
(19) United States 
US 2001.0003206A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0003206A1 
POLE, II et al. (43) Pub. Date: Jun. 7, 2001 

(54) MANAGING ASYSTEMS PERFORMANCE (21) Appl. No.: 09/204,896 
STATE 

(22) Filed: Dec. 3, 1998 
(76) Inventors: EDWIN.J. POLE II, HILLSBORO, 

OR (US); SCOTT R. RUSHFORD, Publication Classification 
HILLSBORO, OR (US); ERIC S. 
SWARTZENDRUBER, WEST (51) Int. CI.7 ........ G06F 1/26; G06F 1/28; G06F 1/30; 
LAFAYETTE, IN (US); XIA DAI, G06F 1/32 
FREMONT, CA (US) (52) U.S. Cl. .............................................................. 713/320 

Correspondence Address: (57) ABSTRACT 
TIMOTHY N TROP A System includes a component, a detector adapted to detect 
TROP PRUNER HU & MILES generation of a power management event, and a controller 
8554 KATY FREEWAY adapted to transition the component from a first performance 
SUTE 100 mode to a lower activity State in response to the power 
HOUSTON, TX 77024 management event. The controller is adapted to change a 

Setting of the component to a Second, different performance 
mode while the component is in the lower activity state. The 

(*) Notice: This is a publication of a continued pros- power management event may be generated in response to 
ecution application (CPA) filed under 37 a change in the System's power Source, an over-temperature 
CFR 1.53(d). condition, or a user command. 

SUPPLY VOLTAGE BCLK COMPUTER 
C SYSTEM EXTERNAL 

SM SUPPLY 

52 
SM HOST VOLTAGE SUPPLY d 

BRIDGE REGULATOR VOLTAGE D. 

50 t VIDEO 28 
18 CLOCK BCLK CONTROLLER 

24 SYSTEM BUS 
36 22 

SYSTEM PORTS 38 

BRIDGE MASS STORAGE NVMEM 32 
34 PORTS 

PARALLEL 
KEYBOARD 

SERIA I/O 42 

40 INFRARED 

SECONDARY BUS 
46 

AUDIO 

44 

  

  



US 2001/0003206A1 Patent Application Publication 

  

  

    

    

  

  



US 2001/0003206A1 Sheet 2 of 7 Jun. 7, 2001 Patent Application Publication 

C10HMdHA 
#dLS nd0700|001 #d LSnd) 

#d LSnd 9 

  



Patent Application Publication Jun. 7, 2001 Sheet 3 of 7 US 2001/0003206A1 

POWER 
MANAGEMENT 

202 
STATE 
CHANGE 
REQUIRED 

204 

INDICATE 
NEW 

PERFORMANCE 
STATE 

206 

PLACE 
PROCESSOR 

INTO 
LOW ACTIVITY 

STATE 

208 

TRANSiTION 
SUCCESSFU 

FIG. 3 

    

    

  

    

    

  

  



Patent Application Publication Jun. 7, 2001 Sheet 4 of 7 US 2001/0003206A1 

PERFORMANCE MODE 
CHANGE SEQUENCE 

E1 E11- E25 
DETECT POWER ASSERT DEACTIVATE 
MODE CHANGE SUS STAT1 # SUS STATE 
& GENERATE E13 
INTERRUPT E26 

ASSERT DEACTIVATE 
E2 CPUSTP:# G STPCLK# 

REQUEST 
LoWACTWiTY ||F E27 

STATE STOPHOST PROCESSOR 
COCK EXITS LOW 

E3 E16 ACTIVITY STATE 
OS DOES 

HOUSEKEEPNG CHANGE E28 
VR LO/Hl# RELEASE 

E4 E17 LATCHED 
DISABLE SIGNALS 

PROCESSOR OPTIONAL 
INTERRUPTS WAKE EVENT 

E5 E18 DONE 

SETUP i. DEACTIVATE 
STATE SIGNALS 
CHANGE E21 

DEACTIVATE 
START WRCHGNG# 

TRANSiTIONIO ||E22 
LOATT CHANGE 

LO/Hi; 
E8 WAKE EVENT 

ACTIVATE E24 

STPCLK# | STARTHOST 
E10 X CLOCK 

STOP 
GRANT 
CYCLE 

FIG. 4 

    

  





US 2001/0003206A1 Jun. 7, 2001 Sheet 6 of 7 

T! 
Cy Y 

Patent Application Publication 

wn - - - - - - -b- 

L 

  



Patent Application Publication Jun. 7, 2001 Sheet 7 of 7 US 2001/0003206A1 

BCLK 

CORE CLK 

STATE 
MACHINE 

G STPCLK# 
FIG. 7 

  



US 2001/0003206A1 

MANAGING ASYSTEMS PERFORMANCE STATE 

BACKGROUND 

0001. The invention relates to managing a system's per 
formance State. 

0002 Portable systems, such as portable computers, have 
Steadily become more powerful with improved technology. 
Still, the processing, Storage, and other capabilities of por 
table Systems are limited due to power consumption and heat 
dissipation constraints. A portable System relies on a battery 
as its power Source when it is not connected to an external 
power Supply Such as an AC outlet. AS battery life is limited, 
power consumption in the System is reduced typically by 
lowering voltage levels of certain components (e.g., the 
processor) and reducing clock frequencies of these compo 
nents. For example, the core clock Speed of a processor as 
well as its voltage levels may be reduced to lower the 
processor's power consumption. This, however, also reduces 
processor performance. 
0.003 Portable systems have become increasingly popu 
lar as replacements for desktop Systems. When used in the 
office or at a location with access to an external power 
Supply, the portable Systems are plugged into the external 
power Supply, either by use of an AC adapter or through a 
docking Station. However, because conventional portable 
Systems typically operate at reduced performance levels due 
to limitations of the battery and thermal dissipation require 
ments, performance of portable Systems generally lag the 
typical desktop System. Consequently, a need arises for a 
Solution that would allow portable Systems to operate at 
higher performance levels to approach the performance of 
desktop Systems. 

SUMMARY 

0004. In general, according to an embodiment, a system 
includes a component and a detector adapted to detect 
generation of a power management event. A controller is 
adapted to, in response to the power management event, 
transition the component from a first performance mode to 
a reduced activity State and to change a Setting of the 
component to a Second, different performance mode while 
the component is in the reduced activity State. 
0005. Other features will become apparent from the fol 
lowing description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 is a block diagram of a system according to 
an embodiment of the invention. 

0007 FIG. 2 is a block diagram of power management 
control logic in the system of FIG. 1. 
0008 FIG. 3 is a flow diagram of a power management 
module in the system of FIG. 1. 
0009 FIG. 4 is a flow diagram of a performance mode 
change Sequence in the System of FIG. 1. 
0.010 FIGS. 5 and 6 are timing diagrams of signals and 
events in the performance mode change Sequence of FIG. 4. 
0.011 FIG. 7 is a block diagram of circuitry that has one 
capability to adjust a core clock frequency of a component 
in the system of FIG. 1 according to an embodiment of the 
invention. 
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DETAILED DESCRIPTION 

0012. According to an embodiment of the invention, 
multiple performance States may be defined in a System 
(which may be, as examples, a portable computer, a note 
book computer, a hand-held electronic device, and the like) 
by using a number of different criteria, including core 
component clock Speeds, power Supply Voltage Settings, and 
the like. Depending on the power consumption desired of the 
System, the System may be set at one of the multiple 
performance States. For example, if the System is only 
powered by battery (Such as when the System is being used 
as a portable unit remotely without access to an external 
power Source), the System is placed in a lower performance 
State to conserve power. However, if the System is powered 
by an external power Source (Such as an alternating current 
or AC outlet), the System may be placed in a high perfor 
mance State, in which performance may be maximized 
Subject to thermal dissipation constraints. In this high per 
formance State, additional heat dissipation devices (e.g., 
fans) may be activated in the System for improved thermal 
management. Other intermediate performance States may be 
Specified as desired. 
0013. According to one embodiment, to transition 
between the multiple (two or more) performance States, 
which may be performed by a controller formed of one or 
more layers (including, for example, Software, firmware, and 
hardware), one or more Selected components are placed into 
a lower or reduced activity mode (e.g., deep sleep or stop 
grant States if the component is a processor). Components 
may include a general-purpose or Special-purpose processor 
Such as a microprocessor or microcontroller, an application 
Specific integrated circuit (ASIC), a programmable gate 
array (PGA), or any other discrete or integrated device in 
which performance levels may be adjusted. A controller, 
implemented in Software, firmware, and/or hardware, may 
then control the performance State transitions by, for 
example, adjusting component clock frequencies and power 
Supply Voltage levels. The performance State transitions may 
be achieved Seamlessly and relatively rapidly without user 
intervention. 

0014 Power dissipation of components is proportional to 
internal clock Speed and to the Square of core Supply Voltage. 
AS a components internal clock Speed is reduced, the 
minimum required core Voltage Supply level can also be 
reduced, thereby dramatically reducing the component's 
power consumption. In the embodiments described below, 
the performance State of the computer System is changed by 
changing the processor's core clock frequency and core 
Voltage levels. In the ensuing description, the component in 
which internal clock Speeds and Voltage levels are adjusted 
is the processor, although clock Speeds and Voltage levels of 
other components may be varied in further embodiments. 
0015 Referring to FIG. 1, an example system 10 accord 
ing to an embodiment of the invention includes a processor 
12 (e.g., an 80x86 or Pentium(R) family processor from Intel 
Corporation) that receives an external clock BCLK (from a 
clock generator 50) and a Supply Voltage (from a voltage 
regulator 52). The Voltage regulator 52 and the clock gen 
erator 50 are both controllable to adjust the core voltage 
levels as well as the core clock frequencies in the processor 
12, as further described below. 
0016. The main power supply voltages in the system 10 
are provided by a power Supply circuit 56 that is coupled to 
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a battery 60 or an external power source outlet 58. When the 
external power Source (not shown) is plugged into or 
removed from the external outlet source 58, an interrupt 
(e.g., a System management interrupt or SMI) may be 
generated to notify System Software of the external power 
Source insertion or removal. In addition, docking the System 
10 to a docking base unit may also indicate a power Source 
transition. In one embodiment, a device driver may detect 
power Source transitions and docking events by registering 
with the operating System for power and plug-and-play 
notifications, for example. Thus, depending on whether the 
System 10 is powered by an internal power Source (e.g., 
battery 60) or by an external power Source (e.g., as coupled 
through the external source outlet 58), the system 10 may be 
Set at a Suitable performance level. For example, when the 
external power Source is coupled, the System 10 may operate 
at a higher performance mode; however, if the internal 
power Source is coupled instead, then the System 10 may 
operate at a lower performance mode. 
0017 Additionally, the computer system 10 may provide 
a graphical user interface through which a user may specify 
the desired performance State of the System. 
0.018. The processor 12 may be coupled to a cache 
memory 14 as well as to a host bridge 18 that includes a 
memory controller for controlling system memory 16. The 
host bridge 18 is further coupled to a system bus 22, which 
may in one embodiment be a Peripheral Component Inter 
connect (PCI) bus, as defined in the PCI Local Bus Speci 
fication, Production Version, Rev. 2.1, published on Jun. 1, 
1995. The system bus 22 may also be coupled to other 
components, including a Video controller 24 coupled to a 
display 26 and peripheral slots 28. 
0.019 A secondary or expansion bus 46 may be coupled 
by a system bridge 34 to the system bus 22. The system 
bridge 34 includes interface circuits to different ports, 
including a universal serial bus (USB) port 36 (as described 
in the Universal Serial Bus Specification, Revision 1.0, 
published in January 1996) and ports that may be coupled to 
mass Storage devices Such as a hard disk drive, compact disc 
(CD) or digital video disc (DVD) drives, and the like. 
0020. Other components that may be coupled to the 
secondary bus 46 include an input/output (I/O) circuit 40 
coupled to a parallel port, Serial port, floppy drive, and 
infrared port. A non-volatile memory 32 for Storing basic 
input/output system (BIOS) routines may be located on the 
buS 46, as may a keyboard device 42 and an audio control 
device 44, as examples. It is to be understood, however, that 
all components in the System 10 are for illustrative purposes 
and the invention is not limited in Scope to the illustrated 
System. 

0021 Various software or firmware layers (formed of 
modules or routines, for example), including applications, 
operating System modules, device drivers, BIOS modules, 
and interrupt handlers, may be Stored in one or more Storage 
media in the System. The Storage media includes the hard 
disk drive, CD or DVD drive, floppy drive, non-volatile 
memory, and System memory. The modules, routines, or 
other layerS Stored in the Storage media contain instructions 
that when executed causes the System 10 to perform pro 
grammed acts. 
0022. The Software or firmware layers can be loaded into 
the system 10 in one of many different ways. For example, 
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code segments stored on floppy disks, CD or DVD media, 
the hard disk, or transported through a network interface 
card, modem, or other interface mechanism may be loaded 
into the System 10 and executed as corresponding Software 
or firmware layers. In the loading or transport process, data 
Signals that are embodied as carrier waves (transmitted over 
telephone lines, network lines, wireleSS links, cables, and the 
like) may communicate the code segments to the System 10. 
0023. In the description that follows, reference is made to 
Specific Signals and circuitry as well as to Sequences of 
events-it is to be understood that the invention is not 
limited in Scope to the illustrated embodiments. 
0024. Referring to FIG. 2, power management control 
logic according to an embodiment of the invention for 
controlling the core clock frequency and the Supply Voltage 
level of the processor 12 is shown. In the illustrated embodi 
ment, the control logic may be separated into a first portion 
100 and a second portion 102. However, it is contemplated 
that the control logic may also be integrated in one compo 
nent. The first control logic portion 100 may be included in 
the host bridge 18, and the second control logic portion 102 
may be included in the system bridge 34. Alternatively the 
first and Second control logic portions may be implemented 
as Separate chips. In addition, instead of being configured 
with host and system bridges 18 and 34 as illustrated in FIG. 
1, the circuitry may be implemented as a memory hub 
(including interfaces to the processor and System memory) 
and an input/output (I/O) hub (including interfaces to the 
System bus and Secondary bus). In this other configuration, 
the control logic 100 and 102 may be implemented in the 
memory hub. With the memory and I/O hubs, messages 
rather than Signals may be used to provide the same func 
tionality as the control logic 100, 102. For example, the I/O 
hub may send a “Prepare for Deep Sleep” message to the 
memory hub. Alternatively, a Serial link may be used for 
communication with the Voltage regulator 52 and clock 
generator 50. 
0025 The power management control logic (100, 102) 
provides control signals to the Voltage regulator 52 to adjust 
its Voltage levels and to the processor 12 to adjust the 
processor's internal clock frequency. In addition, the power 
management control logic (100, 102) is responsible for 
placing the processor 12 into a low activity State to transition 
the System to a different performance State. 
0026. The core or internal clock frequency of the pro 
ceSSor may be varied by changing a Setting in the processor. 
In one embodiment, one of Several values may be provided 
to the processor through input pins, which may be sampled 
by the processor when it is in a low activity State or when it 
is in reset. The value Sampled by the processor may in one 
embodiment represent bus fraction data Specifying the ratio 
of the processor's core clock to an external clock, Such as 
BCLK. In one embodiment, the frequency of the external 
clock can remain the same while the internal clock fre 
quency is changed. 

0027. One such embodiment is disclosed in FIG. 7, in 
which the processor 12 includes a clock generator 308, 
which may be a phase locked loop (PLL) circuit, for 
example. In one example configuration, the PLL circuit 308 
includes Settings that may be varied according to data 
(which may be bus fraction data, for example) Stored in a 
register 306. The inputs of the register 306 may be coupled 
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to input/output (I/O) pins 304, and the register 306 may have 
a latch input controlled by a NOR gate 310. Bus fraction data 
may be presented onto I/O pins 304 and loaded into the 
register 306 during a low activity state or some other suitable 
state, e.g., processor reset. The NOR gate 310 receives a 
Signal indicating that the processor 12 is in a low activity 
State, e.g., Stop grant or deep sleep State. In the illustrated 
example, the signal may be referred to as DEEPSLEEP, 
although other signal names indicating a low activity State 
may also be used. The signal DEEPSLEEP is provided by a 
state machine 330, or alternatively, by an input pin of the 
processor 12 to indicate when the processor 12 is in a low 
activity State. 
0028. The NOR gate also may receive another signal 
(e.g., CPURESET) indicating that the processor 12 is in 
reset. According to the illustrated embodiment, when the 
output terminal of the NOR gate 310 is low, indicating that 
the processor 12 is either in reset State or in a low activity 
state, the register 306 allows the states of I/O pins 304 to 
flow through the register 306 to a PLL circuit 308. The PLL 
circuit 308 also receives the external clock BCLK on pin 302 
for generating the core clock CORE CLK. The frequency of 
the internal clock CORE CLK is determined by the data 
stored in the register 306. For example, the data may specify 
the ratio of the internal clock frequency to the external clock 
(BCLK) frequency. When the processor 12 is out of reset or 
the low activity state, the NOR gate 310 asserts its output 
terminal high to latch the value present on the I/O pins 304. 
This maintains the core clock frequency until the next 
change condition is detected. 
0029. In further embodiments, the bus fraction settings 
may be Stored in programmable devices in the processor, 
including, for example, fuse banks or non-volatile memory. 
0.030. By changing the internal clock speed of the pro 
ceSSor rather than the external clock Speed the multiple bus 
fraction data Settings of Some processors may be used. 
Further, a wider range of frequency Settings may be avail 
able for the processor's internal clock as compared to how 
much an external clock frequency can change. 
0.031 Abrief description of the interface signals between 
the power management control logic (100, 102) and the 
other components of the system follows. A signal VR LO/ 
HI# is provided by the control logic portion 100 to the 
Voltage regulator 52 to adjust the Voltage level Supplied by 
the voltage regulator 52 up or down. A signal G STPCLK# 
is provided to the processor 12 and a signal G. CPU STP# 
is provided to the clock generator 50 to place the processor 
12 in a low activity State (e.g., deep sleep or stop grant state) 
So that the clock frequency and Supply Voltage level of the 
processor 12 may be varied. The low activity State may also 
be defined as any of the C1, C2, and C3 states under the 
Advanced Configuration and Power Interface (ACPI) Speci 
fication, Revision 1.0, published on Dec. 22, 1996. Other 
low activity States may also be Suitable, Such as any State in 
which the internal clock of the processor is stopped but 
which allows internal Settings to be maintained (e.g., values 
Stored in registers and caches). 
0032. A signal LO/HI# provided by the control logic 
portion 100 to the processor 12 determines whether the core 
clock frequency of the processor 12 is at a high or low level. 
AS an example, the core clock frequency may vary between 
350 MHz and 450 MHz, depending on whether LO/HI# is 
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active or not. It is noted that additional signals may be used 
to adjust the core clock frequency to more than two levels. 
Similarly, additional signals other than VR LO/HI# may 
also be used to control the voltage levels provided by the 
Voltage regulator 52. In the illustrated embodiment, a signal 
G LO/HI# from the system bridge 34 indicates the desired 
system state and controls the states of LO/HI# and VR LO/ 
HI#. Additional signals may be used to define more than two 
System States. 
0033) A signal VRCHGNG# is provided by the control 
logic 100 to System electronics circuitry (e.g., the host 
bridge 18 and system bridge 34) to indicate that the voltage 
level from the Voltage regulator 52 is changing. A signal 
VRPWRGD from the control logic 100 to the system 
electronic circuit 104 indicates when the output from the 
Voltage regulator 52 is within Specification. According to 
embodiments of the invention, the Voltage regulator inter 
face provided by the control logic portion 100 allows the 
Voltage regulator 52 to change Settings without causing a 
power-on reset of the System. As a result, the performance 
State transition (including adjusting the processor's core 
clock frequency and Voltage level) may be accomplished 
without resetting the System, which invalidates the System 
context. Further, according to Some embodiments, the inter 
nal clock Speed of the processor may be changed without 
changing the clock Speed of the clock from the clock 
generator 50 while the processor is in the low activity state. 
0034. According to one embodiment of the invention, 
when the Voltage regulator on Signal (VR ON) is active 
(which is true whenever the system is on), the voltage 
regulator 52 settles to the output selected by VR LO/HI# (a 
low level or a high level). By way of example, a low Supply 
Voltage level may be about 1.3 V while a high Supply Voltage 
level may be about 1.8 V. When the outputs of the regulator 
52 are on and within Specification, the Voltage regulator 52 
asserts a signal VGATE, which in turn controls the state of 
the signal VRPWRGD provided by the control logic portion 
100 to system electronics circuitry. To prevent a system 
reset, the signal VRPWRGD is maintained active during the 
performance State transition by the control logic irrespective 
of the condition of VGATE. 

0035) It is contemplated that when the processor 12 is 
transitioning from one performance State to another, the 
Voltage regulator output may or may not change, depending 
on its original level. It is possible that the Voltage regulator 
output level may be valid at both performance States, in 
which case a Voltage level adjustment is not necessary. 
0036) Different events may be used to trigger perfor 
mance state transitions. For example, a user (through a 
graphical user interface) may specify the performance State 
of the computer System. Other events may include docking 
or undocking of the System 10 and the coupling or discou 
pling of the external Source port 58 to an external power 
Source (Such as an AC power Source). Environmental 
changes in the System may also trigger a performance State 
change, including an over-temperature condition where a 
predefined temperature threshold in a thermal Zone of the 
computer System has been violated. In addition, System 
usage may be monitored, with events generated to trigger 
Switching to a lower performance State if usage is low, for 
example. 
0037 Performance state change events may be handled a 
number of different ways. A device driver may be registered 
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to receive Such events, for example. Alternatively, Such 
events may generate a System management interrupt (SMI) 
Such that an SMI handler is invoked. In addition, A BIOS 
routine may be used to respond to a generated power event. 
Other mechanisms are also possible. 

0038) Referring to FIG. 3, the process executed by a 
power management module according to one embodiment in 
the System to control performance State transitions is illus 
trated. The power management module may be implemented 
as a Software module, in System firmware (e.g., System 
BIOS or SMI handler), as part of the operating system, as a 
device driver, or as a combination of the above. The power 
management module determines (at 202) if a performance 
State change is to be employed in response to a received 
event, indicating a power Supply transition, docking/un 
docking, a user command, or other events. Thus, for 
example, if the System was originally battery operated, and 
has been plugged into the AC outlet, then the System may 
transition to a high performance State. If removed from the 
AC outlet, then the System may transition to a lower 
performance State. Next, the power management module 
indicates (at 204) the new performance State of the processor 
is to transition to. This may be performed, for example, by 
Writing a predefined value to a control register to indicate the 
new performance State of the processor 12. The control 
register may be defined in memory or I/O address Space. In 
addition, programming of the control register may be 
defined under the ACPI Specification. Thus, in one embodi 
ment, one or more ACPI objects may be created to indicate 
to the operating system that the system is capable of tran 
Sitioning between or among different performance States and 
to denote the resources that may be used by the operating 
System to perform the transitions. The location and structure 
of the control register may be defined under an ACPI object. 
Further, one or more ACPI objects may define the number of 
performance States available, the core clock frequencies and 
Supply Voltage levels to be used in the performance States, 
the expected power consumption in each performance State, 
and other information. 

0039 Next, the power management module places (at 
206) the processor 12 into a low activity state (e.g., deep 
Sleep, stop grant, C1, C2, or C3 State). In the deep sleep State, 
which may be the C3 state defined under the ACPI speci 
fication, the external clock BCLK to the processor is dis 
abled So that no activity is performed by the processor 
except maintenance of the Stored data in the processor's 
internal cache. In the Stop grant or C2 State, the processor 
performs minimal activity, Such as Snooping for an internal 
cache line hit to maintain cache coherency. While the 
processor 12 is in the low activity State, the performance 
mode of the processor 12 may be changed by, for example, 
by changing the core processor clock frequency and adjust 
ing the core Voltage level. Once the processor 12 has 
transitioned to the low activity state, the control logic 100 
and 102 takes over the performance State transition, as 
further described below in connection with FIG. 4. 

0040. The power management module next determines if 
the performance state transition was successful (at 208 in 
FIG. 3). This may be determined by reading a predefined 
register in the processor 12, which may be a model-Specific 
register (MSR) or the processor's CPU ID register. The 
predetermined register may be updated by the processor 12 
after a transition has been Successful. If the transition was 
Successful, then the power management module exits. If 
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unsuccessful, the power management module may time out 
after a predetermined time period, and a failed indication 
may be provided. 
0041 Referring to FIG. 4, the performance state change 
Sequence is illustrated in greater detail. The Sequence is 
performed by a combination of Software, firmware, and 
hardware, including the power management module, the 
control logic 100 and 102, and other modules. It is contem 
plated, however, that the Sequence may be varied and 
performed by different system layers and modules. Refer 
ence is also made to the timing diagram of FIG. 5, which 
illustrates relative timings of the Signals and events involved 
in the performance State change Sequence. 
0042. When the system detects a power mode change 
(Such as in response to the power management module 
Writing to the predetermined control register to indicate the 
new performance State), an interrupt may be generated (at 
E1), which may be an interrupt defined by the ACPI speci 
fication. When the interrupt handler (e.g., an ACPI driver) is 
loaded, it recognizes the power mode change and, in 
response, requests that the operating System place the pro 
cessor into the low activity state (at E2), which in one 
example may be the ACPI C3 state. Next, the operating 
System performs System housekeeping (at E3) and gives 
control of the System to the interrupt handler. 
0043. Next the interrupt handler disables the interrupts to 
the processor 12 (at E4), although interrupts that may be 
handled by the system bridge 34 are not affected. It is noted 
that processor interrupts may not be disabled for more than 
a predetermined time period (e.g., about 200 microSeconds) 
in order for the performance State transition to be seamless. 
For example, overrun errors on buffered networks or Serial 
ports may occur if the latency caused by the performance 
State Switching is greater than the predetermined period. 

0044) Next, the interrupt handler sets up (at E5) the 
performance State change by performing an I/O write to a 
register in the System bridge 34 to control the transition of 
the signal GLO/HI#. As illustrated at E6 in FIG. 5, this 
causes the signal G. LO/HI# from the system bridge 34 to 
change State. Changing the State of G LO/HI# is an indi 
cation to change performance States. 

0.045 Next, the interrupt handler initiates (at E7) the 
transition of the processor 12 to the low activity State, which 
may in one example be performed by the interrupt handler 
accessing a predefined register in the System bridge 34, Such 
as performing a memory or I/O read of the level 3 register 
in the 82371 series of system bridge chips (PIIX3 or PIIX4 
chips) from Intel Corporation. In response to the level 3 
read, the system bridge 34 activates (at E8) the signal 
STPCLK# to begin a processor stop clock sequence. This in 
turn activates (at E9) a signal G STPCLK# from the control 
logic portion 100 to the processor 12. 

0046) Next, at E10, the processor 12 issues a stop grant 
cycle in response to detection of the activation of G STP 
CLK#. When the system bridge 34 recognizes the stop grant 
cycle, it asserts a signal SUS STAT1# (at E11) to the control 
logic portion 100, which in turn activates a signal G SUS 
STAT1# (at E12) provided to the host bridge 18 that may 

perform refresh control of system memory 16. In the 
embodiment in which the processor clock BCLK is disabled, 
another clock (e.g., a Suspend clock) may be needed to 
perform system memory refresh. Next, the system bridge 34 
asserts a signal CPU STP# (at E13) to the control logic 
portion 102, which in turn activates a signal G CPU STP# 
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(at E14) that is routed to the clock generator 50 and the 
control logic portion 100. In response to activation of 
G CPU STP#, the clock generator 50 deactivates the host 
clock (BCLK) at E15. At this point, the control logic portion 
100 may latch certain signals which may not be changed 
during the deep sleep State of the processor 12, Such as 
signals INITH, INTR, NMI, and SMIH used by the Pentium(R) 
family of processors, which are latched as signals G INIT, 
G INTR, G NMI, and GSMI# provided to the processor 
100. In addition, VRCHGNG# may also be activated at this 
time. 

0047. After a predetermined delay following activation 
of G CPU STP# (e.g., 10 microseconds), the control logic 
portion 100 changes the state of the signal VR LO/HI# (if 
necessary) to begin changing the Voltage level of the Voltage 
regulator 52. The predetermined delay is to allow time for 
the phase locked loop (PLL) circuit in the processor 12 to 
deactivate. Depending on whether the Voltage level of the 
Voltage regulator 52 is within or out of Specification, the 
signal VGATE driven by the voltage regulator 52 may or 
may not deassert. At this point, the Voltage regulator Setting 
is changing, but the processor core clock frequency change 
does not begin until the Voltage level Settles. Further, as 
illustrated in FIG. 5, the power good indications VRP 
WRGD and CPUPWRGD remain active to prevent system 
reSet. 

0.048 Next, the interrupt handler may issue an asynchro 
nous wake event (at E18) to initiate system exit from the low 
activity State. According to an embodiment of the invention, 
this wake event is optional and may occur any time after 
activation of G CPU STP#. Alternatively, a system con 
troller interrupt (SCI) may be issued to initiate exit from the 
low activity state. If this is caused by assertion of VRCH 
GNG#, the overall latency is minimized. If the wake event 
occurs at E17, which is before the Voltage regulator State 
change and the core processor clock frequency change have 
completed, the wake event is blocked by latching certain 
signals in the control logic 100 and 102. 
0049. In response to the wake event, the system bridge 34 
deactivates the signal CPU STP# (at E18). However, the 
signal G CPU STP# is maintained latched by the control 
logic portion 102 to continue in the low activity state. The 
signals SUS STAT1#and STPCLK# are also deactivated (at 
E19 and E20) in response to deactivation of CPU STP#, but 
the control logic portion 100 maintains the states of G SUS 
STAT1# and G STPCLK# latched. 
0050. The control logic portion 100 then waits for the 
signal VGATE to be activated by the voltage regulator 52 (at 
E21) to indicate that the voltage levels have settled or to wait 
until a predetermined time period has elapsed (e.g., 100 
microseconds) and VGATE is asserted. When either occurs, 
the control logic portion 100 changes the state of LO/HI# to 
change the core clock frequency of the processor 12 (at E22) 
and deasserts VRCHGNG#. By this time, a synchronous 
wake event (which may be in the form of a system control 
interrupt or SCI) may be asserted by the system bridge 34 to 
force the system out of the low activity state. The SCI event 
is independent of the asynchronous wake event that may be 
generated at E17. Either one of the wake events may be 
used. In FIG. 5, generation of the asynchronous wake event 
at E17 before SCI allows early deactivation of CPU STP#, 
SUS STAT1#, and STPCLK# so that the control logic 
controls the timing of G CPU STP#, G SUS STAT1#, and 
G STPCLK#. 
0051) Next, once VRCHGNG# deasserts to indicate the 
Voltage regulator outputs have Settled and if the Signal 
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CPU STP# is inactive, the signal G. CPU STP# is also 
deactivated (at E23). When this occurs, the host clock is 
started by the clock generator 50 (at E24). After the host 
clock Starts, the control logic portion 100 waits a predeter 
mined time period (e.g., greater than 64 microSeconds) 
before deactivating G SUS STAT1# (at E25). A predeter 
mined time period after that, the signal G STPCLK# is 
deactivated (at E26). 
0.052 As noted above with reference to FIG. 5, the 
control logic portion 100 controls the deassertion of the 
signals GCPU STP#, G SUS STAT1# and G STPCLK# 
Since the wake event issued at E17 has already triggered 
deassertion of the CPU STP#, SUS STATH, and STPCLK# 
signals. In contrast, in FIG. 6, if the wake event E17 is not 
issued until much later after the SCI, the interrupt SCI 
generated at E22 triggers deassertion of STPCLK#, SUS 
STAT1#, and CPU STP#. As illustrated, once VRCH 
GNG# is deactivated, G CPU STP# is not deactivated until 
after CPU STP# is deasserted by the system bridge 34 in 
response to the SCI. Consequently, the Sequence of events 
and Signals to wake the processor 12 is changed as shown in 
F.G. 6. 

0053. After the signals G STPCLK#, G CPU STP#, 
and GSUS STAT1# are all deasserted, the processor 12 
exits the low activity state (at E27) in the new performance 
state. Finally the latched signals INITH, INTR, NMI, and 
SMI# are released (at E28) and the system is allowed to 
proceed with normal operations. 
0054. After the internal clock frequency and voltage 
Settings have changed, predefined register bits in the pro 
cessor 12 may be updated that is accessible by Software to 
determine if the performance State change has been Success 
fully made. The predefined register bits may be mapped to 
a memory or I/O address of the processor 12, the Voltage 
regulator 52, or a combination of both. Alternatively, the 
predefined register bits may be found in System memory 16. 
0055. A power management control system has been 
described that controls the Switching of a System between or 
among different performance States in response to predeter 
mined events. The performance State Switching is performed 
after the processor or other component has been placed into 
a low activity State. An advantage of Such a System is that a 
System reset may be avoided in Switching between or among 
performance States. For example, the internal clock Speed of 
the processor or other component may be varied while it is 
in the low activity State. In addition, by Switching States 
depending on how the computer System is being utilized 
(e.g., internal or external power Source, high temperature 
conditions, etc.), System performance may be improved “on 
the fly” without user intervention. 
0056. Other embodiments are within the scope of the 
following claims. Although one example described involves 
portable computer Systems, the power control System 
described can be applied to other types of Systems. In 
addition, components (other than a processor) may be tran 
Sitioned to different performance States to implement other 
embodiments of the invention. The steps described in the 
power management Sequence may be varied and Still 
achieve Similar results. 

0057 While the invention has been disclosed with 
respect to a limited number of embodiments, those skilled in 
the art, having the benefit of this disclosure, will appreciate 
numerous modifications and variations therefrom. It is 
intended that the appended claims cover all Such modifica 
tions and variations as fall within the true Spirit and Scope of 
the invention. 
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What is claimed: 
1. A System comprising: 
a component, 

a detector adapted to detect generation of a power man 
agement event; and 

a controller adapted to, in response to the power manage 
ment event, transition the component from a first per 
formance mode to a reduced activity State, and to 
change a Setting of the component to a Second, different 
performance mode while the component is in the 
reduced activity State. 

2. The System of claim 1, wherein the processor includes 
a clock Set to a first frequency in the first performance mode 
and to a Second, different frequency in the Second perfor 
mance mode. 

3. The System of claim 1, wherein the component includes 
a Supply Voltage Set to a first level in the first performance 
mode and to a Second, different level in the Second perfor 
mance mode. 

4. The system of claim3, wherein the controller is adapted 
to change the Supply Voltage without resetting the compo 
nent. 

5. The system of claim 1, wherein the reduced activity 
State includes a deep sleep State. 

6. The system of claim 1, wherein the reduced activity 
state includes the C3 state defined under an Advanced 
Configuration and Power Interface Specification. 

7. The system of claim 1, wherein the component includes 
an internal clock stopped in the reduced activity state. 

8. The system of claim 1, wherein the component includes 
an external clock Stopped in the reduced activity State. 

9. The System of claim 1, wherein the power management 
event includes an event generated in response to a change of 
power Source. 

10. The system of claim 9, further comprising an internal 
power Source and an external power Source, the controller 
adapted to Select the performance mode based on which of 
the internal or external power Source is used. 

11. The system of claim 1, wherein the controller is partly 
implemented in Software. 

12. A method of controlling performance States in a 
System, comprising: 

detecting if an internal power Source or an external power 
Source is coupled; 

Setting a performance mode of the System to a first level 
if the System is coupled to the internal Source; and 

Setting the performance mode of the System to a Second, 
higher level if the System is coupled to the external 
SOCC. 

13. The method of claim 12, further comprising adjusting 
an internal clock of a component in the System to transition 
between the first and second levels. 

14. An apparatus to adjust power States of a System 
including a component having an internal clock running at 
a frequency, comprising: 

a detector to receive an indication to change power States 
in the System; and 

a controller adapted to place the System into a lower 
activity State in response to the indication, 
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the controller adapted to change a Setting in the compo 
nent to change the internal clock frequency to transition 
the System from one performance State to another 
performance State while the System is in the lower 
activity State. 

15. The apparatus of claim 14, wherein the internal clock 
of the component is Stopped in the lower activity State. 

16. The apparatus of claim 14, wherein the component is 
Set to operate at a first Voltage in a first performance State and 
at a Second, different Voltage in a Second performance State. 

17. The apparatus of claim 14, wherein the indication is 
generated in response to a change in a power Source in the 
System. 

18. The apparatus of claim 14, wherein the controller 
includes a Software module. 

19. The apparatus of claim 18, wherein the controller 
further includes hardware control logic responsive to com 
mands from the Software module. 

20. An article including a machine-readable Storage 
medium containing instructions for controlling power States 
of a System, the instructions when executed causes a System 
to: 

detect an event generated in response to a predetermined 
activity; 

place a processor in the System into a lower activity State 
in response to the event; and 

change a Setting in the processor to transition the proces 
Sor from a first performance State to a Second perfor 
mance State while the processor is in the lower activity 
State. 

21. The article of claim 20, wherein the storage medium 
contains instructions for causing the System to further detect 
a power Source change event that indicates a power Source 
of the System has changed. 

22. The article of claim 20, wherein the storage medium 
contains instructions for causing the System to further detect 
an over-temperature condition event that indicates a tem 
perature in the System has exceeded a predefined threshold. 

23. The article of claim 20, wherein a supply voltage of 
the processor is set to a first level in the first performance 
State and to a Second, different level in the Second perfor 
mance State. 

24. The article of claim 20, wherein an internal clock of 
the processor is Set to a first frequency Setting in the first 
performance State and to a Second, different frequency 
Setting in the Second performance State. 

25. A method of managing a power State of a System, 
comprising: 

detecting a power management event; 

placing a processor in the System into a lower activity 
State in response to detection of the power management 
event; and 

changing a Setting in the processor to transition the 
processor from a first performance State to a Second 
performance State while the processor is in the lower 
activity State. 

26. The method of claim 25, further comprising Stopping 
an internal clock of the processor in the lower activity State. 

27. The method of claim 25, further comprising Stopping 
an external clock of the processor in the lower activity State. 
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28. The method of claim 25, further comprising changing 
an internal clock frequency of the processor to a different 
frequency in the transition. 

29. The method of claim 25, further comprising changing 
a Supply Voltage of the processor to a different level in the 
transition. 

30. An article including a machine-readable Storage 
medium containing instructions for controlling performance 
States in a System, the instructions when executed causes a 
System to: 

determine if a State change is to be employed; 
indicate a new performance State for the System if So, and 
place a component in the System into a lower activity State 

to transition to the new performance State. 
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31. A computer data Signal embodied in a carrier wave 
comprising: 

one or more code Segments containing instructions that 
when executed causes a System to 
detect an event generated in response to a predeter 
mined activity; 

place a processor in the System into a lower activity 
State in response to the event; and 

change a Setting in the processor to transition the 
processor from a first performance State to a Second 
performance State while the processor is in the lower 
activity State. 


