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THERMAL AND POWER MANAGEMENT TO
COMPUTER SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of prior U.S.
Application No. 09/351,051 filed on Jul. 10, 1999, now U.S.
Pat. No. 6,216,235, which is a continuation application of
U.S. application No. 08/914,299 filed on Aug. 18, 1997, now
U.S. Pat. No. 5,974,557, which is a continuation application
of U.S. application No.08/262,754 filed Jun. 20, 1994, now
U.S. Pat. No. 5,752,011, the disclosure of both of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a computing device and,
more particularly, to a method and apparatus for controlling
a processor’s clock frequency.

2. Description of the Related Art

It is known that if no user activity has occurred for a
period of time that a portable computer can be placed in a
suspend or sleep mode. It is also known to suspend or slow
a computer’s processor (e.g., microprocessor, CPU) when
the processor is not actively processing. The following
patents and patent publications are representative of the
current state of the art:

(a) U.S. Pat. No. 5,201,059 discloses a sleep mode which
is activated when control given to BIOS or alternatively by
incorporating some statistical analysis of the frequency of
BIOS calls. In this patent, the sleep mode either stops the
clock or slows it to 4 MHz.

(b) U.S. Pat. No. 5,167,024 discloses a power manage-
ment system for a laptop computer. The power management
system operates to disconnect power sources and/or clock
signals to various peripheral devices to conserve battery
power. The slow mode is entered into when no activity has
been detected for a predetermined period of time.

(c) US. Pat. No. 5,218,704 discloses a technique for
power conservation based on real-time sampling of CPU
activity. The activity is sampled during interrupts and when
it determines that the CPU may rest, a sleep clock is supplied
to the CPU. The detection of an interrupt restores the clock
to the fast rate prior to processing the interrupt.

(d) US. Pat. No. 5,239,652 discloses a technique for
power consumption which disconnects the CPU from the
power supply when control logic determines the CPU is not
actively processing. Thereafter, the CPU is periodically
powered-up to perform housekeeping chores as well as to
determine it normal processing should be resumed.

(e) European patent publication EP-0474963 discloses a
sleep mode controller which lowers the CPU clock speed
when no input/output operation (when keyboard control
routine of BIOS executed no input key data in key buffer, or
when CPU is idle and no input key data in the key buffer)
is performed. The system uses a clock generator circuit
which produces the low clock (4 MHz), the high clock (32
MHz) and a slightly slower high clock (16 MHz). A key-
board controller is used to determine which of the high
clocks is used, with selection being made by the computer
user. The sleep mode controller is disabled if the AC adapter
is connected.

() U.S. Pat. No. 5,230,055 discloses a portable computer
wherein the computer is make inoperable when ambient
temperature or humidity become too high. Here, ambient
temperature and humidity are periodically monitored.
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(g) European patent publication EP-0381021 discloses a
power saving system for a personal computer. The system
operates to allow or stop power to be supplied to an
oscillator based on control data set to a control register via
keyboard or software.

(h) U.S. Pat. No. 5,021,679 discloses a power system for
a portable computer wherein the supply voltage is varied
depending on the current being supplied to the computer by
the power system. Further, a variable-frequency clock is
provided which varies its frequency based on the supply
voltage being produced.

External clocks have been used to provide a computer
system with faster clocks. Here, the faster external clock is
substituted for the internal clock of the computer system.
U.S. Pat. No. 5,134,703 is illustrative of an external clock
unit which supplies a faster clock to a computer without
requiring any hardware changes within the computer.

The problem with all the prior solutions to energy con-
servation is that the processors can still overheat. In
particular, during prolonged processing or activity by a
computer’s processor, the processor will not enter its sleep
mode (if any) and as a result the processor will become hot
and require extensive means to cool the processor to prevent
overheating and eventual failure of the processor. Overheat-
ing and failure of the processor can also occur when the
computer is used in particularly hot environmental
temperatures, the computer’s cooling fan fails, or when
cooling of the processor is otherwise inadequate.

Another problem is that with portable computers, manu-
facturers have to either use a lower clock frequency (lower
than would be used in a comparable desk top computer) for
processing or provide a fan for cooling. A lower clock
frequency is not satisfactory as users want maximum pro-
cessing power just as they get with a desk top computer.
Requiring a portable computer to use a fan for cooling is also
unsatisfactory because it consumes battery energy.

Thus, there is a need for a solution to the above problems
which enables a computing device to maximize its process-
ing speed while, at the same time, preventing overheating.

SUMMARY OF THE INVENTION

Broadly speaking, the invention relates to novel tech-
niques for providing thermal and power management for a
computing device. These techniques facilitate intelligent
control of a processor’s clock frequency and/or a fan’s speed
so as to provide thermal and/or power management for the
computing device.

The invention may be implemented as an apparatus or a
method. According to one embodiment, the invention moni-
tors a processor’s activity and its temperature. When there is
no activity for the processor, a slowed clock frequency is
used, thereby saving power and lowering the thermal heat
produced by the processor. On the other hand, when there is
activity for the processor, a fast clock frequency is used.
However, when prolonged activity (i.e., sustained fast clock
frequency) causes the processor’s temperature to become
dangerously high for proper operation, the clock frequency
is reduced so as to maintain processing speed at a reduced
speed while preventing overheating.

Other aspects and advantages of the invention will
become apparent from the following detailed description,
taken in conjunction with the accompanying drawings,
illustrating by way of example the principals of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the
following detailed description in conjunction with the
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accompanying drawings, wherein like reference numerals
designate like structural elements, and in which:

FIG. 1 is a block diagram of a first embodiment of the
invention;

FIG. 2 is a graph of an example of the relationship of chip
temperature of a microprocessor and frequency of a clock
signal;

FIG. 3 is a block diagram of a second embodiment of the
invention;

FIG. 4 is a block diagram of a third embodiment of the
invention;

FIG. 5 is a block diagram of a fourth embodiment of the
invention;

FIG. 6 is a timing diagram illustrating operation of the
fourth embodiment;

FIG. 7 is a block diagram of a fifth embodiment of the
invention;

FIG. 8 illustrates a schematic diagram of an embodiment
of an activity detector;

FIG. 9 is a block diagram of a sixth embodiment of the
invention; and

FIG. 10 is a block diagram of a seventh embodiment of
the invention.

DETAILED DESCRIPTION OF THE
INVENTION

The invention provides novel techniques for controlling a
processor’s clock frequency so as to prevent overheating. In
addition to preventing overheating, the invention attempts to
maximize the processing speed of the processor. The inven-
tion also operates to conserve the amount of energy con-
sumed by the processor. Preventing the processor from
overheating is important because when a processor over-
heats it no longer operates properly. Conservation of energy,
although of general importance for all computing devices, is
particularly important for portable computing devices.

The invention monitors a processor’s activity and its
temperature. When there is no activity for the processor, a
slow clock frequency is used, thereby saving power and
lowering the thermal heat produced by the processor. On the
other hand, when there is activity for the processor, a fast
clock frequency is used. However, when prolonged activity
(i-e., sustained fast clock frequency) causes the processor’s
temperature to become dangerously high for proper
operation, the clock frequency is reduced so as to maintain
processing speed at a reduced speed while preventing over-
heating.

Embodiments of the invention are discussed below with
reference to FIGS. 1-10. However, those skilled in the art
will readily appreciate that the detailed description given
herein with respect to these figures is for explanatory
purposes as the invention extends beyond these limited
embodiments.

FIG. 1 is a block diagram of a first embodiment of the
invention. In this embodiment, a microprocessor 2 has a
temperature sensor 4 which is integral with the micropro-
cessor 2. The temperature sensor 4 is either integrated within
the Very Large Scale Integration (VLSI) design of the
microprocessor 2 or placed in contact with the housing or
package thereof. In either case, the temperature sensor 4 is
thermally coupled with the microprocessor 2. Because the
temperature sensor 4 is integral or thermally coupled with
the microprocessor 2, the temperature sensor 4 is very
responsive to the temperature changes of the microprocessor
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4

2. The temperature sensor 4 produces a temperature signal 6.
Temperature sensing circuitry is well known and therefore
not further described.

The temperature signal 6 is supplied to a voltage-
controlled oscillator (VCO) 8. The VCO 8 produces a clock
signal 10 which is supplied to a clock input of the micro-
processor 2. The VCO 8 operates to produce different
frequencies for the clock signal 10 depending on the value
of the temperature signal. In this embodiment, the tempera-
ture signal 6 is preferably an analog voltage signal and the
VCO 8 produces the clock signal 10 based on the value of
the analog voltage signal. For example, the temperature
signal could be a voltage ranging from zero to five volts. In
response to the temperature signal 6, the VCO 8 could
produce the clock signal with frequencies ranging from 100
MHz to 1 MHz. The frequency range is a design choice
selected in accordance with the specific microprocessor
being utilized. VCO’s are well known and therefore are not
further described.

FIG. 2 is a graph of an example of the relationship of chip
temperature of the microprocessor 2 and clock frequency of
the clock signal 10. The clock frequency varies between a
maximum frequency (f,.45) and a minimum frequency
(fsn) for given microprocessor. The minimum frequency
(f,n) may be zero if the clock signal 10 is not responsible
for refreshing dynamic memory; otherwise, it cannot fall
below some minimum frequency. Notice that as the chip
temperature increases beyond some threshold temperature
(VTH) (e.g., 120 degrees F.), the frequency of the clock
signal 10 will gradually decrease. By decreasing the clock
frequency in relation to the chip temperature, processing
speed can be maximized for a given temperature without
risking processor overheating. As the chip temperature
become “hot”, the clock frequency is reduced so as to reduce
the thermal heat generated by the microprocessor 2. The
profile of the curve for the clock frequency shown in FIG.
2 is illustrative as other curves may be used. For example,
the frequency of the clock signal 10 could be controlled so
that the chip temperature is maintained in a more limited
temperature range. In any case, the profiles of the curves
decrease the clock frequency as the temperature increases.

FIG. 3 is a block diagram of a second embodiment of the
invention. In this embodiment, the microprocessor 2, tem-
perature sensor 4, the temperature signal 6, the VCO 8, and
the clock signal 10 are similar to those utilized in the first
embodiment. However, this embodiment further includes an
activity detector 12, an activity signal 14, a VCO controller
16, and a control signal 18. The activity detector 12 monitors
the microprocessor 2 and/or some related peripheral device
(e.g., interrupt controller, keyboard buffer, input/output
ports, instruction cache, current instruction, program
counter) to determine when the microprocessor 2 is actively
processing or when processing is needed. In this case, the
detector 12 notifies the VCO controller 16 that processing is
needed with the activity signal 14. On the other hand, when
no activity exists, the detector 12 notifies the VCO controller
16 that no processing is needed with the activity signal 14.
The activity signal is preferably a digital signal having at
least one bit. Activity detection is described in more detail
in U.S. Pat. Nos. 5,201,059; 5,167,024; 5,218,704; 5,239,
652; and European patent publication EP-0474963, which
are hereby incorporated by reference.

The VCO controller 16 receives the activity signal 14 and
the temperature signal 6. In response to these signals, the
VCO controller 16 produces the control signal 18 which
controls the VCO 8. The control signal 18 may be analog or
digital depending on the design of the VCO 8. The basic
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