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SELF-AWARE ADAPTIVE POWER CONTROL
SYSTEM AND A METHOD FOR
DETERMINING THE CIRCUIT STATE

TECHNICAL FIELD

[0001] The present invention relates to a self-aware adap-
tive power control system, and particularly to a self-aware
adaptive power control system suitable for all kinds of digital
circuit for achieving least power consumption acceptable for
circuit operation.

BACKGROUND OF THE INVENTION

[0002] Recently, due to the tremendous development of
semiconductor processing technologies, the fast growth of
transistor density and system complexity makes the conven-
tional ASIC (Application specific integrated circuit) design
advance to SoC (System-on-a-Chip) design. Although the
SOC technology can improve the performance, on the other
hand, it introduces serious power consumption issues. There-
fore, controlling and further reducing power consumption
becomes an important design consideration for advanced
technologies.

[0003] Nowadays, there have been some patent disclosures
and non-patent disclosures developed to solve the problem
with different methods. Hereinafter, the techniques and
defects for those patent disclosures and non-patent disclo-
sures will be described.

[0004] [1] The U.S.Pat.No. 7,276,932 published on Oct. 2,
2007 discloses an architecture using virtual power gating
cells (VPC), in which the virtual power gating cells are com-
posed of a control circuit for buffering the control signal and
two or more NFETs and PFETs power gating blocks (PGB).
However, the power gating cells can only be used as a pure
switch, that is, only providing the ON (connected) and OFF
(disconnected) states for the carried circuit and power supply.
Except for saving the static power under closed state, there is
no capability of dynamic power control. Moreover, the con-
tinuous transmission of control signal is only used for reduc-
ing the sudden peak power when turning on VPCs, which is
different from the method of multi-mode power gating net-
work (with detailed description hereinafter) proposed in the
present invention. Also, the present invention can control the
amount of supply current to achieve the purpose of control-
ling circuit operation speed, which can not be achieved by the
prior art.

[0005] [2] The prior art as the U.S. Pat. No. 6,985,025
published on Jan. 10, 2006 and The U.S. Pat. No. 7,149,903
published on Dec. 12, 2006 proposes an adaptive voltage
regulation method, which employs a delay matching circuit
requiring additional reference clock to determine the circuit
characteristics, and the power overhead thereof’is larger. And,
the delay matching circuit has to add with voltage safety
margins to prevent the functional error caused by variation of
processing and operational environment. Therefore, the two
conventional techniques will have limited effect on reducing
power consumption. The adaptive power control (with
detailed description hereinafter) according to the present
invention can not only improve the above-mentioned defects,
but also keep the capability of reaction to the variance, and
provide the optimized effect on reduction of power consump-
tion under the required circuit operational speed.

[0006] [3] A technique for using dynamic voltage switch-
ing (DVS) and frequency adjustment proposed by M. Nakai et
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al can be used as a method for effectively reducing power
consumption (M. Nakai, S. Akui, K. Seno, T. Meguro, T. Seki,
T. Kondo, A. Hashiguchi, H. Kawahara, K. Kumano, and M.
Shimura, “Dynamic Voltage and Frequency Management for
a Low-Power Embedded Microprocessor, “IEEE Journal of
Solid-State Circuits”, Vol. 40, No. 1, pp. 28-35, January
2005). The prior art employs a delay synthesizer combining
the gate delay, the interconnection delay induced by resistors
and capacitors effects of wires, and the rise/fall delay to
achieve the better emulation of critical path. However, the
prior art also employs a delay matching circuit theoretically,
and has the above-mentioned identical defects. Moreover,
owing to the substantial large power overhead, it could only
conduct the overall modulation on the level of entire chip, and
could not have the optimization on respective details inside
the chip. On the contrary, the architecture proposed by the
present invention (with detailed description hereinafter) has a
very small power overhead, so that it can apply the power
control for each block having residual slack in the chip. As a
whole, the operational speed will not be influenced, and the
result of adaptive power control can reduce the power con-
sumption to the minimum.

[0007] Furthermore, whenthe prior art [2] and [3] is imple-
menting the adaptive or dynamic voltage modulation, it is
required of a worst case critical path delay matching circuit,
but actually the worst case is seldom occurred. Moreover, for
corresponding to various variances, the voltage safety mar-
gins should be considered, so that it will greatly under-esti-
mate the possibility of power reduction. Besides, the
employed control circuit needs additional reference clock and
a plurality of flip-flops, so that there is a certain level of area
and power overhead, and it could not be applied on the modu-
lation of details. And, because the time period of reaction
variation is always at us level, they are not suitable for real-
time modulation for current high speed circuits.

[0008] In order to improve the defects in the prior art, the
present invention proposes an innovative adaptive power con-
trol system and a method for determining the circuit state,
which is suitable for all kinds of digital circuits, and only
consumes the minimum power under various frequencies to
achieve the best power efficiency.

[0009] The object of the present invention is to provide an
adaptive power control system, which employs the current
monitoring method to determine the circuit state. The method
requires no delay matching circuit, and makes the corre-
sponding compensation to the variations on the overall opera-
tional environment, including process, temperature and sup-
ply voltage variations.

[0010] The other object of the present invention is to pro-
vide a multi-mode power gating network. This architecture
can control the amount of supply current, and change the
circuit operational speed, and further control the power con-
sumption in the circuit.

[0011] The further another object of the present inventionis
to provide a method for determining the circuit state, which
can monitor the characteristics of current consumption, deter-
mining if the circuit is currently at operational or stable state,
and controlling the supply current to a minimum acceptable
level, so that the circuit operating time can be as long as
possible to the clock cycle time, and to reduce the excess
power consumption.

[0012] The other object of the present invention is to pro-
vide an adaptive power control system, which provides a
self-aware capability on the change of working frequency.
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When the frequency is changed, the system itself can suitably
modify the supply current to make the circuit operational
speed meeting the requirement of new frequency.

[0013] The further another object of the present invention is
to provide a self-aware adaptive power control system. The
adaptive power control system can be repetitively used with-
out limits in any integrated circuit, and the adaptive power
control systems associated with each accommodated circuit
can independently operate without interaction with each
other.

SUMMARY OF INVENTION

[0014] The present invention proposes a self-aware adap-
tive power control system, which is composed of a multi-
mode power gating network (MPGN) configured between the
logic circuit and the power supply for controlling the supply
current and defining the upper limit of supply current to
control the circuit speed and the circuit power; a current
monitoring translator for identifying the current drained by
the power supply and monitoring the current variation; a
variable threshold comparator for determining if the accom-
modated circuit is at operational or stable state, and the vari-
able threshold comparator can change the determination
threshold thereof based on the maximum current value out-
putted from the current monitoring translator, and compare
the relative change with the momentary current value of the
current monitoring translator to determine the state of the
accommodated circuit; a slack detector for comparing the
determination result from the variable threshold comparator
with the clock period to determine if the operation of the
accommodated circuit has used up the time mostly approach-
ing the length of clock period; and, a bi-directional shift
register for receiving the comparison result from the slack
detector and outputting the control of the multi-mode power
gating network.

[0015] Moreover, the multi-mode power gating network
comprises: a power portion, which is connected with the
power supply; a plurality of power gates, which are composed
of a series of parallel connected transistors, and if the transis-
tors used for the power gates are P-type channel field effect
transistors (FETs), the power portion will be connected with
the high potential of the power supply, and if the transistors
used for the power gates are N-type channel FETs, the power
portion will be connected with the low potential or ground
potential of the power supply; a current control portion,
which is connected with the accommodated circuit; and, a
control signal portion, which is configured on each of the
power gates.

[0016] Furthermore, the current monitoring translator com-
prises: a reference circuit, which is configured between the
logic circuit and the power supply and outputs a first voltage
(V,) to the level shift circuit; a level shift circuit, which shifts
the first voltage (V) to a second voltage (V_,, )to be inputted
to the current mirror circuit so as to eliminate the dead band of
the P-type current mirror; and, a current mirror circuit, which
is composed of a plurality of mirror transistors with different
sized, and the number and parameter configuration for these
mirror transistors are corresponding to the architecture of the
multi-mode power gating network.

[0017] The present invention further provides a method for
monitoring the current variation to determine the circuit state,
which includes the following steps: having the current moni-
toring translator to monitor current variation; outputting
momentary current values at least including the transient
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variation and the maximum current value in each frequency
period, and converting the current values into a corresponding
voltage value; and, determining whether the circuit is at
operation or stable state according to the maximum current
value changing the determination threshold of the variable
threshold comparator itself and by comparing with the
momentary current value for the relative variance.

[0018] The self-aware adaptive power control system and
the method for determining the circuit state according to the
present invention can be applied for all kinds of digital cir-
cuits, and control the amount of supply current to effectively
reduce to the lowest level, but maintain the normal operation
of the circuit; furthermore, the present invention can also
control the power of the accommodated circuit, so that it can
only consume the least power under various frequencies and
achieve the best energy efficiency.

[0019] The above-mentioned and other objects, features
and advantages of the present invention can be further appre-
ciated by the following embodiments and associated figures
as the detailed description.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a characteristic curve diagram for the cur-
rent drained from the ideal power supply during circuit
switching;

[0021] FIG. 2 is a block diagram of an adaptive power
control system with current monitoring according to the
present invention;

[0022] FIG. 3 is a circuit diagram of a multi-mode power
gating network according to the present invention;

[0023] FIG. 4 is a circuit structural diagram of a low power
current monitoring translator according to the present inven-
tion;

[0024] FIG. 5 is a circuit diagram of a variable threshold
comparator according to the present invention; and

[0025] FIG. 6 is a diagram of a bi-directional shift register
according to the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0026] Referring to FIG. 1, it is a characteristic curve dia-
gram for the current drained from the ideal power supply with
a 16-bit multiplier during circuit switching. As observed from
the curve in FIG. 1, the multiplier will drain a large amount of
current during the switching period, so as to exhibit a sharp
momentary current peak. When the multiplication result has
been successfully computed, the multiplier, except for the
current leakage, will enter a stable state without draining any
charge current or discharge current. In other words, in order to
have success computing, the steady state period of the circuit
should be identified to ensure it will be longer than a specific
time. Thus, a current monitoring method has been developed
to identify the current amount drained from the power and to
determine the circuit state during switching between the
switching state and the stable state.

[0027] Referring to FIG. 2, it is a block diagram of a self-
aware adaptive power control system according to the present
invention. The adaptive power control system 100 comprises:
a multi-mode power gating network (MPGN) 1, which is
configured between the logic circuit and the power supply for
controlling the supply current and defining the upper limit of
the supply current to control the circuit speed and the circuit
power; a current monitoring translator 3, which is used to
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identify the amount of current drained from the power supply
and monitor the current variation; a variable threshold com-
parator 4, which receives the information from the current
monitoring translator 3, and provides a variable threshold
based on the dynamic determination of a relative high current
and a relative low current, so as to determine if the accom-
modated circuit is now at the operational or stable state; a
slack detector 5, which is used to compare the determination
result from the variable threshold comparator 4 with the clock
period, and determine if the operation of the accommodated
circuit has used up the time mostly approaching the length of
the clock period; and, a bi-directional shift register 6, which
contains the control words for the multi-mode power gating
network 1 and controls the multi-mode power gating network
1, and employs the result from the variable threshold com-
parator 4 and the slack detector 5 to indicate the shift direction
of the bi-directional shift register 6.

[0028] Theloop of the adaptive power control system 100 is
started by configuring the power supply of the CMOS circuit
2 in the multi-mode power gating network 1; and, the current
monitoring translator 3 will receive and process the message
of the drain current in the CMOS circuit 2; and, sequentially
transmitting the result to the variable threshold comparator 4,
the slack detector 5 and the bi-directional shift register 6; and,
in the final the loop will adjust strength of the multi-mode
power gating network 1, so that the operational period of the
loop could be the same as the clock period of the CMOS
circuit 2. The following will describe in details about the
detailed circuit operation of the self-aware adaptive power
control system 100.

[0029] In fact, the multi-mode power gating network
(MPGN) 1 configured between the logic circuit and the power
supply is a parallel connected power switch network, as
shown in FIG. 3. Conventionally, the power gating devices
are used to cut off the circuit blocks at standby state, and also
minimize the effect to the circuit delay. However, the power
gating devices proposed in the present invention is to define
the upper limit of the supply current and reduce the power
consumption.

[0030] Assuming the switch capacitance of the target cir-
cuitis aconstant, when charging the switch capacitance to the
voltage level, the charge amount is represented as equation

(D

0=CV=IAr 1

[0031] Wherein, Q is the required charge amount, C is the
switch capacitance, and V is the target voltage level. Within a
very short period, the charge will be provided by the supply
current, in which I indicates the average current, and At is the
time required by charging to the capacitance. It could also be
the following condition: under the condition of a certain
average current I, the corresponding time At is the delay of the
target circuit, so that the required current could be easily
estimated by defining the delay increment in equation (1).

[0032] The size of the multi-mode power gating network 1
can be configured based on the amount of the supply current.
As shown in Table 1, it shows a sample architecture of the
power switching network when using five power switches (as
shown in FIG. 3), wherein each column indicates the different
number of switches at ON state and configured with different
upper limit for the supply current. The control words, Ctrl[0]-
Ctrl[4], are used to control the ON/OFF state for each power
switch. During adjustment of the multi-mode power gating
network 1, the power switches at ON state and with larger
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index marks will be closed in high priority; on the other hand,
the power switches at OFF state and with smaller index marks
will be opened in high priority. When the last switch, con-
trolled by Ctrl[0], is closed, the circuit will be at the power
cut-off state.

TABLE 1

Sample architecture of Multi-mode power gating network 1

Number of ON switches
5 4 3 2 1
VDDV 1.0V 09V 08V 07V 03V
At increment(%o) 0% 20% 40% 60% 80%
1(% of L., 100% 75% 58% 44% 33%

[0033] The maximum average current (I, ) could be esti-
mated from the average power consumption of the unmodi-
fied target circuit. The configured standard supply voltage
(VDD) is 1.1V. When the multi-mode power gating network
1 is fully opened (as the configuration of the first column in
Table 1 that all five switches are opened), the minimum
acceptable voltage (VDDV) can be set as 1V. Assuming the
delay increment At is ideally 0% (no delay overhead), the
multi-mode power gating network 1 can provide the full
maximum average current. Referring to Table 1, as the con-
figuration in the second column, there are only four power
switches connected and allowed with delay increments as
20% and with the minimum acceptable voltage configured as
0.9V, which is the target voltage level required for charge
switching capacitance), so that the required current can be
next estimated with equation (1) to be 75% of the maximum
average current. The configuration of other switches with less
opened state can be acquired in sequence as the above-men-
tioned method. After acquiring the information of the
required current for each configuration, the transistor width of
each power switch can be determined using a first-order,
triode-region transistor current-voltage formula.

[0034] During the stable state as shown in FIG. 1, only the
current leakage is existed. On the contrary, during the circuit
switching, the logic circuit needs to drain a large amount of
current from the power supply. Herein, the current character-
istic indicates whether the circuit is at switching state or stable
state. In the adaptive power control system 100 according to
the present invention, the supply current is controlled by the
multi-mode power gating network 1. All of the power
switches are operating in the linear region. The current sup-
plied by the power switch is proportional to the drain/source
voltage, and the drain/source voltage is related to the VDDV
in FIG. 3. On other words, VDDV is changed according to the
current characteristic.

[0035] The low power current monitoring translator 3
according to the present invention has a good monitor perfor-
mance. As shown in FIG. 4, it is a circuit structural diagram of
the low power current monitoring translator according to the
present invention. The structure of the low power current
monitoring translator 3 comprises a reference circuit 31, a
level shift circuit 32, and a current mirror circuit 33, which are
described in details as follows.

[0036] The reference circuit 31 of the current monitoring
translator 3 is configured between VDD and VDDV, and
generates a voltage V, to the level shift circuit 32. The level
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shift circuit 32 is used to convert the V, into V_,, for eliminat-
ing the dead band of the P-type current mirror, and V, is the
bias of the level shift circuit.

[0037] The current mirror circuit 33 is composed of five
mirror transistors in different sizes, wherein the five mirror
transistors are corresponding to the five different structures of
the multi-mode power gating network 1 in Table 1. The tran-
sistor N1 is controlled by V_,,. When the other two NMOS
transistors are controlled by V,, and provide the basic load-
ing, the transistor N1 is used to provide different loading
capabilities. The voltage level of bias node will be changed in
the opposite direction to V,,. The NMOS loading with vari-
able strength will make the V,,, . have the same variation
range as VDDV,

[0038] Ineach different circuit operation, it is assumed that
the current drained by the circuit is non-corelated and unpre-
dictable. Thus, what important shall be the relative amount,
but not the absolute amount in each operational period. Tran-
sistor N2 is a diode-connected NMOS transistor, which is
used to capture the maximum value of V. voltage in each
petiod, and store in the cap node. The V,,, and V_ will be
applied to the variable threshold comparator 4.

[0039] When the accommodated circuit is at the power
cut-off state, the transistors P1 to P6 and N0 are used to close
the current monitoring translator 3. The reference current can
be used for circuit switching through PO and P1, but not
wasted, and used for reducing the power overhead. The com-
pensation of switching current can prevent the current moni-
toring translator 3 from harmful effect to the circuit speed.
The level shift circuit 32 employs the long channel transistor
to eliminate the static current, and the current mirror circuit
33 canuse the possibly smaller size but still exist fast response
in response to the current variation in the circuit.

[0040] As previously described, the current characteristic
has no regular model, and is non-related. However, it could be
known that, in the actual supply system, if V,, is reduced
below a certain level relative to the peak with the same opera-
tional period, it could be determined as success computation.
Therefore, the present invention can use one variable thresh-
old comparator 4 to identify the relative high value and the
relative low value of V.

[0041] As shown in FIG. 5, it is a circuit diagram of a
variable threshold comparator 4 according to the present
invention. The node cap will capture the peak of node bias in
each period. When the control loop ended, the node cap will
be discharged to prepare for capturing the peak of the node
bias in the next period. Different V., will make the variable
threshold comparator 4 generate different determination
thresholds. When V. is reduced below the relative value of
V. the variable threshold comparator 4 will be operated

andpit is determined as success computation. Actually, V., is
lower than V. peak with a threshold voltage of the N chan-
nel transistor, but this could be compensated by adjusting the
strength of transistors Ps0 and Ns0 by sizing.

[0042] The slack detector 5 in FIG. 2 can monitor the deter-
mination by the variable threshold comparator 4 and compare
with the operational frequency. If the determination time of
the variable threshold comparator 4 is far earlier than the next
clock rising edge, it means that the slack is not used up, and
the power supply will be weakened. On the contrary, if the
variable threshold comparator 4 is not determined until reach-
ing the expiry time, the slack detector 5 will inform the system
to enhance the power supply. The determined expiry time is
determined by the operational frequency of the circuit. There-
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fore, the adaptive power control system 100 according to the
present invention can provide the self-aware ability of fre-
quency modulation due to the detection mechanism of the
slack detector 5.

[0043] As shown in FIG. 6, it is a diagram of a bi-direc-
tional shift register 6 containing control words for the multi-
mode power gating network 1 according to the present inven-
tion. If the slack detector 5 determined the success
computation in time and there is still unused slack, the
strength of the multi-mode power gating network 1 can be
further weakened. “1”” will be shifted from the leftest into the
bi-directional shift register 6 to close the maximum index
mark switch, which is still at ON state. If the success compu-
tation has not been determined or there is no sufficient slack
left, “0” will be shifted from the most right into the bi-
directional shift register 6 to open the minimum index mark
switch which is currently at OFF state. When all the slacks
have been used, the bi-directional shift register 6 can still
maintain the same stable state for the power supply. The reset
and power cut-off control can make the multi-mode power
gating network 1 supply the maximum power or conduct the
power cut-off configuration. Therefore, the present invention
can determine if the success computation is completed by
itself, and configure the power control of the target circuit to
the lowest acceptable level.

[0044] Although the present invention has been disclosed
with the preferred embodiments, they should notbe construed
as limiting the present invention. The skilled in the art can
make certain changes and modification without departing
from the spirit and scope of the present invention. The pro-
tection scope of the present invention should be defined with
the attached claims.

EXPLANATION OF MAIN COMPONENTS

[0045] 1 Multi-mode power gating network

[0046] 2 CMOS circuit

[0047] 3 Current monitoring translator

[0048] 4 Variable threshold comparator

[0049] 5 Slack detector

[0050] 6 Bi-directional shift register

[0051] 31 Reference circuit

[0052] 32 Level shift circuit

[0053] 33 Current mirror circuit

[0054] 100 Self-aware adaptive power control system
We claim:

1. A self-aware adaptive power control system for making
corresponding compensation on the variation of overall
operation environment for the circuit, which comprises:

a multi-mode power gating network (MPGN), which is
configured between the logic circuit and the power sup-
ply, for controlling the supply current and defining the
upper limit of the supply current to control the circuit
speed and the circuit power,

a current monitoring translator, which is used to identify
the amount of current drained from the power supply and
monitor the current variance;

a variable threshold comparator, which determines if the
accommodated circuit is at the operation state or the
stable state;

a slack detector, which is used to compare the determina-
tion result from the variable threshold comparator with
the clock period to determine if the operation of the
accommodated circuit has used up the time mostly
approaching the length of clock period; and,
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a bi-directional shift register, which controls the multi-
mode power gating network.

2. An adaptive power control system according to claim 1,

wherein the multi-mode power gating network coniprises:
apower portion, which is connected with the power supply;

a plurality of power gates, which are composed of a series
of parallel connected transistors;

a current control portion, which is connected with the
accommodated circuit; and,

a control signal portion, which is configured on each of the
power gates.

3. An adaptive power control system according to claim 2,
wherein if the transistors used for the power gates are P-type
channel field effect transistors, the power portion is con-
nected with the high potential of the power supply.

4. An adaptive power control system according to claim 2,
wherein if the transistors used for the power gates are N-type
channel field effect transistors, the power portion is con-
nected with the low potential or the ground potential of the
power supply.

5. An adaptive power control system according to claim 2,
wherein the supply current capabilities of the power gates are
adjusted according to the amount of the supply current.

6. An adaptive power control system according to claim 2,
wherein the number of power gates are adjusted depending on
step difference and the variation range of the supply current.

7. An adaptive power control system according to claim 1,
wherein the current monitoring translator comprises:

a reference circuit, which is configured between the logic
circuit and the power supply, and outputs a first voltage
to the level shift circuit;

alevel shift circuit, which shifts the first voltage as a second
voltage inputted to the current mirror circuit to eliminate
the dead band of the P-type current mirror; and,

a current mirror circuit, which is composed of a plurality of
mirror transistors with different sizes, and the number of
mirror transistors is corresponding to the architecture of
the multi-mode power gating network.

8. An adaptive power control system according to claim 7,
wherein the level shift circuit employs the transistors with
long channel to suppress the static current.

9. An adaptive power control system according to claim 1,
wherein the adaptive power control system can make the
corresponding compensation to the variation of process, tem-
perature, supply voltage or switching current.

10. An adaptive power control system according to claim 1,
wherein when the current monitoring translator identifying
the current variance, it will output two parameters to the
variable threshold comparator, and one of the parameters is a
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momentary current value changing along with the time, and
another parameter 1s the maximum current in each clock
period, and the parameters can both be converted into the
corresponding voltage values.

11. Anadaptive power control system according to claim 1,
wherein the variable threshold comparator can change the
determination threshold thereof according to the maximum
current value outputted from the current monitoring transla-
tor, and compare with the momentary current value of the
current monitoring translator for the relative variance to
determine the state of the accommodated circuit.

12. Anadaptive power control system according to claim 1,
wherein the slack detector monitors the determination by the
variable threshold comparator and compares with the opera-
tional frequency, if the determination time of the variable
threshold comparator is far earlier than the clock rising edge,
it will inform the adaptive power control system to weaken
the supply power; on the contrary, if the variable threshold
comparator is not determined until reaching the expiry time,
the slack detector will inform the adaptive power control
system to enhance the supply power, so as to provide the
self-aware ability of frequency modulation, in which the
expiry time is determined by the operational frequency of the
circuit.

13. Anadaptive power control system according to claim 1,
wherein the bi-directional shift register is a set of registers
connected in series, which is stored with a series of “0”” and
“1” signals, and is used for bi-directional shifting on the
stored signals to be configured as the control signals for the
plurality of power gates in the multi-mode power gating net-
work.

14. An adaptive power control system according to claim
13, wherein the number of registers for the bi-directional shift
registers is the same as the number of the plurality of power
gates in the multi-mode power gating network.

15. An adaptive power control system according to claim
13, wherein the bi-directional shift register can accept the
global power cut-off control signals to cut off the connection
between the accommodated circuit and the power supply.

16. Anadaptive power control system according to claim 1,
wherein the variable threshold comparator may be a Schmitt
Trigger.

17. Anadaptive power control system according to claim 1,
wherein the adaptive power control system can be repetitively
used without limit in any integrated circuit, and the adaptive
power control system associated with each accommodated
circuit can independently operate without interaction with
each other.



