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1. Field of the Invention

The present invention relates to the field of electronic devices.
More particularly, the present invention relates to reducing power
consumption by an electronic device through voltage and frequency
scaling.

2. Description of Art Related fo the Inventi

Over the last few years, there have been many advances in
semiconductor technology which have resulted in the development
of improved electronic devices having integrated circuits operating at
higher frequencies and supporting additional and/or enhanced
features. While these advances have enabled hardware
manufacturers to design and build faster and more sophisticated
hardware proctucts (e.g., computers, peripheral devices, etc.), they have
also imposed a disadvantage primarily experienced by battery-powered
laptop or notebook style computers. In particular, these improved
electronic devices consume more power and dissipate more heat as a
by-product than those past generation electronic devices.

It is well-known that modern battery-powered laptop
computers place a high premium on reducing power consumption
because such reduction extends its battery life. Currently, one primary
technique to reduce power consumption of laptop computers is to
lower the frequency of the clocking signal supplied to one of its
electronic devices, namely its central processing unit (“CPU”). This
technique (referred to herein as “frequency reduction”) usually is
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brief time intervals so that the average operating frequency is reduced.

Referring to Figure 1, a graph illustrating power savings
realized by any electronic device based on the conventional frequency
reduction technique is shown. It is well-known that electronic
devices, in general, are designed to operate within a specific voltage
range. This frequency range 10 is represented as being between points
A and B, where point A represents the minimum frequency required
for the electronic device to operate and point B represents the
maximum frequency that the electronic device can support. In
theory, power is directly proportional to frequency as presented
herein. Thus, as shown through points C and D, a reduction in the
operating frequency of the electronic device by ten percent (10%) will
reduce its total power consumption by ten percent (10%) from P1 to P2.
Of course, true power savings are not exactly proportional to frequency
reduction because most every hardware product is implemented with
electronic devices which consume power but are frequency-
independent {e.g., displays for computer systems).

This conventional frequency reduction technique imposes a
number of disadvantages. One paramount disadvantage is that the
frequency reduction offers minimal conservation of battery life
because the amount of energy required by the electronic device
undergoing frequency reduction to perform a certain task can remain
constant. In some situations, depending on the chosen configuration
between frequency-dependent and frequency independent devices
within a product like a laptop computer, frequency reduction may
adversely effect battery life conservation. This is largely due to the fact
that the electronic device, while operating at a slower frequency,
requires extra operating time to complete the task. As a result, this
extra operating time causes the frequency-independent devices within
the product to consume more energy which, in some cases, will exceed
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course, true power savings are not exactly proportional to frequency

Hence, it is desirous to create a power control circuit and
develop a technique for reducing power consumption which can be
utilized by any type of electronic device, especially microprocessors, to
more effectively reduce its power consumption without substantially
mitigating performance.

Another advantage provided by the power control circuit is that
it encourages the implementation of full-frequency, full-voltage
electronic devices within power sensitive hardware products rather
than configuring the electronic device to function if a worst-case
condition occurs. Instead, the electronic device relies on voltage and
frequency scaling to dynamically configure the electronic device based
on its various conditions at the time. Thus, the overall performance
of the product implementing the electronic device is enhanced.

Yet another advantage is to enable companies to reduce their
inventories of electronic devices dedicated to either laptop or desktop
systems by eliminating the need for electronic devices calibrated to
have a specific voltage and operating frequency, but rather
dynamically calibrating the voltage and frequency of the electronic
device based on the current conditions experienced by the electronic
device.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to a power control circuit and a
technique for, among other things, reducing power consumption by
an electronic device. The power control circuit comprises a controlier,
a clock generation circuit and a power supply circuit. The controller,
governed by power management software, signals the power supply
circuit and the clock generation circuit to perform voltage and
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which, in sone cateEpergur tromc devme is detected to have exceeded a

thermal band. A second condition is where the electronic device is
detected to be idle for a selected percentage of power-on time.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will
become apparent from the following detailed description of the
present invention in which:

Figure 1 is an illustrative diagram of theoretical power savings
realized by a conventional frequency reduction technique.

Figure 2a is an illustrative diagram of the theoretical “squared”
relationship between voltage and power.

Figure 2b is an illustrative diagram of power savings realized by
an electronic device which is controlled through voltage and
frequency scaling as provided by the present invention.

Figure 3 is an illustrative block diagram of a power control
circuit of the present invention employed within a standard computer
system including an input/output (“1/0”) controller, a clock
generation circuit and a power supply circuit.

Figure 4 is an illustrative block diagram of a plurality of
registers employed within the I/0 controller to store information to
enable the clock generation circuit to perform frequency scaling and
the power supply circuit to perform voltage scaling.

Figure 5 illustrates the operations performed by the present
invention to optimally reduce power consumption by the electronic
device through voltage and frequency scaling.

nsSune nore energy



W97/ 12329 PCT/ US9/ 15485 - 3- any
| | gperating frequency .of .t he.. .
el ectronic device. Hence, it is desirous to create a power control CIrCUIt
-and devel op a techni que for reduci ng power consunption which can be
utilized by 11h3ase of electronic device, especially mcrggeg ?ﬁgs
nore effectrvely reduce its power consunption w thout substantlal
mtigating performance. Another advantage provided by the power control
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DETAILED DESCRIPTION OF THE INVENTION

The present invention describes a system and method for
controlling power consumption of at least one electronic device
through both voitage and frequency scaling. The following detailed
description is presented largely in terms of graphs, block diagrams and
a flowchart which collectively illustrate the present invention in
detail but does not discuss well-known circuits or process steps to
avoid unnecessarily obscuring the present invention. The flowchart
illustrates a series of steps leading to a desired result. These steps
require physical manipulations of physical quantities in the form of
electrical or magnetic signals capable of being stored, transferred, '
combined, compared or otherwise manipulated.

Referring to Figure 2a, an illustrative graph of the relationship
between voltage and power is shown. As noted in Equations 1 and 2
below, valid for many electronic devices (e.g., CMOS), theoretically,
power has a “squared” law dependence with voltage which, in turn,
has a generally proportional relationship with the operating '
frequency.

Equation 1: Power = C x V2 x F x Act, where
“C" = total capacitance of the electronic device;

“V" = total voltage supplied to the electronic
device;

“F” = operating frequency of the electronic
device; and

“Act’ = percentage of gates of the electronic
devices changing state for a given clock

cycle.
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V o (k x F), where V32V2V3 where "k" is a
constant less
than one when voltage scaling is

performed outside a voltage range
defined below.

Equation 2 is a linearized approximation.

Thus, according to Equation 1, a ten percent decrease (10%) in voltage
constitutes a nineteen percent (19%) decrease in power since C x
(0.90V)2 x F x Act = (0.81) x Power.

Referring now to Figure 2b, an illustrative graph of the power
saving realized by an electronic device by performing combined
voltage and frequency scaling is shown. Similar to Figure 1, the
electronic device is operational within a voltage range 20 which is
defined between point A (minimum operating voltage of the
electronic device) and point B (maximum operating voltage).
Furthermore, to be consistent with Figure 1, points C and D represent
the operational frequency of the electronic device at power levels P1
and P2, respectively. Thus, in the present invention, by decreasing the
operational frequency and voltage of the electronic device (at point C)
by slightly more than three percent (to point D), the power consumed
by the electronic device is decreased by approximately ten percent
(10%) since

C x (0.966V)2 x (0.966F) x Act = (0.901) x Power.

Clearly, while the realized power savings is generally
equivalent to that obtained through the conventional frequency
reduction technique, the operating frequency of the electronic device



WO 97/ 12329 PCT/ US96/ 15485 - 4-
frequency scaling on the-eleectenrte—devrece—provided—at feast one of two . ..
conditions occurs. For exanple, a first condition is where the tenperature

of the electronic device is detected to have exceeded a thermal band. A

second con%&%'; where the el ectronic device is detect W@ﬁﬁl e for

a sel ected percentage of power-on tinme. BRI EF DESCRI PTI ON W NGS
The features and advantages of the present invention will beconme apparent
fromthe follow ng detail ed description of the present invention in which:
Figure 1 is an illustrative diagramof theoretical power savings realized
by a conventional frequency reduction tec_g_ni que. Figure 2a is an
illustrative diagramof the theoretical "squared" relationship between

voltage and powegis giminished only three percent (3%) rather than ten percent (10%).
' It is contemplated that voltage and frequency scaling may occur in the
voltage range 20, however only frequency scaling may occur for the
electronic device along a low-voltage range 30 up to point A. This is
due to the fact that voltage scaling in the low-voltage range 30 would
cause the electronic device to become inoperative.

Referring to Figure 3, one embodiment of a power control
circuit employed within a computer system to control power
consumption by an electronic device {e.g., a microprocessor) is
fllustrated. Although the electronic device is shown as a
microprocessor because of its reputation of being one of the main
power consuming chips within a computer system, the power control
circuit is capable of controlling power consumption by other types of
electronic devices such as controllers.

The computer system 100 comprises a central processing unit
(“CPU") 110, a system controller 120, a system bus 130, thermal
comparison logic 140, an input/output (“1/0”) controller 150, a clock
generation circuit 160 and a power supply circuit 170. After the
computer system is powered-on and the user has selected a software
application from main memory, mass storage memory device (e.g.,
IDE device) or an external disk drive to perform a certain task, the I/O
controller 150 is configured by thermal management software stored
within the CPU 110 to facilitate voltage and frequency scaling of the
CPU 110 if at Jeast one of two conditions occurs; namely, the
temperature of the CPU 110 exceeds a thermal band or the CPU 110 is
experiencing excessive idle time. The “thermal band” is represented
by an absolute hardware limit (requiring immediate device shut-off if
exceeded) and programmable software upper and lower limits. These
software limits represent thermal limits where, if exceeded,
“throttling” (i.e., decreasingly scale voltage and frequency) or “de-
throttling” is recommended.
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‘di agram of a power control circuit of the present invention enployed wthin
a standard wesgIge®® systemincluding an i nput/output ("l/ gTUsenssss| er, a
cl ock generation circuit and a power supply circuit. Figure 4 is an
illustrative block diagramof a plurality of registers enployed within the
|/O controller to store information to enable the clock generation circuit
to performfrequency scaling and the power supply circuit to perform

vol tage scaling. Figure 5 illustrates the -Bperations perforned by the
present invention to optinmally reduce power consunption by the electronic

devi ce through vol t ag@saslbvin el teanpetanirel senging component (e.g., thermistor
and the like) 111 is coupled to a processor die 112 of the CPU 110 in
order to monitor the temperature of the processor die 112 through
thermal dissipation results, and to detect when the temperature has
exceeded the thermal band. Thereafter, the temperature sensing
component 111 transmits an analog signal to the thermal comparison
logic 140 via control line 113. The thermal comparison logic 140
receives the analog signal and converts it into a digital signal which is
input into the 1/0 controller 150 via a temperature control line 141.
This digital signal, when asserted, indicates to the I/O conftrolier 150
that the CPU 110 is operating at a temperature outside its thermal
band. As a resuit, the I/0 controller 150 needs to perform an

operation to reduce the temperature of the processor die 112 within
the CPU 110.

To reduce the temperature of the processor die 112, the 1/0
controller 150 programs a register 164 within the clock generation
circuit 160 by propagating user-configured, programmable information
stored within the I/O controller 150 into the register 164 via control
line 151. The programmed information indicates how much (usually
in a percentage value) the operating frequency of the clocking signal,
supplied to at least the CPU 110 by the clock generation circuit 160 via
clock lines 161, is to be altered. In some CPU implementations as
shown, the clocking signal utilized by the system bus 130 must bear a
fixed relationship with the clocking signal input into the CPU 110 (i.e.,
CPU clock). As a result, the clocking signals of the system controller
120 and the system bus 130 are reduced in proportion to the CPU dock.
The clock gencration circuit 160 monitors the value of the register 164
and appropriately modifies the frequency of the clocking signals
transferred through clock lines 161-163.

After determining that the operating frequency has been
reduced though any well known technique (e.g., signaling, preset
delay time, etc.}, the 1/O controller 150 generates a voltage
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As noted in Equdineold?. IThenpgowebsupply curguitd 70 dncludesya switchingrmegulaor ces

(e.g., OMXS), theardid & prbyrammable regulator 172. Although not shown, the

) power supply circuit 170 includes a sensing circuit to indicate to the

170 controller 150 whether power is provided to the computer system
100 from a wall socket or from a battery source. The programmable
regulator 172 receives the voltage modification control signal from the
I/0 controller 150 which indicates the amount of CPU core voltage,
which is transferred to the processor die 112 by the programmable
regulator 172 through power line 173, is reduced. The switching
regulator 171, however, is unaffected by the voltage modification
control signal and continues to provide power (3.3V, 5V, 12V, etc.) to
power planes of the computer system 100.

Thus, in order to optimally diminish power consumption by
the CPU 110 without disproportionate sacrifice of its speed, the CPU
110 first experiences frequency reduction and then voltage reduction.
This order of scaling guarantees that the CPU 110 does not experience
failure. However, it is contemplated that de-throttling the CPU 110
(i.e., increasing its voltage and frequency) requires the CPU core
voltage to be appropriately increased before the operating frequency is
increased.

The second condition, i.e., the CPU is experiencing excessive
“idle” time, typically occurs when the computer system 100 is running
a software application that does not require optimal performance of
the CPU 110 such as, for example, various legacy software applications,
word processing programs, etc. Thus, power consumption can be
optimally reduced by monitoring the amount of idle time experienced
by the CPU 110.

It is well known in the art that power management software
such as Advanced Power Management (“APM”) software, which is
stored within the main memory of the computer system and operates
transparently to the user, monitors whether the CPU 110 is idle or is
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performing useful computations. When the CPU 110 is idle, the
power management software in one implementation generates a
HALT instruction and causes the CPU 110 to produce a halt
acknowledgment cycle. The halt acknowledgment cycle is propagated
through the system controller 120 onto the system bus 130. Upon
detecting that the CPU 110 is producing the halt acknowledgment
cycle, the I/O controller 150 sets its halt cycle detect (*“HCD") storage
element as shown in Figure 4. Thereafter, the power management
software periodically scans the HCD storage element and in the event
that the HCD storage element is set frequently (e.g., at least
approximately five to ten percent 5%-10% of its run time), the
computer system is throttled lo perform voltage and frequency scaling.
In such case, the I/0 controller 150 performs the voltage and frequency
scaling operations in the same manner as discussed above with respect
to the first condition.

Some implementations do not generate a halt instruction but,
instead, save power by other means (e.g., frequency scaling). In such
cases, the HCD storage element 155 is modified in obvious ways to
detect such other means.

Referring now to Figure 4, an embodiment of the 1/0 controller
150 is shown. The [/O controller 150 includes the HCD storage
element 155, a clock speed (“CS”) storage element 156 and a CPU core
voltage (“CCV”) storage element 157. The HCD storage element 155
preferably is a single bit register indicating dynamically how frequently
the CPU is in normal or idle state. More specifically, the HCD storage
element 155 is set when the CPU is idle and is reset when the CPU is
in its normal operating state. Thus, power management software
requests the 1/0 controller 150 to perform voltage and frequency
scaling when the HCD storage element 155 is frequently set and return
the CPU to its maximum operating frequency and corresponding
voltage when ;he HCD storage element 155 is frequently reset.
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percent (19% decrease in power since Cx (0.90V)[err] x F x Act = (0.81) x
Power. Referring nowto Figure 2b, an illustrative graph of the power
saving realized by an el ectronic device by perform ng conbined vol tage and
frequency scaling is shown. Simlar to Figyre 1, the electronic device is
operational within a voltage range 20 which is defined between point A

(m ni-mum operating VOIIIhg%PS scg)rz{[ggeelement 156 is configured as a “n” bit register
("n” being an arbitrary whole number) to incorporate a frequency
slewing constant which is used to throttle the frequency of the CPU.
This is accomplished by transferring the frequency slewing constant
from the CS storage element 156 into the register 164 of the clock
generation circuit. Similarly, the CCV storage element 157 is
configured to incorporate a voltage slewing constant which is used to
incrementally :hrottle the CPU core voltage provided by the power
supply circuit. The voltage slewing constant is transferred into the
programmable regulator of the power supply circuit as shown in
Figure 3.

Referrinyg now to Figure 5, an illustrative flowchart featuring
the operational steps of the present invention is shown. In Step 200,
the temperature of the electronic device is monitored to ascertain
whether it has exceeded the thermal band. If the predetermined
thermal threshold has been exceeded, the electronic device undergoes
both voltage and frequency scaling to reduce its power consumption
(Step 225) or if the imposed low thermal band is exceeded, the device
is capable of operating at a higher voltage and frequency. If the
electronic device has not exceeded its thermal band, a determination is
made as to wh.ether the electronic device is receiving alternating
current (“AC”) power from a conventional wall socket or is receiving
direct current (“DC”) power through a battery power supply (Step 205).
If the electronic device is receiving power from the conventional wall
socket, no voltage and frequency scaling is performed on the electronic
device as shown in Step 230, provided the condition according to Step
200 is not met.

Alternatively, if the clectronic device is receiving power from
the battery power supply, a determination is required as to whether
the user has enabled at least one of two power saving modes to reduce
power consumption by the electronic device. The first power mode to
be checked is whether the hardware product is in “De-turbo mode”
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(Step 210). In De-turbo mode, the user selectively sets (in user setup) a
desired operating frequency of the electronic device to be less than the
maximum operating frequency. This can be performed in laptop
computers by depressing a switch located on the computer. If the
hardware product employing the electronic device is in De-turbo
mode, the voltage and frequency of the electronic device is
appropriately scaled as configured (Step 225).

However, if that hardware product is not configured to support
the De-turbo mode, a second determination is made as to whether the
user has enabled a second power saving mode referred to as a
“Demand Non-Linear Throttling” (“DNLT”) mode (Step 215). In this
mode, if enabled by the user, software will transparently alter the
voltage and frequency of the electronic device based on amount of idle
time experienced by the electronic device (Step 225), provided the
conditions associated with Steps 200 and 210 do not indicate the
contrary. If the DNLT mode is disabled, no voltage and frequency
scaling is performed. Otherwise, when DNLT mode is enabled and
the electronic device is frequently experiencing idle time thereby
indicating that the device is being utilized 1o its full capability, voltage
and frequency scaling is performed on the electronic device until it is
operating at its maximum capability (Steps 220, 225). In the event that
the DNLT motie is enabled and the electronic device is operating at its
full capability, no voltage and frequency scaling is performed on the
electronic device (Steps 220, 230). This process is continued to monitor
the electronic device to optimize its performance and especially reduce
its power consumption.

The present invention described herein may be designed in
many different embodiments evident to one skilled in the art than
those described without departing from the spirit and scope of the
present invention. The invention should, therefore, be measured in
terms of the claims which follow.
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1 A power control circuit adapted for an electronic device
comprising:

a thermal detection circuit configured to monitor a
temperature of the electronic device and to produce a signal
when the electronic device has exceeded a thermal band;

a controller, coupled to said thermal detection circuit,
configured to receive said signal when the electronic device has
exceededd said thermal band and to output a plurality of control
signals to commence voltage and frequency scaling of the
electronic device;

a clock generation circuit, coupled to said controller,
configured to scale an operating frequency of a clocking signal
supplied to at least the electronic device; and

a power supply circuit, coupled to said controller,
configured to scale a voltage supplied to the electronic device.

2. The power control circuit according to claim 1, wherein
said thermal detection circuit includes

a temperature sensing device coupled to the electronic
device; and

tl.ermal comparison logic, coupled to said temperature
sensing device and said controller, to receive said signal from
said temperature sensing device and to digitize said signal into
a digita! control signal which, when asserted, indicates that the
electronic device has exceeded said thermal band.

et Has Been Replaced
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vol tage and frequency scaling of the| GRS SHEDT HAS 8Exd ¢ast_one of two
conditions occurs; nanely, the tenpef aturﬁﬁ%ﬁcﬁme CP 110 exceeds a ther nal

band or the CPU 110 is experienci ng ' Imum[‘ﬂ'm”ﬂmd
I's represented by an absolute hardware Iimt (requiring
shut-of f if exceeded) and programmabl e sof-i4vare upper and*l ofer" | i t’s. *

These software limts represent thermal limts where, if exceeded,
th hroti[! ing" (i.e., dexreasTigpoweeddrirol tircaficaceorliihg 26 ¢RiMRY2, Whereilt-
throttling”

'S T e UERNGHer includes a clock speed storage element and a core
voltage storage element.

4. The power control circuit according to claim 3, wherein
upon receiving said asserted digital control signal, said controller
transfers a first control signal of said plurality of control signals, being
the contents of said clock speed storage element, into said clock
generation circuit causing said clock generation circuit to reduce said
operating frequency of said cluck signal supplied to the electronic
device.

5. The power control circuit according to claim 4, wherein
after reducing said operating frequency of said clocking signal supplied
to said electronic device, said controller transfers a second control
signal of said plurality of control signals, being the contents of said
core voltage storage element, into said power supply circuit causing
said power supply circuit to reduce said voltage supplied to the
electronic device.

6. The power control circuit according to claim 1, wherein
said controller further detects whether the electronic device is idle for
at least a predetermined percentage of its run time and in response
outputs said piurality of control signals to commence voltage and
frequency scaling of the electronic device.

7. A power control circuit for an electronic device
comprising:
control means, coupled to the electronic device, for
detecting whether said electronic device is idle for a
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' t—¢e-g., tnermstor and.the.like). .
1l is coupled to a processor die 112 of the CPU 110 in order to nonitor
t he terrperature of the processor die 112 through thermal dissipation

results, ect when the terrperature has exceeded t band.
Thereafter g’Pn"gn?’gérperature sensi ng c fr (])% nsmtﬁm‘%

d
signal to the ther mal conpari son Iogl E& I line 113... The
t hermal conparison | ogic 140 receive the anzﬁ 0Qq_sigdal and converts i t

into a digital signal which is input |ntotheI/OcontroII ﬂ I
tenperature control line 141. This digital |gnal when aslmluﬂ "\i mmu“ul%
to the I/O controller 150 that the CPU 110]|s operatlng at ‘& temper &t ute *

outside its thermal band, As a resuit, the I/O_g.ontrg 5&!150 needs to

perform an operation P6° qdeteyrpinetl pereetitage of ¢ rundime f REIEONC gi e 112
within the CPU 110. Tderizdand fohoutputtioga phuality Qﬂcenp‘nbs:gnsbrtodl e 112, the

170 commence voltage and frequency scaling of the electronic
device when said electronic device is idle for said
predetermined percentage of said run-time;

clock means, coupled to said control means, for scaling
an operating frequency of a clock signal supplied to at least the
electronic device; and

power means, coupled to said control means, for scaling a
voltage supplied to the electronic device.

8. The power control circuit according to claim 7, wherein
said control means includes a clock speed storage element, a core
voltage storage element and a halt cycle detect storage element.

9. The power control circuit according to claim 8, wherein
said halt cycle detect storage element is a one-bit register.

10. The power control circuit according to claim 9, wherein
upon detecting said halt cycle detect storage element is set, said control
means transfers a first control signal of said piurality of control
signals, being the contents of said clock speed storage element, into
said clock means causing said clock means to reduce said operating
frequency of said clock signal supplied to the electronic device and a
second control signal of said plurality of control signals into said
power means to reduce said voltage supplied to the electronic device.

11, The power control circuit according to claim 7 further
comprising thermal detection means for monitoring a temperature of
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controller 150 prograns a register 164 within the clock generation circuit
160 .by propagating user-configured, programmable information stored w-thin- -
the /O controller 150 into the register 164 Vi a control line 151. The

progranmmed i nformation indicates how rrr(u
t he operati ryodraygency of the cl ocki 6”%?
CPU 110 by the clock generation circyit 1

Ustatty a percentage val ue)
IHASsﬁippl I ed t pCRUSYeBEES t he
C80cl ocK lines 161, is to be

altered. in sone CPU inplenentations as shown, TNE

tocking signal utilized

by the system bus 130 nust bear a fixed rel ations'fg‘ispavvir tegmmlm“mn“ﬂﬂ ”m

signal input into the CPU 110 (i.e., CPU clock)
signals of the systemcontroller 120 and t-hé system bus 130 ate lreduced tn
proportion to the CPU clock. The clock generation circuit 160 nonitors the

val ue of the regitheaslectfohiakidviteandpthi produye aG

aBtlirial adhehhefdlattonicy of the

cl ocki ng signals aé\ﬁ@i\%é gﬁgqg&nﬂl 5dl I nes 161-163. After determ ning

that the operating frequency been re uced t hough any well known

techni que (e.g.,

si gnal i ng, preset delay tinme, etc.), the 1/ O controller

150 generates a vol tage

12, The power control circuit according to claim 11, wherein
said thermal detection means includes

sensing means, coupled to said electronic device, for
sensing said temperature of the electronic device; and

comparison means, coupled to said sensing means and
said control means, for receiving an analog temperature signal
from said sensing means and for digitizing said signal into a
digital control signal which, when asserted, indicates that the
electronic device has exceeded said thermal band.

13.  The power control circuit according to claim 12, wherein
upon receiving said asserted digital control signal, said control means
transfers a first control signal of said plurality of control signals, being
the contents of said clock speed storage element, into said clock means
causing said clock means to reduce said cperating frequency of said
clock signal supplied to the electronic device.

14. The power control circuit according to claim 13, wherein
after reducing said operating frequency of said clock signal supplied to
the electronic device, said control means transfers a second control
signal of said plurality of control signals, being the contents of said
core voltage storage element into said power supply means causing
said power supply circuit to reduce said voltage supplied to the
electronic device.

15. A computer system comprising:
a processor configured to process information;
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aodification cont+el—stgrat—to—tthe—power—supply circuit 170 via control.. . ..

| ine 152. The power supply circuit 170 includes a switching regulator 171
and a programmuabl e regul ator 172. Al {hough nqQt shown, the power supply

circuit 1704 s a sensing circulfytepepdycabad p the I I er
150 whet her%ﬁé‘#gjﬁgs provi ded to the} conpgiisghicsgy st en 100 f%%’%? socket

or froma battery source. The prograf 1172 receives the

vol tage nodification control signal fromthe 1/ 0O controll

I ndi cates the anobunt of CPU core voltage, which is transf fm umﬁgm lw
processor die 112 by the progranmabl e regHITgtor 172 throug pewe

is reduced. The switching regulator 171, however, is unaffected by the

vol tage modi fi cati on contr gl gl angln i QNI BS iid ORI cBRHBlrel® 3V
to transfer said information between said processor and a
system bus;
said system bus configured to transfer said information to
at least one peripheral device coupled to said system bus; and
a power control circuit, coupled to at least said processor
and said system bus, including

a thermal detection circuit configured to monitor a
temperature of said processor and to produce a signal
when said processor has exceeded a thermal band,

a controller, coupled to said thermal detection
circuit, configured to receive said signal when said
processor has exceeded said thermal band and to output a
plurality of control signals to commence voltage and
frequency scaling of the said processor,

a clock generation circuit, coupled to said
controller, configured to scale an operating frequency of a
clocking signal supplied to at least the electronic device,
and

a power supply circuit, coupled to said controller,
configured to scale a voltage supplied to the electronic
device.

16. The compuler system according to claim 15, wherein said
thermal detection circuit of said power control circuit includes

a temperature sensing device coupled to said processor;
and

thermal comparison logic, coupled to said temperature
sensing device and said controller, to receive said signal from
said temperature sensing device and to digitize said signal into
a digital control signal which, when asserted, indicates that said
processor has exceeded said thermal band.

T
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power planes of the conputer system 100. Thus, in order to optinmally

di m ni sh power consunption by the CPU 110 wi t hout disproportionate -- - -
sacrifice of its speed, the CPU 110 fi rst experl ences frequency reduction
*and then vol tage reduction. This ordgr—ef—scatitng rantees that the CPU
110 does notwespEsisence fail ure. HoOwgVEHS SHEETHAS cfﬁgft‘errpl at pOT/UESEI18485
de-throttling the CPU 110 (i.e., incrleasi ®§™ASPyol t 4ge and frequency)
requires the CPU core voltage to be proprratery |ncreased” before " the™
operating frequency is incr eased. The second conditi on,

experiencing excessive idle" time, typically occurs when lmmmm‘q " "’
system 100 is running a software applicati-og that does not+*requiir exop
performance of the CPU 110 such as, for exanple, various |egacy software

appl i cations, word pr qvessm dOTRSERF By st@xhCaccEmyﬁ 16 1B 18) MHerBihi sald can be

OBt L, e R R o e bk Dok e S

element and a core voltage storage element.

18.  The computer system according to claim 17, wherein
upon receiving said asserted digital control signal, said controller
transfers a first control signal of said plurality of control signals, being
the contents of said clock speed storage element, into said clock
generation circuit causing said clock generation circuit reduces said
operating frequency of a clock signal supplied to said processor.

19.  The power control circuit according to claim 18, wherein
after reducing said operating frequency of said clock signal supplied to
said processor, said controller transfers a second control signal of said
plurality of control signals, being the contents of said core voltage
storage element, into said power supply circuit causing said power
supply circuit to reduce said voltage supplied to said processor.

20.  The power conlrol circuit according to claim 15, wherein
said controller of said power control circuit further detects whether
said processor is idle for at least a predetermined percentage of its run
time and in response outputs said plurality of control signals to
commence voltage and frequency scaling of said processor.

21. A computer system comprising

processor means for processing information;

bus means for transferring said information internally
within the computer system; _

system control means for transferring said information
between said processor means and said bus means, said system
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such as Advanced Power Managenent ("APM') software, which is stored within
fhe nmain nenory gf t-he—cerputer—systenramtoperates transparently ta.the ...
user, nmonitors whether the CPU 110 is idle or is WD 97/ 12329

PCT/ US96/ 15485 -10- perform ng useful conputations. Wien the CPU 110 is

I dl e, the power managenent software i Ware lon generates a HALT
i nstructi onVad ¥ ses the CPU 110 toﬁrp')"‘r?% Héé%%%’éiv ckn cycle.
The halt acknow edgnent cycle is prop )he systemcontroller
120 onto the system bus 130. Upon detecting that the CPU 110 is producing
the halt acknow edgnent cycle, the I/O controller 150 set ﬂl’"ﬁummﬂmﬁﬁm
detect ("HCD') storage el enment as shown in Figure 4. Ther &3

managenent software periodically scans th'glgFiCD storage el ement dnd*insthe
event

control means is coupled to said processor means and said bus
means; and
power control means for reducing power consumption
by at least said processor, said power control means includes
control means, coupled to said processor means,
for detecting whether said processor means is idle for a
predetermined pefcentage of a run-time of said processor
means and for outputting a plurality of control signals to
commence voltage and frequency scaling of said
processor means when said processor means is idle for
said predetermined percentage of said run-time;
clock means, coupled to said control means, for
scaling an operating frequency of a clock signal supplied
to at least said processor means; and
power means, coupled to said control means, for
scaling a voltage provided to said processor means.

22. The computer system according to claim 21, wherein said
control means of said power control means of said power control -
means includes a clock speed storage element, a core voltage storage
element and a halt cycle detect storage element.

23.  The computer system according to claim 22, wherein said
_ halt cycle detect storage element is a one-bit register.

24,  The computer system according to claim 23, wherein
upon detecting said halt cycle detect storage element is set, said control
means transfers a first control signal of said plurality of control
signals, being the contents of said clock speed storage element, into
said clock means causing said clock means to reduce said operating
frequency of said clock signal supplied to said processor means and a
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that the HCD storage elenent is set frequently (e.g., at |east
approximately five to ten percent 5% 10% of its run tine), the conputer
systemis throttled to performvoltage and frequency scaling. In such case,
the 1/O controller 150 perforns the lency scaling
operatlons iwo bheasane manner as di s us;sgphggbpxggm\t L respmmmug first
condition. Sone inplenentations do npt gessrrats a halt instruction but

i nstead, save power by other neans ( scal img) T " Tnsuch™

cases, the HCD storage el enent 155 i s' m)dl fied in obvious
such other nmeans. Referring now to Figure 4, an enbodi rren“ |“I

controller 150 is shown. The 1/0O controll e’10-150 I ncl udes
el enent 155, a clock speed ("CS") storage el enent 156 and a CPU core

vol tage ('I'CCl\)f% Ss’e@éxﬁfeoaﬁk@m Bhallst saidl PRarkiiy @ftms@rﬁm&&o aaa pr 8‘3 leJr abl'y
is a single bit register_ indicafi ca he is
in nor malg or idl é’ o X a% esob“ég%ﬂ (ﬁp%ge 5?’1‘?@‘?%5"#‘%?%5&%% e 155 is

set when the CPU is idle and is reset when the CPU is

25.  The computer system according to claim 21, wherein said
power control means further comprises thermal detection means for
monitoring a temperature of said processor means and to produce a
signal when said processor means has exceeded a thermal band.

26. The computer system according to claim 25, wherein said
thermal detection means of said power control means includes

sensing means, coupled to said electronic device, for
sensing said temperature of said processor means; and

comparison means, coupled to said sensing means and
said control means, for receiving an analog temperature signal
from said sensing means and for digitizing said signal into a
digital control signal which, when asserted, indicates that said
processor means has exceeded said thermal band.

27.  The computer system according to claim 26, wherein
upon receiving said asserted digital control signal, said control means
transfers a first control signal of said plurality of control signals, being
the contents of said clock speed storage element, into said clock means
causing said clock means to reduce said operating frequency of said
clock signal supplied to said processor means.

28.  The computer system according to claim 27, wherein
after reducing said operating frequency of said clock signal supplied to
said processor means, said control means transfers a second control
signal of said plurality of control signals, being the contents of said
core voltage storage element into said power supply means causing
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in its normal operating state. Thus, power managenent software requests the
| /O controller 150 to performvolisa ; e HCD
storage elenment 155 is frequently set and return the CPU to its maxi num
operating frequency and correspondi ng vol tage when the HCD storage el enent
155 is freqﬁg | v._reset. WO 97/ 123

PCT/ US96/ 15 %cs st orage el enent | H%96 sHEETTOASE ggg”'d as PETURM/ISESS

regi ster ("n" being an arbitrary whol ¢ nunk@erLacgm i ncprporate-a-frequency ---
sl ewi ng constant which is used to thr'*H-e—J-be—ueqaaEcy f hi S

is acconplished by transferring the frequency sl ew ng con%imﬂﬁmfimwiﬂmm
storage elenent 156 into the register 164_9{_ the cl ock ge cl onl il
Simlarly, the CCV storage elenent 157 is configured to incorporate a
voltage Sl el no CQRE hBfer WS diRniN8 el Bed Bd GBRRYSLIpI Bl 1he PV

core vol tage provi
processor means.

29. A method for control power consumption by an
electronic device, the method comprising the steps of:

determining whether a first condition exists which
requires power consumption by the electronic device to be
reduced;

scaling an operating frequency of a clocking signal
supplied to the electronic device if said first condition exists;
and

scaling a voltage supplied to the electronic device if said
first condition exists.

30. The method according to claim 29, wherein said step of
determining whether said first condition exists includes the step of
determining whether the electronic device is operating at a
temperature greater than a specific thermal band.

31.  The method according to claim 30, wherein the method
further comprises the step of
determining whether the electronic device is coupled to
one of a battery source and a power outlet, wherein
if the electronic device is coupled to said battery
source,
determining whether the electronic device
is experiencing at least a predetermined percentage
of idle time compared to a run-time of the
electronic device,
scaling said operating frequency of said
clocking signal supplied to the electronic device if

t Has Been Replaced’

i



supply circuit. The voltage slew ng constant is transferred into the
programaebl e regul ator of the power supply circuit as shown in Figure 3.
Referring nowto Figure 5 an illustrative flowhart featuring the
operational steps of the present inv In Step 200, the

t enper at ur e W sTt2a29e| ect roni ¢ devi ce} 11 BTt EEEENO] ascer palssshsgser |t
has exceeded the thermal band. If the preag t hermal threshold has
been exceeded, the el ectronic devicek Vol t age and frequency

scaling to reduce its power consunption (Step 225) or if

thermal band is exceeded, the device is capable of oper atmmmﬂmm wmm
vol tage and frequency. If the el ectronic d&i ce has not exceedediit®s S
thermal band, a determination is made as to whether the el ectronic device

is receiving alternating currenthd slaciomiowevick ioexperixeirgnat leastl saidh| |

socket or is receiving direct c ttery power
supply (Step 205). If the el ect H)nl cércll](‘w ccﬁl s r eetlg#\}ld%gg})%vea?af romthe

conventional wall socket, no vol t agesehagsaihvRRse sipplidgoithe per f or med on
the electronic electronic device 1f the electronic device is

experiencing at least said predetermined

percentage of idle time, and

if the electronic device is coupled to said power
outlet, operating the electronic device at said operating
frequency and said voltage.
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device as shown in Step 230, provided the condition according to Step 200

ls—notppt Al t-erpat-i-vely T the el ect roni cTdeviCe TS5 Tecei vi ng power from
the battery power supply JbésnReplaced required as to whether the

user has enabl ed at Ieasfrhl Sg&tt : r saving nodes to reduce power
consurrptioqvﬁ&ji sy €l ectronr‘“\ﬁ lmﬁ first power nodgctpsdeassabecked is
whet her t he hardware produc bo node" — WOOQH-A2329——
PCT/ US9/ 15485 -12- (Step 210). In De-turbo node, the user selectively sets
(in user setup) a desired operating frequency of the—electronic-device to
be | ess than the maxi mum operating fr_eﬂsugncy. This can be performed in
| apt op conputers by depressing a switch |located on the conputer. If the
har dwar e product enpl oying the el gainpebictatvice is in De-turbo
[received by the International Bureau on 21 January 1997 (21.01.97);
original claims 1-7, 10-21 and 24-28 amended;
new claims 32 ~ 35 added: remaining claims unchanged (7 pages) ]

1. A power control circuit adapted for use by an electronic
device comprising:

a clock generation circuit that supplies a scalable clock signal
to the electronic device in response to a first signal;

a power supply circuit that provides a power supply signal
having a scalable voltage to the electronic device in response to the
second signal; and

a controller coupled to said clock generator circuit and said
power supply circuit, said controller generates said first and second
signal in response to an event in order to dynamically control
power usage by the electronic device.

2. The power control circuit according to claim 32, wherein said
thermal detection circuit includes

a temperature sensing device coupled to of the electronic
device; and

thermal comparison logic coupled to said temperature
sensing device and said controller, said thermal comparison logic
receives a signal from said temperature sensing device, compares
said signal to a requisite temperature level and transfers said signal
into said third signal which, when asserted, indicates that the
electronic device has exceeded said thermal band.

3.  The power control circuit according to claim 1, wherein said
controller includes a clock speed storage element and a core voltage storage
element.

4, The power control circuit according to claim 1, wherein said

clock generation circuit reduces an operating frequency of said scalable
clock signal upon receiving said first signal.

mewen sueer (werscee 19) | [ AU



node, the voltage and frequenc of the electronlc device is appropriately
scal ed as configured (S cedf that hardware product is not
configured to support the InH a second determination is nmade as
“to whether the user has e power saving node referred to as a
"Demand Nomnwdbneage Throttling” ("DNLT") node (Step 215). porsseasaspde, jf
enabl ed by the user, software will transparently alter the voltage and
frequency of the el ectroni c device baséd on amount of idle tinme experi enced
by the el ectronic device (Step 225), provided the conditiens-associated
with Steps 200 and 210 do not indicate the contrary. |If the DNLT node is

di sabl ed, no voltage and frequency scaling is perfornmed. O herw se, when
DNLT node is enabled and the electronic device is frequently experiencing

idle tinme ther eb35 [ ”dﬂgx@fﬂd%rtéaﬁhoi F‘Xé&?d edlé]H\dlﬂt\!v}\é?ﬁ%‘ii %Q its full

capability, voltage an uenc a I.n r on t ctronic
devi ce unti IP‘?‘Y@%‘ EFHF?%QQ‘%HCGPﬁ%l nsE%lP SIPF‘PY‘ (‘@(@é‘ , 225). In

the event t fpﬁwéﬁm@l&ﬁmﬁﬁt&r&aﬁhﬁ#émﬂngﬁdqﬁh&yaﬂeaw sualablelelockingi s
operating atyjdihen reduced and upon receiving of said second signal.

6. The power control circuit according to claim 1, wherein said
controller further detects whether the electronic device is idle for at least a
predetermined percentage of its run time and in response outputs said first
and second signals to commence frequency and voltage scaling of the
electronic device.

7. A power control circuit for an electronic device comprising:

control means for detecting whether said electronic device is
idle for a predetermined percentage of a run-time of said electronic
device and for outputting a first and second signals to commence
frequency and voltage scaling of the electronic device when said
electronic device is idle for said predetermined percentage of said
run-time;

clock means for scaling an operating frequency of a clock
signal supplied to at least the electronic device;

power means for scaling a voltage supplied to the electronic
device; and

control means for at least detecting whether the electronic
device is idle for a predetermined percentage of a run-time of said
electronic device and for outputting a plurality of control signals to
commence dynamic frequency and voltage scaling of the electronic
device when idle for at least said predetermined percentage of said
run-time, said control means being coupled to said clock means and
said power means.

8. The power control circuit according to claim 7, wherein said
control means includes a clock speed storage element, a core voltage
storage element and a halt cycle detect storage element.

IllIlIIl Illlll IIIH lIIlI || |I||
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full capability, no voltage and frequency scaling is perforned on the

el-eet+on-e—devi-ee—{Steps—226, 230y Ttrs process 15 continued to nonitor
the electronic device to optimze its performance and especially reduce its

power consunption. The present invention described herein may be designed
in many difgarent genbodi nents evident to one skilled in theraishsdsihagn those
descri bed &@ﬁgﬁmgepartl ng fromthe spirit and scoper—of—“the Ur‘esem

i nvention. The invention should, therefogre, be neas
claims which follow  PCT/US96/1548 - 13- CLAI MB 'gghéepH bl
A power control circuit adapted for use by an el ectro mmﬂ {"]E
9. The power control circuit according to claim 8, wherein said
halt cycle detect storage element is a one-bit register.

10.  The power control circuit according to claim 9, wherein said
clock means reduces said operating frequency of said clock signal upon
detecting said halt cycle detect storage element is set.

11.  The power control circuit according to claim 7 further
comprising thermal detection means for monitoring a temperature of the
electronic device and for producing a signal when the electronic device has
exceeded a thermal band.

12.  The power control circuit according to claim 7, wherein said
thermal detection means includes

sensing means for sensing said temperature of the electronic
device; and

comparison means for receiving a temperature signal from
said sensing means and for digitizing said temperature signal into
said signal which, when asserted, indicates that the electronic device
has exceeded said thermal band, said comparison means is coupled
to said sensing means.

13.  The power control circuit according to claim 12, wherein said
clock means reduces said operating frequency of said clock signal supplied
to the electronic device upon said thermal detection means, asserting said

signal.

14.  The power control circuit according to claim 13, wherein said
power supply means reduces said voltage supplied to the electronic device
after said operating frequency of said clock signal has been reduced.

15. A computer system comprising:
a processor configured to process information;

voaessex e (AET



device conprising: a clock generation circuit to supply a clock signa
havi ng a scal abl e frequency; a power supply circuit to provide a power
supply signal having a scal able voltage; and a controller coupled to said
"cl ock generator circuit and said power supply circuits——sat-d-controtter to
gener ate a WOMM233hd second signal in response to an Veeplti iél;eﬂrdl b edd®
dynam cal ly control power usage by the electronic ' 1 usage
is capabl e of being (i) reduced by detr&asi ng the fri{ ﬁ‘ﬂ‘m;u[m[cl ock
signal followed by the voltage of the power supply si - ncr eased
by increasing the voltage followed by the frequency. 2. The power

control circuit according to claiml further conprising a thermal detection
circuit to nonitor a tenperature of the electronic device and to output a

third signal to said CpBidietn @nttoler cgﬁﬁgﬁx‘eﬁ% asfer4fd infofmation TNe POVer
control circuit a.gectc&;eglnrégldtgmcclwas&r_na%d a\ghystreg{ S;al d
said system bus configured to transfer said information to at
least one peripheral device coupled to said system bus; and
a power control circuit including

a clock generation circuit that supplies a scalable clock
signal to said processor in response to a first signal,

a power supply circuit that provides a power supply
signal having a scalable voltage to said processor device in
response to the second signal, and

a controller coupled to said clock generation circuit and
said power supply circuit, said controller generates said first
and second signal in response to an event in order to
dynamically control power usage by said processor.

16.  The computer system according to claim 35, wherein said
thermal detection circuit of said power control circuit includes

a temperature sensing device coupled to said processor; and

thermal comparison logic coupled to said temperature
sensing device and said controller, said thermal comparison logic
receives a signal from said temperature sensing device, compares
said signal to ascertain whether said processor has exceeded a
thermal band, and transmits said third signal in an asserted state to
indicate that said processor has exceeded said thermal band.

17.  The computer system according to claim 15, wherein said
controller of said power control circuit includes a clock speed storage
element and a core voltage storage element.

18.  The computer system according to claim 15, wherein said
clock generation circuit reduces an operating frequency of a scalable clock

signal upon receiving said first signal. L
R
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thermal detection circuit includes a tenperature sensing device coupled to
the eleoctironic dovi-ser—and—therpat—conmparSom T Uyt Ttoupl ed to0 sai d
tenperature sensing device and said controller, said thermal conparison
[ogic to receive a signal fromsaid tenperature sensing device, to conpare

said signal to a requisite tenperature |evel and to tra{rlksl%?i. I gnal
into said tWPPY? 2s”?’gnal whi ch, when asserted, indicates- ’Pﬁ&ngﬁaact ronic
devi ce has exceeded said ther mal band. 37 _PCT/ US96/ 15485 - 14- 47—

power control circuit according to claim1, wherein sai g améglsl

I ncludes a clock speed storage elenent to cont ain a freqg laceq”
constant used to regulate adjustment of said scal abl e frigfgs I

19. The power control circuit according to claim 18, wherein said
power supply circuit reduces said scalable voltage provided through said
power supply signal upon receiving said second signal.

20. The power control circuit according to claim 15, wherein said
controller of said power control circuit further detects whether said
processor is idle for at least a predetermined percentage of its run time and
in response outputs said first and second signals to commence dynamic
frequency and voltage scaling of said processor.

21. A computer system comprising
processor means for processing information;
bus means for transferring said information internally within
the computer system;
system control means for transferring said information
between said processor means and said bus means, said system
control means is coupled to said processor means and said bus
means; and
power control means for reducing power consumption by at
least said processor, said power control means includes
control means for detecting whether said processor
means is idle for a predetermined percentage of a run-time of
said processor means and for outputting a first and second
signals to commence frequency and voltage scaling of said
processor means when said processor means is idle for said
predetermined percentage of said run-ti
clock means for scaling an operating frequency of a
clock signal supplied to at least said processor means;
power means for scaling a voltage provided to said
processor means; and
control means for at least detecting whether the
electronic device is idle for a predetermined percentage of a
run-time of said electronic device and for outputting a
plurality of control signals to commence frequency and
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and a core voltage storage elenent to contain a voltage sl ew ng constant
used to regul ate adjustnent of said scal able voltage. 5. The power
control circuit according to claim1, wherein said clock generation circuit
reduces said frequency of said scal able clock signal upon receiving said
first signalwo®r12328 The power control circuit accordi ng toPCTRIS%13485Wher ei n
said controller further detects whether the el ectronrc—device isidle for

at | east a predeterm ned percentage of its run ti s &R ti_,g SSRERRePUL PUL S
il

said first and second signals to com*re_nggjrequency . al i ng of
the el ectronic device. 7. A power cofitr mgmoni C
JueMcs of a

ol circuit
devi ce conprising: clock neans for scaling an operat ;
clock signal supplied to at |east the electronic device; power neans for

scaling a vol tage SUppbbmgé&alihgo?he&éke&bﬁc%wi&%hamalﬁ@@ﬂmhaﬁeans for
at | east detecting wheth e electronic devige. s id

rt . e for. a
pr edet er ni ned per cent aﬁaégcﬁre etefpined pergentage gf said run-tune, said control
means being coupled to said clock means and said power

means.

22.  The computer system according to claim 21, wherein said
control means of said power control means of said power control means
includes a clock speed storage element, a core voltage storage element and
a halt cycle detect storage element.

23.  The computer system according to claim 22, wherein said halt
cycle detect storage element is a one-bit register.

24. The computer system according to claim 23, wherein said
clock means reduces said operating frequency of said clock signal upon
detecting said halt cycle detect storage element is set.

25.  The computer system according to claim 21, wherein said
power control means further comprises thermal detection means for
monitoring a temperature of said processor means and for producing a
signal when said processor means has exceeded a thermal band.

26. The computer system according to claim 25, wherein said
thermal detection means of said power control means includes

sensing means for sensing said temperature of said processor
means; and

comparison means for receiving a temperature signal from
said sensing means and for digitizing said temperature signal into
said signal which, when asserted, indicates that said processor
means has exceeded said thermal band, said comparison means is
coupled to said sensing means.

27. The computer system according to claim 26, wherein said

L
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el ectronic device and for outputting a plurality of control signals to

' ' ' 1 tage suppl’i ed
to the electronic device when idle for at |east said predeterm ned
percentage of said run-tinme, said control neans being coupled to said clock
means and sai d power neans. 8. The power control circuigt rding to
claim?7, mh@?%?ﬁxgéid control means includes a cIocK_,peedEgﬁﬁﬁ -eﬁent,
a core voltage storage el enent and a halgt_cycl e detect storage eIe
PCT/ US96/ 15489 - 15- 9. The power control circuit dosdh s
wherein said cl ock means reduces said operating freque |
signal upon detecting said halt cycle detect storage e
The power control circuit according to claim7 further

ock

clock means reduces operating frequency of said clock signal upon said
thermal detection means asserting said signal.

28. The computer system according to claim 27, wherein said
power supply means reduces said voltage supplied to said processor means
after said operating frequency of said clock signal.

32. The power control circuit according to claim 1 further
comprising a thermal detection circuit that monitors a temperature of the
electronic device and outputs a third signal to said controller upon
detecting said event.

33. The power control circuit according to claim 32, wherein said
event detected by said thermal detection circuit includes a condition where
the electronic device has exceeded a thermal band.

34. The computer system according to claim 15, wherein said
power control circuit further comprises a thermal detection circuit that
monitors a temperature of the electronic device and outputs a third signal
to said controller upon detecting said event.

35. The computer system according to claim 34, wherein said
event detected by said thermal detection circuit of said power control
circuit includes a condition where the electronic device has exceeded a
thermal band.
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conprising thermal detection neans for nonitoring a tenperature of the
Ll-estohi-e—dev-ece—and—for—produtTTg a ot gnal_when the el ectroni c device has
exceeded a thermal band. 11. The power control circuit according to claim
10, wherein said thermal detection neans includes sensing neans for sensing
sai d t_errper@‘%bq,ﬁsﬁf the el ectronic device; and conpari son,,g?@@%, 7]
receiving a tenperature signal fromsaid sensing neans and tor Algltizing
said tenperature signal into said signal which,-when asserted, indicates
that the electronic device has exceeded said thernmal band, said conparison
means i s coupled to said sensing neans. 12. The power control circuit
according to claim 11, wherein said cl odid4neans reduces said operating
frequency of said clock signal supplied to the electronic device upon said
thermal detection nmeans asserting said signal. 13. The power control
circuit according to claim12, wherein said
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power supply means reduces said voltage supplled to the electronlc deV|ce
after: sala operaring frequency of —sara-trock—sTgmat—as—been—reduced. 14.
A.conmput er system conprising: a processor; and a power control circuit
coupled to the processor, the power control circuit including a clock

gener ati on evoeumidaet 0 supply a cl ock signal PCT/ US96/ 1% %(g havi ng a
scal abl e frequency to said processor in response to a firs %f ?“ a power
supply circuit to provide a power supply signal having a scal abl e voltage
to said processor in response to a second signal, and
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a controller coupled to said clock generation circuit and said power supply
citTcuit, sald controffer to generate sard T rst—and—second—s+griat—
response to an event in order to dynamcally control power usage by said
processor, the power usage is capable of being either increnentally

i ncreased orwoasagmsed in order to obtain a desired tradeoff between
performance and power usage by the processor. 15. The co 896454850 m
according to claim 14, wherein said power control circuit further conprises
a thermal detection circuit to nonitor a tenperature of the electronic
device and outputs a third signal to said controller upon detecting said
event. 16. The conputer system accordi ng3f#p claim 15, wherein said event
detected by said thermal detection circuit of said power control circuit
includes a condition where the electronic device has exceeded a therma
band. 17. The conputer systemaccording to claim 16, wherein said thernal
detection circuit of said power control circuit includes
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a tenperature sensing device coupled to said processor; and thermnal
conparison togrc couptred—to sardt t f -
controller, said thermal conparison logic to receive a signal fromsaid
tenperature sensing device, to conpare said signal to ascertain whether
sai d proceswyoiagoeexceeded said thernmal band, and to transmt said third
signal in an asserted state to indicate that said procesdenW§§&y¥$§eded
said thermal band. PCT/ US96/ 15485 -17- 18. The conputer system
according to claim 14, wherein said controller of said power control
circuit includes a clock speed storage elenent and a core voltage storage
el enment. 19. The conputer system accordi4gmg to claim 14, wherein said

cl ock generation circuit reduces the frequency of the clock signal upon

FIG. 5

BAND BEEN
EXCEEDED
?

_HIGH

L0585

RECEIVING YES

WALL
POWER
?

IS
COMPUTATION
USING ALL
CPU RUN
TIME?

YES
. | 225 '
RUN DEVICE 230
AT “SLOWER" RUN DEVICE
SPEED WITH AT “FASTER"
DECREASING SPEED WITH
VOLTAGE 'Ngggusmc
AGE




PV 7011040,

receiving said first signal. 20. The conputer system acco to cl ;
19, wherein said power supply circuit reduces said scal abl m& 189rﬂEC 97
provi ded t hrough said power supply signal upon receiving said second

signal. 21. The conputer system according to claim14, wherein said
controller of said power contrel circuit further detects whether said
processor is idle for at |east a predeterm ned percentage of its run tine
and in response outputs said first and_ggcond signals to comence dynam c
frequency and voltage scaling of said processor. 22. A conputer system
conpri sing processor neans for procesg§i snfornatlon bus nmeans for
transferring said infornmation |ntern§$¥gﬂ%rthln the conputer systeny system
control ne at & claimedfisi ri ng sai d i nformati on between said processor

means and said bus nmeans, said systemcontrol neans is coupled to said
processor neans and said bus neans; and

1. A power control circuit adapted for use by an electronic
device comprising:

a clock generation circuit to supply a clock signal having a
scalable frequency ;

a power supply circuit to provide a power supply signal
having a scalable voltage ; and

a controller coupled to said clock generator circuit and said
power supply circuit, said controller to generate a first and second
signal in response to an event in order to dynamically control
power usage by the electronic device, the power usage is capable of
being (i) reduced by decreasing the frequency of the clock signal
followed by the voltage of the power supply signal or (ii) increased
by increasing the voltage followed by the frequency.

2. The power control circuit according to claim 1 further
comprising a thermal detection circuit to monitor a temperature of the
electronic device and to output a third signal to said controller upon
detecting said event.

3. The power control circuit according to claim 2, wherein said
thermal detection circuit includes

a temperature sensing device coupled to the electronic device;
and

thermal comparison logic coupled to said temperatuge
sensing device and said controller, said thermal comparison logic to
receive a signal from said temperature sensing device, to compare
said signal to a requisite temperature level and to transfer said
signal into said third signal which, when asserted, indicates that the
electronic device has exceeded said thermal band.

* [ L M S *
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- power control neans for reducing power consunption by at sai d ,
processor, said power control nmeans includes clock nmeans f nngnUEC 97

~operating frequency of a clock signal supplied to at |east sald processor
means, power neans for scaling a voltage provided to said processor neans,
and control means for at |east detecting whether the PCT/ US96/ 15485 -18-
el ectronic device is idle for a predeterm ned percentage of a run-tinme of
said electronic device and for outputti a plurality of control signals to
commence frequency and voltage scaling of" the processor nmeans when idle for

at least said prgdet erﬂenegw%r E:ggl}o?gﬁ-cgft aségcl)rdngg r%otciarrl'rﬁ;‘!i 1, {avlh%recngn;arlgl
controller_includes a clock speed storage element to contain a frequency
slewing constant used to reguléte adjustment of said scalable frequency
and a core voltage storage element to contain a voltage slewing constant

used to regulate adjustment of said scalable voltage.

5. The power control circuit according to claim 1, wherein said -
clock generation circuit reduces said frequency of said scalable clock signal
upon receiving said first signal.

6. The power control circuit according to claim 1, wherein said
controller further detects whether the electronic device is idle for at least a
predetermined percentage of its run time and in response outputs said first
and second signals to commence frequency and voltage scaling of the
electronic device.

7. A power control circuit for an electronic device comprising:

clock means for scaling an operating frequency of a clock
signal supplied to at least the electronic device;

power means for scaling a voltage supplied to the electronic
device; and

control means for at least detecting whether the electronic
device is idle for a predetermined percentage of a run-time of said
electronic device and for outputting a plurality of control signals to
commence dynamic scaling of said operating frequency and voltage
supplied to the electronic device when idle for at least said
predetermined percentage of said run-time, said control means
being coupled to said clock means and said power means.

8. The power control circuit according to claim 7, wherein said
control means includes a clock speed storage element, a core voltage
storage element and a halt cycle detect storage element.

* c L ;] S *
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means bei ng coupled to said clock neans and said power . The 'y
conput er system according to claim22, wherein said contro f s\ﬁiutla 97
power control neans of said power control neans includes a clock speed
storage elenent, a_core voltage storage el enent and a halt cycle detect
storage elenment. 24. The conputer system according to claim 22, wherein

sai d power control neans further conprises thermal detection neans for
nonitoring a tenperature of said procesgor means and for producing a signal
when sai d processor nmeans has exceeded & thermal band. 25. The conputer
system according to aim24. wherein said thermgl detecgtign neans ,of said
pgwer contr ol ans i 61'Hagfr§gﬂ§ﬁ°§§1rﬁ§§na§cégﬁnggﬂsﬁw art etrglr?p%q’lgture of
sai d proceskmk means reduckscaigp apestingriequeficy of saidi clodgsignabopenat ur e

ai d procestak means r quetcy of suidiclocigsigrméuponat ure
nio sai 0 CoREPE Rk R0 el plebef bR 9600, oo O pr ocoscor

10.  The power control circuit according to claim 7 further
comprising thermal detection means for monitoring a temperature of the
electronic device and for producing a signal when the electronic device has
exceeded a thermal band.

s

11.  The power control circuit according to claim 10, wherein said
thermal detection means includes

sensing means for sensing said temperature of the electronic
device; and |

comparison means for receiving a temperature signal from
said sensing means and for digitizing said temperature signal into
said signal which, when asserted, indicates that the electronic device
has exceeded said thermal band, said comparison means is coupled
to said sensing means.

12. The power control circuit according to claim 11, wherein said
clock means reduces said operating frequency of said clock signal supplied
to the electronic device upon said thermal detection means asserting said

signal. -

13. The power control circuit according to claim 12, wherein said
power supply means reduces said voltage supplied to the electronic device
after said operating frequency of said clock signal has been reduced.

14. A computer system comprising;:
a processor; and
a power control circuit coupled to the processor, the power
control circuit including
a clock generation circuit to supply a clock signal

L
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means has exceeded said thermal band, said conparison rregrgr‘(g ?ppe/léha!
sai d sensing neans. 26. The conputer system according to fE ﬁgj w

5aid cl ock means reduces operating frequency of said cleck ﬁ_ﬁ sal d
thermal detection neans asserting said signal. 27. The conputer system
according to claim 26, wherein-said PCT/ US96/ 15485 -19- power supply

nmeans reduces said voltage supplied to said processor neans after said

operating frequency of said clock signglg. 28. A nethod for control power
consunption by an electronic device, the method conprising the steps of:

det ermi ni ng whet her 6hafv'urlgm cgl(}e éh‘éaugﬁ ws%fﬁcﬁécésesgwlﬁ?ésmrto a

consunption by the electr Vi ce
first signal,

a power supply circuit to provide a power supply
signal having a scalable voltage to said processor in response
to a second signal, and |

a controller coupled to said clock generation circuit and
said power supply circuit, said controller to generate said first
and second signal in response to an event in order to
dynamically control power usage by said processor, the power
usage is capable of being either incrementally increased or
decreased in order to obtain a desired tradeoff between
perforinance and power usage by the processor.

15.  The computer system according to claim 14, wherein said
power'control circuit further comprises a thermal detection circuit to
monitor a temperature of the electronic device and outputs a third signal
to said controller upon detecting said event.

16.  The computer system according to claim 15, wherein said
event detected by said thermal detection circuit of said power control
circuit includes a condition where the electronic device has exceeded a
thermal band.

17.  The computer system according to claim 16, wherein said
thermal detection circuit of said power control circuit includes
a temperature sensing device coupled to said processor; and
thermal comparison logic coupled to said temperature
sensing device and said controller, said thermal comparison logic to
. receive a signal from said temperature sensing device, to compare
said signal to ascertain whether said processor has exceeded said
thermal band, and to transmit said third signal in an asserted state
to indicate that said processor has exceeded said thermal band.
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scaling an operating frequency of a clocking signal supp t
el ectronic device if said first condition exists; and sc El ol%gggtu 'g’
supplied to the electronic device subsequent to scaling the opéerati

frequency if said first condition exists. 29. The nmethod according to
claim 28, wherein said step of -determ ning whether said first condition

exi sts includes the step of determ ning whether the electronic device is
operating at a tenperature greater thanwa specific thermal band. 30. The
met hod according to claim29, -wherein {#€ nethod further conprises the step
of determ ning whether the electronic device is coupled to one of a battery
source and a powdr outherompitersyptem agserdingctordaim 1dewheseinssaidupl ed to

sai d bat t elcyntrlles of sdRl poWiedicoatidl eireait ihBlaides aciibe cbi?eéi?,\!ﬂ(ﬁﬁgé S
experi enci edet er m ned Efrcent age of idle tine Conpared to a

ng at eaat a #)r ]
run-ti me of 'YRENERRE T S VARG RIOTREFISRFNYai d operating frequency of said
cl ocki ng
19.  The computer system according to claim 14, wherein said
clock generation circuit reduces the frequency of the clock signal upon
receiving said first signal.

20. The computer system according to claim 19, wherein said
power supply circuit reduces said scalable voltage provided through said
power supply signal upon receiving said second signal.

21.  The computer system according to claim 14, wherein said
controller of said power control circuit further detects whether said
processor is idle for at least a predetermined percentage of its run time and
in response outputs said first and second signals to commence dynamic
frequency and voltage Scaling of said processor.

22. A computer system comprising
processor means for processing information;
bus means for transferring said information internally within
the computer system;
system control means for transferring said information
between said processor means and said bus means, said system
control means is coupled to said processor means and said bus
means; and
power control means for reducing power consumption by at
least said processor, said power control means includes
clock means for scaling an operating frequency of a
clock signal supplied to at least said processor means,
power means for scaling a voltage provided to said
processor means, and
control means for at least detecting whether the

A
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si gnal supplled to the electronic device if the el ectronlclpié e | nEcyg?
experiencing at |east said predeterm ned percentage of idl xdél ﬁhg
'scaling said voltage supplied to the electronic device if the electronlc
device is experiencing at |east said predeterm ned percentage of idle tine,
and if the electronic device is coupled to said power outlet, operating the
el ectronic device at saird operating frequency PCT/ US96/ 15485 -20- and
said voltage. 31. The power control cifguit according to claim2, wherein
said event detected by said thermal deféttion circuit i ncl udes a condition

where the el ectroni c device f(\{:\ exce P thec{ '&
electronic device is 1 or a pre etermme percentage of a

run-time of said electronic device and for outputting a
plurality of control signals to commence frequency and
voltage scaling of the processor means when idle for at least
said predetermined percentage of said run-time, said control
means being coupled to said clock means and said power
means.

23.  The computer system according to claim 22, wherein said
control means of said power control means of said power control means
includes a clock speed storage element, a core voltage storage element and
a halt cycle detect storage element.

24. The computer system according to claim 22, wherein said
power control means further comprises thermal detection means for
monitoring a temperature of said processor means and for producing a
signal when said processor means has exceeded a thermal band.

25.  The computer system according to claim 24, wherein said
thermal detection means of said power control means includes

sensing means for sensing said temperature of said processor
means; and

comparison means for receiving a temperature signal from
said sensing means and for digitizing said temperature signal into
said signal which, when asserted, indicates that said processor
means has exceeded said thermal band, said comparison means is
coupled to said sensing means.

26.  The computer system according to claim 25, wherein said
clock means reduces operating frequency of said clock signal upon said
thermal detection means asserting said signal.

27.  The computer system according to claim 26, wherein said

* [ L ] S *
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"32. A nmethod to control power consunption and perforrramrwsing v /1548’

el ectronic device, the nethod conprising the steps of: +de L Ni ng et '
a first condition exists which necessitates an increase i W&s\%g ﬁﬁc w
the electronic device in order to increase perfornance of the el'€ctronic
device; increasing a voltage supplied to the electronic device if the first
condition exists; and increasing an operating frequency of a cl ocking

signal supplied to the el ectronic devi (‘18 after an increase in the voltage
if the first condition exists. T

power supply means reduces said voltage supplied to said processor means
after said operating frequency of said clock signal.

28. A method for control power consumption by an electronic
device, the method comprising the steps of:

determining whether a first condition exists which requires
power consumption by the electronic device to be reduced;

scaling an operating frequency of a clocking signal supplied to
the electronic device if said first condition exists; and

scaling a voltage supplied to the electronic device subsequent
to scaling the operating frequency if said first condition exists.

29. The method according to claim 28, wherein said step of
determining whether said first condition exists includes the step of
determining whether the electronic device is operating at a temperature
greater than a specific thermal band.

30. The method according to claim 29, wherein the method
further comprises the step of
determining whether the electronic device is coupled to one
of a battery source and a power outlet, wherein
if the electronic device is coupled to said battery source,
determining whether the electronic device is
experiencing at least a predetermined percentage of idle
time compared to a run-time of the electronic device,
scaling said operating frequency of said clocking
signal supplied to the electronic device if the electronic
device is experiencing at least said predetermined
percentage of idle time, and
scaling said voltage supplied to the electronic
device if the electronic device is experiencing at least
said predetermined percentage of idle time, and
if the electronic device is coupled to said power outlet,
operating the electronic device at said operating frequency
[N
A
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and said voltage.

31.  The power control circuit according to claim 2, wherein said
event detected by said thermal detection circuit includes a condition where
the electronic device has exceeded a thermal band.

32. A method to control power consumption and performance of
an electronic device, the method comprising the steps of:

determining whether a first condition exists which
necessitates an increase in power usage by the electronic device in
order to increase performance of the electronic device;

increasing a voltage supplied to the electronic device if the
first condition exists; and

increasing an operating frequency of a clocking signal
supplied to the electronic device after an increase in the voltage if

the first condition exists.
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(57) Abstract

A power control circuit and coresponding technique for reducing power consumption by an electronic device and thereby increasing

performance, The power

contro! circuit comprises a controller (120), a clock generation circuit (160) and a power supply circuit (170).

The controller (120) detects whether a condition exists to scale the voltage and frequency of the electronic device and in esponse, signals
the clock generation circuit (160) to perform frequency scaling on the electronic device and the power supply circuit (170) to perform
voltage scaling on the electronic device. The condition may include a situation where the temperature of the electronic device is detected to
have exceeded a thermal band. The condition may also include a situation where the electronic device is detected to be idle for & selected

percentage of its run time.




