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(57) ABSTRACT 

A method for reducing the transient response time of a 
Voltage regulator when the load attached to it is entering or 
exiting a lower power consumption level by changing the 
bandwidth of the Voltage regulator without compromising its 
Stability, and a bandwidth regulator for implementing Such 
a method are disclosed, wherein the bandwidth of the 
Voltage regulator is changed based on a signal Sent by a 
control device when it Senses that the component is about to 
change power consumption levels. 

31 Claims, 4 Drawing Sheets 
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PROGRAMMABLE BANDWIDTH VOLTAGE 
REGULATOR 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

The present invention relates to the field of integrated 
circuits, and is more Specifically directed to Voltage regula 
tors. This application is a reissue of 08/574,609 filed On Dec. 
13, 1995, now U.S. Pat. No. 5,744,944. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

In order to reduce power consumption many electronic 
components are now capable of operating at Several power 
consumption levels, one of which is typically a power-down 
or Sleep mode. The power-down mode is a low power 
consumption level that the component can enter into when 
it is not performing an operation or being accessed. Reduc 
ing the level of power consumption is particularly useful for 
battery operated devices, Such as portable computers, where 
reducing power consumption increases the battery life, and 
therefore the time the device can be used without having to 
either replace or recharge the battery. 
A microprocessor consumes a significant amount of 

power in the full power-up mode, and it is typically accessed 
only a Small portion of the time, therefore it is advantageous 
to bring the microprocessor into the power-down mode 
when it is not being accessed. In the power-up mode the 
microprocessor can draw a current of up to 10 A. In the 
power-down mode the microprocessor can maintain its State 
with a current of as little as 100 uA (i.e. as much as 100,000 
times less than in the power-up mode). A power Supply, Such 
as a battery, typically Supplies the current to the micropro 
ceSSor through a Voltage regulator. The time in which the 
Voltage regulator can go from delivering the proper Voltage 
for the current required in the power-down mode to deliv 
ering the proper Voltage for the current required in the 
power-up mode, and Vis versa, is the transient response time 
of the Voltage regulator. The large change in current demand 
of the microprocessor, which is the load of the Voltage 
regulator, may bring the Voltage regulator out of regulation 
during the transient response. 

The Stability of the Voltage regulator is primarily depen 
dent on the size of its compensation capacitor, its load 
capacitor, and its pass element. The compensation capacitor 
is the capacitor put in at the gain Stage of the Voltage 
regulator to compensate the phase shift of the Voltage 
regulator, and hence prevent oscillation. A larger compen 
sation capacitor increases the Stability of the Voltage regu 
lator. The Size of this capacitor is inversely proportional to 
the bandwidth of the Voltage regulator, and directly propor 
tional to the transient response time of the Voltage regulator. 
The larger the compensation capacitor the more Stable the 
Voltage regulator, and, unfortunately, the Smaller the band 
width of the voltage regulator. The smaller bandwidth does 
not allow the Voltage regulator to respond quickly to large 
changes in current demand, increasing the transient response 
time. 

Additionally, Since the Stability of the Voltage regulator is 
dependent on the load capacitor as well as the compensation 
capacitor, as the load capacitor is reduced the Voltage 
regulator becomes leSS Stable. A Smaller load capacitor is 
both easier to use and easier to recycle after the circuit is no 
longer needed, however it reduces the Stability of the Voltage 
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2 
regulator. The decrease in the load capacitor can be com 
pensated by an increase in the compensation capacitor to 
ensure the Stability of the circuit. However, as discussed 
above, an increase in the compensation capacitor reduces the 
bandwidth of the Voltage regulator, and therefore increases 
its transient response time. 

In Some configurations proposed circuits have changed 
the bandwidth of the voltage regulator when the feedback 
loop of the Voltage regulator indicated that the Voltage 
regulator is out of regulation because of the large change in 
current demand. Alternative proposals have Suggested moni 
toring circuits that could monitor the current demand of the 
load and notify the Voltage regulator after there is a change 
in the current demand of the load. 

A problem with the above methods is that during the time 
that the change in current demand is going through the 
feedback loop, or by the time the monitoring circuit detects 
that the current demand of the load has changed, the load is 
not receiving the appropriate Voltage. The present inventor 
has observed that another problem is that during the time it 
takes to detect the change in the current demand the load is 
not receiving the proper Voltage due to the large current 
demand, the Voltage regulator does not know that it is not 
delivering the required Voltage and has not even changed its 
bandwidth, thus increasing the transient response time by 
this amount of time. 

Further background on Voltage regulators and on Stability 
criteria of analog devices can be found in Grebene, Alan B., 
BIPOLAR AND MOSANALOG INTEGRATED CIRCUIT 
DESIGN, John Wiley & Sons, 1984; Gray, Paul R. and 
Robert G. Meyer, ANALYSIS AND DESIGN OF ANALOG 
INTEGRATES CIRCUITS, 2nd ed., John Wiley & Sons, 
1984; Franklin, Gene F. et al., FEEDBACK CONTROL OF 
DYNAMIC SYSTEMS, Addison-Wesley Publishing Co., 
1986; SGS-THOMSON, Microelectronics, Inc. databooks 
for Voltage regulators, for linear ICs, and for automotive 
products; and National Semiconductor databooks, 
datasheets and application notes for Voltage regulators, all 
incorporated herein by this reference. 

SUMMARY OF THE INVENTION 

The present application discloses methods and circuits for 
reducing the transient response time of a Voltage regulator 
when the load attached to it is entering or exiting a lower 
power consumption level, without compromising the Stabil 
ity of the Voltage regulator. A control device is connected to 
both a Voltage regulator and a dynamic load. When the 
control device Senses that the dynamic load should change 
its power consumption level it sends a signal to a regulation 
means in the Voltage regulator to change the bandwidth of 
the Voltage regulator to be able to deliver the required 
voltage in the shortest possible time. At the same time (or 
Shortly thereafter, depending on the requirements of the 
System) the control device sends a signal to the dynamic load 
to change its power consumption level. In one Sample 
embodiment of the invention, after the Voltage regulator 
Starts delivering the required Voltage the regulating means 
returns the bandwidth of the Voltage regulator to the optimal 
bandwidth for the dynamic load connected to the Voltage 
regulator. 

In one embodiment of the invention the regulating means 
includes a way of Switching the compensation capacitor in 
or out when the control device Signals the Voltage regulator 
to change the bandwidth of the Voltage regulator. In another 
Sample embodiment of the invention the regulating means 
includes a Switched capacitor that changes the bandwidth of 
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the Voltage regulator when the current demand of the load is 
about to change. 
One advantage of the present invention is that the band 

width of a Voltage regulator can be increased in order to 
reduce the Voltage regulator's transient response, without 
compromising the Voltage regulator's Stability. 

Another advantage of this invention is that there is no 
delay time from the time the current requirement of the 
dynamic load increases until the time the bandwidth of the 
Voltage regulator increases, to allow the Voltage regulator to 
deliver the required Voltage faster. 
A further advantage of this invention is that it allows a 

load to enter the power-down mode faster, reducing the 
power consumed by the load. 

Another advantage of this invention is that it allows the 
use of a Smaller load capacitor without compromising the 
Stability of the Voltage regulator. 
A particularly advantageous use of the current invention 

is in battery-powered, portable computers. The improved 
transient response time of the Voltage regulator allows 
aggressive power-conservation Strategies in which the 
microprocessor frequently enterS Sleep mode. 

Other advantages and objects of the invention will be 
apparent to those of ordinary skill in the art having reference 
to the following Specification together with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a electrical system of the 
present invention. 

FIG. 2 is a block diagram of a computer. 
FIG. 3 is a timing diagram of the electrical System of the 

present invention. 
FIGS. 4a, 4b, and 4c are Schematic diagrams of a Voltage 

regulator formed according to embodiments of the present 
invention. 

FIG. 5 is a Schematic diagram of a Voltage regulator 
formed according to another embodiment of the present 
invention. 

FIG. 6 is a Schematic diagram of a Voltage regulator 
formed according to another embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1 an electronic System, Such as a 
computer shown in FIG. 2, which uses a power Supply 
including a Voltage regulator according to the preferred 
embodiment of the invention will now be described. A 
power Source 46, Such as a battery, Supplies a constant 
unregulated Voltage to the Voltage regulator 40 through the 
first input 50 of the voltage regulator. A first line 66 connects 
the output 48 of the voltage regulator 40 to the first input of 
a dynamic load 44. 
The dynamic load 44 can be any component of the 

computer that can operate at either of at least two power 
consumption levels, one of which is preferably a Sleep or 
power-down mode. A microprocessor can be used as a 
typical dynamic load 44. Many microprocessors now manu 
factured can operate at both a power-up mode and a power 
down mode. Additionally, because microprocessors con 
Sume a significant amount of power it is advantageous to 
bring the microprocessor into a power-down mode when it 
is not being accessed. The dynamic load 44 (hereinafter 
referred to as microprocessor 44), has a Second input con 
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4 
nected via the second line 62 to the first output of a control 
device 42. A third line 64 connects a second output of the 
control device 42 to the second input 52 of the voltage 
regulator 40. 
The control device 42 has a Sensing means that detects 

whether the microprocessor 44 needs to be accessed, for 
example when there is an input on one of the input devices, 
Such as a keystroke, or when the microprocessor needs to 
access a drive. The Sensing means is typically an integrated 
circuit dedicated to monitoring access to the microprocessor, 
e.g. Such as a keyboard monitoring circuit or an application 
Specific integrated circuit dedicated to monitoring access to 
the microprocessor, both of which are well known in the art. 

FIG. 3 shows the logic states of the input line 70 to the 
control device 42 and first 66, second 62, and third 64 lines 
that connect Some of the elements of the electronic System. 
Referring to FIG. 2 and FIG. 3 simultaneously, one sample 
operation of the system will now be described. At time t the 
microprocessor 44 is in the power-down mode and one of 
the components of the computer Signals that the micropro 
ceSSor 44 needs to be accessed. At t the Sensing means 
Senses that the microprocessor needs to be accessed, typi 
cally by a change in the logic State of the input line 70, the 
third line 64 goes from the first logic state at which it is 
normally kept, preferably low, to a Second logic State, 
preferably high. This signals the regulating means, con 
nected to the second input 52 of the voltage regulator 40, to 
change the bandwidth of the voltage regulator 40 from a first 
bandwidth to a second bandwidth. In the preferred embodi 
ment of the invention, when the dominant pole of the Voltage 
regulator is produced by the compensation capacitor, the 
second bandwidth is higher than the first bandwidth, 
although under other circumstances it may be advantageous 
for the first bandwidth to be higher than the second band 
width. 
The first and second bandwidths are dependent on the 

desired operation of the voltage regulator 40 and of the 
microprocessor 44. In the power-down mode the micropro 
ceSSor 44 draws very little current, in the present technology 
the microprocessor typically draws 100 uA in the power 
down mode. When the microprocessor 44 wakes up, i.e. 
exits the power-down mode and powers up, it starts to draw 
much more current, in modern technology a typical micro 
processor may require as much as 10 A. The time period 
within which the Voltage regulator needs to respond to this 
increase in current, i.e. the transient time, is usually short, on 
the order of 1 usec with current microprocessors. The first 
bandwidth is chosen based on the desired stability of the 
Voltage regulator, and typically is low. The Stability of the 
Voltage regulator 40 is dependent on the compensation 
capacitor, which is typically 10 pF to 100 pF, and the load 
capacitor, which is a combination of the capacitance of the 
microprocessor and any capacitors in parallel with the 
microprocessor 44 connected to the output of the Voltage 
regulator 40. The capacitance of the microprocessor 44 is 
typically very Small compared to the capacitor in parallel 
with it and is thus practically negligible. Therefore, the load 
capacitor can be fairly accurately approximated by the 
capacitor acroSS the output of the Voltage regulator 40, 
which can typically be between 0.1 uF to 100 uF. 
A Smaller load capacitor is both easier to use and is more 

environmentally friendly, i.e. easier to recycle after it is not 
needed, however it reduces the stability of the voltage 
regulator. The decrease in the load capacitor can be com 
pensated by an increase in the compensation capacitor to 
ensure the Stability of the circuit, i.e. as the load capacitor is 
reduced the compensation capacitor should be increased. 
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Unfortunately increasing the compensation capacitor 
reduces the bandwidth of the Voltage regulator, and therefore 
increases its transient response time. However, Since the 
bandwidth is also dependent on the load capacitor compen 
sation of the load capacitor is typically needed since a Small 
load capacitor produces a higher bandwidth, which may 
cause instability. 

The first bandwidth is chosen to insure the stability of the 
voltage regulator 40 based on the above relationship of the 
compensation capacitor and the load capacitor, and also on 
the capacitance of the passive element of the Voltage regu 
lator. For example, the first bandwidth can be on the order 
of one to several kilohertz. The second bandwidth is chosen 
to allow the Voltage regulator to quickly respond to the large 
change of current demand by the microprocessor, thus 
reducing the transient time. For example, for a current Step 
of five orders of magnitude, described above, with the 
transient time being about 10 usec, the Second bandwidth 
can be in the range of 100 kHz to 1 MHz. 

Referring still to FIG. 2 and FIG. 3 simultaneously, at t 
the control device 42 changes the logic State of the Second 
line 62 from the first logic State to the Second logic State, 
Signaling the microprocessor 44 to exit out of the power 
down mode. This can occur at the same time as the logic 
State on the third line 64 changes, Signaling the Voltage 
regulator 40 to change the bandwidth, making t equal to t, 
or a short period of time, for example 200 nsec, after the 
logic State on the third line 64 changes. Although this brings 
the Voltage regulator 40 out of regulation, the microproces 
Sor 44 drawing the higher current produces the same effect 
and the change in bandwidth allows the voltage regulator 40 
to respond to the higher current demand more quickly, thus 
reducing the amount of time the microprocessor 44 is not 
getting the required Voltage. In the example above the 
change in bandwidth is from a lower to a higher bandwidth 
to shorten the transient response time, although in other 
circumstances the bandwidth can be reduced instead of 
increased to produce the Same effect. 
When the voltage regulator 40 starts to deliver the 

required Voltage to the microprocessor 44, at t, the logic 
State of the third line 64 goes back to the first logic State. 
Preferably the control means 42 changes the logic State of 
the third line 64 back to the first logic state after a known 
time interval. One skilled in the art can calculate the time 
interval from t, the time the microprocessor requires a 
higher current, until t, the time at which the Voltage 
regulator Starts to deliver the Voltage required by the load, 
based on the bandwidth of the Voltage regulator, the load 
capacitor, the input voltage of the Voltage regulator 40, and 
the properties of the microprocessor 44, Such as the rate at 
which the microprocessor's current demand changes. 
However, the control means 42 can change the logic State of 
the third line 64 based on any known means of detecting that 
the required Voltage is being delivered, Such as: monitoring 
the microprocessor 44 through a monitoring circuit that can 
Sense that the microprocessor is receiving the required load, 
or monitoring the Voltage regulator 40 through its feedback 
loop. 

The voltage regulator 40 can now either remain at the 
Second bandwidth or the regulating means can change its 
bandwidth either back to the first bandwidth, or to a third 
bandwidth that is optimal for the size of the load capacitor. 
A larger load capacitor can lower the bandwidth that allows 
the load to continue drawing the required current and the 
proper Voltage without oscillating. The compensation 
capacitor of the Voltage regulator shifts the position of the 
pole produced by the load capacitor to increase the Stability 
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6 
of the Voltage regulator. Therefore, if the compensation 
capacitor is large enough to compensate for the load, the 
bandwidth of the voltage regulator 40 can be returned to the 
first bandwidth, otherwise a Second compensation capacitor 
that would produce a third bandwidth can be selected. The 
third bandwidth is based on the need for a bandwidth high 
enough to permit the Voltage regulator 40 to deliver the 
required current and the proper Voltage, yet keep the band 
width as low as possible, to enhance the stability of the 
voltage regulator 40. Therefore, a second value for the 
compensation capacitor can be Selected to optimize a band 
width for the size of the load capacitor. 

The transition into the power-down mode follows a simi 
lar process. The time ts at which the microprocessor should 
enter the power-down mode is typically determined through 
the operating System monitoring the access to the micro 
processor and determining that there has been no request to 
access it for a Specific amount of time. At ts the Sensing 
means of the control device 42 Senses that the microproces 
Sor should enter the power-down mode, typically by a 
change in the logic State of the input line 70 generated by the 
operating System. At time t, control device 42 changes the 
logic state on the third line 64 from the first logic state 
(preferably low) at which it is normally kept to a second 
logic State (preferably high). This signals the regulating 
means, connected to the Second input 52 of the Voltage 
regulator, to change the bandwidth of the Voltage regulator 
40 from the first or third bandwidth at which it is operating 
to the second bandwidth. 
At tz, the control device 42 changes the logic State of the 

Second line 62 from the Second logic State to the first logic 
State, Signaling the microprocessor 44 to enter into the 
power-down mode. This can occur at the same time as the 
logic State on the third line 64 changes, Signaling the Voltage 
regulator 40 to change its bandwidth, making t, equal to te, 
or a short period of time, for example 200 nsec, after the 
logic State on the third line 64 changes. The higher band 
width allows the voltage regulator 40 to respond to the 
reduction in the current demand quicker, reducing the 
amount of time the microprocessor 44 is getting too much 
Current. 

When the voltage regulator 40 starts to deliver the 
required Voltage to the microprocessor 44, at ts, the logic 
State of the third line 64 goes back to the first logic State. 
Preferably the control means 42 changes the logic State of 
the third line 64 back to the first logic state after a known 
time interval. One skilled in the art can calculate the time 
interval from to, when the microprocessor requires a lower 
current, to ts, the time at which the Voltage regulator 40 
Starts to deliver the proper Voltage, based on the same 
criteria that the interval from t to t is calculated, i.e. 
bandwidth of the Voltage regulator 40, the load capacitor and 
the properties of the microprocessor 44. However, this can 
also be done by any known means of detecting that the 
current and Voltage required by the load are Supplied. Some 
examples Such means are: monitoring the microprocessor 44 
through a monitoring circuit that can Sense that the micro 
processor 44 is receiving the required current and Voltage, or 
monitoring the Voltage regulator 40 through its feedback 
loop. The Voltage regulator 40 can now either remain at the 
Second bandwidth or the regulating means can change its 
bandwidth back to the first bandwidth. 

Referring to FIG. 4a, one embodiment of Voltage regul 
lator 40 with a regulating means for regulating the band 
width is now described. A reference voltage generator 80 is 
connected between ground, the power Source 46, and the 
non-inverting input of the error amplifier 82. The error 
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amplifier 82 compares the Voltage generated by the Voltage 
reference 80 and a Scaled output Voltage of the Voltage 
regulator 40. The error amplifier82 drives the gain stage 84. 
The gain stage 84 drives the pass element 85. Resistors 86 
and 88 form a voltage divider used to scale the output 
voltage of the voltage regulator 40 to allow it to be fed back 
to the inverting input of the error amplifier 82. 

The regulating means is typically in the gain Stage 84 of 
the Voltage regulator 40. In this embodiment the gain Stage 
84 includes an amplifier 90, a resistor 92, and a first 
capacitor 94, configured as a differentiator. The first capaci 
tor 94 is the compensation capacitor. The gain Stage 84 also 
includes a first analog Switch 96. In the preferred embodi 
ment of the invention the analog Switched is connected in the 
manner where it minimizes the charge injection of the 
analog switch 96. For example in the embodiment of the 
regulating means shown in FIG. 4a, the analog Switch 96 is 
connected between the resistor 92 and the output of the 
amplifier 90. The first capacitor 94 compensates the voltage 
regulator 40 increasing its Stability, but decreasing its band 
width. At t and ts, when the control device 42 signals to the 
regulating means to change the bandwidth of the Voltage 
regulator when the microprocessor is about to change levels 
of power consumption, the analog Switch 96 is opened. This 
changes the bandwidth of the voltage regulator 40 to the 
second bandwidth, thereby shortening the time in which the 
Voltage regulator 40 can begin to deliver the required 
Voltage, i.e., reducing the transient response time. At t and 
ts, when the Voltage regulator 40 is delivering required 
Voltage, the analog Switch 96 is closed, returning the band 
width of the voltage regulator 40 to the first bandwidth. 
Although a differentiator is used in the example above, an 
integrator, as shown in FIG. 4b, or combination of a differ 
entiator and integrator, as shown in FIG. 4c, can be used to 
control the bandwidth of the Voltage regulator. 

In an alternative embodiment a second capacitor 98 is 
connected in parallel with the first capacitor 94, as illustrated 
in FIG. 5. A second analog Switch 100 is connected the 
output of the amplifier 90 and the second capacitor 98. At t, 
when the Voltage regulator 40 starts delivering the proper 
Voltage, and it is preferable to leave the Voltage regulator at 
the third bandwidth instead of the first bandwidth to insure 
that it continues delivering the required Voltage, the Second 
analog switch 100 instead of the first analog switch 96 is 
closed. 
When different dynamic loads can be attached in turn to 

the output of the Voltage regulator 40, additional capacitors 
102 and analog Switches 104 can be added. Since the 
bandwidth of the voltage regulator 40 varies based on the 
Size of the compensation capacitor, the capacitors can be 
designed to tailor the bandwidth to the optimum bandwidth 
for a particular load, and the capacitor associated with a 
particular load can be Switched in when a particular dynamic 
load 44 is attached. At t, when the Voltage regulator 40 
Starts delivering required Voltage, the analog Switch corre 
sponding to the capacitor than produces the optimum band 
width for the particular dynamic load 44 is closed. 

Referring to FIG. 6, in another alternative embodiment of 
the invention, the regulating means includes a Switched 
capacitor 112 connected between the first capacitor 94 and 
the output of the amplifier 90. A frequency divider 116 is 
connected via multiple lines 64 ... 64 to the control device 
42. The number of lines connecting the frequency divider 
116 and the control device 42 is equal the number of 
different dynamic loads that can be connected in turn to the 
voltage regulator. The frequency divider 116 controls the 
multiplexer 114, which in turn controls the Switched capaci 
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8 
tor 112. The operation of Switched capacitorS Such as 
Switched capacitor 112 is described in copending application 
Ser. No. 08/536,436 (Attorney's Docket No. 95-L-119) filed 
Sep. 29, 1995, incorporated herein by reference, said appli 
cation assigned to SGS-THOMSON Microelectronics, Inc. 
At t and ts the control device 42 Signals to the regulating 

means to change the bandwidth of the Voltage regulator by 
changing the logic State on the line corresponding to the 
connected dynamic load 44. The frequency divider 116 
supplies the multiplexer 114 with the frequency which will 
produce a bandwidth at which the transient response time 
would be shortest for the particular dynamic load 44, this 
will typically be a high frequency in order to produce a high 
bandwidth. The multiplexer 114 then sets the effective 
resistance of the Switched capacitor 112 to this frequency. 
This changes the bandwidth of the voltage regulator 40 to 
the Second bandwidth, thereby reducing the time it takes 
Voltage regulator 40 to begin to deliver the required Voltage, 
i.e., reducing the transient response time. 
At t and ts, when the Voltage regulator 40 is delivering 

required Voltage, the control device 42 can again Signal to 
the regulating means to change the bandwidth of the Voltage 
regulator by changing the logic State on the line correspond 
ing to the connected dynamic load 44. The frequency divider 
116 supplies the multiplexer 114 with the frequency which 
will produce the optimal bandwidth for the particular 
dynamic load 44. The multiplexer 114 then sets the effective 
resistance of the Switched capacitor 112 to this frequency, 
thereby changing the bandwidth of the voltage regulator 40 
to either the first of third bandwidth. 

Therefore the invention allows a quick response to the 
large increase or decrease in current required by the micro 
processor 44 of a Voltage regulator 40 when the micropro 
ceSSor 44 is changing its level of power consumption. This 
is accomplished without compromising the Stability of the 
Voltage regulator 40. This S particularly advantageous for 
Systems where a component can enter a power-down mode 
to reduce its power consumption, Such as: battery operated 
Systems where the reduction of power consumption will lead 
to an increase in battery life, “green’ PCs designed to 
consume less power in an effort to allow more people access 
to computers without requiring an increase in generated 
power, and in an effort to preserve natural resources. 
While the invention has been specifically described with 

reference to a preferred embodiment, it will be understood 
by those of ordinary skill in the prior art having reference to 
the current Specification and drawings that various modifi 
cations may be made and various alternatives are possible 
therein without departing from the Spirit and Scope of the 
invention. 

For example: 
Although the control means is described as being a 

located outside of the microprocessor, it can be located 
inside the microprocessor but would remain active when the 
microprocessor is in the power-down mode. 

Additionally, the control device can be any of the various 
microprocessor auxiliary chips, e.g. chips which include 
Voltage or power-monitoring functions. 

While the dynamic load is described as a microprocessor, 
any other component that can operate in at least two power 
consumption levels may be used. 

Although only one power-down mode is described, the 
load can operate at Several power-down modes. 
While the Voltage Source is described as a battery, any 

power Source may be used. 
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Additionally while the System is described using a linear 
Voltage regulator a Switched regulator may be used without 
departing from the Scope of the invention. 

Furthermore, while the invention is described with rela 
tion to a computer, the invention can be used in a the 
electrical System of an automobile, or any other System 
where a it is advantageous to place at least one of the 
System's component into a power-down mode to reduce the 
amount of power consumed by the System, without depart 
ing from the Scope of the invention. 

I claim: 
1. The electronic System comprising: 
at least one component capable of operating at either of at 

least two power consumption levels, having a power 
Supply input, and a control input; 

a control device for detecting that the component is to 
Start and Stop being accessed prior to the component 
being accessed based on an acceSS Signal, the control 
device having an acceSS Signal input, a first control 
output coupled to the control input of the component 
for Signaling the component to Switch from one power 
consumption level to another power consumption level, 
and a Second control output for producing a control 
Signal responsive to the acceSS Signal; 

a power Supply including: 
a Voltage regulator capable of operating with two or 
more bandwidths comprising: 

a first input coupled to a power Source; 
a Second input coupled to the Second control output for 

receiving the control Signal the Voltage regulator 
Switches from one bandwidth to another bandwidth 
responsive to the control signal received at the 
Second input; and, 

an output coupled to the power Supply input of the 
component. 

2. The electronic System according to claim 1, wherein 
Said power Source further comprises a battery. 

3. The electronic System according to claim 1, further 
comprising a Sensing means for Sensing if the component is 
about to be accessed, the Sensing means having a Sensing 
input, a first Sensing output coupled to the control input of 
the component, and a Second Sensing output coupled to Said 
Second input of the Voltage regulator. 

4. The electronic System according to claim 3, further 
comprising a first notifying means for notifying the com 
ponent to Switch from one power consumption level to 
another power consumption level, the first notifying means 
having an input coupled to the first Sensing output of the 
Sensing means and an output coupled to the control input of 
the component. 

5. The electronic system according to claim 3, further 
comprising a Second notifying means for notifying the 
Voltage regulator to Switch from one bandwidth to another 
bandwidth, the Second notifying means having an input 
coupled to the Second Sensing output of the Sensing means 
and an output coupled to the Second input of the Voltage 
regulator. 

6. The electronic System according to claim 1, wherein the 
component comprises a processor. 

7. The electronic System according to claim 1, wherein the 
Voltage regulator comprises a Switched capacitor. 

8. The electronic System according to claim 1, wherein the 
Voltage regulator comprises: 

a first compensation capacitor; and 
a first analog Switch for bypassing the first compensation 

capacitor when the Voltage regulator Switches from one 
bandwidth to another bandwidth. 
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9. The electronic System according to claim 1, wherein the 

Voltage regulator comprises: 
a plurality of compensation capacitors, each compensa 

tion capacitor providing an optimum operating band 
width for one of the components operating at a power 
consumption level higher than its lower power con 
Sumption level; and, 

a plurality of analog Switches, each analog Switch for 
bypassing one or more of the compensation capacitors 
when the Voltage regulator Switches from one band 
width to another bandwidth. 

10. The electronic System according to claim 1, wherein 
the control device is integrated into the component. 

11. A voltage regulator capable of operating with two or 
more bandwidths comprising: 

a first input; 
an output coupled to a dynamic load capable of operating 

at either of at least two power consumption levels 
responsive to an acceSS Signal; 

a Second input for receiving a control Signal for Switching 
the operation of the Voltage regulator from one band 
width to another bandwidth; and 

a regulating means coupled to the Second input for 
changing the bandwidth of the Voltage regulator 
responsive to the control Signal, wherein the control 
Signal is responsive to the acceSS Signal. 

12. The Voltage regulator according to claim 10, wherein 
Said Second input is coupled to a control device. 

13. The Voltage regulator according to claim 10, wherein 
the regulating means comprises a Switched capacitor. 

14. The Voltage regulator according to claim 10, wherein 
the regulating means comprises: 

a first compensation capacitor; and 
a first analog Switch for bypassing the first compensation 

capacitor when the regulating means is changing the 
bandwidth of Said Voltage regulator from one band 
width to another bandwidth. 

15. The Voltage regulator according to claim 11, wherein 
the regulating means comprises: 

a plurality of compensation capacitors, each compensa 
tion capacitor providing an optimum operating band 
width for one of Said components operating at a power 
consumption level higher than its lowest power con 
Sumption level; and, 

a plurality of analog Switches, each analog Switch for 
bypassing one or more of the compensation capacitors 
when the regulating means is changing the bandwidth 
of the Voltage regulator from one bandwidth to another 
bandwidth. 

16. The Voltage regulator according to claim 11, wherein 
Said first input is coupled to a Voltage Source. 

17. The Voltage regulator according to claim 11, wherein 
the dynamic load comprises a processor. 

18. A computer comprising: 
a voltage regulator capable of operating with two or more 

bandwidths comprising a first input, a Second input, an 
output, and a regulating means coupled to the Second 
input for Stabilizing the Voltage regulator by Switching 
from one bandwidth to another bandwidth responsive 
to a control Signal; 

a dynamic load, having a power Supply input coupled to 
the output, and a control input, the dynamic load 
capable of operating at either of at least two levels of 
power consumption; and, 

a control device for detecting changes in operating con 
ditions of the computer, and having a first control 
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output coupled to Said control input of the dynamic 
load, and a Second control output coupled to Said 
Second input of Said Voltage regulator; 

wherein Said regulating means changes the bandwidth of 
Said Voltage regulator responsive to the control device 
detecting the dynamic load is going to Start and Stop 
being accessed. 

19. The computer of claim 18, wherein one of said levels 
of power consumption is a power-down level. 

20. The computer of claim 18, wherein the regulating 
means comprises a Switched capacitor. 

21. The computer of claim 18, wherein the regulating 
means comprises a first analog Switch for bypassing a first 
compensation capacitor of Said Voltage regulator when said 
regulating means is changing the bandwidth of Said Voltage 
regulator. 

22. The Voltage regulator according to claim 18, wherein 
the regulating means comprises: 

a plurality of compensation capacitors, each compensa 
tion capacitor providing an optimum operating band 
width for one of Said components operating at a power 
consumption level higher than its lowest power con 
Sumption level; and, 

a plurality of analog Switches, each analog Switch for 
bypassing one or more of the compensation capacitors 
when the regulating means is changing the bandwidth 
of the Voltage regulator from one bandwidth to another 
bandwidth. 

23. The computer of claim 18, wherein the dynamic load 
comprises a processor. 

24. The computer according to claim 18, wherein the 
control device is integrated into the dynamic load. 

25. A method for regulating the Voltage of an electronic 
System having a Voltage regulator and at least one compo 
nent capable of operating at either of at least two levels of 
power consumption, the component having a power Supply 
input coupled to an output of the Voltage regulator, com 
prising: 

detecting that the component is about to Start and Stop 
being accessed; 

changing the bandwidth of the Voltage regulator from a 
first bandwidth to a second bandwidth responsive to 
detecting that the component is about to Start and Stop 
being accessed; 

changing the level of power consumption of the compo 
nent from a first power consumption level to a Second 
power consumption level. 

26. The method of claim 25, further comprising the steps 
of: 

detecting that the Voltage regulator is delivering the 
Voltage required by the component, performed after the 
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Step of changing the level of power consumption of the 
component from the first power consumption level to 
the Second power consumption level; and 

changing the bandwidth of the Voltage regulator from the 
Second bandwidth to the first bandwidth. 

27. The method of claim 25, further comprising the steps 
of: 

detecting that the Voltage regulator is delivering the 
Voltage required by the component, performed after the 
Step of changing the level of power consumption of the 
component from the first power consumption level to 
the Second power consumption level; 

changing the bandwidth of the Voltage regulator from the 
Second bandwidth to a third bandwidth. 

28. The method of claim 27, further comprising the steps 
of: 

detecting that the component is about to Start and Stop 
being accessed; 

changing the bandwidth of the Voltage regulator from the 
third bandwidth to the second bandwidth; and 

changing the level of power consumption of the compo 
nent from the third power consumption level to the 
Second power consumption level. 

29. The method of claim 25, wherein the steps of chang 
ing the bandwidth of the Voltage regulator from a first 
bandwidth to a second bandwidth and changing the level of 
power consumption of the component from a first power 
consumption level to a Second power consumption level are 
performed concurrently. 

30. An electronic System, comprising: 
a component Operable to receive a power Signal and a 

first control Signal, the component Operable to change 
from Operating at a first power-consumption level to 
Operating at a Second power-consumption level in 
response to the first control Signal; 

a controller coupled to the component and Operable to 
receive a component-acceSS Signal and to generate the 
first control Signal and a Second control Signal in 
response to the component-acceSS Signal, and 

a power regulator coupled to the component and to the 
controller and operable to generate the power Signal 
and to change from Operating at a first bandwidth to 
Operating at a Second bandwidth in response to the 
Second control Signal. 

31. The electronic System of claim 30 wherein the con 
troller is operable to generate the Second control Signal 
before the first control Signal. 

k k k k k 


