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FIELD OF THE INVENTION

~ The present mvenhon relates to the field of computer systems. More
particularly, the present invention relates to the control of power

consumption in computer systems.

BACKGROUND OF THE INVENTION

Existing computer systems consume large amounts of electrical power
when operating in the fully operational mode. These systems typically lack
powe}: consumption controllers and thus when left idle, the systems continue
to remain in the fully operz;tional mode. " The United States Environmental
Protection Agency (EPA) has establisheci guidelines encouraging the
manufacture of computer systems which when left idle for an extended
period only consume a specified amount of electrical pdwer"o'-r' less.

One prior power consumption controller was used in portable

. computer systems. The prior controller would turn off the monitor, spin
down the hard disk and shut down the central processing unit (CPU).
Because the prior controller shut down the CPU, the portable system could
not be respbnsive to signals coming from a communications dévice, tor
instance, a network, fax machine or modem. However, most portable
systems were not connected ﬁ) a communications device anyway and thus did
not need to be responsive to signals from ‘the communications device.
Desktop computer svstems on the other hand, usually are connected to a
communications device and need to be responsive to signals from the
communications device. Use of the prior controller in a desktop system
connected to a communications device causes the desktop systenvi to fail to
respond to signals from the communications device after a specified idle

period when the CPU is shut down. With the network as a communications



manuf act ure of conputer systens which when [eft idle for an extended period
only consune a specified anount of electrical power or |ess. One prior
power consunption controller was used in portable conputer systens. The
prior controller would turn off the Monitor, spin down the hard di sk and
shut down the central processing unit (CPU). Because the prior controller
shut down the CPU, the portable systemcould not be responsive to signals
com ng froma conmuni cations devites Tor instance, a network, fax machine
or nodem However, nost portable systenms were not connected to a

.comuni cations device. anyway and thus did not need to be responsive to
'signals fromthe conmuni cati ons device. Desktop conputer systens on the

ot her hand, qugikal th¥ metwodosaReatks!tRe ystemnaduresy, inegecievihigviagdnhaced to be
responsive to S|gnals fromthe connunlcatlons devi ce. Use of the pri or
control | er systemdenkithp nepsdsknafter the failure to respond. Other systems in the

network becomes unable to communicate with the desktop system and the

desktop system becomes unable to receive any information from the network.

‘ Similarly, with a féx machine or modem aé the communications

device connected to the desktop system, the prior controller in the desktop

system causes the desktop system to fail to respond to comn;unicaﬁons

signals. In this case, the fax machine or modem ceases transmission of data

and the desktop system fails to receive the data.

It would be highly beneficial to have a desktop computer system with a
power consumption controller that switches the system between a fully
operational mode and a responsive low power mode, where the responsive
low power mode still allows the system to be responsive to communications
device signals. The system could then satisfy EPA guidelines by éwitching to
the responsive low power mode after a specified idle period, and reépond to
communications signals or process information from the communications
device.

Thus, what is needed is a power consumption controller that switches
a computer system between a fully operational mode and a responsive low |

power mode.



connected to a comruni cations devi ce causes the desktop systemto fail to
respond to signals fromthe conmunications device after a specified idle
period when the CPU is shut dowmn. Wth the network as a conmuni cati ons

-2- device, the network deactivates the system address, in effect, renoving
the systemfromthe network after the failure to respond. Qther systens in
t he network becones unable to conmunicate with the desktop system and the
deskt op system becones unable to recgive any information fromthe network.
Simlarly, with a fax machi ne or nodem as the communi cati ons devi ce
connected to the desktop system the prior controller in the desktop

SUMMARY OF THE INVENTION

A novel power consumption controller is described. The power
consufnption controller comprises of a switching device for switching the
computer system between a fully operational mode and a responsive low
power mode. In addition, under the currently preferred embodiment the
power consumption controller can include a clock controller for cyclically
suppressing a clock signal to a portion of a processor for a first specified
lduration when the computer system is in the responsive low power mode.
Under this embodiment, the clock controller also cyclically allows the clock
signal to be transmitted to the portion of the processor for a second specified
duration when the computer system is in the responsive low power mode.
Moreover, the power consumption controller can include a break event
device for signaling the clock controller td allow the clock signal to be
transmitted to the portion of the pr'ocessor for a second specified duration.
Finally, the power consu.mption controller can include a selection device for
selecting functional parameters of the power consumption controller, which

. defines events causing switching between the modes.



system causes the desktop systemto fail to respond to comuni cati ons
signals. In this case, the fax machi ne or nodem ceases transm ssion of data
and the desktop systemfails to receive the data. It would be highly
beneficial to have a desktop conputer systemw th a power consunption
controller that switches the system between a fully operational node and a
responsi ve | ow power node, where the responsive | ow power node still allows
the systemto be responsive to cognmynicati ons device signals. The system
could then satisfy EPA guidelines by switching to the responsive | ow power
node after a specified idle period, and respond to comruni cations signals
or process information fromthe comuni cati ons device. Thus, what is needed

is a power M | efet ttehes a conputer system between a
fully opera il PPN OF e itk : _

The present invention is illustrated by way of example, and not by way

of limitation, in the figures of the accompanying drawings and in which like
reference numerals refer to similar elements and in which: |

Figure 1 is a block diagram illustrating a computer system of one
embodiment of the present invention..

Figure 2 is a block diagram illustrating a computer system with a
processor incorporating the power consumption controller. |

Figure 3 is a state diagram illustrating the operation of a power
consumption controller of Figure 1.

Figure 4 is a block diagram illustrating the power consurf\ption
controller of Figure 1. |

Figure 5 is a block diégram illustrating a clock controller of Figure 4.

Figure 6 is a state diagram illustrating the operation of STPCLK# signal
state machine of Figure 5.. ;

Figure 7 is a timing diagram illustrating the operation of a clock

~ controller of Figure 5. |

Figure 8 is a block diagram illustrating a switching device of a seventh
embodiment of the present invention. |

Figure 9 is a flow chart illustrating the steps for controlling the power

consumption of a processor.



power node. -3- SUWMARY OF THE | NVENTI ON A novel power consunption
controller is described. The power consunption controller conprises of a
swi tching device for switching the computer system between a fully

oper ational node and a responsive | ow power node. In addition, under the
currently preferred enbodi nent the power consunption controller can include
a clock controller for cyclically sluppressing a clock signal to a portion

of a processor for a first specified duration when the conput er systemis
in the responsive | ow power node.

DETAILED DESCRIPTION

A power 'consumptior\ controller and a method for controlling power
consumption is described. In the following description, the invention is
described with reference to specific exemplary embodiment theréof. It will,

| however, be evident that various modifications and changes may be made
thereto without departing from the broader spirit and scope of the invention
as set forth in the appended claims. The specifications and drawings are,
accordingly, to be regarded in an illustrative rather than a restrictive sense.

Figure 1 is a block diagram illustrating a computer system of one
embodiment of the present invention. Thé computer system includes hard
disk drive 101, random access memory (RAM) 102, processor 103, monitor
104, power consumption controller 105 and communications device 106.l
Hard disk drive 101 and monitor 104 are coupled to processor 103 by bus 125.
Processor 103 in turn is coupled to power consumption controller 105 by line
151, It will be appreciated that power consumption controller 105 can be.
incorporated into other devices.

Figure 2 is a block diagram illustrating a computer system with a
processor incorporating the power consumption controller. In the system,
power consumption controller 105 is built into processor 103. Processor 103
has the necessary circuitry and logic to carry out the functions of power
consumption controller 105. [n addition, signals from power consumption

. controller 105 that would normally transmitted across line 151 to processor
103 now proceed directly to processor 103. |

Figure 3 is a state diagram illustrating the operation of a power
consumption controller of Figure 1. When the system is first turned on, the
system 'transitions_ from the power off state 534 to the power on state 535

where the system is in the fully operational mode. Power consumption



Under this enbodi ment, the clock controller also cyclically allows the
clock signal to be transmtted to the portion of the processor for a second
speci fied duration when the conputer systemis in the responsive | ow power
fode. Mbreover, the power consunption controller can include a break event
device for signaling the clock controller to allow the clock signal to be
transmtted to the portion of the grocessor for a second specified

duration. Finally, the power consunption controller can include a selection
device for selecting functional paranmeters of the power consunption
controller, which defines events causing sw tching between the nodes.

-4 controller 105 remains in the fully operational mode until the power switch
is turned off or a lo;v power evént occurs. When power switch is turned off,
controller 105 transitions to the power off state where controller 105 along
with the rest of the systém is turned off. On the other hand, when the power
switch is not turned off, power consumption controller 105 waits for a low
power event. Low power events are events which cause the switch to the
responsive low power mode and are selectable at boot up of the system or by
processor 103. Low power events can include the expiration of elapsed time
as indicated by a counter, the receipt of an external signal from a push button
(EXTSMI#), and a signal from a real time clock device indicating current time
is the preset time for switching to responsive low power mode. It will be '
appreciated that other events can also be selected as low power events.

Power consumption controller 105 responds to a low power event by
asserting a SMI# signal to processo-r 103, state 536. Processor 103 responds by
running software called SMM Handler as shown in state 528. SMM Handler
includes code that processor 103 executes to instruct the hard disk to spin
down and the monitor to turn off or reduce intensity. Processor 103 then -
executes the SMM Fandler code to switch to the responsive low power mode,
state 537. In the responsive low power mé)de, controller 105 asserts an active
low STPCLK# signal to processor 103 for a first specified duration and
deasserts STPCLK# signal to processor 103 for a second specified duration.
While controller 105 remains in the responsive low power mode, it repeats
the z;ssertion and deassertion of STPCLK# signal in the manner described
above. Processor 103 responds to the assertion of STPCLK# signal by
suppressing the clock signal to a portion or all of processor 103. Processor 103
responds to the deassertion of STPCLK# signal by allowing the clock signal to

the suppressed portion of processor 103. It will be appreciated that processor



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is illustrated by
way of exanple, and not by way of limtation, in the figures of the
acconpanyi ng drawi ngs and in which like reference nunerals refer to simlar

& ements and in which: Figure 1 is a block diagramillustrating a conputer
system of one enbodi ment of the present invention. Figure 2 is a bl ock

diagramillustrating a conputer systemw th a processor incorporating the
power consunption controller. Figure 3 is a state diagramillustrating the
operation of a power consunption controller of Figure 1. Figure 4 is a

bl ock di agram | | lustrating the power consunption controller of Figure 1.

Figure S | 5185 2 a?(fe‘tsgp gxa‘?l fjf trhe?lrstns%ecm&l:loullgat%)r{]%vrhﬂelsefPC?LKfl gure 4.

signal is asserted and operating at full capacity for the second specified
duration while STPCLK# signal is deasserted. Because processor 103 is at least
éartially off for the first specified duration 'm-_each cycle, power consumption
is reduced. In addition, because processor 103 is operating at full capacity for
the second specified duration in each cycle, processor 103 is responsive to
signals from communications device 106 during the second specified
duration. Thﬂxs, it will be appreciated that processor 103 will be sufficiently
responsive to remain on a network where the time between each network
poll is greater than the first specified duration plus the second specified
duration. It will also be appreciated that processor 103 will be sufficiently
responsive to remain on a network where the first specified duration and
second specified duration are set such that processor 103 can acknowledge
within the latency pefiod.

Power consumption controller 105 remains jin the responsive low
power mode until the power switch is turned off or a fully operational event
occurs. When power switch is turned off, controller 105 transitions to the
power off state where controller 105 along with the rest of the system is
turned off, state 534. On the other hand, when a fully operational event
occurs, controller 105 asserts a second SMI# signal, state 538. Fully |
operational events are events which cause the switch to the fully operational
mode and like low power events are selectable by processor 103. Fully
operational events can include movement of a mouse device, input to a
kevboard, the receipt of an external signal from a push button (EXTSMI#), and
a signal from a real time clock device indicating current time is the preset
time for switching to fully operational mode. It will be appreciated that other

events can also be selected as fully operational events.



Figure 6 is a state diagramillustrating the operation of STPCLK# si gnal
state machine of Figure 5. Figure 7 is a timng diagramillustrating the
operation of a clock controller of Figure 5. Figure 8 is a bl ock diagram
fllustrating a sw tching device of a seventh enbodi mrent of the present

i nvention. Figure 9 is a flowchart illustrating the steps for controlling
t he power consunption of a process@ .. -5- DETAI LED DESCRI PTI ON

As described above, controller 105 responds to a fully operational event
by asserting a se.cond SMI# signal to processor 103, state 538. Processor 103
responds by running the Sl\/Il\./[ Handler software, state 529. SMM Handler
includes code that processor 103 executes to instruct the hard disk to spin up
and the monitor to turn on to normal intensity. Processor 103 then executes
SMM Handler code to switch to the fully operational mode, state 535. In the
fully operational mode, controller 105 no longer asserts the STPCLK# signal
and processo;' 103 remains fully operational. Controller 105 operates in the
fully operational mode as described above.

Figure 4 is a block diégram illustrating the pdwer consumption
controller of Figure 1. Power consumption controller 105 includes switching
device 612 and clock controller 611. Switching device 612 is coupled: to inputs
from processor 103 and other devices in the computer system. The other
devices can include a mouse device, keyboard, low power, mode button, real
time clock or other similar devices. In addition, processor 103 also has inputs
to clock controller 611. Switching device 612 switches the computer system
between a fully operational mode and a responsive low power mode by
asserting a SMI# signal. As described above, when the computer system is in
the fully operational mode, an assertion of a SMI# signal switches the
computer system to a responsive low power mode. On the other hand, when
the computér system is in the responsive low power mode, an assertion of a
SMI# signal switches the cbmputer system to a fully operational mode.

“In this embodiment. switching device 612 asserts the SMI# signal to
processor 103 using line 151. However, under an alternative embodiment,
switching device 612 can also assert the SMI# signal to processor 103, cléck
controller 611 or to other devices in the computer system such as monitor 104

or hard disk drive 101. In addition, switching device 612 can assert the SMI#



A power consunption controller and a nmethod for controlling power
consunption is described. In the follow ng description, the invention is
described with reference to specific exenplary enbodi ment thereof. It wll,
however, be evident that various nodifications and changes nay be nade
thereto without departing fromthe broader spirit and scope of the
I nvention as set forth in the appemged clains. The specifications and
drawi ngs are, accordingly, to be regarded in an illustrative rather than a
restrictive sense. Figure 1 is a block diagramillustrating a conputer
system of one enbodi nent of the present invention. The conputer system
i ncl udes hajighalionkbulr 126etol deparateciavi@oekib assarsranotiANMEOdgngr ocessor
103, nonitor 104, power consunption controller 105 and communi cati ons
devi ce 106.dikéxtly taipriocehspr 203100 axdedlicnterd Hoe. Whengrecessopl &receives thessor
103 by bus 125. Processor 103 in turn is coupled to power consunption
controll er SiB# ggnpli, Hesignals clock controller 611 to switch it to a responsive low

power mode if it was previously in a fully operétional mode; it signals clock

controller 611 to switch it to a full)/ operational mode if it was previdusly ina

responsive low power mode. As described above, in the responsive low

powe'r' mode, clock controller 611 asserts STPCLK# signal to processor 103 for

a first specified duration and deasserts STPCLK# signal to processor 103 for a

second specified duration. In the fully operational mode, clock controller 611

no longer asserts STPCLK# signal and pfocessor 103 remains fully

opera’tional.

Figure S is a block diagram illustrating a clock controller of Figure 4.

Clock controller 611 comprises of STPCLK# enable bit 753, low timer register

752 and high timer register 754 which are all coupled to processor 103. Clock

controller 611 also comprises of low timer 713, high timer 715 and STPCLK#

signal state machine 714. When the computer system is in the fully

operational mode, a SMI# signal asserted by switching device 612 to processor

103 causes processor 103 to run the SMM Handler code. In executing the

instructions, processor 103 loads the first specified duration into low timer

register 752 and the second specified duration into high timer register 754.

,Processor. 103 sets STPCLK# enable bit. In this embodiment, the First specified

duration and the second specified duration range from 32 microseconds to

eight milliseconds in 32 microsecond increments. It is to be appreciated that

clock controller 611 can utilize other ranges by utilizing other high timers and

low timers with different clock pulses.

When processor 103 loads low timer register 752 and high timer

register 751, it resets both low timer 713 and high timer 713. When processor



151. It wll be appreciated that power consunption controller 105 can be

I ncorporated into other devices. Figure 2 is a block diagramillustrating a
conputer systemw th a processor incorporating the power consunption
controller. In the system power consunption controller 105 is built into
processor 103. Processor 103 has the necessary circuitry and logic to carry
out the functions of power consunptildh <ontroller 105. In addition, signals
from power consunption controller 105 that would normally transmtted
across line 151 to processor 103 now proceed directly to processor 103.
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. of ther résponsive low power mode. STPCLK# signal state machine 714
continues to assert the STPCLK# signal until low timer 713 signals the end of
; the first specified duration. When low timer 713 ex'pires, STPCLK# signal
state machine 714 resets high timer 715 and deasserts the STPCLK# signﬁl
until high timer 715 signals the end of the second specified duration. When
high timer 715 expires, STPCLK# signal state machine 714 resets low timer
713 and asserts STPCLK# until low timer 713 expires. The cycle continues
) until switching device 612 asserts a SMI# signal to processor 103 causing
processor 103 to run the SMM Handler code. In executing tixe instructions,
processor 103 clears STPCLK# enable bit 753 which in turn causes the
STPCLK# signal state machine 714 to deassert the STPCLK# signal. STPCLK#
signal remains deasserted uf\til a subsequent switch to the responsive low
; power mode. .The clearing of STPCLK# enable bit 753 marks the beginning of
the fully operational mode. '
The cycle described above can also be interrupted by a break event.
Clock controller 611 comprises of selection device 730 coupled to a plurality of
break event lines. $elect§on device 730 in turn comprises of AND gate 731
and break event enable bits 732 coupled to processor 103. When a break event
occurs, a break event signél is asserted on a break event line. Break events
. can include a network signal that the processor must servicé immediateiy or
other operations which requiré immediate pfocessor activity. When a break
event signal is asserted, AND gate 731 generates a break signai if the associated
" enable bit 732 is set. Thus, proccssor. 103 can select the break events that
generate a break signal by selectively setting the associated enable bits 732.

Processor 103 carries out the selection by utilizing the SMM Handler code



=6- controller 105 remains in the fully operational node until the power
swtch is turned off or a | ow power event occurs. \Wen power switch is
turned off, controller 105 transitions to the power off state where
gontroller 105 along with the rest of the systemis turned off. On the
ot her hand, when the power switch is not turned off, power consunption
controller 105 waits for a | ow powerllevent. Low power events are events
whi ch cause the switch to the responsive | ow power node and are sel ectabl e
at boot up of the systemor by processor 103. Low power events can include
the expiration of elapsed tine as indicated by a counter, the receipt of an
ext ernal si giidh it rons grigosh thriagsertion and deassertion of STPCLK# signal.
- When STPCLK# signal state machine 714 receives a break signal, it resets
high timer 715 and deasserts STPCLK# signal for the second specified
duration. It will be appreciated that a break event with the enable bit set
causes STPCLK# signal state machine 714 to immediately deassert the
STPCLK# signal for the second specified duration when clock controller 611 is
in the responsive low power mode.
Figure 6 is a state diagram illustrating the operation of STPCLK# signal
state machine of Figure 5. When the computer system powers up, STPCLK#
signal state machine 714 transitions to the fully operational mode, state 760.
In this state, STPCLK# is deasserted. When processor 103 receives an SMI#
signal, it runs SMM Handler. In executing SMM Handler, processor 103 loads
the low timer register with the first specified duration and loads high timer
register with the second specified duration, sets the desired break event enable
bits and sets the STPCLK# enable bit, . State machine 714 then transitions to
~ state 762 with low timer and high timer already reset. In state 762, state
machine 714 asserts the STPCLK# signal. When state machine 714 receives a
break signal or low timer 713 expires, state machine 714 transitions to state 763
where state machine 763 resets high timer 715. Then state machine 714
transitions to state 764 where it deasserts the STPCLK# signal. When state
machiﬁe 714 receives a break signal, it transitions to state 763 and resets high
timer 715. When high timer 715 expires, state machine 714 transitions to state
761 where it resets low timer 713 and transitions to state 762. When processor
103 deasserts STPCLK# enable bit 733, state machine 714 transitions back to
state 760.
Figure 7 is a timing diagram illustrating the operation of a clock |

controller of Figure 5. In the responsive low power mode as described above,



- (EXTSM #), and a signal froma real tine clock device indicating current
time is the preset time for switching to responsive | ow power node. It wll
be appreciated that other events can al so be sel ected as | ow power events.

Power consunption controller 105 responds to a | ow power event by asserting

a SM# signal to processor 103, state 536. Processor 103 responds by

runni ng software called SWM Handl'erl?aS' shown in state 528. SMM Handl er

i ncl udes code that processor 103 executes to instruct the hard disk to spin

down and the nonitor to turn off or reduce intensity. Processor 103 then

executes the SMM Handl er code to switch to the responsive | ow power node,

537. | . | 105 '
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duration
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duration. While controller 105 I’EITB.II’] In e responsive | ow power node, it
repeats

this example, the first specified duration is eight milliseconds and the second
specified duration is 32 microseconds. When STPCLK# is asserted, internal
) processor CLK is suppressed and when STPCLK# is deasserted, interx;lal
processor CLK is transmitted. Clock controller 611 also has circuitry allowing
it to respond to break events. When a break event occurs as shown in Figure
8, STPCLK# signal is deasserted for the second specified duration of 32
microseconds. Afterwards, STPCLK# signal is asserted for the first specified
) duration of eight milliseconds. It will be appreciated that the break event
only affects the first specified duration of one cycle. Subsequent cycles
continue unaffected by the break event.

The assertion of a STPCLK# signal as described above suppresses the
internal clock to portions of processor 103 because processor 103 has circuitry
which enables the suppression. [n one efnbodiment,_processor 103 includes a
plurality of functional blocks each performing a-specified function in
processor'103. Cach functional block has a clock input coupled .to an AND
gate with two inputs to the gate. One input is coupled to the internal clock
signal and the second input is coupled to the output of a NAND gate. Each
NAND gate also has two inputs. One coupled to an inverted STPCLK# input
line and the second coupled to a liﬁc connected to either a high or low
voltage potential. The line is connected during the manfacture of processor
103 and determines whether clock suppression is enabled for that functional
block. It will be appreciated that when the line is connected to a high voltage
potential, clock suppression will never occur in that particular functional
block. On the other hand, when the line is connected to a low voltage

potential, clock suppression will occur when STPCLK# signal is asserted. In



the assertion and deassertion of STPCLK# signal in the manner descri bed
above. Processor 103 responds to the assertion of STPCLK# signal by
suppressing the clock signal to a portion or all of processor 103.
Processor 103 responds to the deassertion of STPCLK# signal by allow ng the
clock signal to the suppressed portion of processor 103. It wll be

appreci ated that processor -7--1068 s at least partially off for the .
first specified duration while STPCLK# signal is asserted and operating at
full capacity for the second specified duration while STPCLK# signal is
deasserted. Because processor 103 is at least partially off for the first

speci fied dyfat|Ofel bdzB6As B ptéeesfPVRB GRBELEREIQN manufacture for

clock suppressién. Under yet another embodiment, the second input of each
NAND gate can be coupled to an'enable. bit. The enable bits act as a selection
mechanism allowing processor 103 or other device to select and modify the
particluar functional block for clock suppression.

_ Figﬁre 8 is a block diagram illustrating a switching device of a seventh
embodiment of the present invention. Switching device 612 includes counter
924 and selection device 916. Counter device 924 is activated when the
computer system is powered up and begins counting elapsed time. Bef:ause
the computer system powers up in the fully operational mode, the elapsed
time maintained by counter device 924 is the elapsed time since the start of
the fully operational mode. Counter device 9'2-'1 includes a register for storing
a preassigned value representing a specified elapsed time. Counter device 924
also includes a comparator for comparing the preassigned value to the
elapsed time. When the elapsed time equals the preassigned value, an active
low signal is generated which becomes the SMI# signal. Counter device 924
has a reload input coupled to the mouse device, and keyboard. When a signal
is transmitted from either of the mouse device or keyboard, the counter is
reset and starts counting the elapsed time from initial value. The counter is
also reset to initial value when processor 103 loads the register with the
preassigned value prioc to the beginning of the fully operational mode. Thus,
at the initiation of the fully operational mode, counter 924 is reset. Counter
924 is also reset when an input to the keyboard is made or when mouse
movement is detected. In this manner, counter 924 measures the elapsed
time between the last mode switch or keyboard input or mouse movement
and asserts a SMI# signal whe-n the elapsed time equals a preassigned value. .

In this manner, human interface through a keyboard or mouse reloads the



is reduced.

I n addition, because processor 103 is operating at full

capacity for the second specified duration in each cycle, processor

responsive to signals from comrunications device 106 during the second

103 is

Specified duration. Thus, it will be appreciated that processor 103 wll be
sufficiently responsive to remain on a network where the tinme between each

net wor k pol |

Is greater than the_fijsst. specified duration plus the second

specified duration. It will also be appreciated that processor 103 will be
sufficiently responsive to remain on a network where the first specified

duration and second specified duration are set such that processor

acknow edg
remains in

103 can
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nmode until® the power  switch Is*®turned

off or a fu M peerational event occurs. Wien power switch is turned off,

controll er

105 transitions to the
-Under other embodiments, switching device 612 also includes a real

time clock device. The real time clock device has a register for storing a
preassigned value representing a specified real tiﬁme. In addition, the real
time clock device has a comparator for comparing the preassigned value to
the input provided by the real time clock. When the real time as indicated by
the real time ciock equals the preassigned value, an active low SMI# signal is
asserted. In this manner, the real time clock device asserts a SMI# signal to
switch modes when real time has reached a preassigned value. Under this
embodiment though, the real time clock device is external to sivitching
device 612 and transmits the,acti\.’e SMI# signal as an input to switching
device 612.

| Finally, switching device 612 includes selection device 916. Selection
device 916 includes a plurality of enable bits. The enable bits allows the
functional parameters of the power consumption controller to be selected and
modified. Selection device 916 is coupled to an input line from which the
cnable bits can be set or cleared by processor 103 or other devices. Each of the
enable bits is coupled to an AND gate 922 located between the associated
device and the SMI# signal output. Thus, when a particular enable bit is set,
SMI# signais generated by the associated device is transmitted to processor

103. On the other hand, when a particular enable bit is cleared, SMI# signals

generated by the associated device is suppressed. In this example, selection

device 916 includes counter enable bit 917, mouse counter reset enable bi_t 918.
kevboard counter reset enable bit 919, real time clock enable bit 920, button
enable bit 921, mouse power on enable bit 927 and keyboard power on enable

bit 926. Other enable bits representing other events can also be included.



power off state where controller 105 along with the rest of the systemis
turned off, state 534. On the other .hand, when a fully operational event
occurs, controller 105 asserts a second SM# signal, state 538. Fully
operati onal events are events which cause the switch to the fully
operational node and |i ke | ow power events are sel ectable by processor 103.
Ful |l y operational events can inclu mpvenment of a nouse device, input to a
keyboard, the receipt of an external signal froma push button (EXTSM #),
and a sional froma real tine clock device indicating current tinme is the
preset tinme for swtching to fully operational node. It will be appreciated

‘that other evenighgathetGRplferSysRet pewRss hp! i XraABRIGAS 18NRL (GHFNTS-

operational mo&e. In the fully operational mode, processor 103 or another
device can set counter enable bit 917, mouse counter reset endble bit 918,
keyboard counter reset enable bit 919, real time clock enable bit 920, and
button enable bit 921. Processor 103 or the other d.ev'ice can clear mouse
power on enable bit 927 and keyboard power on enable bit 926. With this set
of functional parameters, counter 924 is activated and the SMI# signal when
generated is transmitted to processor 103. In addition, mouse movement and
keyboard input while the system is in the fully operational mode will reset
counter 924 because bits 918 and 919 are. set. Moreover, the real time clock
device can generate a SMI# signal that is transmitted to processor 103.
Pﬁrthermore, the computer system can include an external button which
when pressed generates an active low EXTSMI# signal. When the EXTSMI#
signal is asserted, an SMI# signal is also asserted because bit 921 is set. Itis to
be appreciated that the assertion of a SMI# signal causes the computer system .
to transition to the responsive low'power mode. Mouse movement and
keyboard input do not generate a SMI# signal because bits 927 and 926 are
cleared.

Before the system transitions to the responsive low power mode,
processor 103 or another device can clear counter enable bit 917, mouse
counter reset enable bit 918, and keyboard counter reset enable bit 919.
Processor 103 or the other device can set mouse power on enable bit 927,
keyboard power on enable bit 926, real time clock enable bit 920, and button
enabie bit 921. With this set of functional parameters, counter 924 is
deactivated. Mouse movement, keyboard input and the pressing of the
EXTSMI# button will generate a SMI# signal. The real time clock device can

also generate a SMI# signal that will be transmitted to processor 103. The



-8- As described above, controller 105 responds to a fully operational

event by asserting a second SM# signal to processor 103, state 538.
Processor 103 responds by running the SMM Handl er software, state 529. SMM
Handl er includes code that processor 103 executes to instruct the hard disk
to spin up and the nonitor to turn on to normal intensity. Processor 103

t hen executes SMM Handl er code to-skftth to the fully operational node,
state 535. In the fully operational node, controller 105 no | onger asserts
t he STPCLK# signal and processor 103 renmains fully operational. Controller
105 operates in the fully operational node as descri bed above. Figure 4 is

a block diagramillustrating the power consunptjon controller of Figure 1.

p
Power consurdii ﬁ)‘ﬁn_éb?ﬂ%é? the CO_IUBL‘qeﬁéYS_&%éOéW“FEWhB“_ i %8 felly and cl ock
control| e g&elt'hti%ltrggag g gsvclri%gd% gvé. STt?eOéJ&elcﬁgedt 2al BB an be changed

in the responsive low pdwer mode and in the fully operational mode. The
real time clock device can include an input coupled to processor 103 or other
device which allow them to change th'e preassigned value representing the
specified real time in the real time clock device. Thus, a first real time can be
assigned in the fully operational mode to transition the system to the
responsive low power mode at the First real time and a second real time can
be assigned in the responsive low power mode to transition the system to the
fully operational mode at the second real time. _

Figure 9 is a flow chart illustrating the steps for controlling the power
consumption of a processor. When the érocessor is first powered up, it
fransitions to the fully operational mode, block 939. Next, the processor
selects the functional parameters which define events causing a switch to the
responsive low power mode, block 940. The functional parametérs are .
selected by setting and clearing the appropriate enable bits. The processor
remains in the fully operational mode until a low power event occurs as
shown by block 941. Low power events are defined by the functional
parameters selected by the processor. Low power events can include a signal
at a specified time to switch to a responsive low power mode, a signal from an
external button device td switch to a responsive low power mode, and the |
expiration of a specitied elapsed time as indicated by a counter. The counter
can be reset upon an occurrence of a specified event, i.e., mouse movement or
keyboard input. When a low power event occurs, the processor is switched to
the responsive low power mode as shown in block 942. Functional |
parameters are modified in order to define events causing a switch to the

fully operational mode. In addition, the first specified duration and the



from processor 103 and ot her devices in the conputer system The ot her

devi ces can include a nouse device, keyboard, |ow power node button, real
time clock or other simlar devices. In addition, processor 103 al so has
tnputs to clock controller 611. Switching device 612 switches the conputer
system between a fully operational node and a responsive | ow power node by
asserting a SM# signal. As describeti’above, when the conputer systemis in
the fully operational node, an assertion of a SM# signal switches the
conput er systemto a responsive | ow power node. .On the other hand, when the

gfgﬁ;} er %&Kﬁ ggeeme& Hﬁrz&ﬁﬁp@ﬂﬁgﬁ{ﬁed M4 BRM’@d W‘H@'%TPG'EI@Se?ﬁBgé SR léﬁf a SM #

svmtc es the conputer systemto a fully operational In this
enbodi ment , ;isykdichiNgnglevd sQr6dxhasegydrsivenewPbwersingdlal Asdlopgeearsor 103

using line 151. However, under an alternative embodi ment, swi tching device
612 can al sfirsaspedified HerSMmthas gotadx pi ed prrgicrs braa kla8nt bhsnodacurred the
clock 51gnal to the selected portions of the processor is suppressed, blocks 944
and 945. When the first specified duration has expired or a break event
occurs, the clock signal to the selected portions of the processor is allowed as
long as the second specified duration has not expired, blocks 946 and 947.
When the clock signal is allowed to the select portions of the processor, the
processor can respond to communications device signals, block 947. When
the second specified duration has expired, the clock signal to the selected
portions of the processor is suppressed until a break event occurs or the first
specified duration has expired, blocks 944 and 9435. In the above steps, after the
clock signal has been suppressed or has been allowed a fully operational modc.
event will switch the processor to the fully operational mode, blocks 948, 949
and 950. On the other hand. when a fully operational mode event does not
ocdxr, the first speci'ficd ciuration or the second specified duration continues
as applicable, blocks 948, 946, 949 and 944. Before the processor has been
Qwitched to the Fully operational mode, the functional parameters which
define events causing the switch to the responsive low power mode are
modified. The processor returns to .t.Jlock 941 and continues in a loop until
 the processor is turned off. | |
" In order to facilitate explanation of the embodiments of the present
- invention, the responsive low power mode has been described with clock
suppression accurring first (STPCLK# asserted). However, under an
alternative embodiment, clock allowance occ'.urs first (STPCLK# deasserted) in
the responsive low power mode. [t will be appreciated that the alternative

embodiment may be implemented merely by adjusting state machine 714 so



controller 611 or to other devices in the conputer system such as nonitor
104 or hard disk drive 101. In addition, switching device 612 can assert

the SM # -9- signal on bus 125 to a separate device which asserts
another SM# signal directly to processor 103 on a dedicated |ine. \Wen
processor 103 receives the SM# signal, it signals clock controller 611 to

swtch it to a responsive |ow power node if it was previously in a fully
operational node; it signals clock i®ntroller 611 to switch it to a fully
operational node if it was previously in a responsive | ow power node. As
descri bed above, in the responsive | ow power node, clock controller 611 .
asserts STPCLK# signal to processor 103 for - _ :

that STPCLK# is deasserted first until the expiration of high timer 715 and

then STPCLK# is asserted until the expiration of low timer 713.

Thus, a novel method and apparatus for controlling power

consumption has been described.



a first specified duration and deasserts STPCLK# signal to processor 103
for a second specified duration. In the fully operatieral—moede;—Tlock

controller 611 no | onger asserts STPCLK# signal and py, h f i ns
fully operational. Figure 5 is a block diagramill usﬁjmﬂmém@g“luw .
controller of Figure 4. Clock controller 611 conprisessOlc senabl e
bit 753, low tinmer register 752 and ?i gh timer register 754 which are all
coupl ed to processor 103.- O ock cont1 oller 611 al so conprises of |low tiner
713, high timer 715 and STPCLK# signal state machine 714. Wen the conputer
systemis in the fully operational node, a SM# signal asserted by
swi tching device 612 to processor gpPgrgauses processor 103 to run the SWM
Handl er code. In executing the instructrons, processor 103 | oads the first
specified duration into low tiner register 752 and the second specified
duration into high timer register 754, :

1.  .A power consumption controller for controlling the power

consumption of a computer system comprising:

a switching clevicg capable of switching said computér system between
a fully operational mode and a responsive low power mode wherein said
computer system in said responsive low power mode is capable of responding
to a communications device poll of a specified minimum duration and
wherein said computer system in said responsive low power mode is capable
of processing data;

an input node capable of receiving an input signal indicating whether
an event has occurred, said input node coupled to said switching device; and

an output node capable of implementing said switching of said
computer system between said fully operational mode and said respohsive

low power mode, said output node coupled to said switching device.

2. The power consumption controller of claim 1 further comprising:

a clock controller capable of suppressing a clock signal to a portion of a
processor for a first specified duration when said computer system is in said
responsive low po»_\}er mode, wherein said clock controller also capable of
alloi-Qing said clock signal to be transmitted to said portion of Eaid processor
for a second specified duration when said computer system is in said

responsive low power mode.

3. The clock controller of claim 2 comprising:

a first register capable of storing information representing said first.

specified duration;
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Praocessor 103 sets STPCLK# enable bit. In this enbodinent, the first

speci fi ed durat

m croseconds to ei'ght mlliseconds in 32 microsecond
be appreciated that clock controller 611 can utilize

utilizing other
When processor

i on and the second specified durati omrange from 32

ARG

high tiners and low timers with differentc cltock pul ses.
103 loads | ow timer 28grster 752 and high tiner register

751, it resets both lowtimer 713 and high tinmer 713. \When processor
10 - 103 sets STPCLK# enable bit 753, STPCLK# signal state machine 714
asserts STPCLK# signal. The setting of STPCLK# enable bit 753 nmarks the

begi nni ng

a second register capable of storing information representing said

second specified duration;

.a first input to said first register capable of inputting information

representing said first specified duration; and

a second input to said second register capable of inputting information

representing said second specified duration.

4.

The clock controller of claim 3 further comprising:

a high timer device capable of allowing said clock signal to be

transmitted to said portion of said processor for said second specified

duration; and

a low timer device capable of suppressing a clock signal to said portion

of said processor for said first specified duration.

The power consumption controller of claim 2 further comprising:

a break event device capable of signaling said clock controller to allow

said clock signal to be transmitted to said portion of said processor for a

second specified duration.

6.

The clock controller of claim 2 wherein said clock controller is a clock

controller capable of cyclically suppressing said clock signal for said first

specified duration and capable of cyclically allowing said clock signal to be

transmitted for said second specified duration when said computer system is

in said responsive low power mode.

7.

comprises:

The switching device of claim 1 wherein said switching device
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Qf ther responsive | ow power node. STPCLK# si gnhal state machine 714 _
continues to assert the STPCLK# signal until |owtinmer 713—sigrats—the end

of the first specified duration. Wien low tinmer 713 ' TPELK# si gnal
state machine 714 resets high tinmer 715 and deas_istm!l ﬁ\ si gnal
until high timer 715 signals the end of the second$ | I on. \Wen

high tinmer 715 expires, STPCLK# signdl state machine 714 resets |low tiner
713 and asserts STPCLK# until low tinmer 713 expires. The cycle continues
until switching device 612 asserts a SM# signal to processor 103 causing
processor 103 to run the SMM Handl er code. |In executing the instructions,

BTPaLKe si gnal - star Bebeseraob s e Bt beredsitsy S kiAo R o,
signal remai g&ARARRAL!H LW Bdthveln SHRERAYSPerSTdrlal hddR dldesdigsponsi ve | ow

power node. The clearing of STPCLK# enabl'e 'bit 753 marks the begi nning of
responsive low power mode.

8. The switéhing device of claim 1 wherein said switching device
comprises:

a signal generator capable of generatihg’ a signal indicéting to a monitor
to switch between said fully operational mode and said responsive low power

mode.

9. The controller of claim 1 further comprising:
a real time clock device capable of signaling at a specified time said

switching device to switch said computer system between a fully operational

mode and a responsive low power mode.

10.  The controller of claim 1 further comprising:

an input capable of receiving a signal from a button device indicating

to said switching device to switch to said responsive low power mode.

11.  The controller of claim 1 further comprising:
a counter device cépable of counting elapsed time since start of said
fully operational mode and capable of asserting a signal at the expiration of a

specified elapsed time.

12.  The controller of claim 1 further comprising:

a reset device capable of resetting a counter device upon an occurrence. -

of a specified event. -
heet Has Been Reﬁaced

BT



the fully operational node. The cycl e descri bed above can al so be
interrupted by a break event. C ock controller 611 conprises of selectiaon
device 730 coupled to a plurality of break event |ines. Selection device"
730 in turn conprises of AND gate 731 and break event elmmﬁlllﬂlml"mﬂmla
coupl ed to processor 103. When a break event occurs, a I
I s asserted on a break event |ine.. Brepak events can i ncl’'udé a'nef wot k
signal that the processor nust service imediately or other operations
whi ch require i nmedi ate processor activity. Wien a break event signal is
asserted, AND gate 731 generates a break signal if the associated enable
bit 732 is set. Thus, processor 103 can select the break events that

generate a break signal by selectively setting the associ ated enable bits

732. Processor 103 carries out the selection by utilizing the SMM Handl er
code . 13.  The reset device of claim 12 wherein said specified event is movement

of a mouse device.

14.  The reset device of claim 12 wherein said specified event is input to a

keyboard device.

15.  The power consumption controller of claim 1 further comprising:
a selection device capable of selecting functional parameters of said
power consumption controller which define events causing switching

between said modes.

16.  The selection device of claim 15 comprising:
an input capable of modifying said functional parameters of said power
consumption controller which define events causing switching between said .

modes.

17. A clock controller comprising:
a circuit capable of suppressing a clock signal to a portion of a processor
for a first specified duration and capable of allowing said clock signal to be

transmitted to said portion of said processor for a second specified duration.

18. A power consumption controller fbr controlling the pow'er
consumption of a processor comprising:

a switching device capable of switching a processor between a fully
operational mode and a re_sponsive low power mode wherein said processor

in said resp'onsive low power mode is capable of responding to a
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which it runs prior to the assertion and deassertion aof STPCLK# signal .
When STPCLK# signal state nachine 714 receives a break signal, it resets
high tinmer 715 and deasserts STPCLK# signal for the secﬁ'ﬂlﬂ"ﬂ u

duration. It will be appreciated that a break event wit m ”ﬂﬂd“"’set
causes STPCLK# signal state machine 714 to i medi ately deasSert thesSTPCLK#
signal for the second specified durat3on when clock controller 611 is in

t he responsive | ow power node. Figure 6 is a state diagramillustrating the-
operation of STPCLK# signal state machine of Figure 5. Wen the conputer
system powers up, STPCLK# signal state machine 714 transitions to the fully

oper ati onal emdeurttaions ddricd poll ifn spetftad PIMGhH dSradeasHRY WadreiMhen
processor 103 receives an SM# -

said processor in said responsive low power mode is capable of processing

data;

an input node capable of receiving an input signal indicating whether
; an event has occurred, said input node coupled to said switching device; and
an output node capable of implementing said switching of said. |
computer system between said fully operational mode and said responsive

low power mode, said output node coupled to said switching device.

1 '19. A method for controlling the po»;/er consumption of a processor
comprising:
powering up said processor in a fully operational mode;
switching said processor to a responsive low power mode wherein said
processor in-said responsive low power mode is capable of responding to a
communications device poll of a specified minimum duration and wherein
said processor in said responsive low power mode is capable of processing

data; and

switching said processor to said fully operational mode upon the

occurrence of a specified event.

20.  The method of claim 19 further comprising:

suppressing a clock signal to a portion of said processor for a first
specified duration; and

allowing said clock signal to be transmitted to said portion of said

processor for a second specitied duration.

21.  The method of claim 20 further comprising:

- This Sheet Has Been Reﬂlaced
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signal, it runs SMM Handl er. In executing SMM Handl er, processor 103 | oads
the lowtinmer register with the first specified duration and | oads high
timer register with the second specified duration, sets the desired break
event enable bits and sets the STPCLK# enable bit, . mmﬁmmumnmthen
transitions to state 762 with low tiner and high tine I'n
state 762, state machine 714 asserts ghe- STPCLK# signal’. then dtatte frachine
714 receives a break signal or lowtinmer 713 expires, state machine 714
transitions to state 763 where state machine 763 resets high tinmer 715.
Then state machine 714 transitions to state 764 where it deasserts the

STPCLK# si gnal . W}?ﬁhtﬁhgtiﬁfdfﬁﬁmoﬁereﬁ%eﬁﬁ‘??Ea\’lasfh%t bp&ted dUPation; ¢
transitions to state 763 and resets high tiner 715." When high tiner 713

expires, state maglyriig ﬁérmatmsféﬁrmtihg\ﬁakaﬁmE@écm/e@rd@rhtioﬁ:esets | ow
timer 713 and transitions to state 762. en processor 103 deasserts
STPCLK# enabl e bi inpit8ngshfdrenatisahiepeeséiting saidsietomb speafitd tduration; and

storing information representing said second specified duration.

22.  The method of claim 20 further comprising:
signaling a controller to allow a clock signal to be transmitted to said
portion of said processor for said second specified duration upon the

occurrence of a break event.

23.  The method of claim 19 further comprising:
signaling at a specified time to switch said processor between a fully

operational mode and a responsive low power mode.

24.  The method of claim 19 turther comprising:
receiving a signal from an external button device to switch to said

responsive low power mode.

25. - The method of claim 19 further comprising:
counting elapsed time since start of said fully operational mode; and .

asserting a signal at the expiration of a specified elapsed time.

26.  The method of claim 23 further comprising:

resetting a counter device upon an occurrence of a specified event.

)
~)

The method of claim 19 further comprising:
J————
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state 760. Figure 7 is atim ng diragramillustrating the operation of a
clock controller of Figure 5. In the responsive | ow power node as descri bed
above, - 12 - clock controller 611 asserts act—'r—ve—-I—UW‘STPCEK#"sTg—naI for

a first specified duration and deasserts STPCLK# si
specified duration. In this exanple, tshe first spe n m m“mmmu“s e| ght
mlliseconds and the second specifi e& duration is cCrosecorsds.*

STPCLK# is asserted, internal processor CLK is suppressed and when STPCLK#

I s deasserted, internal processor CLKis transmtted. C ock controller 611
al so has circuitry all ow ng '

selecting functional parameters which define events causing switching
\

between said modes.

28.  The method of claim 19 further comprising:

modifying functional parameters which define events causing

switching between said modes.

29. The method of claim 20 further comprising:

selecting a portion of said processor for suppressing a clock signal to

said portion.

30.  The method of claim 19 further comprising:

responding to a communications device signal while in said

responsive low power mode.

31. A computer system wherein the power consumption controller further

comprises:

memory capable of storing data;

a bus coupled to said memory capable of transmitting data;

a microprocessor coupled to said bus capable of processing data; and

a power consumption controller capable of controlling the power
consumption of said. computer system, said power consumption controller -
having a switching device capable of switching said computer system between

a fully operational'mode and a responsive low power mode

" This Sheet Has Been Repl
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it to respond to break events. \Wen a break event occurs as shown in Fi guré
8, STPCLK# signal is deasserted for the second specCifi |

32
m croseconds. Afterwards, STPCLK# signal is assert ed; | rst
specified duration of eight mlliseconds. It wll be” f | ﬁmlzw t he

break event only affects the first specified durationsofe

Subsequent cycl es conti nue unaffecgeg by. the break event. The assertion of
a STPCLK# signal as described above prresses the internal clock to
portions of processor 103 because processor 103 has - circuitry which enables
t he suppression. In one enbodi nent, processor 103 includes a plurality of .
functional bl ocks each perform ng a specified function in processor 103.
Each functi ondlerginceid rampater|systen Hperid etpansiye lowaROWRDMpsieds wrpable wo

i nputs to the gate. One input is coupled to the internal clock signal and
the second i RpBFOSeESig84Af%Rd to the output of a NAND gate. Each

~

32.  The computer system of claim 31 wherein the power consumptio.n
controller further comprises:

a clock controller cépable of suppressing a clock signal to a portioni of
said microprocessor for a first specified duration when said computer system
is in said responsive low power mode wherein said clock controller also
capable of allowing said clock signal to be transmitted to said portion of said

" microprocessor for a seconci specified duration when said computer system is

in said responsive low power mode.

33. The computer system of claim 32 wherein the clock controller further
comprises:
~ a first register capable of storing information representing said first

specified duration;

a second register capable of storing information representing said
second specified duration;

a first input to said first register capable of inputtidg information
representing said first specified duration; and

a second input to said second register capable of inputting information

representing-said second specified duration.

34. The computer system of claim 32 wherein the clock controller further

comprises:
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NAND gate al so has two i nputs. One coupled to an inverted STPCLK# i nput
line and the second coupled to a |ine connected to either a high or |ow
vol tage potential. The line is connected during the ﬂmcrcrr—eﬂf—weeessor

103 and det ermi nes whet her cl ock suppression is enabl onal
block. It will be appreciated that when the line is ,c d’ﬂﬂiﬂﬂ‘m W‘u
vol tage potential, clock suppression % never occur isn

functional block. On the other hand, en the line i's connected to a | ow
vol tage potential, clock suppression will occur when STPCLK# signal is

asserted. In - 13 - this manner, ‘portions of processor 103 can be
sel ected at manuf agigit @mePHevice capable of allowing said clock signal to be

t.ransmitted to said portion of said microprocessor for said second specified
duration; and

a low timer device capable of suppressing a clock signal to said pbrtion
of said microprocessor for said first specified duration.
35.  The computer system of claim 32 wherein the power consumption
controller further comprises: .

a break event device capable of'signaling said clock controller to allow
said clock signal to be transmitted to saici portion of said microprocessor for a

second specified duration.

36. The combuter system of claim 31 wherein said microprocessor further
comprises:

a real time clock device capable of signaling at a specified time said
switching device to switch said computer system between a fully operational -

mode and a responsive low power mode.

37. - The computer system of claim 31 wherein said controller further
comprises:
an input capable of receiving a signal indicating to said switching

device to switch to said responsive low power mode.

38.  The computer system of claim 31 wherein said controller further

comprises:
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cl-ock suppression. Under yet another enbodi nent, the second input of each

NAND gate can be coupled to an enable bit. The enab%

sel ection nechani sm al | owi ng processor 103 or other’ device to s

nodi fy the particluar functional block for clock supiﬂm 8is a

bl ock diagramillustrating a switching device of a's mm"!g E'l of

the present invention. Sw tching dewzgze 612 incl udes Couht e¥

sel ection device 916. Counter device 4 is activated when the corrputer

systemis powered up and begins counting elapsed tine. Because the conputer

system powers up in the fully operational node, the elapsed tinme naintained

by counter devi ceagenntes deiceclappblecftconnting plepsechtimetsinge Barttdfsaicul | y

oper at i onal Count er devi ce 924 |ncI udes a register for storing a
\r;D‘Ilhé’P LH

pr eassi gned PESiossbmads s smablerd e*éseéﬂa&@eseswﬁéth%um@rom Va ce 924

al so incl udess ’empg‘g’%ﬁ Sggrhnfu_gr conpari-ng the preassigned value to the

-

39.  The computer system of claim 31 wherein said controller further
comprises:
a reset device capable of resetting a counter device upon an occurrence

of a specified event.

40.  The computer system of claim 31 wherein said controller further
comprises:

a selection device capable of selecting functional parameters of said
power consumption controller which define events causing switching

between said modes.

41.  The computer system of claim 40 wherein said selection device further
comprises: |

an input capable of modifying said functional parameters of said power
consumption controller which defme events causing sthchmg between said

modes.

42, The computer system of claim 32 wherein said microprocessor further
comprises:
a selection device capable of selecting one or more portions of said
K microprocessor for clock suppression during said responsive low power-

mode.
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el-apsed tine. Wen the el apsed tinme equals the preassigned val ue, an active
| ow signal is generated which becones the SM# signal. Counter device 924

has a rel oad input coupled to the nouse device, anrd—keyboard—Wien a signal

is transmtted fromeither of the nouse device or iter is
reset and starts counting the el apsed tinme fromi nﬁmﬂﬂmgmﬁ‘mﬁm‘;ounter
is also reset to initial value whempgrocessor 103 | megs ster- with

t he preassigned value prior to the beginning of the fully operational node.
Thus, at the initiation of the fully operational node, counter 924 is
reset. Counter 924 is -also reset when an input to the keyboard is nade or
when mouse novenent is detected. In thjs nner, .counter 924 neasures the
el apsed ti met3pet méﬁ“?héoﬂw‘P%ﬂéOBW{l% 5 1COREPHINE H'S RPWE® or rouse
novenent and asserts a .SM # si g}nall when t he e\laapse-d time equals a
preassi gned PRFYTPUPH Gt SORBHITE Sy SR PRt ace t hrough a keyboard or

mouse rel oads t h?‘neans for switching said computer system to a responsive low power

mode wherein said processor in said responsive low power mode is capable of
responding to a communications device poll of a specified minimum
duration and wherein said p.u'ocessc»r in said responsive low power mode is
capable of processing data; and

means for switching said computer system to said fully operational

mode upon the occurrence of a specified event.

44.  The controller of claim 43 further comprising:

means for suppressing a clock signal to a portion of a processor for a
first specified duration; and

means for allowing said clock signal to be transmitted to said portion of

a processor for a second specified duration.

45.  The co‘ntrollcr of claim 44 further comprising:

means for inputting information representing said first specified

. duration;

means for storing information representing' said first specified
duration;

means for inputting information représenting said second specified
duration; and |

means for storing information representing said second specified

duration.

46.  The controller of claim 44 further comprising;

L
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- 14 - counter which ensures that processor 103 is fully active and
operative during such use. Under other enbodi nents, Switching devitce 612
al so includes a real time clock device. The redl e'has a
regi ster  for storing a preassigned val ue represe mlm"ml‘gmﬂg real
time. In addition, the real tine clock device has*a eonparmtor &or
conparing the preassigned value te 8Re=-i nput provided by the real tine
clock. When the real tine as indicated by the real time clock equals the

preassi gned val ue, an active low SM# signal is asserted. In this manner,
the real time clock device asserts a SM# signal to

means for signaling said allowing means to allow a clock signal to be

transmitted to said portion of said processor for a second specified duration

upon the occurrence of a break event.

47.  The controller of claim 43 further comprising:
means for signaling at a specified time to switch said processor between

a fully operational mode and a responsive low power mode.

48.  The controller of claim 43 further comprising:

means for receiving a signal from an external button device to switch

to said responsive low power mode.

49.  The controller of claim 43 further comprising:
means for counting elapsed time since start of said fully operational
mode; and

means for asserting a signal at the expiration of a specified elapsed

time.

50. The controller of claim 43 further comprising:

means for resetting a counter device upon an occurrence of a specified

event.

51.  The controller of claim 43 further comprising:
means for selecting functional parameters which define events causing

switching between said modes.

\
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Swi tch nodes when real tinme has reached a preassigned value. Under this
enbodi nent though, the real tinme clock device is external to swtching
device 612 and transmts the active SM# signal as an input to swtching
device 612. Finally, switching device 612 includes selection device 916.
Sel ection device 916 includes a plurality of enable bits. The enable bits
allows the functional paraneters of the power consunption controller to be
sel ected and nodified. Selection device 916 is coupled to an input line
fromwhich the enable bits can be set or cleared by processor 103 or "ot her
devices. Each of the enable bits is coupled to an AND gate 922 | ocated

bet ween the associ ated devi ce and t@ﬁ;SNI# signal output. Thus, when
particul ar enabl e bitrrs—setT—SM~ sTgmal s gemgrated by the psse
device is transmtted %o rocessor 103. On the jot her hand, whern™s
particul ar enable bit & ear ed, owlﬁo%kgpals

n
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generated by the associ ated device is suppressed. In this exanple,

sel ection device 916 includes counter enable bit 917, nouse counter reset
enable bit 918, keyboard counter reset enable bit 919, real tinme clock
enable bit 920, button enable bit 921, nouse power on enable bit 927 and
keyboard power on enable bit 926. O her enable bits representing other
events can al so be incl uded. - 15 - Wien the conputer system powers up,
it transitions to the fully opereg/ganal mode. In the fully operational

node, processor 103 or another device can set counter enable bit 917, nouse
counter reset enable bit 918, keyboard count e(_reset enable bit 919, real
time clock enable bit 920, and

Power Switch
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Switch | # Switch
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~button enable bit 921. Processor 103 or the other device can clear nouse
power on enable bit 927 and keyboard power on enable bit 926. Wth this set
of functional paraneters, counter 924 is activated and the SM# signal when
‘generated is transmtted to processor 103. In addition, -nouse novenent and
keyboard input while the systemis in the fully operational node will reset
counter 924 because bits 918 and 919 are set. Myreover, the real tine clock
devi ce can generate a SM# signal that is transmtted to processor 103.
Furthernore, the conmputer system can inclyde an external button which when
pressed generates an active | ow EXTSM # si‘ghal . Wien the EXTSM # signal is
asserted, an SM# signal is also asserted because bit 921 is set. It is to
be appreciated that the assertion of a SM# signal causes the conputer
systemto transition to the responsive | ow power node. Muse novenent and
keyboard i nput do not generate a Sl M¢ signal be]cause bits 927 and 926 are

Inputs nputs
| SMI# STPCLK#
S\gitc_hing Clock
evice Cantroller
12 - 611

Power Consumption' Controller 105

FIGURE 4
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cl eared. Before the systemtransitions to the responsive | ow power node,
"~ processor 103 or another device can clear counter enable bit 917, nouse
counter reset enable bit 918, and keyboard counter reset enable bit 919.
. Processor 103 or the other device can set nouse power on enable bit 927,
keyboard power on enable bit 926, real tine clock enable bit 920, and
button enable bit 921. Wth this>set of functional paraneters counter 924
i s deactivated. Muse nove t ,<keyboard i#sut and the pressing of the
EXTSM # button will generat # signal. The real tinme clock device can
al so gener at e-a..SM #. 5|gnat;tmat will be transmtted to processor 103. The
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£ 16 - SM# signal causes the conputer systemto transition back to the

ful l'y operational nmode as described above. The specified real tinme can be
changed in the responsive | ow power node and in the fully operational node.
The real time clock device can include an input coupled to processor 103 or
ot her device which allow themto change the preassigned val ue representing
the specified real tinme in the real tine clock device. Thus, a first real
time can be assigned in the fully operational node to transition the system
to the responsive | ow power node at the first real tinme and a second real
time can be assigned in the responsive | ow power node to transition the
systemto the fully operational nbde at the second real tine. Figure 9 is a
flow chart illustrating the steps for controlling the power consunption of
a processor. Wien the processor is first powered up, it
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stransitions to the fully operational node, block 939. Next, the processor
sel ects the functional paraneters which define events causing a switch to

t he responsive | ow power node, block 940. The functional paraneters are
selected by setting and clearing the appropriate enable.bits. The processor
remains in the fully operational node until a | ow power event occurs as
shown by bl ock 941. Low power events are defined by the functional
paraneters sel ected by the processor. /Low power events can include a signal
at a specified tinme to swtch to a regg nsiye | ow power node, a signal from
an external button device to switch to a regsponsive | ow power node, and the
expiration of a specified el apsed tine as ipdicated by a counter. The
‘counter can be reset upon ar occurrence specified event, i.e., nobuse
novenent or keyboard input. [(\WWen a |OM/E§§§;F event occurs, the processor

is swtched to the responsi e | ow power as shown in bl ock 942.
Functi onal .
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paraneters are nodified in order to define events causing a swtch to the
fully operational node. In addition, the first specified duration and the
- 17 - second specified duration is inputted and st orkiiShedtitias BeER knabl e

bit is also set marking the start of the responsive | \W As | ong
€ processor

as the first specified duration has not expired and n as
"occurred, the clock signal to the selected portions of S
suppressed bl ocks 944 and 945. Wen th& first specified duration has
expired or a break event occurs, the clock signal to the selected portions
of the processor is allowed as Iong as the second speC|f|ed dur ation has
not expired, blocks 946 and 947.
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When t he clotk'ElgnaI i's allowed to the sel ect portions of the processor,

t he processorqmammke mmdub a‘%‘Eé)rmunlcatlons devi ce signals, block 947. \Wen
Ihe second spec has expired, the clock signal to the selected
portions of the uppressed until a break event occurs or the

first specified a |on has expired, blocks 944 and 945. In the above
steps, after the clock signal has been suppressed or has been allowed a
fully operational node event will gwgtch the processor to the fully
operational node, blocks 948, 949 and 950. Gn the other hand, when a fully

oper ati onal node event does

0e H——f he first specified duratlon or the
second specified duration ontrn§é§'as appl i cabl e, bl ocks 948, 946, 949 and
944. Before the processor . ed to the fully operational node,
the functional paraneters which define events causing the switch to the-
responsi ve | ow power node fre nodified. The processor returns to bl ock 941
and continues in a | oop unfilpower Up Processor
In Fully Qperatianal

Mcce

939
I

Select Functicnal Parameters for
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-Ihgip?%cessor is turned off. In order to facilitate explanation of the

- enbodi ments of the present invention, the responsive |ow power npde has
been described with clock suppression occurring first- (STPCLK# asserted).
However, under an alternative enbodi ment, clock allowance occurs first

. (STPCLK# deasserted) in the responsive Iom1pomer node. It will be

appreci ated that the alternative enbodln%nt may be inplemented merely by
adjusting state nachine 714 so ABSTRACT: hat STPCLK# i s deasserted first

until the expiration of high tiner 715 and then STPCLK# is ed, unti |
the expiration of lowtiner 713. _ (ﬁaﬁa% 9) _

METHOD AND APPARATUS FOR CONTROL OF POWER CONSUMPTION
IN A COMPUTER SYSTEM.

A power consumption controller is described which switches a
computer system between a fully operational mode and a responsﬁw blow
power mode. The computer system in the responsive low power mode is

responsive to a computer net.vork signal of a specified minimum duration.

ot



. o515 200
Thus, a novel ngthod and apparatus for controlling power consunption has-

been descrihed. 19 What is clainmed is: 1. A conputer system having a
full -power node and a | ow power node of operation conprising:.a controller
that generates an interrupt signal in response to a | ow power event or a
fully operational event, the controller further generates a clock control
signal, wherein the cl ock control signal @l t er nat i BERASCSNAN e oSS t.a
first tinme duration and deasserted for a nd tinme dd . : t he

| ow- power node of

T s it o e
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operation and thd& clogk control signal is deasserted during the full-power
node of operation; a processor coupled to the controller, wherein the:
processor suppresses an internal clock signal to at |east one functional
bl ock within the processor in response to an asserted cl ock control signal
and transmts the internal clock signal to the at | east one functiona

bl ock within the processor in response to a deassert edRepdcikemanty Gheet
signal; and a conmuni cati on device couple@ﬁ#ﬂihe proc rJulwherag gl t he
conmmuni cati on device periodically provides comuni catiion signal's to the

processor, and wherein the processor is responsive to the conmunication
device during the |l ow power node of operation when the interval between
two consecutive comunication signals is greater than the sumof the first
time duration and the second tine duration.
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2. The conput erf systtem of claim 1, wherein the controller includes a -
first register, a second register, and a state machi ne, further wherein the -
first register stores the first tinme duration and provides a first input
signal to the state nmachine, the second register stores the second tine
duration and provides a second input 20 si 4 fé to the gt igcgﬂggknghegge
state machi ne recei ves an enabl e signal angd-¢ pat i ve

asserted clock control signal for the fifst tinme dufgtion™a ed
clock control signal for the second tif/e duration in nesponse to an

asserted enable signal. 3. The conpgter systemof claym 2, wherein the

controller further includes a
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break event sel ection device coupled to the state machine, the break event .
sel ection device including at | east one break event input that is capable
of receiving the break event signal, when at |east one of the break event

i nputs receive a break event signal that corresponds to a selected break
event, the break event selection device provides a thigg,ioPihesSt 968EetO
the state machine, and the state machi ne ch{k®s the cl‘p%:mm to
be i medi ately deasserted for at |east the second tinme*gtratron. Z. The
conputer systemof claiml1l, wherein the fully operational event includes a
nouse novenent, a keyboard entry, or a real-tinme clock signal. 5. The
conputer systemof claiml1l, wherein the | ow power event includes a _
count-down signal or a real-tinme clock signal. 6. The conputer system of
claim1l, wherein the controller further includes a | ow power/fully
operational event selection device having at |east one | ow
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power/fully- operatiqnal event input that is capable of receiving a |ow °

power event sidnal_or .a.fully.operational event signal, when the |ow
power/fully O?BEPLAQEWVSKEE‘ESI ection device receives the | ow power event
signal ‘that c cspm.uo to—a ected | ow power event while in the
full -power node ﬂpﬁ”a L, the swi t chidig glevi ce generﬁé§§a&gﬁehat ehelpt
signal to trarsitl:é ullpitﬂgﬁystem the full- Nj e
| ow- power nodd df operation__ang@wen the | ow power even oper at | onal
event selectidn device receives 5h§ fully operational event signal that
corresponds to -&wwgathnal evenE while in the | ow power
node of operation—the suifching dauicelgenerateg the interrupt signal to
transition the qpufer -
S Wﬁﬁme mode 1ot he ful | - power
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node of operation. 7.: A method for controlling the power consunption of . a
conput er system which includes a processor coupled to a conmunication

devi ce that periodically provides conmunication signals to the processor,
the processor having a full- power node and a | ow power node of operation,
the nethod conprising the steps of: (a) operating the processor in a

full -power node of operation; (b) storin Aﬁgﬁgﬁg
09

whi ch specify a | ow power event and a ful
switching the processor fromthe high-power node of operatlon to the

| ow- power node of operation in response in response the | ow power event by
alternatively asserting for a first tine duration and deasserting for a
second time duration a clock control signal,

STPCLK#
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wherein a clockzsignal coupled to at |east one functional block within the,
processor ts suppressed in response to an asserted clock control signal and
transmitted in response to a deasserted clock control signal, wherein the
processor remains responsive to comuni cation signals during the | ow power
node of operation when the interval between two consecutive conmunication
signals is greater than the sum of the firdddline dur at BRIAcEmMERE Shegtd
time duration. 8. The nethod of claim 7, further conprs =

(d) switching the processor. back to the full-power de of operation in
response to the fully operational event by deassertifpg the clock control
si gnal ,

i
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22 wherein the ctock signal coupled to the at |east one functional bl ock
within the pr009559*“+3“QFQﬂ$ﬁ*1E§HTin response to the deasserted clock
control .signal. 9.REFtﬁ€Eﬁﬁﬁﬁbs. «i¢l aim 8, wherein step (d) further

conprises the step nodi Tyl ng thejfunctional paraneters which define the

| ow- power event. 10.1 Fhe,deubus

flclaim8, wherein step (d) further

conprises the step clearing thg ¢na it. 11. Therawihosmoht CEREEY7
wherein step (c) fyr ¢S tlhe of : (i) VIRGEE)) RIS
time duration alfirst register ard storing the second tIne éuraflon in a
. ] “ . 5 it .
second register; a 1) selting an enable bit that controls the
assertion andcgsassertion of
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the clock control signal. 12. The nethod of claim7 wherein step (c)
further conprises the steps of nodifying the functional paraneters which
define the high-power event. 13. The conputer systemdefined in claiml
wherein the controller is in the processor, and further wherein at |east
one of the functional blocks receive the internal clock signal in response
to the deasserted clock control signal. 0 The conpureplagshenmtobhekd] m
13, wherein the controller includes a fi egi ster, §§§E§§E§:ﬁ§§§§fﬁﬁ%
and a state nachine, wherein the first register stores the first tine
duration and provides a first input signal to the state nachine, the second
regi ster stores the second tine duration and provides a second input signal
to the state nachine, and the state nachi ne receives an enabl e signal and

alternatively generates an asserted clock control signal for the first tinme
duration and a deasserted clock control signal for the second time duration

in response to
FIG. 9A

-Power Up Processor
In Fully Operational

Mode
939

|

Select Functional Parameters for
Switch to Low Power Mode by
Setting Appropriate Enable Bits

940

-Modify Functional Parameters
For Switch to Fully Operatlonal Mode
-Input and Store First Specified Duration
“~Input and Store Second Specifled Duration
- Sel STPCLK# enable bit

942

L j)

o R T SR

31JUL 1996 | |




an asserted enabl e signal. 23 15. The conputer system of claim 14,
wherein the clock controller further includes a break event selection

devi ce.coupled to the state machine, wherein the break event selection
device includes at |east one break event input that is capable of receiving
a break event signal, and when at |east one of the break event inputs

recei ves break event signal that corresponds to a sel eqt% dd avdn ieVeindet t he
break event sel ection device provides = i nput sig m&yﬁ§§SSBte
machi ne, and wherein the state nmachi ne causes the clock control signal to
be i medi ately deasserted for at |east the second tine duration.
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16. The conputer system of claim 13, wherein the switching devi gasiHebudes

a low \pl)\a\rmmr ml “H afgi onal event sel ection device having at |east one
l-ow po | I glimll lnal event input that is capable of receiving a | ow
power event ¢signal ot a fully operationg event signal, when the |ow

power /ful "y -oper ati onal ~“event sel ection device receives the | ow power event
signal that corresponds to a selected | ow power event while in the ‘

ful | - povenyARER GhinkRFisat i on, the switching device generates the interrupt
signal tp transition the conputer systemfromthe full-power node to the
| ow- powef node of operation, when the | ow power eventfully operational

correspohdt t o coaieL VSR DabE, A EHeREChRke HR ACtFRboReP s BF.
node of bpsyerhtion compeisitigt t chi ng devi ce generates the interrupt signal to

transiti ¢n the conputer systemfromthe | ow power node to the full-power
node of @peration.

a controller that generates an interrupt signal in response to a low power event or
a fully operational event, the controller further generates a clock control signal,'
wherein the clock control signal is alternatively asserted for a first time duration
and deasserted for a second time duration during the low-power mode of
operation and the clock control signal is deaséerted during the full-power mode of
| operation;

a processor coupled to the controller, wherein the processor suppresses an
internal clock signal to at least one functional block within the processor in
response to an asserted clock control signal and transmits the internal clock
signal to the at least one functional block within the processor in response to a
deasserted clock control signal; and

a communication device coupled to the processor, wherein the communication
device periodically provides communication signals to the processor, and
wherein the processor is responsive to the communication device during the low-
power mode of operation when the interval between two consecutive
communication signals is greater than the sum of the first time duration and the
second time duration.

2. The computer system of claim 1, wherein the controller includes a first
register, a second register, and a state machine, further wherein the first register
stores the first time duration and provides a first input signal to the state machine,

the second register stores the second time duration and provides a second input
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. 17. The—conputer systemof claim 13, wherein the fully operational event

i ncl udes nopvenent, a keyboard entry, or a real-tine clock signal.
18. Theummil IH of claim 13, wherein the | ow power event i ncludes
a count real-ti me cl ogjlg si gnal .

signal to the state machine, the state machine receives an enable signal and
alternatively generates an asserted clock control signal'for the first time duration
and a deasserted clock control signal for the second time duration in response to
an asserted enable signal.

3. The computer system of claim 2, wherein the controller further includes a
break event selection device coupled to the state machine, the break event
selection device including at least one break event input that is capable of
receiving the break event signal, when at least one of the break event inputs
receive a break event signal that corresponds to a selected break event, the
break event selection device provides a third input signal to the state machine,
and the state machine causes the clock control signal to be immediately
deasserted for at least the second time duration.

4. The computer system of claim 1, wherein the fully operational event
includes a mouse movement, a keyboard entry, or a real-time clock signal.

5. The computer system of claim 1, wherein the low power event includes a
count-down signal or a real-time clock signal. '

6. The computer system of claim 1, wherein the controller further includes a
low power/fully operational event selection device having at least one low
power/fully operational event input that is capable of receiving a low power event
signal or a fully operational event signal, when the low power/fully operational
event selection device receives the low power event signal that corresponds to a
selected low power event while in the full-power mode of operation, the switching
device generates the interrupt signal to transition the computer system from the
full-power mode to the low-power mode of operation, and when the low power

event/fully operational event selection device receives the fully operational
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event signal that corresponds to a selected fully operational event while in the
low-power mode of operation, the switching device generates the interrupt signal
to transition the computer system from the low-power mode to the full-power
mode of operation.

7. A method for controlling the power consumption of a computer system
which includes a processor coupled to a communication device that periodically
provides communication signals to the processor, the processor having a full-
power mode and a low-power mode of operation, the method comprising the
steps of:
(a) operating the processor in a full-power mode of operation;
(b) storing a set of functional parameters which specify a low power
event and a fully operational event; and
(¢)  switching the processor from the high-power mode of operation to
the low-power mode of operation in response in response the low
power event by alternatively asserting for a first time duration and
deasserting for a second time duration a clock control signal,
wherein a clock signal coupled to at least one functional block
within the processor is suppressed in response to an asserted clock
control signal and transmitted in response to a deasserted clock
control signal, wherein the processor remains responsive to
communication signals during the low-power mode of operation
when the interval between two consecutive communication signals
is greater than the sum of the first time duration and the second
time duration.

8. The method of claim 7, further comprises the step of:
(d)  switching the processor back to the full-power mode of operation in

response to the fully operational event by deasserting the clock
control signal,
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wherein the clock signal coupled to the at least one functional block within the
processor is transmitted in response to the deasserted clock control signal.

9.  The method of claim 8, wherein step (d) further comprises the step of
modifying the functional parameters which define the low-power event.

10. The method of claim 8, wherein step (d) further comprises the step of
clearing the enable bit.

11.  The method of claim 7 wherein step (c) further comprises the steps of:

(i) storing the first time duration in a first register and storing the
second time duration in a second register; and

(ii) setting an enable bit that controls the assertion and deassertion of
the clock control signal.

12. The method of claim 7 wherein step (c) further comprises the steps of
modifying the functional parameters which define the high-power event.

13.  The computer system defined in claim 1 wherein the controller is in the
processor, and further wherein at least one of the functional blocks receive the
internal clock signal in response to the deasserted clock control signal.

14. The computer system of claim 13, wherein the controller includes a first
register, a second register, and a state machine, wherein the first register stores
the first time duration and provides a first input signal to the state machine, the
second register stores the second time duration and provides a second input
signal to the state machine, and the state machine receives an enable sighal and
alternatively generates an asserted clock control signal for the first time duration
and a deasserted clock control signal for the second time duration in response to
an asserted enable signal.
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15.  The computer system of claim 14, wherein the clock controller further
includes a break event selection device coupled to the state machine, wherein
the break event selection device includes at least one break event input that is
capable of receiving a break event signal, and when at least one of the break
event inputs receives break event signal that corresponds to a selected break
event, the break event selection device provides a third input signal to the state
machine, and wherein the state machine causes the clock control signal to be
immediately deasserted for at least the second time duration. '

16. The computer system of claim 13, wherein the switching device includes a
low power/fully operational event selection device having at least one low
power/fully operational event input that is capable of receiving a low power event
signal or a fully operational event signal, when the low power/fully operational
| event selection device receives the low power event signal that corresponds to a
selected low power event while in the full-power mode of operation, the switching
device generates the interrupt signal to transition the computer system from the
full-power mode to the low-power mode of operation, when the low power
event/fully operational event selection device receives the fully operational event
signal that corresponds to a selected fully operational event while in the low-
power mode of operation, the switching device generates the interrupt signal to

transition the computer system from the low-power mode to the full-power mode
of operation.

17.  The computer system of claim 13, wherein the fully operational event
includes a mouse movement, a keyboard entry, or a real-time clock signal.

18. The computer system of claim 13, wherein the low power event includes a
count-down signal or a real-time clock signal.
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