
Vref 2 generated from the reference potential generation 
circuit 771b, and a differential amplifier V4 having a posi 
tive input node receiving an output of the Voltage conversion 
circuit 770c and an output node and a negative node con 
nected to a Sub ground line L4 and activated in response to 
a control signal IDLCC. 
0372 The reference voltage generation circuit 771b 
includes a resistance 786b in place of the variable resistance 
736b, dissimilarly to the reference voltage generation circuit 
732b shown in FIG. 36. The remaining structure is similar 
to that of the Voltage generation circuit 732b, and hence 
redundant description is omitted. 
0373) The voltage conversion circuit 770c includes a 
compare circuit 772c having a negative input node receiving 
the reference potential Vref 2 generated by the reference 
potential generation circuit 771b, an N-channel MOS tran 
Sistor 774c having a gate receiving an output of the compare 
circuit 772c and a Source connected to a ground node, and 
resistances 782c, 780c, 778c and 776c serially connected 
between a power Supply node and a drain of the N-channel 
MOS transistor 774c. 

0374. A connection node between the resistances 782c 
and 780c outputs a converted potential Vr9. A connection 
node between the resistances 780c and 778c outputs a 
converted potential Vr10. A connection node between the 
resistances 778c and 776c outputs a converted potential Vrl 
1. A connection node between the resistance 776c and the 
N-channel MOS transistor 774c outputs a converted poten 
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tial Vr12. The converted potential Vr10 is supplied to a 
positive input node of the compare circuit 772c. 
0375. The voltage conversion circuit 770c further 
includes a selector 784c receiving the converted potentials 
Vr9 to Vr12 and outputting any one of the converted 
potentials Vr9 to Vr12 in response to a control signal LSEL. 
The output of the selector 784c is inputted in a positive input 
node of the differential amplifier V4. 
0376 By employing the aforementioned structure, the 
Semiconductor device according to the embodiment 9 can 
externally change the potential levels of a Sub power Supply 
line and a Sub ground line while monitoring leakage currents 
flowing in the leakage monitor transistors 750a and 750b 
shown in FIG. 37 in the standby state, thereby adjusting the 
potentials to optimum hierarchical power Supply levels. 

0377 Embodiment 10 
0378 FIG. 41 is a circuit diagram showing the structure 
of a circuit block 800 employed in a semiconductor device 
according to an embodiment 10 of the present invention. 
0379 Referring to FIG. 41, the circuit block 800 includes 
a main power Supply line MVL9 Supplied with a power 
supply potential Vdd, a main ground line MGL9 Supplied 
with a ground potential Vss, an N-channel MOS transistor 
QHN9 having a gate receiving a control Signal (p1 and a 
Source connected to the main ground line MGL9, an N-chan 
nel MOS transistor QLN9 having a gate receiving a control 
Signal (p2 and a Source connected to the main ground line 
MGL9, a sub ground line SGL9 connected to drains of the 
N-channel MOS transistors OHN9 and OLN9, a P-channel 
MOS transistor QHP9 having a gate receiving a control 
Signal/cp1 and a Source connected to the main power Supply 
line MVL9, a P-channel MOS transistor QLP9 having a gate 
receiving a control Signal/p2 and a Source connected to the 
main power supply line MVL9, and a sub power supply line 
SVL9 connected to drains of the P-channel MOS transistors 
OHP9 and OLP9. 

0380. The P-channel MOS transistor QHP9 and the 
N-channel MOS transistor QHN9 have high threshold volt 
ageS. 

0381) The circuit block 800 further includes serially 
connected invertors 802, 804, 806, 808 and 810 receiving an 
input signal SIN. 
0382. The invertors 802, 806 and 810 are supplied with 
operating currents by the main power supply line MVL9 and 
the sub ground line SGL9. The invertors 804 and 808 are 
Supplied with operating currents by the Sub power Supply 
line SVL9 and the main ground line MGL9. 
0383 MOS transistors included in the invertors 802 to 
810 have low threshold voltages for attaining a high-speed 
operation, and the P-channel MOS transistor QLP9 and the 
N-channel MOS transistor OLN9 have low threshold volt 
ages similarly to the transistors of the invertors 802 to 810. 
0384 FIG. 42 is a waveform diagram for illustrating 
driven States of the respective power Supply lines of the 
circuit block 800. 

0385) Referring to FIGS. 41 and 42, the power supply 
potential Vdd rises before a time t1. Between the time t1 and 
a time t2, the circuit block 800 enters a standby state, the 
signal SIN is set low, the control signal 41 is set low, and the 
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control Signal/cp2 is Set high. The control Signal/cp1 is Set 
high, and the control Signal (p2 is set low. In the Standby 
state, therefore, the P-channel MOS transistor OHP9 and the 
N-channel MOS transistor OHN9 are rendered non-conduc 
tive, and the P-channel MOS transistor OLP9 and the 
N-channel MOS transistor OLN9 are also rendered noncon 
ductive. 

0386 The P-channel MOS transistor QHP9 and the 
N-channel MOS transistor QHN9 employed for supplying 
the operating currents for the invertors 802 to 810 have large 
gate widths. On the other hand, the P-channel MOS tran 
Sistor OLP9 and the N-channel MOS transistor OLN9 for 
holding the potential levels of the Sub power Supply line 
SVL9 and the Sub ground line SGL9 in the standby state 
respectively have small gate widths W with extremely high 
resistance values although Subthreshold currents flow in 
non-conductive States. 

0387. Therefore, the potential VP9 of the sub power 
supply line SVL9 is lower than the power supply potential 
Vdd by AVd1 in the standby time, and this potential differ 
ence AVd1 is smaller than that in the case provided with no 
N-channel MOS transistor OLN9. 

0388 Similarly, the potential VN9 of the subground line 
SGL9 is higher than the ground potential Vss by AVd1 in the 
standby time, and this potential difference AVd1 can be 
rendered Smaller than that in the case provided with no 
P-channel MOS transistor OLP9. 

0389. Therefore, the time required for activation can be 
reduced when the control Signal (p1 goes high and the control 
Signal/cp1 goes low for activating the Sub power Supply line 
SVL9 and the sub ground line SGL9. While the control 
Signals/cp2 and p2 are set low and high respectively and the 
P-channel MOS transistor OLP9 and the N-channel MOS 
transistor QLN9 are set in conductive states for activating 
the sub power supply line SVL9 and the sub ground line 
SGL9, the potentials of the sub power supply line SVL9 and 
the subground line SGL9 are equalized with each other also 
when fixing the control Signals/p2 and p2 at high and low 
levels respectively, as shown in waveforms W1 and W2 in 
FIG. 42. 

0390 The circuit block 800 according to the embodiment 
10 is provided with the P-channel MOS transistor QLP9 and 
the N-channel MOS transistor QLN9 for deciding the poten 
tials of the sub power supply line SVL9 and the sub ground 
line SGL9 in the standby state in addition to the P-channel 
MOS transistor OHP9 and the N-channel MOS transistor 
QHN9 having large gate widths and high threshold voltages 
Supplying power Supply currents to the internal circuit in 
operation. 

0391 By employing the aforementioned structure, the 
Semiconductor device according to the embodiment 10 can 
reduce a starting time for activating the circuit block 800 by 
approximating the potentials of the Sub power Supply line 
SVL9 and the Sub ground line SGL9 to those of the main 
power supply line MVL9 and the main ground line MGL9 
respectively in the Standby State. Further, the gate widths of 
the transistors QLP9 and QLN9 for level holding are so 
reduced that no problem arises from leakage currents in the 
Standby State resulting from provision of these transistors 
OLP9 and OLN9. 
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0392) Embodiment 11 
0393 FIG. 43 is a circuit diagram showing the structure 
of a circuit block 820 employed in an embodiment 11 of the 
present invention. 
0394 Referring to FIG. 43, the circuit block 820 includes 
an adjusting circuit 822 connected between a main power 
supply line MVL9 and a sub power supply line SVL in place 
of the P-channel MOS transistor QLP9 and an adjusting 
circuit 824 connected between a sub ground line SGL9 and 
a main ground line MGL9 in place of the N-channel MOS 
transistor QLN9, dissimilarly to the circuit block 800 shown 
in FIG. 41. The remaining structure is similar to that of the 
circuit block 800, and hence redundant description is not 
repeated. 
0395. The adjusting circuit 822 includes fuse elements 
HP#i and P-channel MOS transistors QLP#i serially con 
nected between the main power supply line MVL9 and the 
sub power supply line SVL9 (i: 1 to n). Gates of the 
P-channel MOS transistors QLP#i are supplied with a power 
Supply potential Vdd. 
0396 The adjusting circuit 824 includes N-channel MOS 
transistors QLN#i and fuse elements HN#i serially con 
nected between the Sub ground line SGL9 and the main 
ground line MGL9 (i: 1 to n). Gates of the N-channel MOS 
transistorS QLNii are Supplied with a ground potential 
respectively. 
0397) If the gate widths W of the P-channel MOS tran 
Sistor OLP9 and the N-channel MOS transistor OLN9 for 
level holding provided in the embodiment 10 are too large, 
currents in the Standby State are excessively increased. The 
gate widths W, i.e., the sizes of the transistors QLP9 and 
QLN9, which are remarkably influenced by dispersion of 
process parameters in fabrication Steps, are hard to optimize 
in advance. In other words, there is a possibility that current 
consumption, i.e., leakage currents in the Standby State or the 
time required for activating the sub power supply line SVL9 
and the sub ground line SGL9 is remarkably influenced by 
dispersion of the process parameters in the fabrication StepS. 
0398. In the embodiment 11, the adjusting circuits 822 
and 824 are provided and the transistors QLP#i and QLN#i 
for level holding are connected in parallel through the fuse 
elements HPiti and HN#i respectively. The number of the 
transistors QLPhi and QLN#i for level holding can be 
adjusted by properly cutting the fuse elements HPiti and 
HN#i in the adjusting circuits 822 and 824. By employing 
this structure, the potential levels of the Sub power Supply 
line SVL9 and the subground line SGL9 can be adjusted to 
optimum values in the Standby State. Therefore, a high-speed 
operation of an internal circuit having a hierarchical power 
Supply Structure and reduction of a Standby current in a 
Standby State can be attained. 
0399. Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 

1. A Semiconductor device comprising: 
a first main power Supply line Supplied with a first power 

Supply potential; 
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a Second main power Supply line Supplied with a Second 
power Supply potential lower than Said first power 
Supply potential; 

a first Sub power Supply line provided in correspondence 
to Said first main power Supply line, 

a Second Sub power Supply line provided in correspon 
dence to Said Second main power Supply line; 

a first internal circuit having first and Second power 
Supply nodes connected to Said first and Second Sub 
power Supply lines respectively for receiving at least 
one input Signal and performing a prescribed operation; 

a first connection circuit connecting Said first main power 
Supply line and Said first Sub power Supply line with 
each other in an operating mode while Separating Said 
first main power Supply line and Said first Sub power 
Supply line from each other in a Standby mode, 

a Second connection circuit connecting Said Second main 
power Supply line and Said Second Sub power Supply 
line with each other in Said operating mode while 
Separating Said Second main power Supply line and Said 
Second Sub power Supply line from each other in Said 
Standby mode; and 

a power Supply noise reduction circuit connected to Said 
first and Second main power Supply lines and Said first 
and Second Sub power Supply lines, 

Said power Supply noise reduction circuit including: 
a first capacitor connected between said first main 
power Supply line 

and Said Second Sub power Supply line, and 
a Second capacitor connected between Said first Sub 
power Supply line and Said Second main power 
Supply line. 

2. The Semiconductor device according to claim 1, 
wherein Said first connection circuit includes: 

a first P-channel MOS transistor connected between said 
first main power Supply line and Said first Sub power 
Supply line, 

Said Second connection circuit includes: 

a first N-channel MOS transistor connected between 
Said Second main power Supply line and Said Second 
Sub power Supply line, and 

Said first internal circuit includes: 

a second P-channel MOS transistor having a smaller 
absolute value of a threshold voltage than said first 
P-channel MOS transistor, and 

a second N-channel MOS transistor having a smaller 
absolute value of a threshold voltage than said first 
N-channel MOS transistor. 

3. The Semiconductor device according to claim 1, further 
comprising a first Signal line transmitting a first control 
Signal, wherein 

Said first connection circuit includes: 

a third P-channel MOS transistor connected between 
Said first main power Supply line and Said first Sub 
power Supply line with a gate receiving Said first 
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control Signal whose logical level is inverted in 
response to Switching between Said operating mode 
and Said Standby mode, 

a fourth P-channel MOS transistor having a source 
connected to Said first main power Supply line, 

a first Switching circuit Selectively connecting a drain 
of said fourth P-channel MOS transistor to either one 
of Said first main power Supply line and Said first Sub 
power Supply line, and 

a Second Switching circuit Selectively connecting a gate 
of said fourth P-channel MOS transistor to either one 
of Said Second Sub power Supply line and Said first 
Signal line, 

Said Second connection circuit includes: 

a third N-channel MOS transistor connected between 
Said Second main power Supply line and Said Second 
Sub power Supply line with a gate receiving a Second 
control Signal complementary to Said first control 
Signal. 

4. The Semiconductor device according to claim 1, further 
comprising a first Signal line transmitting a first control 
Signal, wherein 

Said first connection circuit includes: 

a fifth P-channel MOS transistor connected between 
Said first main power Supply line and Said first Sub 
power Supply line with a gate receiving Said first 
control signal whose logical level is inverted in 
response to Switching between Said operating mode 
and Said Standby mode, 

a sixth P-channel MOS transistor having a drain con 
nected to Said first Sub power Supply line, 

a third Switching circuit Selectively connecting a Source 
of Said sixth P-channel MOS transistor to either one 
of Said first main power Supply line and Said first Sub 
power Supply line, and 

a fourth Switching circuit Selectively connecting a gate 
of Said sixth P-channel MOS transistor to either one 
of Said Second Sub power Supply line and Said first 
Signal line, 

Said Second connection circuit includes: 

a fourth N-channel MOS transistor connected between 
Said Second main power Supply line and Said Second 
Sub power Supply line with a gate receiving a Second 
control Signal complementary to Said first control 
Signal. 

5. The Semiconductor device according to claim 1, further 
comprising a Second signal line transmitting a Second con 
trol Signal, wherein 

Said Second connection circuit includes: 

a fifth N-channel MOS transistor connected between 
Said Second main power Supply line and Said Second 
Sub power Supply line with a gate receiving a Second 
control Signal whose logical level is inverted in 
response to Switching between Said operating mode 
and Said Standby mode, 

a sixth N-channel MOS transistor having a source 
connected to Said Second main power Supply line, 

22 
Jan. 3, 2002 

a fifth Switching circuit Selectively connecting a drain 
of said sixth N-channel MOS transistor to either one 
of Said Second main power Supply line and Said 
Second Sub power Supply line, and 

a sixth Switching circuit Selectively connecting a gate 
of said sixth N-channel MOS transistor to either one 
of Said first Sub power Supply line and Said Second 
Signal line, 

Said first connection circuit includes: 

a seventh P-channel MOS transistor connected between 
Said first main power Supply line and Said first Sub 
power Supply line with a gate receiving a first control 
Signal complementary to Said first control Signal. 

6. The Semiconductor device according to claim 1, further 
comprising a Second Signal line transmitting a Second con 
trol Signal, wherein 

Said Second connection circuit includes: 

a seventh N-channel MOS transistor connected 
between Said Second main power Supply line and 
Said Second Sub power Supply line with a gate 
receiving Said Second control Signal whose logical 
level is inverted in response to Switching between 
Said operating mode and Said Standby mode, 

a eighth N-channel MOS transistor having a drain 
connected to Said Second Sub power Supply line, 

a Seventh Switching circuit Selectively connecting a 
source of said eighth N-channel MOS transistor to 
either one of Said Second main power Supply line and 
Said Second Sub power Supply line, and 

a eighth Switching circuit Selectively connecting a gate 
of said eighth N-channel MOS transistor to either 
one of Said first Sub power Supply line and Said 
Second Signal line, 

Said first connection circuit includes: 

a eighth P-channel MOS transistor connected between 
Said first main power Supply line and Said first Sub 
power Supply line with a gate receiving a first control 
Signal complementary to Said first control Signal. 

7. The Semiconductor device according to claim 1, further 
comprising first and Second pads connected to Said first and 
Second Sub power Supply lines respectively. 

8. The Semiconductor device according to claim 1, 
wherein Said first connection circuit includes: 

a ninth P-channel MOS transistor connected between said 
first main power Supply line and Said first Sub power 
Supply line, and 

a first diode circuit forwardly connected between said first 
main power Supply line and Said first Sub power Supply 
line for holding the potential of said first sub power 
Supply line when said ninth P-channel MOS transistor 
is non-conductive, and 

Said Second connection circuit includes: 

a ninth N-channel MOS transistor connected between 
Said Second main power Supply line and Said Second 
Sub power Supply line, and 

a Second diode circuit forwardly connected between 
Said Second Sub power Supply line and Said Second 
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main power Supply line for holding the potential of 
Said Second Sub power Supply line when Said ninth 
N-channel MOS transistor is non-conductive. 

9. The Semiconductor device according to claim 1, 
wherein Said power Supply noise reduction circuit further 
includes: 

a third capacitor connected between Said first Sub power 
Supply line and Said Second Sub power Supply line. 

10. The semiconductor device according to claim 9, 
wherein Said Semiconductor device is formed on a major 
Surface of a Semiconductor Substrate, 

Said power Supply noise reduction circuit is arranged in a 
rectangular area on Said major Surface, 

Said first capacitor includes: 
a first MOS transistor having a gate connected to Said 

Second Sub power Supply line and a Source and a 
drain connected to Said first main power Supply line, 

Said Second capacitor includes: 
a Second MOS transistor having a gate connected to 

Said Second main power Supply line and a Source and 
a drain connected to Said first Sub power Supply line, 

Said third capacitor includes: 

a third MOS transistor having a gate connected to Said 
Second Sub power Supply line and a Source and a 
drain connected to Said first Sub power Supply line, 

Said first main power Supply line and Said first Sub 
power Supply line are arranged along a first Side of 
Said rectangular area, and 

Said Second main power Supply line and Said Second 
Sub power Supply line are arranged along a Second 
Side of Said rectangular area opposed to Said first 
Side. 

11. A Semiconductor device comprising: 
a main power Supply line Supplied with a power Supply 

potential; 

a Sub power Supply line provided in correspondence to 
Said main power Supply line; 

an internal circuit connected to Said Sub power Supply line 
for performing a prescribed operation in response to at 
least one input Signal; 

a connection circuit connecting Said main power Supply 
line and Said Sub power Supply line with each other in 
response to an activation Signal; and 

a control circuit generating Said activation signal, 
Said control circuit including: 

a timing change circuit changing an activation timing 
for Said activation Signal with reference to an input 
timing of Said input Signal in a test mode. 

12. The Semiconductor device according to claim 11, 
wherein 

Said timing change circuit includes: 
a Selection circuit Selecting any one of a plurality of 

reference Signals generated from an external com 
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mand Signal and a clock signal in response to a test 
Signal and outputting the same as Said activation 
Signal in Said test mode. 

13. The Semiconductor device according to claim 11, 
wherein 

Said timing change circuit includes: 
a variable delay circuit receiving a reference Signal 

generated from an external command Signal and a 
clock signal and delaying the Same by a delay 
quantity responsive to a test signal for generating 
Said activation signal in Said test mode. 

14. A Semiconductor device comprising: 
a first main power Supply line Supplied with a first power 

Supply potential; 

a Second main power Supply line Supplied with a Second 
power Supply potential lower than Said first power 
Supply potential; 

a first Sub power Supply line provided in correspondence 
to Said first main power Supply line, 

a Second Sub power Supply line provided in correspon 
dence to Said Second main power Supply line; 

a first internal circuit having first and Second power 
Supply nodes connected to Said first and Second Sub 
power Supply lines respectively, receiving at least one 
input Signal and performing a prescribed operation; 

a first control circuit connecting said first main power 
Supply line and Said first Sub power Supply line with 
each other in an operating mode while holding the 
potential difference between Said first main power 
Supply line and Said first Sub power Supply line at a 
prescribed first value in a Standby mode; and 

a Second control circuit connecting Said Second main 
power Supply line and Said Second Sub power Supply 
line with each other in Said operating mode while 
holding the potential difference between Said Second 
main power Supply line and Said Second Sub power 
Supply line at a prescribed Second value in Said Standby 
mode. 

15. The Semiconductor device according to claim 14, 
wherein 

Said first internal circuit includes: 

a first N-channel MOS transistor employed for per 
forming Said prescribed operation and inactivated in 
Said Standby mode with a gate coupled to Said Second 
main power Supply line and a Source coupled to Said 
Second Sub power Supply line, 

Said Semiconductor device further comprising: 
a potential control circuit controlling the potential of 

Said Second Sub power Supply line with respect to 
that of Said Second main power Supply line in Said 
Standby mode in response to a test Signal, and 

a monitor circuit for monitoring a current correspond 
ing to a leakage current resulting from a Subthreshold 
current generated in said first N-channel MOS tran 
Sistor in Said Standby mode in response to Said test 
Signal. 
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16. The Semiconductor device according to claim 15, 
wherein 

Said monitor circuit includes: 

a monitoring N-channel MOS transistor having a 
threshold voltage equal to that of said first N-channel 
MOS transistor with a gate connected to Said Second 
main power Supply line, 

a Switching circuit connecting a Source of Said moni 
toring N-channel MOS transistor to said second sub 
power Supply line in response to Said test Signal, 

a current compare circuit having a first input node 
connected to a drain of Said monitoring N-channel 
MOS transistor and comparing a current flowing into 
Said first input node with a current flowing into a 
Second input node, 

a first test terminal connected to Said Second input node, 
and 

a Second test terminal receiving an output Signal of Said 
current compare circuit. 

17. The Semiconductor device according to claim 14, 
wherein 

Said first internal circuit includes: 

a first P-channel MOS transistor having a gate coupled 
to Said first main power Supply line and a Source 
coupled to said first Sub power Supply line, 

a potential control circuit controlling the potential of 
Said first Sub power Supply line with respect to that 
of Said first main power Supply line in Said Standby 
mode in response to a test Signal, and 

a monitor circuit for monitoring a current correspond 
ing to a leakage current resulting from a Subthreshold 
current generated in said first P-channel MOS tran 
Sistor in Said Standby mode in response to Said test 
Signal. 

18. The semiconductor device according to claim 17, 
wherein 

Said monitor circuit includes: 

a monitoring P-channel MOS transistor having a 
threshold voltage equal to that of said first P-channel 
MOS transistor with a gate connected to said first 
main power Supply line, 

a Switching circuit connecting a Source of Said moni 
toring P-channel MOS transistor to said first Sub 
power Supply line in response to Said test Signal, 

a current compare circuit having a first input node 
connected with a drain of Said monitoring P-channel 
MOS transistor and comparing a current flowing into 
Said first input node with a current flowing into a 
Second input node, 

a first test terminal connected to Said Second input node, 
and 

a Second test terminal receiving an output Signal of Said 
current compare circuit. 

24 
Jan. 3, 2002 

19. The Semiconductor device according to claim 14, 
wherein 

Said first control circuit includes: 

a second P-channel MOS transistor connected between 
Said first main power Supply line and Said first Sub 
power Supply line with a gate receiving a first control 
Signal whose logical level is inverted in response to 
Switching between Said operating mode and Said 
Standby mode, and 

a third P-channel MOS transistor connected between 
Said first main power Supply line and Said first Sub 
power Supply line with a gate Set at Said first power 
Supply potential at least in Said Standby mode, and 
having an absolute value of a threshold Voltage and 
a gate width Smaller than those of Said Second 
P-channel MOS transistor, 

Said Second control circuit includes: 

a second N-channel MOS transistor connected between 
Said Second main power Supply line and Said Second 
Sub power Supply line with a gate receiving a Second 
control Signal whose logical level is inverted in 
response to Switching between Said operating mode 
and Said Standby mode, and 

a third N-channel MOS transistor connected between 
Said Second main power Supply line and Said Second 
Sub power Supply line with a gate Set at Said Second 
power Supply potential at least in Said Standby mode, 
and having an absolute value of a threshold voltage 
and a gate width Smaller than those of Said Second 
N-channel MOS transistor. 

20. The Semiconductor device according to claim 14, 
wherein 

Said first control circuit includes: 

a fourth P-channel MOS transistor connected between 
Said first main power Supply line and Said first Sub 
power Supply line with a gate receiving a first control 
Signal whose logical level is inverted in response to 
Switching between Said operating mode and Said 
Standby mode, and 

a plurality of first level holding circuits connected in 
parallel between said first main power Supply line 
and Said first Sub power Supply line, 

each Said first level holding circuit includes: 
a fifth P-channel MOS transistor having a gate set at 

Said first power Supply potential at least in Said 
standby mode with an absolute value of a threshold 
Voltage and a gate width Smaller than those of Said 
fourth P-channel MOS transistor and a first Switch 
ing circuit Serially connected between Said first main 
power Supply line and Said first Sub power Supply 
line, 

Said Second control circuit includes: 

a fourth N-channel MOS transistor connected between 
Said Second main power Supply line and Said Second 
Sub power Supply line with a gate receiving a Second 
control Signal whose logical level is inverted in 
response to Switching between Said operating mode 
and Said Standby mode, and 
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a plurality of Second level holding circuits connected in 
parallel between Said Second main power Supply line 
and Said Second Sub power Supply line, 

each Said Second level holding circuit includes: 
a fifth N-channel MOS transistor having a gate set at 

Said Second power Supply potential at least in Said 
standby mode with an absolute value of a threshold 
Voltage and a gate width Smaller than those of Said 
fourth N-channel MOS transistor and a second 
Switching circuit Serially connected between Said 
Second main power Supply line and Said Second Sub 
power Supply line. 

21. A Semiconductor device comprising: 
a main power Supply line Supplied with a first power 

Supply potential; 
a first Sub power Supply line provided in correspondence 

to Said main power Supply line, 
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a first internal circuit having a first power Supply node 
connected to Said first Sub power Supply line and 
performing a first prescribed operation, 

a Second Sub power Supply line provided in correspon 
dence to Said main power Supply line, 

a Second internal circuit having a Second power Supply 
node connected to Said Second Sub power Supply line 
and performing a Second prescribed operation, 

a pad for observing the potentials of Said first Sub power 
Supply line and Said Second Sub power Supply line, and 

a Selection circuit Selectively connecting either one of Said 
first Sub power Supply line and Said Second Sub power 
Supply line to Said pad. 


