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1. 

SYSTEMS AND METHODS FOR DYNAMIC 
VOLTAGESCALING OF COMMUNICATION 
BUS TO PROVIDE BANDWDTH BASED ON 
WHETHER AN APPLICATION IS ACTIVE 

FIELD OF THE DISCLOSURE 

The present invention generally relates to efficient use of 
electronic devices and, more particularly, to systems and 
methods for power management of electronic devices. 

BACKGROUND 

Technological advancements for electronic devices having 
components such as microprocessors, data buses, memory, 
and associated electronic circuitry have warranted careful 
design considerations in terms of power consumption. His 
torically, microprocessor speeds have doubled every eighteen 
months to two years necessitating information to be commu 
nicated between devices at increased data rates. 

However, power consumption of electronic components 
associated with processing and transmitting information at 
Such high speeds has also increased. For example, power 
consumption of capacitive components, such as modes of a 
data bus, may be calculated based on the response of Such 
components to changes in frequency. For example, capacitive 
reactance may be found by: 

1 Equation 1 Xc = - (Equation 1) 

Where () is 2 at times the frequency if of a signal and C is the 
DC capacitive value for the component. The average current 
for a capacitor can be found by: 

V (Equation 2) 

Where V is the average voltage of the signal provided. 
Plugging these values into a power equation results in: 

P=IV (Equation 3) 

AS Such, average power consumption for a capacitor 
increases proportionally as the frequency of the signal 
increases. For example, if a systems frequency is doubled, 
the power consumed by the capacitor also doubles, resulting 
in increased power consumption. 
Some current solutions for efficiently managing power 

consumption include providing sleep states for electronic 
devices such as laptop computers, desktop systems and/or 
monitors. For example, a laptop computer benefits from 
reduced power consumption by reducing its operating fre 
quency and/or operating Voltage based on whether it is con 
nected to a persistent power source, such as a wall plug, or a 
degenerative power source, such as a rechargeable power 
unit. Other applications for managing power consumption 
include providing reduced power states including powering 
down peripheral components such as video monitors, print 
ers, etc. to conserve energy consumption. For example, Such 
conventional energy conserving applications may include a 
mode of operation in which all unnecessary components are 
shut down or placed in a sleep mode and may include shutting 
down the video monitor and disk drive. Once awakened, the 
computer returns to an operating state. 
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2 
As conservation of power, and battery life, remain desir 

able, other systems and methods for reducing power con 
sumption will continue to be useful. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present embodi 
ments and advantages thereofmay be acquired by referring to 
the following description taken in conjunction with the 
accompanying drawings, in which like reference numbers 
indicate like features, and wherein: 

FIG. 1 is a block diagram of a system employing a monitor 
for determining bandwidth requirement for optimizing power 
consumption of electronic devices according to one embodi 
ment of the invention; 

FIG. 2 illustrates a flow diagram of a method for altering 
operating characteristics of a communication bus according 
to one embodiment of the invention; 

FIG. 3 illustrates a block diagram of a system employing 
multiple communication buses having associated bandwidths 
for communicating information according to one embodi 
ment of the invention; 

FIG. 4 is a flow diagram of a method for managing power 
consumption within a computer system operable to couple 
plural electronic devices having associated bandwidth 
requirements according to one embodiment of the invention; 
and 

FIG. 5 illustrates a block diagram of a computer system 
employing dynamic power management according to one 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE FIGURES 

Advantageous embodiments of the invention provide sys 
tems and methods for dynamic power management of elec 
tronic devices. The conceptual groundwork for the invention 
relates to managing power consumption of electronic devices 
while satisfying bandwidth requirements for communicating 
and/or processing information. In one form, bandwidth 
requirements may be satisfied through altering an operating 
Voltage level of one or more electronic components or 
devices. Voltage levels may be varied in a step-wise linear 
manner to meet power requirements of the electronic device 
to while provide sufficient bandwidth for communicating 
information. During low-level bandwidth periods, voltage 
levels may be reduced to meet bandwidth requirements and 
reduce power consumption of electronic devices during low 
level bandwidth periods. 

In another form, an electronic device employs one or more 
clocks for latching signals at components associated with the 
electronic device. A clock's speed is an indicator of the num 
ber of cycles per second during which data can be latched and 
processed. Clock speed is usually measured in GHZ (giga 
hertz, or trillions of pulses per second). By monitoring an 
operating condition, such as the needed data bandwidth 
between two or more components, the clock speed at which 
data is transferred (data rate) between components can be 
controlled to optimize power consumption. For example, the 
needed data rate between components can be monitored as 
part of a start up routine, or during normal operation to insure 
bandwidth requirements are satisfied while power consump 
tion is minimized. In this manner, data rates between compo 
nents or electronic devices can be matched to meet the band 
width needed without sacrificing performance. 

In a particularized form, a computer system includes a 
monitor operable to ensure bandwidth requirements are sat 
isfied for one or more communication buses. One or more 
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electronic devices may be coupled to a communication bus 
and a data rate for the communication or data bus may be 
determined based on the one or more connected electronic 
devices. An operating characteristic for the data bus is deter 
mined and altered based on the required bandwidth. For 
example, a Voltage level and/or clock for the communication 
bus may be altered to satisfy the bandwidth requirements 
needed to communicate information via the bus. In one 
embodiment, a Universal Serial Bus (USB) may be used to 
couple USB compliant devices during operation of a com 
puter system. Each electronic device may include bandwidth 
requirements and an operating characteristic of the USB and/ 
or data bus coupling the USB to the system may be altered to 
satisfy the required bandwidth. Additionally, if the USB 
device is disconnected or not being used, an operating char 
acteristic of the USB and/or data bus connecting the USB to 
the system may be altered to reduce power consumption. In 
this manner, power consumption associated with communi 
cating and processing information via data buses may be 
optimized while satisfying bandwidth requirements for the 
computer system. This is further illustrated with respect to 
FIGS 1-5. 

FIG. 1 is a block diagram of a system 100 operable to 
process and communicate information using one or more 
clocked signals, according to one embodiment of the inven 
tion. 

Electronic device 100 includes a first processor 101 com 
municatively coupled to a second processor 102 via commu 
nication (data) bus 103. Communication bus 103 operates as 
a transmission path on which signals are communicated via 
one or more data paths interconnecting first processor 101 to 
second processor 102. Specific examples of processors 
include: general purpose processing devices, such as micro 
processors and microcontrollers; and specialized processing 
devices. Such as graphics devices, audio devices, network 
interface devices, and input output devices. 

Control logic 104 provides access to operating Voltage 
levels provided by voltage generator 105 and clock speeds 
provided by clock generator 106 and suited to satisfy band 
width requirements of bus 103 to communicate information 
between first processor 101 and second processor 102. Clock 
generator 106 provides timing for system 100, which may 
include a common clock or separate clocks for each of com 
ponent within system 100. For example, a data rate for data 
bus 103 is established using clock generator 106 based on 
bandwidth needed to satisfy communication of information 
using bus 103. 

Similarly, control logic 104 may alter operating Voltage 
levels Vcore a- 107 and/or Vcore k-p 108 in response to 
bandwidth required to satisfy communicating information. 
For example, data bus 103 may be operated at a higher voltage 
level during increased communication periods and may also 
be operated at lower voltage levels during low bandwidth 
communication periods. As such, Voltage levels may be 
altered based on bandwidth requirements thereby reducing 
energy consumed through operating electronic devices at 
higher Voltage levels. 

Although references 106, 107 and 108 are illustrated as a 
single voltage level references, it should be understood that 
each of first processor 101, second processor 102 and/or bus 
103 may include separate Voltage reference sources that may 
be altered based on bandwidth requirements. For example, in 
one embodiment, the logic core portions (not expressly 
shown) of first processor 101 and/or second processor 102 
can receive a power supply voltage of a first level, while driver 
portions (not expressly shown) of first and second processors 
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4 
101 and 102, which may include bus drivers, could receive a 
separate power Supply Voltage level Such as an Input/Output 
voltage level (VIO). 

Processing conditions of system 100 are monitored by 
control logic 104 to ensure efficient use of bandwidth is 
maintained while minimizing power consumption. For 
example, bus 103 may be designed to handle a maximum 
defined data rate between first processor 101 and second 
processor 102. The maximum defined data rate will be depen 
dent upon the amount of data each processor needs to transfer 
information between first and second processor 101 and 102. 
The amount of bandwidth needed between first and second 
processor 101 and 102 can be reduced during low communi 
cation and/or processing periods. By reducing the data rate of 
bus 103 less data is transferred and power savings may be 
realized without sacrificing performance or powering down 
electronic devices, processors, components, etc. This is better 
described with reference to FIG. 2. 

FIG. 2 illustrates a flow diagram of a method for altering 
operating characteristics of a communication bus according 
to one embodiment of the invention. 
The method begins generally at 200. Bandwidth for a com 

municating and/or processing information is determined 201 
based on a requirements for communicating information via 
a communication bus. For example, bus 103 of FIG.1 may be 
coupled between a first processor Such as a data controller and 
a memory device. A process intensive operation may be 
employed by the processor requiring increased memory 
capacity and bandwidth to service the operation. As such, 
bandwidth required to facilitate the operation is determined 
and a Voltage level associated with communicating informa 
tion between the processor and the memory over the data bus 
is altered to accommodate the resource intensive process 202. 
For example, an Input/Output voltage (VIO) of a data bus 
may be adjusted from 0.5 volts to 1.5 volts to accommodate 
the increased bandwidth requirements. Similarly, upon the 
resource intensive process being finished, the Voltage level 
may be reduced during processing and communication peri 
ods that do not warrant high bandwidth capacity. 
Upon adjusting the voltage level based on the bandwidth 

requirements, a clock associated with providing timing for 
communicating and/or processing information may be 
adjusted if required. For example, if the voltage level is 
reduced and there still exists an excess amount of bandwidth 
for communicating information, then a clock associated with 
communicating information via the communication bus may 
be reduced to a level sufficient to communicate information. 
For example, a clock may be decreased from 133 MHz to 
66MHz. As such, an additional power savings will be realized 
given that electronic devices consume energy as a function of 
the frequency of operation. Similarly, if additional bandwidth 
is needed to communicate and/or process information, a clock 
associated with the data bus may be increased to a level to 
satisfy the bandwidth requirement. In this manner, an oper 
ating characteristic of the communication bus may be altered 
to satisfy bandwidth requirements while conserving energy 
without having to power down/power up individual compo 
nents, alter operating modes of devices, or alter power states 
of electronic devices to reduce power consumption within 
systems. 

Ifa device or process is altered 204, the method proceeds to 
determine if additional bandwidth is needed 201 or the 
method maintains a Voltage level and a clock until a change in 
processing or devices is detected. 

FIG. 3 illustrates a block diagram of a system 300 that 
includes a system processor 301, data controller 302, system 
memory 303, Input Output (IO) device 320, graphics control 
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ler 305, frame buffer memory 304, and USB (Universal Serial 
Port) devices 307-310. IO device 320 further provides for 
connectivity to a Local Area Network (LAN) such as an 
Intranet and/or a Wide Area Network (WAN) such as the 
Internet 325. A Hard Disk Drive (HDD) controller 318 is 
coupled to IO device 320 allowing for access to a Hard Disk 
Drive (HDD) 327. Audio/Modem controller 319 provide 
input and output audio signals via microphone 323 and 
speaker 322 respectively. 

System processor 301 is connected to data controller 302 
through data connection 310. System memory 303 is con 
nected to data controller 302 through data connection 311. IO 
device 320 is connected to data controller 302 through data 
connection 312. Graphics controller 305 is connected to data 
controller 302 through data connection 314. Frame buffer 304 
is connected to graphics controller 305 through connection 
315. USB devices are connected to the IO device 320 through 
data connection 321. LAN/WAN 325 is connected to the IO 
device 320 through data connection 331. HDD controller326 
is connected to the IO device 320 through data connection 
329. Audio I/O controller 328 is connected to the IO device 
320 through data connection 330. The data connections are 
generally used to communicate information and appropriate 
control information, such as address signals, between devices 
and/or modules. Clock/voltage control 316 provides operat 
ing characteristics for each of system processor 301, data 
controller 302, IO device 320, and graphics controller 305. 
Clock and Voltage levels of each processor, device, and or 
controller are alterable based on bandwidth requirements for 
communicating and processing information. 

Each of data connection 310-315, 321, 329, and 331 is 
designed to support a maximum data rate specified by a 
desired performance level. For example, data connection 312 
needs to be able to support a data rate that is the aggregate of 
the individual data rates needed by each of the modules of IO 
device 320 (i.e., NIC module 317, serial port module 318, 
Parallel port module 319, and USB port module 306). For 
example, if each of the modules of IO device 320 needs to 
transmit 10 Megabits of data/second to operate within a 
defined manner, data connection 312 would need to be able to 
transmit 40 megabits of data/second to guarantee proper 
operation of each of the modules at its specified rate. 

In one embodiment, the processing condition of system 
300 is monitored by clock/voltage control 316 to determine 
when one or more portions of system 300 are not used and an 
operating characteristic of an associated data connection can 
be altered to assure proper operation. For example, if USB 
module 306 is not being used (i.e. no USB devices are 
coupled to USB 306), the data rate of data connection 312 
may be reduced by an amount equal to bandwidth needed to 
support the USB module 306 without effecting performance 
of system 300. 

In one embodiment, one or more device may be coupled to 
USB module 306 and bandwidth requirements for each 
device may be determined. USB module 306 allows for “hot 
swap” or “plug-and-play functionality and includes a USB 
controller (not expressly shown) operable to detect the pres 
ence of an electronic device. For example, USB module 306 
may access a look-up table stored within a memory device of 
the device, IO device 320, USB 306, and/or system 300 and 
operable to provide device identification and associated oper 
ating characteristics of each connected device. As such, sys 
tem 100 used in associated with USB module 306 may deter 
mine the required bandwidth needed to support the connected 
device and alter an operating characteristic Such as a Voltage 
level and/or clock to support providing bandwidth for the 
electronic device and bus 310-315,321,329, and 331 accord 
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6 
ingly. As such, one or more electronic device may be con 
nected to system 300 during operation and bandwidth 
requirements for the device may be satisfied without requir 
ing initialization of system 300, powering down of system 
300 thereby allowing for real-time allocation of bandwidth 
and power management of system 300. 

Likewise, with respect to the graphic controller 305, if the 
3-D engine 305e is not being used, i.e. no application is using 
the 3-D engine 305e, the data rate and/or power level of bus 
315 between graphics controller 305, and frame buffer 304 
can be reduced significantly, since 3-D graphics operations 
are very memory intensive resulting in a significant power 
savings. Accordingly, if 3-D graphics are not being per 
formed, the data rate between the data controller 302 and 
graphics controller 305 can also be reduced, further saving 
power. 

Busses that Support modules associated with real time 
applications, or modules having fixed data rates, are ideally 
Suited for having their data rate reduced to save power, since 
their data rates can be reduced without effecting system per 
formance. For example, if an operating characteristic of bus 
315 is reduced because 3-D engine 305e is not being used, the 
performance of system 300 is not effected, 2-D engine 305c 
of graphics controller 305 may not operate any better, since 
2-D engine 305c needs to operate fast enough to enable a 
real-time function (generating a specific number of graphics 
frames per second). Once the bus rate is fast enough to enable 
the real-time function any additional bandwidth is generally 
not needed or useful. 

In a similar manner, if a specific IO function having a fixed 
data rate, such as USB bus support, is not needed, the date rate 
between the controller 320 and the data controller 302 can be 
reduced without effecting performance of other modules of 
system 300. 

FIG. 4 illustrates a specific method in accordance with one 
embodiment of the present invention. The method may be 
employed within a program of instructions embodied within 
a computer readable medium, a memory device, encoded 
logic, or other devices operable to use a portion or all of the 
method illustrated in FIG. 4. 
The method begins generally at step 400. At step 401, 

bandwidth for a component is monitored for increasing or 
decreasing communication requirements. Note, during start 
up, all devices can be monitored for initial communication 
requirements. Monitoring of the components’ data rate 
requirements can be accomplished by monitoring application 
usage, polling specific modules, reading specific registers, 
and receiving interrupts. 

For example, when an application that is known to use 3-D 
graphics is opened, system software can determine if the bus 
rate between the data controller and the graphics controller is 
high enough to Support the graphics requirements. Likewise, 
system software can determine if the data rate between a 
graphics controller and its frame buffer is high enough to 
Support 3-D graphics. The determination of current data rates 
can be accomplished by polling specific devices, such as 
registers associated with clock generation devices that control 
the specific data rates. 

In an alternate embodiment, the graphics controller can 
have control logic, for example in the memory controller 
305a of FIG. 3, that monitors whether specific portions of the 
graphics controller are being used. 
The method of FIG. 4 proceeds to step 402 when a change 

in processing condition is detected. For example, a change in 
processing conditions occurs during system start up, or when 
any one of a number of modules are added or removed from 
use during operation. A module can be considered added or 
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removed when it becomes either enabled/disabled. For 
example, when a specific module is not used for a specific 
amount of time, a timeout can occur indicating that the mod 
ule does not need its dedicated bandwidth since it is idle. 
Upon detecting a change in processing, the method deter 

mines bandwidth 403 for an associated data connection based 
on the active components. For example, a look-up table may 
include a list of clock speeds, and/or Voltage levels required to 
process information for specific devices and/or groups of 
devices. Additionally, bandwidth requirements associated 
with using a component, hardware, device, etc. may be 
empirically calculated by knowing the required data band 
width of each device. For example, a first module of a device 
requiring 20 Megabits of data and a second module of the 
device requiring 10 Megabits of data will require a data con 
nection rate of 30 Megabits when both are active simulta 
neously. 
Upon determining bandwidth needed based on active com 

ponents/applications, the method proceeds to step 404 where 
a determination is made whether a specific characteristic, 
such as the data rate or the voltage level of a data bus, should 
be modified. Generally, the characteristic will be modified if 
the needed bandwidth determined at step 403 is significantly 
different than the current data rate. If it is determined that no 
characteristic is to be changed, flow proceeds to step 401. 
Otherwise the flow proceeds to step 405. 
At step 405, the data rate of a data connection is adjusted. 

In one embodiment, the data rate can be adjusted by adjusting 
operating of a clock generation device responsible for the data 
rate being adjusted. For example, a register associated with a 
phase-locked-loop can be written to by System software, or 
other controller logic. In another embodiment, the voltage 
level asserted onto the data connection, Such as an input/ 
output voltage (VIO), is modified. For example, when a data 
rate over a data connection is reduced, it may be possible to 
also decrease the voltage level of the asserted data. One 
embodiment may include reducing an operating Voltage level 
from 1.4 volts to 1.0 volt and/or reducing a clock from 66 
MHZ to 33 MHZ. 

In yet another embodiment of the present invention, the 
operating characteristic modified may include altering the 
number of data lines being used. For example, increasing or 
decreasing the bandwidth of a device and/or system may 
include enabling or disabling data lines associated with a 
communication bus during periods of increased/decreased 
processing and/or communication of information. For 
example, a sixty-four bit communication bus may be reduced 
to a thirty-two bit communication bus thereby providing a 
relative decrease in bandwidth, resulting in a decrease in 
power consumption. 
Upon changing the operating characteristic and satisfying 

system bandwidth, the method proceeds to step 401 where the 
method continues to monitor the system's processing condi 
tions. 

Referring to FIG. 5, a block diagram of a computer system 
illustrative of one embodiment of the present disclosure is 
shown. A system, indicated generally at 500, includes a cen 
tral processing unit (CPU) 501 connected via at least one bus 
508 to a basic input output system (BIOS) firmware 502, and 
memory, such as RAM, ROM, EEPROM, and any other 
memory devices, collectively designated by reference 
numeral 503. System 500 further includes an input/output 
adapter 506 for connecting peripheral devices such as SCSI 
drives 504 and RAID drives 505, and a display adapter 514 for 
connecting a display device 515 such as a Flat Panel Display 
(FPD) or a Cathode Ray Tube (CRT). A user interface adapter 
509 is provided for connecting a keyboard 510, a mouse 512, 
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8 
a speaker 513, a microphone 511, and/or other user interface 
devices such as game controllers, touchpads, etc. System 500 
also includes a communications adapter 507 for connecting 
system 500 to an information network such as an Intranet or 
the Internet. 
BIOS firmware 502 includes a built-in software program, 

referenced generally as BIOS, accessible to system 500. The 
BIOS includes instructions for controlling the systems 
devices and testing memory. During operation, when system 
500 is initially powered up, CPU 501 activates the BIOS. The 
BIOS runs a series of tests using a power on self test (POST) 
routine that initializes the systems hardware, chip registers, 
disk drives, power management, I/O ports and any other 
device requiring initialization by a POST routine. 
A processing condition, such as an operating mode, of one 

or more electronic components and/or software applications 
for system 500 may be detected by an operating system or 
application associated with system 500. An operating char 
acteristic of one or more data connections may be altered to 
increase or decrease a bus speed or data rate and power 
consumption for a communication bus. For example, a clock 
speed, Voltage level, or bus width associated with operating 
an electronic device or executing a Software application can 
be altered. System 500 may include a look-up table or data 
base identifying components and associated processing 
bandwidths needed during operation to process information. 
Each device coupled to system 500 and operable to impact 
bandwidth use may be included within the look-up table or 
database. As such, an operating mode for one or more devices 
may be determined based on processing and a look-up table or 
database may be accessed to determine the amount of band 
width needed to satisfy bandwidth requirements and maintain 
efficient operation of system 500. 

In one embodiment, one or more electronic devices, mod 
ules, components, etc. associated with system 500 may 
include an associated operating table stored within a memory. 
A system monitor may access the a look-up table associated 
with each electronic device and store operating conditions for 
each electronic device within a master table. As an operating 
status for each device is altered, the master table may be 
updated to reflect the change in operation of each device and 
an operating characteristic of associated electronic devices 
and components may be altered accordingly to reflect the 
change. In this manner, aggregated information for electronic 
devices and components and associated bandwidths may be 
determined and stored in a master table allowing for dynami 
cally managing power consumption of system 500 based on 
processing requirements and bandwidth needed for each elec 
tronic device and/or component. 
As such, reduced power consumption attributed to operat 

ing a communication bus and/or one or more electronic com 
ponents and/or electronic devices at lower clock speed(s) and 
Voltage level(s) based on required bandwidth for processing 
information may be realized thereby decreasing the overall 
power consumption of associated electronic components and 
devices with minimal effect on overall processing bandwidth. 

Although the disclosed embodiments have been described 
in detail, it should be understood that various changes, Sub 
stitutions and alterations could be made to the embodiments 
without departing from their spirit and scope. 
What is claimed is: 
1. A system comprising: 
a communication bus operable to communicate informa 

tion; 
control logic configured to determine a bandwidth for the 

communication bus based on whether an application is 
active; 
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an operating characteristic associated with the communi 
cation bus and alterable in response to the bandwidth to 
communicate the information via the communication 
bus; and 

a first variable reference Voltage generator coupled to the 
control logic and operable to be altered based on the 
bandwidth to provide an operating voltage level of the 
communication bus. 

2. The system of claim 1 further comprising a first variable 
clock generator operably associated with the communication 
bus and the control logic, the clock generator operable to 
provide a clock for the communication bus, the clock having 
a frequency based on the bandwidth. 

3. The system of claim 1 further comprising: 
a first component coupled to a first portion of the commu 

nication bus and operable to communicate the informa 
tion; 

a second component coupled to a second portion of the 
communication bus; and 

wherein the control logic is further configured to determine 
the bandwidth based on a type of the first component and 
a type of the second component. 

4. The system of claim 1 further comprising an operating 
characteristic for each of the first component and the second 
component, the operating characteristics stored within a 
memory associated with the communication bus for deter 
mining a Voltage level and a clock level to provide the band 
width. 

5. The system of claim 4 wherein the first component 
comprises a data controller unit and the second component 
comprises an IO device. 

6. The system of claim 4 wherein the first component 
comprises a data controller and the second component com 
prises a graphics device. 

7. The system of claim 4 wherein the first component 
comprises a graphics device module and the second compo 
nent comprises a memory device. 

8. The system of claim 1 wherein the operating character 
istic includes a voltage level between 0.5 volts and 5.0 volts. 

9. The system of claim 8 wherein the operating character 
istic includes a first operating characteristic providing a clock 
having a frequency less than 100 GHZ, and a second operating 
characteristic providing a clock having a frequency greater 
than 33 MHz. 

10. A method comprising: 
determining a first bandwidth needed to Support commu 

nicating information between one or more electronic 
devices based on whether an application is active, the 
one or more electronic devices including a first elec 
tronic device; 

determining an operating characteristic of first electronic 
device; and 

altering the operating characteristic of communication bus 
configured to communicate the information to provide 
an operating level sufficient to provide the bandwidth, 
wherein altering the operating characteristic includes 
altering an operating Voltage leveland a clock associated 
with the communication bus. 

11. The method of claim 10 further comprising: 
detecting a second bandwidth in response to a change in 

bandwidth needed to Support communicating the infor 
mation based on a change in activity of the first applica 
tion; and 

altering the operating characteristic to provide the second 
bandwidth. 
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12. The method of claim 10 further comprising: 
detecting a coupling of a second electronic device to the 

communication bus; 
determining a second bandwidth needed to Support both 

the first electronic device and the second electronic 
device; and 

altering the operating characteristic to Support the second 
bandwidth. 

13. The method of claim 10 further comprising: 
accessing a file including an operating characteristics and 

status of the one or more electronic devices; and 
determining a second bandwidth based on the operating 

characteristics and status of the one or more electronic 
devices; and 

altering the operating characteristic to Support the second 
bandwidth. 

14. The method of claim 13 wherein the operating charac 
teristic comprises a Voltage level. 

15. The method of claim 10 further comprising: 
altering an operating state of a graphics processor, 
determining a second bandwidth based on the altered oper 

ating state; and 
altering the operating characteristic to Support the second 

bandwidth. 
16. A system comprising: 
a processor operable to process information communicated 

via a communication bus, the communication bus 
including a multi-state operating level to Support com 
municating the information; 

a memory device including a reference identifying an alter 
able operating Voltage of the communication bus to pro 
vide sufficient bandwidth to communicate the informa 
tion, 

a clock generator operably associated with the processor 
and the communication bus and a clock reference stored 
within the memory relative to the operating Voltage ref 
erence and alterable to provide the bandwidth, the clock 
reference based on whether the first application is active. 

17. The system of claim 16 further comprising: 
a data controller coupled to the processor and the memory 

device, the data controller including a first communica 
tion bus coupled to the processor and a second commu 
nication bus coupled to the memory device; and 

the first and second communication buses operable to 
employ variable Voltage levels and clock speeds for 
communicating the information. 

18. The system of claim 16 further comprising abandwidth 
dependent Voltage generator operable to provide one of plural 
operating reference voltage levels based on the bandwidth to 
communicate the information via the communication bus. 

19. The system of claim 16 further comprising a universal 
serial bus. 

20. The system of claim 16 further comprising a graphics 
processing module coupled to the communication bus and 
operable to process graphic information using one or more 
processors. 

21. The system of claim 16 wherein the system comprises 
a graphics device. 

22. The system of claim 16 wherein the system comprises 
an integrated circuit. 

23. A system for optimizing operating conditions of an 
electronic device comprising: 
means for determining bandwidth needed to Support com 

municating information between one or more electronic 
devices based on whether an application is active; 

means for determining an operating characteristic of at 
least one electronic device; and 
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means for altering the operating characteristic of at least determine an operating characteristic of the at least one 
one electronic device to provide an operating level Suf- electronic device; and 
ficient to provide the bandwidth wherein altering the alter the operating characteristic of the at least one elec 
operating characteristic includes altering an operating tronic device to provide an operating level Sufficient to 
Voltage level and a clock associated with a communica- 5 provide the bandwidth wherein altering the operating 
tion bus operable to communicate the information. characteristic includes altering an operating Voltage 

level and a clock associated with a communication bus 
operable to communicate the information. 

25. The method of claim 10, wherein altering the operating 
10 characteristic further includes disabling a number of data 

lines associated with the communication bus. 

24. A computer readable medium embodying a program of 
computer instructions, the computer instructions comprising 
instructions to: 

determine bandwidth needed to Support communicating 
information between one or more electronic devices 
based on whether an application is active; k . . . . 

Petitioner Mercedes Ex-1006, 0012



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 7,392,411 B2 Page 1 of 1 
APPLICATIONNO. : 10/423290 
DATED : June 24, 2008 
INVENTOR(S) : Rajesh G. Shakkarwar 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column No. 10, Line33, after “, please add-–the reference based on whether an 
application is active;-- 

Signed and Sealed this 

Sixteenth Day of September, 2008 

WDJ 
JON. W. DUDAS 

Director of the United States Patent and Trademark Office 

  

Petitioner Mercedes Ex-1006, 0013




