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(57) ABSTRACT 

A Semiconductor integrated circuit wherein the circuit area 
can be minimized, and defects can be detected reliably 
during a Standby Status while maintaining the reliability of 
a gate oxide film. Switching circuit 20 is provided between 
logic circuit 10 and Source Voltage V Supply terminal. 
While in an operating Status, 0 V voltage is applied to the 
gate of transistor MP0 of Switching circuit 20, and bias 
Voltage V equal to or slightly lower than Source Voltage V 
is applied to its channel region in order to reduce the 
threshold voltage of transistor MP0 and increase its current 
driving capability. While in a Standby Status, a Voltage equal 
to Source Voltage V is applied to the gate of transistor MP0, 
a Voltage lower than the Source Voltage is applied to the 
Source, and bulk bias Voltage V equal to or higher than 
Source Voltage V is applied to the channel region in order 
to minimize the drain current of transistor MP0, so that 
current path of logic circuit 10 is cut off, and the occurrence 
of leakage current is Suppressed. 
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SUPPRESSING THE LEAKAGE CURRENT IN AN 
INTEGRATED CIRCUIT 

FIELD OF THE INVENTION 

0001. The present invention pertains to a semiconductor 
integrated circuit, for example, a Semiconductor integrated 
circuit by which power consumption can be reduced by 
Suppressing leakage current. 

BACKGROUND OF THE INVENTION 

0002. In recent years, as semiconductor integrated circuit 
technology has progressed, mobile communication termi 
nals, compact Solid-State audio players, and portable Semi 
conductor devices, Such as laptop personal computers, have 
become pervasive. Since a necessary power is Supplied to 
these Semiconductor devices, it is absolutely essential to 
reduce the power consumption in order to allow them to 
operate for a long time. 
0003. In the case of a semiconductor integrated circuit, 
Voltage reduction is one effective method for achieving low 
power consumption. Thus, Semiconductor integrated circuits 
having a source voltage of 1.0 V or lower have been 
prototyped and have already been brought to the commercial 
Stage. When the Source Voltage dropS and becomes close to 
threshold voltage V of a MOS transistor, a drop in its 
operating Speed becomes a problem. In order to maintain the 
operating speed of a semiconductor integrated circuit with a 
low Source Voltage, a transistor with a threshold Voltage 
lower than that of a normal transistor is needed. However, 
along with a decrease in the threshold Voltage of the tran 
Sistor is an increase in leakage current results. Thus, while 
in a Standby Status, that is, when not operating, the increase 
in power consumption due to leakage current reaches a level 
which cannot be ignored, So that reduction of power con 
Sumption, the primary objective of reducing the Voltage, can 
no longer be realized. 
0004 Various technologies have been suggested in order 
to reduce the leakage current during Standby Status. One 
such example is shown in FIG. 18. In said technology, a 
pMOS transistor with a low threshold voltage is provided in 
the current Supply path of a functional circuit configured 
with a MOS transistor with a low threshold voltage, for 
example, a logic circuit which performs a prescribed logic 
operation, and a Voltage higher than the Source Voltage is 
applied to the gate of Said transistor during Standby Status to 
cut off the current path by clearly bringing Said transistor to 
an OFF status in order to reduce the leakage current of the 
low threshold voltage transistor. Thus, the transistor to be 
inserted in the current path is also referred to as a cut-off 
transistor. In addition, said clear OFF status is referred to as 
a Super cut-off Status. 
0005. As shown in FIG. 18, logic circuit CM is config 
ured with pMOS transistors MP1, MP2, and MP3 and 
NMOS transistors MN1, MN2, and MN3. These MOS 
transistors are low threshold Voltage transistors having a 
threshold voltage lower than the threshold voltage of a 
normal transistor. For example, threshold voltage V of the 
pMOS transistors is -0.2 V or so, and threshold voltage 
V of the nMOS transistors is 0.2 V or SO. 

thn 

0006 Logic circuit CM is connected between node N1 
Serving as a virtual power Supply terminal and ground line 
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G1. It performs a prescribed logic operation upon receiving 
input Signals Sa and Sb and outputs operation result Sc. 
0007 Cut-off transistor MP0 is a pMOS transistor in 
which the Source is connected to Supply line P1 for Source 
Voltage V, and the drain is connected to node N1. The 
absolute value of the threshold voltage of transistor MP0 is 
equal to the threshold voltage of pMOS transistors MP1 
through MP3 constituting logic circuit CM. 
0008 Control signal SIG is applied to the gate of tran 
sistor MP0. Control signal SIG is maintained at a low level, 
for example, a Voltage equal to ground potential GND, 
during operation, and control Signal SIG is maintained at a 
high level, for example, a Voltage higher than Source Voltage 
V, during standby Status. For example, Source Voltage 
V is equal to the minimum voltage, for example, 0.5 V, for 
logic circuit CM to operate. ASSume that control Signal SIG 
is maintained at ground potential GND, that is, 0.0 V during 
operation, and control Signal SIG is maintained at 1.0 V 
during Standby. 

0009) Thus, gate-source voltage V of transistor MP0 
becomes O V-0.5 V=-0.5 V during operation, and its 
absolute value becomes greater than the absolute value of 
threshold voltage -0.2 V of transistor MP0. Thus, transistor 
MP0 becomes conductive, so that sufficient current Supply to 
logic circuit CM can be Secured with low Voltage during 
operation. 
0010. On the other hand, gate-source voltage V of 
transistor MP0 becomes 1.0 V-0.5 V=0.5 V during standby. 
Thus, transistor MP0 having the threshold voltage of -0.2 V 
enterS Super cut-off Status. Because a gate Voltage which 
makes transistor MP0 enter the Super cut-off status is 
applied, leakage current during Standby can be Suppressed, 
So that power consumption can be reduced. 
0011. In addition, in another technology, as shown in 
FIG. 19, for example, pMOS transistor having threshold 
voltage V higher than the absolute value of the threshold 
Voltage of a normal pMOS transistor, for example, a tran 
sistor with Vt=-0.7 V when the threshold voltage of a 
normal pMOS transistor is -0.5 V, is used for MP0; and 
control Signal SIG lower than the ground Voltage, for 
example, SIG=-0.8V, is applied to the gate of transistor 
MP0 during operation in order to achieve the same effect as 
that mentioned above. 

0012. In the case of the aforementioned technology in 
which the leakage current path is cut off using a cut-off 
transistor during operation, it is difficult to assure the reli 
ability of the gate oxide film in the cut-off transistor. For 
example, in the aforementioned example in FIG. 18, the 
drain of transistor MP3 is at a low level when output signal 
Sc from an inverter comprising transistors MP3 and MN3 is 
at a low level during operation. The potential of its Source, 
that is, node N1, Soon drops to a low level, for example, 0 
V, due to the leakage current of transistor MP3. At this time, 
because the drain is 0 V, and high-voltage control Signal 
SIG, for example, Source Voltage VI+0.5 V, is applied to 
the gate in cut-off transistor MP0, a voltage difference of 
Source Voltage V+0.5 V is created between the gate and 
the drain of transistor MP0. In such case, the gate oxide film 
is Subjected to StreSS during Standby, and it is difficult to 
assure its reliability. 
0013 In addition, in the case of the aforementioned 
example in FIG. 19, the voltage applied to the gate of MP0 
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becomes V+0.8V during operation, So that it is difficult to 
assure the reliability of the gate oxide film. 
0.014. It has also been suggested to configure the cut-off 
transistor using cascade-connected 2-stage transistors, for 
example, in order to assure the reliability of the gate oxide 
film. In this case, although the Voltage applied to the gate 
oxide film during Standby may be dispersed in a number of 
transistor Stages in order to improve the reliability of the gate 
oxide film, the circuit area becomes larger in accordance 
with the number of cut-off transistors. Furthermore, the 
current Supplied to the circuit is Suppressed by resistance 
created as the cascade-connected transistors are turned on, 
resulting in a significant drop in the circuit Speed. 

0015) In addition, there is no effective Ia testing method 
for detecting manufacturing defects for the aforementioned 
technologies. For example, when the cut-off transistor is on, 
the current cannot be identified as a current caused by a 
high-performance transistor with a high leakage current or a 
low threshold Voltage transistor or a leakage current due to 
a defect. Thus, product inspection takes time and has high 
cost, disadvantages which interfere with mass production. 
0016. The present invention was created in light of Such 
a situation, and its objective is to present a Semiconductor 
integrated circuit by which the leakage current during 
Standby can be Suppressed while maintaining the reliability 
of the gate oxide film, the circuit area can be minimized, and 
defects can be detected reliably. 

SUMMARY OF THE INVENTION 

0.017. In order to achieve the aforementioned objective, a 
Semiconductor integrated circuit of the present invention has 
a functional circuit which performs prescribed processing, a 
Voltage Supply circuit which Supplies a first Source Voltage 
or a Second Source Voltage higher than the aforementioned 
first Source Voltage according to a Source Voltage control 
Signal, a transistor which is connected between the Voltage 
Supply terminal of the aforementioned Voltage Supply circuit 
and the Voltage input terminal of the aforementioned func 
tional circuit in order to control the power Supplied to the 
aforementioned functional circuit according to a conduction 
control Signal applied to its gate terminal, and a control 
circuit which Supplies the aforementioned Source Voltage 
control Signal and the aforementioned conductivity control 
Signal; wherein, the aforementioned Voltage Supply circuit 
Supplies the aforementioned first Source Voltage while the 
aforementioned functional circuit is in a Standby Status, and 
it Supplies the aforementioned Second Source Voltage while 
the aforementioned functional circuit is operating. 
0.018. In addition, in the present invention, preferably, the 
aforementioned transistor is configured with a pMOS tran 
Sistor, and the Voltage level of the aforementioned conduc 
tivity control Signal is higher than the Source Voltage of the 
aforementioned first Source Voltage when the aforemen 
tioned functional circuit is in the Standby Status. 
0019. In addition, in the present invention, preferably, a 
bias Voltage applied to the channel region of the aforemen 
tioned transistor is equal to the aforementioned first Source 
Voltage or higher than the aforementioned first Source Volt 
age when the aforementioned functional circuit is in the 
Standby Status, and the aforementioned bias Voltage is equal 
to the aforementioned Second Source Voltage or lower than 
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the aforementioned Second Source Voltage when the afore 
mentioned functional circuit is operating. 
0020) Furthermore, a semiconductor integrated circuit of 
the present invention has a functional circuit which performs 
prescribed processing, a Voltage Supply circuit which Sup 
plies a first Source Voltage or a Second Source Voltage higher 
than the aforementioned first Source Voltage according to a 
Source Voltage control Signal, a transistor which is connected 
between the Voltage Supply terminal of the aforementioned 
Voltage Supply circuit and the Voltage input terminal of the 
aforementioned functional circuit in order to control the 
power Supplied to the aforementioned functional circuit 
according to a conduction control Signal applied to its gate 
terminal, and a control circuit which Supplies the aforemen 
tioned Source Voltage control Signal and the aforementioned 
conductivity control Signal; wherein, the aforementioned 
Voltage Supply circuit Supplies the aforementioned Second 
Source Voltage while the aforementioned functional circuit is 
in a Standby Status, and it Supplies the aforementioned first 
Source Voltage while the aforementioned functional circuit is 
operating. 
0021. In addition, in the present invention, preferably, the 
aforementioned transistor is configured with an nMOS tran 
Sistor, and the Voltage level of the aforementioned conduc 
tivity control Signal is lower than the Source Voltage of the 
aforementioned Second Source Voltage when the aforemen 
tioned functional circuit is in the Standby Status. 
0022. In addition, in the present invention, preferably, a 
bias Voltage applied to the channel region of the aforemen 
tioned transistor is equal to the aforementioned Second 
Source Voltage or lower than the aforementioned Second 
Source Voltage when the aforementioned functional circuit is 
in the Standby Status, and the aforementioned bias Voltage is 
equal to the aforementioned first Source Voltage or higher 
than the aforementioned first Source Voltage when the afore 
mentioned functional circuit is operating. 
0023. Furthermore, a semiconductor integrated circuit of 
the present invention has multiple functional circuits which 
perform prescribed processing, multiple Switching circuits 
which are connected between the Source Voltage input 
terminals and the Source Voltage Supply terminals of the 
aforementioned functional circuits in correspondence 
respectively to the aforementioned multiple functional cir 
cuits, and Scan-pass circuits cascade-connected with mul 
tiple latching circuits corresponding respectively to the 
aforementioned multiple Switching circuits, wherein, Volt 
age Signals corresponding to the data Stored in the afore 
mentioned latching circuits are applied to the control termi 
nals of the aforementioned Switching circuits in order to 
make the aforementioned Switching circuits conductive or 
non-conductive according to Said Voltage Signals. 
0024. Furthermore, a semiconductor integrated circuit of 
the present invention has a functional circuit containing an 
nMOS transistor and a pMOS transistor which performs 
prescribed processing, a data generating circuit which gen 
erates control data corresponding to the driving capabilities 
of the transistors in the aforementioned functional circuit, a 
Voltage Supply circuit which Supplies Source Voltages of 
different Voltage values according to the aforementioned 
control data, and a transistor which is connected between the 
Voltage Supply terminal of the aforementioned Voltage Sup 
ply circuit and the Voltage input terminal of the aforemen 
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tioned functional circuit in order to Supply a Voltage to the 
aforementioned functional circuit according to a conductiv 
ity control Signal applied to its gate terminal. 
0.025 In addition, in the present invention, preferably, the 
aforementioned data generating circuit is provided with a 
fuse circuit used for Setting the aforementioned control data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.026 FIG. 1 is a circuit diagram showing the first 
embodiment of the Semiconductor integrated circuit pertain 
ing to the present invention. 
0.027 FIG. 2 is a graph showing the current characteristic 
of the MOS transistor; wherein, the graph shows the LCV of 
the drain current of the transistor. 

0028 FIG. 3 is a graph showing the relationship between 
the drain current of the transistor and the bulk bias Voltage. 
0029 FIG. 4 is a diagram showing the bias condition of 
the Semiconductor integrated circuit of the first embodiment 
during operation. 

0030 FIG. 5 is a diagram showing the bias condition of 
the Semiconductor integrated circuit of the first embodiment 
during Standby. 

0.031 FIG. 6 is a circuit diagram showing the second 
embodiment of the Semiconductor integrated circuit pertain 
ing to the present invention; wherein, the circuit diagram 
shows the bias condition during operation. 
0.032 FIG. 7 is a circuit diagram showing the bias 
condition of the Semiconductor integrated circuit of the 
Second embodiment during Standby. 
0.033 FIG. 8 is a circuit diagram showing the third 
embodiment of the Semiconductor integrated circuit pertain 
ing to the present invention; wherein, the circuit diagram 
shows the bias condition during operation. 
0034 FIG. 9 is a circuit diagram showing the bias 
condition of the Semiconductor integrated circuit of the third 
embodiment during Standby. 
0.035 FIG. 10 is a circuit diagram showing an example 
of the circuit used for the Ia test of the semiconductor 
integrated circuit of the present invention. 
0.036 FIG. 11 is a circuit diagram showing the fourth 
embodiment of the Semiconductor integrated circuit pertain 
ing to the present invention. 
0037 FIG. 12 is a circuit diagram showing an example 
of the configuration of the fusing circuit. 
0.038 FIG. 13 is a diagram showing the process require 
ments of the circuit elements and the Source Voltages under 
respective proceSS requirements. 

0.039 FIG. 14 is a diagram showing the respective bits of 
control data DAT Set in accordance with the process require 
ments of the device and an example of control Voltages 
during operation. 

0040 FIG. 15 is a diagram showing the respective bits of 
control data DAT Set in accordance with the process require 
ments of the device and an example of control Voltages 
during Standby. 
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0041 FIG. 16 is a circuit diagram showing the source 
Voltages generated by the Voltage regulator and the desti 
nations to which the respective Source Voltages are Supplied 
during operation. 

0042 FIG. 17 is a circuit diagram showing the source 
Voltages generated by the Voltage regulator and the desti 
nations to which the respective Source Voltages are Supplied 
during Standby. 
0043 FIG. 18 is a circuit diagram showing an example 
of a Semiconductor integrated circuit used to reduce the 
leakage current during Standby. 
0044 FIG. 19 is a circuit diagram showing another 
example of the configuration of a Semiconductor integrated 
circuit used to reduce the leakage current during Standby. 

REFERENCE NUMERALS AND SYMBOLS AS 
SHOWN IN THE DRAWINGS 

0045. In the figures, 10 represents a logic circuit, 20 
represents a Switching circuit, 30 represents a control circuit, 
40 represents a Voltage regulator, 50 represents a Source 
Voltage Switching circuit, 60 represents a bulk bias Switch 
ing circuit, 100 represents a voltage regulator, 110, 120, . . 
., 180 represents a flip-flop, 200 represents a device, 202 
represents a fusing circuit, 210, 220, . . . , 280 represents a 
functional circuit, 310,320, ..., 380 represents a Switching 
circuit, V, V represents a Source Voltage, and GND 
represents a ground potential. 

DESCRIPTION OF THE EMBODIMENTS 

FIRST EMBODIMENT 

0046 FIG. 1 is a circuit diagram showing a first embodi 
ment of a Semiconductor integrated circuit pertaining to the 
present invention. 
0047 As shown in the figure, the semiconductor inte 
grated circuit of the present embodiment is configured with 
logic circuit 10 having a CMOS structure, Switching circuit 
20 for Supplying an operating current to logic circuit 10, 
Voltage regulator 40 capable of Supplying variable and 
multiple Voltages, and control circuit 30 for controlling 
Voltage regulator 40. 

0048. In the case of the semiconductor integrated circuit 
of the present embodiment, reduction in the leakage current 
is realized by taking advantage of the characteristic that 
when gate-Source voltage V of a MOS transistor is kept at 
a specific value, leakage current of Said transistor is at the 
lowest value. Furthermore, the phenomenon that a minimum 
value is present in the leakage current according to gate 
Source voltage V is referred to as LCV (Leakage Current 
Valley: valley in the leakage current). 
0049. As shown in FIG. 4, logic circuit 10 is a CMOS 
inverter configured with pMOS transistor MP1 and nMOS 
transistor MN1. Furthermore, logic circuit 10 is not limited 
to said configuration, and it may consist of other kinds of 
logic circuits, such as an AND circuit, a NAND circuit, or 
an OR circuit. Furthermore, the pMOS transistor and the 
nMOS transistor constituting logic circuit 10 are so-called 
low threshold voltage MOS transistors having a threshold 
Voltage, or an absolute value of threshold Voltage, lower 
than that of a normal transistor. For example, while thresh 
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old voltage V of a normal pMOS transistor is approxi 
mately -0.7V, and threshold voltage V of a normal nMOS 
transistor is approximately 0.7 V, threshold voltage V of 
the pMOS transistor constituting logic circuit 10 is approxi 
mately -0.2 V, and threshold voltage V of the nMOS 
transistor is approximately 0.2 V. 
0050. In FIG. 1, switching circuit 20 is configured with 
pMOS transistor MP0. Transistor MP0 has a threshold 
Voltage either equal to or higher than that of the low 
threshold transistor constituting the logic circuit, and Said 
threshold voltage is -0.2 V, for example. 
0051 Switching circuit 20 Supplies an operating current 
to logic circuit 10 during operation and Suppresses the 
leakage current of the low threshold Voltage transistor of 
logic circuit 10 during standby. As shown in FIG. 4, in 
Switching circuit 20, the source of transistor MP0 is con 
nected to Source Voltage V Supply line, and its drain is 
connected to node N1. In other words, node N1 is a virtual 
Source voltage supply terminal of logic circuit 10. When 
transistor MP0 is conductive (on), source voltage V is 
applied to node N1, and a driving current is Supplied to logic 
circuit 10. On the other hand, when transistor MP0 is off 
(off), Supply of current to logic circuit 10 is cut off. Thus, 
generation of a leakage current at logic circuit 10 is Sup 
pressed. 

0.052 Control signal S of different levels is applied to 
the gate of transistor MPO during operation and during 
standby, respectively. Transistor MP0 is turned on or off 
according to the level of Said control Signal S. Furthermore, 
different levels are applied during operation and during 
Standby, respectively, for the Source Voltage at the Source of 
transistor MP0. In the prior art, the source voltage is kept at 
the same value during operation and during Standby. How 
ever, in the case of the Semiconductor integrated circuit of 
the present embodiment, Source Voltages V and V are 
Switched depending on the condition of logic circuit 10. For 
example, during operation, Source Voltage V is set to 
nominal operating Voltage VN of the transistor. During 
Standby, the Source Voltage is set to value V, for example, 
V=VN-0.3 V, Slightly lower than V.N. As a result, the 
gate-Source Voltage of Switching transistor MP0 acquires the 
opposite Sign to that of the Voltage during normal use in 
order to realize a Super cut-off Status. 
0.053 FIG. 2 is a graph showing the relationship between 
drain current ID of pMOS transistor MP0 and gate-source 
voltage V. In said graph, drain-source voltage V of 
transistor MP0 is -1.5V, for example. In addition, assume 
that channel width W of transistor MP0 is 10 tim, and 
channel length L is 0.21 um. 

0054 As shown in FIG. 2, the drain current of the 
transistor changes in accordance with gate-Source Voltage 
V. When gate-source voltage V is of a specific value, for 
example, when V is approximately 0.2 V, in FIG. 2, the 
drain current of transistor MPO has a very low value. That is, 
a leakage current Valley (LCV) is present. The gate-Source 
voltage at this time will be referred to as Viv hereinafter. 
0055 As described above, drain current I of transistor 
MP0 can be further reduced during standby bringing gate 
Source voltage V up to Viv by controlling control signal 
S that is applied to the gate of transistor MP0 during 
Standby. Thus, leakage current of logic circuit 10 can be 
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reduced drastically. For example, when V=V.v, drain 
current I of the transistor is reduced to approximately /700 
of that when gate-source voltage V is 0 V. 
0056 Furthermore, the drain current can be further 
reduced by applying a Voltage higher than the Voltage 
applied to the source of transistor MP0 to its channel region 
during Standby. 

0057 FIG. 3 shows changes in the drain current in 
accordance with bias Voltage V (will be referred to as bulk 
bias Voltage, hereinafter) applied to the channel region of the 
pMOS transistor. In FIG. 3, relationship between drain 
current ID and gate-source voltage V, when bulk bias 
voltage V is -0.5V, 0 V, and 1.8 V is shown as an example. 
AS shown in the figure, drain current I is largest when 
bulk bias Voltage V is -0.5 V, and drain current I is 
smallest when bulk bias voltage V is 1.8 V. That is, when 
gate-source voltage V of the pMOS transistor is constant, 
the drain current decreases as bulk bias Voltage V 
increases. Thus, drain current I can be controlled by con 
trolling bulk bias voltage V of transistor MP0 during 
operation and during Standby. For example, drain current I 
can be further Suppressed in addition to the Super cut-off 
effect by controlling bulk bias Voltage V to be high. 

0058. In addition, gate voltage S. of transistor MP0 is 
kept at the same level as the ground potential during 
operation. Because transistor MP0 is a low threshold voltage 
transistor, deterioration of the circuit performance during 
operation can be Suppressed. Furthermore, a large operating 
current can be Supplied to logic circuit 10 by applying bulk 
bias Voltage V. Slightly lower than the Source Voltage to the 
channel region of transistor MP0, So that the operating Speed 
can be improved. 

0059 FIG. 4 is a diagram showing the bias condition of 
transistor MPO during operation. As shown in the figure, 
gate Voltage S. to be applied to the gate of transistor MP0 
is kept at ground potential GND during operation, and bias 
Voltage V slightly lower than Source Voltage V is 
applied to its channel region. In addition, during operation, 
Source Voltage V to be Supplied to the Source of transistor 
MP0 is set to nominal operating Voltage VN of the tran 
Sistor. 

0060 FIG. 5 is a diagram showing the bias condition of 
transistor MP0 during standby. As shown in the figure, 
Source Voltage V to be Supplied to the Source of transistor 
MPO during Standby is set to Voltage V, for example, 
V=VN-0.3 V, Slightly lower than nominal operating 
voltage V.N. Under said condition, transistor MP0 is in the 
Super-cut-off status, So that drain current I can be further 
reduced by applying Voltage V higher than Source Voltage 
V to be Supplied to the Source, that is, V=V+C., to the 
channel region of transistor MP0. 
0061 AS explained above, in the present embodiment, 
control Signal S with the same Voltage as Source Voltage 
V during operation is applied to the gate of transistor MP0 
during standby, and voltage V. lower than said voltage 
is applied to the source in order for transistor MP0 to enter 
the Super cut-off status; its drain current I is Suppressed to 
a minimum value by controlling the difference between the 
voltage applied to the source of transistor MP0 and control 
Signal S. properly by taking advantage of the So called 
leakage current valley (LCV), that is, the drain current of the 
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MOS transistor becomes a minimum when gate-Source 
voltage V is of a specific value; and the leakage current of 
logic circuit 10 during Standby can be reduced significantly 
by applying bulk bias Voltage V higher than said Source 
voltage, for example, I/O Source voltage of 3.3 V, to the 
channel region of transistor MP0; so that the power con 
Sumption due to leakage current can be reduced. Further 
more, the operating Speed can be improved by applying a 
bulk bias Voltage slightly lower than Said Source Voltage to 
the channel region of transistor MPO during operation. 

SECOND EMBODIMENT 

0.062 FIG. 6 is a circuit diagram showing a second 
embodiment of the Semiconductor integrated circuit pertain 
ing to the present invention. 

0.063 As shown in the figure, the semiconductor inte 
grated circuit of the present embodiment is configured with 
Source Voltage Switching circuit 50 provided in place of the 
Voltage regulator. Source Voltage Switching circuit 50 
Switches the level of the Source Voltage Supplied to Switch 
ing circuit 20 during operation and during Standby. 

0064. In the aforementioned first embodiment of the 
Semiconductor integrated circuit, the Source Voltage Sup 
plied to Switching circuit 20 is Switched using Voltage 
regulator 40. The source voltage level needs to be switched 
quickly according to the operating condition of the Semi 
conductor integrated circuit. For example, when Switched 
from the Standby Status to the operating Status, responsive 
neSS of logic circuit 10 is affected unless the Source Voltage 
to be Supplied to Switching circuit 20 is Switched from V 
to V within Several clock cycles. 

0065. If voltage regulator 40 cannot meet the requirement 
of high-Speed Source Voltage Switching, Source Voltage 
Switching circuit 50 is provided in order to Switch the source 
Voltage Supplied to Switching circuit 20 quickly as shown in 
the present embodiment. 

0.066 As shown in FIG. 6, source voltage Switching 
circuit 50 is configured with pMOS transistors PT1 and PT2. 
Source of transistor PT1 is connected to Source Voltage V 
Supply terminal, and its drain is connected to the Source of 
transistor MP0. Source of transistor PT2 is connected to 
Source Voltage V Supply terminal, and its drain is con 
nected to the source of transistor MP0. Channel regions of 
transistors PT1 and PT2 are both connected to Source 
voltage V. Supply terminal. 

0067 Control signal S is applied to the gate of transistor 
PT1, and control Signal S is applied to the gate of transistor 
PT2. Thus, transistors PT1 and PT2 are controlled to be 
turned on/off according to control Signals S and S. 

0068. When transistor PT1 is on, transistor PT2 is off; 
and Source Voltage V is input into the Source of transistor 
MP0 constituting switching circuit 20. On the other hand, 
when transistor PT2 is on, transistor PT1 is off, and Source 
voltage V is input into the source of transistor MP0. 
Source Voltages V and V are Set to V and VN, 
respectively. 

0069. As described above, in the semiconductor inte 
grated circuit of the present embodiment, the level of the 
Source Voltage Supplied to Switching circuit 20 can be 
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Switched quickly by controlling control Signals S and S. 
to be input into Source Voltage Switching circuit 50. 
0070 FIG. 6 shows the conditions of control signals S. 
and S input into Source Voltage Switching circuit 50 during 
operation. AS shown in the figure, in this case, control Signal 
S is kept at the level of Source Voltage VN, and control 
Signal S is kept at ground potential GND, that is, 0 V. 
Under said condition, because transistor PT1 of Source 
voltage switching circuit 50 is turned off, and transistor PT2 
is turned on, Source Voltage VIN is input into the Source of 
transistor MP0 via transistor PT2. Furthermore, because 
control Signal S of 0 V is applied to the gate of transistor 
MP0 during operation, transistor MP0 is turned on, and a 
driving current is Supplied to logic circuit 10. 

0071 FIG. 7 shows the conditions of control signals S. 
and S input into Source Voltage Switching circuit 50 during 
Standby. AS shown in the figure, in this case, control Signal 
S is kept at the level of Source Voltage VN, and control 
Signal S is kept at 0 V. Under Said condition, because 
transistor PT1 of Source voltage Switching circuit 50 is 
turned on, and transistor PT2 is turned off, Source Voltage 
V is input into the source of transistor MP0 via transistor 
PT1. Furthermore, because Source Voltage VN level con 
trol Signal S is applied to the gate of transistor MPO during 
standby, transistor MP0 is turned off. At this time, gate 
Source voltage V of transistor MP0 is (VN-Vaal). For 
example, assuming that Vas is 1.2 V, and Vaal is 0.9V, V. 
becomes 0.3 V. Because this is sufficiently higher than 
threshold voltage V (for example, -0.2 V) of transistor 
MP0, transistor MP0 is in a super cut-off status, so that the 
path for the leakage current of logic circuit 10 is cut off to 
SuppreSS the occurrence of leakage current. 
0072 AS explained above, in the present embodiment, 
Source voltage Switching circuit 50 is provided in order to 
Switch the Source Voltage Supplied to Switching circuit 20. 
Source voltage switching circuit 50 is configured with 
pMOS transistors PT1 and PT2, and the on/off statuses of 
transistors PT1 and PT2 are switched according to control 
Signals S, and S2. Source Voltage VIN is input into 
Switching circuit 20 during operation, and driving current is 
supplied to logic circuit 10 via Switching circuit 20. Voltage 
Vallower than Source Voltage VIN is Supplied to Switching 
circuit 20 during standby, and Switching circuit 20 is cut off 
in order to cut off the leakage current path, So that the 
occurrence of leakage current to logic circuit 10 can be 
Suppressed. 

THIRD EMBODIMENT 

0073 FIG. 8 is a circuit diagram showing a third embodi 
ment of a Semiconductor integrated circuit pertaining to the 
present invention. 
0074 As shown in the figure, in the semiconductor 
integrated circuit of the present embodiment, bulk bias 
Switching circuit 60 is provided; wherein, bulk bias voltage 
V is switched and applied to the channel region of pMOS 
transistor MP0 constituting Switching circuit 20. 
0075 Logic circuit 10 is a functional circuit for perform 
ing a logic operation. Furthermore, although an example of 
logic circuit 10 configured with a 2-stage MOS inverter is 
shown in FIG. 8 for the sake of convenience, logic circuit 
10 is not limited to said example). 
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0076 Switching circuit 20 is configured with pMOS 
transistor MP0. The Source of transistor MP0 is connected to 
Source Voltage V Supply terminal, and its drain is con 
nected to node N1. Furthermore, node N1 is a virtual Source 
Voltage Supply terminal of logic circuit 10. Control Signal S. 
is applied to the gate of transistor MP0. Control signal S is 
kept at 0 V during operation, and control Signal S is kept 
at the same level as that of Source Voltage VN, for example, 
1.2 V, during standby. In addition, the source voltage of MP0 
during Standby is slightly lower than VN, for example, 
V=VN-0.3 V. 
0.077 Bulk bias Switching circuit 60 is configured with 
pMOS transistors PT3 and PT4. The source of transistor PT3 
is connected to Source Voltage V Supply terminal, and its 
drain is connected to node N2. The Source of transistor PT4 
is connected to a terminal for Supplying Voltage V. Slightly 
higher than Source Voltage VN, and its drain is connected 
to node N2. Channel regions of transistors PT3 and PT4 are 
both connected to Source Voltage V Supply terminal. Fur 
thermore, control signal S is applied to the gate of tran 
Sistor PT3, and control signal S is applied to the gate of 
transistor PT4. 

0078 Here, source voltage V is 3.3 V, for example. 
Furthermore, Said Source Voltage V is a Source Voltage to 
be Supplied to an interface circuit, for example, of a Semi 
conductor integrated circuit. That is, in an actual Semicon 
ductor integrated circuit, Source Voltage V is a voltage to 
be Supplied to the core circuit of an interface circuit which 
requires a higher Source Voltage. Thus, in the Semiconductor 
integrated circuit of the present embodiment, existing Source 
voltage V of 3.3 V may be utilized, and there is no need to 
generate the 3.3 V high Voltage using a booster circuit. 

007.9 FIG. 8 shows the bias condition of the semicon 
ductor integrated circuit during operation. AS shown in the 
figure, control Signal S of 0 V is applied to the gate of 
transistor MP0 of Switching circuit 20. At bulk bias Switch 
ing circuit 60,0V control Signal S is applied to the gate of 
transistor PT3, and control Signal S with the same level as 
that of Source Voltage V, for example, 3.3 V, is applied to 
the source of transistor PT4. In addition, 1.0 V voltage is 
applied to the source of transistor PT3. 

0080 Under said bias condition, because transistor PT3 
is turned on, and transistor PT4 is turned off at bulk bias 
Switching circuit 60, the 1.0 V voltage applied to the source 
of transistor PT3 is applied to the channel region of tran 
sistor MP0. In addition, because 0 V control signal S is 
applied to the gate in transistor MP0, transistor MP0 is 
turned on. As a result, driving current is Supplied to logic 
circuit 10 via transistor MPO. 

0081 FIG. 9 shows the bias condition of the semicon 
ductor integrated circuit during Standby. AS shown in the 
figure, control Signal S with Source Voltage V level, for 
example, 1.2 V, is applied to the gate of transistor MP0 of 
Switching circuit 20 during Standby. At bulk bias Switching 
circuit 60, control signal S with Source Voltage V level, 
for example, 1.2 V, is applied to the gate of transistor PT3, 
and 0 V control signal S is applied to the gate of transistor 
PT4. In addition, 1.2 V voltage is applied to the source of 
transistor PT3. 

0082 Under said bias condition, because transistor PT3 
is turned off, and transistor PT4 is turned on at bulk bias 
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Switching circuit 60, the 3.3 V voltage applied to the source 
of transistor PT4 is applied to the channel region of tran 
sistor MP0. In addition, because control signal S with 
Source Voltage V level, for example, 1.2 V, is applied to the 
gate, and 1.0 V voltage is applied to the Source at transistor 
MP0, transistor MP0 enters a Super cut-off status. As a 
result, leakage current at logic circuit 10 during Standby is 
cut off, So that the power consumption due to leakage current 
can be reduced. 

0083) 
0084 FIG. 10 shows an example of a circuit capable of 
performing I measurement. As shown in the figure, said 
measuring circuit is configured with local circuits, Such as a 
Scan-pass circuit comprising multiple flip-flops (FF), memo 
ries, a logic circuit, and a peripheral circuit, and a Switching 
circuit for Supplying a driving current to each respective 
local circuit. 

I. Measuring Circuit 

0085. As shown in the figure, in said measuring circuit, 
the scan-pass circuit is configured with flip-flops 110, 120, 
..., and 180. Test data S. input is transferred to the output 
Side one after another by Said Scan-pass circuit. 
0.086 Memories 210, 220, 270, and 280, logic circuit 
230, microprocessor core 240, DSP core 250, and peripheral 
circuit 260 are functional circuits to be operated using 
Source Voltage V. 
0087. The switching circuit is configured with pMOS 
transistors 310, 320, . . . , and 380. These transistors are 
turned on/off according to the data held in respective flip 
flops 110, 120, . . . , and 180 in order to supply a driving 
current to a prescribed functional circuit when in the on 
Status. Because the current Supply path to Said functional 
circuit is cut off when in the on Status, occurrence of a 
leakage current in the functional circuit can be Suppressed. 

0088. In the measuring circuit with the aforementioned 
configuration, on/off Status of respective transistorS 310, 
320, . . . , and 380 can be controlled individually by 
designing a pattern (will be referred simply to as test pattern, 
hereinafter) of test data input into the Scan-pass circuit 
appropriately. Thus, Supply of driving current to the respec 
tive functional circuits can be controlled individually, and 

measurement can be performed for the respective func 
tional circuits. 

0089 For example, when the test pattern is designed 
appropriately, data logic 0 is stored into flipflop130, and 
datalogic 1 is stored into all the other flip-flops. Under said 
condition, transistor 330 is on, and the other transistors are 
all off. Thus, driving current is supplied to logic circuit 230, 
and logic circuit 230 becomes operational. On the other 
hand, because no driving current is Supplied to any func 
tional circuits other than logic circuit 230, these functional 
circuits are all in the Standby Status. Furthermore, in a 
functional circuit in the Standby Status, because the transistor 
constituting the Switching circuit is turned off to cut off the 
leakage current path, occurrence of a leakage current can be 
Suppressed. 

0090. At this time, the current Supplied from source 
Voltage V Supply terminal T is Supplied to logic circuit 
230 which is in the operating Status. Thus, power consump 
tion of logic circuit 230 during the operation can be mea 
Sured by measuring the current input from terminal T. 
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0.091 AS described above, in a semiconductor integrated 
circuit comprising multiple functional circuits, power con 
Sumption of the respective functional circuits during the 
operation can be measured using the measuring circuit of the 
present example by designing a test pattern to be input into 
the Scan-pass circuit appropriately. In addition, power con 
Sumption due to leakage current at each functional circuit 
during Standby can also be measured based on the same 
principle. 

0092. As described above, in the semiconductor inte 
grated circuit shown in FIG. 10, Supply of driving current to 
the respective functional circuits can be controlled individu 
ally by controlling the on/off Status of the respective tran 
Sistors constituting the Switching circuit using the respective 
flip-flops of the Scan-pass circuit. I of a specific functional 
circuit can be measured by designing the test pattern input 
to the Scan-pass circuit appropriately. 

FOURTHEMBODIMENT 

0.093 FIG. 11 is a diagram showing a fourth embodiment 
of a Semiconductor integrated circuit pertaining to the 
present invention. 
0094. As shown in the figure, the semiconductor inte 
grated circuit of the present embodiment is configured with 
voltage regulator 100 and device 200. Device 200 is pro 
vided with fusing circuit 202. Multiple-bit control data DAT 
are output by Said fusing circuit 202. Upon receiving control 
data DAT from fusing circuit 202, voltage regulator 100 
controls the level of voltage to be supplied to device 200 
according to said control data and status control signal S. 
from device 200. In the case of the example in FIG. 11, 
multiple different levels of Voltages V, V, and V are 
supplied from voltage regulator 100 to device 200. 
0.095 Device 200 is a functional circuit having a pre 
scribed function. Each local circuit of Said device 200 is 
configured with a pMOS transistor and an nMOS transistor, 
for example. Because the driving capabilities of the pMOS 
transistor and the NMOS transistor vary due to variations 
during the production process, operating Speed of the overall 
circuit varies. In order to reduce the effect of Said variation, 
it is effective to control the Source Voltages to be Supplied 
according to the driving capabilities of the transistors. In 
other words, when the driving capabilities of the transistors 
are Strong, the levels of the Source Voltages Supplied to 
device 200 are set low. On the contrary, when the driving 
capabilities of the transistors are weak, the levels of the 
Source Voltages Supplied to device 200 are Set high. 
0096. In the semiconductor integrated circuit of the 
present embodiment, control data DAT can be set by cutting 
off a fuse provided in fusing circuit 202 according to the 
driving capabilities of the pMOS transistor and the nMOS 
transistor constituting device 200. As a result, Voltage regu 
lator 100 can Supply Source Voltages V, V, and V in 
accordance with the driving capabilities of the transistors in 
device 200. 

0097 FIG. 12 is a circuit diagram showing a partial 
configuration of fusing circuit 202. AS shown in the figure, 
fusing circuit 202 is configured using a Set comprising a 
fuse, an inverter, and an nMOS transistor for each DAT bit. 
In FIG. 12, a fusing circuit for generating 2-bit control data 
DAT is shown as an example. AS shown in the figure, fusing 
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circuit 202 is configured with a bit D1 generating part 
comprising fuse F1, inverter INV1, and NMOS transistor 
NT1 and a bit D2 generating part comprising fuse F2, 
inverter INV2, and nMOS transistor NT2. 
0098. Because input terminal of inverter INV1 is kept at 
Source Voltage V while fuse F1 is connected, its output 
terminal is kept at a low level. Thus, transistor NT1 is turned 
off, and the input terminal of inverter INV1 is kept at a high 
level. That is, while fuse F1 is connected, bit D1 is kept at 
the low level. Said low-level datum is considered as logic 
“0, for example. 
0099 While fuse F2 is disconnected, input terminal of 
inverter INV2 is in a floating status. Because the voltage of 
Said input terminal drops to the ground potential GND due 
to leakage current of transistor NT2, output terminal of 
inverter INV2 is kept at the high level, for example, at 
Source Voltage V. Thus, transistor NT2 is turned on, and 
the input terminal of inverter INV2 is kept at the low level. 
That is, while fuse F2 is disconnected, bit D2 is kept at the 
high level. Said high-level datum is considered as logic “1,” 
for example. 
0100. The number of the aforementioned local circuits 
each comprising a fusing circuit, an inverter, and an nMOS 
transistor in fusing circuit 202 is determined according to the 
number of bits of control data DAT. Then, control data DAT 
with a desired number of bits corresponding to the driving 
capability of a given transistor can be output by disconnect 
ing a specific fuse out of the multiple fuses according to the 
driving capabilities of the pMOS transistor and the nMOS 
transistor constituting device 200. 
0101 F1G. 13 is a diagram showing the grouping of the 
driving capacity of device 200 according to the driving 
capabilities of the pMOS transistor and the nMOS transistor 
constituting device 200 and the levels of Source voltage V. 
to be Supplied to the device in accordance with the respec 
tive driving capabilities. 
0102) In FIG. 13, Weak indicates a condition in which 
the driving capabilities of the pMOS transistor and the 
nMOS transistor constituting device 200 are both weak, 
Typical indicates that the pMOS transistor and the nMOS 
transistor both have Standard driving capabilities, and Strong 
indicates that the driving capabilities of the pMOS transistor 
and the nMOS transistor are both strong. In the other parts, 
symbols N and P indicate the nMOS transistor and the 
pMOS transistor, respectively; W indicates Weak, S indi 
cates Strong, and T indicates Typical. That is, NWPS means 
that the driving capability of the nMOS transistor is weak, 
and the driving capability of the pMOS transistor is strong. 
0103) In FIG. 13, the driving capability of the circuit 
configured with the nMOS transistor and the pMOS tran 
sistor can be divided into 9 conditions by dividing the 
driving capabilities of the nMOS transistor and the pMOS 
transistor into 3 stages. These conditions are dependent on 
the proceSS requirements. 
0104. As shown in FIG. 13, the levels of source voltage 
V. Supplied to device 200 vary under the respective con 
ditions. In the example in FIG. 13, 5 levels of source voltage 
V. are needed for the 9 conditions. For example, the Source 
voltage is set to V=1.2 V while under the Weak condition, 
to source voltage V=1.05 V while under the Typical 
condition, and to source voltage V=0.85 V while under the 
Strong condition. 
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0105. In order to instruct voltage regulator 100 of 5 
different levels of source voltage, 3-bit control data DAT are 
needed. Here, assume, for example, that control data DAT 
comprise 3 bits of data D2, D1, and D0. After the production 
proceSS for device 200 is completed, it is measured using a 
test circuit in order to extrapolate the driving capabilities of 
the pMOS transistor and the nMOS transistor constituting 
device 200 according to the result of the measurement, so 
that the condition of device 200 under the process require 
ments shown in FIG. 13 can be determined. Because fusing 
circuit 202 can be programmed to Set the respective fuses to 
desired conditions according to the condition of device 200, 
control data DAT in accordance with the condition of device 
200 are output by fusing circuit 202. Voltage regulator 100 
controls the levels of Source Voltages V, V, and Vida 
Supplied to device 200 using predetermined optimum values 
according to control Signal S. indicating control data DAT 
and the operating condition of the device. 
0106 FIGS. 14 and 15 show the voltage levels of source 
Voltages V, V, and V generated by Voltage regulator 
100 according to the values of the respective bits of control 
data DAT Set based on the proceSS requirements of device 
200 during operation (Active mode) and during standby 
(Sleep mode) and Said control data. 
0107 As shown in the figures, process requirements to 
which said device belongs is extrapolated according to the 
driving capability of device 200; fusing circuit 202 is 
programmed accordingly, and respective bits D2, D1, and 
D0 of control data DAT are set as a result. Voltage regulator 
100 generates different levels of source voltages during 
operation and during Standby according to Said control data 
DAT and Status control signal S and Supplies them to device 
200. 

0108 FIG. 16 is a circuit diagram showing source volt 
ages V, V, and V generated by Voltage regulator 
100 during operation and the destinations to which the 
respective Source Voltages are Supplied. 
0109 Here, assuming, for example, that the transistors 
constituting device 200 are in the “Weak’ section under the 
proceSS requirements, Source Voltages V, V, and Vida 
generated by Voltage regulator 100 during operation are 1.2 
V as shown in the figure. Source Voltage V is applied 
respectively to the source and the channel region of pMOS 
transistor MPO constituting Switching circuit 20 in device 
200, Source Voltage V is applied to control circuit 30, and 
Source Voltage V is applied to another control circuit. AS 
a result, Switching circuit 20 is turned on during operation, 
So that driving current I is Supplied to logic circuit 10. 
0110 FIG. 17 is a circuit diagram showing source volt 
ages V, V, and Vdd generated by Voltage regulator 
100 during standby and the destinations to which the respec 
tive Source Voltages are Supplied. 

0111) When device 200 is in the “Weak” section under the 
proceSS requirements, Source Voltage V generated by 
voltage regulator 100 during standby is 0.7V, source voltage 
V is 1.0 V, and Source Voltage V is 0.7 V. 
0112 Accordingly, pMOS transistor MP0 constituting 
Switching circuit 20 is in the Super cut-off Status during 
Standby, and the occurrence of leakage current at logic 
circuit 10 is suppressed. On the other hand, because 1.0 V 
Source Voltage V is Supplied to control circuit 30, control 
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circuit 30 is in the operating Status, So that it generates 
control signal S. as the operating status of device 200 
changes and outputs it into Voltage regulator 100. 

0113 AS described above, in the semiconductor inte 
grated circuit of the present embodiment, device 200 is 
provided with fusing circuit 202, proceSS requirements of 
device 200 are decided through inspections, the fuses in 
fusing circuit 202 are disconnected accordingly through 
programming, and control data DAT in accordance with the 
process requirements of device 200 is output into Voltage 
regulator 100. Because voltage regulator 100 generates 
Source Voltages V, V, and Vdd using optimum Values 
under the respective preset conditions according to control 
data DAT and control Signal S. indicating the operating 
status of device 200, and outputs them into device 200, 
optimum Source Voltages in accordance with the process 
requirements of the circuit elements constituting the device 
can be Supplied, and the effect of variations in the production 
process can be reduced. 

0114 AS explained above, in the semiconductor inte 
grated circuit of the present invention, because a Switching 
circuit is provided in the path for Supplying the driving 
current to the logic circuit, the Switching circuit can be 
turned on during operation to Supply driving current to the 
logic circuit, and the Switching circuit can be turned off to 
SuppreSS the occurrence of leakage current in low threshold 
voltage transistors in the logic circuit. A so-called Super 
cut-off Status, in which a voltage equal to or higher than the 
Source Voltage is applied to the gate of the pMOS transistor 
constituting the Switching circuit, is achieved during 
Standby, and a bulk bias Voltage with the same level as that 
of the Source Voltage or a higher level than that of the Source 
Voltage is applied to the channel region of the transistor in 
order to SuppreSS the current to the Switching transistor 
during Standby to SuppreSS the occurrence of leakage cur 
rent. 

0115 Furthermore, the gate-source voltage of the Switch 
ing transistor is Set appropriately in order to minimize the 
drain current. 

0116. In addition, as another method for realizing the 
present invention, the aforementioned Switching transistor is 
used as an nMOS and is configured with a dual circuit, and 
bias Voltage. 

0117. In addition, in the present invention, the threshold 
voltage of the Switching transistor is controlled to be low by 
applying a Voltage slightly lower than the Source Voltage to 
the channel region of the Switching transistor during opera 
tion, So that its current driving capability can be improved, 
and increase in the area for the transistor can be minimized. 

0118. Furthermore, the present invention is advantageous 
in that because a Scan-pass circuit is used to control the 
on/off status of the Switching circuit, I can be measured. 
0119). In addition, in the present invention, because the 
process requirements are extrapolated by testing the Semi 
conductor integrated circuit, and the data for Setting the 
optimum Source Voltages for Said proceSS requirements are 
written into the Semiconductor chip, optimum Source Volt 
ages can be Supplied to the circuit elements even when the 
process requirements involve variations. 
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1-6. (canceled) 
7. A Semiconductor integrated circuit having comprising, 

multiple functional circuits which perform prescribed 
processing, 

multiple Switching circuits which are connected between 
the Source Voltage input terminals and the Source 
Voltage Supply terminals of the functional circuits in 
correspondence respectively to the multiple functional 
circuits, and 

Mar. 31, 2005 

Scan-pass circuits cascade-connected with multiple latch 
ing circuits corresponding respectively to the multiple 
Switching circuits, wherein, 

Voltage Signals corresponding to the data Stored in the 
latching circuits are applied to the control terminals of 
the Switching circuits in order to make the Switching 
circuits conductive or non-conductive according to Said 
Voltage Signals. 

8-9. (canceled) 


