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An electronic device such as a computer, circuit board, or 
integrated circuit is built including circuitry for receiving 
temperature information. The clock frequency of the elec 
tronic device is varied in response to the temperature of the 
electronic device, thus loWering speed and poWer consump 
tion of the device during periods of higher than normal 
temperature. Alternately, an electronic device such as a 
computer, circuit board, or integrated circuit is built includ 
ing circuitry for receiving poWer supply information. The 
clock frequency and possibly the poWer supply voltage of 
the electronic device is varied in response to the poWer 
supply status of the electronic device, thus loWering speed 
and poWer consumption of the device during periods of 

(51) Int. Cl.7 ..................................................... .. G06F 1/26 loWer than normal poWer supply current capability. 
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SELF ADJUSTING CLOCKS IN COMPUTER 
SYSTEMS THAT ADJUST IN RESPONSE TO 
CHANGES IN THEIR ENVIRONMENT 

FIELD OF THE INVENTION 

[0001] This invention relates generally to the ?eld of 
computer hardware and more speci?cally to the ?eld of the 
automatic adaptation of computer hardWare to its environ 
ment. 

BACKGROUND OF THE INVENTION 

[0002] Modern computer systems typically comprise a 
number of integrated circuits and other active electronic 
devices. These integrated circuits are generally fabricated 
from a semi-conductor material such as silicon and encap 
sulated in an integrated circuit package for attachment to a 
printed circuit board. It is Well knoWn in the art of integrated 
circuits and computer systems that the circuits’ maXimum 
possible performance may be correlated to the temperature 
of the device itself. The temperature of the device is driven 
by the ambient temperature of the air surrounding the 
device, the altitude of the device, air?oW across the device, 
and self-heating of the device itself during operation. Most 
integrated circuits may be operated at higher speeds in a cool 
environment than in a hot environment. When integrated 
circuits are tested, often some portion of the test is per 
formed at an elevated temperature simulating the maXimum 
alloWable temperature during operation in order to provide 
assurance that the circuit Will Work properly at its maximum 
speed in an environment including its maXimum alloWable 
temperature. Often, the same device Will be capable of 
performing properly at greater speeds in environments that 
include temperatures loWer than its maXimum alloWable 
temperature. 

[0003] It is also Well knoWn in the art of integrated circuits 
and computer systems that these electronic devices produce 
heat during their normal operation. Most integrated circuits 
produce more heat at higher operating frequencies than they 
do at loWer operating frequencies. In many computer sys 
tems comprising one or more integrated circuits, cooling 
these integrated circuits is necessary to insure an operating 
environment Within the alloWable temperature range. Cool 
ing may be accomplished in a variety of methods. Many 
computer systems include fans to move air across the 
integrated circuit packages. Some integrated circuit pack 
ages include heat sinks to help dissipate heat from the 
integrated circuit through the package and heat sink and into 
the air moving across the heat sink. Other integrated circuit 
packages, particularly for circuits dissipating large amounts 
of poWer, include channels for Water or another liquid to 
How through the package removing heat from the circuit. 
Still other integrated circuits are cooled by immersion 
cooling, spray cooling, and micro-channel cooling on the 
actual silicon die. 

[0004] In addition to the desire to control the environment 
Within a computer system, there is a desire to control the 
environment surrounding the computer system since the fans 
in a typical computer system simply take air from the 
environment surrounding the computer system and move it 
across the electronic devices. If the air surrounding the 
computer system is very Warm, this Warm air may be all that 
is available to cool the computer system and because of the 
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higher ambient temperature, the devices Within the computer 
system may operate at a higher temperature. When large 
numbers of computer systems are placed in physical proX 
imity to each other, cooling the surrounding air may become 
critical to ensure that the devices inside each of the computer 
systems are operating Within their temperature speci?ca 
tions. Thus, many users of multiple computer systems place 
the computer systems together in one room or area that may 
be cooled sufficiently to alloW operation of all of the 
computer systems Within their temperature speci?cations. 
These special rooms are often called ‘data centers.’ 

[0005] Many data centers include special refrigeration 
equipment that cools the air Within the data center to a level 
insuring the proper operation of the computer systems 
Within the data center. This special equipment is necessary 
since many computer systems produce large amounts of heat 
during operation and Without the additional refrigeration 
equipment, the normal building air conditioning might be 
unable to remove enough of this heat from the air to alloW 
the computer systems to operate Within their temperature 
speci?cations. Other facilities include liquid refrigeration 
equipment plumbed to the computer systems to provide 
liquid cooling to the devices Within the computer systems. 

[0006] Problems arise When portions of this refrigeration 
equipment breaks doWn. The cooling capacity of the refrig 
eration equipment may be reduced and the air Within the data 
center may rise above the maXimum temperature alloWed by 
the computer systems. Most computer systems run at a ?Xed 
clock frequency. When the device temperature of their 
integrated circuits rise, the actual sWitching capacity of the 
integrated circuits sloWs doWn. Since the latches or registers 
of these circuits are clocked at a ?Xed frequency, When the 
sWitching sloWs doWn too far, the latches and registers may 
set before their inputs arrive causing them to store incorrect 
data. This incorrect data may culminate in incorrect results 
or may cause the computer to shut doWn and require a 
reboot. 

[0007] Other data center problems may arise When the 
data center is not properly designed, or is used outside of its 
capabilities. If proper air?oW is not maintained through out 
the data center, some of the computer systems may have a 
higher ambient air temperature than other systems. When 
computer systems are placed in close proXimity to each 
other, it is possible that the air intake of one machine may 
be very near the out?oW of an adjacent machine that may 
?oW hot air into the air intake, causing over-heating. The 
Warmer computer systems may be more prone to failure than 
the cooler systems. 

[0008] Some computer systems include temperature-sens 
ing circuitry controlling fans Within the system. When the 
temperature rises, these systems increase fan speed to better 
cool the electronic devices. As the temperature falls, these 
systems decrease fan speed to save poWer and reduce the 
noise of the system fans. HoWever, these systems can only 
move a limited quantity of air over their circuits and are 
dependant on the outside environment for their cool air. If 
the outside environment is too Warm, it is possible that the 
temperature Within the computer system Will continue rising 
beyond the cooling capability of the system fans. Once the 
internal temperature rises above the maXimum alloWable 
temperature, the computer system may give a Warning and 
then shut itself doWn to prevent computing errors or possible 
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damage to the system. Further, reliability may be reduced 
When computer systems are operated at temperatures outside 
of their ranges. It is Well known in the art that metal 
migration Within integrated circuits increases at elevated 
temperatures and over time. The longer an integrated circuit 
is run at an elevated temperature, the greater the chances that 
a physical failure of the device Will occur. Thus, it is 
desirable to prevent overheating of integrated circuits for 
eXtended periods of high temperature operation Whenever 
possible. 
[0009] Another problem With air-cooled computer sys 
tems is that at high elevations, the air is less dense and 
therefore less efficient in conducting heat aWay from the 
devices. Computer systems must be designed to operate 
properly at high elevations While the vast majority of users 
never operate their computer systems in such an environ 
ment. Thus, a computer system designed to Work at 10,000 
feet elevation may have the ability to perform at a higher 
frequency at sea level due to the better cooling capabilities 
of the dense air at sea level. This computer system used at 
sea level Would then be performing beloW its actual capa 
bilities, depriving the user of some portion of its perfor 
mance capabilities. 

[0010] Many computer systems include eXtra fans to alloW 
a margin of safety in the event of one or more of the fans 
failing. Also, many data centers are designed to include eXtra 
refrigeration capacity alloWing an additional margin of 
safety in the event that one of the refrigeration units fails. 
HoWever, even With these precautions, failures still occur, 
causing the air temperature to rise above the maXimum 
alloWed by the computer systems. In these situations, the 
computer servers may perform improperly or shut doWn and 
require a reboot, causing great difficulty for their users. Also, 
it is possible that a fan failure Would result in a heat rise in 
one part of the system and not another. 

[0011] Along With eXtra fans, some computer systems 
include eXtra poWer supplies to provide sufficient poWer to 
the system should one or more of the poWer supplies fail. 
HoWever, these precautions are very costly and even if used, 
may still not be sufficient to alloW for full performance of the 
computer system in the event of one or more failures. For 
eXample, a system built With one eXtra poWer, may have tWo 
poWer supply failures, and not have sufficient current capa 
bility remaining to poWer the system at maXimum perfor 
mance. 

SUMMARY OF THE INVENTION 

[0012] An electronic device such as a computer, circuit 
board, or integrated circuit is built including circuitry for 
receiving temperature information. The clock frequency of 
the electronic device is varied in response to the temperature 
of the electronic device, thus loWering speed and poWer 
consumption of the device during periods of higher than 
normal temperature. Alternately, an electronic device such 
as a computer, circuit board, or integrated circuit is built 
including circuitry for receiving poWer supply information. 
The clock frequency and possibly the poWer supply voltage 
of the electronic device is varied in response to the poWer 
supply status of the electronic device, thus loWering speed 
and poWer consumption of the device during periods of 
loWer than normal poWer supply current capability. 

[0013] A computer may be designed Without eXtra fans or 
poWer supplies, thus reducing the cost of the computer. 
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When a failure occurs in one of the fans or poWer supplies, 
the integrated circuits detect the failure and reduce their 
clock speeds and possibly their poWer supply voltage auto 
matically in response to poWer supply failures, cooling 
equipment failures, altitude, temperature, and other environ 
mental factors. This alloWs the computer to continue to 
operate at a sloWer frequency, but Without any loss of data 
and no need to restart any applications running on the 
computer. This is especially important for critical servers 
Where an error or failure may be very costly to the user. 

[0014] Also, if a computer system Were able to automati 
cally detect environmental cooling capabilities, it Would be 
possible to design a computer system for full performance at 
sea level, yet the computer system could automatically 
adjust for slightly less performance at altitude to alloW for 
the less efficient cooling at high elevations. 

[0015] Further, if a computer system Were able to auto 
matically detect and make alloWances for environmental 
conditions on an individual integrated circuit basis, only part 
of the computer system Would suffer reduced performance 
due to the environmental conditions. 

[0016] Other aspects and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings, illustrating by Way of eXample the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a block diagram of an eXample embodi 
ment of an electronic device including a temperature-con 
trolled clock according to the present invention. 

[0018] FIG. 2 is a block diagram of an eXample embodi 
ment of an electronic device including a poWer supply 
failure sensitive clock according to the present invention. 

[0019] FIG. 3 is a Waveform diagram of an eXample 
embodiment of a temperature-controlled clock according to 
the present invention. 

[0020] FIG. 4 is a Waveform diagram of an eXample 
embodiment of a poWer supply failure sensitive clock 
according to the present invention. 

[0021] FIG. 5 is a Waveform diagram of an eXample 
embodiment of a temperature-controlled clock according to 
the present invention. 

[0022] FIG. 6 is a Waveform diagram of an eXample 
embodiment of a poWer supply failure sensitive clock 
according to the present invention. 

[0023] FIG. 7 is a ?oWchart of an eXample embodiment of 
a method for temperature controlling a clock according to 
the present invention. 

[0024] FIG. 8 is a ?oWchart of an eXample embodiment of 
a method for temperature controlling a clock according to 
the present invention. 

[0025] FIG. 9 is a ?oWchart of an eXample embodiment of 
a method for controlling a clock and poWer supply according 
to the present invention. 

[0026] FIG. 10 is an eXample embodiment of a computer 
system including a self-adjusting clock according to the 
present invention. 
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DETAILED DESCRIPTION 

[0027] FIG. 1 is a block diagram of an example embodi 
ment of an electronic device 100 including a temperature 
controlled clock according to the present invention. An 
electronic device 100 such as a computer, a printed circuit 
board, or an integrated circuit is built including a tempera 
ture sensor 102. This temperature sensor 102 may be imple 
mented in a variety of different Ways Within the scope of the 
present invention. If the electronic device 100 is a computer 
or printed circuit board, the temperature sensor 102 may be 
a simple thermocouple that translates temperature to a 
voltage value. If the electronic device 100 is a single 
integrated circuit, the temperature sensor 102 may be a 
thermal diode fabricated Within the integrated circuit. The 
temperature sensor 102 outputs a temperature signal 104. 
This temperature signal 104 may be a voltage or it may 
comprise digital data Within the scope of the present inven 
tion. The temperature signal 104 is input to a clock controller 
114. The clock controller 114 uses the temperature signal 
104 to determine a frequency of operation. The clock 
controller 114 outputs a clock signal 116 for use by elec 
tronic circuits 118 Within the electronic device 100. Those of 
skill in the art Will recogniZe that a clock controller 114 may 
be comprise a phase-locked-loop, and the phase-locked-loop 
may be digital in some embodiments of the present inven 
tion. In an eXample embodiment of the present invention, as 
the temperature of the electronic device 100 rises, this 
temperature rise is re?ected in the temperature data 104 
received by the clock controller 114 and the frequency of the 
clock signal 116 is reduced as the temperature rises. As the 
temperature of the electronic device 100 cools, the clock 
controller 114 increases the frequency of the clock signal 
116. In another eXample embodiment of the present inven 
tion, a system con?guration register 110 contains informa 
tion about the con?guration of the electronic device 100 
such as the number of fans available and their speed. System 
con?guration data 112 is supplied to the clock controller 114 
that then may respond to the con?guration data 112 by 
changing the clock frequency, or Waiting for a rise in 
temperature before adjusting the clock frequency. In another 
eXample embodiment of the present invention, a fan failure 
detector 106 may be used to send fan data 108 to the clock 
controller 114 that then may respond to the fan data 108 by 
changing the clock frequency, or Waiting for a rise in 
temperature before adjusting the clock frequency. Variables 
such as any delay before changing the clock frequency, hoW 
much the clock frequency is alloWed to vary, and response 
times of the clock may be determined by the designer of an 
embodiment of the present invention, all Within the scope of 
the present invention. 

[0028] FIG. 2 is a block diagram of an eXample embodi 
ment of an electronic device 100 including a clock controller 
208 and a poWer supply controller 204 according to the 
present invention. An electronic device 100 such as a 
computer, a printed circuit board, or an integrated circuit is 
built including a poWer supply failure detector 200. This 
poWer supply failure detector 200 may be implemented in a 
variety of different Ways Within the scope of the present 
invention. If the electronic device 100 is a computer or 
printed circuit board, the poWer supply failure detector 200 
may be a signal from the poWer supply that is activated When 
the poWer supply goes into a failure mode, such as a 
current-limiting mode. The poWer supply failure detector 
200 outputs a poWer fail signal is 202. This poWer fail signal 
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202 may be a single bit signal, or it may comprise more 
complex digital data Within the scope of the present inven 
tion. The poWer fail signal 202 is input to a clock controller 
206 and a poWer supply controller 204. The clock controller 
206 uses the poWer fail signal 202 to determine its frequency 
of operation. The clock controller 206 outputs a clock signal 
116 for use by electronic circuits 118 Within the electronic 
device 100. The poWer supply controller 204 uses the poWer 
fail signal to change the poWer supply voltage in response to 
poWer supply failures. For eXample, in a system comprising 
multiple poWer supplies, Where one of the supplies fails, the 
remaining supplies may not have enough current capability 
to continue supplying the system With full voltage. In this 
case, it may be desired to reduce both the clock frequency 
and the poWer supply voltage in response to the failure since 
both heat and poWer consumption are proportional to the 
poWer supply voltage squared. Thus, a small decrease in 
poWer supply voltage may have a large effect on the poWer 
consumption of the electronic circuit 118. In another 
eXample embodiment of the present invention, a system 
con?guration register 110 contains information about the 
con?guration of the electronic device 100 such as the 
number of poWer supplies available and their status. System 
con?guration data 112 is supplied to the clock controller 206 
and the poWer supply controller 204 that then may respond 
to the con?guration data 112 by changing the clock fre 
quency and poWer supply voltage, or Waiting for a change in 
device temperature before adjusting the clock frequency and 
poWer supply voltage. In another eXample embodiment of 
the present invention, a poWer supply failure detector 200 
may be used to send poWer supply data 202 to the clock 
controller 208 and the poWer supply controller 204 that then 
may respond to the poWer supply data 202 by changing the 
clock frequency and poWer supply voltage, or Waiting for a 
change in device temperature before adjusting the clock 
frequency and poWer supply voltage. Some embodiments of 
the present invention may alloW only the clock frequency to 
be varied instead of both the poWer supply voltage and the 
clock frequency. Variables such as any delay before chang 
ing the clock frequency, hoW much the clock frequency is 
alloWed to vary, and response times of the clock may be 
determined by the designer of an embodiment of the present 
invention, all Within the scope of the present invention. 

[0029] FIG. 3 is a Waveform diagram of an eXample 
embodiment of a temperature-controlled clock according to 
the present invention. The time aXis 300 shoWs increasing 
time from left to right, including tWo speci?ed times t0306 
and t1308. Above the time aXis 300 are draWn a clock signal 
302 and a temperature 304. At time t0306 the temperature 
304 is steady and the clock signal 302 is at a steady 
frequency. At time t1308 the temperature 304 rises and the 
frequency of the clock signal 302 decreases in response. In 
the eXample embodiment of the present invention corre 
sponding to FIG. 3, the clock frequency changes by a factor 
of tWo. This is for illustrative purposes only as the clock 
frequency may change by any factor (or continuously) 
Within the scope of the present invention. 

[0030] FIG. 4 is a Waveform diagram of an eXample 
embodiment of a poWer supply failure sensitive clock 
according to the present invention. The time aXis 300 shoWs 
increasing time from left to right, including tWo speci?ed 
times t0404 and t1406. Above the time aXis 300, are draWn 
a clock signal 302 and a poWer supply voltage 402 at some 
voltage level above ground 400. Also, above the poWer 
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supply voltage 402 is a line representing the maximum 
power supply current available 408. At time t0404 the 
maXimum poWer supply current available 408 is steady and 
the clock signal 302 is at a steady frequency. At time t1406 
the maXimum poWer supply current available 408 decreases 
and the frequency of the clock signal 302 decreases in 
response. Also, the poWer supply voltage 402 decreases in 
response to the decreased supply current available 408. In 
some eXample embodiments of the present invention, it may 
be desired to only change the clock frequency and not adjust 
the poWer supply voltage levels. HoWever, since heat and 
poWer consumption vary With the square of the poWer 
supply voltage, a small change in supply voltage may have 
a large change in heat and poWer consumption. In the 
eXample embodiment of the present invention correspond 
ing to FIG. 4, the clock frequency changes by a factor of 
tWo. This is for illustrative purposes only as the clock 
frequency may change by any factor (or continuously) 
Within the scope of the present invention. 

[0031] FIG. 5 is a Waveform diagram of an eXample 
embodiment of a temperature-controlled clock according to 
the present invention. The time aXis 300 shoWs increasing 
time from left to right, including three speci?ed times t0500, 
t1502, and t2504. Above the time aXis 300 are draWn a clock 
signal 302 and a temperature 304. At time t0500 the tem 
perature 304 is steady and the clock signal 302 is at a steady 
frequency. At time t1502 the temperature 304 rises and the 
frequency of the clock signal 302 decreases in response. At 
time t2504 the temperature 304 returns to its previous level 
and the frequency of the clock signal 302 increases back to 
its previous rate in response to the change in temperature 
304. In the eXample embodiment of the present invention 
corresponding to FIG. 5, the clock frequency changes by a 
factor of tWo. This is for illustrative purposes only as the 
clock frequency may change by any factor (or continuously) 
Within the scope of the present invention. 

[0032] FIG. 6 is a Waveform diagram of an eXample 
embodiment of a poWer supply failure sensitive clock 
according to the present invention. The time aXis 300 shoWs 
increasing time from left to right, including three speci?ed 
times t0600, t1602, and t2604. Above the time aXis 300, are 
draWn a clock signal 302 and a poWer supply voltage 402 at 
some voltage level above ground 400. Also, above the poWer 
supply voltage 402 is a line representing the maXimum 
poWer supply current available 408. At time t0600 the 
maXimum poWer supply current available 408 is steady and 
the clock signal 302 is at a steady frequency. At time t1602 
the maXimum poWer supply current available 408 decreases 
and the frequency of the clock signal 302 decreases in 
response. Also, the poWer supply voltage 402 decreases in 
response to the decreased supply current available 408. At 
time t2604 the maXimum poWer supply current available 
408 returns to its previous level and the frequency of the 
clock signal 302 increases back to its previous rate in 
response to the change in maXimum poWer supply current 
available 408. Also, the poWer supply voltage 402 increases 
back to its previous level in response to the increased supply 
current available 408. In some eXample embodiments of the 
present invention, it may be desired to only change the clock 
frequency and not adjust the poWer supply voltage levels. 
HoWever, since heat and poWer consumption vary With the 
square of the poWer supply voltage, a small change in supply 
voltage may have a large change in heat and poWer con 
sumption. In the eXample embodiment of the present inven 
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tion corresponding to FIG. 6, the clock frequency changes 
by a factor of tWo. This is for illustrative purposes only as 
the clock frequency may change by any factor (or continu 
ously) Within the scope of the present invention. 

[0033] FIG. 7 is a ?oWchart of an eXample embodiment of 
a method for temperature controlling a clock according to 
the present invention. In a step 700 a temperature value is 
read. In a step 702, after step 700, a neW temperature value 
is read. In a step 704 the neW temperature value is compared 
to the old (or previous) temperature value. In a decision step 
706, if the temperature has not changed, control is given to 
step 702 and a neW temperature value is read and the loop 
is repeated until the temperature changes. If the temperature 
has changed control is given to a decision step 708 Where the 
method determines if the temperature has increased or 
decreased. If the temperature has increased, in a step 710, 
the clock frequency is decreased and control is passed back 
to step 702 for a neW temperature reading. If the temperature 
has decreased, in a step 712, the clock frequency is increased 
and control is passed back to step 702 for a neW temperature 
reading. The sampling rate of the con?guration register may 
be continuous or determined by other factors Within the 
scope of the present invention. 

[0034] FIG. 8 is a ?oWchart of an eXample embodiment of 
a method for temperature controlling a clock according to 
the present invention. In a step 800, a system con?guration 
register 110 is read. This system con?guration register 110 
may contain information about the system such as the 
number of fans in operation, altitude of the system, number 
of processors, air?oW requirements of the processors and 
other information about hoW the system is con?gured. Note 
that various embodiments of the present invention may 
include a variety of data in the system con?guration register 
110 Within the scope of the present invention. In some 
embodiments of the present invention, there may not be a 
separate register containing this information, but the infor 
mation is obtainable from other latches or registers through 
out the system. In a step 802, the method checks for fan 
failures. This fan failure information may be contained 
Within the system con?guration register, or its equivalents, 
or it may be received from other mechanisms con?gured to 
detect fan failures. In a decision step 804, the system 
con?guration data and fan failure data is analyZed to deter 
mine if the system, in its current con?guration has suf?cient 
cooling capability to maintain the circuits Within their speci 
?ed temperature ranges. If so, control loops back to step 800, 
and the process is repeated. If the system does not have 
suf?cient cooling capability, the device temperature is 
checked in a step 806. In a decision step 808 the device 
temperature is compared to the operating limits of the 
device. If the device temperature is Within the operating 
limits, control loops back to step 806, and the temperature is 
monitored Within this loop until it eXceeds the operating 
limits. If the device temperature is not Within the operating 
limits, the clock speed is adjusted in a step 810. After 
adjusting the clock speed, control is returned to step 800 and 
the system monitoring continues. In some embodiments of 
the present invention, after the determination is made that 
the system does not have suf?cient cooling capability to 
operate, the clock speed is immediately adjusted to account 
for the cooling capability of the system Without going 
through the step of checking device temperature against the 
device speci?cations. If the results of a fan failure are knoWn 
or calculable by the system, there is no need to check device 
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temperatures before reacting to a fan failure. The sampling 
rate of the con?guration register may be continuous or 
determined by other factors Within the scope of the present 
invention. 

[0035] FIG. 9 is a ?oWchart of an example embodiment of 
a method for controlling a clock and poWer supply according 
to the present invention. In a step 900, a system con?gura 
tion register 110 is read. This system con?guration register 
110 may contain information about the system such as the 
number of poWer supplies in operation, the output voltage 
and current of each of the supplies, number of processors, 
voltage requirements of the processors and other informa 
tion about hoW the system is con?gured. Note that various 
embodiments of the present invention may include a variety 
of data in the system con?guration register 110 Within the 
scope of the present invention. In some embodiments of the 
present invention, there may not be a separate register 
containing this information, but the information is obtain 
able from other latches or registers throughout the system. In 
a step 902, the method checks for poWer supply failures. 
This poWer supply failure information may be contained 
Within the system con?guration register, or its equivalents, 
or it may be received from other mechanisms con?gured to 
detect poWer supply failures. In a decision step 904, the 
system con?guration data and poWer supply failure data is 
analyZed to determine if the system, in its current con?gu 
ration has suf?cient voltage and current capability to main 
tain the circuits Within their speci?ed voltage ranges. If so, 
control loops back to step 900, and the process is repeated. 
If the system does not have sufficient poWer, the temperature 
is checked in a step 806. In a decision step 808 if the 
temperature is Within the limits, control is returned to step 
806 for further monitoring of the temperature. If the device 
temperature is not Within the operating limits, the clock 
speed and poWer supply voltage are adjusted in a step 906. 
After adjusting the clock speed and poWer supply voltage, 
control is returned to step 900 and the system monitoring 
continues. In some embodiments of the present invention, 
after the determination is made that the system does not have 
sufficient poWer to operate, the clock speed is immediately 
adjusted to account for the voltage and current capability of 
the system Without going through the step of checking 
device voltage against the device speci?cations. If the 
results of a poWer supply failure are knoWn or calculable by 
the system, there is no need to check device temperatures 
before reacting to a poWer supply failure. The sampling rate 
of the con?guration register may be continuous or deter 
mined by other factors Within the scope of the present 
invention. 

[0036] FIG. 10 is an example embodiment of a computer 
system including a self-adjusting clock according to the 
present invention. In an example embodiment of a computer 
system including the present invention, a computer chassis 
1000, including at least one poWer supply 1008 and at least 
one fan 1010 is built including at least one electronic circuit 
containing a self-adjusting clock according to the present 
invention. The computer receives input from the user via a 
mouse 1006 and a keyboard 1004 and outputs information or 
graphics to a display 1002. Many other uses of the present 
invention Will be apparent to those of skill in the art, this is 
but one example usage of the present invention. 

[0037] The foregoing description of the present invention 
has been presented for purposes of illustration and descrip 
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tion. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed, and other modi? 
cations and variations may be possible in light of the above 
teachings. The embodiment Was chosen and described in 
order to best explain the principles of the invention and its 
practical application to thereby enable others skilled in the 
art to best utiliZe the invention in various embodiments and 
various modi?cations as are suited to the particular use 
contemplated. It is intended that the appended claims be 
construed to include other alternative embodiments of the 
invention except insofar as limited by the prior art. 

What is claimed is: 
1. An electronic device comprising: 

a temperature sensor; and 

a clock controller electrically coupled With said tempera 
ture sensor, Wherein said clock controller receives a 
temperature signal from said temperature sensor and 
produces clock signals of varying frequencies in 
response to said temperature signal. 

2. The electronic device of claim 1, Wherein said clock 
signals increase in frequency in response to a decrease in 
said temperature signal, and said clock signals decrease in 
frequency in response to an increase in said temperature 
signal. 

3. The electronic device of claim 1, Wherein said elec 
tronic device is a computer. 

4. The electronic device of claim 1, Wherein said elec 
tronic device is an integrated circuit. 

5. The electronic device of claim 4, Wherein said tem 
perature sensor is a thermal diode. 

6. The electronic device of claim 1, Wherein said clock 
includes a phase-locked loop. 

7. The electronic device of claim 6, Wherein said phase 
locked loop is digital. 

8. The electronic device of claim 1, Wherein said clock 
automatically changes frequencies during normal operation 
of said electronic device. 

9. An electronic device comprising: 

a poWer supply failure detector; and 

a clock electrically coupled With said poWer supply failure 
detector, Wherein said clock receives a poWer fail signal 
from said poWer supply failure detector and produces 
clock signals of varying frequencies in response to said 
poWer fail signal. 

10. The electronic device of claim 9, Wherein said clock 
signals decrease in frequency in response to said poWer fail 
signal. 

11. The electronic device of claim 9, Wherein said elec 
tronic device is a computer. 

12. The electronic device of claim 9, Wherein said elec 
tronic device is an integrated circuit. 

13. The electronic device of claim 12, Wherein said poWer 
supply failure detector is built into a poWer supply. 

14. The electronic device of claim 9, Wherein said clock 
includes a phase-locked loop. 

15. The electronic device of claim 9, Wherein said clock 
automatically changes frequencies during normal operation 
of said electronic device. 
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16. An electronic device comprising: 

a power supply failure detector; and 

a poWer supply controller of said electronic device elec 
trically coupled With said poWer supply failure detector, 
Wherein said poWer supply controller adjusts a poWer 
supply voltage in response to said poWer fail signal. 

17. A method for adjusting the operation of an electronic 
device comprising the steps of: 

a) reading a temperature value of said electronic device; 
and 

b) autornatically setting said clock frequency in response 
to said ternperature value. 

18. The method for adjusting the operation of an elec 
tronic device of claim 17, Wherein said clock frequency is 
automatically set to a ?rst frequency in response to a ?rst 
ternperature value, and said clock frequency is automatically 
set to a second frequency in response to a second tempera 
ture value. 

19. The method for adjusting the operation of an elec 
tronic device of claim 18, Wherein said ?rst frequency is less 
than said second frequency When said ?rst temperature is 
greater than said second temperature. 

20. The method for adjusting the operation of an elec 
tronic device of claim 18, Wherein said ?rst frequency is 
greater than said second frequency When said ?rst tempera 
ture is less than said second temperature. 

21. A method for adjusting the operation of an electronic 
device comprising the steps of: 

a) detecting a poWer supply failure; and 

b) autornatically setting a clock frequency for said elec 
tronic device in response to said poWer supply failure. 

22. The method for adjusting the operation of an elec 
tronic device of claim 21, Wherein said clock frequency is 
automatically set to a ?rst frequency during normal opera 
tion, and said clock frequency is automatically set to a 
second frequency in response to a poWer supply failure. 

23. The method for adjusting the operation of an elec 
tronic device of claim 22, Wherein said ?rst frequency is 
greater than said second frequency. 

24. A method for adjusting the operation of an electronic 
device comprising the steps of: 

a) reading a ?rst ternperature value; 

b) reading a neW ternperature value; 

c) cornparing said neW ternperature value to said ?rst 
ternperature value; 

d) increasing a clock frequency When said neW tempera 
ture value is less than said ?rst ternperature value; and 

e) decreasing a clock frequency When said neW tempera 
ture value is greater than said ?rst ternperature value. 

25. The method for adjusting the operation of an elec 
tronic device of claim 24, further comprising the step of: 

f) replacing said ?rst ternperature value With said neW 
ternperature value. 

26. The method for adjusting the operation of an elec 
tronic device of claim 25, further repeating steps b) through 
f) at least once during operation of said electronic device. 
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27. The method for adjusting the operation of an elec 
tronic device of claim 25, further repeating steps b) through 
f) continually during operation of said electronic device. 

28. A method for adjusting the operation of an electronic 
device comprising the steps of: 

a) detecting a poWer fail signal; and 

b) decreasing a clock frequency When said poWer fail 
signal is detected. 

29. The method for adjusting the operation of an elec 
tronic device of claim 28, further comprising the step of: 

c) decreasing a poWer supply voltage When said poWer 
fail signal is detected. 

30. The method for adjusting the operation of an elec 
tronic device of claim 29, further repeating steps a) through 
b) at least once during operation of said electronic device. 

31. The method for adjusting the operation of an elec 
tronic device of claim 29, further repeating steps a) through 
b) continually during operation of said electronic device. 

32. An electronic device comprising: 

means for measuring a temperature of said electronic 
device; 

means for adjusting a clock frequency in response to said 
temperature of said electronic device. 

33. The electronic device of claim 32, Wherein said means 
for adjusting a clock frequency increases said clock fre 
quency in response to a decrease in said temperature, and 
said means for adjusting a clock frequency decreases said 
clock frequency in response to an increase in said tempera 
ture. 

34. The electronic device of claim 32, Wherein said 
electronic device is a computer. 

35. The electronic device of claim 32, Wherein said 
electronic device is an integrated circuit. 

36. The electronic device of claim 35, Wherein said means 
for measuring a temperature is a thermal diode. 

37. The electronic device of claim 32, Wherein said means 
for adjusting a clock frequency includes a phase-locked 
loop. 

38. The electronic device of claim 32, Wherein said means 
for measuring a temperature and said means for adjusting a 
clock frequency autornatically operate during normal opera 
tion of said electronic device. 

39. An electronic device comprising: 

means for detecting a poWer supply failure; and 

means for adjusting a clock frequency of said electronic 
device in response to said poWer supply failure. 

40. The electronic device of claim 39, Wherein said means 
for adjusting a clock frequency decreases said clock fre 
quency in response to said poWer supply failure. 

41. The electronic device of claim 39, Wherein said 
electronic device is a computer. 

42. The electronic device of claim 39, Wherein said 
electronic device is an integrated circuit. 

43. The electronic device of claim 39, Wherein said means 
for adjusting a clock frequency includes a phase-locked 
loop. 

44. The electronic device of claim 39, Wherein said means 
for measuring a poWer supply voltage and said means for 
adjusting a clock frequency autornatically operate during 
normal operation of said electronic device. 
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45. An electronic device comprising: 

a system con?guration register; 

a clock controller electrically coupled With said system 
con?guration register, Wherein said clock controller 
receives con?guration data from said con?guration 
register and produces clock signals of varying frequen 
cies in response to said con?guration data; and 

a fan failure detector electrically coupled With said clock 
controller, Wherein said clock controller receives fan 
data from said fan failure detector and produces clock 
signals of varying frequencies in response to said fan 
data. 

46. The electronic device of claim 45, further comprising: 

a poWer supply failure detector electrically coupled With 
said clock controller, Wherein said clock controller 
receives poWer supply data from said poWer supply 
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failure detector and produces clock signals of varying 
frequencies in response to said poWer supply data. 

47. An electronic device comprising: 

a system con?guration register; 

a clock controller electrically coupled With said system 
con?guration register, Wherein said clock controller 
receives con?guration data from said con?guration 
register and produces clock signals of varying frequen 
cies in response to said con?guration data; and 

a poWer supply controller electrically coupled With said 
system con?guration register, Wherein said poWer sup 
ply controller receives con?guration data frorn said 
con?guration register and sets a poWer supply to vary 
ing voltages in response to said con?guration data. 


